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Preface 

This is the text section of the Technical Description for Alfaskop System 41. Its 
objective is to describe the main functions carried out by the logic of the display 
units, the flexible disk units and the communication processors as realized by the 
printed circuit boards. 

Chapter 1 serves as general information on the system. Functions or circuits common 
for two or more units are described in chapter 2 and 3. The other chapters deal with 
specific units or logic boards. 

Certain information is quoted from Motorola Inc. publications. 

For information on printers and flexible disk drives, please refer to separate 
documents. Titles and Printed matter numbers can be found in the Service Infor
mation binder under Index of Current Literature. 

Tips for the reader: 

• A byte consists of eight bits if nothing else is said. 

• Bit 0 always designates the least significant bit of a word. E.g. bit 7 (for data) 
or bit 15 (for addresses) is the most significant bit. Bit is often written b, e.g. b7 
means bit 7. 

• X or - in register descriptions normally means don't care bits. 

• A pin of an integrated circuit or of a connector and sometimes a bit in a register 
is indicated as a number after a colon. E.g. pin 12 of IC25 will be written as 25:12, 
pin 2 of connector P1 could be indicated as P1 :2. 

• A bar over a signal name or a circle on a drawing of a wire or before a signal 
name indicates that low level is active (or negative logic for buses). E.g. °Bus 
addressing means that addressing from bus takes place when the signal °Bus 
addressing is low. 

The specifications in this publication are subject to change and supplementation 
without notice. 

It is possible that this manual contains information on Alfaskop products or functions 
no longer or not yet available in your country. This shall not be construed to mean 
that an announcement of such Alfaskop products or functions will be made in your 
country. 

This is a revised edition of publication E90003062£-2. A new chapter Display Unit, DU 4113, has been added. 
The chapters 7, 9, 13, 15 - 16, 19 - 20 and 22 - 23 will be updated as soon as possible but until then, some of the 
references to the Microcomputer chapter are actually found in the Communication or Power Supplies chapters. 

©1984, Ericsson Information Systems AB, 
Data Terminals 
Documentation 
S-175 86 larfalla, Sweden 
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Reader comments 

You can help improve future editions of this document by answering the following 
questions and sending us your comments. 

1. Document name and number: ----------------------

2. ~yjob:-----------------------------------------------------

3. I have used this document 

o To acquire general information (for -----------------

o As a technical manual (reference book) 
o As a textbook in a course (trainee) 
o As source material for teaching a course (instructor) 
Comments: -----------------------------

4. I think this document is 

o Easy to find things in 
o Easy to find things in with some reservations 
o Difficult to find things in 
Comments:------------------------------

5. I think this document is 
o Easy to understand 
o Easy to understand with some reservations 
o Difficult to understand 
Comments:------------------------------

6. I think this document is 
o Well illustrated 
o Poorly illustrated 
Comments: ----------------------------

7. I think that this document provides 

o FuB coverage of the subject at hand 
o Poor coverage (essential parts are lacking) 
Comments: ------------------------------



ERICSSON ii 

8. I think that this document is 
o Well adapted to my skills and knowledge 
o Poorly adapted to my skills and knowledge 
Comments: ---------------------------

9. Other comments: -------------------------

We appreciate your cooperation. 
Please send your answers and comments to 

Ericsson Information Systems AB· 
Alfaskop 
Documentation Department 
S-175 86 Jarfalla, Sweden 

) 
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ERICSSON :s General Concepts 

Introduction 

This chapter contains a brief presentation of the hardware components 
of Alfaskop System 41. For detailed information on combination 
possibilities for different emulations (IBM 3270, UTS 400 etc.) look 
in the respective reference manual. 

System Architecture 

Some Configuration Examples 

Fig. 1 shows a single display unit connected to a computer via modem and 
telephone lines (remote connection). Descriptions of modem interface 
logic boards are found in the SCA and ACA chapters. 

Display Unit 4110 
with Keyboard Unit 
4140 and Keyboard 
Expansion Unit 4141 

Flexible Disk Unit 4120 

Fig. J. Example of single display unit configuration 

Host 
computer 

Printer Unit 4153 

A flexible disk unit is connected to the display unit via a two-wire cable. 
A coarse description of the two-wire interface of the system units can be 
found in the Microcomputer chapter. A printer is connected to the 
display unit via a V24/V28 cable. 

EE355-810D 
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Host 
computer 

Communication _1111'1111111111 ~1IIIlI!JIIJIIII 
) 

Modem I--z.-

Flexible Disk Unit 4120 

Processor 4101 

-J 

Max3 
peripherals 

_on same __ 

Display Unit 4110 
with Keyboard Unit 
4140 and Keyboard 

LSi~n Unit 4141 • 

2-wire connec
tion 

Printer Unit 4153 

Work station 

Flexible Disk Unit 4120 

l Printer Unit 4154 

Display Unit 4110 
with Keyboard Unit 
4140 and Keyboard 
Expansion Unit 4141 

(V.24/28) 

Fig. 2. Example a/terminal cluster connected remotely to host computer 

Fig. 2 shows an example of a cluster configuration (more than one 
terminal using the same line to communicate with a computer). The 
communication processor communicates with display units and flexible 
disk units via two-wire cables. The printers are connected to display 
units via V24/V28 cables. 
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4 General Concepts ERICSSON !! 

Fig. 4 shows the components of units used in remote cluster configurations. 
Note that a communication processor for remote connection to a host 
computer (CPR) is shown. 
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6 General Concepts 

Abbreviation List 

ACA 

BXM 

CCC 
CIB 
CP 
CPB 
CPL 
CPR 
CPS 
CRU 
CTF 

DPS 
DTC 
DU 

FD 
FDA 
FDD 
FDP 
FPS 

KB 
KBC 
KBU 
KXB 
KXU 

MIA 
MID 
MRO 
MRW 

PTC 
PU 

SeA 
SCC 
SPA 
SPD 

TAB 
TIA 
TUA 

UPS 

Asynchronous communication adapter 

Board expansion module 

Channel communication controller 
CCC interconnection board 
Communication processor 

= CPboard 
CP, local 
CP,remote 

=. CPpowersupply 
Cathode ray tube unit 
CP and tenninal fan 

Display terminal power supply 
Display terminal controller 
Display unit 

= Flexible disk unit 
Flexible disk adapter 
Flexible disk drive 

= Flexible disk processor 
Flexible disk power supply 

Keyboard 
Keyboard controller 
Keyboard unit 

= Keyboard expansion board 
Keyboard expansion unit 

MID adapter 
Magnetic identification device 
Memory board, RO memory 

= Memory board, RlWmemory 

= Printer terminal controller 
Printer unit 

Synchronous communication adapter 
Synchronous communication controUer 
Selector pen adapter 

= Selector pen device 

TU A interconnection board 
= Two-wire interface adapter 

Terminal unit adapter 

= Universal power supply 
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Microcomputer 

Contents 
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ERICSSON ~ Microcomputer 1 

General 

All main units of Alfaskop System 41 include ~ microcomputer. The 
purpose of this chapter is to describe the common attributes of the differ<ent 
M6800 family based microcomputers. Thus e.g. the most common LSI 
circuits of the M6800 family, the bus system, the addressing modes, the 
interrupt handling and the employed direct memory access method are 
described in this chapter. Even more detailed information on the M6800 
family can be found in Motorola Semiconductors: Microcomputer 
components. 

This chapter is directly applicable for the microcomputers in DU 4110, 
CPR 4101, CFU 4103 , and in the communication processor parts of 
CPL 4102. (The reader ought also to be familiar with this chapter before 
studying the chapter on FD 4120.) The main functional blocks of the 
microcomputer are shown in Fig. 1. 
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Fig. 1. Microcomputer, basic block diagram 
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2 Microcomputer ERICSSON f! 

These are: 

• Microprocessing unit, MPU 

• Timing logic 

• Memory 

• Address decode, bus timing and parts of memory access multiplexing 
logic 

• Interrupt control logic 

• IPL ROM, i.e. a read only memory containing the necessary program 
for initial program loading 

The microprocessing unit used is of the M6800 type or similar, thus with 
an 8-bit data bus and a 16-bit address bus. No specific I/O instructions 
are used, but registers of peripheral circuits like parallel interface and 
serial interface adapters are addressed just as memory locations. The 
MPU is described in detail below. 

Microprocessing Unit, MPU 

In this paragraph the hardware and software attributes of the MPU are 
dealt with. The MPU is an 8-bit parallel three-state device. It has 16 
address bits and is thus capable of addressing 65,536 memory locations. 
See Fig. 2. 

Processor 
Control 

r "=--_--=-...:::-~-
DBE TSC SA HAlT NMI Reset . F-~------------~ 

Accumulator A I Accumulator B 

Index register 
stack po inter 

Program cau nter 
CCR= I H II IN I Zl V J ( 

. 
16- bit 
address 

bus 
Bus 

(ontrol 

Fig. 2. MPU registers and signals 

MPU Registers 

+ SV (/)2 Reset., 

Seen from the outside, the MPU contains six registers; three one byte 
registers and three double byte registers. The one byte registers are: 

~ Two accumulators named ACCA and ACCB used for storing operands 
for and results from operations. 

) 
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• A condition code register, CCR, with 6 flag bits (b7 and b6 are always 
ones) signalling the result of a previous operation. The meaning of 
the different CCR bits, when set, are: 

b5 H A preceding operation (e.g. ADD, SUB, CMP) resulted in a 
half-carry from bit 3 to bit 4. 

4 I When this bit is reset, the MPU will service a maskable 
interrupt request (IRQ). It will be set when an interrupt 
occurs, thus hindering or "masking" further interrupts (IRQs). 

3 N The result of a preceding operation is negative (bit 7 of 
result = 1). 

2 Z The result of a preceding operation = o. 
1 V A previous operation resulted in 2's complement overflow, 

i.e. a limit of the number area [- 128, 127] was passed. 
o C· A carry from bit 7 was produced by a preceding operation 

or a borrow to bit 7 was needed to make the operation (SUB 
orCMP). 

Detailed information on which CCR bits that are affected by a certain 
instruction is found in Fig. 4. 

The 16-bit double registers, mostly used for addressing, are: 

• Index register, which reduces program memory requirements as it 
can be loaded with a different memory addre~s from the one contained 
in the program counter and stack pointer (see addressing modes below) 

• Stack pointer, which should be initialized to point to the highest address 
of the read/write memory area to which the stack function has been 
assigned. At a Push data instruction (PSH) the contents of one of the 
accumulators (A or B) is stored in the stack and the stack pointer is 
automatically decremented. When data from the stack is wanted 
back to an accumulator a Pull data instruction (PUL) is used, reSUlting 
in an automatic incrementation of the stack pointer and a following 
loading of an accumulator from the memory cell pointed out by the 
stack pointer. The stack thus functions as a LIFO (last-in, first-out 
memory). The stack pointer is also automatically used at interrupts 
and at Jump to subroutine (JSR) and Branch to subroutine (BSR) 
instructions. In the interrupt case the contents of the MPU registers 
(but the stack pointer) are pushed into the stack and brought back 
at the Return from interrupt instruction (RTI). At JSR and BSR only 
the value of the program counter (i.e. the return address) is stacked 
away and brought back at the Return from subroutine instruction 
(RTS). 

Both the index register and the stack pointer contents can be loaded 
from or stored into two consecutive memory cells using one instruction. 

• Program counter. At reset and different interrupts, this counter is 
loaded with program addresses (interrupt vectors) stored at specific 
memory locations in the highest part of the memory area. The program 
counter is then automatically stepped through the program and also 
changed at jump or branch instructions. Otherwise it cannot be written 
or read. 

EE356-810D 
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MPU Signals 

Apart from the 16 address bus lines and the 8 bidirectional data bus lines 
there are several other timing and control signals in the system. The 
clock inputs to the MPU are: 

• 01 and 02, complementary, non-overlapping clocks. The cycle time 
mentioned in this text is the clock cycle time. During 01 high time the 
address is set up and during 02 high time data is set up and read or 
written. (On 02 going low.) See Timing paragraph for details. 

Normal program execution can be stopped by four external signals, 
namely Interrupt request (IRQ), Non-maskable interrupt (NMI), Reset 
(R) and HALT . 

.. IRQ input being low will make the processor jump to an interrupt 
routine if the interrupt nlask bit (I) in the MPU condition code register 
is reset. 

• NMI input going low will always make the MPU jump to an interrupt 
routine after the present instruction has been completed. 

An incoming intetrupt (IRQ, NMI or Software interrupt instruction) 
or Reset will set the I-bit to prevent further interrupts (IRQs) from 
interfering with the execution of the interrupt routine. 

• Reset being low win make the processor stop (if it has started). When 
Reset goes high again the MPU will fetch the address of the restart 
routine from the two highest memory positions (FFFE(16) and FFFF (16), 

load this address into the program counter and begin the restart sequence. 
The interrupt mask bit in the CCR will be set during Reset and nlust 
be cleared by the program if service of an IRQ is wanted. 

• HALT being low will stop all program execution. Interrupts coming 
during HALT condition will be preserved and serviced after HALT 
has gone high again. If Reset is low during HALT condition, the" restart 
routine will be entered when HALT goes high again. The MPU will 
signal that it is halted with a BA signal (see below). 

• BA, Bus available, is high when the MPU is halted. BA is also high 
when the MPU is waiting for an interrupt as a result of a Wait for 
interrupt instruction. The address and the data bus as well as the RIW 
signal (see below) are then in high impedance state. 

• RIW, ReadlWrite, signals the peripherals and memories whether the 
MPU is in read (high) or write (low) state. R/W is in high impedance 
state when the MPU is halted and its buses are available for another 
device (e.g. another MPU) to access the memories of the system (DMA, 
direct memory access). 

• VMA, Valid memory address, is low or non-active during HALT. This 
signal is active only during the cycles when the memory address from 
the MPU should select a specific circuit. 

e TSC, Three-state control, being high puts the RIW and address bus 
lines into high impedance state. The clocks for the MPU, 01 and 
02, should be stopped to prevent false program execution. 01 should 
be held high. 

• DBE, Data bus enable, which is generally tied to 02, low, puts the 
data bus input/output in high impedance state (allowing DMA). 

) 
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The drawing symbol is shown in Fig. 3. 
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Fig. 3. CPU drawing symbol 

Instruction Set and Addressing Modes 

5 

The instruction set is shown in Fig. 4. The seven addressing modes mentioned 
in the headings of the instruction set are described below: 

• Immediate addressing or zero-level addressing. In this case one operand 
is found in the memory cell (two cells for index register and stack 
manipulations) immediately following the operation code location. 

• Direct and extended addressing or one-level addressing. In these 
modes the operand or the operation code of the next instruction at 
a jump instruction is found in the cell pointed out by the byte (for 
direct addressing) or 2 bytes (for extended addressing) following the 
operation code. Thus, with extended addressing it is possible to reach 
cells 0000(16) through FFFF(16) but with direct addressing only cells 
o through 255 in the memory map. 

• Indexed addressing. In this case the effective address of the operand 
location is formed by adding an offset from 0 to 255 (contained in the 
second byte of the instruction) to the 16-bit address contained in the 
index register. 

• Relative addressing. Here, the meaning of relative addressing (used 
for the branch instructions) is restricted to the case when the address 
to the next instruction is relative to the address of the cell following 
the two branch instruction bytes. Note that, as the relative address is 
expressed in 2's complement, it is a number between - 128 and + 127. 

EE356-810D 



6 Microcomputer ERICSSON ii 

ACCUMULATOR AND MEMORY INSTRUCTIONS 

ADDRESSING MODES 

IMMED DIRECT INDEX EXTND 

OPERATIONS MNEMONIC OP - - OP , = OP , = OP - := 

Add ADDA 38 2 2 98 3 2 AB 5 2 BB 4 3 
ADDB CB 2 2 DB 3 2 EB 5 2 FB 4 3 

Add Acrnltrs ABA 

Add with Carry ADCA 89 2 2 99 3 2 A9 5 2 89 4 3 
ADCB C9 2 2 09 3 2 E9 5 2 F9 4 3 

And ANDA 84 2 2 94 3 2 A4 5 2 B4 4 3 
ANDB C4 2 2 04 3 2 E4 5 2 F4 4 3 

Bit Test BITA 85 2 2 95 3 2 A5 5 2 B5 4 3 
BITB C5 2 2 05 3 2 E5 5 2 F5 4 3 

CIllar CLR 6F 7 2 7F 6 3 
CLRA 
CLRB 

Comparll CMPA 81 2 2 91 3 2 Al 5 2 Bl 4 3 
CMPB Cl 2 2 01 3 2 El 5 2 Fl 4 3 

Compare Acmltrs CBA 

Complemellt,l's COM 63 7 2 73 6 3 
COMA 
COMB 

Compleillellt,2's NEG 60 7 2 70 6 3 
INegatel NEGA 

NEGB 

Decimal Adlust, A DAA 

Decremellt DEC 6A 7 2 7A 6 3 
DECA 

OECB 
Exclusive OR EORA 88 2 2 98 3 2 A8 5 2 B8 4 3 

EORB C8 2 2 08 3 2 E8 5 2 F8 4 3 
Incremellt INC 6C 7 2 7C 6 3 

INCA 
INCB 

Load Acmltr LOAA 86 2 2 96 3 . 2 A6 5 2 86 4 3 
LDAB C6 2 2 06 3 2 E,6 5 2 F6 4 3 

Or,lllciusive DRAA 8A 2 2 9A 3 2 AA 5 2 BA 4 3 
DRAB CA 2 2 DA 3 2 EA 5 2 FA 4 3 

Push Data PSHA 
PSHB 

Pull Data PULA 
PULB 

Rotate Left ROL 69 7 2 79 6 3 
ROLA 
ROLB 

Rotate Right ROR 66 7 2 76 6 3 
RDRA 
RORB 

Shift Left, Arithmetic ASL 68 7 2 78 6 3 
AS LA 
ASLB 

Shift Right, ArithmetiC ASR 61 7 2 17 6 3 
ASRA 

ASRB 
Shift Right, Logic LSR 64 7 2 74 6 3 

LSRA 

LSRB 
Store Acmltr. STAA 97 4 2 A7 6 2 B7 5 3 

STAB 07 4 2 E7 6 2 Fl 5 3 
Subtract SUBA 80 2 2 90 3 2 AD 5 2 BO 4 3 

SUBB CO 2 2 DO 3 2 EO 5 2 FO 4 3 
Subtract Acmltrs, SBA 
Subtr, with Carry SBCA 82 2 2 92 3 2 A2 5 2 B2 4 3 

S8CB C2 2 2 02 3 2 E2 5 2 F2 4 3 
Trallsfer Acmltrs TAB 

TBA 
Test, Zero or Minus TST 60 7 2 70 6 3 

TSTA 
TSTB 

LEGEND; 

OP Operalioo Code (Hexadecimal); + Boolean Inclusive OR; 
Number of MPU Cycles; G Boolean ExclUSive 0 R; 

Number of Program Bytes; M Complement of M; 

Arithmetic Plus; Transfer Into; 

Arithmetic Minus; Bit Zero; 
Boolean AND; 00 Byte Zero; 

MSp Conlents of memory location pointed to be Slack Poinler; 

Note - Accumulator addressing mode instructions are included ,n Ihe column for IMPLIED addressing 

IMPLIED 

OP - "" 

lB 2 1 

4F 2 1 
5F 2 1 

11 2 1 

43 2 1 
53 2 1 

40 2 1 
50 2 1 
19 2 1 

4A 2 1 

5A 2 1 

4C 2 1 
5C 2 1 

36 4 1 
37 4 1 
32 4 1 
33 4 1 

49 2 1 
59 2 1 

46 2 1 

56 2 1 

48 2 1 

58 2 1 

47 2 1 

57 2 1 

44 2 1 
54 2 1 

10 2 1 

16 2 1 
17 2 1 

40 2 1 
50 2 1 

BOOLEAN/ARITHMETIC OPERATION COND CODE REG 

(All register labels 
refer to contents) 

A'M -A 
B + M - B 
A+B -A 
A+M+C -A 

B+M+C -B 
A- M -A 

B - M - B 
A-M 

B - M 
00 - M 
00 -A 

00 . B 

A M 
B M 
A B 

M -M 
A -A 

B -B 
00 M 'M 
00·· A,-A 

00 8 • B 

Converts Bmary Add. of B CD Characters 
IOta flCD Format 

M 1 -M 

A ·1 '-A 
B 1- B 

A<±>M "A 
B0M'-B 
M + 1 --M 

A + l'A 
B + 1 • B 

M '-A 
M -8 

A+ M- A 

B + M -- B 
A" MSp, SP 1 '~SP 
B' MSp, SP - 1 .• SP 
SP + 1 -SP, MSP"A 
SP + 1~ SP, MSp - 8 

~} L{] - DIIIIID=J 
B C b7 - bO 

~} CO - o:o:rro::!=l 
B C b7 - bO 

-n 0- DIIIIIIJ- 0 
C b7 bO 

M}~ A -0 
B b7 bO C 

n -
Q-OIIIIOJ -0 

b7 bO C 

A 'M 
B 'M 
A M 'A 
B M • B 

A B'A 
A M - C ·'A 
B ... M C·, B 

A .• B 

B-A 
M- 00 
A 00 
B - 00 

CONDITION CODE SYMBOLS; 

Half,carry from bit 3; 

Interrupt mask 

Negative Isign bitl 
Zero (byte) 

V Overflow, 2's complement 
Carry from bit 7 
Reset Always 
Set Always 

5 4 3 2 1 0 
H I N Z V C 

.. ! ! : : 
! .. ! ! 
! .. ! ! ! ! 
; III : ! 1 ! 
: '" ! ! : ! 

" .. ! j R III .... 1 : R G 

.. III i 1 R .. 
eo .. 1 I R .. 
.... R S R R · .. R S R R 
.. .. R S R R 
III • I ! I ! 
.. .. i I 1 r .. .. r 1 ! 1 
III .. 1 i R S 
.. . I I R S .. .. ! I R S .. . I !CDCl) · .. I ICDc.D .... 1 ICD(!J .... ! 1 IG) 

· . ! ! 4 .. · . r I 4 .. 
.. .. r ! 4 \III .. . 1 ! R III 

\III III I I R .. 
.. " i !@" 
III • I !@. 
.. III I I@ .. 
III • 1 ! R .. .. .. : r R .. .. .. I I R .. 
III '" 1 i R '" .. • III . .. .. 
.. .. .. .. .. GO 

.. .. .. .. \III .. 

" .. III .. 
" III 

" . i I@! 

" .. I l@! 

'" It 1 li~l 
III '" ! !@! 
G III 1 !@! 

'" .. I li~ I 
'" 0 I I@I 

'" «I I 111: ! 
.. I) I li~ 1 
.. " I !@l 
o .. ! li~ I 
\III 0 ! ! 11; I 
.. 0 R l@l 
.. 0 R lliG'1 
o .. R ll~ ! 
o .. i i R .. 
GO 0 1 I R III 

o 0 I I I I 
<II <II 1 I ! I 
.. 0 1 I I ! 
o .. ! I ! I 

" " ! I 1 ! .. .. ! ! R .. .... I ! R 0 

o " I : R R 

III " i I R R 

GO " ! ! R R 

H I N Z V C 

Test and set" true, cleared otherWise 
Not Affected 

@ MOTOROLA Se..,;conductor Products Inc. 

Fig_ 4a Instruction set 

) 
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INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS 

CONDo CODE REG. 

IMMEO DIRECT INDEX EXTND IMPLIED 5 4 3 2 1 0 

POINTER OPERATIONS MNEMONIC OP - :: OP - ::: OP - ::: OP - ::: OP - ::: BOOLEAN/ARITHMETIC OPERATION H I N Z V C 

Co mpare I ndex Reg CPX ac 3 3 9C 4 2 AC 6 2 BC 5 3 XH-M.XL-(M+l) · . (j): ®. 
Decrement Index Reg OEX 09 4 1 X-l-X • • • ! · . 
Decrement Stack Pntr DES 34 4 1 SP - 1 -SP · . . · . :1 Increment Index Reg INX 08 4 1 X + I-X · . . i · I 
Increment Stack Pntr INS 31 4 1 SP + 1 -. SP · . · . . OIl: 

Load Index Reg lOX CE 3 3 DE 4 2 EE 6 2 FE 5 3 M-XH. (M + 1) ··XL • • ®! R ., 
Load Stack Pntr lOS 8E 3 3 9E 4 2 AE 6 2 BE 5 3 M -SPH, (M + ll-SPL · . ®: R · Store I nde. Reg STX OF 5 2 EF 7 2 FF 6 3 XH-M,X c ··IM+1i · . ®: R · Store Stack Pntr STS 9F 5 2 AF 7 2 BF 6 3 SPH - M, SPL .+ (M + 1) · . ®: R • 
Indx Reg - Stack Pntr TXS 35 4 1 X-I -SP · . · . · .. 
Stack Pntr - Indx Reg TSX 30 4 1 SP + 1 - X · . · . · .. 

JUMP AND BRANCH INSTRUCTIONS 
CONDo CODE REG. 

RELATIVE INDEX EXTNO IMPLIED 5 4 3 2 1 0 

OPERATIONS MNEMONIC OP - # OP - # OP - :# OP - # BRANCH TEST H I N Z V C 

Branch Always BRA 20 4 ? None • • • • • · Branch If Carry Clear BCC 24 4 2 C=O · • · · · • Branch II Carry Set BCS 25 4 2 C=1 · • • • • · Branch If = Zero BEQ 2; 4 2 Z=1 • • · · • • 
Branch II ;;, Zero BGE 2C 4 2 N <±l V= 0 · • • • • · Branch If > Zero BGT 2E 4 2 Z + (N <±l V) = 0 · · · • · • Branch If Higher BHI 22 4 2 C+Z=O • • • • • · Branch II ,.;; Zero BlE 2F 4 2 Z + (N <±l V) = 1 · • • • • • 
Branch If lower Or Same BlS 23 4 2 C + Z = 1 · • • • • · Branch If < Zero BlT 20 4 2 N <±l V = 1 · • · • • • 
Branch If Minus BMI 2B 4 2 N=1 • · • · • • 
Branch If Not Equal Zero BNE 26 4 2 Z=O • · • • • • 
Branch If Overflow Clear BVC 28 4 2 V=O · • · · • • 
Branch If Overflow Set BVS 29 4 2 V=1 • • · • · • Branch If Plus BPl 2A 4 2 N=O • • • • • • 
Branch To Subroutine BSR 80 8 2 • • · · • • 
Jump JMP 6E 4 2 7E 3 3 · • · · • · Jump. To Subroutine JSR AD 8 2 BO 9 3 · · · · · · No Operation NOP 01 2 1 Advances Prog. Cnlr. Only · • · · · • Return From Interrupt RTI 3B 10 1 --@--
Return From Subroutine RTS 39 5 1 

llllT Software Interrupt SWI 3F 12 1 .. . . . . . 
Wait for Interrupt* WAI 3E 9 1 • @ •••• 

nd u in the three·state mode while VMA is held I WAI puts Address Bus, RIW. a Data B s ow. 

( 

CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS 

( .,\ CONDo CODE REG. 

IMPLIED 5 4 3 2 1 0 

OPERATIONS MNEMONIC OP - ::: BOOLEAN OPERATION H I N Z V C 

Clear Carry ClC OC 2 1 O-+C • • • • .. R 
Clear Interrupt Mask Cli OE 2 1 0"'1 .. R · • · · Clear Overflow CLV OA 2 1 O-+V · • · · R · Set Carry SEC 00 2 1 I"'C • • • • • S 
Set In terru pt Mask SEI OF 2 1 1-1 • S · · · · Set Overflow SEV DB 2 1 l"'V • • · .. S · Acmltr A-+CCR TAP 06 2 1 A"'CCR --@--
CCR -+Acmltr A TPA 07 2 1 CCR -+A ·1·1·,·1·1· 

CONDITION CODE REGISTER NOTES: (Bit set if test is true and cleared otherwise) 

(Bit V) Test: Result = 10000000? (Bit N) Test: Sign bit of most significant (MS) byte = 1? 

(Bit C) Test: Result = OOOOOOOO? (Bit V) Test: 2's complement overflow from subtraction of MS bytes? 
(Bit C) Test: Decimal value of most significant B CD Character greater than nine? (Bit N) Test: Result less than zero? (Bit 15 = 1) 

(Not cleared if previously set.) 10 (All) load Condition Code Register from Stack. (See Special Operations) 
(Bit V) Test: Operand: 10000000 prior to execution? 11 (Bit I) Set when interrupt occurs. If previously set, a Non·Maskable 
(Bit V) Test: Operand = 01111111 prior to execution? Interrupt is required to exit the wait state. 
(Bit V) Test: Set equal to result of N<±lC after shift has occurred. 12 (All) Set according to the contents of Accumulator A. 

@ MOTOROLA Se ... iconduc1:or Products Inc. 

Fig, 4b Instruction set 

EE356-810D 
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Example: 

Branch instr. code 
Relative address 

Microcomputer ERICSSON i! 

Contents Consecutive values (hex) 
of cells of program counter 

~ 37FO 
1---="20""(-16-))---1 ~ 37Fl 

1---0_2_~(I_6)-----I ~ 37F2] 

~ 37F5 = (37F3 + 02) 
'------' 

• Implied and accumulator addressing. The instructions using these 
addressing modes are one byte instructions, where the operand or 
operands are understood from or contained in the operation code. 
Mostly these are instructions affecting only one or two MPU registers. 
For the Push data (PSH), Pull data (PUL), return (RT!, RTS), Software 
interrupt (SWI), and Wait for interrupt (WAI) instructions, however, 
memory locations indicated by the stack pointer are also affected. 
The No operation (NOP) instruction is special in that it only advances 
the program counter one step and introduces a delay of two MPU 
cycles before active program execution is resumed. 

Interrupt Handling 

General 

Please refer to Fig. 1. 

The MPU only reacts to four interrupts (Reset, Non-maskable interrupt, 
Software interrupt and Interrupt request, see Fig. 5). More interrupts are 
wanted and an interrupt logic is therefore contained in the microcomputer. 
This logic permits eight interrupts to use the IRQ line to the MPU. 

In addition to the possibility to mask all IRQs by setting the I-bit of the 
MPU condition code register (CCR) , the MPU can set a value between 
o and 7 in a mask register to prevent IRQs below the handeled level from 
interrupting the program execution. IRQ 7 is the highest priority interrupt 
and IRQ 0 the lowest. Thus, if e.g. the mask register is set to 5, only 
interrupts on level 5, 6 or 7 will activate the IRQ line to the MPU. 

The MPU reacts to an IRQ (if the I-bit is reset) by: 

I) Completing the execution of the present instruction and stepping the 
program counter to point to the next instruction 

• Saving the contents of its registers in the stack (contents of program 
counter = return address , etc) 

• Trying to fetch the address to the interrupt routine from the memory 
cells FFF8(16) and FFF9(16) 

• Setting the interrupt mask bit of the CCR to disable further IRQs. 

) 



( 

(' 

ERICSSON i5 Microcomputer 9 

n + 1 

When returning from an interrupt routine (by the RTI instruction) the 
registers of the MPU get their old contents back from the stack. Thus the 
execution of the interrupted program is resumed. Note that the I-bit 
value is 0, i.e. not changed when stored in the stack. 

PROGRAM flOW fOR INTERRUPTS 

Software Interrupt 
Main Program 

SWI 

SP -+ 

c::::> 

HDWR 
INT 

FFF8 
FFF9 

m - 7 

m - 6 

m - 5 

m -4 

m - 3 

m - 2 

m -, 

m 

No 

I nterrupt Memory Assignment 1 

Constant, Hdware 

Constant, HdWllre 

Software 

MS 

lS 
MS 

Hardware Interrupt or 
Non· Maskable Interrupt (NM II 

Main Program 

Stack 

Condition Code 

Acmltr. B 

Acmltr. A 
Index Register IXHI 

Index Register IX II 
PC(n + 1)H 

PC(n+1)L 

FfF8 

FFF9 

FFFA 

FFFB 

FFFC 

FFFD 
FFFE 

FFFF 

Software 

Non·Maskable Int. 

lS ~ 
MS~ 

First Instr. 
Addr. Formed 
By Fetching 
2·Bytes From 
Per. Mem. 
Assign. 

Non-Maskable Int. lS 
Restart MS 

Restart lS 

NOTE: MS = Most Significant Address Byte; 
lS = lelist Significant Address Byte; 

f 

No 

Continue Main Prog. 

n+1 

WAI 

NMI 

load Interrupt 
Vector Into 

Program Counter 

J... 
Interrupt Program 

ht Interrupt Instr. 

NMI 

FFFC 
FFFD 

, 

Fig. 5. Interrupt sequence 

EE356-810D 
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Address Modifier 

When the MPU addresses cells FFF8(16) and FFF9(16), an address modifier 
will change the addresses to a pair of addresses in the area FFE8(16) -
FFF7 (16) depending on the highest priority valid interrupt in an interrupt 
register. That is to say, if the interrupt register still holds an interrupt 
with a level higher than or same as the actual mask level when FFF8(16) is 
applied, the MPU will fetch the address to that specific interrupt routine 
when addressing cells FFF8(16) and FFF9(16)' Note that address modification 
only occurs for addresses FFF8(16) and FFF9(16) from the MPU. 

See Fig. 10 for detailed information on interrupt vector addresses. 

Mask Register 

The mask register is set to an associated value if a specific vector address 
in the area FFE8(16) to FFF7 (16) is applied on the address bus from the 
MPU. If the MPU e.g. reads cell FFE8(16), the mask will be set to zero 
and all interrupts will be permitted in case the MPU CCR I-bit is reset. 
No address modification will take place; the read operation will fetch 
the address to interrupt routine 0 to the MPU from the IPL ROM. If no 
change of the MPU register contents is wanted when setting the mask 
value, a write operation should be performed. 

Interrupt Register 

The interrupt register latches the state of the IRQs at the beginning of 
each 02 period except when cells FFF8, 9, A, or B(16) (IRQ or SWI vector) 
are addressed by the MPU. The reason for not latching is that the modified 
address lines should be stable when the MPU fetches a vector. 

Generation and Direction of IRQs 

As mentioned above, there are eight possible incoming IRQs. 

Several IRQs originate from sources where the IRQ is stable. The reset 
of such an IRQ, which has to be done before clearing the MPU I-bit, is 
generally performed by reading a specific register of the interrupting 
circuit. 

Some interrupts may originate from circuits that only provide a short 
pulse that could disappear before the program is ready to be interrupted. 
To prevent this, at least one IRQ is coupled to the interrupt register via 
a latch. This latch may be reset by resetting a bit of a MIC PIA register 
(microcomputer peripheral interface adapter), but is unconditionally 
set when an interrupt occurs. Thus, if an interrupt line with a latch is used 
for stable interrupts, the MIC PIA bit should always be reset. Otherwise 
the IRQ in question would have to be reset by both reading a register of 
the interrupting peripheral and resetting the MIC PIA bit. 

Interrupts may also be given by the microcomputer to the microprocessor 
of e.g. a connected synchronous communication controller (SCC). This 
is done when a bit of the MIC PIA peripheral register is set. 

) 
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The specific use of the various interrupts in the different microcomputers 
of the system is described in the different chapters on the D U , FD, CPR 
etc. Detailed descriptions of the locations of the different interrupt vectors 
and addresses for mask setting is found in the memory maps. 

Interrupt Priority and Address modifier (FPLA) 

The interrupt priority control and address modification is made by an FPLA 
(field programmable logic array). See Fig. 6. The logic array is programmed 
to generate certain outputs in response to different combinations on the 
inputs. The programming is shown below: 

Activating"inputcombinations (pin 19 = OV) Activated output 

Internal AI= Mask Interrupts from Signals Active Comments 
address FFEX reg latch level 
432 1 FFFX 321 7 6 5 4 3 2 1 0 

Active level 
1 1 1 1 0 1 1 1 o 0 o 0 000 0 

0 0 0 1 1 1 1 1 1 1 0* 
0 o 1 1 1 1 1 1 1 o X 
o 1 o 1 1 1 1 1 o X X Only valid interrupts 

XXXX X 
0 1 1 1 1 1 1 0 XXX IRQ Low are signalled on 
1 0 0 1 1 1 o X X X X IRQline 
1 0 1 1 1 OXXXXX 
1 1 0 1 0 XXx'XXX 
1 1 1 0 XXXXXXX 

o 1 X X 0 
XXX XXXXXXXX Set mask High 

FFE8-F 
1 0 X X 0 FFFO-7 

1 1 0 X 0 XXX XXXXXXXX IRQ,SWI High FFF8-B 
vectorfetch** 

o 0 0 0 P4-1 = 0000 
000 1 

X XXX XXXXXXXX 
0001 

No modification 
001 0 0010 
001 1 0011 

o 1 o 0 X XXX XXXXXXXX 0100 No modification 
1 1 o 0 0 000 1 1 1 1 1 1 1 0 0100 10 vector addr- FFE8, 9 

o 1 o 1 X XXX XXXXXXXX 0101 No modification 
1 1 0 0 0 o 0 1x 1 1 1 1 1 1 o X 0101 11 vectoraddr-FFEA, B 

o 1 1 0 X XXX XXXXXXXX 0110 No modification 
1 1 o 0 0 o 1 Ox 1 1 1 1 1 o X X 0110 12 vector addr- FFEC, D 

o 1 1 1 X XXX XXXXXXXX 0111 No modification 
1 1 o 0 0 o 1 1x 1 1 1 1 o X X X 0111 13 vector addr- FFEE, F 

100 0 X XXX XXXXXXXX 1000 No modification 
1 1 0 0 0 1 0 Ox 1 1 1 o X X X X 1000 14vectoraddr-FFFO,1 

1 001 X XXX XXXXXXXX 1001 No modification 
1 100 0 1 0 1x 1 1 OXXXXX 1001 15 vector addr- FFF2, 3 

101 0 X XXX XXXXXXXX 1010 No modification 
1 1 0 0 0 1 1 Ox 1 o X X X X X X 1010 16 vector addr- FFF4, 5 

1 o 1 1 X XXX XXXXXXXX 1011 No modification 
1 1 0 0 0 1 1 1x OXXXXXXX 1011 17 vector addr- FFF6, 7 

1 1 o 0 1 XXX XXXXXXXX 1100 No modification 
1 1 0 0 0 No one comb marked 10-17 1100 Default vector address 

1 101 1101 
1 1 1 0 X XXX XXXXXXXX 1110 No modification 
1 1 1 1 1111 

1 = + TTL 0 = OV X = Don't care x or lower mask value * or higher interrupt 
** Inhibits setting ofthe interrupt register 

EE356-810D 
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ov 
Inputs 1 Outputs 

17 CE 
16 
IS 
14 
13 IRQ 
12 Set mask 
11 IRQ S WI vecto r fate h 
10 P1 
M1 P2 
M2 P3 
M3 P4 
A 1(15-5) 
AI1 
AI2 
AI3 
AI4 

I = Output from interrupt register 
M = Output from mask register 
AI = MPU internal address bus 

• (15-5) = FFEXto FFFX 
• 1,2,3,4 = bit numbers 

P3 -1: Input to mask register 
P4 -1 : Used for address decoding 

Fig. 6. FPLA inputs and outputs 

Peripheral Interface Adapter, PIA 

Signals 

A peripheral interface adapter, PIA, is used in several places in the 
equipment, but the hardware description is placed here in connection 
with the microcomputer PIA, MIC PIA, used for interrupt control. The 
programming of the MIC PIA is discussed together with the microprocessors 
of each specific unit as it varies between them. 

The PIA is typically used as an adapter between the 8-bit MPU data bus 
(D 7 through 0, see Fig. 7) and two peripherals with parallel8-hit interfaces. 
The peripheral pins (P A 7 - 0 and PB7 - 0) can be individually programmed 
to work as outputs or inputs. Each side (A and B) has two peripheral 
control lines (CAl and CA2ICBl and CB2 respectively) with programmable 
functions and an associated interrupt request lines (IRQAlIRQB). The 
IRQ outputs can e.g. be or-wired to the MPU IRQ input or each one 
tied to a priority interrupt controller input if different interrupt levels 
are used and/or fast identification of the interrupt source is wanted. 
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Registers 

Me 6820 

.................. E 
-tsIIW~ R/W 
......iIIII:...a...cl1 R 

PI~ 

* 

Me 6821 

IRQ~II'C::)oa---~ 

IRQ811J-.................. 

C~l~-"""" 
C~2~~~ 

p~O""""""""""'" 
Pl=Il 1------
P~2""--""""" 

.......-...a ........... R50 

.................... R51 

.....liIIIHI ....... CSO 

.................. CSl 

......... 1IioooCI C 52 

~ P~3 
P~4""-"""'~ 
P~5""---
PAS ,.................-ol ___ 

P~7"""""'--~ 
P801--................ 
PSl i--~'" 

.......-.o1Ir.........aO·O P82 .......................... 
01. ~ P83 

~~02 ~ P84~--~ 

03 ~ PBS 
....IIIiIIa1Ii"""'"'-lD4 P8S ........ I111\1111111111 ...... 

~ ........... D5 P87 ........... 1111\1111111111 ........ 

~~DS C81~--~ 

7 C82~~ ..... 

Fig. 7. PIA drawing symbol 

Each side of the PIA has three 8-bit registers associated with it. These 
are: 

• Data direction register (DDR). If a bit in the DDR is one the 
corresponding peripheral line will function as an output. 
r 1 • + (rR) ... t fl' 1r r1 e ,-,antral. reglSl-er \'-'.1. ,contaInIng In .. errupt.l. ags, Interrupt mas.L"- an ..... 
control, address control and control of the function of the peripheral 
control line CA2/CB2 (input or output) . 

• Peripheral register (P), containing data to/from the peripheral. 

At reset all register contents are taken to zero. 

The addressing of the six registers is made with the two register select lines 
RSl and RSO and one bit (bit 2) of the control register (to choose between 
D D R and peripheral register). At a specific time thus only four registers 
are available for the MPU as only two address lines are used: 

EE356-810D 
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Control 
RS1 RSO Register Bit location selected 

CRA2 CRB2 

0 0 1 X Peripheral Register A 
0 0 0 X Data Direction Register A 
0 1 X X Control Register A 

1 0 X 1 Peripheral Register B 
1 0 X 0 Data Direction Register B 
1 1 X X Control Register B 

X = Don't care 

The control registers for the A and the B side are similar with one exception 
and the fO.rmat is therefore only described for CRA with the exception 
pointed out: 

76543 2 1 0 
I I I I I I I I I 

~ CAl control 

L....-___ D D R access 

1---_____ CA2 control 

1..--______ IRQA 2 flag 

L--_______ IRQA 1 flag 

Bit( s) Comments 

7 IRQA 1, Interrupt flag, goes high on active transition of CAl 
and is automatically cleared when the MPU reads the peripheral 
register A. It may also be cleared by hardware reset. 

6 IRQA 2, Interrupt flag. When CA2 is established as input (b5 = 0): 
Goes high on active transition of CA2 and is automatically cleared 
when the MPU reads the peripheral register A. It may also be 
cleared by hardware reset. 

When CA2 is established as output (bS = 1): IRQ A 2 = 0, not 
affected by CA2 transitions. 

S - 3 CA2 (CB2) established as output by b5 = 1 

b5 b4 b3 
1 0 CA2 

b3 = 0: Read strobe with CAl restore. 
CA2 goes low on the first high
to-low E transition following an 
MPU read of peripheral register 
A and is returned high by the next 
active CAl transition. 

b3 = l: Read strobe with E restore. CA2 
goes low on the first high-to-Iow 
E transition following an MPU 
read of peripheral register A and 
is returned high by the next high
to-low E transition. 

( 
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~ CB2. The output functions of CB2 will not 
be similar to the same of CA2 when the 
control register B b5 - 4 = 10(2). They are 
therefore inserted below: 

b3 = 0: Write ~trobe with CBl restore. 
CB2 goes low on the first low-to-
high E transition following an 
MPU write into peripheral register 
B and is returned high by the next 
active CB 1 transition. 

b3 = 1: Write strobe with E restore. CB2 
goes low on the first low-to-high 
E transition following an MPU 
write into peripheral register B 
and is returned high by the next 
low-to-high E transition. 

b5 b4 b3 

1 1 0 Reset CA2. CA2 goes low when the MPU 
writes b3 = 0 into the control register. 

1 Set CA2. CA2 goes high when the MPU 
writes b3 = 1 into the control register. 

CA2 established as input by b5 = 0 

b5 b4 

o x 

b5 b4 

o o 

1 

b3 

o 

1 

b3 

X 

CA2 interrupt request disable. Disables 
IRQA MPU interrupt by CA2 active 
transition. IRQA will occur on the next 
(MPU generated) positive transition of b3 
if CA2 active transition occurred while 
interrupt was disabled. 

CA2 interrupt enable. Enables IRQA 
MPU interrupt by CA2 active transition. 

Active CA2 transition. IRQA 2 set by 
high-to-Iowtransition on CA2. 

Active CA2 transition. IRQA 2 set by 
low-to-high transition on CA2. 

2 Determines whether the data direction register or the peripherai 
register is addressed 

o = Data direction register is selected. 

1 = Peripheral register is selected. 

1 Determine active transition on CAl input for setting interrupt 
flag IRQA 1 (eRA bit 7) 

0= IRQ A is set by high-to-Iow transition on CAl. 

I = IRQ A is set by low-to-high transition on CAl. 
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o CAl interrupt request enable/disable 

o = Disable IRQA MPU interrupt by CAl active transition. 
IRQA win occur on the next (MPU generated) positive 
transition ofbO if CAl active transition occurred while 
interrupt was disabled. 

1 = Enable IRQA MPU interrupt by CAl active transition. 

Basic Timing 

A basic 19.17 MHz clock signal is generated by a crystal clock. From 
this clock signal all timing signals, e.g. dynamic memory timing, two-wire 
transfer bit clock etc. are derived. Five 2.13 MHz clocks are generated 
(T1 - TS). Combinations of these are used to define different points of 
time during each half of the system clock period. The system clock, 0, 
(microprocessor instruction clock) has a frequency of 1.065 MHz. It 
appears in several pha~es and with different pulse-pause ratios to compensate 
for propagation delays etc. The relations between the basic timing signals 
are shown in Fig. 8. Of the signals in Fig. 8; 9.585 MHz, 0 signals, RAS, 
COL, CAS and WES appear on buses connecting different logic boards. 

The MPU demands two non-overlapping complementary clocks. Circuitry 
is added to provide these; MPU 01 and MPU 02. These two clock signals 
together with the data bus enable signal (DBE) for the MPU (Observe 
that these three signals are only fed to the MPU.) differ from the other 
o signals in that they may be frozen (in the 01 state) by a stretch signal. 
This signal is generated under certain conditions during a direct memory 
access (see Direct Me,mory Access). 

Bus Timing Example 

Consider the case when the MPU reads data from the basic read/write 
memory area. 

... During 01 MPU puts out the new address and read level on the RlW 
line . 

• DMA 02 will enable a ROM used for memory address decoding. 
An enable signal for one of the memory blocks will then be produced. 
During this time the memory address from the MPU win be applied and 
used as row address and column address to the RWM. The generation 
of row address strobe, selection of column address and generation of 
column address strobe is governed by the RAS, COL and CAS signals 
respectively. 

... The internal and external data buses win be connected during 02. 
At the falling edge of 02 the data will be read into the MPU. 

Programmable Timer Module, PTM 

A programmable timer module, PTM, is sometimes tied to the micro
computer in order to avoid timing loops in the program. 

( 
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Signals 

Microcomputer ERICSSON ii 

The programmable timer module contains three 16-bit counters. Each 
one of these may be programmed to produce symmetric or asymmetric 
square waves (or single shots) at the respective outputs 01, 02, and 03 
and also interrupts on an IRQ output. See Fig. 9. The clock signal for 
a specific counter may be selected to be either the 02 signal or a unique 
clock signal (C1, C2, and C3 respectively). 
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l.-9 

'CIIIII' R IRQ ~ 
10 RSO 01 27 

. 11 ... 28 
12 RSl Cl :26 
15.- RS2 Gl ~ 
1S 'CIIIII' 
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19 DS 
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Fig. 9. PTM drawing symbol 

RS2, RS1, and RSO are used together with the RlW input for register 
addressing. See below. 

D7 through 0 are used for connection to an 8-bit bidirectional data bus. 

G1, G2, and G3 are used as enable signals for the three counters. When 
a G input goes low, the associated counter win be restarted (if the PTM 
is not reset). 

A low level on the reset (R) input will stop all counters and reset the 01, 
02, 03, and IRQ outputs as well as all status and control register bits 
but the internal reset bit. Furthermore, both the latches (see below) and 
the counters of all three timers will be preset to maximum values, and thus, 
if not reprogrammed before release, make the longest possible count cycle. 

CS1 and 0 are the chip enable signals, needed to transfer data to or from 
thePTM. 
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Registers 

The PTM contains one control register for each timer and one status 
register. Each timer contains a 16-bit timer latch (write only) and an 
associated 16-bit counter. The register addresses are listed below: 

Address inputs Accessed reg ister 

RS2 RS1 RSO Write (RIW = 0) Read (RIW = 1) 

0 0 0 {Control register 3 (if CR2:0 = 0) No register 
Control register 1 (if CR2:0 = 1) No register 

0 0 1 Control register 2 (CR2) Status register (SR) 

0 1 0 MSB buffer (timer 1 ) Timer 1 counter MSB 

0 1 1 Timer 1 LSB latches* LSB buffer (timer 1 )** 

1 0 0 MSB buffer (timer 2) Timer 2 counter MSB 

1 0 1 Timer 2 LSB latches* LSB buffer (timer 2)** 

1 1 0 MSB buffer (timer3) Timer 3 counter MSB 

1 1 1 Timer 3 LSB latches* LSB buffer (timer 3)** 

* When writing the LSB latches of a specific timer, the contents of the MSB buffer 
will be transferred to the MSB latches of that timer. 

** After reading the MSB of a specific timer counter, the LSB buffer will, when read, 
present the contents of the LSB of that specific counter. 

The interpretation of the status register (SR) bits is shown below: 

76543 2 1 0 
o 0 O. 0 

Timer 1 timeout 

'---- Timer 2 timeout 

'------ Timer 3 timeout 

1---------- IRQ, interrupt request 

Timeout of a counter always sets the associated status bit (SR:2, 1 or 0). 
It sets SR:7 only if bit 6 of the associated control register is 1. 

All status bits are cleared when the PTM is reset. A status bit that is present 
when the status register is read will be cleared by a following read timer 
counter command. 

A specific timeout flag (status bit) is also cleared by an initialization or 
a write operation into the timer latches of the associated timer. 

EE356-810D 
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The interpretation of the control register bits is summarized below 
(CRX = control register associated with timer No. X) 

Bit No. Bit name Function if = 1 Function if = 0 

CRX:7 Output Output (01,02, or 03) Output masked 
enable enabled 

CRX:6 Interrupt SR:7andIRQ No indications on SR:7 
enable enabled or IRQ output 

CRX:5 Mode Single shot operation Continuous (cyclic) 
(ifCRX: control (Reinitialization needed count operation 
3=0) for repetitive operation) 

CRX:4 Initialization GX input going low Awrite operation into 
(jfCRX: select restarts counter the ti mer X latches 
3=0) (See also CR1:0 = 1) (orGX~ orCR1:0=1) 

will initialize timer 

CRX:3 Mode Frequency/pulse width Continuous/single shot 
control comparison mode mode 

CRX:2 Counting Dual8-bit counting 16-bitcounting mode* 
mode mode* 

CRX:1 Clock Timer X counter uses Timer X counter uses 
select clock on 02 input clock on CX input 

CR3:0 Timer3 clock Timer 3 clock is divided Timer 3 clock functions 
control by 8 before applied to as the other clocks 

the counter 

CR2:0 Control reg. CR 1 may be written CR3 may be written 
address 

CR1:0 Internal All timers preset All timers allowed to 
reset (Contents of latches operate 

transferred to counters) 

* The output waveforms and timeout positions (TO) for the two modes are 
shown below: 

16 bit 
mode 

Dual 
8 bit 
mode 

r- (N+1 ) (T )--t--( N+1 HT) --t-- ( N+1)(T) --i 
I I I I 
I I 

to TO TO TO 

N = 16-bit number in counter latch. 
L = 8-bit number in LSB counter latch. 
M = 8-bit number in MSB counter latch. 
T = Clock input negative transitions to counter. 
to = Counter initialization cycle. 
TO = Counter time out. 
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Memory Organization and Access 

Memory Map 

The standard memory organization of the System 41 microcomputers is 
described here. Special functions and differences will be described in 
the respective documentation dealing with the display units, communication 
processors, flexible disk units etc. 

As shown in Fig. 10, the total memory map is divided into the RWM (read! 
write memory) area, the I/O area, and the IPL (initial program loading) 
ROM area. 

The RWM area is expandable from 32 kbytes to 60 kbytes. For more 
than 32 kbytes, however, memory expansion boards (MR W or MRO) 
has to be used. The accessible memory area can be decided by strapping. 
Strapping information is found in the Installation and Maintenance 
Manual. Parity generation and checking (odd parity) is carried out for 
the RWM area. Thus a 16 kbytes memory block consists of9 x 16 kbits 
memory chips. 

Note that the memory map also has got 256 bytes reserved for RWM 
with battery backup. (Please refer to the Memory Board RO chapter.) 

The I/O area consists of 256 reserved addresses, i.e. addresses to registers 
of LSI circuits on the CPBIDTC and connected boards. For communication 
processors and display units some of these are associated with circuits 
on the internal buses (MIC 1/0) and some with circuits on the external 
buses (PER I/O). See Figs 1 and 10. 

Note that the basic system units (display units, flexible disk units, 
communication processors) are accessed via two-wire connections. The 
send and receive data registers of the two-wire interface are located at 
some of the 1/0 addresses. 

The IPL ROM area consists of 2 kbytes (in display units and communica
tion processors) or 4 kbytes (in flexible disk units). It contains programs 
for checking of the RWM and ROM areas, and communication and program 
loading routines needed at power on. It also contains twelve interrupt 
vectors, i.e. addresses to the twelve basic interrupt routines. 

EE356-810D 
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HEX 
ADiJR 
FFFF 

F800 
F 700 
F 600 

F 000 
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RWM 
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(28 k) 

110 addresses 

N Max 
ROM 
on MRO 
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I Battery RWM 

--------
(on MRO) 

I I-
1 I 
I I 
1 1 

-} <? ~ I MRW (MRO) 1 
I I 

I 
32k 

---1----
24k 

----r---
16k 

Bk 

Max 
RWM 
on DTC I 
CPBI 
FOP 

Circuits, signals, etc 
discussed in this chapter 
are only specified here. 
Complete memory maps 
can be found in the 
chapters on the CPR, 
CPL, CFU, FD, and DU. 

., 

ADLC 
CPB 
CS 
DIA 
DMAC 
DTC 
FDP 
IPL 

= Advanced data link controller 
= Communication processor board 
= Crosspoint selection 
= Display adaption part (on DTC) 
= Direct memory access controller 
= Display terminal controller 
= Flexible disk processor 
= Initial program load 

~ ________ ~MCP = Microprocessor control panel 
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INTERRUPT VECTORS 

Reset FF FE, F 

Non maskable interrupt C,D 

Software interrupt A, B 

Default interrupt 8,9* 

I 7 6,7 

I 6 4,5 

I 5 2,3 

I 4 FFF 0,1 

I 3 FFEE, F ** 

I 2 C,O 

I 1 A, B 

I 0 FFE 8, 9 

1= peripheral IRQ 7= high priority 

F800 

wo e:; e; 
i::: ::E: ::E: - F7 FO 

ffi!2 
0.._ 

F7EO 

« 
2 0 
- F70G 
w 

w w PTM i: i: i: PIA F7C4-7 
F7CB 

F7CO 

F7BO 

F7AO 

F790 

F7BO 

F770 
0 

a: 
ILl 
Cl. F760 

F750 

Vl PIA w F740 

F730 

:i 
AOLC F720-3 (4-7) 

*** t-

F720 

F710 
DMAC F700- 16 

F700 

MIC (I/O) = Microcomputer, central part 
(input/output) 

MRO = Memory board, read only memory 
MRW = Memory board, read/write memory 
PER I/O = Peripheral input/output 
PIA = Peripheral interface adapter 
PTM = Programmable timer module 
TWI = Two-wire interface 

* MPU reading FFF8- FFF9 will transfer the contents oftwo cells within FFE8-FFF9, depending 
on highest priority valid interrupt, to the MPU. 

** A (read or preferably) write operation into one of the cells FFE8 - FFF7 will result in a setting 
of a corresponding mask value. As an example, FFEE or FFEF from the MPU will disable 
interrupts of priority < 3. 

*** Not present during the three DMA cycles DMA T1 - T3. 

Fig. 10. General microcomputer memory organization 
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Address Decoding and Direct Memory Access 

An address decoder (see Fig. 1) provides chip enable signals for the 
various system circuits as the IPL ROM, PIA etc. It also enables the bus 
buffers at the right time. For example, the internal buses will be isolated 
from the rest of the system during transfers of data between the memory 
and the two-wire interface (DMA, direct memory access, transfers). 
This means that during a cycle when the MPU is doing internal work 
(e.g. a register to register transfer), i.e. when no relevant or valid memory 
address is present, or when the MPU is just needing the internal buses 
to reach a circuit, the DMA logic does not need to steal any clock cycle 
from the MPU, which would slow down the program execution. Thus the 
D MA logic may access the memory via the external buses in the same 
time as the MPU communicates with, say, the peripheral interface adapter, 
MIC PIA, via the internal buses. 

The DMA method is described in the paragraph Direct Memory Access. 

Address Decoder (FPLA) 

The address decoder consists of a field programmable logic array, FPLA. 
See table below. According to the state of the address bus from the M P U 
and other signals shown in the block diagram (Fig. 1) the address decoder 
provides circuit enable signals for different groups of circuits, on the 
internal buses and the external buses, and a stretch signal for the timing 
logic. See DMA Timing paragraph. 

Activating input combinations Activated output Comments 

A15-4 
°VMA 

°DMA DMA 
Signal 

Active 
Hex T2 T1-3 level 

OOO-F6F Low Low X Low 
F70-F71 Low X High 

Stretch 
Low +- DMAC addressed 

F72- F7B Low Low X Low 
F7E Low Low X Low 

F60-F6F Low High X BATMEM High Battery RWM enable 

F70-F71 Low X Low Low DMAC only enabled if 
F72-F7B Low High X PER 1/0 Low during no DMA cycle 

F7E Low High X Low 

F7C-F7D Low X X High ~{External data bus 
F7F Low X X MICI/O High read disable 

FSO-FFF Low X X High +- (lPL ROM addressed) 

FSO-FFF Low X X IPL High IPL ROM enable 

F7D Low X X DIA High 

F7C Low X X MIC High 

F7F Low X X Panel Low MCP addressed 

See also memory map, Fig. 10. 

Memory Access lVlultiplexing 

The read/write memory of the microcomputer is connected to the external 
buses. It may be accessed from several sources. 

EE356-810D 
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The memory is accessible for the MPU. The DMA logic is also capable of 
stealing clock cycles from the MPU and read or write data in the memory, 
without intermediate storing in an MPU register. 

The address selector of Fig. 1 is among other things governed by the 
system clock signals. Access to the memory is multiplexed in the way 
that during one half of the system clock period the MPU or the direct 
memory access controller may have access the memory. During the other 
half a refresh or a controller address is coupled to the memory. When 
dynamic RIW memory is used, periodic refresh addressing is necessary. 
Controller addresses may be provided by, for a part of the RWM on the 
DTC, the cathode ray tube controller or, for a certain area of the total CP 
memory, by a peripheral (e.g. synchronous communication) controller. 
A control~er will thus be able to read and write in the memory without 
disabling the MPU to work on the buses. 

Direct Memory Access 

Direct memory access (DMA) is a possibility in the Alfaskop System 41 
that minimizes the load on the MPUs caused by communication between 
display units, flexible" disk units and communication processors and also 
by flexible disk read/write operations carried out by the microcomputer 
of the flexible disk unit. See Fig. 11. The DMA enables data transfers 
directly between a communication interface circuit and the memory, 
without the MPU having to: 

• Serve an interrupt request for each data byte 

.. Intermediately taking care of the data. The large scale integrated 
circuit DMAC (direct memory access controller) that is used may 
control up to four data channels. The manner in which the DMA affects 
the bus enabling is described in the paragraph Address Decoding 
and Direct Memory Access above. The communication interface is 
described in the chapter Communication. 

I 
DMA logic 

Add ress Stop II counter addr reg !'vi PU 

I I 

~ 
J Acc.umulator I 

regl ster 

lJ "' I 

DMA l Non- DMA rv rv Interrupt DMA Ena ble 
Selector 

I request service regisier, 
request R/W 

Vddr.s~ I 
It' ) No n-DMA Non-DMA Communication 

Memory interface 

K ) DMA data flow < ) 

Fig. 11. DMA principle 

) 



( 

( 

ERICSSON i! Microcomputer 25 

Direct Memory Access Controller, DMAC 

The direct memory access controller, DMAC, contains one 16-bit address 
register, one 16-bit byte count register and one 8-bit control register for 
each of the four channels that may be serviced. The address register holds 
the address of the location to or from which the next byte is to be traJ1sferred. 
The byte count register holds the number of bytes still to be transferred. 
Furthermore the DMAC contains three general control/status registers. 
These registers may be accessed by the MPU by use of the five address 
lines, A4 - AO, the CS line and the RIW line. For addressing and pro
gramming of the DMAC registers, see Fig. 12 and Table 1. 
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DM~C* 
.... 33 IRQ/OENO 
r- 37 

DRQT 36 DRQH ... 38 OGRNT ..... 

TXRQO ... 32 
::31 TXRQl' ::30 TXRQ2 
::29 TXAQ3 

'-:-34 
~O 02 TXSTB -35 

:3 ..- .... TX~K~ R/V 2 39 ..... :. TX~K8 RES - 4 2 .- CS 
;fRO 

5 "II1II' 

~1 
~ ~2 

6 
7 

~3 8 u:l4 9 
~S 10 
~S 11 

28 R7 12 DO' R8 27 13 
2S 01 R9 14 
25 02 Rl0 15 
24 03 ++ ~11 16 
23 04 ~12 17 
22 OS . ~13 18 
21 

OS R14 19 107, ~15 

Fig. 12. DMAC drawing symbol 

During DMA the DMAC provides a full 16-bit memory address, a read/ 
write signal and a signal corresponding to the MPU VMA signal, namely 
Transfer strobe, TXSTB. See Fig. 12. A completed group of memory 
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Table 1. Registers of DMAC 

Register 
Register address 

A4 3 2 1 0 

Address Hi o 0 0 0 0 
channelO La o 000 1 
Byte count Hi 00010 
channelO La 00011 

Address Hi o 0 1 o 0 
channel 1 La o 0 1 o 1 
Byte count Hi o 0 1 1 0 
channel 1 La o 0 1 1 1 

Address Hi 0 1 000 
channel2 La o 1 o 0 1 
Byte count . Hi o 1 0 1 0 
channel 2 La o 1 o 1 1 

Address Hi o 1 1 o 0 
channel3 La 0 1 1 o , 
Byte count Hi o 1 1 1 0 
channel3 La o 1 1 1 1 

b7 b6 * b3 b2 b1 bO 

Channel 0 control Status bit Status bit Address TSC/Halt. Burst/ RIW. 1 o 0 0 0 
Channel 1 control DMAend. Busy. up/down. 1 =TSC Steal. 1 = Read 1 000 1 
Channel2 control Reset by Set during 1 = Decre- mode. 1 = Burst from 1 o 0 1 0 
Channel 3 control MPU read transfer. ment, 0= Halt mode. memory 1 001 1 

ofCCR. Reset 0= Incre- modes. 0= Steal (toADLC). 
afterDMA ment, modes. O=Write 
end. address in memory 

counter (Read 
ADLC). 

Priority control Rotate pri. N.u. Enable Enable Enable Enable 10100 
1 = Served TXR03 TXR02 TXR01 TXROO 
channel from from from from 
has lowest channel 3. channel2. channel 1. channelO. 
pri. 0= 0= 0= 0= 0= 
Fixed pri Disable. Disable. Disable. Disable. 
ch 0 123. 

Interrupt control Status bit N.u. IRQ/DEND IRO/DEND IRQ/DEND IRO/DEND 10101 
IRQ/DEND enable3. enable2. enable 1. enableO. 
= CCRO, IROat IROat IROat IRQat 
1,2,3 bit7 ch3DMA ch2DMA ch 1 DMA chODMA 
if interrupt end. end. end. end. 
enabled O=Dis- 0= Dis- 0= Dis- 0= Dis-
for able IRO ablelRO ablelRO ablelRO 
channel. 
Reset by 
MPU read 
CCR 

Data chain N.u. N.u. 4/2ch DCB. DCA. DCE. 1 0 1 1 0 
select. DDchD H uses " = Data 
1 = 4-ch- 01 ch 1 values function 
mode; 10ch2 inch3 enabled. 
Pin2 11 (Illegal) addr. and O=No 
used as byte count data ch. 
CSITXAKB regsto 
0= 2-ch- update 
mode; 
Pin2 
onlyCS 

Hi (high) = bits 15 - 8, La (low) = bits 7 - 0, N. u. = Not used, CCR = Channel control register 
* Bit 5 and 4 are not used. 

r 



ERICSSON ~ Microcomputer 27 

accesses may be signalled (e.g. to the MPU) on an IRQIDEND line (DMA 
end). Transfer request, TXRQ3-0, are the inputs for DMA requests from 
the four channels that may be serviced by the DMAC. A TXRQ input is 
thus activated when e.g. an ADLC is ready to read or write a byte in the 
memory. See Communication chapter, ADLC description, TDSR and 
RDSR signals. DMA request three-state control steal, DRQT, is the 
signal with which the DMAC reacts to a transfer request in the TSC 
(Three-state control, see below) steal mode. Thereby the RIW and address 
lines from the MPU could be forced into the high impedance state, e.g. 
by disabling the bus buffers (see Fig. 1). 

If needed, the clock circuitry of the system should stretch the 01 period 
of the MPU clock. As the stretch signal is tied to the DBE (Data bus 
enable) input, the data bus lines of the MPU will also be in the high 
impedance state. Note that the system clock is not stretched, but e.g. 
provided to the 02 input of the DMAC. 

When the above actions are taken, on MPU 02 going low (to rest low for 
a while), a signal DGRNT (DMA grant) should be returned to the DMAC. 

If more than one receive/transmit channel is used Transfer acknowledge 
A, TXAKA (2 channels), and perhaps Chip selectffransfer acknowledge 
B, CS/TXAKB (3 or 4 channels), may be used as encoded address lines 
to direct a transmit acknowledge signal and a DMA end signal to the 
appropriate peripheral controller. 

2-channel mode: TXAKA 1 = Channell, 

4-channel mode: CSffXAKB TXAKA 

° 0 o 1 
1 0 
1 1 

DMAC Programming Example 

0= Channel 0 

Channel 
o 
1 
2 
3 

As an example, consider the case of a single display unit that wants to send 
a block of information to a flexible disk unit on the two-wire connection 
via an ADLC using DMA channel 0 with TSC steal mode. Suppose that 
the block of information has a length of Len bytes and is situated at memory 
addresses Adr, Adr+ 1, ..... , Adr+ (Len -1). The MPU then prepares 
the DMAC by writing Adr in the 16-bit address register and Len in the 
16-bit byte count register of channel O. The channel control register 0 
must also be programmed for: 

• Address counting upwards 

(I TSCmode 

• Steal mode 

• Read mode, as data is to be read from the memory. 

The enable bit for TXRQ 0 should be set, to permit the Transmit data 
service request (TDSR) signal from the ADLC to start the sequence 
described above in the section Direct memory access controller DMAC. 

EE356-810D 
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When one memory byte has been stored in the ADLC, the MPU regains 
control of the whole bus system and will be busy with other tasks during 
about 27 /-LS, after which time one byte has been transferred to the flexible 
disk unit. Then the transmit data register of the ADLC is again available. 
This will be signalled on the TDSR output tied to the TXRQ 0 input of 
the DMAC etc., until DMA end, that may be signalled on the IRQ/ 
DENDline. 

DMA Timing 

Though a direct memory access only takes one MPU clock cycle time, 
a full DMA period consists of four clock cycles, DMA Tl- T4. 

DMATl T2 T3 T4 
DMA MPU 

During T2 the actual D MA takes place and the MPU clock is stretched 
unless the MPU is wotking on the internal buses only or does not provide 
VMA (Valid memory address). During DMA T2 a system VMA is 
provided. 

During Tl and T3 the MPU clock is stretched only if the MPU addresses 
the DMAC say to read Busy or DMA end status for a certain DMA 
channel. This is to prevent the MPU signals from interfering with the 
DMAC signals that are also present during Tl and T3. 

During T4 the MPU is never disturbed. This is to ensure that data in the 
MPU is not lost because of the absence of clock. (In CPs, when more than 
one channel is working, the MPU could otherwise be stopped for a longer 
time than three clock cycles.) 

( 



( 

( 

ERICSSON :s 

Communication 

Contents 

General 

Remote Host Computer Communication 

Local Host Computer Communication 

Internal Communication via Two-wire 
Software 
Sessions 
Main Message Types 
Message Format 

General Message Format 
Todev and Frdev layout 
Dsa Layout 
Msgtyp/Status layout 

Polling 
Data Communication 

Transmission of More than 64 Bytes 
Communication Examples 

Poll and Answer to Poll 
IPL Sessions 
Transfers of Printout Information 

Hardware 
Modulation Method 
Clock Generation and Phase Correction 
Advanced Data Link Controller, ADLC 
ADLC External Signals 
ADLC Control Registers 
ADLC Status Registers 

Functional Examples 
Transmission 
Reception 

Internal Communication with Printers 
Asynchronous Communication Adapter, ACIA 

Signals 
Asynchronous Communication 
Registers 
Control Register 
Status Register 

Internal Communication with Keyboard 

Internal Communication with Selector Pen Device 

E90002331E-1 
82-10-01 

I 

1 

1 

1 

2 
2 
2 
4 
7 
7 
8 
8 
9 

11 
11 
11 
12 
13 
15 
18 
20 
21 
21 
22 
22 
24 
29 
31 
31 
31 

32 
32 
32 
33 
34 
35 
36 

37 

37 



II ERICSSON ~ 

Appendix 1 
Alfaskop System 41 Physical Device Addresses ___________ 39 

Appendix 2 
Message Format Summary ___________________ 41 

Poll Message 41 
Answer to pon Messages 41 
Communication Control Messages 42 
Data Messages 42 

Explanations ________________________ 43 
Answer Type and Slave Address _____________ 43 
Emstatl and Emulation Status 43 
Msa and Ssa 43 
Smsa 43 
P~ M 
Data and Data length 44 

) 



r 

( 

( 

ERICSSON is Communication 1 

General 

This chapter is compiled in order to give a survey of Alfaskop System 41 
external and internal communications and to describ~ liQ.~ proc;edures 
and communication circuitry common for two or more units. 

Remote Host Computer Communication 

A single cij.splay unit or a communication processor, is capable of remote 
communication with a host computer. The communication is usually 
carried out via modems. 

The communication protocol is described in the Alfaskop System 41 
Reference Manual for applicable emulation. The communication circuitry 
and hardware line interface can be studied in the Synchronous Communi
cation Adapter or the Synchronous Communication Controller chapters 
in this file. 

Local Host Computer Communication 

A communication processor, local is capable to communicate with an 
IBM host computer via an I/O channel interface. 

The communication protocol is described in the Alfaskop System 41 
Reference Manual mM 3270 Emulation and the Communication Processor, 
Local chapter in this file. The channel communication circuitry and 
hardware channel interface are also described in the Communication 
Processor, Local chapter. 

E90002331E-l 
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Internal Communication via Two .. wire 

Software 

Sessions 

The main internal communication is carried out via two-wire connections 
between the following units: 

• Communication processor - display unit 

• Communication processor - flexible disk unit 

• Flexible disk unit - display unit 

The communication protocol and the communication circuitry are described 
below in a general but yet rather detailed way. Information, specific 
for a certain unit, is given in the chapter on that unit, i.e. in the chapters: 

• Communication Processor, Remote 

• CPR and FD Unit 

• Flexible Disk Unit 

• Display Unit 

The software that handles the internal communication is a part of the 
operating system, thus it is not dependent on emulation or application, 
only on the type of unit in which it is used, i.e. on hardware and configuration. 

The main program module handling the internal communication is the 
Communication handler. It handles the hardware (communication 
interface circuits), both for reception and transmission. Poll and Answer 
to poll routines also form a part of the Communication handler. The 
Communication handler contains routines activated by hardware interrupt 
signals e.g. on Frame complete (whole frame received), Not-clear-to
send (whole frame transmitted) or framing error, as well as lower priority 
routines e.g. for changeover between transmission and reception. 

The services of the Communication handler are through a Supervisor 
selector called for by different supervisors e.g. Input/Output manager, 
FD I/O supervisor, PU I/O supervisor, IPL supervisor, Console mode 
supervisor and Utility supervisor or by emulation software (User) through 
a User interface. 

Fig. 1 is inserted in order to give an orientation on the software layout. 

In a configuration one unit always controls the physical communication. 
This unit is called configuration master. In a cluster configuration the 
CP is the configuration master whereas the DU is configuration master 
in a single configuration. 

Besides, there is a logical concept of communication. This is called 
a session. A session may consist of one or several sequences of physical 
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communication. The channel is disconnected after each sequence of 
physical communication and may thus be used by other units, while 
processing is done by the first units. 

In this way a very effective use of the channel is obtained. When a unit 
has given a positive Answer to poll a session is opened and is then regarded 
as going on until a special command has concluded it. One of the units, 
being involved in a session, is always session master. The other unit is 
then session slave. The session mastership may be changed at different 
times during a session. Any unit in a terminal configuration may be session 
master. A session is executed under the control of the User interface or 
a supervIsor. 

A session.is identified by a session control block, SCB, in each of the 
communicating units including the configuration master. The SCB is 
registered until the session is closed or aborted due to an error or dis
connection of an affected unit. The SCB is identified by a session number 
and sometimes a supervisor number. 

Fig. 2, showing a load session consisting of two data communication 
sequences, is inserted ~ order to give an idea about the function of a session. 

Main Message Types 

There are different types of messages (frames) that may be sent between 
the units in the system: 

• Poll from the configuration master. Message'length 4 bytes. 

• Answer to poll from a polled unit. Maximum message length 64 bytes. 

• Communication control messages like acknowledgements of received 
messages or queued messages etc. Maximum message length 64 bytes. 

• Data. Maximum recommended message length 4096 bytes. 

In a cluster configuration the CP regularly polls the terminals. It lists 
terminal status and investigates and queues requests from the terminals. 
According to a connect request queue, it interconnects terminals, e.g. 
a DU to a FD when the DU wants new program from the FD. It then 
leaves the control of the communication DU - FD by sending a Conn 
(connection acknowledge) frame to the FD and another Conn frame 
to the DU and awaits a frame from the DU when the communication 
is terminated. See below: Msgtyp/Status layout. 

Actual connection status is registered in the CP so that no polling of the 
units on the involved two-wire line from the CP will take place during 
the time the connection lasts. 
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Message Format 

General Message Format 

The message format used in communication between Alfaskop System 41 
terminal units is: 

• Word length 8 bits. 

• Message length 4 - 4096 words (bytes), depending on type of message, 
flags and CRCC excluded. 

The general message format is shown in Fig. 3. 

Header 
A. 

Flag Todev Dsa Frdev Msgtyp/ 
status 

Fig. 3 General message format 

The various fields in Fig. 3 have the following meaning: 

CD Flag: Control byte (7E(16)) for start of message and byte synchronization. 
Added/stripped by the hardware logic. 

• Todev: Physical address of the unit to which the message is sent. 

• Dsa: Destination session address. This byte is used in certain message 
types to define a destination session control block in the receiving unit. 

e Frdev: Physical address of the unit sending the message. 

• Msgtyp/Status: Byte, defining status of configuration master (Poll 
message) or slave status (Answer to poll message) or Type of message 
(for all other messages). 

e Message contents: Field normally containing between 0 and 4092 
bytes depending on the message type. It may contain more than 4092 
bytes, but this is not recommended. It may contain additional control 
bytes or data. 

CD CRCC: Cyclic redundancy check character (16 bits), used to check 
whether data was transferred correctly or not. Calculation/appending 
as well as checking/stripping of CRCC is handled by the hardware 
logic. 

• Flag (7E(16)): Defines the end of the message. Added/stripped by the 
hardware iogic. 

Except in the flag character, which contains six consecutive ones, more 
than five consecutive ones are not sent in a frame (between flags). This 
is prevented as the transmitter logic inserts a zero after five ones and 
the receiver logic always strips a zero following five received ones. If 
01111110(2) anyhow is received that is interpreted as a flag. 

If seven or more consecutive ones are received, inside a message, that 
is interpreted as an abort indication telling the receiver logic that the 
frame is invalid. 

E90002331E-l 
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Todev and Frdev Layout 

Todev and Frdev have the following format: 

7 654 3 2 1 0 
I I I I 

~ Terminal type 

'-------Port number 

The fields means: 

• Port number: Number (0 - 31) of two-wire connection (port) on the 
TU A boards of the CP. For single display unit configuration the port 
number. is zero . 

• Terminal type: 
OO=DU 
01 = PU-V.24N.28 
10 = FD 
11 = Spare 

Todev and Frdev contain actually the physical device addresses as 
shown in Appendix 1. 

Dsa Layout 

The layout of the Dsa field is: 

76543 2 1 0 
I' I I 

,----Supervisor number 

1...--______ Session number 

The fields means: 

• Session number: Number of the registered session. 

- A DU may register up to five sessions plus ten more for an attached 
V.24N.28 PU. 

- A PU registers up to 10 sessions. 
- An FD registers up to eight sessions. 
-If session number = F(16), session number is asked for (undefined) . 

.,. Supervisor number: The used numbers are listed below followed by 
the name of the corresponding software module and the units in which 
the software is used. 

0 Input/output manager FD 
1 Utility supervisor DU CP FD 
2 FD I/O supervisor DU CP 
3 Printer I/O supervisor DU 
4 Console mode supervisor DU 
5 IPL supervisor CP 
E Host 1 supervisor (User interface) DU CP 
F Host 2 supervisor (User interface) DU CP 

Dsa is FF(16) or defines the drop address on a two-wire in pan messages. 
See Appendix 2. Dsa is FF(16) in Answer to pon messages. 
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MsgtyplStatus Layout 

In the case of Poll or Answer to poll messages, byte 4 of the message 
header is interpreted as status. It then has the layout shown below. A set 
bit has the stated meaning: 

76543 2 1 0 
llJI 1 I I I I 

L= 
Meaning in: 
Poll 

Host communication 
possible 
Spare 
Delete an SeBs 

Odd poll (second, 
fourth, etc.) 
Leaciing poll 

Poll retransmission 

Status 

Answer to poll 

Emulation program 
loaded 
Spare 
I cannot open any 
more sessions now 
Response to odd 
poll 
Request for initial 
program loading 
I carry the system 
diskette 
Status 

A poll retransmission is performed when the configuration master has 
not got an answer on the previous poll before a timeout. 

The first poll in a series of polls to a terminal unit is a leading poll and 
defined as an even poll (b4 = 0). A unit is polled as long as it responds 
with a request. When it has got nothing to transmit it sends a negative 
poll answer and the next pon to the unit will then be a leading poll. If 
a unit has a request or not is indicated in an Answer type byte following 
the Status byte (see Appendix 2). 

For all messages, except Poll and Answer to poll, byte 4 of the message 
header is interpreted as a type of message definition, Msgtyp. The layout 
is shown below: 

76543 2 1 0 
101 I I I I 

'-----Message type 

'--------Odd message 

'----------Leading frame 

'----------Retr 

'------------0 = Msgtyp (in contrast to Status) 

Retr means retransmission and is only used by session or configuration 
master, when it has not got an answer to a message before a timeout. 

Leading frame is used by the configuration master only in the first frame 
of a communication sequence. 

Odd message is used by a slave when received together 'with Retr to check 
whether it has already received the message or not. The first frame is 
defined as even. 

E90002331E-1 
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The message type field (bit 3 - 0) has the meaning listed below: 

Mnemonic Bits3-0 Meaning 

Ack 0 Acknowledgement of Info, Info Dh, Data. 
Other messages may also work as acknow-
ledgements, e.g. Break or Eos. 

Info 1 Information frame, maximum 64 bytes. 
Data 2 Data frame, recommended maximum 4 kbytes. 
Dh 4 Data header, first 4 data bytes are coming in 

this frame. The rest of the data in the next frame. 
InfoDh 5 Information data header, information and 

first 4 data bytes are coming in this frame. The 
rest of the data in the next frame. 

Rtrd 7 Ready to receive data. Used as acknowledge-
ment to Dh and Info Dh messages. 

Sconn 8 Connection message to a session slave from the 
configuration master or connection acknow- ) 
ledgement from the session slave to the con-
figuration master. 

Denq 9 Data enquiry, sent by the session master when 
no answer is obtained within a certain time to 
a Data message. 

Abort A Abort message, containing information on what 
session to abort, sent from the configuration 
master to the session slave. It can also be sent 
from the session master to the configuration 
master in response to a Mconn message. 

Break B Break message, initiating change of session 
mastership, sent from the session slave to the 
session master. Also sent from the session 
master to the configuration master to order a 
disconnection. 

Mconn C Connection message from the configuration 
master to the session master. 

Reject D Reject message, sent from a unit not able to 
handle a request now. Queue up a new request. 

Eot E End of transmission, sent by the session master 
to the configuration master to order disconnec-
tion without mastership change and without 
ending of the session. 

Eos F End of session, sent by the session slave to the 
session master and from the session master to 
the configuration master to order disconnection 
and ending of the session. 

A summary of the formats of specific messages is shown in Appendix 2. 
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Polling 

The polling of terminals in the system is handled by the configuration 
master (CP, single DU or the like). All configured terminals are polled. 

The fourth byte of a Poll message defines e.g. wqether the poll is a retry 
of an earlier poll which resulted in no answer, if the poll is even or odd, 
and whether the host computer communication is maintained or not. 

Retransmission of a poll occurs once after 10 ms when an answer is lacking. 
If no answer is obtained to this first retransmitted poll, the terminal is 
regarded as "off" and polled more seldom. (All answering terminals will 
be polled and then one out of the" off" terminals - all answering terminals 
polled agajn and then the nextone of the "off" ones etc.) 

The answer to a Poll message may either be negative (no request) or contain 
a request for opening or continuation of a session or for communication 
with the host computer (emulation request). Only one request is sent in 
each Answer to poll. The same terminal is polled until a negative answer 
is obtained. The fifth byte of an Answer to poll, i.e. the Answer type 
byte, indicate no request or defines the type of request. See Appendix 2 
for details. . 

Data Communication 

The requests for opening or continuation of sessions are registered in 
first-in-first-out queues in the configuration master. There is one queue 
for each one of eight priority levels (see Appendix 2). 

According to these queues, the configuration master connects the terminals 
in the system. After that a physical connection is established a Conn 
( connect) message is sent to each one of the involved terminals (and in 
certain cases also to the affected supervisor program in the configuration 
master). Then data or more detailed information concerning the request 
may be transferred between the affected units. 

The session example of Fig. 2 shows how a load session is divided into 
two data communication sequences to free the communication channel 
for other sessions and units when it is not needed by the load session. 
(The present session master asks for continuation of the session in an 
Answer to poll.) However, during IPL (initial program loading) the 
connection between the program store (e.g. FD) and the terminal requesting 
IPL will not be broken e.g. while the FD is reading fr011,1 a track into its 
memory (applicable if more than 3.25 kbytes, one track, of program is 
to be transferred to the terminal). During a transfer of emulation data 
(initiated by the configuration master) no disconnection is made. 

E90002331E-1 
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Transmission of More than 64 Bytes 

At a transmission in a data frame (Msgtyp = X2(16), Data), when the 
data is not to be transferred to the standard 64 byte receive buffer, the 
data frame is preceded by a data header (Dh) or information data header 
(Info Dh) frame directed to the standard receive buffer. In the Info Dh 
case, e.g. information on where to store the data of the data frame may 
be included. See Fig. 4. 

However, apart from the normal four byte header, both the Dh and Info 
Dh frames contain: 

.. The first four bytes of the data to be transferred . 

.. Two bytes defining the length of the data block (e.g. OD00(16) for 3.25 
kbytes of data from the FD) 

When the data header frame is acknowledged by the receiving unit the 
data frame is transferred into a non-standard, user-defined buffer in the 
receiving unit. The data frame contains: 

.. The normal four ~yte. header . 

.. Byte 5 and following of the data to be transferred. 

Locally, within the receiving unit, the first four bytes of the data are then 
transferred to the user-defined buffer so that the whole block of data is 
available for the addressee. 

Communication Examples 

The following examples show a number of typical internal communication 
sequences. Only cluster configurations are regarded. For each example 
certain assumptions are valid. These are defined in each subsection. Error 
recovery paths are left out. 

If e.g. no answer to a message is received within a certain time, the message 
is retransmitted once. After another timeout without an answer, the unit 
is regarded as "off" and the session is aborted together with all sessions 
involving the failing unit. (Abort frame sent to the involved terminal in 
connection with polling.) If a Data message gets no answer a Denq message 
is sent to request the answer, e.g. Ack or Eos. 

If e.g. a data frame is too long to be received, the receiving unit may send 
a Reject frame to the transmitting unit (as a response to a Dh or Info Dh 
frame). As the transmitting unit sends Eot to the configuration master, 
a continue session request is queued up in the configuration master and 
a connection is made when all more prioritized requests have been 
handled. 
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In the example below 4 display units in a duster configuration are polled. 
For the different units the following assumptions are made: 

CP Host communication is possible. 

DDl has got nothing to transmit and gives a negativ poll answer. 
The emulation is logged on. 

DD2 wants to communicate with the host. 

D U3 wants to communicate with the system FD and therefore initiates 
an open session request. 

DU4 wants to continue a print session. 

E90002331E-l 
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IPL Sessions 

The example below shows how a CP and a DU in a cluster configuration 
do IPL request and how the OS (operating system) is loaded. 
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Transfers of Printout Information 

The following example shows the communication between a DUl without 
a printer and a DU2 with printer in the case of a combined print queue 
and printout request. 
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Hardware 

The internal balanced two-wire communication takes place via programmable 
ADLC (advanced data link controller) circuits, that perform the conversion 
between parallel 8-bit data and serially transmitted data with a frame 
structure of HD LC type. 

The data is transferred directly between the memory and the ADLC 
circuit (without passing the MPU) by help of a programmable DMAC circuit 
(direct memory access controller). The DMAC controls up to four 
communication channels. (Byte by byte transfers between the MPU and 
the ADLC on interrupt basis are also possible. However, existing software 
uses DMA for transfers for all internal messages.) 

The display unit and flexible disk unit have one ADLC each. The communi
cation processors are provided with four ADLCs, each one controlling the 
transfers of one channel. Up to three units may be connected to the same 
two-wire (as seen from a communication processor). Thus a selection 
of a two-wire interface advanced data link controller,ADLC, does not 
necessarily correspond to the selection of a specific unit. Actually, to 
reach a specific unit in a cluster configuration, the communication 
processor has to: 

• Set the right address in a crosspoint selection PIA (parallel interface 
adapter), in order to connect one ADLC to a specific two-wire 

and 

• Write a specific address word (into the right ADLC) to be sent on the 
two-wire and tested by all units connected to that two-wire. 

For each channel there are two 64 byte standard memory buffers, one 
for the last received message and one where the next message to be 
transmitted is built up. Furthermore users of the communication system 
may define other data areas for reception and transmission of data. 

The binary data on the two-wire is frequency shifted. The transfer 
rate is 300 kbits/s, i.e. nominally 37.5 kbytes/s. The main functional blocks 
common to all two-wire interfaces are shown in Fig. 5. 

The ADLC is the parallel/serial converter between the MPU bus and the 
serial line using synchronous transmission. 

The clock generator with phase correction is needed as the clocks of 
Alfaskop System 41 are local. The phase correction cir~uitry compares 
the edges of received data to the state (phase) of the clock and corrects 
the clock accordingly. 

Delay of Request to send is needed to allow phase correction at the 
receiving terminaL (Before Clear to send is active only idles ones are 
shifted out from the transmitting ADLC.) 

The data carrier detector discriminates against low level interference. 

The modulator/demodulator produces frequency shifted data for the 
two-wire and transforms two-wire data to NRZ (no return to zero) data 
for the ADLC. The demodulator part also transforms continuous 
erroneous data to an abort pattern for the ADLC. 

( 
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Note: Dashed lines and area between amplifiers and modulator/demodulator indicate communi- . 
cation processor functions. 

Fig.5 Principles of two-wire interface 

Modulation Method 

The AD LC is programmed to provide and accept binary data of NRZ 
format. (One level during the whole bit time represents a data bit.) Data 
on the two-wire cables are frequency shifted and sent as a balanced 
square wave. A logical 1 is represented as one pulse during one whole bit 
time and a logical 0 is represented as one full square wave period during 
one bit time. Thus: 1 = half period of ISO kHz square wave, 0 = full period 
of 300 kHz. 

Clock Generation and Phase Correction 

The clock generator contains a divide by 16 counter. See Figs Sand 6. 
In case no incoming data·is detected, a 600 kHz (9·igs MHz) signal is 

! l! Itt gf 600kHz clock 

JUlJLrLJ lflt-fluru-lJiL- Frequency shifted 
o 0 0 1 1 0 1 0 0 1 signal 

Corresponding demodulated 
signal 

Fig.6 Demodulation 
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provided to the modulator/demodulator. In case Modulated received 
data is present, (e.g. all ones preceding a frame) the counter intermittently 
functions as a divide by 17, divide by 16, or divide by 15 counter to 
synchronize the 600 kHz (carry) clock to the middle of the shortest 
received (300 kHz) pulses (see arrows in Fig. 6). 

The phase of the 300 kHz bit clock may still be 1800 wrong but is corrected 
in the modulator/demodulator to provide a positive-going shift-in clock 
for the ADLC in the middle of the demodulated Received data period. 

Advanced Data Link Controller, ADLC 

The ADLC includes functions for: 

Receiver section 

Flag detection, synchronization 
and stripping 

Cyclic redundancy check, 
CRC 

Deletion of (inserted) zeros 

Transmitter section 

Flag appending (opening and 
closing flags of a message) 

Calculation and appending of 
CRCe 

Zero insertion 

Further provided: DMA request signals, modem interface, loop configuration 
possibilities, variable word length of information field, full duplex operation, 
NRZ or NRZI format of received/transmitted data bits. 

It contains four (8-bit) control registers, two status registers, transmit 
and receive registers, accessible for the MPU. 

ADLC External Signals 

The ADLC interfaces the MPU 8-bit data bus, a chip enable line (CS), 
two address lines (RSl, RSO) and a RIW line, used for addressing internal 
registers together with an address control bit, an enable line (E, typically 
02, system clock) and a reset line (R). See Fig. 7. An interrupt request 
output (IRQ) is also provided. The interrupt sources may be internally 
masked and given priorities. The register addressing is shown below: 

Address 
Selected function RS1 RSO R/W Control Bit 

(CR1bo) 

Write control register 1 0 0 0 X 

Write control register 2 0 1 0 0 

Write control reg ister 3 0 1 0 1 

Write transmitter FIFO 1 0 0 X 
(Frame continue) 

Write transm itter FI FO 1 1 0 0 
(Frame terminate) 

Write control register 4 1 1 0 1 

Read status register 1 0 0 1 X 

Read status register 2 0 1 1 X 

Read receiver FIFO 1 X 1 X 
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Fig. 7 ADLC drawing symbol 

The receiver section lines are: 

• RXC and RXD, clock and data inputs. 

• Flag detect output, always low for one bit time when flags (7E)16 are 
received. 

• DCD, Data carrier detected input. The receiving section is inhibited 
when this input is high. 

• RDSR, Receiver data service request output, may be used as a DMA 
request from the receiver section. RDSR reflects the value of the 
status register bit RDA (Receiver data available). Priority status should 
be used. 

The signals used when transmitting are: 

• TXC and TXD, clock input and data output. 

• RTS and CTS, Request to send to e.g. a modem and Clear to send, 
answer that e.g. a modem is ready for sending. . 

• DTRlLOC, Data terminal ready/Loop on line control. For the point
to-point configuration mode, DTR follows what is written in an 
associated control register bit (DTRlLOC bit). For the loop mode, 
DTRlLOC set will make the terminal go on the loop and activate the 
DTRlLOC output after receiving 7 ones. When the control bit is reset 
and 8 successive ones have been received from up the loop, DTRlLOC 
output is deactivated (goes high). 

• TDSR, Transmit data service request output, may be used as a DIVIA 
request from the transmitter section. TDSR reflects the value of status 
register bit Transmitter data register availablelFrame complete if 
programmed to work as TDRA. Priority status should be used. 

E90002331E-1 
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ADLC Control Registers 

The following abbreviations are used under this and the next headings: 

• CRl, 2, 3, and 4 stands for control register 1,2,3, and 4. 

• SRI and 2 stands for status register 1 and 2. 

• AC, address control, is an internal address bit found in CRl:0 (bit 0 
ofCRl). 

The following format definitions are used for the ADLC circuit: 

Frame format: 

Address Control 
Logical 

Flag 
field field 

control 
field 

Information field 

.. 7E(16) is generated or identified as flag. 

.. The address field can consist of one or more bytes. 

• The control field can consist of one or two bytes. 

CRCC Flag 

.. The logical control field can consist of none, one or more bytes . 

.. The information field can consist of an arbitrary number of 5, 6, 7, or 
8 bits words. 

• The CRCC (Cyclic redundancy check character) consists of 16 bits. 

An arbitrary number of flags (7E(16) can be transferred between frames 
of the above format. The end flag can be the start flag of the next frame. 
Between end and start flags can instead of flags, as time fill, idling ones 
(a number of FF(16), called marks) be transferred. More than 6 ones 
within a frame is interpreted as an abort pattern. 

) 
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Control register 1. Address 000X(2) (= RS1, RSO, R/W, AC) 

76543 2 1 0 
I I I I I I I I 

I 

I 
AC, address control 

RIE, receiver interrupt enable 

TIE, transmitter interrupt enable 

RDSR, receiver D MA mode 

TDSR, transmitter DMA mode 

Dis, discontinue received frame 

RXRS, receiver reset 

TXRS, transmitter reset 

A set bit will give the following function: 

25 

b7 TXRS. All ones are transmitted. The transmitter FIFO register 
cannot be loaded. The transmitter status bits are reset, although 
clear to send (SR1:4) follows the CTS input. Set by Reset input 
low or write operation. Reset by write operation after that Reset 
input has gone high. 

b6 RXRS. The receiver FIFO register and the receiver status bits 
are reset, though data carrier detect (SR2:5) follows the DCD 
input. Set by Reset input low or write operation. Reset by write 
operation after that the Reset input has gone high. 

b5 Dis~ Further received bytes will not interrupt the MPU or set 
receiver data available (SR1:0 or SR2:7). Set by write operation. 
Reset after the last discarded byte. 

b4 . TDSR. Transmitter data register available (SRI :6), will not 
interrupt the MPU but set the TDSR output. 

b3 RDSR. Receiver data available (SRI :0), will not interrupt the 
MPU but set the RDSR output. 

b2 TIE. The IRQ status (SRl:7) and the IRQ output will be activated 
by transmitter status. 

b 1 RIE. The IRQ status (SRl :7) and the IRQ output will be activated 
by receiver status. 

bO AC. Control register 3 or 4 is selected. 

E90002331E-l 
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Control register 2. Address 0100(2) (= RSl, RSO, RIW, AC) 

7 654 3 2 I 0 

I I I I I I I I I 

I 
PSE, prioritized status enable 

2/1 byte, 2 or 1 byte transfer 

F/M, flag or mark 

FC/TDRA, frame complete or transmitter 
data register available 

TX last, transmit last data byte 

Clr RXST, dear receiver status 

Clr TXST, dear transmitter status 

R TS, request to send control 

The bits are further explained below: 

b7 RTS. 1 = the RTS output is latched low (active). 0 = the RTS 
output returns high when a frame is completed. 

b6 Clr TXST. 1 = reset transmitter status bits. This control bit is then 
automatically reset. 

b5 Clr RXST. 1 = reset receiver status bits set before last read except 
receiver data available (SRI:O and SR2:7) and address present 
(SR2:0). This control bit is then automatically reset. 

b4 TX last. I = the data byte, loaded in the FIFO register immediately 
before this bit is set, is the last one in the frame. 

b3 FCITDRA. 1 = SRl:6 indicates when the last bit of a frame is 
transmitted. No IRQ or TDSR on transmitter data register available 
(SRI:6) condition. 0 = SRl:6 indicates when the transmitter 
FIFO register is available. 

b2 FIM. I = flags (7E(16)) are transmitted between frames. 0 = marks 
(FF (16)) are transmitted between frames. 

bl 211 byte. 1 = transmitter data register available (SRl:6) or receiver 
data available (SRI:O and SR2:7) and associated signals tell that 
two bytes of data can be read or written in the FIFO registers. 0 = 
status tells that one byte can be read or written. 

bO PSE. 1 = status priority: CTS > TXU > TDRAlFC and FD > 
S2RQ > RDA and (for SR2) others> RX idle> AP > RDA. 
o = no status suppresses another, but CTS which always suppresses 
TDRAbit. 

( 
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Control register 3. Address 0101(2) (= RS1, RSO, RIW, AC) 

76543 2 1 0 
I I I I I I I I J 

I 
LFC, logical control field select 

CEX, extended control field select 

AEX, auto/address extend mode 

01111 idle, mark start 0 or 1 

FDSE, flag detect status enable 

Loop, loop/non-loop mode 

GAPffST, go active on poll/test 

LOC/DTR, loop on-line/data terminal ready 
control 

The bits are further explained below: 

b7 LOCIDTR. In point to point mode (CR3:5 = 0): 1 = DTR output 
active. 0 = DTR output inactive. 

In loop mode (CR3:5 = 1): 1 = the ADLC goes to the on-line 
state after 7 consecutive ones at the RXD input. 0 = the AD LC 
goes to the off-line state after 8 consecutive ones at the RXD 
input. 

b6 GAPffST. In point to point mode (CR3:5 = 0): 1 = the TXD 
output is internally connected to the RXD input. 0 = normal 
operation. 

In loop mode (CR3:5 = 0): 1 = the receiver searches for "Go 
ahead" (or End of poll, EOP). The "Go ahead" is then converted 
to a start flag and transmitting is started. 0 = a transmitting in 
progress is completed, the "go-active-on-poll" operation is completed 
and the received data to transmitted data is reestablished. The 
ADLC then returns to the "loop-on-line" state. 

b5 Loop. 1 = loop mode. 0 = point to point mode. 

b4 FDSE. 1 = flag detect (SR1:3) and IRQ (if enabled by receiver 
interrupt enable (CR1:1)) tells if a flag is received. 0 = the above· 
function is disabled but the FLAGDET output still works. 

b3 01111 idle. (If flag or mark (CR2:2) = 0.) 1 = inactive idling (marks) 
starts with 0, i.e. 7FFF .. '(16)' 0 = all ones are transmitted when 
idling, i.e. FFFF .. '(16)' 

b2 AEX. 1 = if bit 0 of an address byte is 0 the next byte is also an 
address byte unless it is the first address byte and = 00(16)' 0 = only 
one address byte exists. 

b1 CEX. 1 = 2 bytes in the control field, 0 = 1 byte in the control 
field. 

bO LFC. 1 = logical control field follows control field. The field is 
extendable as long as bit 7 in each byte equals 1. 0 = no logical 
control field is used. 

E90002331E-l 
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Control register 4. Address 1101(2) (= RSl, RSO, R/W, AC) 

7 6 543 2 1 0 
I I I I I I I T T L- "FF" /"F" , 2 or 1 intervening flags 

~ TXWLS, transmitter word length select 

RXWLS, receiver word length select 

'---------ABT, transmit abort 

'----------ABTEX, extend abort 

L..--________ NRZIINRZ, select 

The bits are further explained below: 

b7 NRZIINRZ. 1 = NRZI mode both for transmitted and received 
data. (One bit-time delay to transmitted data.) 0 = NRZ mode 
both for transmitted and received data. 

o 0 0 0 
NRZIII--____ ~1 -----.LJ....-----
NRZ 

o o o o 

b6 ABTEX. 1 = abort pattern is transmitted (due to transmitter 
underflow (SR1:S) or transmit abort (CR4:S) until this bit is reset. 
When reset the transmitter works according to flag or mark (CR2:2) 
and mark start 0 or 1 (CR3:3). 

bS ABT. When set 8 ones are transmitted. The action thereafter is 
dependent on extend abort (CR4:6). This bit is automatically 
reset when abort transmitting has started. 

b41 
b3 

b21 
bl 

bO 

RXWLS. The word length in the received information field is 
defined by these two bits: 

00(2) = S bits 01(2) = 6 bits 10(2) = 7 bits 11(2) = 8 bits 

TXWLS. The word length in the transmitted information field 
is defined by these two bits: 

00(2) = S bits 01(2) = 6 bits 10(2) = 7 bits 11(2) = 8 bits 

"FF" /"F". 1 = the end flag is followed by a start flag if the next 
frame is transmitted immediately after the first. ° = the end flag 
of a frame works as the start flag of an immediately following 
frame. 

( 
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ADLC Status Registers 

Status register 1. Address OOIX(2) (= RSI, RSO, RIW, AC) 

7 6 S 432 I 0 
I I I I I I I I I 

I 
RDA, receiver data available 

S2RQ, SR2 read request 

On loop, loop status 

FD, flag detect 

CTS, clear to send 

TXU, transmitter underflow 

TDRA/FC, transmitter data available/frame 
complete 

L....-________ IRQ, interrupt request 

The bits are further explained below: 

b7 IRQ. This bit is set and the IRQ output is activated if any status 
bit except loop (SRI:2) is set depending on the following conditions: 

b6 

- Reset input, transmitter reset (CRI:7), and receiver reset (CRI:6). 

- Transmitter interrupt enable (CRI:2) and receiver interrupt 
enable (CRI:I). 

- Discontinue received frame (CRl:S), transmitter DMAmode 
(CRl:4), receiver DMA mode (CRl:3), prioritized status 
enable (CR2:0), and flag detect status enable (CR3:4). 

TDRA/FC. Depending on frame complete or transmitter data 
register available (CR2:3) and 2 or 1 byte transfer (CR2:1) this 
bit is set if I or 2 bytes can be written in the transmitter FIFO register 
or if flags or abort are transmitted. This bit is reset by transmitter 
reset (CRI:7). 

bS TXU indicates an aborted frame. This bit is reset by transmitter 
reset (CRI:7) or clear transmitter status (CR2:6). 

b4 CTS is set if the CTS input becomes inactive. After this bit is reset 
by transmitter reset (CRI:7) or clear transmitter status (CR2:S) 
it reflects the state of the CTS input. 

b3 FD indicates that a flag has been received if flag detect status 
enable (CR3:4) is set. This bit is reset by receiver reset (CRI:6) 
or clear receiver status (CR2:S). 

b2 On loop is set when on loop in loop mode (CR3:S = 1) but does 
not activate IRQ. Otherwise this bit is always O. 

bi S2RQ is set when a bit, except receiver data available (SR2:7), 
has been set in SR2. This bit is reset by receiver reset (CR1:6) or 
when applicable SR2 bites) is (are) reset. 

bO RDA. When this bit is set 1 or 2 bytes, depending on 2 or 1 byte 
transfer (CR2: 1) may be fetched from the receiver FIFO register 
(see also SR2:7). 

E9000233 lE-l 
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Status register 2. Address 011X(2) (= RSl, RSO, R/W, AC) 

7 6 5 4 3 2 1 0 
I I I I I I I I I 

I 
AP, address present 

FV, frame valid 

RX idle, inactive idle received 

RXABT, abort received 

ERR, erroneous frame 

DCD, data carrier detect 

OVRN, receiver overrun 

RDA, receiver data available 

The bits are further explained below: 

b7 RDA. Same as SRl:0. 

ERICSSON sa 

b6 OVRN indicates that one or more bytes of a received frame is 
overwritten and lost. The receiver FIFO register 2 and 3 are not 
affected even by continued overrunning. This bit is reset by receiver 
reset (CRl:6) or clear receiver status (CR2:5). 

b5 DCD is set if the DCn input becomes inactive. After this bit is 
reset by receiver reset (CRl:6) or clear receiver status (CR2:5) 
it reflects the state of the DCD input. 

b4 ERR is set at CRe error or if the address or control fields are 
incomplete. It is set at the same time but instead of frame valid 
(SR2:1). 

b3 RXABT is set when 7 or more consecutive ones are received within 
a frame. This bit is reset when 15 or more consecutive ones are 
received or by receiver reset (CRl:6) or clear receiver status (CR2:5). 

b2 RX idle is set when 15 or more consecutive ones are received. 
This bit is reset by receiver reset (CRl:6) or clear receiver status 
(CR2:5) if idling has stopped. 

bl FV indicates that a correct message has been received and that 
the last data byte may be read by the MPU. This bit is reset by 
receiver reset (CRl:6) or clear receiver status (CR2:5). 

bO AP indicates that an address byte may be fetched from the receiver 
FIFO register. This bit is reset by a reading of the receiver FIFO 
register or by receiver reset (CRl:6). 

{ 
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Functional Examples 

See Fig. 5. 

Transmission 

Suppose that the direct memory access controller (DMAC) is initialized. 
The Request to send signal is activated as the RTS control bit of the 
ADLC is set by the program. Then all ones (modulated) are sent on the 
two-wire to enable phase correction at the receiving end. After a time, 
Clear to send will be signalled to the ADLC. The ADLC in its turn will 
then be able to tell the DMAC that its transmitter register is available. 

A byte will then be transferred from the memory to the AD LC under 
the control of the DMAC. Following the flag byte, that byte is modulated 
and transferred on the two-wire and the MPU may be busy with other 
tasks. 

When the last information byte is loaded into the ADLC, the DMA end 
signal is activated. This disables Clear to send which may be signalled 
by an IRQ to the MP.U. The MPU could then reset the request to send 
control bit. After the ADLC has appended CRCC and flag characters 
to the message, the Request to send signal is automatically deactivated. 

Reception 

Suppose that the appropriate channel of the DMAC has been initialized 
for reception and receiver DMA mode has been set in the ADLC. After 
phase correction on received idle ones and when a flag and one more 
character have been demodulated and shifted into the ADLC, the first 
DMA takes place. When a whole frame has been received, the MPU is 
interrupted and may read the status of the AD LC to investigate whether 
the frame was correct or erroneous. 

Note that the regeneration of Modulated received data on the Modulated 
transmitted data line and the generation of an RTS out signal when Received 
data is correct (Retransmit condition) only occur in the communication 
processors. 

E90002331E-l 
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Internal Communication with Printers 

A printer unit can be connected to a display unit. The communication 
takes place via a CCITT V.24N.28 interface. 

The communication protocol is described in the Service Manual for the 
applicable printer. The communication circuitry and hardware interface 
in the display unit is described in the Asynchronous Communication 
Adapter chapter. The corresponding information about the printer side 
is found in the Service Manual. 

The LSI circuit (ACIA) that handles the communication in the commu
nication adapter is also used in the keyboard interface. It is therefore 
described below in order to avoid double information. 

Asynchronous Communication Adapter, ACIA 

Signals 

The asynchronous co~unication interface adapter, ACIA, is used to adapt 
serial communication lines (where bytes are transmitted asynchronously, 
using start and stop bits) to the microcomputer bus. 

The ACIA interfaces the MPU by (see Fig. 8) the data bus (D7 - 0), 
three chip select lines (CSO - 2), an enable line (E), generally tied to 
02, which enables the output or input data buffers if the chip is selected, 
a RIW and one register address line (RS). The IRQ line is used to signal 
to the MPU that received data may be read or transmit data may be written 
in the ACIA. Interrupt is also given when overrun or loss of data carrier 
(DCD input high) occurs during reception. 

t4C 6850 
14 E RCIR* 13 
11 

R/W 
RS IRQ ~ 

7 
8 

10 
eso oCD ~~23 CS1 

-4 CTS Ie ::24 
CS2 "'5 RTS 22 !O 

21 
DO" 

20 01 

19 02 

18 
03. 
~ RXC ,.., 3 

04 
-.... 

4 17 TXC ---' 

05 "' 
16 2 06 RXD -" 

15 
~ 

6 07 TXO 

Fig.8 ACIA drawing symbol 
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The IRQ for the receiver and transmitter sections may be masked by 
setting bits in an internal control register or by resetting the ACIA via 
the control register. 

The peripheral interface lines are, for the receiver section: 

• RXD, Received data input. 

• RXC, Receiver clock input. Received data bits are shifted into the 
ACIA on the positive edge of RXC when clock rate = bit rate. In 
this case clock and data have to be synchronized externally. The clock 
rate may be selected (by control register bits) to be 16 or 64 times the 
bit rate. In this case the ACIA synchronizes internally. 

• DCD, Data carrier detected input. When this input is inactive (high), 
the receiver section of the ACIA is inhibited and initialized. DCD 
causes IRQ if receiver interrupt is enabled. 

The transmitter section peripheral lines are: 

• TXD, Transmitted data output. 

• TXC, Transmitter clock input. Transmitted data bits are shifted out 
from the ACIA on the negative edge of TXC if clock rate = bit rate. 
The clock rate may be selected together with RXC clock rate to be 16 
or 64 times the bit rate. 

e RTS, Request to send output. This output may e.g. be used to initiate 
a modem for sending. The signal is controlled by two control register 
bits. -

• CTC, Clear to send input. This input may e.g. be used to tell the 
ACIA and the MPU that a modem is ready for sending. When inactive 
(high) the status bit TDRE (transmitted data register empty) and 
the possible resulting IRQ are inhibited. 

Asynchronous Communication 

As bytes may be transmitted asynchronously, a start bit has to be sent first 
to tell the receiving equipment that a byte is coming. When no character 
is transmitted, there is a high level on the line. 

A low level is then transmitted during one bit time, i.e. the start bit. See 
Fig. 9. Then the data byte is transmitted with the least significant bit first. 
A parity bit may follow. The sequence is closed by transmitting one or 
two stop bits (high level) followed by idling (high level) or next character. 
Note that the signal levels mentioned above are valid for positive logic 
only (as on ACIA pins RXD and TXD). 

\Vord length (7 or 8 bits), use of parity bits and number of stop bits are 
selected by control register bits. 

I~ 
Character 1 

il 
OJ 

I~ 
Character 2 

il ..c 
d 
c-
d 

!dle > 
I I I I 

LJOl~4156W U01l~6 '7 
I 

.. t 
Fig. 9 Asynchronous transmission, character structure 
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Registers 

Cornmunication ERICSSON !i 

The ACIA contains four registers that are available from the data bus. 
A register is selected by the address line (RS) and the RIW line: 

R/W = 0 (write only) R/W = 1 (read only) 

RS=O Control register Status register 

RS= 1 Transmitted data register Received data register 

Transmitted data register, stores 8 bits of data to be transmitted from 
the TXD output. Received data register stores 8 bits of data, received 
on the RXD input. 

While one byte is being shifted out from the ACIA, another may be 
loaded into the transmitted data register. 

In the same way, when a byte is shifted in, it is automatically transferred 
to the received data register from where it should be read within one byte 
time, before the next byte is fully received. 
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Control Register 

The control register has the following format: 

76543 2 1 0 

'------- Word select 

L.....-_______ Transmitter control 

L--. _________ Receiver interrupt control 

The bits are further explained below: 

b7 Receiver interrupt control. 1 = IRQ at received data register full 
(RDRF), overrun or low to high transition on the DCD input. 
o = receiver interrupt disabled. 

b61 
b5 

b41 b3 
b2 

bil bO 

E90002331E-1 

Transmitter control: 

b6 b5 Function 

0 0 RTS output is low. Transmitter interrupt is disabled. 

0 1 RTS output is low. Transmitter interrupt is enabled. 

1 0 RTS output is high. Transmitter interrupt is disabled. 

1 1 RTS output is low. Transmitter interrupt is disabled. 
A low level is transmitted on the TXD output. 

Word select: 

b4 b3 b2 Data bits Parity bit Stop bits 

0 0 0 7 Even 2 

0 0 1 7 Odd 2 

0 1 0 7 Even 1 

0 1 1 7 Odd 1 

1 0 0 8 None 2 

1 0 1 8 None 1 

1 1 0 8 Even 1 

1 1 1 8 Odd 1 

Counter divide select. These bits determine the clock divide ratios 
utilized both in the transmitter and receiver. The receiver clock 
and data must be externally synchronized in the divide by one 
case. These bits provides also a master reset which must reset the 
ACIA before initialization: 

.b6 b5 Function 

0 0 Divide clock by 1. 

0 1 Divide clock by 16. 

1 0 Divide clock by 64. 

1 1 Master reset. 
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Status Register 

The status register has the following format: 

7 654 3 2 1 0 
I I I I I I I I I 

I 
RD RF, receiver data register full 

TDRE, transmitter data register empty 

DeD, data carrier detect 

eTS, clear to send 

FE, framing error 

Ovrn, receiver overrun 

PE, parity error 

IRQ, interrupt request 

The bits are further explained below: 

b7 IRQ. 1 = IRQ output low, i.e. at receiver data register full, 
transmitter data register empty, overrun or DeD input inactive. 
The bit is reset by master reset, reading receiver or writing 
transmitter data registers. 

b6 PE is set as long as a data character with parity error is resident 
in the receiver data register and master reset is inactive. 

b5 Ovrn. 1 = one or more data characters not read in time were lost. 
The Ovrn is not set until the valid character prior to overrun has 
been read. Ovrn is reset by readings of the receiver data register 
or by the master reset. 

b4 FE. 1 = the first stop bit is absent in a received character. FE is 
reset by readings of the receiver data register or by the master 
reset. 

b3 CTS, follows the eTS input. Transmitter data register empty is 
inhibited when the CTS input is inactive. 

b2 neD, goes high when the DeD input goes, or is, inactive after 
neD reset. DeD is reset by first reading the status register and 
then the receiver data register or by the master reset after that 
the DeD input has gone active. 

bl TDRE. 1 = new data may be entered into the transmitter data 
register. TD RE is reset when new data is entered in the register 
or by the master reset. 

bO RD RF. 1 = received data may be read from the receiver data 
register. RD RF is reset by a reading of the register, by the master 
reset or if the DeD input is inactive. 

) 
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Internal Communication with Keyboard 

A keyboard can be connected to a display unit. A keyboard expansion 
unit and a magnetic identification devic~ are, when used, conn~cted to 
a display unit via a keyboard unit. 

The communication procedure, hardware circuitry and line interface 
are described in the Keyboard chapter. Some information is also found 
in the Display Unit and Magnetic Identification Device chapters. 

Internal Communication with Selector Pen Device 

A selector pen can be connected to a display unit. The signals between 
them are described in the Selector Pen chapter. 

E9000233 lE-l 
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Appendix! 

Alfaskop System 41 Physical Device Addresses 

Bits 7 0 0 0 0 
6 0 0 0 0 
5 0 0 1 1 
4 0 1 0 1 

321 0 Hex 0 1 2 3 

SINGLE 
000 0 0 DUor DU4 8 12 

DUO 

SINGLE 
000 1 1 PUor PU4 

PUO 

SING.LE 
001 0 2 FDor FD4 

FDO 

001 1 3 - -

o 1 o 0 4 DU1 DU5 9 13 

o 1 o 1 5 PU1 PU5 

o 1 1 0 6 FD1 FD5 

o 1 1 1 7 - -

1 000 8 DU2 6 10 14 

1 001 9 PU2 

1 o 1 0 A FD2 

1 o 1 1 B 

1 1 o 0 C DU3 7 11 15 

1 1 o 1 D PU3 

1 1 1 0 E FD3 

1 1 1 1 F 

CO(6) = Communication processor address (old versions) 
FE(16) = Communication processor address (late versions) 

0 
1 
0 
0 

4 

16 

17 

18 

19 

0 0 
1 1 
0 1 
1 0 

5 6 

20 24 

21 25 

22 26 

23 27 

(CO(16) or FE(16) is also used by the configuration master functions of a single DU) 
FD(16) = System FD address 
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1 

7 
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29 
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Appendix 2 

Message Format Summary 

All numbers are in hexadecimal. For the interpretation of X (in Msgtyp 
below) and the message header see Msgtyp/Status layout. See also 
Explanations below. 

Poll Message 

Poll 

Message header 

Todev Osa Frdev Statusl 

I I Ico/FEI ~80 : 

When Frdev= CO: Dsa = FF 
When Frdev =FE: Dsa = 00 for DU 

= 01 for PU 
=02for FD 

(CO orFE depends on version of operating system) 

Answer to Poll Messages 

Negative 
answer to poll 

Message header Message contents 

Answer to poll Emulation status 
with emulation ( r-C-O-/F-ET'"I-F-F--r-~---r~-r----r----~ 58 byt~==~ 
request 

IAnswer Slave 
Answer to poll o/pe adress Prio Msa Ssa 
wit hope n ..... IC_O/_F ___ E I_F_F__'__--L.I_~8_0-+-~_0_rB_oll._ ____ I _ __'_I _ __'_1 _.-.I 

session request 
IAnswer 

Answer to poll ItvQe Smsa Prio 
',v i t h co n tin ue ..... 1 (_0 '_F--IE I ____ F F----"_~I_:::_B_C -+I_CO_/F_E ... I_.--I_--, 
::;ess ion reqest I 

E90002331E-l 
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Communication Control Messages 

Message header Message contents 

Sconn, 
connect slave 

Scc nn, 
response 

Abort 

Break 

Todev Dsa 

I I 

I CO/FE I 

Frdev MsgtYP : Smsa Msa 

: 

Smsa Msa status IJ 
I I X 8. I I?; 80 I 

I XA I 

XB I 
Mconn, I I I I (on n e ct master ..... _....L-_ ..... 

C_O_, F_E..a.._X_C--+_--.L._.....I 

Eot XE : 

Eos I XF 

I) Same interpretation as statJs in Answer to poll messages 

Data Messages 

Message header Message contents 

Info 

Todev Osa Frdev MsgtYPI I I I I xo I 
User infol) 

L..-.----II-_-'-------IIL.-oX_,--+-1 _ ~ 6"0 b YIe~ -= ~ 

Ack 

Data .... 1_--L-_-'-_.l.-I_x_2-+._ §4092.E.y~~~ 

ERICSSON ii 

: 

User dat,!!. Jlttej and following 

User data bytes 1-4 Data length 

I X 4 : I 2 bytes I Dh 
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Explanations 

Some of the definitions used in the message field above are explained 
below. 

Answer Type and Slave Address 

The Answer type has the following meanings. 

For a negative answer to poll the Answer type has the value FF(16) and is 
the only byte in the message contents field. For an answer to poll with 
emulation request it also indicates the host system number, at present 
the only value allowed is ED(16). In an answer to poll with open session 
request the Answer type value may be 00(16) or 80(16), thereby marking 
the address type of the following slave address byte. 00(16) means physical 
device address. 80(16) means logical device address, where the logical 
address has a layout as presented below. 

765 432 1 0 Iii iii I 
~ Terminal type (as in Todev and Frdev) 

'-------Logical device number (00-31(10») 

In an answer to poll with continue session request the Answer type value 
is CO(16) or FE(16) (depending on early or late version of operating system 
(OS). 

Emstatl and Emulation Status 

The Emstatl states the number of bytes (maximum 20 bytes) in the following 
emulation status field. 

Msa and Ssa 

Smsa 

Msa and Ssa stands for master and slave session addresses. They have 
the same layout as Dsa. 

Smsa, System master session address, is the session control block number 
in the configuration master of the control block containing information 
on each opened session. Smsa is a number between 00(16) and 20(16). 
There is one Smsa for each opened session. This number is told to the 
terminals involved when the CP opens the session and may thus be used 
by the session master wanting to continue a suspended session. 

E90002331E-l 
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Prio 

Appendix 2 ERICSSON is 

A session is always assigned a certain priority. The Prio byte in an answer 
to a poll message with open or continue session request contains this 
priority. It decides in which queue in the configuration master the request 
will be entered. The priorities used are (in falling priority order): 

Priority Meaning Used in 

OE Host request or line monitor request CP 
or abort handler request 

OC Stressed device request FD 

OA Load request CP DU 

08 I:..ocate vo I u m e req u est CP DU 

06 FD I/O supervisor request CP DU 

04 Print request DU 

02 Utility request DU 

00 IPL request CP DU FD 

Data and Data length 

Data is transmitted in two messages. The first four bytes are transmitted 
in a Dh or an Info Dh message and the rest of the data in a data message. 
Data length is a two byte field containing the length of the data sent in 
the following data message. 
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General 

Functions 

Subunits 

Communication Processor Remote, CPR 4101, forms an interface 
between a host computer and a cluster of Alfaskop System 41 terminals. 

The Microcomputer chapter ought to be well understood before this 
chapter is studied. A good orientation on the Communication chapter 
is also recommended; especially the Hardware part under Internal 
Communication via Two-wire. This chapter will in principle only treat 
circumstances not discussed in or solved in other ways than said in the 
two chapters mentioned above. 

This chapter is written for CPRs with CPB E34060 0010. Differences 
in CPB E34060 0000 are, however, pointed out within brackets. 

The CPR is used when a remote connection is wanted (e.g. via modem 
and telephone network) of a cluster of up to 32 display units (and printer 
units) or/and flexible units to a host computer. Two CPRs are needed 
for dual host systems. 

The CPR: 

• Regularly polls the connected terminals for status and transmission 
requests. 

• Governs transmission to and from the host computer via modem 
adapters (SCA/SCC), performs editing and code transformation etc. 

• Interconnects terminals in the cluster. 

• Keeps trace of connected (turned on) units and which volumes 
( diskettes) that are inserted into the flexible disk units of the system. 

Basically the CPR can handle eight terminals. It then contains (see Fig. 1): 

.. CPM, CPR mechanics assembly, i.e. cabinet including front paneL 

" FPS or CPS, power supply including universal power board, UPB. 
See chapter Power Supplies. 

• CPB, communication processor board, containing the basic micro
computer with MPU, timing logic, interrupt control logic, address 
decoding logic, memory access multiplexing logic (including direct 
memory access logic), 32 + 2 kbytes of memory, crosspoint selection 
logic, and (two-wire) data link controllers. 

• TV A, terminal unit adapter, providing eight two-wire connections. 
The TVA contains a crosspoint system for connection of the terminals 
in the cluster, line drivers/receivers, and line transformers for the 
two-wires. The transfer speed is 300 kbits/s. 

EE358-810B 
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• TAB, TVA interconnection board, connecting the CPB and up to five 
TVA boards. The TAB contains modulators/demodulators, clock 
generators with phase correction, delay logics and off switches. 

• CTP, CP and terminal fan. 

As mentioned above five TUA boards can be connected although four 
are at most used today. There is further place for six optional boards, 
which can be: 

• MRW or MRW-A, memory board, read/write. An MRW or MRW-A 
can be mounted if additional 16 or 32 kbytes of memory are wanted. 
See chapter Memory Board R1W. 

• MRO, memory board, read only. An MRO can be mounted if additional 
24 kbytes of read only memory are wanted. See chapter Memory 
BoardRO. 

• SCA, synchronous communication adapter which is used for commu
nication with a host computer via modem. See chapter Synchronous 
Communication Adapter. 

• SCC, synchronous communication controller which is used for 
communication with a host computer via modem. See chapter 
Synchronous Communication Controller. 

Mechanics 

The mechanical build-up of CPR 4101 is shown in Fig. 1. The plastic 
cabinet is the same as for the CFU and (late versions of) the FD. The 
main parts of the CPR, from the mechanical aspect, are: 

.. Box with CPB. 

• Rack for TAB, five TVA, and six optional boards. 

• Power supply. 

• Fan unit. 

The TVA boards are connected to the TAB board. The optional boards 
are stacked on each other and connected to the CPB with a cable. 

The following connectors may exist in front of the TU A and the optional 
boards: 

• Eight two-wire or coax connectors for each inserted TVA. 

• Connector for V.24N.28 (25 pins). 

• Connector for X21 (15 pins). 

) 
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Fig.i. CPR assembly. 

Brief Outline 

Monitoring 

o tions 
MRW 
MRW-A 
MRO 
seA 
see 

TUAs 

3 

PS or FPS 

The CPR front panel shows four lamps. See Fig. 1. The lamps are mounted 
on the CPB: 

• Ready lamp is governed by the CP program. It blinks when the CP 
has started an internal poll in order to find the system diskette and glows 
steadily when the CP has loaded the operating system in its read/write 
memory. 

• Line 1 lamp is governed by a line activity signal from the SCA (or 
SCC). It glows steadily if data is regularly sent to, and blinks if data 
is only received from the host computer. (For details see chapters on 
Synchronous Corr.ill1unication Adapter or Synchronous Corrill1unication 
Controller. ) 

e Line 2 lamp is not used today. 

• Power on lamp is directly governed by the + 5 V power. 

EE358-810B 
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Memory Map 

Fig. 2 presents the memory map of the CPR. 

The memory areas are described in the Microcomputer chapter, circum
stances pertaining to more than 32 kbytes of memory in the Memory 
Board RIW chapter, and the interrupts under the following heading. 
Strapping information is found in the Installation and Maintenance 
Manual. 

As can be seen from the memory map the following circuits are addressed 
(lIO addresses) on the CPB: 

• PTM for producing timer interrupts (IRQ 1). 

• MIC PIA for interrupt control etc. 

• One CS PIA, four ADLCs, and one DMAC for the two-wire interface. 

Circuits on optional SCA or SCC boards can also be addressed. Commu
nication with a host computer may proceed via circuits on an SCA at 
addresses F768(16) - F77F(16)' 

If an sec is used, the microcomputer of the CPB reads data from and 
writes data to the host computer in a dual access area on the SCC. The 
addresses 6000(16) - 7FFF(16) are then reserved for this purpose and the 
memory on the CPB must in this case be limited to 24 kbytes by strapping. 
The SCC handles certain message editing and the actual transfers between 
the dual access area and an interface circuit (SSDA or ADLC) on the 
SCC. For details see chapter Synchronous Communication Controller. 

interrupts 

The principles of the interrupt system are described in the Microcomputer 
chapter. The locations of the interrupt vectors (i.e. the addresses to the 
interrupt routines) are found in the memory map. 

Here follows a description of the origin, properties and use of the different 
CPR interrupt signals. 

Interrupts out 

Two interrupt signals can be generated and fed to subunits. Interrupt 
slave I is generated when b5 is set in the peripheral register A of the MIC 
PIA. Interrupt slave II is generated when b3 is set in the same register. 

Reset, NMI, and SWI 

The MPU is reset at power on or at depression of the Reset button. The 
MPU will after a reset fetch the contents of the cells FFFE(16) and FFFF(16) 
to the program counter and execute the reset program (see also Reset 
functions). (On CPB E34060 0000 a depression of the Reset button will 
cause an NMI instead of a reset. ) 

( ) 



(' 

ERICSSON :ti 

HEX 
ADOR 
FFFF 

F800 
F700 
F600 

FOOO 

EOOO 

/ 

IPL 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 

ROM 

~~x 
RWM 
on MR 
(Z8k) 

~~ 
Max I/O add resses 
ROM 
on MRO 

I( 24k) 
I 
I Battery RWM 
I 
I 
I (on MRO) 

I 
I 
I. 
I 
I 
I 
I 

~ <} 
31

1 
byte 

I I 
I MRW (MRO) I 

8000 

,I. 

6800 --------

6000 

----r----
24k 

4000 
r---r-~-

16k 

2000 

0000 '--_____ --JI 

Max 
RWM 
on 
CPB 

May be 
on see 

} "oy b. bl"k.d 
by stropp jng 

ADLC 
CPB 
CS 
DMAC 
IPL 

= Advanced data link controller 
= Communication processor board 
= Crosspoint selection 
= Direct memory access controller 
= Initial program load 

MCP = Microprocessor control panel 
MIC (1/0) = Microcomputer, central part 

(input/output) 
MRO = Memory board, read only 

INTERRUPT VECTORS 

Reset FFFE, F 
Non maskable interrupt e,D 
Software interrupt A, B 
Default interrupt 

8, 9 * 
I 7 ADLC channel 0 6. 7 
I 6 AOLC channel 1 4, 5 
I 5 ADLC channel 2 2,3 
I 4 ADLC channel 3 FFF 0, 1 
I 3 SCA / SCC FF EE, F 

'I 2 C,D 
I 1 PTM A, B 
I o Operating system FFE 8, 9 
1= peripheral IRQ, 7=high priority 

FBOO -
va e:; e; 
i::: ~ ~ F 7FO 

5~ 
Q..-

F 7EO 

:2 F 700 -
LJ LJ LJ PTM F 7(8 
i: i: i: PIA F7C4-7 F 7CO 

F7BO 

F7AO 

F 790 

F 780 
:2 ADLC - <t F778 

5 LJ SSDA 
Q.. 

\/l 

PIA 
F 770 

F 768 

F 760 

F 750 
LJ SCC F748-B li'l 
~ PIA F 740 

ADLC ch 3 F 738 
ADLC ch 2 F 730 
AOLC ch 1 F72B 

- AOLC ch 0 
3: F 720 

*** t-

F 710 
DMAC F700 -16 

F 700 

= Memory board, read/write 
= Peripheral input/output 
= Peripheral interface adapter 
= Programmable timer module 

"** 

MRW 
PER 110 
PIA 
PTM 
SCA 
SCC' 

= Synchronous communication adapter 
= Synchronous communication 

SSDA 
TWI 

controller 
= Synchronous serial data adapter 
= Two-wire interface 

* MPU reading FFF8- FFF9 will transferthe contents oftwo cells within FFE8- FFF9, depending 
on highest priority valid interrupt, to the MPU. 

** A (read or preferably) write operation into one of the cells FFE8 - FFF7 will result in a setting 
of a corresponding mask value. As an example, FFEE or FFEF from the MPU will disable 
interrupts of priority < 3. 

*** Not present dUiing the three DMA cycles DMA T1 - T3. 

Fig. 2. CPR memory map. 
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NMI, non-maskable interrupt may be generated from the test unit MCP 
(Microprocessor control panel) or when a parity error is detected at 
readouts from the read/write memory. The program can test the source 
of the interrupt by reading the peripheral register A of the MIC PIA and 
test bits 0 and 2 (and 7 for CPB E34060 0000) (see MIC PIA functions). 

SWI, software interrupt is generated by an MPU instruction. 

Interrupt 7 - 0 and Default Interrupt 

Interrupts 7 - 0 (17 - 0) are set in the interrupt register. The interrupts 
are arranged in a priority order where 17 has the highest priority. A set 
interrupt must be of the same as or higher priority level than denoted by 
the presen.t value of the mask register in order to be valid. The interrupt 
vector is fetched from the cells FFF8(16) and FFF9(16) (default interrupt) 
if a triggering interrupt is not valid at the time of the vector fetch. 

The maskable interrupts, 17 - 0, are further only serviced if the I-bit of 
the MPU condition code register is reset. 17 - 0 originate from the 
following sources: 

17 originates from the ADLC (advanced data link controller) of channel O. 

16 originates from the ADLC of channell. 

15 originates from the ADLC of channel 2. 

14 originates from the AD LC of channel 3. 

13 may originate from a non-steady source (short pulse interrupt). It 
will be latched by the interrupt logic if bit 4 of the MI C PIA peripheral 
register A is set. Any latched interrupt is reset and the state of the 
13 line- to the interrupt register will be equal to the state of the in
coming interrupt line if bit 4 is reset. The 13 line is used for instance 
by an SCA or an SCC. 

12 functions as 13 but is controlled by bit 6 of the MIC PIA peripheral 
register A. 

11 originates from the PTM. 

10 originates from the CA2 output of the MIC PIA. The program can 
thus make an interrupt by writing 110(2) in bits 5 - 3 of the MIC PIA 
control register A. 

Programmable timer modu.le, PTM 

A programmable timer module, PTM, is used to provide two or three 
time bases for generation of time outs and a real time clock (calendar 
clock) in the CPR. A detailed description of the PTM circuit is found in 
the Microcomputer chapter. 

The PTM contains three timers with 16-bit counters. Timer 1 is typically 
programmed to divide the basic clock (02) by 21300 and thus make an 
interrupt (11) every 20 ms (50 Hz). The output from timer 1 is fed to the 
clock input of timer 2 and there typically divided by 50. Timer 2 will thus 
make an interrupt (11) every second. Timer 3 is a spare timer, which for 
instance may be used for short time measurements. 
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Terminal Communication 

General 

The CPR communicates with the tcnninals in the clustGr via fOllr ADLC 
(advanced data link controller) circuits. For a description of the used 
communication procedure and a survey of the hardware functions please 
refer to the Communication chapter. 

Each one of the AD LCs forms a part of one of four channels. Each channel 
can by a crosspoint system on each used TV A board be connected to 
eight two-wires. See Fig. 3. Each two-wire may be chained to a display 
unit (and a printer unit) orland a flexible disk unit. Note that the demands 
on maximum response times and number of terminal addresses in different 
applications introduce restrictions in the number of connected terminals. 

Channel CPB: TAB: TUAO II TUA 3 

" o I I II 
I I 

'\ '\ :- '\ '\ '\ '\ '\ 
II 

'\, '\ '\ '\ '\ '\ 

I I II 
I 

2 

I 
j '\, '\ '\, '\ '\, '\ '\ '\ II '\ '\ '\ '\ '\ '\ '\ '\ 

I 
I II 

I II 

I I '\ '\ '\ '\ '\ '\ '\ '\ II '\ '\ '\ '\ '\ '\ '\ '\ 

I I 
II I 

I I '\ '\ '\ '\ '\ '\ '\ '\ II "- '\ '\ '\ "- "- '\ '\ 

I I 
I II 

I II 

3 

Two-wire o 1 2 3 4 5 6 7 II 24 25 26 27 28 29 30 31 

Fig. 3. Crosspoint system principles. 

A certain channel may be connected to anyone and any number of two
wires in the crosspoint system. Transfers may also take place on more 
than one channel simultaneously. Note, however, that a certain two-wire 
should not be connected to more than one channel at the same time. 

The ADLCs are controlled by the MPV or by the direct memory access 
logic, including a DMAC (direct memory access controller) circuit. The 
crosspoint system is controlled by a crosspoint selection PIA (peripheral 
interface adapter) and a crosspoint selection logic. See block diagram. 

Direct Memory Access Functions 

The DMAC (see Microcomputer chapter) control of the four channels, 
means that the DMAC registers associated with a certain channel must 
be used both for read memory (transmit data) and write memory (receive 
data) access sequences. As suggested above, more than one channel 
may be enabled simultaneously. The direct memory access timing (including 
D MAC), ensures that only one channel transfers a byte at a certain time. 

EE358-810B 
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An ADLC may thus be accessed in two ways (see block diagram): 

• Addressed by the MPU; CE ADLC provided by the two-wire interface 
address decoder, RIW and address lines for register selection provided 
by the MPU. All ADLC registers can be accessed . 

• Addressed by the DMAC duringDMA T2 (DMAmode); CEADLC 
provided as DMAC encoded channel address (TXAKA and TXAKB) 
directed DMA mode signal to the proper ADLC, RJW and one address 
line provided by the DMAC. Receiver and transmitter FIFOs can 
only be accessed as the other address line (AI) is tied high. 

Channel Usage 

The four channels are used in the following way: 

• Channel 0 is used for internal polling, i.e. to investigate if the connected 
terminals want to communicate with the host computer or transfer 
data to or from another terminal in the cluster. (Note that FDs are 
considered as terminals.) 

• Channel 1 is used for connections between the CPR and the terminals 
in the cluster, e.g. for initial program loading of the CPR or connecting 
sequences. It can also be used for terminal to terminal communication 
(see Channel 3 below). 

• Channel 2 is used for traffic between the terminals and the host 
computer. As an example, say that the CPR while polling has found 
that a number of display units want to send messages to the host 
computer. When the CPR then is polled (or a terminal selected) by the 
host computer the CPR connects the display units, one after the other 
on channel 2. The actual message is then via the CPR stored in the line 
buffer and by the SCA (or SCC) transferred to the host computer. 
The SCA handler program takes care of the data in the line buffer, 
makes necessary code transformations, and sends the data. 

• Channel 3 is used for internal traffic (terminal to terminal communication). 
A display unit on one two-wire may e.g. answer to a pon (on channel 0) 
that it wants to make a local printout on a printer unit connected to 
a display unit on another two-wire. In case this printer unit is not busy 
and no other units are queuing to use the printer unit, the CPR connects 
the requesting display unit with the printer unit on channel 3. Note 
that the ADLC 3 (in the CPR) will still be listening to the traffic. Thus, 
the CPR program may know when the transfer is completed. 

Turning Crosspoints On and Off 

Each crosspoint consists of two SCRs (silicon controlled rectifiers or 
thyristors). To connect one two-wire to one channel a selection address 
and an On order are written in the crosspoint selection PIA. Thereby 
one TVA enable signal, one two-wire enable signal (Tw en) and one 
Channel select (Ch sel) signal are activated, making the selected pair 
of SCRs conducting. 

The selection signals disappear when the On order is cancelled via the 
PIA. The SCRs require hold currents in order to stay on. These hold 
currents are provided as long as the Channel off (Ch off) signal is not 

(' 



( 

ERICSSON i! 9 

activated. The Channel off signal will, when activated, turn off all cross
points connected to one (selected) channel. 

Thus: 

• When a selection word and an On order are written into the cross
point selection PIA, only one pair of SCRs (one crosspoint) is activated. 
To connect more two-wires to the channel, one selection must be 
made for each crosspoint. 

• A certain crosspoint may not be disconnected separately - all cross
points of one channel will be disconnected at the same time. 

Crosspoint Signals . 

There are two physical connections (for each channel) through the 
crosspoint switch, see block diagram. One is used for: 

• Modulated received data (transferred as current) and Request to send 
out (RTS out, transferred as voltage). 

The other is used for: 

• Modulated transmitted data (transferred as voltage). 

Modulated transmitted data is provided by the modulator/demodulator 
of the channel in question and may originate from: 

• The ADLC (i.e. from the CPR memory). 

• A terminal connected to the channel, that sends data to the modulator/ 
demodulator on the Modulated received data line (transferred on 
the same line as Request to send out through the crosspoint switch). 

Request to send out is generated in the modem when: 

• The ADLC signals Request to send, set by the CPR program before 
the CPR starts transmitting to the termina1( s) connected to the channel, 
or: 

• The modulator/demodulator receives valid Modulated received data. 

Note that the modulator/demodulator generates Request to send out 
and Modulated transmitted data not only when the CPR is transmitting 
but also when some terminal is sending data into the crosspoint system. 
The two-wire line driver (on the TVA) connected to the terminal sending 
into the CPR will be disabled, i.e. not affected by the Request to send 
out signal occuring on the channel- the line drivers of all other two-wires 
connected to the channel will, however, be in the transmitting state. 

This enables (in addition to ordinary transfers): 

• Transfers of messages between terminals in the cluster. 

• Connections of display units listening to the traffic on the channel. 

• The CPR to keep track of terminal to terminal communications. 

EE358-810B 
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Example of Data Transfers 

There are thus three communication modes as shown in Fig. 4. 

Receive mode 

Crosspoint 
Modulator / system 
demodulator 

Terminal 

Transmit mode 

Crosspoint 
Modulator / system 
demodulator 

r 

Terminal 

Retransmit mode 

Crosspoint 
Modulator / system 
demodulator.A--------J&-~ 

Fig. 4. Communication modes. 

Fig. 5, an excerpt from the block diagram, exemplifies a data transfer 
situation in the crosspoint system: 

• One byte is transferred from the memory of the CPR to the AD LC of 
channel 0 under the control of the DMAC circuit. 

• A previously transferred byte of a poll message is shifted out from 
the ADLC of channel 0, modulated, and transmitted to a terminal 
connected to two-wire number 7. 

• Data is transferred from a terminal connected to two-wire 0 to another 
terminal on two-wire 3. Note that: 

- Channell is used. 
- Data proceeds via the modulator/demodulator. 
- Data is accessible for the microcomputer of the CPR (in AD LC l). 

) 
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CPB TAB 1-- --I TUA # n 

r~~:::::::Tl\::--'--r'-"IiH 

11 t=:=~~~*~t=:4:~ 
I::::. 

Fig. 5. Cluster data transfer example. 
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Detailed Description 

This section will only cover more complicated circuits or special solutions. 

Microcomputer PIA, MIC PIA, Functions 

Input/ Output Functions 

The MIC PIA controls several central functions. See chapter Micro
computer; Peripheral Interface Adapter, PIA for definitions and a general 
survey. However, IRQA, CAl, IRQB, CB2, PB7, 5, and 4 are not used. 
(Neither CB1, PB6, 3, 2, and 1 for CPB E34060 0000.) 

The CA2 output is used to generate interrupt 0 if CRA b3 is zero-set 
(CRA b5, 4 = 11(2)' 

The MIC PIA interrupt flag (CRE b7) is set if the Reset button is depressed 
(as CBI is then taken.1ow). This must be checked by the program as IROB 
is not connected. (This paragraph is not valid for CPB E34060 0000. The 
state of the Reset button is here fed to P A 7 and can thus be checked by 
a MPU read of peripheral register A.) 

The PA outputs/inputs are used in the following way (opposite polarity 
means "do not" or "not"): 

PA7 Input Hard-wired low. (1 = Reset button depressed in CPB 
E34060 0000.) 

PA6 Output 1 = latch interrupt 2 

PA5 Output 1 = interrupt slave I 

PA4 Output 1 = latch interrupt 3 

PA3 Output 1 = interrupt slave II 

PA2 Input o = MCP connected and in test mode 

PAl Output o = lit Ready LED 

PAO Input 1 = parity error FF is set 

The PB outputs/inputs are used in the following way: 

PB6 Output 1 = activate (general) Reset. The output must be set low 
after power on. (The MPU and the MIC PIA are not 
reset by [general] Reset.) (This paragraph is not valid 
for CPB E34060 0000.) 

PBO Output 1 = reset and keep parity error FF reset. 

PB3-1 are not used today. PB3 ought to and PB2-1 must, however, be 
low. (The last sentence is not valid for CPB E34060 0000.) 

) 
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Reset Functions 

The MPU is reset by a power on reset or a Reset button depression. The 
MIC PIA is only reset by the power on reset. The (general) Reset is 
activated at power on and stays active until MIC PIA PB6 is set low by 
the MPU. 

The (general) Reset will not be activated at a Reset button depression. 
The MPU, however, will check the MIC PIA interrupt flag (CRB b7) and 
find that the button has been depressed. The MPU can then make a general 
reset by setting MIC PIA PB6 first high and then low. 

(The reset function differs in CPB E34060 0000. The [general] Reset will 
be activated at power on. A depression of the Reset button will lead to 
a non-maskable interrupt, NMI, which must be handled by the program 
as the MPU cannot generate a hardware [general] Reset.) 

Crosspoint Selection Control 

Crosspoint Control Signals 

The control signals to the crosspoint system are generated in a crosspoint 
selection PIA (peripheral interface adapter, see Microcomputer chapter 
for a general description) and distributed via a decoder and a selector 
on the CPB ( crosspoint selection logic on the block diagram) and a decoder 
on each TVA board. 

The PIA generates an On signal from CB2 and a Channel off (Ch off) 
signal from CA2. All of peripheral register·B is used as output with the 
following function: 

76543 2 1 0 

I I I I 

EE358-810B 

I...--~ Two-wire address (Tw addr) decoded to one 
of eight two-wire enable (Twen) signals when 
applicable TUA enable is present. 000(2) = 
TwenO.l11(2)=Twen7. 

'-------- TUA select. When On is active these bits are 
decoded to one of five TU A enable signals. 
TUA enable 0 (TUA select = 000(2)) enables 
the decoding of Tw en 7 - 0 on the TUA 0, 
TUA enable 1 (TUA select = 001(2)) enables 
the decoding of Tw en 7 - 0 on the TU A 1, etc. 

'---------- Channel select (00(2) = channel 0, 11(2) = 
channel 3). These bits are used to control the 
distribution of On (called Ch sel 3 - 0 when 
fed to the TU As and En [able] curr [ent] on the 
TAB and TUA logic diagrams) and Ch off to 
applicable channel. 
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Crosspoint Selection P fA Control 

In order to get the above mentioned functions the control register A 
(CRA) of the crosspoint selection PIA must be set as follows: 

76543 2 1 0 

I 11111 I J 

'------- CA2 output (Ch off) follows what is written 
into this bit (if bits 5 - 4 are ones). 0 = selected 
channel is turned off. 1 = connections may 
be made on all channels. 

"----- CA2 follows CRA b3. 

1.....-______ CA2 functions as output. 

Control register B (CRB) should contain: 

I 
7 6 5 4 3 2 1"0 

I 

1.----- Peripheral register B accessible. This bit must 
of course be 0 at the initiation when the Data 
direction register B is set to all ones. 

'------ CB2 output (On) follows what is written in 
this bit (if bits 5 - 4 are ones). 

L-____ CB2 follows CRB b3. 

1...-______ CB2 functions as output. 

) 

) 
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TAB Functions 

The TAB contains for each one of the four channels (see Fig. 6) a clock 
generator with phase correction, a modulator/demodulator, a delay circuit, 
and an Qff switch. The off switches are treated under TU A Functions 
as they functionally belongs there. 

The Hardware section under Internal Communication via Two-wire 
in the Communication chapter is preferably read before the following 
pages. 

CPB -. TAB TUA 

9.585 MHz 
Clock 

generator -
with phase 
correction 

JKMS Carry 
clock 600 kHz 
600 kHz 

Bit clock 

Rec data Mod rec data 
Modulator/ 

Tr data demodulator Mod tr data 

RTS RTS out 

-
Delay 

CTS ( ,-P-
DEND 

Fig. 6. AD LCI Crosspoint system interface. 

EE358-810B 
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Transmitting 

Data to be transmitted (Tr data, from the ADLC) is presented in serial, 
not modulated, format to the modulator/demodulator. The modulator/ 
demodulator converts the signal to a frequency shifted signal, Modulated 
transmitted data (Mod tr data), which then eventually may be fed to the 
two-wire(s). 

Transmitted data is, when Request to send (RTS) is active, modulated 
in two steps. See Figs 7 and 8. A Bit clock (300 kHz) and a Transmitted 
data condition (Tr data cond) signal is generated in a ROM (and aD 
flip-flop as far as the Bit clock is concerned). The Bit clock causes the 
ADLC to send new data bits on the Transmitted data line. Transmitted 
data condition is either a high level (corresponding to Transmitted data 
low) or a copy of the Bit clock (corresponding to Transmitted data high). 
Transmitted data condition is then fed to a JKMS flip-flop which generates 
the frequency shifted signal, Modulated transmitted data. Note that the 
clock generator always feeds Carry and JKMS clock, thus even during 
transmission. 

CPS TUA --- .--
Mod rec data 

- Data 

Carry 
Shift register 

Clock 

Tr data 

RTS 

r I 

ROM 

-0 
c ~ 
0 LJ 
U 0 

E w 
>.. t:l V') >.. >.. 
'- -0 :::E '- '-
'- '- '-
t:l '- ~ t:l t:l 

LJ I- -, LJ LJ 

OF JKMS OF OF 

1 0 , 0 1 0 1 0 

Rec data ~ 
Bit clock 

RTS out 

Mod tr data 

Fig. 7. Modulator/demodulator. 

( 



( 

( \ 

I' 
\ 

( 

ERICSSON ~ 17 

Carry, 600 kHz 

Bit clock 

Tr data 

Tr data cond 

JKMS clock 

Mod tr data 

Bit value o o o 

Fig. 8. Modulation timing diagram. 

Receiving 

The Request to send output (TVA out) follows the Request to send 
input (RTS) in the transmit mode and is a function of Modulated received 
data in the retransmit mode. 

Clear to send (CTS, see Fig. 6) follows Request to send input (RTS) 
with a delay of 32 periods of ones. This delay will enable the modem in 
the receiving unit (e.g~ in a DU) to synchronize before the transmission 
is started. A frequency corresponding to the state of the Transmitted 
data input will be sent on Modulated transmitted data during the delay. 
An active DEND signal (at the end of a transmission sequence) from 
the DMAC (see Microcomputer chapter) will deactivate Clear to send. 

The Modulated received data (Mod rec data) from a two-wire is fed to 
the modulator/demodulator and the clock generator with phase correction. 

The clock generator with phase correction consists of a counter which 
generates a 600 kHz Carry signal and a 600 kHz JKMS clock by dividing 
a 9.585 MHz clock by 16 when a phase correction logic is inactive. The 
phase correction logic is activated by positive transitions on the Modulated 
received data line and will then make the Carry and JKMS clock coincident 
to the center of the shortest received pulses. As can be seen from Fig. 9 
the phase correction logic may compress or stretch the nominal 600 kHz 
period by 1116. When a positive transition occurs during the first half of 
a JKMS clock period, the Carry and JKMS clock are accelerated, when 
the transition comes during JKMS clock high time the Carry and JKMS 
clock are slowed down. 

EE358-810B 
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Hex counter value 

9585 MHz 

JKMS clock, 600 kHz (7/7) 11 

Carry, 600 kHz 

Mod rec data (ones) 

Correction condition (13/9) 

Pas/neg correction (13/6) 

Load counter (4/1~)) 

Reset correction logic (4/19) 

If no positive transition has occurred on Mod rec data during a (600 kHz) period the 

counter will count; DEF01231161etc. 

11 Figures within brackets refer to chip and pin number on logic diagram 

ERICSSON ~ 

Fig. 9. Phase correction timing diagram: 

The modulator/demodulator (see Fig. 7) works as follows. The Carry 
signal (600 kHz), mentioned above, docks Modulated received data 
into a 5-bit shift register, which thus will contain the latest received five 
bit halves as the bit rate is 300 kHz. The outputs of the shift register are 
as well as the generated Bit dock (Transmitted data, and Request to 
send) fed to the address inputs of a ROM. The functions of the ROM 
in conjunction with one JKMS and three D flip-flops are to: 

• Identify the bit limits and validate the sequence of ones and zeroes 
on Modulated received data, i.e. each bit must consist of an LH, HL, 
LL or HH and there must be a shift of polarity between the bits in 
order to be accepted: 

101 1 111 1 101 
.. \ I'" One bit time 

• Generate a demodulated form of valid Modulated received data, i.e. 
Received data (Rec data, for the ADLC). Received data is always 
high when Modulated received data is invalid. 

• Generate a 300 kHz Bit clock (for the ADLC) with a positive transition 
in the middle of each bit time (which may require a 1800 change of 
phase). 

• Remodulate valid Received data to Modulated transmitted data and 
generate RTS out. This function is only used in retransmit mode. 
The remodulation is done analogous to the modulation in transmit 
mode. 

It will take one bit time from that a bit is docked into the shift register 
until it is docked out of the Received data flip-flop. 

( 
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TVA Functions 

Fig. 10 shows the circuits pertaining to one channel and one two-wire 
on a TV A board and the off switches on the TAB. 

The connection through the crosspoint switch will be established when 
the Two-wire enable (Twen) and Channel select (Ch sel) signals are 
activated, i.e. when the encircled double collector transistor in Fig. 10 is 
turned on (if Channel off [Ch off] is inactive). The SCRs will then be 
kept on by the holding current between the""'" + 10 V to RCI and RC2 in 
the current to volt~ge converter and the -12 V of the current sources in 
the voltage to current converter. The SCRs aretumed off when the bases 
of the transistors Tl and TI in the current to voltage converter are sunk to 
-12 V by an active Channel off signal. (No one of Modulated transmitted 
data, Request to send out, and Modulated received data can then be 
transferred through the crosspoint system.) 

Data from the two-wire line is via the line transformers and line receivers 
fed to the receive gate and the data carrier detector. The detector will, 
if it accepts the signal, allow the signal to pass the receive gate and close 
te RTS gate which will disable the line driver and thus inhibit transmitting 
to this two-wire. The 'receive gate output affects, by the connection to the 
emitter of T3, the current through T3 (but not the voltage at the collector 
ofT3), SCRl, Tl andReI (if the SCRI is on). This creates a signal voltage 
across RCI which is converted to a TIL level by a comparator and fed 
to the TAB as Modulated received data. 

At sending data on the two-wire line, Request to send out and Modulated 
transmitted data control the voltages at the bases and thus also at the 
emitters of Tl and TI. These voltage differences are transferred through 
the crosspoint switch (if the SCRs are on). An active Request to send out 
enables the two-wire line driver, if the RTS gate is not closed by the data 
carrier detector. Modulated transmitted data is by the line driver fed to 
the line transformers and the two-wire line. (The currents through the 
SCRl, SCR2, Tl, and T2 are not affected by the different voltage outputs 
from Tl and T2.) 

The modulator/demodulator will always refresh and retransmit valid 
Received data to the crosspoint switch on the Modulated transmitted 
data line. Request to send out will also be active and the two signals are 
sent to all connected line interfaces (on the same channel), even the line 
interface which receives the original signal from the line, but the line driver 
in this one is disabled by the incoming signal from the two-wire. Note 
that at least one more than the receiving crosspoint must be connected 
in order to obtain an actual retransmission. Note also that Modulated 
transmitted data and Request to send out are transferred through the 
crosspoint system at the same time as Modulated received data is transferred 
through it in the opposite direction. 

EE358-810B 
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Mod rec data 

-- - -------- - --- - --1 

I 
RTS ou t 1--~I-_+__-__II 

Mod tr data .1 ,--1-_-1 
, 
I 

~_J 

I 
I 
I 
I 
I 
I 
I 

12V I Current I 
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Crosspoint switch 

- . I to voltage I SC R2 
~0~~ ____________ lcon~~~ __ ~ ____________ _ 

I 
Mod tr data 

RTS out 

Mod rec data OV 

Receive 
gate 

Data 
carrier 
detector 

Line 
receiver -SV 

+SV 
12 V ~------' 

Line transformer Voltage to current 

~~~~~~-~-----------~~~~~--------
Two-YI i re li ne 

Fig. ZO. Crosspoint system and two-wire line interface. (One channel, one two-wire.) 
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General 

Communication Processor, Local, CPL 4102, is used for high speed 
communication between a host computer and a locally connected channel 
attached cluster of Alfaskop System 41 terminals. 

A description of the components that are common to the two types of 
communication processors of Alfaskop System 41 is found in the chapters 
Microcomputer and Cluster terminal system, in this manual. The following 
components are special to CPL 4102: 

CLM 

CCCl,CCC2 

CIB 

CPL mechanics (see Mechanics below) 

Channel communication controller boards. CCC 1 
contains a high-speed microprocessor with associated 
2k x 64-bit program storage in ROM. CCC 2 contains 
channel interface circuits, address decoding, and a 
line buffer for intermediate storage of communication 
data to/from the host computer. 

CCC Interconnection board 

This chapter contains: 

• A description of the interface signals and sequences as specified by IBM 

... A brief outline providing basic knowledge of the operation of CCC 
circuits and program at the block flow chart level 

.. Detailed description of important functions and circuits, and a detailed 
example of the microprogram execution. 

E90002332E 
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Mechanics 

CPL 4102 consists of the same basic assembly as CPR 4101. See Fig. 1. 
The difference is that CPL is equipped with CCC 1, CCC 2, and CIB 
instead of SCA/SCC. Another difference is the size of the cabinet. To 
simplify accomodation of the heavy cables to the computer, CPL is de
signed for floor mounting. 

TUA ePB eee Power supply 

Board position A 

Board position B eeC1 

Board position C CCC2 

CIB board 

+-1--1------- +5 V 

OV 
+1---1----- Priority switch 

High(up)/Low(down) 

Relays 

Front panel 

Indicator lamps L 1-L4 

Enable lamp 

Reset pushbutton 

Normal/Test switch 

--- Enable/Disable switch 

Power on switch 

Channel inlet 
Note IN means into the cee that 
is to say out from the channel. 

Fig. 1. CP L 4102 - mechanical design 

Principles of Local Connection 

General 

The purpose of the channel communication controller, CCC, is to control 
the exchange of signals between the IBM I/O interfa~, and the CPB 
interface .'ft~" 

This section outlines the main principles of interface operations between 
the CCC and the IBM channel. Detailed information about this interface 
can be found in the offical IBM document No GA 22 - 6974 - 0 entitled 
"IBM System /360 and System /370 I/O Interface Channel to Control 
Unit Original Equipment Manufacturers Information" The Alfaskop 
System 41 Reference manual (document No FE411-810) contains also 
detailed information about commands, orders and message layout. 

• 
• 

• 
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The IBM computer has several channels for communication with 110 
control units. Up to eight control units can be connected to one channel. 
One example showing CPL 4102 connected as a control unit is shown in 
Fig. 2. Normally, several other types of control units are connected to 
the same channel. The channels can be of three types: selector, byte
multiplexer and block-multiplexer. A byte-multiplexer channel can 
operate either in byte-multiplex mode or in burst mode. A selector 
channel operates only in burst mode. A block-multiplexer channel 
operates in burst mode but allows multiplexing between blocks. 

IBM 

'I 
II 
II 

I Terminators I 

CPL4102 

. CPB 

CPB 
bus 

CPL 4102 

CPB 

CPB 
bus -

CCC --

-

0: Byte multiplexer channel 

1,2: Can be switched to block 
multiplexer channel or to 
selector channel 

TUA 
o 

TUA 
3 

0 ..... 7 0 ..... 7 

TUA TUA 

- 0 --- 3 

- r--

- f--

r--- 0 ..... 7 r-- 0 ..... 7 
""---

1 1 1---1 I I 1---1 

The total number of terminals is 
limited to 256 per I/O channel. 

Fig. 2. Principles of connection to IBM channels 
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CPL 4102 can be connected to any of these channels. In multiplex mode, 
multiplexing can be made between bytes or blocks to or from different 
control units but not between bytes or blocks involving different devices 
within one control unit. 

The channel program controls the various operations in the control unit 
by transmitting information across the 1/0 interface. This information 
consists of: 

.. An address byte that selects one control unit and one of the connected 
terminals 

• Command bytes that specify which operation is to be carried out 

.. Data bytes which consists of the text that is to be displayed or printed 
out on the selected terminal or orders calling for the formatting of the 
buffer in the selected terminal 

• Various control signals 

In order to inform the channel program of general conditions in the 
terminal system, the control unit generates status bytes on the following 
occaSIons: 

.. In response to a command 

• When an operation that has been called for has been executed 

• . When a terminal wishes to communicate with the computer 

If two or more control units are attached to the interface, only one unit 
can communicate with the computer at anyone time. Selection of a 
control unit is controlled by a signal (passing serially through all control 
units) that permits, sequentially, all units to respond to the signals 
provided by the channel. In this way, the different control units may be 
selected on a priority basis. CPL 4102 is normally placed at low priority. 

Except for the above mentioned selection control signal, all communi
cations to and from the computer channel occur over a common bus, i.e., 
any signal provided by the channel is available to all control units. 

• 
• 

• 
• 
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Input/Output Interface Lines 

The I/O interface connects a computer channel to control units. External 
cables physically connect all control units in a chain with the first control 
unit connected to the channel. See Fig. 3. 

The I/O interface lines and their uses are: 

Name of line 

Bus out position P 
Bus out position 0 
Bus out position 1 
Bus out position 2 
Bus out position 3 
Bus out position 4 
Bus out position 5 
Bus out position 6 
Bus out position 7 

Bus in position P 
Bus in position 0 
Bus in position 1 
Bus in position 2 
Bus in position 3 
Bus in position 4 
Bus in position 5 
Bus in position 6 
Bus in position 7 

Address out 
Address in 
Command out 
Status in 
Service out 
Service in 

Operational out 
Operational in 
Holdout 
Select out 
Select in 
Suppress out 
Request in 

Clock out 

Abbreviation 

BusoutP 
BusoutOMSB 
Bus out 1 
Bus out 2 
Bus out 3 
Bus out 4 
Bus out 5 
Bus out 6 
Busout7LSB 

BusinP 
BusinOMSB 
Bus in 1 
Busin2 
Busin3 
Busin4 
Busin5 
Busin6 
Busin7LSB 

Adrout 
Adrin 
Cmdout 
Stain 
Srvout 
Srvin 

Oplout 
Oplin 
Hid out 
Selout 
Selin 
Sup out 
Reqin 

Clkout 

Uses 

Bus out, used to transmit 
information (data, I/O 
device addresses, 
commands, control 
orders) from the channel 
to the control unit. 

Bus in, used to transmit 
information (data, 
selected I/O device 
identifications, status 
information, sense data) 
from the control unit to 
the channel. 

Tags, used for inter
locking and controlling 
information on the bus, 
and for special sequences. 

Selection controls, used 
for the scanning of, or the 
selection of, attached I/O 
devices. 

Metering control 

Note that the out lines are always used for signals from the computer 
and in lines for signals from a control unit. 

The tags, selection controls and metering control are lines in the same 
cable, called the tag cable. 

Note: When a signal is said to be »up», »down», »raised», etc, reference is 
made only to the logic state of the signal, i.e. up (raised) means a logical 
one while down (dropped) means a logical zero. Do not confuse with 
actual voltage levels. 
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I BM System 
110 channel 
0,1,2,3 etc. 

g Connector with light grey top 

~ Connector with dark grey top 

Tag Bus Bus Tag 
in in out out 

Communication 
Processor 4102 

rrL~-.ELfJ~ 
I Tag Bus Bus Tag I 
lin in 0 ut out I 

I Communication I 
I Processor 4102 I l _________ .J 

Fig. 3. Connections to IBM channel 

Tag Bus Bus Tag 
in in out out 

Communication 
Processor 4102 

Tag Lines 

The tag lines are used to define the period during which information on 
Bus out or Bus in is valid. The address, status, data, etc byte is placed on 
the appropriate bus just prior to the rise of the tag line in question, but 
the bus information is not valid until the tag is up. Fig. 4 shows the 
transfer directions for different kinds of information. 

CPU Control unit 

Address .. 
... 

Command .. 

Status ... 

Sense 

Data .. .. 
Fig. 4. Directions of information transfers. 

Address out, Adr out is a signal to all connected control units, which 
indicates that the channel has placed an address on the Bus out. The 
address byte has been placed on the bus just prior to the rise of Adr out. 

Address in, Adr in is a signal to the channel from the control units, 
indicating that a control unit has placed the address of the selected I/O 
device on Bus in just prior to the rise of Adr in. 

) 

( 



( 

( 

ERICSSON ~ Communication Processor, Local 7 

Command out, Cmd out is a signal to all control units, indicating that the 
channel just has placed a command byte on Bus out. Command out can 
also indicate "proceed" or "stop". 

Status in, Sta in is a signal from a selected control unit to the channel, 
indicating that it has placed ~ status byte on Bus in. 

Service in, Srv in is a signal from a selected control unit to the channel, 
indicating either that the control unit has placed a byte on Bus in or that 
it is ready to accept a byte on Bus out. 

Service out, Srv out is a signal from the channel meaning a response on 
Srv in or Sta in, indicating that the channel has accepted the byte on Bus 
in or has provided a byte on Bus out as a result of Srv in. 

Selection control lines 

Select out, Sel out and Select in, Sel in are in contrast to all other lines 
connected so that a closed loop is formed. It runs from the computer 
through all control units via a terminator block back through all control 
units to the channel. See Fig. 5. 

IBM 
channel 

0 ... Driver 
R ... Receiver 
T = Terminator 

Out'lines 

Priorit 1 

1/0 Control 
unit 

strapped for 
Select in high priorit 

Fig. 5. Interconnections to the IBM I/O interface 
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Priorit 3 

1/0 Control 
unit 

strappe d for 
low priori ty 

Priorit 2 

1/0 Control 
unit 
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The series connection of the control units means that Sel out is first raised 
at the first control unit after the channel. If the control unit does not 
wish to communicate with the channel, it generates propagated Sel out 
which is sent to the next control unit in the priority chain, etc. 

Hold out, HId out is a signal from the channel to all control units, which 
always appears together with Sel out. It is used for synchronization and 
for minimizing the propagation at the fall of Sel out by simultaneously 
clearing Sel out from all control units. 

Operational out, Opl out. No lines from the channel, except Sup out, 
are valid until Opl out is up. Opl out down will cause general reset in 
CPL 4102 except when Sup out is up. 

Operational in, Opl in is a signal to the channel, confirming that a control 
unit has been selected. The signal must stay up during the selection. Opl 
in can only rise when incoming Sel out is up and propagated Sel out is 
down, i.e. when Sel out is not sent to the succeeding control unit. 

Suppress out, Sup out is a signal from the channel providing: 

CD Suppress data 

• Suppress status 

• Command chaining 

•. Selective reset 

These functions will be explained further on. 

Request in:, Req in is a signal from a control unit, indicating that the 
control unit is ready to provide status or data and therefore awaits a 
selection sequence. 

Metering control lines 

Clock out, Clk out, when raised (by the channel) indicates activity on 
the buses. 

Bus in and Bus out lines 

Each bus is a set of nine lines consisting of eight information lines and 
one parity line. When a byte, transmitted over the interface, consists of 
less than eight information bits, as is the case with ASCII characters, the 
bits are placed in the highest-numbered contiguous bit positions of the 
bus i.e. as the least significant bits. Unused lines present logical zero. 
The parity bit (odd parity) always appears in the parity position. 

Bus line Binary Hexadecimal 
EBCDIC position value position value 

p p p 
0 128 8 
1 64 4 High order 
2 32 2 
3 16 1 
4 8 8 
5 4 4 Low order 
6 2 2 
7 1 1 

( 
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Bus out is used to send addresses, commands, orders and data to the 
control units. 

Bus in is used to send addresses, status information, detailed status 
information (sense) and data to the channel. 

Detailed information about addresses, commands, status and sense can 
be found in the Reference Manual (document No FE411-810) sections 
Commands and orders and Local operation. 

Communication Sequences 

In the following description the data exchange is illustrated using timing 
diagrams and sequence diagrams showing small parts (sequences) of the 
interface procedures. All these diagrams are to be read in a similar way 
and therefore only the initial selection in burst mode is described in 
detail. 

Burst mode and multiplex mode channels 

Burst mode implies that a complete data transfer is made, from initial 
selection, through the transfer of data and including ending sequence. 
This means that one whole message or block is transferred in one row, 
without being interrupted by any other communication over the interface. 

The channel decides which mode to operate in (burst or multiplex) and 
burst mode is normal at high speed I/O devices. A control unit can force 
burst mode on a multiplex channel by holding up Opl in. However, CPL 
4102 can not force burst mode. The forced burst mode can be overridden 
by an interface disconnect sequence from the channel. 

Multiplex mode implies that only one byte at a time is transferred to or 
from a certain device. The channel thereby shares its time between a 
number of I/O devices as in the following example: 

Initial selection of A, initial selection of B, initial selection of G, byte 
to A, byte to C, byte to B, byte to A, byte to B, etc, ending sequence C, 
byte to A, ending sequence B, ending sequence A. 

A burst mode channel, which is not capable of working in multiplex 
mode forces burst mode by holding up Sel out. 

Data transfer from channel to control unit, burst mode 

When the channel wants to transfer data to an 110 device, it performs an 
initial selection sequence (see Figs 6 and 7) to start the operation. Such 
a sequence starts with the channel placing the actual device address on 
Bus out and then raising Adr out, HId out, and Sel out. The control unit 
then raises Opl in, which in this case means that the address on Bus out 
was recognized and that Se1 out has not been propagated to the succeeding 
control unit. The channel then drops Adr out. 

To indicate to the channel that the correct control unit has been selected, 
the control unit then places its address on Bus in and raises Adr in. 

E90002332E 



10 

Adr out 

Hld out 

Sel out 

Opl in 

Adr in 

Cmd out 

Sta in 

Srv out 

Bus in 

Bus out 

Communication Processor. Local ERICSSON !! 

IH~h 
I ~~"~~~~ .. _ I ---r----+--+-I-Address Status -------------

~~(_z_er_o_) ___________________ _ 

Address Command 
Fig. 6. Initial selection timing, burst mode 

This is accepted by the channel when Cmd out rises, which also indicates 
that the command byte on Bus out is valid. The command byte informs 
the control unit what it is expected to perform. 

The control unit accepts the command and indicates this by dropping 
Adr in, whereupon the channel drops Cmd out. 

The selected control unit now places a status byte (zero) on Bus in and 
raises Sta in (see "Local operation: Initial Status" in the Reference 
manual). This is to inform the channel that the 1/0 device is ready to 
accept a message. 

The channel acknowledges the status byte by raising Srv out, whereupon 
the control unit drops Sta in and the channel drops Srv out. 

The communication then begins with a data transfer sequence (see Figs 
8 and 9) during which write control character, buffer addresses, text 
bytes etc. are transferred to the control unit (and the 110 device). The 
control unit raises again Srv in when the channel has sent the last data 
byte, but this time the channel responds by raising Cmd out. This indicates 
that an ending sequence shall be made. 



ERICSSON i! Communication Processor, Local 11 

Channel CPL4102 

Adr on Bus out 

t Adr out 

f Hld out 

• Sel out 

I 

f Opl in 

I 

t Adr out 

I 
Adr on Bus in 

t Adr in 

I 
I 

C md on Bus out 

~ C md out 

t Adr in 

I , Cmd out 

I 
I 

Sta (Zero) on Bus in 

f Sta in 

~ 
( ,,,.~-

t Srv out 

I 

t Sta in 

Srvout 

I to data transm isson 
III 

sequence, burst mode 

Fig. 7. Initial selection sequence, burst mode 
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Srv in 

Srv out 

I I I I (I J I \ 
I \ •• r..1---' 

Cmd out ______ '_L _ ---- ~~----_..J I I y-~ 

__ ~M rl nl~ __ Bus out 
Data Data 

Fig. 8. Data to control unit transfer timing, burst mode 

t Srv out 

11-------"111__ Ne \II data cycle 
I 
I 
I 

Data 

L ___ ------ - - --'- ---- .....::--- --- --1 

t 

t Srv in 

r- - - - --- ------ -- -- --- - - - - - J 
Zero on Bus out 
Cmd out 

L----------------------- l 
, Srv in 

1_ - - - - - - - - - -- - - - -- - - - -- - - J 
Cmd out 

L _____ __ 
Fig. 9. Data to control unit transfer sequence, burst mode 
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HId out 

Se lout 

Opl in 

sta in 

Srv out 

Bus in 

Fig. 10. 

During the ending sequence (see Figs 10 and 11) the control unit transfers 
its synchronous ending status (CE) to the channel, whereupon HId out, 
Sel out, Opl in drop. When the writing operation in the 110 device is 
finished, the control unit sends an asynchronous status (DE). (See Figs 
18 and 19.) In this sequence the raise of Cmd out indicates; proceed. 

I 
I 
I 
I 
I I 

~---------------
Ending timing, burst mode 

Channel 

I 
HId out 
Sel out 
Srv out 

I 

Srv out 

Fig. 11. Ending sequence, burst mode 

CPL4102 

Sta (End) on Bus in 

Sta in 
I 

~ Sta in 
t opt in 

I 

E90002332E 
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Data transfer from channel to control unit, multiplex mode 

First the channel makes an initial selection (see Figs 12 and 13). In multiplex 
mode, the HId out and Sel out drop as soon as the control unit has raised 
Adr in. Therefore, only the command can be sent in the initial selection 
sequence. 

Adr out 

Hld out 

Se lout 

opt in 

Adr in 

(md out 

Sta in 

Srv· in 

Bus in 

Bus out 

I I I I I I 

: I t11-t1~-----------------I IAdd~s Status 
~I L-J I~(_z_er_o_) ______________________ _ 

Address Command 

Fig. 12. Initial selection timing, multiplex mode 

( 
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Channel CPL 4102 

t 
Adr on Bus out 
Ad rout 

+ Hld out 

t Se lout 

I 
t Opl in 

I 
t Ad rout. 

I 
I 

Adr on Bus in 

+ Adr in 

I I 
t Hld out 
t Sel out 

Cmd on Bus out 

+ 
Cmd out , , Adr in 

I , Cmd out 

I 
I 

Sta ( Zero) on Bus in 

t Sta in 

I 
I 

+ Srv out 

I 
i 

I 
( \ Sta in , opt in 

I 
I 

+ Srv out 

I to data transfer 
lit 

sequence, multiplex mode 

Fig. 13. Initial selection sequence, multiplex mode 
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Req in 

H ld out 

Sel out 

Opl in 

Adr in 

Cmd out 

Srv in 

Srv out 

Bus out 

Bus in 
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As soon as the control unit is ready to accept a byte, it raises the Req in 
(see Figs 14 and 15). The Cmd out tag is raised to indicate proceed, no 
command is transferred since that was made in the initial selection. One 
byte is transferred each time Req in is raised. 

I 
I 
1 

I 
1 

I 
I I 

'----'1- - - - - - _-+-__ ...8 

f-+--- - - - - --1---'-1 ----I 

I 
I 

~--- - - - - --1----:------4 
I 
I 

L..-____ - __ ---t--I --,..I ___ ...J 

I I 

h 
Data I I Data 

'----- ____ -----'HL.--__ 
Address Address 

Fig. 14. Data to control unit transfer timing, multiplex mode 
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Channel CPL4102 

+ Req in 

I 
I 

t HId out 

4 Se lout 
I 

I 
+ Opl in 

Adr on Bus in 

+ Adr in 

+ 
Req in 

I , i 
Htd out , Sel out' 

t Cmd out 
! 

I 
t Adr in 

I 
I 

t Cmd out 

I 
t Srv in 

I 
I 

Data on Bus out 

t Srv out 
I 

I , opt in , Srv in 
I 

Srv out 

Fig. 15. Data to control unit transfer sequence, multiplex mode 
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When the channel has sent all bytes to the control unit, it performs the 
interface stop sequence (see Figs 16 and 17). In this sequence the channel 
raises the Cmd out twice, the first time to indicate proceed and the second 
time to indicate stop. 

Fig. 16. Interface stop timing, multiplex mode 
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Channel CPL4102 

t Req in 

I 
f 

I 
HId out 

• Sel out 
I 

Opl lin t 
Adr on Bus in 

t Adr in , Req in 
I 

I 
~ Cmd out 

~ H ld out , Sel out 
I 

t Adr in 

I 

t Cmd out 

I 

t Srv in 

I 

Cmd out (stop) 

I 
I 

t Srv in 

I , Cmd out 

I 
(' " Fig. 17. Interface stop sequence, multiplex mode 
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The ending sequence in multiplex mode after write type operations are 
two status transfers according to the status sequence (see Figs 18 and 19). 
The first transfer includes the synchronous ending status (CE) and the 
second, which is performed after the operation is concluded in the 110 
device, includes DE. 

Req in 

Hld out 

Sel out 

opt in 

Adr in 

Cmd out 

sta in 

Srv out 

Bus in 

B us out 

H-+tj 
-----A-dd-r-e .... ss rl Statu .... s------------

Fig. 18. Status timing 
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C hanne I CPL 4102 

+ Req in 

I 

+ 
I 

HId out 

f Sel out 
I 

+ 
I. 

Opl In 

Adr on Bus in 
t Adr in 

t Req in 

I 
I 

• Cmd out 

t H ld out , Sel out 
I 

I 
t Adr in 

I 
I , Cmd out 

I 
I 

sta on Bus in 

f sta in 
I 

+ Srv out 

I , I 
Sta in , Opl in 

I 
I ( , Srv out 

Fig. 19. Status sequence 

( 
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Data transfer from control unit to channel, burst mode 

A transfer from a control unit to the channel always starts with the control 
unit raising Req In (see Figs 18 and 19). This causes the channel to raise 
HId out and Sel out. The control unit thereby identifies itself by the 
address and then feeds status Attention, indicating a request for service. 

The channel thus performs an initial selection (see Figs 6 and 7) transferring 
a read type command. Thereafter, the communication commences with 
a data transfer sequence (see Figs 20 and 21). When the last byte is sent, 
the control unit places the ending status on the bus (see Figs 10 and 11) 
whereby the communication ends. 

The channel can at any time during the communication break the transfer 
by raising' Cmd out instead of Srv out and thereby indicate stop. The 
control unit then places the ending status (CE + DE) on the bus (see 
Figs 10 and 11). 

Srv in 

S rv out 

Cmd out 

Bus in 

Bus out 

..J,:--' 
_I- ~ \ /'C \- - - -

/ I I I I 
/ " I I I I I , __ L ____ 

'---1--1 

I : I I : I I I I I 
I I I I I I II rr{, 
I I I '''''' '-- .......... --I-L----I-I----rT----ri L. __ 

I I ! I I I I I r-, ___ J L ____ _ 

Data Data Data Data 

Fig. 20, Data to channel transfer timing, burst mode 

Channel CPL 4102 

Data on Bus in 

t Srv in 

I 
I 

t Srv out 

I 
~ Srv in 

I 
t Srv out 

I New data cycle 
~-------- or ending sequence 

Fig. 21. Data to channel transfer sequence, burst mode 
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Data transfer from control unit to channel, multiplex mode 

A data transfer to the channel in multiplex mode also starts by a status 
transfer (see Figs 18 and 19). Then follows an initial selection (see Figs 12 
and 13) and data transfers (see Figs 22 and 23). When the last byte is 
transferred, the control unit sends the ending ~tatus (CE + DE) a(;cording 
to the status sequence (see Figs 18 and 19). 

The channel can at any time break the transfer by raising Cmd out instead 
of Srv out (see Figs 16,17,22 and 23). The byte sent from the control 
unit is in such case neglected. The control unit then transfers ending status 
(CE + DE, sequence in Figs 18 and 19). 

Req in '----------

H ld out "'----' '---4--- - - - - -

Sel out ~_-' '---+-I!--- - - - - -

Opl in 

Adr in 

em d out -------I 

Srv in - - ----+-+--1 

Srv out ______ ~~--+-~ 

Bus in 

---- I I I 

------~ Address Data Address Data 

Busout _____________________________________________ -.... __ __ 

Fig. 22. Data to channel transfer timing, mUltiplex mode 
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Channel 

HId out 
Selout 

I 

I 
Cmd out 
H ld out· 
Sel out 

I 

I 
Cmd out 

I 

I 
Srv out 

I 

Srv out 

Fig. 23. Data to channel transfer sequence, multiplex mode 
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t 
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ERICSSON ~ 

CPL 4102 
Req in 

I 

I 
opt in 
Adr on Bus in 
Adr in 
Req in 

! 

Adr in 

1 
Data onBusin 
Srv in 

I 

I 
Srv in 

opt in 

I 

Control unit busy (short busy) 

If the channel tries to address an I/O device, the control unit of which is 
busy or has a status concerning another I/O device waiting, a control unit 
busy sequence is made (see Figs 24 and 25). 

When the control unit at hand recognizes the address on Bus out, it feeds 
control unit busy status on Bus in and rises Sta in. The channel thereby 
drops Adr out when the busy status has been recognized. 

( ) 
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Req in 

HId out 

Se lout 

Adr out 

Gp I in 

Adr in 

Cmd out 

Sta in 

Srv out 
I 

Bus in ______ ~--~I~ i~------------
I I"----~-_-Bus out 

stat us Busy and status Mod ifier = 
status Control Unit busy 

Fig. 24. Control unit busy timing 

Channel 

Adr on Bus out 

+ Adr out 

+ HId out 

+ Sel out 
I 

t 
I 

HId out , Set out 
I 

t Adr out 

Fig. 25. Control unit busy sequence 
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Device busy 

If the channel tries to address an I/O device, which is occupied by e.g. 
a print operation or by a pending (waiting) status, busy status is placed on 
Bus in and Sta in is raised as a response to the command from the channel 
during the initial selection. The situation is shown in Figs 26 and 27. 
Note that the command is not accepted. 

Suppress data 

If the channel is not able to accept a new data byte it can suppress the 
next byte if it raises Sup out before Srv out is dropped. 

Req in 

Hld out 

Set out 

Adr out 

Opl in 

Adr in 

Cmd out 

Sta in 

Srv out 

Bus in 

Bus out 

Fig. 26. Device busy timing 
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Channel CPL 4102 

Adr on Bus out 

+ Adr out (Req in 

t H ld out raised) 

t Sel out 
I 

I 
• Opl in 

I 
I 

t Adr out 

I 
I 

Adr on Bus in 

t Adr in 
I 

I 
C md on Bus out 

t C md out 

I 

~ Adr in 

, Cmd out 

I 
i 

Status on 
Bus in (Busy) 

~ Stu in 
I 

I 
( i Srv out 

I 
I 

+ Sta in 

I 
I 

t Srv out 

Fig. 27. Device busy sequence 

E90002332E 



28 Communication Processor, Local ERICSSON !! 

Stack status and suppress status 

Whenever the channel is unable to handle a status, it may raise Sup out. 
The control unit must then drop Req in if the status that it wants to transfer 
is suppressible. Status containing CE or DE is normally not suppressible 
until it is stacked. To stack status Cmd out is raised (see Figs 28 and 29). 
Note that in burst mode, Sel out and HId out must be dropped before 
the raise of Cmd out. 

Req in ------------II-------t....J ~ 

Cmd out 

sta in 

s up out 

Fig. 28. Stack status and suppress status timing 

Channel 

I t Sup out 
f Cmd out 

I 

~ Cmd out 

Control unit must not raise 

Status 

CPL 4102 

t Sta in 

I 

, Sta in 

I 

Req in until Sup out has dropped 

Fig. 29. Stack status and suppress status sequence 

Selective reset 

The I/O device being selected can be reset by the channel if it raises Sup 
out and drops Opl out. This affects the status of the selected I/O device 
and concludes the CPL operations (DE is not sent). Other units do not 
react to the drop of Opl out since Sup out is up. 

( 
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Command chaining 

The channel can execute a number of different operations in sequence 
at the same terminal. This is made by command chaining which implies 
that the channel stops any attempt from the control unit to initiate a 
selection regarding any of its own I/O devices until all chained operations 
are completed. This is achieved if the channel raises Sup out when the 
control unit generates end status. Sup out must remain up until the control 
unit raises Opl in within the following initial selection. 

Interface disconnect 

The channel can force the control unit to remove all signals from the 
interface by having Adr out up when Sel out and HId out are dropped 
(see Fig. 30). The control unit will then normally raise Req in for subsequent 
sending of the ending status. 

Adr out 

Hld out 

Sel out 

opt in 

Fig. 30. Interface disconnect timing 
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Brief Outline 

General 

Basic design 

The two printed circuit boards of the channel communication controller, 
CCC, contain interface control circuits and data buffering between the 
channel and the communication processor board, CPB. The block 
diagram, Fig. 31, shows that the various function blocks communicate 
via two bus systems, the CCC bus, internal to the CCC; and the CPB bus, 
between the CCC and the CPB. A third printed circuit board, CCC 
interconnection board, CIB, is not shown in Fig. 31. The CIB is basically 
a backplane board with interconnections. 

CCC 2 includes: 

• Receivers and parity check for incoming bus, control, and tag signals 
from the channel. 

• Drivers and parity generation for outgoing bus, control, and tag signals 
to the channel. 

• Select logic and address decoder to determine if the control unit is 
selected by the channel. 

• Line buffer, to store and forward data to/from the channel. 

• Address counter, to address the line buffer during data transfers 
(read or write) between the channel and the line buffer. (During 
read/write between the line buffer and the CPB, the line buffer is 
addressed from the CPB address bus.) 

• Reset logic for power on and reset detection. 

• A test connector (P4) for connection of a recorder for analysis of bus 
and tag activity. 

CCC 1 includes: 

• Microprogram controner, controned by instructions from the micro
program and by test conditions, generating the address to the micro
program PROM. 

e Microinstruction PROM storing 2k 64-bit instructions forming the 
CCC microprogram. 

e Pipeline register, storing an instruction while the result of the previous 
instruction is taken care of, and while the next instruction is made 
available at the output of the microinstruction PROM. 

( 
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Fig. 31. Channel communication controller, block diagram 
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.. Two 4-bit microprocessor slices containing ALU functions for mani
pulation of data on the CCC bus. 

.. Communication memory, addressed from either of the two bus 
systems, storing status information from displays, printers, flexible 
disk units, and other information used to establish and maintain 
communication. 

• Coarse address decoder, sensing the eight most significant bits of the 
CPB address bus. This decoder delivers an enable signal to the line 
buffer control circuits if it is addressed, or to the communication 
memory control circuits if it is addressed. 

• Clock pulse regenerator, synchronizing the CCC clock to the CPB 
clock by means of a phase-locked loop. 

• A test connector (P4) for connection of a recorder for analysis of 
activity on internal address and data buses. 

• A test connector (PS) for external addressing of the microprogram 
memory . 

.. Test connectors (P6, P7) for connection of external PROM storage. 
The internal microprogram PROM chips are automatically disabled 
when external PROMs are connected. 

CIB includes: 

• Relays to provide automatic propagation of Select out at disabled state 
or power off. 

• High/Low priority switch, determining if Select out shall be caught on 
its way out from the channel (high priority) or on its way back from the 
terminator (low priority). 

CP L panel controls and indicators 

The CPL panel (see Fig. 1) holds the following controls: 

.. Power on switch (mains voltage switch) 

.. Enable/Disable switch 

• Normal/Test switch 

• Reset switch (reset function via CPB) 

All indicator lamps are lit at power on. When the lamps go off they 
indicate: 

• Lamp 1: CCC program is started 

.. Lamp 2: Result of internal CCC processor test is "Go" 

.. Lamp 3: Result of internal test of status memory is "Go" 

• Lamp 4: Result of CCC-CPB communication test is "Go" 

The Enable lamp is controlled by the CCC via relays on the CIB. The 
power on switch contains a built-in indicator lamp. 

r 
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CP B indicators 

Two of the five indicator lamps on the CPB front are of interest in CPL 
4102: 

• Lamp 1: Blinks when CPL has started with an internal poll to find the 
system disk. Glows steadily when the CPL has the operating system 
loaded into its memory 

(1) Lamps 2 - 4: Not used 

• Lamp 5: Lit directly by + 5 V from the power supply 

CCC Basic functions 

The main function of the CCC is to serve as a buffer between the high-speed 
channel and the devices connected to the CPL unit. Fig. 32 provides 
a summary of the CCC function. 

Disabled 

r Disable 
I Test 
L 

Programmed 
internal tests 

Fig. 32. CCC basic function 
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Start-up routines 

Immediately after power on to the CPL, the CCC starts to perform internal 
tests such as processor tests and RWM tests. During this time the CPB 
has read in the system program from the system disk, and is ready to 
interface the CCC. The CCC then tests the communication to the CPB, 
via interrupts and the communication memory. 

When all tests have been carried out correctly (an lamps on the front 
panel are switched off), initiation of the CCC starts. This means that the 
specific address of the CPL unit is loaded into an address decoder, so 
that the channel can address the CPL unit. Moreover an commands and 
status bytes to and from the devices (display units and printers connected 
to the CPL) are reset. 

The CCC is then ready to start operation and enters either the enabled or 
disabled state, depending on the switch on the front panel. In the disabled 
state, programmed internal tests can be carried out (Normal/Test switch 
on the front panel in position test). Normally the CCC is in the enabled 
state. 

In the enabled state ~he CCC senses the following: 

(I Call from the channel 

• Call from a device 

• Enable/Disable switch 

Call from the channel 

If the Select in signal and a valid address appears on the channel, the CCC 
immediately catches the select signal and starts communication. If a 
Write command is detected (data from the channel to a device), the CCC 
stores the command to the device in the communication memory and 
the data in the line buffer memory. At communication end an interrupt 
is sent to the CPB, telling that data has been received from the channel 
to a certain device. 

The CCC then enters a wait state (a sort of enabled state), while the CPB 
transfers command and data from the CCC memory to the selected device. 

The CPB then returns with an acknowledge to the CCC, telling that data 
has been received correctly. The CCC then calls the channel and transfers 
the acknowledge to the computer. Thereby a write sequence is ended 
and the CCC returns to the enabled state. 

Call from a device 

If a device wants to call the channel, the CPB stores a status in the 
communication memory, which is scanned by the CCC in the enabled state. 
When the status is detected, the CCC switches over the line buffer memory 
to the CPB, so that data to the channel can be loaded in the memory. 
Moreover the CCC sends a request to the channel, telling that the CPL 
has got a message for the channel. The CCC then enters a wait state 
(enabled state), waiting for sending the message. 

( 
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Then when the channel is calling back for a read sequence, the CCC sends 
the data stored in the line buffer memory. At end the CCC tells the CPB 
that the data is sent, by changing status in the communication memory. 
Thereby a read sequence is ended and the CCC returns to the enabled 
state. 

Enable/ Disable switch 

In the enabled state the CCC also senses the EnablelDisable switch on the 
front panel. If the switch is set in position disable the CCC enters the 
disabled state as soon as the program permits. 

CCC Interfaces 

The interface to the channel is described under "Principles of local 
connection" . 

The interface to the CPB contains the following signals: 

Direction 
Abbreviation Description 

CPB-CCC 

====> A-bus (AO-A15) Address bus 

¢=::> D-bus (DO - D7) Data bus 

- Per02 Clockpulse 

... RIW ReadlWrite signal 

.... VMA Valid memory address 

I11III , IRQCCC(lRQ3) Interrupt request .. IRQ CPB (Int. slave 1) Interrupt request 

... COL Column (address valid) 

... NMI Non-maskable interrupt 
(resetfunction) 

CCC Processor 

The CCC processor handles the transfer of messages between the IBM 
channel and the CCC line buffer. This includes evaluation of tag signals 
from the channel, routing of data, and control signals and generation of 
tag signals to the channel. The processor consists of the following circuits 
(see Fig. 33): 

• Microprogram controller 

• Microprogram memory 2k x 64 bits (PROM) 

• Pipeline register 64 bits, for latching of instructions 

• Two 4-bit bipolar microprocessor slices 

• Selectors for jump selection. 

The processor uses two 8-bit buses, a D-bus and a Y-bus. The D-bus is 
used for routing of data into the microprocessor, whereas the Y -bus is 
used for data from the microprocessor. 
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Fig. 33. cce processor 

The two cascaded microprocessor slices form an 8-bit high-speed processor 
array containing an 8-function ALU, 16 addressable registers, and various 
other circuits. The processor array is mainly used for logical manipUlations, 
data testing, etc. 

The system clock is generated by a circuit which is phase-locked to the 
CPB clock. The frequency is four times the reference frequency Per 02. 

Microinstructions 

Each of the microinstructions stored in the microprogram memory is 64 
bits wide. The memory has room for 2048 such microinstructions. They 
are clocked out into the 64-bit pipeline register by the system clock. A 
summary of the microinstruction interpretation is found in Appendix 1. 
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The out lines of the pipeline register are connected as follows: 

CD 4 lines are used to instruct the microprogram controller how to 
determine the address of the next microinstruction. There are 16 such 
instructions. The simplest of these instructions is Continue, which 
means that the next sequential microinstruction is to follow. The other 
instructions often result in a jump from one place in the microprogram 
to another. 

• 12 lines are used to provide the immediate address required in con
junction with some of the jump instructions. 

• 5 lines are used to select the source and polarity of the test signal which 
is used by the conditional instructions 

• 20 lines are connected to the two microprocessor slices. These lines 
include instructions concerning operation of the arithmetic logic 
units (ALU) in the slices. 

• Slines are directly connected to the internal D-bus. These lines carry 
immediate data. 

• 15 lines (a 16th line is included in the 20 lines to the processor above) 
are carrying control information. This includes: 

- six directly usable control signals such as read/write and enable 
signals for the line buffer and the communication memory, change 
signal for line buffer access, and a direct Service in signal to the 
channel 

three groups of three signals, each group connected to a one-of
eight decoder. The decoded output signals from the first group 
determine the source of datato be applied to the D-bus. Decoded 
signals from the second group determine the destiJ.?ation of the 
data on the Y -bus. The third group provides various other control 
signals. 

Processor architecture 

For maximum speed, the CCC processor uses a so called one-level pipeline 
based architecture. This means that the microprogram memory and the 
microprocessor slices are in parallel speed paths. 

At any time during microprogram execution, three microinstructions 
must be considered: the current one at address A, the previous one at 
address A - 1, and the next one at address A + 1. Each system clock pulse: 

• Loads the result, SeA -1), of the previous microinstruction into the 
status register 

• Loads the current microinstruction, I(A) into the pipeline register. 

Depending on the microprogram controller instruction (4 bits) included 
in I( A), the address A + 1 of the next microinstruction will be generated. 
It can be: . 

• The immediate address included in the current microinstruction 

• An address provided by the microprogram controller as the result of 
previous activities (e.g. from an internal stack or microprogram 
counter). 
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The address generation is depending on the microprogram controller 
instruction, on five other bits of the current microcinstruction selecting 
test condition, and on test results from various CCC circuits, induding 
S( A-I), stored in the status register. Four of the 16 microprogram 
controller instructions are unconditional, i.e. independent of test 
conditions. 

During the time after one clock pulse and before the next one, the 
following sequential events occur: 

.. leA) becomes available at the pipeline register output. Thus a new 
instruction is immediately applied to the microprogram controller. 
At the same time, a test select code is applied to the test condition 
selector . 

• After a delay, the test input selected is applied to the microprogram 
controller. 

• The microprogram controHer processes the instruction and test result, 
and generates an address A + 1 which is applied to the microprogram 
memory . 

.. After the PROM !lccess time, a new microinstruction is available at 
the memory output, and applied to the pipeline register input. 

Memory Map 

Fig. 34 presents the memory map of CPL 4102. (Do not mix up with the 
microprogram memory for the CCC processor on the CCC 1 board.) 

Communication to/from the host computer takes place via a line buffer on 
the CCC 2. This line buffer occupies 8k bytes. Note that the corresponding 
area in the basic memory (RWM) on the CPB must be blocked by strapping 
on the CPB. 

Information for communication control, such as status for the connected 
devices, is stored in a special communication memory on the CCC 1. 
This storage occupies 256 bytes. 
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C,D 

A, B 

8,9* 
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2,3 

FFFO, 1 

** FFEE, F 

C,D 

A,B 

FFE8, 9 

F7FF 
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ADLC = Advanced data link controller 
CPB = Communication processor board 
CS = Crosspoint selection 
DMAC = Direct memory access controller 
MCP = Microprocessor control panel 
Mic = Microcomputer, central part 
MRO = Memory board, read only memory 
MRW = Memory board, read/write memory 
CCC = Channel communication controller 
PIA = Peripheral interface adapter 
PTM = Programmable timer module 
TWI = Two-wire interface 

* MPU reading FFF8 - 9 will make contents oftwo of the cells FFE8 - F9, depending on highest 
priority valid interrupt, transferred into the MPU. 

** A read or, preferably, write operation into one ofthe cells FFE8- FFF7 will result in a setting of 
a corresponding mask value. As an example, FFEE or FFEF from MPU will disable interrupts 
of priority < 3. 

*** Not present during one of the three DMA cycles DMA T1 - T3. 

Fig. 34. CP L memory map 
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Detailed Description 

Detailed information on the microprocessor slice (2901A) and the micro
program controller (2910) can also be found in National Semiconductor: 
IDM 2900 family microprocessor data book or Advanced Micro Devices: 
Bipolar microprocessor logic and interface data book. 

Microprocessor Slice 

General 

The four-bit bipolar microprocessor slice for high-speed operations can 
be cascaded to any desired word length. In the CCC application, two 
slices are put together to form a word length of eight bits. 

The microprocessor slice (Fig. 35) consists of: 

• A 16-word 4-bit two-port RAM 

• A high-speed ALU 

• A Q register 

• Circuits for shifting, decoding and multiplexing. 

The 9-:bit microinstruction word is organized into three groups of three 
bits each. The groups select ALU source operands, ALU function, and 
ALU destination register. Three flag outputs are used: Zero, Carry and 
Sign. 

The three key elements in the block diagram are the 16-word RAM, the 
Q register and the ALU. 

Random Access Memory (RAM) 

Data in any of the 16 words of the RAM can be read from the A port of 
the RAM as controlled by the 4-bit A address field input. 

If the same address is applied to the B address field, the same data will 
be available at the B port. Different addresses at A and B address inputs 
will yield different data at the two output ports, i.e. simultaneous access 
to two RAM words. 

When new data is to be written into the RAM, the B address input must 
be used. The RAM data input is driven by a 3-input multiplexer. This 
configuration is used to shift the ALU output data (F) if desired. the RAM 
input data always comes from the ALU. 

The RAM has two shift inputs/outputs which are intended ~or cascaded 
operation. 

A summary of the use of the RAM addresses can be found in Appendix 2. 
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The Q register is a separate 4-bit register intended for arithmetic operations 
and for use as an accumulator or holding register. Its input field is driven 
by a 3-input multiplexer, which allows direct up/down shift operations. 

For cascaded operation, the Q register has two shift inputs/outputs 
simular to those of the RAM. 
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Arithmetic Logic Unit (ALU) 

The ALU has two input fields: Rand S. The data sources for the Rand S 
fields are determined by instruction bits 12 - 10 (ALU source). The 
following table shows the combinations available: 

Mnemonic 

AO 
AS 
ZO 
ZB 
ZA 
DA 
DO 
DZ 

A = RAM A-port 
B = RAM 8-port 
o = 0 register 

Microcode 

12 11 

L L 
L L 
L H 
L H 
H L 
H L 
H H 
H H 

AlUsource 
operands 

10 
Octal 

R S 
Code 

L 0 A 0 
H 1 A B 
L 2 Z 0 
H 3 Z B 
L 4 Z A 
H 5 D A 
L 6 D 0 
H 7 D 0 

D = Direct data input 
Z = 0 (fixed logic zero; 

The ALU function, Le. the operation performed on the operands applied 
to Rand S inputs, is determined by instruction bits 15 - 13 (ALU Function). 
The following table shows the eight functions (three binary arithmetic 
and five logic functions): 

Microcode 

-;. Mnemonic 15 

Add L 
Sub~ L 
Subs L 

Or L 
And H 

Notrs H 
Exor H 

Exnor H 

v = Boolean inclusive or 
¥ = Boolean exclusive or 

14 

L 
L 
H 
H 
L 
L 
H 
H 

AlU 

13 
Octal 

function Symbol 
Code 

L 0 R PlusS R+S 
H 1 SMinusR S-R 
L 2 R MinusS R-S 
H 3 RorS RvS 
L 4 RandS RAS 
H 5 RandS RAS 
L 6 R ex-orS R¥S 
H 7 Rex-norS RvS 

A = Boolean and 
R = Complement of R 

The ALU data output (F) can be routed to several destinations. Eight 
combinations are possible, as defined by instruction bits 18 - 16: 

Microcode RAM function Q-REG function Youtput 

Mnemonic 18 17 16 
Octal 

Shift load Shift load code 

Oreg L L L 0 X None None F~O F 
Nop L L H 1 X None X None F 

RAMA L H L 2 None F~B X None A 
RAMF L H H 3 None F~B X None F 

RAMOD H L L 4 Down F/2~B Down O/2~O F 
RAMD H L H 5 Down F/2~B X None F 

RAMOU H H L 6 Up 2F~B Up 20~O F 
RAMU H H H 7 Up 2F~B X None F 

X = Don't care. Electrically, the shift pin is a TTL input internally connected to a three-state 
output which is in the high-impedance state. 

8 = Register addressed by B inputs. 

Up is towards MSB, Down is toward LSB. 
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For example, Qregresults in two things: 

" The ALU output (F) is loaded into the Q register on the next high-to
low clock transition. 

• The ALU output (F) is available on the three-state data Oq.tP4t port (Y). 

RAMQD results in several events: 

" The ALU output (F), shifted one step down (= F/2), is loaded into 
the RAM position addressed by the B address field on the next clock 
pulse. 

• The Q register output (Q), shifted one step down (= Q/2) , is loaded 
into the Q register on the next clock pulse. 

• The ALU output (F) is available on the three-state data output port (Y). 

It should be noted that carry in modifies the arithmetic functions but not 
the logic functions. 

Three status flags from the ALU are used in the CCC application: Carry, 
Sign, and Zero. The. Sign flag is the most significant ALU output (bit 
F3), which can be used to determine positive or negative results without 
enabling the three-state output. 

Cascaded operation 

In CCC two microprocessor slices operate in cascade. The result is that 
8-bit data words can be processed. Fig. 36 shows how the slices are cascaded. 
Clock, address, and instructions are applied in parallel, whereas Carry, 
RAM-shift, and Q-shift terminals are connected in series. The 4-bit data 
in/out fields are taken together to form 8-bit data fields. 
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Fig. 36. Cascaded microprocessor slices 
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The RAM and Q-register shift circuit is shown in Fig. 37. The shift selectors 
connected to the outer ends of the array determine the type of shift 
operation to occur. Depending on the SO - Sl shift function code in 
conjunction with instruction bit 17 a zero, a one, or an overflowing bit 
from the RAM or Q-register is entered into the "empty" bit position. 
Fig. 38 describes the shift possibilities available. 
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Fig. 37. Shift selectors 
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Microprogram controller 

General 

The microprogram controller is an address sequencer intended for 
controlling the sequence of execution of microinstructions ~tored in a 
microprogram memory. It provides for sequential access and conditional 
branching. The microprogram controller generates a 12-bit address. 

Instruction 
Branch address/ 
Loop number Clock 

(4 BITS) I (12 BITS) 

.-------' 

- f-----8- Register/Counter -

R=O .----+--1 1-----'----1 1-----1----, 

~~~ I 
~ 

~ Stack poin.., I 
, 7-

~ 
i--

Instruction 

~ 
Decoder I---

i--

1 

D 

Fig. 39. Microprogram controller 

The microprogram controller (Fig. 39) contains an instruction decoder, 
and a multiplexer which selects the output address from one of the 
following four sources: 

E90002332E 



46 Communication Processor, Local ERICSSON ii 

• Directly from the branch address field of the pipeline register (see 
CCC processor) 

• Register/Counter 

• Five-level stack 

• Microprogram counter 

The operation is governed by 16 instructions, most of which are conditional 
with regard to external test conditions, state of register/counter (zero or 
not) or both. 

When carry in (CI) to the increlnenter is high, the next clock puIs loads 
the current output address plus one into the microprogram counter. 
When CI is low, the output address is loaded unaltered into the counter. 

The microprogram counter is the source for sequential stepping in the 
microprogram. It also provides return addresses to be pushed into the 5-
word stack. The stack is controlled by a stack pointer which always points 
to the last word written. 

The register/counter.is intended for loop counting. A preloaded loop 
number is decremented down to zero, which is used as a microinstruction 
test criterion. 

The CC and CCEN inputs are used for testing of external conditions. 
See section Test condition logic. 

Microprogram controller instructions 

The following table provides a summary of the 16 instructions available. 
Note that actual push/pop operations in the stack, and loading/decrementing 
of the register counter occur on the next low-to-high clock transition 
following the current instruction. 

Microprogram controller instructions 

13 - 10 Mnemonic 

o JZ 

1 CJS 

2 JMAP 

3 CJP 

Name and description 

Jump zero 
Jump to address zero. The stack is cleared. 

Condjsbpl 
Jump to subroutine at the address provided by 
the pipeline register, if the test condition is true. 
A return address is pushed into the stack. If 
the test condition is false; the next address is 
supplied by the microprogram counter. 

Not used. 

Condjumppl 
Jump to the address provided by the pipeline 
register, if the test condition is true. If the test 
condition is false; the next address is supplied 
by the microprogram counter. 
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4 PUSH Push/Cond ld cntr 
Push the next address into the stack. If the test 
condition is true; load the number from the 
pipeline register into the register/counter. 
Then the next instruction. 

5 lSRP Cond jsb r/pl 
If the test condition is true; jump to subroutine 
at the address provided by the pipeline register. 
If false; jump to subroutine at address provided 

'by the register/counter. In both cases, the return 
address is pushed into the stack. 

6 ClV Cond jump vector 
If the test condition is true; jump to the address 
provided by the pipeline register (8 most signi-
ficant bits) and the D-bus (4 least significant 
bits). If false; the next address is supplied by 
the microprogram counter. 

7 JRP Cond jump r/pl 
If the test condition is true; jump to the address 
provided by the pipeline register. If false; jump 
to the address provided by the register/counter. 

8 RFCT Repeat loop, cntr=O 
If the register/counter contains non-zero value; 
go to the address provided by the stack, and 
decrement the register/counter. If zero; go to 
the next address, supplied by the microprogram 
counter, and pop the stack. 

9 RPCT Repeat pI, cntr=O 
If the register/counter contains non-zero value; 
go to the address provided by the pipeline 
register, and decrement the register/counter. 
If zero; go to the next address, supplied by the 
microprogram counter. 

A CRTN Condrtn 
( If the test condition is true; jump back to the 

return address, supplied by the stack, and pop 
the stack. If false; go to the next address, 
supplied by the microprogram counter. 

B CJPP Cond jump pI & pop 
If the test condition is true; jump to the address 
provided by the pipeline register, and pop the 
stack. If false; the next address is supplied by 
the microprogram counter. 

C LDCT Ld cntr & continue 
Load the contents of the pipeline register into 
the register/counter. Then the next instruction. 
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Test end loop 
If the test condition is true; go to the address 
provided by the microprogram counter, and 
pop the stack. If false; go to the address provided 
by the stack. 

Continue 
Continue to the next address, provided by the 
microprogram counter. 

Three-way branch 
If the test condition is true; go to the next address 
provided by the microprogram counter, and 
pop the stack. If false, and the register/counter 
contains a non-zero value; go to the address 
provided by the stack. If false, and the register/ 
counter contains zero; go to the address provided 
by the pipeline register, and pop the stack. 

Test condition logic 

The microprogram controller uses two test condition inputs, CC and 
CCEN for conditional branching. Five bits in the microinstruction, 
Cond 3-0 and Condpol, determine the parameter to be tested, and the 
signal polarity desired for a pass decision. Fig. 40 describes the function 
of the test condition logic. 
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The various test signals are described in the following table: 

CORd Signal Description 
3-0 

0 Zero The ALU outputs contain all zeros. 

1 Sign The most significant ALU bit is 1. 

2 Full The microprogram controller stack is full. 

3 Carry Carry out from the ALU. 

4 IRQ IRQ from the CPB 
or SEL from the channel 
or DIS from the front panel Enable/Disable 
switch. 

5 IRQCP IRQ from the CPB. 

6 Not used 

7 SEL Selected from the channel. 

8 SRV+SEL Service out or Select out from the channel. 

9 PC ERR The parity check has detected an error. 

A SRV&SUP Service out and Suppress out from the channel. 

B SYNC Special pulse related to the system clock (see 
Clock pulse circuits). 

C DIR Direction signal which determines if the CCC 
or the CPB has access to the line buffer (High 

t 
level means that the CCC has access). 

D Time-out strap Normally+5V 

E CHAIN The channel has ordered command chaining. 

F OV U sed for unconditionalbranc,hing. 

Clock Pulse Circuits 

The control pulses required for the CCC operation are derived from the 
CPB system clock Per 02. Since the CCC memories (line buffer and 
communication memory) can be accessed from the CPB as well as from 
the CCC, clock and control signals must be synchronized. 

The clock pulse circuits on the CCC 1 are based on a phase-locked loop. 
Per 02 (approximately 1 MHz) is used as a reference frequency. A 
voltage controlled oscillator operates at a frequency that is eight times 
higher then Per 02. This 8 MHz clock signal (2Cl) is divided in three 
flip-flops down to the Per 02 frequency, and applied to the phase detector 
for comparison. 

E90002332E 
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DIN 

Bus in 

Bus out 

cee 1 

eee 2 

FF: Direction 

00-07 

Srvout WRITE 

Line buffer 
8k x 8 bits 

RWM 

Coarse 
address 
decoder 

Line buffer 
enable 

0-7 

RiW 

AO-A12 

00-07 

Data Address 
CPB 

Fig. 42. Line buffer 

In CCC mode, the enable signals E and WE are obtained from the current 
microinstruction. E is basically the logic OR of the READ and WRITE 
bits. 

The write enable signal WE is derived from WRITE, but the timing is 
adjusted to provide some margin with respect to docktransitions. This 
allows data to settle prior to write. The timing of WE is shown in Fig. 43. 

Fig. 43. WE timing 

E90002332E 
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Data to the channel is routed to Bus in via the Y -bus. R from the micro
instruction controls the three-state buffer to the Y-bus. DIN (Data in), 
decoded from the microinstruction, clocks the data into the Bus in latch. 

Data from the channel is clocked from Bus out into a latch by Srv out 
(a tag out signal). Write from the microinstruction enables the data from 
the latch to be applied to the data I/O ports of the line buffer. 

When control of the line store is to be turned over to the CPB, the 
CHANGE bit in the microinstruction goes low. This allows the direction 
flip-flop to change state on the next CPB clock pulse. 

In CPB mode, the lin~ buffer occupies part of the system memory map 
(Fig. 34). The buffer is addressed by the CPB address bus, bits AO-A12. 
The enable signal is generated in the coarse address decoder. Here it is 
determined that the current address is in the line buffer. 

A signal RIW (strobed by COL) (both from the CPB bus) is used as the 
write enable (WE) signal in CPB mode. 

Data to/from the CPB data bus is routed via a bidirectional buffer 
controlled by RlW from the CPB. The buffer is enabled if the address is 
in the correct range, and the line buffer is in CPB mode. 

Line buffer handling 

The line buffer is normally set in direction CCC. When the CPB accesses 
the memory (transfer of data to/from a device) the line buffer functions 
as an ordinary R WM memory to the CPB. 

Before the CCC can transfer data from the line buffer to the channel, the 
line buffer must be set in direction CCC (tested on the D IR signal) and 
the address counter must be reset. In the first instruction, data from the 
memory is transferred to the Bus in of the channel via a three state buffer 
(enabled by R from the microinstruction) and a register (clocked by 
D IN from the microinstruction). 

In the next sequential instruction the signal Srv in to the channel is raised 
and the address counter is incremented (INC from microprogram). Srv 
in is raised directly by a signal Srv in from the pipeline register. 

The counters of data length (Counth and Count!) in the microprocessor 
RAM registers is then decremented and tested for carry. (No carry if an 
data is sent). 

Then the condition Sel out or Sup out raised is tested as a sign that the 
channel has received the data byte. The signals Sel out or Sup out in 
tags out are ored by hardware and fed to the test condition selector. 

When the test condition is passed, Srv in (from the pipeline register) 
is immediately dropped and a new data byte from the line buffer is trans
ferred to the Bus in of the channel. 

This means that the minimum time for sending a data byte is equal to 
four microinstructions (clock periods), which is equal to a maximum 
transmission rate of 1 Mbyte/s. 
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Communication Memory 

Communication memory design 

D 

The communication memory is a 256 bytes read/write memory using two 
256 x 4-bit static RAM chips. Its purpose is to store system and de.vice 
status, and other data governing the communication process. It can be 
accessed by the CPB as well as by the CCC. Fig. 44 shows the basic 
configuration. 

YO-Y7 

YO-Y7 

A 00-07 

y 

CCC bus 

STAA 

AO-A7 

Communication 
memory 

256 x 8 bits 
RWM 

ES 

vx 

VX·RIWCP 

Coarse 
address 
decoder 

00-07 

00-07 

R/WCP 

AO-A7 I 

A8-A15 

Data Address 
CPB bus 

Fig. 44. Communication memory 

Access to the memory is controlled by the signal VX. As can be seen in 
Fig. 41, VX is a clock signal with the same frequency as the CPB system 
clock Per 02: The CCC has access to the communication memory during 
the first half-cycle of VX, the CPB during the second half-cycle. This 
means that the CCC has only access during two of four CCC instruction 
cycles whereas the CPB has access during all CPB instruction cycles. 

When the CCC has control, the address is taken from the Y-bus via a buffer 
register. The signal ST AA (decoded from the microinstruction) loads 
the address into the register. VX enables the three-state output. 

The enable signals E and WE are taken via a selector controlled by VX. 
InCCC mode, the E signal is derived from ES which is one bit in the 
microinstruction. Similarly, the WE signal is derived from the RIW bit 
in the microinstruction. For correct timing this signal is gated with 
MCK, to provide some margin for settling times. MCK is a special clock 
signal. See Fig. 41. 

E90002332E 
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In CCC read mode the signal Staread, decoded from the microinstruction, 
enables the output buffer to the D-bus. 

In CCC write mode the Y -bus data is loaded into a register which is enabled 
by VX and R/W (from the microinstruction). 

In CPB mode, the communication memory occupies part of the system 
memory map (Fig. 34). The memory is addressed by the CPB address 
bus, bit AO - A 7. The enable signal E is generated in the coarse address 
decoder. Here it is determined that the current address is in the commu
nication memory. 

Write enable WE in CPB mode is derived from CPB RIW gated with 
MCK. 

Communication memory handling 

Since the communication memory (see Figs 31 and 44) is shared in time 
multiplex between the CCC and the CPB, the CCC must check if the 
memory can be acceessed. This is done by testing the SYNC signal in the 
test condition selector. The SYNC signal is generated by the dock pulse 
regenerator and indicates to the program that the CCC has access to the 
communication memory for two clock periods. 

The microinstruction which tests SYNC is then repeated until SYNC 
becomes valid. The same instruction also clocks the memory address to 
a register between the Y -bus and the address lines of the communication 
memory by means of the control signal ST AA. The address to the 
communication memory is often fetched from the microinstruction in 
the pipeline register (immediate data) and fed via the D-bus, through 
the processor to the Y-bus. 

Then when SYNC becomes valid the microprogram controner outputs 
the address of the next microinstruction. 

If a read sequence is executed, the three-state buffer of the communication 
memory, is enabled (by Staread decoded from the pipeline register) for 
two sequential microinstructions (set up time for the memory). Data is 
then fetched via the D-bus in the last of these two microinstructions. 
Data can either be stored in any register of the processor, or just pass 
through the processor simultaneously as the flags are affected (Zero, 
Carry etc) .. 

The CPB can access the communication memory at any time, since the 
CCC clock frequency is four times higher than the CPB clock frequency, 
and the CPB only uses the two free CCC clock periods for access. 

Channel Interface Logic 

Select 

The Select outlin signals from the channel, in contrast to all other busl 
tag lines, are not connected directly to the line receiver on the CCC. 
Instead, they are connected via a priority switch to two relays. See Fig 45. 
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-Channel 
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Fig. 45. Select circuits 
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Termination -

..----...Sel out 

Sel in 

K2 

t-9----o+ 12 V 

RELAY 
L-...-;,.........f---t-----O------,.:j, 

.r-)-
\r:=~ 

I 
I 
I 
I 

VI 

----0 DISABLE ....... 

_--11--0 Sel out (CCC 2) 

'------i--t----IIIt---Q Sel in (CCC 2) 

Selout 

Both relays are energized when 
CPL is in enabled state. 

'-------QO V 

CIB 

When the CPL is switched off or in disabled state, both relays are off. 
This means that a Select out from the channel (or a Select in from the 
termination side, if low priority) is automatically propagated. In the 
enabled state, both relays are energized. This means that the select signal 
can be sent to the line receiver on the CCC. If the selection attempt proves 
unsuccessful, the CCC generates a Select in signal which is propagated 
"down the line" to the next control unit. 

Select logic 

The purpose of the select logic is to respond quickly to a selection attempt 
from the channel See Fig. 31. The circuits generate a SEL signal if the 
attempt is successful. Unsuccessful attempts result in a propagated select 
signal, sent out from the line driver. 

Select out, Hold out and Address out together form the condition for a 
selection attempt. The address decoder determines if the address on 
Bus out is within the valid address range. This range is determined by 
the CPL system software which (in advance) has loaded a control unit 
address and a mask value into the two registers connected to the address 
decoder. The mask value depends on how many devices the cluster contains, 
and is used to determine the number of address bits (on Bus out) to be 
decoded. For example: For 16 devices the mask value is FO(16) and bits 
7 - 4 are decoded. 

The Select out and Hold out signals gated together are applied to a gate/ 
flip-flop network where possible glitches are suppressed. Valid address 
and Select/Hold out together form the signal SEL. This signal is sensed 
by the microprogram via the test condition selector and indicates that 
the selection sequence can proceed. 

E90002332E 
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Chaining 
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Another situation when Select out occurs is as a response to Request in. The 
microprogram can generate two types of Request in signals; suppressible 
and non-suppressible. These signals are labelled Req 2 and Req 1, 
respectively. Request in to the channel is an or function of Req I and 
Req S (= Req 2 gated with Suppress out). The same or function also 
provides a condition for the signal SEL. In order to block cases, when 
the channel raises Select out when addressing another unit (i.e. not as 
a response to Request in), the signal Address out is used to block the 
generation of SEL in such cases. 

A signal CHAIN (to the test condition selector) is generated if Suppress 
out is up when Service out goes up as a response to status Channel end or 
Device end. Chaining stops as soon as Suppress out drops for minimum 
250 ns. 

Decoding of Tags in 

To make the decoding of tags and commands as fast as possible, a special 
microprogram table -is used. The microprogram instruction sends the 
start address of the table (A4 - All) to the microprogram controller, 
(see Fig. 46) but also activates the VECTsignal. The VECTsignal switches 
over the address selector to the microprogram controller, so that the 
four lowest address bits to the microprogram controller are selected 
from the D-bus, bit 0 - 3. The same instruction also enables the tag out 
register by the TAG 0 signal, which is decoded from the pipeline register. 
The important tag out signals then become available on the D-bus. 

This means that the start address of the 16 byte wide decode table (see 
below) is pointed at by the microprogram instruction, and one of the 16 
instructions is pointed at directly by the additional four tag out bits. The 
microinstructions in the table can either order a jump to a certain instruction 
or return to the decode table again. 

Tag decode table 

Address • 
pointed out 
by the micro
program address 
(bits A4-A 11) 

Addresses 
pointed out 
by the tag 
out signals 
via D-bus 
(bits DO-D3) 

Go to Srvstareq 

Return 
Go to Tagdecode 

Tags out (DO-D3) 
0000 
0001 
0010 

1101 
1110 
1111 
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Fig. 46. Decoding of Tags in 
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Reset Logic 

Several types of reset signals are generated: 

• Power-on reset 

• Reset button reset 

• System reset 

• Selective reset 

The three first reset types are taken together, forming the general reset 
signal which makes the program jump to address zero. 

Power-on -reset is generated by a timer circuit. 

The Reset button is connected to CPB. It generates the NMI signal 
which is actually manual reset. 

System reset is caused by the channel dropping Operational out. If 
Suppress out is low this leads to a general reset of all units connected. 

If Operational out drops with Suppress out high, the channel has generated 
a Selective reset. This reset, which is sensed by the program, is only 
causing reset in the unit which has Operational in high. 

When a reset has caused the program to jump to address zero, the program 
route from there on depends on the type of reset. Therefore, a latch circuit 
stores this information so that the program can test it. 

.) 



( 

ERICSSON ~ 59 

Appendix 1 

Microinstructions 

General 

The microinstructions, which control the CCC unit, are presented as 64-
bit words from the pipeline register. In the program list, each micro
instruction is presented as a 16 character string. Each character represents 
the hexadecimal code of four microinstruction bits. To make it easy to 
understand the function of the microinstruction, a microinstruction can 
be divided into the following three sections: 

MSB LSB 

E 1 5 0 F 8 E 7 F F F F F F 7 F 

I L Control signals 

'--------- Processor functions 
and data 

L..-_______________ Microprogram jumps 

Microprogram jumps 

The 21 most significant bits in the microinstruction are used to control 
the microprogram controller and the test condition selector. 

MSB 

E150F8-

1.-1 -----1 bit 

J...-....,----- 4 bits 

1---------12 bits 

'------------ 4 bits 

Used to select test condition polarity. 
For example: 0 = if zero 1 = if not 
zero. 

Used to select test condition. 
For example: 0 = Zero, 3 = Carry 
F = unconditional. 

Used either to point out the address 
to the next microinstruction or to 
load the register/counter of the 
microprogram controller. 

U sed as an instruction to the micro
program controller. For example: 
E = address next sequential instruc
tion in the PROM. 

See also section entitled Microprogram controller. 

E90002332E 
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Processor Function and Data 

The following 27 bits are used to control the processor and to put immediate 
data on the D-bus from the microinstruction PROM. 

-SE7FFFF-

TI--___ S bits U sed to address the RAM (A and 
B address) of the processor. 

1.--_____ S bits Immediate data to the D-bus from 
the microinstruction. 

'---------2 bits Sl, S2 used to control the shift selector 
of the processor. 

3 bits ALU source control 
'---------{ 3 bits ALU function control 

3 bits ALU destination control 

See also section entitled Microprocessor slice. 

Control Signals 

The least significant bitl..in the microinstruction are used as control signals 
such as RIW, register latch, etc. 

LSB 

- - - FF F F 

II-----16 bits 

Bit Hex Signal 

0 CHANGE 

1 Srvin 

2 Es 

3 RIW 

U sed as control signals 

Function 

Changes the access direction of the 
line buffer memory by affecting the 
direction flip-flop. 

Service in to the channel 

Enable to the communication 
memory 

Read/Write to the communication 
memory 

~l These microinstruction bits are decoded in a three-to-eight 
decoder, giving the following result: 

0 INC Increments the address counter of 
the line buffer memory 

( 
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1 CLR Clears the address counter 

2 IRQCCC Interrupt request to CPB 

3 RPC Resets the parity check flip-flop 

4 LDC Loads the carry flip-flop in the status 
register 

5 Disable Sets the enable/disable flip-flop in 
state disable 

6 Enable Sets the enable/disable flip-flop in 
state enable 

7 Not used 

7 CD Carry in to the processor 

8 W Write to the line buffer memory 

9 R Read to the line buffer memory 

10

1 
11 Decoded in a three-to-eight decoder 
12 

0 DIN Loads data in register to the channel 

1 TAGI Loads tag in register to the channel 

2 STAA Loads the communication memory 
address register from the Y -bus 

3 MASK Loads the mask register from the 
Y-bus 

4 ADR Loads the address (CPL- and device 
address) into the address register 
from the Y -bus 

5 IND Loads register for the indicators on 
the front panel from the Y -bus 

6 LDZ Loads the zero and sign flip-flops 
in the status register 

7 Not used 

13

1 
14 Decoded in a three-to-eight decoder 
15 

0 Resets the interrupt flip-flop 

1 Not used 

E90002332E 
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2 Not used 

3 DATAO Enables data out from the channel 
to the D-bus 

4 TAG 0 Enables tags out to the D-bus 

5 Enables immediate data from the 
pipeline register 

6 Staread Enables the buffer for data transfer 
from the communication memory 
totheD-bus 

7 CONDS Clocks the condition register (DIS, 
TEST and SYSTEMRESET) 
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Appendix 2 

Microprocessor Register Allocations 

The 16 word RAM of the microprocessor contains the following registers. 

Addr Mnemonic 

0 W1 
1 W2 
2 W3 
3 W4 

4 Counth 
5 Countl 

6 Not used 
7 Not used 

8 Scan 
9 Mskreg 
A Adrreg 
B Stareg 
C Senreg 
D Pgmsta 
E Ticopy 
F Cmdreg 

WI toW4 

Counth/Countl 

Scan 

Maskreg 

Adrreg 

Stareg 

Senreg 

E90002332E 

Name 

Working registers 

High 
byte count 

Low 

Device address scanner 
Maskfor local device number 

"Device address register 
Status register 
Sense register 
Program status register 
Tags in copy register 
Channel command register 

Working registers 

Counts the number of sent or received data bytes to 
or from the channel 

Address counter for scanning the device status 
table (OO-IF) 

Contains the highest device address. 

Contains the lowest device address. 

Register for storing the status of the device, before 
sending to the channel. 

Register for storing the sense byte of the device. 
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Pgmsta Program status register 

MSB LSB Hex 

I I I I I I 1 1 J 

I 01 Timeout 
02 Eos 
04 Chain 
08 Selres 
10 Intdisc 
20 Intbusy 
40 Cubusy 
80 Stareq 

CPtimeout 
End of selection 
Chaining 
Selective reset 
Interface disconnect 
Interface busy 
Control unit busy 
Status request 

Combinations: AO Stareq/Intbusy 

Ticopy 

MSB 

98 Stareq/IntdisclSelres 
88 Stareq/Selres 
18 IntdisclSelres 
19 IntdisclSelres/Timeout 
60 Cubusy/Intbusy 

Copy of tags in register, used when changing bits 
without intervention with other bits in tags in. 

LSB Hex 

01 Reqis 
L..--_ 02 Reqi 

'-----08 Stai 
'-------10 Adri 

Request in, supressible 
Request in 
Status in 

'---------20 Opli 
Adressin 
Operational in 

Combinations: 

Cmdreg 

30 Adri/Opli 
28 Opli/Stai 
18 Adri/Stai 
13 Adri/Reqis 
03 Reqi/Reqis 

Commands to or from the channel are temporarily 
stored in this register. 
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Appendix 3 

CQmmun,i~ation Memory Allocations 

General 

The communication memory, multiplex shared between the CCC and 
the CPB, contains the following areas: 

CCC adr 

FF 

80 

76 

69 

60 

40 

20 

00 

Not used 

eeecom 

CPBcom 

Device 

typtable 

Device 

sensetable 

Device 

status table 

E90002332E 

CPB adr 

D5FF 

i\ 
\ 

\ 
.\ 

\ 
\ 

F500 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 
\ 

\ 

_-76-

75 

74 

73 

72 

71 

70 

6F 

6E 

60 

6C 

69 

68 

67 

66 

65 

\ 64 
\ 

\ 63 

\62 
\ 

61 
\ 

"-

60\ 

cce communication 

Erraddrl 

Erraddrh 

Errdata 

Errcode 

Ident 

Sense 

Bytes 

Wrlengthl 

Wrlengthh 

IBMcmd 

CCCcmd 

Todev 

CPB communication 

Indic 

Not used 

CPLadrl 

CPLadrh 

Rdlengthl 

Rdlengthh 

CPBsense 

CPB status 

CPBcmd 

Fromdev 
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CPBcmd, Command to CPB 

MSB LSB Hex 

I : : : : I 
o CPB ready to accept a new interrupt 

request 
1 DoIBMcmd 
2 Enable 
4 Disable 
5 Syre 

L---_-; 6 Endof sel 
7 Pureq 
8 Noop 
A Selecreset 
B Test 
C Test ok 
D Test err 

CCCcmd, Orders from CPB (Command to CCC) 

Device type word 

MSB LSB Hex 
Ir---r---: --.--: -.---.---r---rl---r:----" 

T 100 DU 
101 PU 

Display unit 
Printer unit 
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Device sense word 

MSB LSB Hex 

I I I I I I I I I 

I 

Device status word 

01 OC 
02 CC 
04 US 
08 DC 
10 EC 
20 BOC 
40 IR 
80 CR 

Operation check 
Control check 
Unit specify 
Data check 
Equipment check 
Bus-out check 
Intervention required 
Command rej ect 

MSB LSB Hex 

I I I I I I I I I 

I 

Combinations: 

E90002332E 

01 UE 
02 UC 
04 DE 
08 CE 
10 BU 
20 CUE 
40 SM 
80 AT 

Unit exception 
Unit check 
Device end 
Channel end 
Busy 
Control unit end 
Status modifier 
Attention 

94 AT/DE/BU 
84 AT/DE 
50 SMIBU 
OC CE/DE 
OE CE/DE/UC 
06 DEIUE 
03 UCIUE 

67 
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Appendix 4 

Microprogram Function 

General 

This appendix will explain the function of the CCC by presenting some 
parts of the microprogram. To understand this information, the reader 
must be familiar with the channel signals and the signalling (data and 
commands) between the computer and the different devices. For information 
about registers and commands, see Appendices 2 and 3. As a detailed 
example of the microprogram design, the read sequence is chosen (a 
device sends data to the computer). The reader can then follow other 
sequences by means of the microprogram list. 

The microprogram of the CCC has a general design, which means that 
all types of channels can be handled (selector-, burst multiplexer-, and 
byte multiplexer channels). To interface the high-speed channel as fast 
as possible, some functions must be executed in hardware. These special 
functions are described in the detailed hardware description. 

Start-up routines 

The start-up routines (see Fig. 47) include internal tests, communication 
test and initiation routines of the CCC. These routines are entered at 
Power on (when power to the CPL is switched on), Reset (the Reset 
pushbutton on the front panel is depressed) or System reset (ordered 
from the channel at any time). 

Power on/Reset 

Immediately after power to the CPL is switched on or the Reset push
button is depressed, the lamps L1-L4 on the front panel are switched on. 
Lamp 1 is then switched off as a sign that the program has started. 

Then the program performs a test of the microprocessor. If the test is 
carried out correctly lamp 2 is switched off, else the program enters an 
error loop (see later on). 

Then the program tests the line buffer, by writing and reading data (zero 
and one). If no errors occur lamp 3 will be switched off. 

These two tests will take place very rapidly. That is to say, lamp 1-3 will 
only be on for a short while at power on or reset if no errors occur in the 
tests. 

If an error occurs, only lamp 1 or lamp 1 and lamp 2 will be switched off 
depending on which test failed, and the program will stop. At program 
stop an error code will be available at the Y -bus. 

E90002332E 
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Power on or Reset Test 
condition 
register 

Microprocessor 
test. Lamp 2 off r------, 

Line buffer 
test 
Lamp 3 off 

Communication 
test 
Lamp 4 off 

cee 
initiation 

Fig. 47. Start-up routines 

System reset 

Microprocessor 
test. Lamp 2 off 

eee 
initiation 

System reset 
to eps 

Lamp 3 and 4 
off 

End 2 
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Lamp 4 will be on until a communication test has been correctly carried 
out between the eee and the ePB. This test can not be entered until 
the system program has been loaded into the ePB, which means that 
lamp 4 might'be on for approximately 15 seconds before it will be switched 
off. If an error occur's lamp 4 will be steadily on and the program will 
enter the error loop. 

If all tests have been carried out correctly (lamp 1 - 4 switched off) the 
program enters the ece initiation program. This means that the channel 
address to the ePL is set up in the cce address decoder. The channel 
address is built up by one high address (highest device address) and one 
low address (lowest device address). Between these two addresses, 
the cec detects a valid address to the CPL. 

The two addresses are determined by the system program and are available 
in the communication memory, where the cec fetches the addresses 
and stores them in two registers (high address register and low address 
register). 
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Moreover, the registers in the microprocessor are reset in the CCC 
initiation state. The program then enters the disabled state. 

NOTE 
If there has been a Power on or a Reset start, the CPL is not yet connected 
to the channel. (The S~lect out signal of the channel passes the CPL unit 
both with high and low priority). The Select out signal can only be caught 
in the enabled state (the Enable lamp on the front panel on). 

System reset 

A System reset can be ordered at any time from the channel, when the 
CPL is in the enabled state (the Enable lamp on the front panel is on). The 
program then enters the same point as at Power on and Reset (address 
0000(16) in the microprogram). By sensing a condition register (Enable, 
Disable and System reset) the program decides if it was a System reset. 

The difference between Power on/Reset and System reset is, that the 
CCC is connected to the channel in System reset. The CCC thereby has 
to serve the channel ~uring the tests. 

The System reset starts with a microprocessor test, as in the Power onl 
Reset state. If the test is carried out correctly lamp 2 is switched off. If 
the test fails, error codes are set up in the communication memory to 
inform the CPB, and the program enters an error loop still serving the 
channel. 

If the microprocessor test was carried out correctly the program initiates 
the CCC (CPL addresses to the address decoder and reset of the micro
processor registers, see Power on/Reset) . 

The program then sets System reset to the CPB (Syre to CPB command 
in the communication memory) and sends an interrupt to the CPB. While 
the CPB executes the System reset command, the CCC is serving the channel. 
If the channel addresses the CPL in this state, the CCC immediately 
sends back CD busy status to the channel. 

When the CPB has executed the System reset command, the CPB returns 
an interrupt to the CCC. The CCC acknowledges this interrupt by switching 
lamp 3 and 4 off. 

This means that a' System reset can be noticed by watching the lamps on 
the front panel. A system reset rapidly switches lamp 1 and 2 on and off 
and makes lamps 3 and 4 glow steadily for about 10 seconds. 

Since System reset occurs in the enabled state, the System reset program 
module ends by entering a general subroutine End 2, which resets different 
registers in the communication memory and in the microprocessor. For 
information about End 2 see later on. 

The program then returns to the enabled'state. 
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72 Appendix 4 ERICSSON ~ 

Disable 

In the disabled state (see Fig. 48) the CCC is not connected to the channel, 
that is to say the Select out signal from the channel is by-passed via the 
relays on the CIB board both in high and low priority. The microprogram 
runs in a loop and can be affected only by the switches on the front panel 
or by interrupt requests from the CPB (which today is considered as an 
error). The Enable lamp on the front panel is off. 

If Test is selected on the front panel the CCC enters a background test 
loop and can be ordered by the CPB to perform microprocessor -, R WM -, 
and communication tests. 

If the Disable/Enable switch on the front panel is set to position enable, 
the program enters the module Dis ~ enable, which is a program for 
changing state to enabled. 

~ 
Disabled 

Test IRQ CPS Enabled 

~ ! 1 
Test back-
ground loop Set un- Dis~enable 

~ 
expected 
order ~ 

~ Tests orderd Interrupt CPS. 
by CPS 

( 
Send enable 

Error state. 

! Wait for go 

~ 
Line buffer 
to CCC 

~ 
Connect 
channel. 
Affect relays 
and enable 
lamp 

! 
( Enabled 

Fig. 48. Disabled state 
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Dis~ enable 

Enable 

This program module, used for change over from disabled to enabled 
state, first sets up the status meaning enabled and then sends an interrupt 
to the CPB. When the CPB has performed the interrupt routine and 
returns to the CCC with a "go" commancl, the CCC ~hCl:Ilges over th~ 
line buffer to direction CCC. 

Then the microprogram affects the relays in such a way that the Select 
out signal from the channel is fed in to the detector circuits of the CCC. 
The output signal, which affect the relays simultaneously lights the Enable 
lamp on the front panel, and the program enters the background loop of 
the enabled state. 

NOTE 
Selection of high or low priority is made by means of the switch on the 
CIB board (Up - high priority, Down -low priority). See circuit 
description. 

When the microprogram enters the background loop of the enabled state 
(see Fig. 49), the CCC is connected to the channel and the Enable lamp 
on front panel is on~ In the enabled state background loop the signals 
D IS (Disable from the switch on the front panel) and SEL (valid address 
and Select out from the channel) are tested. (IRQ CPB is actually also 
tested but not supposed to occure in current programs.) If none of the 
signals is present, the program checks the status word of one device. (from 
the Device status table in the communication memory). If there was no 
AT (Attention) or DE (Device end) in the status, the device address 
scanner (Scan) in the processor will be incremented and the program 
returns to the start of the background loop. The looping continues until 
an AT/DE status is found somewhere in the device status table, SEL is 
detected from the channel, or the EnablelDisable switch is set to position 
disable. 

If a SEL is detected, it means that the channel wants to enter a write or 
read sequence, and the program enters the module Channel sel described 
later on. 

NOTE 
If the NormallTest switch is set to position test, the program immediately 
disconnects the CPL unit from the channel and stops the microprogram 
execution. This function is used as an emergency stop. 

Enable~ dis 

If a DIS is detected in the background loop of the enabled state, the 
Enable ~ dis microprogram module is entered. This program releases the 
relays in a special sequence (necessary for the fast channel), and sends 
an interrupt to the CPB telling that the CCC enters the disabled state. 
When the CPB returns from the interrupt with a "go" command, the 
CCC switches over the line buffer to the CPB and enters the disabled 
state. 
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Fig. 49. Enabled state 
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When the status Attention or Device end is found in the device status 
table, the microprogram immediately enters the AT/DE module, (see 
Fig. 50). The program then transfers the status to the Stareg in the micro
processor and resets the Attention bit in the status register of the device 
status table. Then the Unit check bit (UC) in the device status is checked. 

If the Unit check bit is set, there has been some error in the device. If 
so the status of the device is transferred to Senreg in the microprocessor 
for later transmission to the channel. 
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from Enabled 

+ 
AT/DE ) 

t 
Store device status 
in Stareg 

+ 
Calculate device 
address 

9 
Set Intbusy and Stareq 
in microprocessor , 

Raise Reqi to the channel 

, 
85 

Wait for SEL 

• to Channel sel 

Fig. 50. AT/DE 

Then the "real" device address is calculated, since the address pointer in 
the Scan register in the microprocessor scans only between 00(16) and 
IF(16) in the device table. That is to say, the Scan register address is added 
to the low CPL address, which is available in the CPLadrl register in the 
CPB communication section of the communication memory. The device 
address is then stored in the device address register (Adrreg) in the 
microprocessor. 

To indicate that the CCC is now busy and cannot serve a call from the 
channel, the Status request and Interface busy bits in the Pgmsta register 
of the microprocessor are set. 

Now all required information about the device has been set up in the 
microprocessor (device address, device status and, if Unit check was set, 
device sense). 

The program status register (Pgmsta) in the microprocessor indicates 
that the CCC is busy (Intbusy bit set). The CCC can now set Reqis to the 
channel. 

The tag in signalling to the channel proceeds via the Ticopy register in 
the microprocessor. Reqis in the Ticopy register is set and Ticopy is 
clocked to the tag in register, where Req in to the channel is raised. 

E90002332E 



76 Appendix 4 ERICSSON ~ 

The program then enters a background loop (B5) waiting for a call back 
from the channel, that is to say the internally generated SEL signal. The 
SEL signal is generated when Select in is raised by the channel and the 
Bus in contains a valid address for the CPL unit. The SEL signal is fed to 
the test condition selector, where it is tested by the background loop. 

Since the program is now waiting for a call from the channel, the module 
Channel sel (see Fig. 51) is entered when the SEL signal becomes active. 
In the general Channel sel module, which is decribed in detail later on, 
there is a test if the call is an answer to the request. If so (if the Adr out is 
not raised in connection with Select out signal) the program immediately 
enters the module Srvstareq (Serve status request). 

from B5 

Device adr to Bus in. 
Raise Adr in and Opl in 
Drop Req in 

Tagdecode B 

Reset Zero 

Drop Ai:lfln 

Tagdecode A 

Fig. 51. Channel set 
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Srvstareq 

Sta 

The Srvstareq program immediately answers the call from the channel 
by latching the device address (stored in Stareg of the microprocessor) 
to the Bus in, raising Opl in and dropping Adr in. Moreover Req in is 
dropped. The tag in operation is done via the tag in copy register, Ticopy, 
in the microprocessor, which always contains a copy of the present status 
of Tag in. 

By that sequence the CCC has answered the channel call and enters the 
Tagdecode B table waiting for Cmd out to raise. 

Tagdecode is a 16 byte table in the microprogram. When the module 
Tagdecode is entered the four lowest address bits to the microinstruction 
memory are taken from the tag out register (Adr out, Opl out, Cmd out 
and Srv out). The Tagdecode procedure is described in detail in under 
Channel interface logic. 

In the Tagdecode B table three things can happen: Cmd out goes up (Zero 
is set), the channel orders selective reset (Selres) for the device (Selres in 
Pgmsta is set and Zero is reset) or the channel orders interface disconnect 
(In disc in Pgmsta is set and Zero is reset). 

If Selres or Indisc was ordered from the channel in the Tagdecode B table 
the program immediately returns to the AT /D E program module. If 
Cmd out was raised, the program resets Adr in, resets Zero and goes to 
Tagdecode A. 

In Tagdecode A the program is waiting for Cmd out to drop. When that 
happens, Zero is set and the program returns to the AT/DE program 
module. In Tagdecode A the program can order Selres or Indisc as in 
the Tagdecode B case. 

When the program then returns to the AT/DE program module the can 
from the channel has been answered by transmission of the device address. 
The channel can either have responded by saying "continue" or by 
ordering a Selective reset or an Interface disconnect. 

What happened in the Tagdecode table is found out by testing Zero. If 
Zero is reset the program enters a module for serving Selective reset or 
Interface disconnect (ID/SR, described later on). If Zero is set the program 
enters the geperal module Sta for sending status about the device. 

In the Sta subroutine (see Fig. 52) the device status, stored in the Stareg 
in the microprocessor, is clocked to the bus in register. Then Tag in is 
raised via the Ticopy register in the microprocessor and the program 
enters Tagdecode B waiting for Srv out or Cmd out to rise. When this 
happens there is a Zero test just as in Srvstareq. If Zero is reset, the Selres 
bit in Pgmsta is set and the program returns to AT/DE. 

If Zero is set there is a test of Srv out. If Srv out is raised by the channel it 
means that the channel cannot receive the status just now. If so, sub
routine Stacksta is entered, to stack the status until the channel is ready 
to receive it. Stacksta subroutine is described later on. 
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Fig. 52. Sta 
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If Srv out is not up a chaining flip-flop in the control circuits of the 
channel is sensed via the test condition selector. If the channel orders 
chaining (the flip-flop is set), the Chain bit in Pgmsta of the microprocessor 
is set. Then Zero is set and the program enters Tagdecode A waiting for 
Srv out to drop. 

When Srv out drops the program returns to AT IDE and tests Zero. If Zero 
is reset, a selective reset has been ordered from the channel and the 
program enters the ID/SR module, for serving the reset. If Zero is set the 
program continues to End 1, which is a general routine for entering the 
background loop of the enabled state. 



( 

ERICSSON ~ Appendix 4 79 

End 1 

That means that we now have ended the sequence AT/DE, where an 
address and a status for a device have been sent to the computer. To return 
to the background loop of the enabled state, the program however must 
pass some general End routines. 

The general End 1 routine (see Fig. 53) starts with a test of the Eos bit in 
Pgmsta (End of selection bit in the Program status register in the micro
processor). If DE (Device end) was sent to the channel the program 
continues in the End 1 module otherwise the End 2 module is entered. 
End 1 continues by resetting the Stareg of the microprocessor. Then the 
program ~hecks Cubusy and Chaining (not described) and enters the 
Endsel program module. 

from AT/DE 

No 

Reset Stareg 

,.,--- ---I 
I Test Cubusy and Chaining : 

I I L___ _ __ --1 

Device adr to Todev 
Reset Eos 

Set interrupt 
to CPS 

to End 2 

Fig. 53. End 1 and Endsel 
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Endsel 

End 2 
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Endsel performs an acknowledge to the CPB that the status for a device 
is sent to the channel. First the device address is stored in Todev and Eos 
command is stored in the CCCcmd of the CCC communication memory 
area. 

Then the Eos bit in Pgmsta is reset and an interrupt is sent to the CPB. The 
program then enters the End 2 module without waiting for an acknowledge 
of the interrupt sent. 

The End 2 program module (see Fig. 54) first checks if the Cubusy bit in 
Pgmsta is set. If not, the Stareq and Intbusy bits in Pgmsta are reset and 
the line buffer is set in direction CCC. Then the Stareg (Status register) 
in the microprocessor is reset and the program returns to the background 
loop of the enabled state. 

If we continue in our example, the device now has sent status Attention 
for a read sequence and the CPB is ready to accept a Read command from 
the channel. The CCC, however, has no information stored about a coming 
read sequence (CCC loops in the enabled state). 

from Endsel 
or End 1 

r--- ----, 
I I 
I Test I 
I Cubusy I 
I I L___ _ __ ---1 

Fig. 54. End 2 
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Channel sel 

Then, when a valid address and the Select in signal comes up, the program 
enters the Channel sel program module (see Fig. 55). This module was 
also used when the device sent status to the channel (AT/DE). This time 
the same t~sts are performed in the mo(:lule. from Enabled 

Adr out to Adrreg 
Raise Opl in 

Tagdecode A 

Adrreg to Adr in 
Raise Adt in 
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to Cmddecode 

No 
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Fig. 55. Channel sei, [nit 
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In the previous case Srvstareq was selected, thus Adr out was not raised. 
In this case there is a check if Intbusy is set in Pgmsta. If not the program 
enters the Init program module. 

If Intbusy is set there can be two types of busy: Cubusy or Busy. At Cubusy 
(control unit busy) the CCC is busy serving another device than the one 
just addressed by the channel. If so, Cubusy status is sent to the channel 
(via BUSI and STAI raised). 

At Busy, the CCC is busy serving the device that the channel addresses. 
Then Busy is sent to the channel. 

The two types of Busy program modules also contain several other 
operations not described here. 

In our case we assume that the CCC is not busy, which makes the program 
enter the lnit (Initial selection program module). 

The lnit module immediately transfers the address from the channel to 
Adrreg in Pgmsta of the microprocessor and raises Opl in as an acknowledge 
to the channel. The' program then enters the Tagdecode A table after 
resetting Zero, waiting for Adr out to drop. If Zero is reset after passing 
Tagdecode A it means that the channel has ordered an Interface disconnect 
or a Selective reset, as in the first case (see AT/DE). If so the program 
enters the following Zero test. 

If Zero is set, the contents of the Adrreg is sent back to the channel (via 
BUSI and ADRI raised). The program then enters Tagdecode B waiting 
for Cmd out to rise. If Zero is reset after Tagdecode B, the program enters 
a test of Interface disconnect (ID) or Selective reset (SR). If ID was 
ordered, disconnection is performed immediately and the program returns 
to the background loop of the enabled state. If SR was orded the Selres 
module is entered. 

When Cmd out was raised in Tagdecode B it means that the channel has 
got a valid command on Bus out. If there is a parity error in the command 
(the PC flip-flop is set) the program enters the subroutine Dtwsubboc. 
If the commc~.nd is a sense command (the channel wants to read the sense 
byte of the addressed· device) the program module Sense is entered. 

Then the program checks the status of the addressed device (Device status 
table of the communication memory). If there was no Attention (AT) 
Device end (DE), Busy (B) or Unit check (UC) the program enters the 
Cmddecod table. 

In our example, the CCC has now received an address to a device, answered 
the channel with the same address, and checked that the device is free to 
receive a command. 
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Cmddecode 

In the Cmddecode module, (see Fig. 56) there is first a check if the channel 
command is valid for the CCC unit. Then the command is decoded in 
the same way as in Tagdecode (by the address selector in position D bus). 

Fig. 56. Cmddecode 
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Read 

Appendix 4 ERICSSON ~ 

The following commands except Read and Write can be detected: 

Sel/Eau 

SenseID 

Test 110 

Nop 

Sense 

·Cmdrej 

sent to, and carried out by, the CPB 
Sel = Select, Eau = Erase all unprotected 

sent to the CPL at channel start-up. The CPL answers 
the command by informing the channel about the 
type of control unit (CPL) that is connected. That is to 
say, four bytes (Ident, location 6P(16) - 72(16), from 
the communication memory) are sent to the channel. 
The contents (FF(16), 32(16), 74(16)' and ID(16) or IB(16) 
depending on the type of control unit) of Ident is 
determined by the system program. 

makes the CPL send present status to the channel. 

makes the CPL send different information depending 
on status. 

makes the CPL send status for the addressed device. 

invalid command. 

In our example we suppose that the channel has ordered a read sequence. 
Then the Senreg in the microprocessor is reset and the Adr in is dropped, 
as a signal to the channel that the command is accepted. The program 
then resets Zero and enters Tagdecode A, waiting for Cmd out to fall. 
When this happens the Intbusy bit in Pgmsta is set, because the CCC is 
now busy. 

Then Zero is tested to sense if the channel has ordered Interface disconnect 
or Selective reset. If so the program enters the ID/SR program module. 

The CCC is going to send the device status, stored in Stareg in the micro
processor, to the channel. For this purpose the general subroutine Sta is 
used, as described in case AT/DE. 

At return from Sta Zero is tested, because the channel can have ordered 
ID/SR. 

The CCC has now received the device address from the channel and 
answered by returning the same address. A Read command from the 
channel has been decoded and the CCC has sent status for the addressed 
device. Now the CCC must inform the CPB that a read sequence is going 
to take place. 

This is done by setting up the address to the device, in Todev in the CCC 
communication memory area. This task is performed by the subroutine 
RQCCCl. 

In IRQCCC 2 the channel command is transferred from Cmdreg in the 
microprocessor to IBMcmd in the CCC communication memory area 
and the line buffer is set in direction CPB. 

Then the Eos bit is set in Pgmsta and an interrupt request is sent to CPB. 
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The CCC is now waiting for an interrupt from the CPB, (see Fig. 57) which 
means that the CPB has stored the data from the device in the line buffer. 
During the wait, the CCC resets the address counter of the line buffer by 
using the CLR signal, and enters one of two background loops (B2 or 
B3). Background loop B2 is entered if the channel works in multiplex 
mode (Opl in drops) and B3 is enter~d in burst mode. 

from Read continue 

Reset 
adr counter 

83 

IRQCP81 

Linebuffer to CCC 

IRQCP83 

Rdlength to eee 

Fig. 57. Read (continued) 
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In the background loop the CCC is waiting for the interrupt from the 
CPB, but the CCC also serves the channel. If the channel cans during 
this sequence, the CCC immediately answers with status Cubusy (control 
unit busy). 

When the CPB then interrupts the CCC, the program enters a Zero test 
to see if the channel has ordered ID/SR. If not, subroutine IRQCPB 1 
is entered. Among other things IRQCPB 1 sets the line buffer in direction 
CCC. IRQCPB 3 then transfers the length. (Rdlengthh and Rdlengthl) 
from the CCC communication memory area to the working registers 
in the microprocessor. 

Rdlength is stored in the communication memory by the CPB during the 
backgroul1d loop and contains the length of data to be sent to the channel. 

The CCC is now ready to send data from the addressed device to the 
channel. 

If the channel works in multiplex mode (Opl in is dropped), the CCC 
has to raise Req in and wait, in background loop B5, for the SEL signal. 
Then subroutine Datatr-rd is entered to send one data byte and the program 
returns to raise Req in and background loop B5. This looping continues 
until an data bytes are sent. Then the Read-end module is entered. 

If the channel works in burst mode the subroutine Datatr-rd is entered 
at once. In Datatr-rd all data bytes are sent (burst) and the program finally 
enters the Read-end module. 

Datatr-rd 

In the Datatr-rd subroutine, (see Fig. 58) data from the line buffer is 
sent to the channel via Bus in and the counters (Address counter, Counth 
and Count!) in the microprocessor are decremented. Then Srv in is raised, 
indicating that data on Bus in is valid, and the address counter to the line 
buffer is incremented. Then the program is waiting for Srv out and Sel 
out to rise during four clock periods. In burst mode Srv out and Sel out 
usually rise during this time and the program drops Srv in, transfers a new 
data byte to Bus in and decrements the counter (Count) in the micro-
processor. . 

If Srv out and Sup out are dropped the program immediately returns to 
raise Srv in and increments the address counter. If Srv out and Sup out 
are not dropped the program enters subroutine Waitsrvdn (Wait for 
service down) before returning. 

In burst mode this loop normally is repeated until Counth and Count! in 
the microprocessor are both equal to zero, then the program enters Dtr
end. 

If the channel wants to interrupt the read sequence or changes over to 
multiplex mode, Srv out and Sel out are not raised within the four clock 
periods. In this case the program immediately enters Tagdecode C waiting 
for Srv out or Cmd out to rise. When this happens Srvin is dropped and 
there is a test to find out which signal was raised. 

) 
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Fig. 58. Datatr-rd 

If Cmd out was raised (interrupt from the channel), Tagdecode A is 
entered, waiting for Cmd out to drop. 

If Srv out was raised (multiplex mode) Tagdecode A is entered, waiting 
for Srv out to drop. Then Req in to the channel is raised. When returning 
from Datatr-rd, Req in is tested to see if multiplex mode is selected by 
the channel. 

When the program returns from the Datatr-rd module there is a Zero 
test to se if the channel has ordered ID or SR. If it has, the ID/SR module 
is entered. Then Req in is tested and if Req in is raised (multiplex mode) 
the program returns to background loop B5 (see Fig. 59). 
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Fig_ 59_ Read (continued) 
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Finally when all data bytes have been sent, the Count registers in the 
microprocessor are equal to zero and the program enters the Dtr-end 
module. In this program module Tagdecode B is entered, waiting for Srv 
out or Cmd out to rise. When this happens Srv in is dropped and Tag
decode A is entered, waiting for Srv out and Cmd out to drop. 

Now the program has sent all data bytes and only the status byte remains. 

IRQCPB 2 transfers the status and sense bytes from the communication 
memory to the corresponding registers in the microprocessor (see Fig. 
59). The microprocessor then adds the CE (Channel end) status to the 
device status in Stareg and enters the Read-end module. 

Read-end 

In the Read-end module, (see Fig. 60) there is first a test if the channel is 
operating in multiplex mode (Opl in dropped). If that is the case the Stareq 
bit in Pgmsta is set and Req in is raised. Then background loop B5 is 
entered, waiting for SEL. 

If the channel is operating in burst mode the program immediately enters 
the subroutine Sta, where the ending device status is sent. In subroutine 
Sta the channel can order Interface disconnect or Selective reset. If it 
does the ID/SR module is entered. Otherwise the program enters End 1. 
Finally the program enters the background loop of the enabled state and 
the read sequence is ended. 

Finally in this section the total microprogram design is presented in Figs 
61 and 62. 

( 
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Fig. 61. Microprogram summary I 
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Enabled (BGR) 

Enabled (BGR) Enable->dis Channel sel 

Fig. 62. Microprogram summary 2 
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General 

Functions 

Subunits 

Communication processor remote, CPR 4103, forms an interface between 
a host computer and a cluster of Alfaskop System 41 terminals. Both 
a communication processor and a flexible disk drive with necessary logic 
are encased in one cabinet. 

The Microcomputer chapter ought to be well understood before this 
chapter is studied. A good orientation on the Communication chapter 
is also recommended; especially the Hardware part under Internal 
Communication via Two-wire. This chapter will in principle only treat 
circumstances not discussed in, or solved in other ways than said in the 
two chapters mentioned above. 

The CPR is used when a remote connection to a host computer is wanted 
(e.g. via modem and telephone network) of a small cluster of up to 16 
display units (and printer units) orland flexible disk units. The CPR 
contains one built-in'flexible disk unit. 

The CPR can be used in systems where double flexible disk functions 
are needed, as e.g. in Alfaform, Alfaedit, or Alfabatch, only if one or 
more additional flexible disk units (FD 4120) are connected. Two CPRs 
are needed for dual host systems. The flexible disk drive can be started 
or stopped by the program. 

The CPR: 

• Carries the system software storage (on diskette). 

• Handles the program loading of the connected terminals at power on. 

• Regularly polls the connected terminals for status and transmission 
requests. 

• Governs transmission to and from the host computer via modem 
adapters (SCA/SCC), performs editing and code transformation etc. 

• Interconnects terminals in the cluster. 

• Keeps trace of connected (turned on) units and which volumes 
(diskettes) that are inserted into the flexible disk units of the system. 

Basically the CPR can handle two or eight display units and printers. 
It then contains (see Fig. 1): 

• CFM, CPR mechanics assembly, i.e. cabinet including front panel. 

ED FPS, flexible disk power supply including universal power board, UPB. 
See chapter Power Supplies. 

ED CPB, communication processor board, containing the basic micro
computer with MPU, timing logic, interrupt control logic, address 
decoding logic, memory access multiplexing logic (including direct 
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Mains switch 
Mains fuse 
Mains inlet 

Fig.i. CPR assembly. 

ERICSSON i! 

TUA·T 

memory access logic), 32 + 2 kbytes of memory, crosspoint selection 
logic, and (two-wire) data link controllers. 

• TUA-T, terminal unit adapter T providing two or eight two-wire 
connections with p<;>rt number 0 - 1 or 0 - 7. The flexible disk unit is 
internally connected to port O. The TUA-T contains high speed modems, 
a crosspoint system (including line transceivers) for connection of 
the terminals in the cluster, and pulse transformers for the two-wires. 
The transfer speed is 300 kbits/s. 

CD FDP, flexible disk processor with MPU, timing logic, interrupt logic, 
address decoding logic, memory access multiplexing logic, and 
32 + 4 kbytes of memory. 

• FDA, flexible disk adapter with address decoding logic, memory 
access multiplexing logic (including direct memory access logic), data 
link controner, and flexible disk controner. 

• FDD, flexible disk drive. 

• CTF, CP and terminal fan. 

/ ) 
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Four optional boards can be inserted: 

• TUA-E, terminal unit adapter E. One TUA-E can be inserted if 
TUA-T with eight ports is used and eight additional ports are wanted. 
The port numbers will be 8 -15. The TUA-E contains the same circuits 
as the TUA-T except for modems (anp off switches in the crosspoint 
system). 

CD MRW, MRW-A or MRW-B memory board, read/write. A memory 
board can be mounted if up to 29 3/4 additional kbytes of (CP) memory 
are wanted. See chapter Memory Board RIW. 

«9 SCA, synchronous communication adapter which is used for commu
nication with a host computer via modem. See chapter Synchronous 
Comm~nication Adapter. 

411& SCC, synchronous communication controller which is used for 
communication with a host computer via modem. See chapter 
Synchronous Communication Controller. 

It is not possible to use the ordinary TUA (4181) board. 

The FDP board is th~ same as in FD 4120. The FDA board differs only 
in the following respects from the ordinary FDA board: 

411& The printed pattern has another layout. 

• Only circuits, necessary for handling of one drive, are mounted. 

• An additional connector for a standard flexible disk drive is mounted 
beside the one for the CDC flexible disk drive. 

• There is a connection for a new start/stop function of the flexible disk 
drive. 

The flexible disk part of the CPR is not described here, due to the 
similarity with FD 4120. Please refer to the Flexible Disk Unit chapter. 

The CPR can be seen as two main functional parts. These definitions 
will be used in the following: 

• CPo Communication processor part including CPB and TUA-T (if 
used also TUA-E, MRW, MRW-A, MRW-B, SCA, and SCC). 

CD FD. Flexible disk part including FD P, FDA and FD D. The FD will 
be considered as a terminal to the CP. 

Mechanics 

The mechanical build-up of CPR 4103 is shown in Fig. 1. The plastic 
cabinet is the same as for (late versions of) the CPR 4101 and the FD 4120. 
The main parts of the CPR, from the mechanical aspect, are: 

• Box for the CPB, which has an opening for the TU A board( s). 

• Rack for four optional boards. There is, however, only space for 
three boards when the TUA-E is used. 

• Flexible disk drive, FDD. 
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• Box for FDP and FDA. 

• Power supply. 

• Fan unit. 

The TV A -T board is stacked on the CPB. The TV A -E board is, if used, 
stacked on the TVA-T board. The optional boards are stacked on each 
other and connected to the CPB with a cable. 

The following connectors may exist in front of the optional boards: 

• 2,8 or 16 two-wire or coaxial cable connectors . 

.. 2,8 or 16 switches for connecting or disconnecting of tine terminating 
resistors. 

• Connector for V.24N.28 (25 pins). 

• Connector for X21 (15 pins). 

A relay board, RB, for the start and stop function of the flexible disk 
drive is mounted behind the flexible disk drive. 

Brief Outline 

Monitoring 

The CPR front panel shows eight lamps. See circles in Fig. 2. The two 
to the left are mounted on the CPB: 

4) Ready lamp is governed by the CP program. It blinks when the CP 
has started an internal pon in order to find the system diskette and glows 
steadily when the CP has loaded the operating system in its read/write 
memory. 

• Line 1 lamp is governed by a line activity signal from the SCA (or 
SCC). It glows steadily if data is regularly sent to and blinks if data 
is only received from the host computer. (For details see chapters on 
Synchronous Communication Adapter or Synchronous Communication 
Controller. ) 

The five lamps to the right are mounted on the FDA board (and controlled 
by the FD program except for the Power on lamp): 

CD Ready lamp glows steadily when the flexible disk processor has finished 
the initial program loading. The lamp blinks if the CP does not scan 
the FD. 

• Status 1, 2, and 3 lamps indicate the status of the flexible disk drive. 
The interpretation is given in the Installation and Maintenance Manual. 

• Power on lamp is directly governed by the + 5 V power. 

The lamp on the flexible disk front indicates whether the flexible disk 
door can be opened or not. 

) 
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r " 

0 

FLEXIBLE DISK 
COMM. PROCESSOR 

m READY 0 
READY 0 

0 
STATUS 1 0 

LINE 1 

STATUS 2 0 
STATUS3 0 

POWER ON 0 

"- ~ 

........ ........ 
Fig. 2. Front of CPR 

Memory Map 

Fig. 3 presents the memory map of the CPo 

The memory areas are described in the Microcomputer chapter, circum
stances pertaining to more than 32 kbytes of memory in the Memory 
Board R/W chapter, and the interrupts under the following heading. 
The I/O addresses are specified in Appendix 1. 

Communication with a host computer may proceed via circuits on an 
SCA at addresses F768(16) - F77F(16)' 

If an SCC is used, the microcomputer of the CPB reads data from and 
writes data to the host computer in a dual access area on the sec. The 
addresses 6000(16) -7FFF(16) are then reserved for this purpose and the 
menlory on the ePB must in this case be limited to 24 kbytes by strapping. 
Strapping information is found in the Installation and Maintenance 
Manual. The see handles certain message editing and the actual transfers 
between the dual access area and an interface circuit (SSDA or ADLC) 
on the SCC. 

Interrupts 

The principles of the interrupt system are described in the Microcomputer 
chapter. The locations of the interrupt vectors (i.e. the addresses to the 
interrupt routines) are found in the memory map. 

Here follows a description of the origin, properties and use of the different 
CP interrupt signals. 
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HEX 
AooR 
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IPL ROM 
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I 
I 
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} 
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110 addresses 

A, B 
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AoLC channel 0 6, 7 
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AoL( channel 2 2,3 
AoLC channel 3 F FF 0, 1 

FF E E, F 
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A, B 
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\~ __ ~P_T~M ________________ ~ 
Operating system 

1= peripheral IRD., 7=high priority 

F 7FO 
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F7BO 

F 7AO 
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PIA 
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ADLC = Advanced data link controller 
CPS = Communication processor board 
CS = Crosspoint selection 
DMAC = Direct memory access controller 
IPL = Initial program load 
MCP = Microprocessor control panel 
MIC (1/0) = Microcomputer, central part (input/output) 
MRW = Memory board read/write 
PER I/O = Peripheral input/output 
PIA = Peripheral interface adapter 
PTM = Programmable timer module 
SCA = Synchronous communication adapter 
SSDA = Synchronous serial data adapter 
TWI = Two-wire hiterface 

F 700 

* MPU reading FFFS- FFF9 will transfer the contents oftwo cells within FFES- FFF9, depending 
on highest priority valid interrupt, to the MPU. 

A (read or preferably) write operation into one of the cells FFES - FFF7 will result in a setting 
of a corresponding mask value. As an example, FFEE or FFEF from the MPU will disable 
interrupts of priority < 3. 

*** Not present during th~ three DMA cycles DMA T1 - T3. 

"** 

Fig. 3. CP of CPR 4103 memory map. 
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Interrupts out 

Two interrupt signals can be generated and fed to subunits. Interrupt 
slave I is generated when bit 5 is set in the peripheral register A of the MIC 
PIA. Interrupt slave II is generated when bit 3 is set in the same register. 

Reset, NMI, and SWI 

The MPU is reset at power on or at depression of the Reset button. The 
MPU will after a reset fetch the contents of the cells FFFE(16) and FFFF(16) 

to the program counter and execute the reset program (see also Reset 
functions) . 

NMI, non-maskable interrupts may be generated from the test unit MCP 
(Microprocessor control panel) or when a parity error is detected at 
readouts from the read/write memory. The program can test the source 
of the interrupt by reading the peripheral register A of the MIC PIA and 
test bits 0 and 2 (see Microcomputer PIA, MIC PIA). 

SWI, software interrupt is generated by an MPU instruction. 

Interrupt 7 - 0 and Default Interrupt 

Interrupts 7 - 0 (17 - 0) are set in the interrupt register. The interrupts 
are arranged in a priority order where 17 has the highest priority. A set 
interrupt must be of the same as or higher priority level than denoted by 
the present value of the mask register in order to be valid. The interrupt 
vector is fetched from the cells FFF8(16) and FFF9(16) (default interrupt) 
if a triggering interrupt is not valid at the time of the vector fetch. 

The maskable interrupts, 17 - 0, are further only serviced if the I-bit of 
the MPU condition code register is reset. 17 - 0 originate from the 

. following sources: 

17 originates from the ADLC (advanced data link controller) of channel O. 

16 originates from the ADLC of channell. 

15 originates from the ADLC of channel 2. 

14 originates from the ADLC of channel 3. 

13 may originate from a non-steady source (short pulse interrupt). It 
will be latched by the interrupt logic if bit 4 of the MIC PIA peripheral 
register A is set. Any latched interrupt is reset and the state of the 
13 line to the interrupt register will be equal to the state of the in
coming interrupt line if bit 4 is reset. The 13 line is used for instance 
by an SCA or an SCC. 

12 functions as 13 but is controlled by bit 6 of the MIC PIA peripheral 
register A. 

11 originates from the PTM. 

10 originates from the CA2 output of the MIC PIA. The program can 
thus make an interrupt by writing 110(2) in bits 5 - 3 of the MIC PIA 
control register A. 
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Programmable timer module, PTM 

A programmable timer module, PTM, is used to provide two or three 
time bases for generation of timeouts and a real time clock (calendar 
clock) in the CP. A detailed description of the PTM circuit is found in 
the Microcomputer chapter. 

The PTM contain three timers with 16-bit counters. Timer 1 is typically 
programmed to divide the basic clock (02) by 21300 and thus make an 
interrupt (11) every 20:th ms (50 Hz). The output from timer 1 is fed to 
the clock input of timer 2 and there typically divided by 50. Timer 2 will 
thus make an interrupt (11) every second. Timer 3 is a spare timer, which 
for instance may be used for short time measurements. 

Terminal Communication 

General 

The CP communicates with the terminals in the cluster via four AD LC 
(advanced data link controller) circuits, four high speed modems, and 
a crosspoint system. For a description of the used communication 
procedure and a survey of the hardware functions please refer to the 
Communication chapter. 

Each one of the AD LCs forms a part of one of four channels, interfacing 
a high speed modem and the crosspoint system on the TU A-T board. The 
TUA-T board comprises two or eight two-wire connections. An optional 
TUA-E board may be used, providing eight additional two-wire connec
tions. See Fig. 4. Each two-wire may be chained to a display unit (and 
a printer unit) orland a flexible disk unit. Note that the demands on 
maximum response times and number of terminal addresses in different 
applications introduce restrictions in the number of connected terminals. 

Channel I TUA-T I TUA- E 
a-port --l 

I 
I 2-port-l 

o 

i 
I 
I 

: 
I 

I 

: i 
I 

I 
i I 

2 

3 

I 
I 
I 
I 
I '\ 

I 
" I 

I 

'\ 

I 
I 
I 
I 
I 
I 
I 
I 
I 

Two-wire: I o 1 I 2 3 4 5 671 a 10 11 12 13 14 15 I 

Fig. 4. Crosspoint system. 

A certain channel may be connected to anyone and any number of two
wires in the crosspoint system. Transfers may also take place on more 
than one channel simultaneously. Note, however, that a certain two-wire 
should not be connected to more than one channel at the same time. 

The AD LCs are controlled by the MPU or by the direct memory access 
logic, including a DMAC (direct memory access controller) circuit. The 

) 
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crosspoint system is controlled by a crosspoint selection PIA (peripheral 
interface adapter) and a crosspoint selection logic. See block diagram. 

Direct Memory Access 

The DMAC (see Microcomputer chapter) control of the four channels, 
means that the DMAC registers associated with a certain channel must 
be used both for read memory ( transmit data) and write memory (receive 
data) access sequences. As suggested above, more than one channel 
may be enabled simultaneously. The direct memory access timing (including 
DMAC), ensures that only one channel transfers a byte ata certain time. 

An ADLC may thus be accessed in two ways (see block diagram): 

• Addressed by the MPU; CE ADLC provided by the two-wire interface 
address decoder, RIW and address lines for register selection provided 
by the MPU. All ADLC registers can be accessed. 

• Addressed by the DMAC duringDMA T2(DMAmode); CEADLC 
provided as DMAC encoded channel address (TXAKA and TXAKB) 
directed DMA mode signal to the proper ADLC, RJW and one address 
line provided by the DMAC. Receiver and transmitter FIFOs can 
only be accessed as the other address line (Ai) is tied high. 

Channel Usage 

The four channels are used in the following way: 

• Channel 0 is used for internal polling, i.e. to investigate if the connected 
terminals want to communicate with the host computer or transfer 
data to or from another terminal in the cluster. (Note that the FD is 
considered as a terminal.) 

• Channel 1 is used for connections between the CP and the terminals 
in the cluster, e.g. for initial program loading of the CP or connecting 
sequences. It can also be used for terminal to terminal communication 
(see Channel 3 below). 

• Channel 2 is used for traffic between the terminals and the host 
computer. As an example, say that the CP while polling has found 
that a number of display units want to send messages to the host 
computer. When the CP then is polled ( or a terminal selected) by the 
host computer the CP connects the display units, one after the other 
on channel 2. The actual message is then via the CP stored in the line 
buffer and by the SCA (or SCC) transferred to the host computer. 
The SCA handler program takes care of the data in the line buffer, 
makes necessary code transformations, and sends the data. 

• Channel 3 is used for internal traffic (terminal to terminal communication). 
A display unit on one two-wire may e.g. answer to a poll (on channel 0) 
that it wants to make a local printout on a printer unit connected to 
a display unit on another two-wire. In case this printer unit is not busy 
and no other units are queuing to use the printer unit, the CP connects 
the requesting display unit with the printer unit on channel 3. Note 
that the ADLC 3 (in the CP) will still be listening to the traffic. Thus, 
the CP program may know when the transfer is completed. 

E90002659E 
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Turning Crosspoints On and Off 

Each crosspoint consists of two SCRs (silicon controlled rectifiers or 
thyristors). To connect one two-wire to one channel a selection address 
and an On order are written in the crosspoint selection PIA. Thereby 
one TVA enable signal, one two-wire enable signal (Tw en) and one 
Channel select (Ch sel) signal are activated, making the selected pair 
of SCRs conducting. 

The selection signals disappear when the On order is cancelled via the 
PIA. The SCRs require hold currents in order to stay on. These hold 
currents are provided as long as the Channel off (Ch off) signal is not 
activated. The Channel off signal will, when activated, turn off all cross
points connected to one (selected) channel. 

Thus: 

... When a selection word and an On order are written into the cross
point selection PIA, only one pair of SCRs (one crosspoint) is activated. 
To connect more two-wires to the channel, one selection must be 
made for each crosspoint. 

... A certain crosspoint may not be disconnected separately - all cross
points of one channel will be disconnected at the same time. 

Crosspoint Signals 

There are two physical connections (for each channel) through the 
crosspoint switch, see block diagram. One is used for: 

• Modulated received data (transferred as current) and TV A Request 
to send (TVA RTS, transferred as voltage). 

The other is used for: 

• Modulated transmitted data (transferred as voltage). 

Modulated transmitted data is provided by the high speed modem of 
the channel in question and may originate from: 

• The ADLC (i.e. from the CP memory) . 

.. A terminal connected to the channel, that sends data to the high 
speed modem on the Modulated received data line (transferred on 
the same line as TV A RTS trough the crosspoint switch). 

TVA RTS is generated in the modem when: 

• The ADLC signals RTS, set by the CP program before the CP starts 
transmitting to the terminal(s) connected to the channel, or: 

• The high speed modem receives valid Modulated received data. 

Note that the modem generates TVA RTS and Modulated transmitted 
data not only when the CP is transmitting but also when some terminal 
is sending data into the crosspoint system. The two-wire line transceiver 
(on the TVA) connected to the terminal sending into the CP will be in the 
receiving state, i.e. not affected by the TVA RTS signal occuring on the 
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channel - the line transceivers of all other two-wires connected to the 
channel will, however, be in transmitting state. 

This enables (in addition to ordinary transfers): 

• Transfers of messages between terminals in the cluster. 

• Connections of display units listening to the traffic on the channel. 

• The CP to keep track of terminal to terminal communications. 

Example of Data Transfers 

There are thus three communication modes as shown in Fig. 5. 

Receive mode 

High speed Crosspoint 
modem system 

Terminal 

Transmit mode 

High speed Crosspoint 
modem system 

• 
Terminal 

Retransmit mode 

High speed Crosspoint 
modem system 

Terminal Terminal 

Fig. 5. Communication modes. 
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Fig. 6, an excerpt from the block diagram, exemplifies a data transfer 
situation in the crosspoint system of an 8-port TUA-T: 

e One byte is transferred from the memory of the CP to the ADLC of 
channel 0 under the control of the DMAC circuit . 

• A previously transferred byte of a poll message is shifted out from 
the ADLC of channel 0, modulated, and transmitted to a terminal 
connected to two-wire number 7. 

e Data is transferred from a terminal connected to two-wire 0 to another 
terminal on two-wire 4. Note that: 

- Channel 3 is used. 
- Data proceeds via the high speed modem. 
- Data'is accessible for the microcomputer of the CP (in ADLC 3). 
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~Jju ij- ~B'f"OCkO I . J CTS 0 

-I ADLCO RTSO j' 
r------<'-'~:r : ,'_=f~~i~ta 0 ~ 
: ~IO(' ~T~UA~RT~S 0;:O:R=:=:i=~~-;;;~ 
j' I Hod tr dala 0 I L I I 

\ High speed modem I _I Current to 

I rM=Od~reC~da=ta~0r-____ ~~I~;~~=~~~e~r 

IL'-i 

Ii 

Chsel 

ChOof( 

Mod tr dala 0 

j 
TUA enable # n 

j 
Two ~ wire selectIon 

Tw 0 
en 

I 

Tw 7 
en 

LJ 

I I U .' 

" Z ~ "'" ~l"i ' I Hod rec data OHUA RTS 0 ( RTS, 
I .-- c,.-,-J J;;J"--R ec--,---l :Tr I J' 

~ 'J~~-(a!a, n 
(lOCK I pT~UA~RT~S'~~~f=~.=±:r;~ I Mod Ir dala' I I 

I H'gh speed modem I I - a.l I Current 10 

DEND 1 Mod ree data 1 L---J I ;~~tv~9r~er 
~~!-----~~~ 

L._., 
~II uq,t CIOCk2i iEE§ CE ADLC 2 -' ADLC 2 (TS 2 , 

I RTS 2 ~ 
~;r nd:l~afa2 (hlaff 

• Clock TuARTS2 ~ ! I 
I I~M~ad~tr~da~loql='~I~t==~j-;cur~ren~tt~o I 

Hign speed modem II I AI4 I 
• OENO 2 Mod rec data 2 '-----' .I ~~~~i~ter 

I L._.,~-~--' 
[ I I lJ . 
A~ B'tCIOC~ 

CE ADLC 3 l ADLCl qf;~~ , 
~~~~t03 I~ 
ir I i 
• :loCk 11;::~U:d~~rT~~~ito l!:=F'~At Ij~-;;~ I l1'gt1speedrnodem ,r .1 Curr(>ntto I 

CEND3 Hodrecdo~a3 I ~~~t .... aegr~er 

L,_" 

Ch3atf 

Mod trdat03 

Mod rec data 3 I TUA RTS 

Fig, 6. Cluster data transfer example. 
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Detailed Description 

This section will only cover more complicated circuits or special solutions. 

Microcomputer PIA, MIC PIA 

Input/ Output Functions 

The MIC PIA controls several central functions. See chapter Micro
computer; Peripheral Interface Adapter, PIA for definitions and a general 
survey. IRQA, CAl, IRQB, CB2, PB7, 5, and 4 are not used. 

The CA2 output is used to generate interrupt 0 if CRA bit 3 is zero-set 
(CRA bits 5, 4 = 11(2). 

The MIC PIA interrupt flag (CRB bit 7) is set if the Reset button is 
depressed (as CB 1 is then taken low). This must be checked by the 
program as IRQB is not connected. 

The P A outputs/inputs are used in the following way (opposite polarity 
means" do not" or "not"): 

PA7 Input Hard-wired low 

PA6 Output 1 = latch interrupt 2 

PA5 Output 1 = interrupt slave I 

PA4 Output 1 = latch interrupt 3 

PA3 Output 1 = interrupt slave II 

PA2 Input o = MCP connected and in test mode 

PAl Output o = lit Ready LED 

PAO Input 1 = parity error FF is set 

The PB outputs are used in the following way: 

PB6 Output 1 = activate general Reset. The output must be set low 
after power on. (The MPU and the MIC PIA are not 
reset by general Reset.) 

PBO Output 1 = reset and keep parity error FF reset. 

PB3-l are not used today. PB3 ought to and PB2-1 must, however, be 
low. 

Reset Functions 

The MPU is reset by a power on reset or a Reset button depression. The 
MIC PIA is only reset by the power on reset. The general Reset is 
activated at power on and stays active until MIC PIA PB6 is set low by 
the MPU. 

E90002659E 
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The general Reset will not be activated at a Reset button depression. 
The MPU, however, will check the MIC PIA interrupt flag (CRB bit 7) 
and find that the button has been depressed. The MPV can then make 
a general reset by setting MIC PIA PB6 first high and then low. 

Crosspoint Selection Control 

Crosspoint Control Signals 

The control signals to the crosspoint system are generated in a crosspoint 
selection PIA (peripheral interface adapter, see Microcomputer chapter 
for a general description) and distributed via a decoder and a selector 
on the CPS (crosspoint selection logic on the block diagram) and a selector 
on each TVA board. 

The PIA generates an On signal from CB2 and a Channel off (Ch off) 
signal from CA2. All of peripheral register B is used as output with the 
following function: 

7 6 5 4 3 2 1 ·0 
I I Iii I I I 

1.-__ Two-wire address (Tw addr) decoded to one 
of eight two-wire enable (Tw en) signals when 
applicable TVA enable is present. 000(2) = 
Tw en 0.111(2) = Tw en 7. 

'-------- TV A select. When On is active these bits are 
decoded to one of five TVA enable signals. 
TVA enable ° (TVA select = 000(2) enables 
the decoding of Tw en 7 - 0 on the TVA -T. 
TV A enable 1 (TV A select = 001(2) enables 
the decoding of Tw en 7 - 0 on the TV A -E. 
TVA enable 2-7 are not used. 

L--_______ Channel select (00(2) = channel 0, 11(2) = 
channel 3). These bits are used to control the 
distribution of On (called Ch sel 3 - 0 when 
fed to the TVAs) and Ch off to applicable 
channel. 

Crosspoint Selection P fA Control 

In order to get the above mentioned functions the control register A 
(CRA) of the crosspoint selection PIA must be set as follows: 

76543 2 1 0 
I I 11 11 I Iii I 

'-1---- CA2 output (Ch off) follows what is written 
into this bit (if bits 5 - 4 are ones). 0 = selected 
channel is turned off. 1 = connections may 

. be made on all channels. 

'------ CA2 follows CRA bit 3. 

1...-______ CA2 functions as output. 

) 

r 
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Control register B (CRB) should contain: 

765 432 1 0 
I · 11111 111 i I 

TVA Functions 

, ...... --- Peripheral register B accessible. This bit must 
of course be 0 at the initiation when the Data 
direction register B is set to all ones. 

""------- CB2 output (On) follows what is written in 
this bit (if bits 5 -4 are ones). 

'------- CB2followsCRB bit3. 

CB2 functions as output. 

The TVA functions are performed by means of four high speed modems 
and on each one of TUA-T (8-port) and TUA-E; a crosspoint system, 
eight line transformers, and a decoder. The crosspoint system consists 
of four off switches, .four current to voltage converters, two 4 x 4 x 2 
crosspoint switches, and four dual line transceivers. The decoder decodes 
the two-wire address (from the crosspoint selection PIA) when enabled 
by TUA enable. 

The TUA-T with two ports is funcionally the same as the eight port 
version, but is not fully equipped. It differs from what is said above in 
that only one 4 x 4 x 2 crosspoint switch, one dual line transceiver and 
two line transformers are mounted. Neither is each one of the four 
current to voltage converters fully equipped. 

High Speed Modem 

The high speed digital modem consist of one chip, which contains a 
modulator, a demodulator, a frequency divide and phase correction 
logic, and a delay circuit for Clear to send. See Fig. 7. 
Data to be transmitted (Tr data, from the ADLC) is presented in serial, 
not modulated, format to the modulator. The modulator converts the 
signal to a frequency shifted signal (Mod tr data) which then eventually 
may be fed to the two-wire(s). 

The frequency shifted data transferred from the two-wire (Mod rec data) 
is fed to the demodulator and to the frequency divide and phase correction 
logic. An internal strobe from the latter logic shifts the Modulated 
received data into the demodulator and generates the Bit clock, fed to 
the ADLC. The demodulator converts the received data to demodulated 
valid data (Rec data, fed to the ADLC). Received data is (as Retransmit 
is hard-wired low) internally also fed to the modulator and retransmitted 
(with a delay of ...... 2 bit times) to the line (Mod tr data). 

The modulation method, clock generation and phase correction are 
described in the Communication chapter. 

The Request to send output (TUA RTS) follows (but inverted) the 
Request to send input (RTS) in the transmit mode and is a function of 
Modulated received data in the retransmit mode. 

E90002659E 
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+ 
Fixed delay 1 

DEND 2 

CTS ~ RTS-CTS 
3 

RTS 4 delay 

,....,. 
11 TUA RTS '"1 I } 

V 
9 Mod tr data 

Tr data 13 
Modulator 10 

N.C. 

l 

Retransmit 14 
De- S Mod rec data ov 

Rec data 15 modulator 

600 kHz 
Reset 

r + 

9.585 MHz 6 Frequency divide 
and phase --- ( .;.2) 

correction (+16) 

Bit clock 12 300 kHz I 

Fig. 7. High speed modem circuit. 

Clear to send (CTS) follows Request to send input (RTS) with a delay 
of 32 (controlled by strapping) bit clock periods. This delay will enable 
the modem, in the receiving unit (e.g. in a DV) to synchronize before the 
transmission is started. A frequency corresponding to the state of the 
Transmitted data input win be sent on Modulated transmitted data 
during the delay. An active DEND signal (at the end of a transmission 
sequence) from the DMAC (see Microcomputer chapter) will deactivate 
Clear to send. 

Modulated received data is validated i.e. each bit must consist of an LH, 
HL, LL or HH and there must be a shift of polarity between the bits in 
order to be accepted: 

I 0' I 1 I I I 0 I 
"'1 I" One bit time 

Received data is always high when Modulated received data is invalid 
or before the modem has synchronized with Modulated received data. 
TVA RTS is only activated for valid data at retransmission. 

High Speed Modem/Two-wire Interface 

Fig. 8 shows the interface between one channel (one high speed modem) 
and one two-wire. It consists of an off switch, a curr~nt to voltage 
converter, an SCR pair in the crosspoint switch, a line transceiver, and 
a line transformer. 

r 
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The connection through the crosspoint switch will be established when 
the Two-wire enable (Tw en) and Channel select (Ch sel) signals are 
activated, i.e. when the encircled double collector transistor in Fig. 8 is 
turned on (if Channel off [Ch off] is inactive). The SCRs will then be 
kept on by the holding current between the --- + 10 V to RCt and RC2 in 
the current to voltage converter and the - 5 V of the current sources in 
the line transceivers. The SCRs are turned off when the bases of the 
transistors Tl and T2 in the current to voltage converter are sunk to 
--- - 5 V by an activated Channel off signal. (Noone of Modulated trans
mitted data, TVA RTS, and Modulated received data can then be 
transferred through the crosspoint system.) 

1 Crosspoint switch 

TTL signals 
to/ from 
high speed 
modem 

",+10V 1 

RC 1 RC 21 

Mod rec data 

,-------;sv --I 
, I 
I I 
, I 

_Mo_d_t_rd_a_ta __ ~I-K I 

TUA RTS 

Ch off 

I 

I 
I 
I 
I 
I Current to 
I voltage 1 

~~~h ___ ~~_lconve~~ __ L __ 5R1_ 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 
I 
I 
I 
I 
I 
I 

Hold current -5V 
Mod tr data 3 rnA 
Hold current - SV 
Mod rec data/TUA RTS 3m A 

Signal current -5V 
Mod rec data 12m A 

Receive 
gate 

I L· t . ~ me .-:anscelver ______________ _ 
, 
I 

I Line transformer R L ______________________________ _ 

Two - wire line 

Fig. 8. Principles of high speed modem/two-wire interface. 
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When data is received (receive mode) from the line, the signal is converted 
to a current signal in the line transceiver. The output from a receive 
gate turns an additional current source (12 rnA) on and off. The current 
signal (3 rnA or 15 rnA) flows through the SCRl, T1, and RC1. The 
voltage level at the line transceiver pin is not affected by these signal 
currents and is always -- 1.5 V below the high speed modem output TVA 
RTS. The signal voltage created across RCI is converted to a TTL level 
by a comparator and fed to the high speed modem as Modulated received 
data. 

When sending data to the line (transmit mode), the high speed modem 
raises the TVA RTS output to a high level (+4 V; the signal is then 
dropped -- 1.5 V by T1 and SCR1). TVA RTS high win enable the line 
driver and disable the line receiver in the line transceiver (unless the 
transceiver is receiving). Modulated transmitted data from the high 
speed modem flows through 12 and SCR2 (and is also dropped --1.5 V). 
The currents through the SCR1, SCR2, Tl, T2, RC1, and RC2 are not 
affected by the different voltage outputs from Tl and T2 because the 
two inputs of the line transceiver are of high impedance type. 

The high speed mod~m will always refresh and retransmit the received 
signal to the crosspoint switch at the high speed modem output Modulated 
transmitted data. The high speed modem output TVA RTS will also be 
active and the two output signals are sent to all connected line transceivers, 
even the line transceiver which receives the original signal from the line, 
but the line driver in this circuit is disabled by the incoming signal from 
the two-wire. Note that at least one more than the receiving crosspoint 
must be connected in order to obtain an actual retransmission (in retransmit 
mode). Note also that Modulated transmitted data and TV A RTS are 
transferred through the crosspoint system at the same time as Modulated 
received data is transferred through it in the opposite direction. 

) 



( 

19 

Appendix! 

1/0 Addresses, F7FF(16) - F700(16) 

(The first two figures, F7(16), are omitted in the address column below. 
RIW = W means write, RIW = R means read and RIW = RIW means 
read or write as seen from the MPU.) 

Address R/W Other Addressed unit and register (Hex) condition 

MCP 
FF W =F7 
FE W =F6 
FD W =F5 
FC W = F4 
FB R =F3 
FA R =F2 
F9 R = F1 
F8 R =FO 
F7 W STORE (bit 7), CCR, ACCB, ACCA, XHI, XLO, 

PCHI and PCLO switches . 
F6 W Data 7 - 0 switches 
F5 W Address 15-8 switches 
F4 W Address 7 -0 switches 
F3 R A, B, C, D, NMI, IRQ, VMA and RIW LEDs 
F2 R Data 7-0 LEDs 
F1 R Address 15-8 LEOs 
FO R Address7-0 LEDs 
EF-DO Not used 

PTM 
CF W Timer3 LSB latches 
CF R LSB buffer (timer3) 
CE W MSB buffer (timer 3) 
CE R Timer 3 counter MSB 
CD W Timer 2 LSB latches 
CD R LSB buffer (timer 2) 
CC W MSB buffer (timer 2) 
CC R Timer 2 counter MSB 
CB W Timer 1 LSB latches 
CB R LSB buffer (timer 1) 
CA w MSB buffer (timer 1 ) 
CA R Timer 1 counter MSB 
C9 W Control register 2 (CR2) 
C9 R Status register 
C8 W CR2:0=0 Control register 3 
C8 W CR2:0 = 1 Control register 1 

MICPIA 
C7 RIW Control register B (CRB) 
C6 RIW CRB2 = 0 Data direction register B 
C6 RIW CRB2= 1 Peripheral register B 
C5 RIW Control register A (CRA) 
C4 RIW CRA2=0 Data direction register A 
C4 RIW CRA2 = 1 Peripheral register A 
C3-80 Not used 
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Address R/W Other Addressed unit and register 
(Hex) condition 

SCAADlC 
7F ~ ~ =78 
7E ~ =7A 
7D ~ ~ =79 
7C ~ =78 
78 W CR1:0 = 0 Transmitter FIFO (terminate) 
78 W CR1:0= 1 Control register4 
78 R Receiver FIFO 
7A W Transmitter FIFO (continue) 
7A R Receiver FIFO 
79 W CR1:0 = 0 Control register 2 
79 W CR1:0 = 1 Control register 3 
79 R Status register 2 
78 W Control register 1 (CR1) 
78 R Status register 1 

SCASSDA 
77 ~ ~ =71 
76 ~ =70 
75 ~ ~ =71 
74 ~ =70 
73 ~ ~ =71 
72 ~ =70 
71 W ~R1:7,6=OO Control register 2 
71 W ~R1 :7,6=01 Control register 3 
71 W ~R1 :7,6=10 Synchronization code register 
71 W ~R1:7,6=11 Transmitted data FIFO 
71 R Received data FIFO 
70 W Control register 1 (CR1) 
70 R Status reg ister 

SCAPIA 
6F RIW =68 
6E RIW ~ =6A 
6D RIW =69 
6C RIW ~ =68 
68 RIW Control register B (CR8) 
6A RIW CR82=0 Data direction register 8 
6A RIW CR82 = 1 Peripheral register 8 
69 RIW Control register A (eRA) 
68 RIW CRA2=0 Data direction register A 
68 RIW CRA2 =,1 Peripheral register A 
67-48 Not used 

CSPIA 
47 RIW =43 
46 RIW ~ =42 
45 RIW =41 
44 RIW ~ =40 
43 RIW Control register B (CR8) 
42 RIW CR82 = 0 Data direction register 8 
42 RIW CR82 = 1 Peripheral register 8 
41 RIW Control register A (CRA) 
40 RIW CRA2=0 Data direction register A 
40 RIW CRA2 = 1 Peripheral register A 
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Address R/W Other Addressed unit and register (Hex) condition 

TWI ADLC channell - 0 
(The ADLCs can also be addressed by the DMAC 
at DMAcycie 2 butthe RIW line isthen inverted 
and address bit 1 is hard-wired 1.) 
ADLC channel3 

3F-38 ~ ~ Correspond to channel 0 (Addresses 27 -20) 
ADLC channel 2 

37-30 ~ ~ Correspond to channel 0 (Addresses 27 - 20) 
ADLC channel 1 

2F-28 ~ ~ Correspond to channel 0 (Addresses 27 -20) 
ADLC channel 0 

27 ~ ~ =23 
26 ~ =22 
25 ~ ~ = 21 
24 ~ =20 
23 W CR1:0 = 0 Transmitter FIFO (terminate) 
23 W CR1:0 = 1 Control register4 
23 R Receiver FIFO 
22 W Transmitter FIFO (continue) 
22 R Receiver FIFO 
21 W CR1:0 = 0 Control register 2 
21 W CR1:0= 1 Control register 3 
21 R Status register 2 
20 W Control register 1 (CR1) 
20 R Status register 1 
1F-17 Not used 

DMAC 
16 RIW Data chain 
15 RIW Interrupt control 
14 RIW Priority control 
13 RIW Channel3 control 
12 RIW Channel 2 control 
11 RIW Channel 1 control 
10 RIW Channel 0 control 
OF RIW Byte count, channel3 (LSB) 
OE RIW Byte count, channel3 (MSB) 
OD RIW Address, channel3 (LSB) 
OC RIW Address, channel3 (MSB) 
OB RIW Byte count, channel 2 (LSB) 
OA RIW Byte count, channel 2 (MSB) 
09 RIW Address, channel 2 (LSB) 
08 RIW Address, channel 2 (MSB) 
07 RIW Byte count, channel 1 (LSB) 
06 RIW Byte count, channel 1 (MSB) 
05 RIW Address, channel 1 (LSB) 
04 RIW Address, channel 1 (MSB) 
03 RIW Byte count, channel 0 (LSB) 
02 RIW Byte count, channel 0 (MSB) 
01 RIW Address, channel 0 (LSB) 
00 RIW Address, channel 0 (MSB) 
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GENERAL 

The main task of the FD4120 terminal is to serve as a 
storage for 

1 

• the system programs to be loaded into tha diff§rent 
terminals on start of the system 

• the application programs created by means of Alfa
form and Interactive Cobol 

• data when the Transaction Collection Package is used. 

MECHANICS 

Ci) Flexible Disk Drive (FDD) 
(?) Optional FDD 

~ Flexible Disk Power Supply (FPS) 
(±) Flexible Disk Adapter (FDA) 

~ Flexible Disk Processor (FOP) 

® LED display 
(J) LED panel 

Fig. 1. FD 4120 mechanical layout 

EE369-810 



2 !DUaSUB] 

BLOCK STRUCTURE 

The electronic circuits for control of the Flexible 
Disk Drive are placed on two printed circuit boards: 

• the Flexible Disk Processor (FDP), and 

• the Flexible Disk Adapter (FDA). 

The major function blocks and the flow of signals and 
data are shown in the diagram. It is followed by a 
brief presentation of the individual blocks. 

Block Diagram 

Flexible 
Disk Drive 0 

Fig. 2. Coarse block diagram 

Block Description 

~i2EQE~Q2§~~i~g_Q~!EL_~~Q 

Flexible 
Disk Drive 1 

The MPU consists of a Motorola 6800 chip with buffers 
and control circuitry. It works according to the 
program in IPL Memory and RWM, 

It also permits a TSC mode for DMA, as well as hard
ware and software interrupts. 

) 
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~~~!~~!_~E~~E~~_~~~~:~~~~E~L_!~~:~~~~E~ 

RWM 

The IPL-Memory is a PROM area with a capacity of 4 
kbytes. It contains all software for bootstrap loadin9 
of 

the flexible disk input/output supervisor, 

the communications handler, and 

the flexible disk handler 

into the RWM-section. 

The RWM has a capacity of max. 32 kbytes. 

!~!~EE~E!_~~~!~ 

The Interrupt Logic supports interrupts from the 
various system circuits such as the DMAC, ADLC, FDC 
and generates an interrupt request to the MPU. 

Address Decoder 

The Address Decoders block consists of fuseable link 
PROM:s, type MM6300 and 6330. They decode addresses 
from the MPU or DMAC blocks and generate a chip select 
signal to the addressed circuitry. 

~!E~~!_~~~~E~_~~~~~~_~~~!E~!!~EL_~~~~ 

The DMAC consists of a Motorola 6844 chip with buffers 
and control circuitry for four DMA-channels. It is 
working in the TSC mode (Three-state-control Steal) In
volving that it "steals" cycle time from the MPU. 

~~~~~~~~_~~!~_~!~~_~~~!E~!!~EL_~~~~ 

MIC PIA 

ADLC transmits or receives serial data on the two wire 
line according to specifications provided by the commu
nication handler. The transfer rate is 300 kbits per 
second. 

The MIC PIA controls two interrupt functions (IRQ SOFT 
and IRQ TIMER). 

FDA PIA 

The FDA PIA is used as an input/output port for control 
signals from and to the FDD unit. 

EE369-810 
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~!~~!~!~_~~~~_~~~!E~!!~E~L_~~~~L_~~~! 
The terminal has two FDCs type Western Digital 1771 or 
National Semiconductors 1771 with buffers and control 
circuitry .. 

Each FDC controls a flexible disk drive.. The FDCs 
support the following features 

Reading/Writing IBM 3740 compatible diskettes 

Variable sector length 

- CRC calculation 

~!~:!~!~_~!~~_~E!~~L_~~~ 

The FDD can be of either a single-head or a double
head type. It contains control logic for drive 
mechanism, head positioning mechanism and logic for 
the read/write functions. 

MICROPROCESSING UNIT, MPU 

All circuit and signal names refer to the block diagram 
on app. 1. The page can be folded out for easy refe
rence. Functional descriptions of the MPU, PIA, ADlC, 
and DMAC are provided in the "Microcomputer" chapter 
(publication No. EE365-810) and in the manufacturer's 
data sheetso The description below will cover the 
application of these circuits in the particular FD4120 
configuration. It will follow a block pattern con
veniently arranged to suit the necessity of referring 
to other documents. 

An introductory statement of the basic communication 
routes will be made: 

• The Microprocessing Unit (MPU) communicates through 
memory read/write operations with 

PROM 

RWM 

the control registers in the MIC PIA, FDA PIA, 
FDC¢/l, ADLC and DMAC circuits. 

• The ADLC and FDC.¢/l blocks communicate with Memory 
through DMA controlled by DMAC. 

The MPU works according to the program stored in the 
PROM and that loaded into RWM through "power ON". 

) 
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The memory operations by which the MPU controls the 
other circuits are carried out as follows: 

5 

The memory address and the opening signal VMA from the 
MPU are decoded by the CS-PROMs which issue a chip 
select signal (CS ROM, CS ADLC, etc) to the respective 
circuit. The selected circuit decodes the address on 
the A-bus, and with the R/W signal the MPU decides 
whether data shall be read from or written into the 
memory cell or register of the circuit. 

,Address Decoders 

The Address Decoders are: CS-PROM1, CS-PROM2 and 
CS-PROM3 • 

• CS-PROM1: decodes the addresses from MPU or DMAC, 
when the VMA signal is present. It generates chip 
select signals for the memories (~1, ROM) or an 
I/O signal to CS-PROM2/3. See table below 

Address from MPU or DMAC Chip Select 
A15-A8 A7-AO signal (CS) 

00 to 3F XX RWMl 
40 to 7F XX RWM2 
E8 to EF XX ROM 

F7 xx I/O 
F8 to FF XX ROM 

XX = don't care (decoded by the selected circuit) 

• CS-PROM2/3: decode the memory address from the MPU 
when the I/O signal is present. They generate, 
according to the table below, chip select signal 
for the MIC PIA, FDA PIA, FDC$6/1, ADLC or DMAC. 

Address from MPU Chip select 
A15-A8 A7 A6 AS A4 A3 A2 A 1 AO signal (CS) 

F7 0 0 0 0 0 X X X DMAC 
F7 0 0 0 0 1 X X X DMAC 
F7 0 0 0 1 0 X X X DMAC 
F7 0 0 0 1 1 X X X DMAC 
F7 0 0 1 0 0 X X X ADLC 
F7 0 0 1 1 0 X X X FDC¢ 
F7 0 0 1 1 1 X X X FDCl 
F7 0 1 0 0 0 X X X FDA PIA 

F7 1 1 0 0 0 X X X 'MIG PIA 
F7 1 1 1 1 1 X X X TEST 

X = donUt care (decoded by the selected circuit) 

EE369-810 
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Memory 

!3!~_~~!!!~E~ 

PROM 

The RWH is built up of 2 x 16 kbytes dynamic 
RWM. 

The chip select signal CS RAM1 selects the first 16 
kbytes located on the addresses 0000-3FFF. The other 
16 kbytes located on the addresses 4000-7FFF is se
lected by the signal CS RAM2. 

The RWM is addressed by 

" MPU 
" DMAC 
• Refresh counter 

The refresh and memory access multiplexing logic 
together with the timing logic provide the memory 
with 
• Row address and row address strobe (RAS) 

• Column address and column address strobe.(CAS) 
• Write strobe (WG) 

The R/W signal from the ~1PU or D:r.1AC sets the data 
bus buffer to the memory in the output or input 
state. When present as Write (W) it also opens for 
the Write strobe. 

The IPL memory is built up of 2 x 2 kbytes PROM. The 
CS PROM signal is generated when the memory is ad
dressed (read) by HPU or DHAC. 

The A12 Bit (0/1) in the address selects the first 2 
kbytes located on the addresses EBOO-EFFF or the second 
2 kbytes on the addresses FBOO-FFFF. 

,) 

1 
./ 



( 

( 

INTEI'IIIIUPT vECTORS TABLE 
HEX 
ADON "'E. , 

F'" C.O 
A •• 

'800 ::J 1"700 
4.5 Alternative 
2.' addresses 

i 
IPL Rml ""0.' OlES-01F7 

~ 
I "EIt." 

I C,D 
I I A,I 
I I FFEII.9 

I I 
I· I 

'7 'I" I I 
I j 

I I 
I I F700 

~ ~ A nco 
I, 
I 
I 

7FFF 

Ithl6k 

RWM 

1"750 

1"740 

'730 

1'720 

OMAC 

"700 
3FFF 

16K 

RWM 

0000 ...... __ --' 

Fig. 3. r1emory map 

The Interrupt vectors table, contains the start 
addresses (vectors) for the Interrupt routines. 
The I/O address table shows the address fields 
used by the different blocks. 

EE369 ... 810 
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DIRECT MEMORY ACCESS CONTROLLER
1 

DMAC 

The DMAC controls four DMA channels. 

• Channel 0 ADLC (transmit = read) 

• Channel 1 ADLC (receive = write) 

• Channel 2 FDC~ (read/write) 

• Channel 3 FDC1 (read/write) 

The DMA operation for a channel can be divided into 
two operations .. 

1) Initiation 
2) Data Transfer 

Initiation 

The MPU selects the DMAC and initiates its different 
registers as follows: 

• The Address and Byte Count registers obtain 

1. the address of the first byte to be read or 
written in memory by ADLC or FDC~/l 

2. the number of memory bytes to be read or written. 

This information is entered according to the table below. 

Address from MPU Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO 07-00 

0 0 0 0 0 0 0 0 Address (MSB) 

F7 0 0 0 0 0 0 0 1 Address (lSB) 
0 0 0 0 0 0 1 0 Byte Count (MSB) 
0 0 0 0 0 0 1 1 Byte Count (lSB) 

0 0 0 0 O. 1 0 0 Address (MSB) 

F7 0 0 0 0 0 1 0 1 Address (lSB) 
0 0 0 0 0 1 1 0 Byte Count (MSB) 
0 0 0 0 0 1 1 1 Byte Count (lSB) 

0 0 0 0 1 0 0 0 Address (MSB) 

F7 0 0 0 0 1 0 0 1 Address (lSB) 
0 0 0 0 1 0 1 0 Byte Count (MSB) 
0 0 0 0 1 0 1 1 Byte Count (lSa) 

0 0 0 0 1 1 0 0 Address (MSB) 

F7 0 0 0 0 1 1 0 1 Address (lSB) 
0 0 0 0 1 1 1 0 Byte Count (MSB) 
0 0 0 0 1 1 1 1 Byte Count (lSa) 

MSB = 8 most significant bits 
LSB = 8 least significant bits 

0 

1 

2 

3 

) 

) 
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The Channel control register is initiated according 
to the table below with commands for the DMAC to 

1. produce read (D.0=l) or write (D.0=.0) stgte on 
the R/W line when addressing the Memory. 

2. operate in TSC steal mode (D2=l, D1=¢), 

3. count the memory address up (D3=.0)/down (D3=1). 

Channel Address from MPU Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO D7 D6 D5 D4 D3 D2 D1 DO 

0 F7 0 0 0 1 0 0 0 0 X X X X 0/1 o 0/1 
1 F7 0 0 0 1 0 0 0 1 X X X X 0/1 o 0/1 
2 F7 0 0 0 1 0 0 1 0 X X X X 0/1 ) o 0/1 
3 F7 0 0 0 1 0 0 1 1 X X X X 0/1 1 o 0/1 

x = don't care 

• The Priority register is initiated according to 
table below with information 

1 • fo·r the DMAC to refuse (D¢-D3=¢) or accept 
(D.0-D3=1) a transfer request (TXRQ) from a 
c.hannel, 

2. that specifies the priority chain for the 
. channels to 0, 1, 2 and 3 (D7=.0). 

Channel Address from MPU Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO D7 D6 D5 D4 D3 D2 D1 DO 

0-3 F7 0 0 0 1 0 1 0 0 0 X X X 0/1 0/1 0/1 0/1 

x = don I t care. 

EE369-810 
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• The Interrupt Control register is initiated with an 
order for the DMAC to generate an Interrupt Request 
(IRQ) when the DMA for the respective channel is 
ended (DEND). 

The following programming applies: 

(Channel ° = DO, Channell = D1 etc). 
("l"=Enables interrupt, "O"=no interrupt) 

Channel Address from MPU Oata Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO D7 D6 05 D4 03 02 01 00 

0-3 F7 0 a a 1 a 1 a 1 )( )( )( )( 0/1 0/1 0/1 0/1 

x = don't care 

• The Data Chain register is initiated with an order 
for DMAC to operate in four channel mode (DO = 0, 
D3 = 1) .. 

Channel Address from MPU Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO D7 D6 05 04 03 02 01 00 

0-3 F7 a a a 1 0 1 1 0 )( x x X 1 0 0 0 

x = don't care 

Transfer 

After initiation, DMAC is prepared to receive the trans
fer request (TXRQ) from ADLC or FDC¢/l. The arrival of 
TXRQ will trip off the following sequence of events: 

• A DMA request (DRQT) is sent to the "stretch" block. 
This block returns two signals, the Isolate MPU and 
the GRANT. 

• The Isolate MPU sets the MPU in the TSC Steal mode 
by"stretching"the clock signal .01 and .02 to the MPU. 
It also sets the address and data buses from the MPU 
in a high impedance state to enable the DMA. 

• The ·GRANT signal goes to the DMAC, giving it control 
of the address bus and the data direction line 
(R/W C BUS). 

) 

) 
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• DMAC then produces the signals TxAKA, TxAKB and 
TxSTB. A combination of the signals TxAKA and TxAKB 
generates a CS signal to the block that issued TxRQ. 
This is done according to the table below. 

TxRQ on channel CS-/TxAKB TxAKA CS to 

O=ADLC (trans) 0 0 ADLC 
l=ADLC (receive) 0 1 ADLC 
2=FDC¢ 1 0 FDC¢ 
.3=FDCl 1 1 FDCl 

The TxSTB serves as a strobe signal for the following 
purposes: 

1. to open for the CS signal to ADLC or FDC¢/l. 

2. to set the selector connected with the ADLC in 
DMA mode. The ADLC (if selected) will then read 
or write in Memory under the control of DMAC. 

3. to open for the RE or WE signals to the FDC¢/l. 
The FDC¢/l (if selected) will then read or write 
in Memory under control of DMAC. 

4. to generate, together with Isolate MPU, a VMA 
signal for the CS PROM1. 

• From CS PROMI comes an enable signal to the 
memory area addressed from the DMAC. 

• A data byte is then transferred between ADLC 
or FDC0/l and memory. 

• After each transfer of a data byte DMAC investi
gates if the initiated number of bytes (in byte 
count reg.) have been transferred between the 
memory and the unit which requested DMA. If not, 
the DMAC waits for a new TxRQ from the unit. 

• When the transfer of the whole message is completed a 
DATA END (DEND) signal will be issued from the DMAC. 

• This signal and the absence of the GRANT signal will 
cause an interrupt request (IRQDMA) to the MPU and 
the DMA is ended. 

EE369-810 
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TWO-WIRE INTERFACE 

Advanced Data Link Controller, ADLC 

The ADLC is the link between the memory of the FD unit 
and the 2-wire line. It works with direct access to 
Memory under control of DMAC. Hence DMAC must be ini
tiated before the ADLC can request a DMAo 

The operation of ADLC comprises three phases: 

" Initiation 
• Reception 

e Transmission 

Initiation 

ADLC contains four Control registers. When power is 
switched on, Control Register 1 is initiated by the 
MPU as follows: 

Address from MPU Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO D7 D6 D5 D4 D3 D2 Dl DO 

F7 0 0 1 0 0 0 0 0 1 1 0 0 0 0 0 1 

Bit Significance 

DO=l ,Provides the internal Address Control (AC) 
signal which will be used in conjunction with 
AO, Al to address control registers 3 and 4. 

D6=1 Keeps the receiver section of the ADLC in the 
Reset state. 

D7=1 Keeps the transmitter section of the ADLC in 
the Reset state. 

• Control register 3 

Control register 3 is initiated as follows: 

Hex Address from MPU AC Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO from reg 1 D7 D6 05 04 D3 02 01 DO 

F7 0 0 1 0 0 0 0 1 1 1 0 0 0 0 0 0 0 

.', 

) 
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Bit 

DO=O 

Dl=O 

D2=0 

D3=0 

D4=0 

D5=0 

D7=1 

13 

Significance 

The word length within the Information Field 
in a frame is defined in Control Regist~r 4. 

The Control field of the frame is assumed to 
be 8 bits wide. 

All eight bits in the Address field of the 
frame will be used for addressing the ADLC. 

The ADLC will generate consecutive lU s in the 
Transmission IDLE state or give an interrupt 
after reception of 15 or more consecutive l's. 

No indication when the Flag in the frame is 
received. 

The ADLC operates in the point-to-point 
communication mode (Non-Loop~mode). 

The Data Terminal Ready (DTR) output indicates 
that the terminal is ready. 

• Control register 4 is initiated as follows: 

Address from MPU AC Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO from reg 1 D7 D6 D5 D4 D3 D2 D1 

F7 0 0 

Bit 

00=1 

01 and 02= 1 

03 and 04=1 

·1 0 0 0 1 1 1 0 0 0 1 1 1 

Significance 

Separate opening and closing flags will be 
transmitted successively. 

1 

The word length within the Information field 
is 8 bits when AOLC is transmitting. 

DO 

1 

The word length of the Information field in 
a frame re.ceived by the ADLC shall be 8 bits. 

D5 and D6=0 No abort conditions used.' 

07=0 The transmit/receive data format is NRZ. 

EE369 .... 810 
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~:'~:'E!!~~ 
After initiation the MPU will set the ADLC in reception 
mode through programming Control Register 1 as follows: 

Address from MPU Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 A1 AO D7 D6 D5 D4 D3 D2 D1 DO 

F7 0 0 1 0 0 0 0 0 1 0 0 0 1 0 1 

Bit Significance 

00=0 No internal Address Control signal (AC). 

01=1 Enable Interrupt Request (IRQ) from the re
ceiver section. Permits error indication 
during reception. 

0 

03=1 Sets the ADLC in Receiver Data Service Request 
(RDSR) mode .. 

06=0 Removes the reset condition from the receiver 
section. 

D7=1 Keeps the transmitter section reset. 

e AOLC is now prepared to recelve data on the RxD in
put. 

~ When the first data byte of a frame has been recei
ved and is available in the receiver data register 
(RxData FIFO), ADLC generates the signal RDSR as a 
transfer request (TxRQ) to the DMAC. 

• The DMAC then takes over the control of ADLC (see 
DMAC, chapter "Transfer"). 

• The DMAC generates a Read signal and an address 
(RS=l and RS¢=O) which select the receiver data 
register .. 

• The Read signal also sets the data output buffer 
into the Out state. 

• The data byte is then transferred from ADLC to the 
memory position pointed out by DMAC. AOLC removes 
the RDSR signal. 

• The next data byte in the frame will cause a new 
transfer request. 

\ 

/J 
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The loop described above will continue until the 
ADLC receives the End Flag. 

The DMAC will then generate an IRQ (see OMAC section 
Transfer) to the MPU, and the OMA transfer is ended. 

• Alternatively, the DMA transfer can be terminated by 
an IRQ from ADLC. 

• An IRQ from ADLC would be caused by an error in the 
reception (framing error, IDLE, receiver overrun 
etc) .. 

• After a frame has been received, the MPU will decode 
its contents. During this operation both receiver 
and transmitter parts of AOLC are kept in the reset 
state by the MPU. 

Transmission 

The MPU sets the ADLC in transmission mode through pro
gramming the control registers as follows: 

• Control register 1 

Address from MPU Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO D7 D6 D5 D4 03 D2 D1 DO 

F7 

Bit 

00=0 

02=0 

04=1 

06=1 

07=0 

001 0 0 0 0 0 0 1 0 1 0 1 0 0 

Significance 

No internal Address Control signal (AC). 

Enables Interrupt Request (IRQ) from the trans
mitter section. 

Sets the ADLC in Transmitter Data Service Re
quest (TDSR) mode. 

Keeps the receiver section reset. 

Removes the reset condition from the transmittel 
section. 

• Control register 2 

Address from MPU Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO D7 06 D5 D4 D3 D2 D1 DO 

F7 0 0 1 0 0 0 0 1 1 0 0 0 0 0 0 0 

EE369-810 
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Bit Significance 

D1=0 Single byte data transfer. 

D2=0 Bit by bit Mark Idle (l's) for the IDLE state 
in transmission. 

D3=0 TDRA status. 

D7=1 Activates the Request to Se~d (RTS) output 
from ADLC .. 

• The DELAY block responds to the send request (RTS) 
wi th "Clear to Send" (CTS) .. 

• CTS together with the condition TDSR (in status 
register 1) will cause the signal TDSR (TxRQ from 
ADLC to DMAC). 

• The DMAC responds to the transfer request (see DMAC 
section "Transfer") by generating a Write sienal 
and a "Frame Continue" address (RS1=1 and RS.fO=¢) 
which selects the transmitter data register in ADLC. 

• The Write signal also sets ADLC input buffer in the 
In state .. 

• The first data byte is then transferred from Memory 
(addressed by DMAC) to the transmitter data register 
in ADLC, and the TDSR signal is removed. 

• When the ADLC is prepared to receive another data 
byte for the frame it again generates a TDSR signal 
as a transfer request to DMAC. 

• The loop described above will continue until the 
DMAC indicates that all bytes have been transferred 
(see DMAC, section "Transfer") .. 

• When ADLC receives the "Frame terminate" address 
(RS1=1 and RS¢=l) from DMAC it knows that the data 
byte received is the last to be transmitted. After 
the End Flag has been transmitted the frame is ter
minated and the'ADLC goes into the Mark IDLE state 
(sending consecutive lis). 

• DMAC sends an IRQ to the MPU and the DMA transfer is 
ended. 

• If an error~nderflow) occurs during transmission, 
the ADLC sends an IRQ to the MPU, and the frame is 
terminated. 

) 

) 

) 
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Modulator/Demodulator 

• Modulation (see description of Display Unit EE360-810). 

• Demodulation (see the sgme description). 

FLEXIBLE DISK INTERFACE 

FDA PIA 

The FDA PIA is programmed by the MPU during system 
initialization as follows: 

• Control registers (CR) 

Control , Address from MPU Data Bus 
register A15-A8 A7 A6 A5 M A3 A2 Al AO 07 06 05 04 03 02 D1 DO 

A F7 0 1 0 0 0 0 0 1 X X X X X 0 X X 
B F7 o ·1 0 0 0 0 1 1 X X X X X 0 X X 

x = don't care 

Bit Significance 

D2=0 Selects the Data Direction Registers when the 
proper register select signals are applied to 
RS¢ and RS1. 

• Data Direction Registers (DDR) 

Data Address from MPU CR Data Bus 
Direction 
Register A15-A8 A7 A6 A5 A4 A3 A2 Al AO bit 2 D7 D6 D5 04 D3 D2 D1 

A F7 0 1 0 0 0 0 0 0 0 0 0 1 1 L 1 0 

B F7 0 1 0 0 0 0 1 0 0 0 0 1 1 1 1 1 

In the table each D-bit on the "A" row represents a 
data line on the PA7-PAO bus. The bit value defines 
the direction of t~e information flow; 0 for input 
and 1 for output= 

DO 

0 

1 

Similarly, bit values on the "B" row control direction 
of flow on the PB7-PBO bus. 

After initiating the DD registers the MPU will set bit 
D2 in the Control registers to "1". This enables the 
MPU to address the Peripheral Interface Registers in 
FDA PIA. 

EE369-810 
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~ Peripheral Interface Register A 

This register serves as an interface for the func
tions described in the function table below and is 
addressed as follows: 

Address from MPU CR Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO bit 2 D7 D6 D5 D4 D3 D2 D1 DO 

F7 0 1 0 0 0 0 0 0 1 See PA7-PAO in the table 
below (D7=PA7, D6=PA6 etc) 

Note:. The R/W-signal controls the direction (IN =1) 
(OUT=O) 

PA Signal name Direction Function if = 1 Function if = 0 (see DDR) 

0 Strap Cond 95 IN Initial loading of the Initial loading of 
FD-unit from the two- the FD-unit from the 
wire (Not strapped). diskette (strapped). 

1 Strap Cond 1 IN Not used. Not used. 

2 Ready OUT The Ready LED on the The Ready LED ex-
FD 4120 front lights. tinguishes. 

3 Door Unlock OUT The door unlock magnet The door unlock magnet 
(Dd ve ¢) is not active (the LED is active (the LED on 

on the FDD is not lit). the FDD is lit). 

4 Write Fault OUT Inactive. Resets the write fault 
Reset flip flop in the FDD. 
(Drive 95) 

5 Head Select OUT Selects head 1 Selects head 0 
(Dd ve 95) (i f two heads). (also for a drive 

with one head). 

6 Drive Connec- IN 
ted (Drive ¢) 

Drive not connected. Drive connected. 

7 Disk TYp'e IN Double sided. Single sided. 
(Drive ¢) 

) 

) 
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• Peripheral Interface Register B 

This register serves as an interface for the function 
described in the fvnction table below and is addres
sed as follows: 

Address from MPU CR Data Bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO bit 2 D7 D6 D5 D4 D3 D2 D1 DO 

F7 0 1 0 0 0 0 1 0 1 See PB7-PBO in the""table 
below (PB7=D7, PB6=D6 etc.) 

Function Table 

Direction 
PA Signal name (see DDR) Function if = 1 Function if = 0 

0 Bit 0 *) OUT The ERROR 1 LED on the The ERROR 1 LED 
FD4120 front lights. extinguishes. 

1 Bit 1 *) OUT The ERROR 2 LED on the The ERROR 2 LED 
FD4120 front lights. extinguishes. 

2 Bit 2 *) OUT The ERROR 3 LED on the The ERROR 3 LED 
FD4120 fran lights. extinguishes. 

3 Door Unlock OUT The door unlock magnet The door unlock 
(Drive 1) is not active. (The magnet is active. 

LED on the FDD is not (The LED on the 
lit). FDD is lit). 

4 Write Fault OUT Inactive. Resets the Write 
Reset" Foul t flip flop 
(Drive 1) in the FDD. 

5 Head Select OUT Selects head 1 Selects head 0 
(Drive 1) (if two heads). (also for a drive 

with one head). 

6 Drive Connec- IN Drive not connected Drive connected 
ted (Drive 1) 

7 Disk Type I IN Double sided Single sided 
(Drive 1) 

. 

*) The different combination of bits 0-3 and their 
meaning is described in chapter FDC¢/l section 
"Error Messages" .. 

EE369-810 
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Flexible Disk Controller, FDC¢/l 

The tables below describe the Input and Output signals 
covered by the designation "CONTROL" in the Block 
diagram .. 

Signal Name 

External Data 
Separat.or 

Write Protect 

Write Fault 

Index Pulse 

Track 00 

Ready 

Three-Phase 
Motor Select 

Disk-Initiali
zation 

Test 

Abbr. 

Ready 

Function 

Tied to a V. The composite serial 
data from the FD drive is separated 
externally. 

When active indicates that the 
diskette is write protected. It 
terminates a Write command. 

When active indicates that logic 
in the FD drive has discovered a 
fault in the writing process (see 
manual for the FD-drive). The 
Write command is terminated. 

Becomes active whenever an index 
mark is encountered (once per re
volution) on the diskette. 

Becomes active when the Ready/ 
Write head is positioned over 
track 00 of the diskette. 

When active indicates that the 
FD drive is ready for a Read or 
Write operation. When active 
the Read or Write operation 
cannot be performed and an IRQ 
is generat,ed. 

Tied to +5 V. The step direction 
motor control interface in the 
FDC~/l is used to control the 
FD drives. (Outputs PAT/STEP 
and ~/DIRC). 

Tied to +5 V. No function. 

Tied to +5 V. No function. 
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Signal Name Abbr. Function 

Write Data WD Composite data (both clock and 
data bits) to the FD drive. 

Write Gate WG Active when the diskette is to 
be written. 

Track Greater TG43 When active during a Read or 
Than 43' Wri te operation, informs the FD 

drive that the Read/Write head 
is positioned between tracks 44 
and 76 (see FD drive manual). 

Three Phase PAT/ Used as STEP (see INPUT 3PM) 
Motors/Step STEP line for control of step motor 
Control Line in the FD drive.' 

Three Phase ' 00/ Used as DIRC (see INPUT ~) 
Motors/Direction DIRC line for telling the step motor 
Control Line the direction of a STEP (high = 

step in, low = step out). 

~~~!!!~!! 

The MPU controls (reads/writes) the Status, Command, 
Track, Sector, and Data registers of the FDC¢/l. When 
a DMA is initiated the DMAC controls the Data register. 
The address, contents and function of each register are 
described below. 

• Command register (CR) 

This 8-bit register holds the command presently being 
executed. The addressing and the commands to the 
register are described in the tables that follow: 

Addressing 

-Y 

Address from MPU WE Data Bus FDC A15-A8 A7 A6 A5 A4 A3 A2 A 1 AO *) D7 D6 D5 D4 D3 D2 Dl DO 

0 

1 

EE369-810 

F7 0 0 1 1 0 0 0 0 1 Command (see table below) 
F7 0 0 1 1 1 0 0 0 1 Command (see table below) 

The WE=l is generated by the MPU through setting 
the R/W in the Write stateD 

i 
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Commands 

The commands accepted and executed by the FDC¢/l 
are of four types (I-IV). When ever a command 
is being executed the Busy status bit is set in 
the Status register. When a command is completed 
or an error condition accurs during execution, an 
interrupt request (IRQ) to the MPU is generated 
and the Busy status bit reset. 

Type 

Each of the Type commands contains bits with a 
certain function. Those bits are marked with a 
letter and explained after the table. 

Command Data Bus bit Function 7 6 5 4 3 2 1 0 

Restore 000 0 h v rl rO Upon receipt of this commond, the Track 00 (TROO) (Seek Track 0) input is sampled. If nrnn is active (indicating 
the Read/Write head is positioned over track 0), 
the Track Register is laaded with zeros and on 
interrupt is generated. If TRM is not active, 
IItepping pulses at a rate specified by the rl rO 
field (bits 0 and I) are issued until the TRlm 
input is active. At this time, the Track Register 
ill loaded with zeros and an interrupt is generated. 
If the TRM input does not turn low after 255 step-
ping pulses, the Foc¢/1 gives up and interrupts 
with the Seek Error status bit set. 

Seek 000 1 h v rl rO This command assumes that the Track Register 
contains the track number of the current position 
of the Read/Write head and that the -Data Re~ister 
contains the dl'sired track number. The 'FOG II 
will update the Track Register and issue stepping 
pulses in the appropriate direction until the con-
tents of the Trock Register are equal to the con-
tents of the Data Register. An interrupt is gene-
rated at the completion of the command. 

Step IN 0 1 0 u h v rl rO Upon receipt of this command, the Foc¢ll issues one 
stepping pulse in the direction towards track 76. 
An interrupt is generated at the completion of the 
cOlllmand. 

Step OUT 0 1 1 u n v rl rO Upon receipt of this command, the Foc¢ll issues 
one stepping pulse in the direc,tion towards track O. 
An interrupt is generated at the completion of the 
cOlllmand. 

Step *) 0 0 1 u h v rl rO Upon receipt of this command, the Foc¢ll issues one 
IItepping pulse 0 the floppy disk drive. The stepping 
BIOtor direction is the same as in the previous step 
cOllliland. An interrupt is generated at the completion 
af the command. 

*) Not used in the FD handler program. 
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• h = head load (D3) 

h = CD, 

h = 0, 

the head is to be loaded at the beginning 
of the command" 

HLD signal generated (see Head Load Timer). 

c=J= used in the FD handler program. 

• v = verify (D2) 

v = OJ, 

v = 0 

c=J= 

verify the last track. The track address 
of the ID field is compared with the Track 
register. If there is a match and a valid 
ID CRC the verification is complete and an 
interrupt generated. If there is not a 
match the Seek Error is set in the Status 
Register and an interrupt generated. 

No verify. 

used in the FD handler program. 

• rl, rO = stepping motor rate (Dl, DO) 

Prog;ammable depending on FD drive type. 

rl rO Rate 

0 0 6 ms 

0 1 6 ms 

1 0 10 ms 

1 1 20 ms 

• u = u~ date {D42 
u = 1 , Track Register is updated by one for each 

step. 

u = [QJ, Track Register is not updated. 

c=J= used in the FD handler program. 

EE369-810 



Type II 

Each of the Type II Commands contains bits with 
a certain function depending on their value. Those 
bits are marked with a letter and explained after 
the table. 

Command Data bus bits Function 7 6 5 4 3 2 1 0 

Upon receipt of this command, the Read/Write 
head is loaded. Then, when on ID field is en-
countered that has the correct track number, 
correct sector number, and correct eRe, the 
data field is inputted to the memory. The 
Data Address Hark of the data field must be 
found within 28 bytes of the correct ID field. 
If not, the Record Not Found status bit is set 
and the operation is terminated. When the first 
character or byte of the data field has been 
shifted through the Dato Shift Register, it is 
transferred to the Data Register and a Data 

Read Command 1 0 0 m b E 0 0 Request (ORO) output is generated. When the 
next byte is loaded into the Data Shift Re-
gister, it is transferred to the Data Register 
and another ORO output is generated, provided 
that the DMAC has previously read the Data Re-
gister. I f one or more character are lost, the 
lost Data status bit is set. This sequence 
continues until the d!lta field has been inputted 
to the memory. If there is a eRe error in the 
data field, the eRe Error status bit is set, and 
the command is terminated (even if it is a multiple 
record command). At the end of the operation, the 
type of Data Address Hark encountered in the data 
field is recorded in the Status Register (bits 5 
and 6). 

Upon receipt of this command, the Read/Write head 
is loaded (HlD active). When an ID field is en-
countered that has the carrect track number, 
correct sector number, and correct eRe, a ORO 
output is generated. The FOC¢/l counts off 11 
bytes from tne eRe field and the Write Gate (WG) 
output is mode active if the ORO is serviced 
(1. e., the Data Register has been loaded by the 
memory. If ORO has not been serviced, the 

Write Command 1 0 1 b E 01 00 
command is terminated and the Lost Data status 

m bit is set. If the ORO has been serviced, the 
we; is made active and six bytes of all Zero leve 
levels ore then written on the diskette. At 
this time, the Data Address Mark is then written 
on the diskette, 
(bits 0 and 1). 

as determined by the a1aO field 

The FOC¢/l then writes the data field by gene-
rating ORO outputs to the computer. If the ORO 
is not serviced in time, the Lost Data status 
bi t is set and a byte of zeros is written on 
the diskette. The command is not terminated. 
After the last data byte has been written on 
the diskete, the two-byte eRe is computed in-
ternally and written on the diskette fallowed 
by one byte of all One levels. WG is then 
made inactive. 

) 
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• m = Multiplex Record (D4) 

m = 0, a single sector is read or written and an 
interrupt is generated at the completion 
of the command. 

multiple records are read or written with 
the Sector Register internally updated so 
that an address verification can occur on 
the next record. The FDC¢/l continues to 
read or write multiple records and update 
the Sector Register until the Sector Re
gister exceeds the number of sectors on 
the track or until the Force Interrupt 
command is loaded into the Command Register. 
When either of these occurs, the command is 
terminated and an interrupt is generated. 

c=J= used in the FD handler program. 

• b = Block Length (D3) 

b = 0, 

b = W, 

c=J= 

EE369-810 

No IBM format. The value in the Sector 
Length Field on the diskette multiplied 
by 16 determines the number of bytes in 
the sector or data field as shown below: 

Sector Length 
Field (hex) 

Number of Bytes 
in Sector (decimal) 

01 16 

02 32 

03 '48 

04 64 

CD • 
• .. 
• • 

FF 4080 
AA vv 4096 

IBM format. The value in the Sector Length 
Field on the diskette determines the length 
(number of characters) of the sector as 
shown below: 

used in the FD handler program. 
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Sector Length 
Field (hex) 

Number of Bytes 
in Sector (decimal) 

00 128 
01 256 
02 512 
03 1024 

• E = Enable HLD & 10 ms delay (D2) 

E = 0, the head is assumed engaged when the 
command is given. 

E = CD, 

0= 

HLD signal is made active and HLT 
(signal) input is sampled after an 
internal delay (see Head Load Timer). 

used ln the FD handler program • 

• 01 00 = Data Address Mark (DAM) (01, DO) 

0100 determines the DAM code to be written on the 
diskette as follows: 

01 00 Data Mark (hex) Clock Mark (hex) 

1
0 01 FB C7 
0 1 FA C7 
1 0 F9 C7 
1 1 F8 C7 

0= used ln the FD handler program. 

) 
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Type III 

Track command in this group contains a 
certain function depending on the value. 
marked with a letter and explained after 

The Read 
with a 
bit is 
table. 

Data Bus bits 

bit 
This 
the 

Command 765 4 3 2 1 0 Function 

Upon receipt of this cOllllland, the head is loaded. 
The next encountered 10 field is then read in off 
the diskette, and the six data bytes of the 10 field 
are asselllbled and transferred ta the Data Register, 
and a ORO output is generated for each byte. 

Read Address 1 1 000 
Although the eRC characters are inputted to the 

1 o 0 Maory, the FCOf6/1 checks for validity and the eRC 
Error status bit is set if there is a CRC e,rror. 
The Sector Address of the IC field is written into 
the Sector Register. At the end of the operation, 
an interrupt is generated. 

Upen receipt of this command, the head is loaded. 
Reading starts with the leading edge of the first 
encountered index mark and continues until the next 

Read Track 1 1 1 o 0 1 o'S' index pube. As each by:e is assembled, it is trans-
ferred to the Data Register and the Data Request (ORQ) 
output is generated' for each byte. No eRC checking is 
c:rforlled. Gaps are included in the input data stream. 

pon callpletion of the cOlilmand, the interrupt is ac-
tivated. 

Upon rec:eipt of this com/lland, the head is loaded. 
Writing starts with the leading edge of the first 
encountered index pulse and continues until the 
next inde'( pulse, at which time the interrupt is 
activated. The Data Request output is activated 

Write Track 1 1 1 1 0 1 o 0 
illlllediately upon receiving the command and writing 
doell not start until after the first byte has been 
loaded into the Data Register. If the Data Register 
hall not been loaded by the second index pulse, the 
operation is terminated. 1 his sets the Not Busy and 
LOllt Data status bits, and activated the interrupt. 
If a byte is not present in the Data Register when 

~~~:d~nd ~~r ch!r~~~~:s i~r:u~:i!!~~e:~ t~:dd!:~ette 
by detecting certain data byte patterns in the out-
r.ing data stream as shown above. The CRe generator 

s initialized to all Ones ,.hen any data byte from 
Fa to FE is about to be transferred from the Data 
Register to the Data Shift Register. 

S = Synchronize (DO) 

'5" = 0 +h~ n_cc'_'.m ...... llln+ ..... ;o,t"'I, O.r:, h,,+o.e:: 'Ie:: e::" ....... I-. ... ,.. ... .;Z ...... ..1 _...... -- -- - - "'7 ... ""' .......... "'Y"'WIi.l.'-" • .&. c .... to 
each Address Mark encountered. 

'5'= Do not synchronize to AM. 

D used in the FD handler program. 

EE369-810 
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Type IV 

This command contains bits with a certain function 
depending on the value. Those bits are marked with 
a letter and explained after the table. 

Command Data Bus bits Function 7 6 5 4 3 2 1 0 

This command can be loaded into the 
Command Register at any time. If 
there is a current command under 

Force 1 1 o 1 13 12 11 10 
execution, the command is terminated 

Interrupt and an interrupt is generated when 

= 

10 =0] 
11 =[JJ 
12 = 
13 = 1 

0= 

the condition specified in the 10 
through 13 field (bits 0 through 3) 
is detected. Mote than one condition 
may be specified. 

Interrupt condition (03-00). 

No interrupt request is generated; but 
the current command is terminated. 

Interrupt when: Not Ready to Ready Transition. 

Interrupt when: Ready to Not Ready Transition. 

Interrupt when: Index pulse detected. 

Interrupt every 10 ms. 

used in the FD handler program .. 

• Status Register 

This 8-bit register holds device Status information 
which is a function of the contents of the Command 
Register. The meaning of each status bit and the 
addressing of the register are described in the 
tables below. 

Addressing 

FDC Hex address from MPU RE Data Bus 
A15-A8 A7 A6 AS A4 A3 A2 A 1 AO "* 07 06 D5 04 D3 D2 D1 DO 

/J 

1 

F7 0 0 1 1 0 0 0 0 1 57-51 see table below 
(57:D7, 56=D6 etc.) 

F7 0 0 1 1 1 0 0 0 1 57-51 see table below 
(57=D7, 56=D6 etc.) 

The RE="1" is generated by the MPU through setting 
the R/W CBUS in the Read state. 

) 

( 
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Table StlOtul Regiuter Summar{ 

Commends 
Bit All Type I Read Read Write 

Commands Address Read Track Write Track 

S7 Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready 

S6 Write Protect 0 Record Type 0 Write Protect Write Protect 

S5 Head Engaged 0 Record Type 0 Write Fault Write Fault 

S4 Seek Error 10 Not Found Record Not Found 0 Record Not Found 0 

S3 CRC Error CRC Error CRC Error 0 CRC Error 0 

S2 Track 0 Lost Data Lost Data Lost Data Lost Data Lost Data 

S1 Index ORO ORO ORO ORO ORO 

SO Busy Busy Busy Busy Busy Busy 

STATUS FOR TYPE I COMMANDS 

BIT NAME 

S7 NOT READY 

S6 PROTECTED 

S5 HEAD LOADED 

S4 SEEK ERROR 

S3 CRC ERROR 

S2 Track 00 

S1 INDEX 

SO BUSY 

MEANING 

This bit when set indicates the drive is not ready. When reset it indicates that the 
drive is ready. This bit is an inverted copy of the READY input and logically 
'ored' with MR. 

When set, indicates Write Protect is activated: This bit is an inverted copy of WRPT 
input. 

When set, it indicates the head is loaded and engaged. This bit is a logical "and" 
of HLD and HL T signals. 

When set, the desired track was not verified. This bit is reset to 0 when updated. 

When set, there was one or more CRC errors encountered on an unsuccessful 
track verification operation. This oit is reset to 0 when updated. 

When set, indicates Read Write head is positioned to Track O. This bit is an in· 
verted copy of the T ROO input. 

When set, indicates index mark detected from drive. This bit is an inverted copy 
of the TPinput. 

When set command is in progress. When reset no command is in progress. 

STATUS BITS FOR TYPE II AND III COMMANDS 

BIT NAME 

S7 NOT READY 

S6 RECORD TYPE/ 
WRITE PROTECT 

S5 RECORD TYPE/ 
WRITE FAULT 

S4 RECORD NOT 
FOUND 

S3 CRC ERROR 

S2 LOST DATA 

S1 DATA REQUEST 

SO BUSY 

EE369-810 

MEANING 

This bit when set indicates the drive is not ready. When reset. it indicates that the 
drive is ready. This bit is an inverted copy of the READY input and 'ored' with 
MR. The TYPE II and III Commands will not execute unless the drive is ready. 

On read Record: In indicates the MSB of record-type code from data field address 
mark. On Read Track: Not Used. On any Write Track: It indicates a Write Protect. 
This bit is reset when updated. 

On Read Record: It indicates the LSB of record-type code from data field address 
mark. On Read Track: Not Used. On any Write Track: It indicates a Write Fault. 
This bit is reset when updated. 

When set, it indicates that the desired track and sector were not found. This bit is 
reset wheh updated. 

If S4 is set, an error is found in one or more I D fields; otherwise it indicates error 
in data field. This bit is reset when updated. 

When set, it indicates the computer did not respond to DRQ in one byte time. 
This bit is reset to zero when updated. 

This bit is a copy of the DRQ output. When set, it indicates the DR is full on a 
Read operation or the DR is empty on a Write operation. This bit is reset to zero 
when updated. 

When set, command is under execution. When reset, no command is under execu
tion. 
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• Track register (TR) 

This 8-bit register holds the track number of the 
current Read/Write head position. The contents of 
the register are compared with the recorded track 
number in the 10 field during disk Read, Write 
and Verify operations. The Track register is read 
or written in by the MPU. 

Foe Address from MPU RW WE Data bus 
A15-A8 A7 A6 A5 A4 A3 A2 A 1 AO (*) (*) D7-00 

¢ 
1 
¢ 
1 

F7 0 a 1 1 0 0 0 1 0 1 X 

F7 0 0 1 1 1 0 0 1 0 1 X 

F7 0 0 1 1 0 0 0 1 1 0 X 

F7 0 0 1 1 1 0 0 1 1 0 X 

= The RE/WE signals are generated by the MPU through 
setting the R/W in the Read or Write stateG 

X = Track number (ex 10 decimal = OA, hex). 

• Sector r~gister (SR) 

FDe 

¢ 
1 

¢ 
1 

This 8-bit register holds the address of the desired 
sector position. The contents of the register are 
compared with the recorded sector number in the 1D 
field during disk Read or Write operations. The 
Sector Register is read or written in by the MPU. 

Address from MPU RE WE Data bus 
A15-A8 A7 A6 A5 A4 A3 A2 Al AO (*) (*) D7-DO 

F7 0 0 1 1 0 0 1 0 0 1 X 

F7 0 0 1 1 1 0 1 0 0 1 X 
F7 0 0 1 1 0 0 1 0 1 0 X 

F7 0 0 1 1 1 0 1 0 1 0 X 

(*) = See above 

X = Sector number (ex 15 decimal = OF hex) 

) 

) 

( 
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• Data register 

This 8-bit register holds the data during disk Read 
or Write operations. It can be addressed both from 
the MPU and the DMAC (during DMA operations). 

Address from MPU * * Data Bus FDC A15-A8 A7 A6 A5 A4 A3 A2 Al AO RE WE D7-DO 

¢ F7 0 0 1 1 0 0 1 1 0 1 X 
1 F7 0 0 1 1 1 0 1 1 0 1 X 
¢ F7 0 0 1 1 0 0 1 1 1 0 X 
1 F7 0 0 1 1 1 0 1 1 1 0 .~ 

* = The Isolate MPU signal will replace Al and AO 
during DMA. 

X = Data 

Data Transfer 

On receipt of the interrupt from the Seek command sent 
to the FDC¢/l the MPU checks the Status register to 
see that no error has occurred. If no error exists, 
the head is placed on the right track and the MPU can 
send a Read or Write command. The buffer start address 
and the number of bytes to be read or written etc. must 
be initiated in DMAC (see DMAC section "Initiation"). 
When DMAC receives the DMA re~uest (DRQ) on the Write 
or Read command (see commands) from the MPU to the 
FDC¢/l, it takes control of the data transfer, (see 
DMAC section "Transfer"). On receipt of the IRQ from 
DMAC (DMA ended), the MPU terminates the Write command 
in FDC¢/l by sending the Force Interrupt command. 

~EE~E_~~~~~~~! 
An error during start up or Initial Program Load (IPL) 
is indicated on the ERROR-LEDs as follows: 

3 I 2 1 ERROR Message 

0 0 0 No Error 
0 0 1 CRC Error PROMl 
0 1 0 CRC Error PROM2 
0 1 1 Data Error RAM 
1 0 0 Time out (FDC-chip) 
1 0 1 Not Ready (FD-drive) 
1 1 0 Read Error (Address, 

Vol. Label, VTOC 
1 1 1 No sysbot read sysbot 

EE369 ... 810 
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Data/Clock Separator 

A synchronization field is used to determine which out
put is to be the data output and which is to be the 
clock output when reading the sector that follows. The 
data characters of the sync field are all zeros, hence 
pulses obtained when reading the field are known to be 
clock pulses. Using this indication IC1771 allocates 
data/clock status to the outputs 53:3 and 53:6. 

Sync. field Data lId. field 

c c c o c o c 
Read Data 

Data Window 50/13 

Separated Clock -"1...-_---.Iln ..... ____ nn __ ---..in .... ___ rL 
Separa t ed 00 to 

Fig. 4. Read data separation into data and clock 

The Data Window defines the space of time in which the 
consecutive data pulse is to appear. The data window 
is generated by counters 49 and 50 which are loaded by 
each arriving Read Data pulse. 

ReadOata~I~ ____ ~L ______ ~~ ________ ~~ ________ J~ __________ __ 

50/13 

~ til' I >III!L 

Space for 
Data pulse 

Fig$ 5. Data window 

2,08 
, , .... 

Space for 
Clock pulse 

) 

) 

) 

( 
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Head Load Timer 

The Head load timer block consists of a programmable 
timer (type MC14536), and the delay time is program
med (as 2n) in the strapping field connected to the 
inputs A-D as follows: 

Inpupt Delay 

D C B A n 

o 0 0 0 9 
000 1 10 
001 0 11 
o 0 1 1 12 

o 1 o 0 13 
o 1 o 1 14 
o 1 1 0 15 

10 1 1 1 16 I 
1 0. 0 0 17 
1 o 0 1 18 
1 010 19 
1 o 1 1 20 

1 1 o 0 21 
1 1 o 1 22 
1 1 1 0 23 
1 1 1 1 24 

The clock frequency to the chip is 0.5 MHz (2 ps). 
This results in the programmable head load time of 

-6 n-1 
2 • 10 • 2 s 

When the timer receives the HLD signal it starts 
counting. It will count up to the programmed value 
in the strapping field and then generate a signal at 
the "Decode outP output. This signal stops the timer 
and combined with the signal HLD generates the signal 
HLT .. 

When HLT is active, the Read/Write head is assumed to 
be engaged against the diskette. The HLT input is 
sampled in the FDC¢/l after each 10 millisecond in
ternal delay. 

EE369-810 
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INTERRUPT HANDLING 

See "Microcomputer" chapter (Reg. No. EE356-810). 

Interrupts 

• Reset 

• NMI 

• SWI 

" IRQ 

1\\ 

An active low Reset pulse is generated at 
power on. This Reset signal is used to 
reset circuits throughout the system and to 
initialize the MPU. The MPU will fetch con
tents of cells FFFE and FFFF in the Inter
rupt Vectors Table (see Memory) to the pro
gram counter when Reset is deactivated. 

Non-maskable interrupt may be ~enerated 
either from the test unit MCP ~Micro
processor control panel) or from the NMI 
Switch located on the FDA board. The switch 
can be reached from outside (bottom right 
corner of the FD-unit). 

The MPU will fetch the contents of the cells 
FFFC and FFFD in the Interrupt Vectors Table 
to the program counter. 

The program may test the source of NMI by 
reading the MSB of the Peripheral Interface 
Register A in the MIe PIA. 

Software interrupt is an MPU instruction 
(see MPU description) and the MPU will fetch 
the contents of cells FFFA and FFFB in the 
Interrupt Vectors Table. 

The eight interrupts that use the IRQ line 
are described below. 

) 

( 
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FPLA 

The interrupt register latches the logic value of the 
IRQ:s listed below and generates th~ 17-l0 signals to 
the FPLA. 

IRQ I 

SOFT *) 0 
TIMER *) 1 
Not used 2 

Not used 3 

ADLC 4 
FDCl 5 
FDC¢ 6 

DMAC 7 

*) See M1C PIA 

The FPLA generates an IRQ (exception see Mask Reg) to 
the MPU on reception of an 17-10 signal. 

The MPU responds by sending the vectors (addresses) 
FFF8 and FFF9. 

These are modified by the FPLA into two addresses 
("pair") directed towards the area FFE8-FFF7 of the 
Interrupt Vectors Table. The value of these addresses 
vary as determined by the Interrupt level. 

With the 1PL signal the same pair of addresses would 
select the area OlE8-01F7 of the alternative Inter
rupt vectors table in RWM. 

I Addr: FFF8~ ,...--"""11 FFF3 ...-- FFF9 Addr: 
a---_ 

SignaJ.'! 5 ~ 11..-_.....11 . I I FPLA 1- 15 Signal 

S'lgn. (Vectors 
in RW'M) 

r-r.--- (Vectors Signn'~ 
T in RWM) 

FFF2 FFF3 
(01 F2) (01F3) 

\ / 
V 

Address pair to the 
Interru t vectors t ble 

Fig. 6. Alternative interrupt vector addresses 

The signals used in these procedures are shown and 
described in the tables on the following pages. 

EE369-8l0 
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Table. Interrupt pri and addr. mod FPLA-Truth table. 

INPUT OUTPUT 
From 

~ 
Mask 

x'x Latch 
iJ.JLL 

A4 A3 A2 Al LLLL P3 P2 PI 17 I6 I5 14 13 12 11 10 LLLL 

FUNCTION 20 21 22 23 24 25 26 27 2 3 4 5 6 7 8 9 

8 32 
* ~ (f) ~ 

(j) 

I~ I- 0 <! 
P4 P3 P2 P1 :s 0::: L 1-1 

10 11 12 13 14 15 16 17 
LJ - - - - - l l l - - - - - - - l IA 
1 - - - - - l l - - - - - - - l - IA 
2 - - - - - L L - - - - - - L - - A 
3 - - - - - L H L - - - - - L - - A 
4 - - - - - L - - - - - - L - - - A 
5 - - - - - L - - - - - L - - - - A 
6 - - - - - H L L - - - L - - - - A 
7 - - - - - L - - - - L - - - - - A 
8 - - - - - H L - - - L - - - - -
9 - - - - - L - - - L - - - - - -

A 
A ) 

10 - - - - - H L - - L - - - - - - A 
11 - - - - - H H L - L - - - - - - A 
12 - - - - - - - - L - - - - - - - A 
3 H H L l l L L L IH H H H H H H l A 

14 :H H L L L L L - H H H H H H L - A A 
15 H H L L L L L - H H H H H L - - A A 
16 H H L L L L H L H H H H H L - - A A 
17 H H L L L L - - H H H H L - - - A A A 
18 H H L L L L - - H H H H L - - - A 
19 H IH L L l H t L IH H H 1 - - - - A 
20 H H L L L L - - H H L - - - - - A A 
21 H H L L l H L -IH H L - - - - - A A 
22 H H L L L L - - H L - - - - - - A A 
23 H H L L L H L -IH L - - - - - - A A 
24 H H L L l H H L H L - - - - - - A A 
25 H H L L L - - - L - - - - - - - A A A 
26 H H L L L l L l IH IH H H H H H H A A 
27 H H L L L L L H H IH H H H !H H - A A 
28 H IH L L L L H L IH IH H H H IH - - A IA 
29 H H L L L L H H H H H H H - - - A A 
30 H H l L L H L L H IH H H - - - - A A 
31 H H L L L H L H H H H - - - - - A A 
32 H H L L L H H L H H - - - - - - A A 
33 IH H [ L L H H H H - - - - - - - A A 
34 H H L - L - - - - - - - - - - - IA 
3~ H l - - l - - - - - - - - - - - A iA 
36 L H - - L - - - - - - - - - - - A A 
37 H IH H - L - - - - - - - - - - - A A 
3 H H - H L - - - - - - - - - - - A A 

H - - - H - - - - - - - - - - - A 
L - H - - H - - - - - - - - - - - A 

- - H - - - - - - - - - - - - - A 
- - - H - - - - - - - - - - - - A 

L 

4' 
4~ 
46 
47 

( 

A = Active output level high ("1"). 

*) The IRQ output is active when Low ("0")" 
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Table. Explanations of FPLA functions. 

Operation No .. 

0-12 

13-25 

26-33 

34 

35-36 

37-38 

39-42 

~~~~-~~~!~!~E 

IRQ generation if permitted by the 
Mask reg. value. 

Address modification with regard to 
interrupt number and Mask value. 

If the 17-10 signal is removed 
when the MPU sends the vector 
addresses FFF8 and FFF9 these 
addresses are directly used as 
addresses to the cells for Default 
InterruDt in the interrupt vectors 
table. 
The signal IRQ, SWI is generated on 
reception of the~r\IRQ vect~ (FFF8 
9) or SWI vect~FFFA,B) from the 
~WU. It disables latching into the 
:tNT .REG because the modified addr. 
lines must be stable when the MPU 
fetches the interrupt vectors 0 In 
combination with the Vectors in 
RWM signal sets the IRQ, SWI sigi'"!, 
nal up the addresses to the al
ternative interrupt vectors table. 

The signal Set mask is generated 
on reception of the addresses 
FFE8 to FFF7 fran the l\1PU. In com
bination with the functions 41-42 
it sets the "MASK REG II (see Mask 
Reg. ) . 

By pass for the interrupt vectors 
(addresses) FFFC,D (NMIJ and FFFE,F 
(Reset) from the MPU. 

By pass for the signals A4-A1. 

When the MPU generates one of the addresses FFE8-FFF7 
for the interrupts 17-10, the Mask register is set to 
a specific value. This value specifies the interrupt 
levels that are allowed to activate the IRQ Line from 
the FPLA to the MPU (see table for FPlA Function No. 
35-36). 

EE369-810 
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MIC PIA 

The MIe PIA is programmed by the MPU during system 
initialization as follows: 

• Control Register (CR) 

Control Address from MPU Data Bus 
Register A15-A8 A7 A6 A5 A4 A3 A2 Al AO D7 D6 D5 D4 D3 D2 Dl DO 

A F7 1 1 0 0 

(Register B is not used) 

X = don't care 

0 0 0 1 X X 1 1 1 0 1 0 

~------r-----------------------------------------------~ 
Bit Significance 

DO=O In combination with Dl and CAl controls the IRQA 
output. Initiated as 110" which sets the interrupt 
output (IrmA) to "1". 

01=1 Indicates that the interrupt input CAl is active 
on low to high transition. 

D2=0 Selects the Data Direction Register when the 
proper register select signals are applied to 
RS¢ and RS1. 

03=1 Controls the interrupt output CA2. Initiated as 
"1" which sets the output CA2="1". 

D5-D4=1 The condition to make CA2 an output. 

• Data Direction Register (DOR) 

Data Address from MPU CR Data Bus Direction A15-A8 A7 A6 A5 A4 A3 A2 Al AO bit 2 D7 D6 D5 D4 D3 D2 D1 Register 
A F7 1 1 0 0 0 0 0 0 0 0 X X X X X X 

DO 

1 

In the table each D-bit represents a data line on the 
PA7-PA~ bus. The bit value defines the direction of 
the information flow; 0 for input and 1 for output 
(X = not used). 

After initiating the DD register the MPU will set bit 
D2 in the control register to "1". This enables the 
MPU to control the Peripheral Interface Register A 
and the Interrupt Lines (TRaA and CA2). 

) 
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• Peripheral Interface Register A 

R/W Address from MPU CR Data Bus 
from MPU A15-A8 A7 A6 AS A4 A3 A2 A1 AO bit 2 D7 D6 D5 D4 D3 D2 D1 DO 

IN=l F7 1 1 0 0 0 0 0 0 1 See PA7-PA¢ in the table 
OUT=O below (D7=PA7),D6=PA6 etc.) 

PA ~ignal Direction Function if = 1 Function if = 0 name (see DDR) 

0 Vectors OUT Used for the add res- The ordinary Interrupt 
in RPH sing of the alterna- Vector Table is addresses. 

tive Interrupt Vector 
Table. 

1-6 - - Not used Not used 

7 Button/!-1CP IN NMI received by MPU NMI received by MPU 
N!-11 from the NMI switch. from MCP. 

• Interrupt Lines 

EE369-810 

If the MPU wants an IRQ from the Timer the MPU sets 
the DO bit to "1" in the Control register. 

On arrival of the intefRQPt signal from the Timer 
to the CAl input, the A output is activated (low)o 

To enable a new interrupt request from the Timer the 
MPU must read the Data register A. 

Through setting 'bit D3 to 0 the MPU program can ge
nerate a "SOFT" interrupt ( level 0) ., 
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TIMING 

I 

The crystal controlled Clock Generator produces 
an 8 MHz basic clock signal, which generates 
four clock signals in the Clock Counter. 

~ 

8MHz 

T2 
(fMHz) 

T:J 
fq5MH. 

Fig. 

~ 

7 

S()()ns 

1000ns 

2000ns 

. Basic timing signals 

Combinati~ns of the TO-T2 signals are decoded in 
the Timing Logic by two PROMs (the EVEN and ODD 
PROMs). 

.. EVEN PROM 

This PROM generates the DBE, ~1, RAS, ~, ~ 
and REFRESH. The table on page 40 shows the 
state of the timing signals after each half 
period of the TO signal (125 ns) .. 

ISOLATE MPU indicates whether the state refers 
to DMA or not (no" = DMA, "1" = no DMA).. The 
pulse diagrams on pa~e 41 show the non-DMA 
state (ISO.MPU = "0") and those on page 42 
the DMA-state (ISO.MPU = "1"). 

• ODD PROM 

This PROM renerates the timin~ sirnals DBE ROW 
ENABLE, WE 771, RGLATCH and R 177. The table 
on page 40 shows the state of the timing sig
nals after each half period of the TO signal 
(125 ns). ' 

IsoLATE MPU indicates whether the state refers 
to DMA or not (Via" = DMA, "1" = no DMA). The 
pulse diagrams on pa~e 41 show the non-DMA 
state (ISO.MPU = VIa") and those on page 42 
the DMA-state (ISO.MPU = ill")" 

The output from the Timing Logic is a combination 
of the timing signals from the EVEN and ODD lat
ches (see pulse diagram pages 41 and 42). 

The combined signals control the different opera
tions in the system (see pulse diagram on pages 
43 and 44). 

) 
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"EVEN PROM" 

INPUT LINES OUTPUT LINES 

::> a. 
"U -u L 

H 
(IJ ~ W VI 

f- (IJ :::> ::> 
~ <I: +' 

-' E C W 
~~ ~~ 

+' u-
> 0 0 ::> gsrs o W 

<.n H 0 zp,2 z~ 

0 H u- U 

T Hex Hex 4 3 210 Value 7 6 5 4 3 2 1 0 Value 
( 0 0 000 0 0 1 a 1 1 1 a 0 5C 

0 0 o 0 1 1 1 1 a 1 1 1 o 0 DC 

0 0 010 2 1 1 a 0 1 1 o 0 CC 

0 0 a 1 1 3 1 1 a 0 o 1 o 0 C4 

0 0 1 o 0 4 1 o a a 0 1 o 0 84 

0 0 1 o 1 5 1 o a a 0 1 o 0 84 

0 0 1 1 0 6 1 o a a 0 1 o 0 84 

0 0 1 1 1 7 1 0 a 0 o 0 o 0 80 

0 1 000 8 o 1 o 1 1 1 o 0 5C 

0 1 o 0 1 9 1 1 a 1 1 1 o 0 DC 

0 1 010 A 1 1 a 0 1 1 o 0 CC 

0 1 o 1 1 8 1 1 o 0 o 1 o 0 C4 

0 1 1 o 0 C 1 o 0 o 0 000 80 

0 1 1 o 1 D 1 o a 1 1 1 0 1 9D 

0 1 1 1 0 E 1 o a o 1 1 o 1 8D 

0 1 1 1 1 F 1 o 0 o 1 1 o 1 8D 

"ODD PROM" 

INPUT LINES OUTPUT LINES 

::> W 

( 

a. -' r "U -u"U L co 
~ ~ ~ 

(IJ Ql 

W H 

~~ 
VI VI 

f- (IJ W :::> :::> 

<I: +' r+, +' +' -' E C W3: 
> 0 o :::> coo ~~ t~ o 0 

<.n H 0 a~ ZZ 
0 H 4-U 

T Hex Hex 4 3 210 Value 7 6 5 4 3 2 1 0 Value 

0 a 000 0 .0 0 1 1 o a o 0 38 

0 0 o 0 1 1 11 1 1 1 1 0 o 0 F8 

0 0 010 2 1 o 1 1 1 0 o 0 88 

0 0 o 1 1 3 1 o 0 1 o 0 o 0 90 

0 0 1 o 0 4 1 o 0 1 o 0 o 0 90 

0 0 1 o 1 5 1 o 0 1 o 0 o 0 90 

0 0 1 1 0 6 1 0 1 1 o 0 o 0 80 

0 0 1 1 1 7 1 o 1 1 o 0 o 0 80 

0 1 000 8 001 1 1 o 0 0 38 

0 1 o 0 1 9 1 1 1 1 1 0 o 0 F8 

0 1 010 A 1 o 1 1 1 0 o 0 88 

0 1 o 1 1 8 1 o 0 1 0 000 90 

0 1 1 o 0 C 1 o 0 o 0 o 0 0 80 

0 1 1 o 1 D 1 o 0 o 0 000 80 

0 1 1 1 0 E 1 0 1 o 0 o 0 0 AO 

0 1 1 1 1 F 1 o 1 o 0 000 AO 

EE369-810 



42 [~l 

<I) 

III III C 

~~ III ~ ~ 0 ~ ~ ~ 8 
or:.j\g £l! C\J 'I ~ \(j r-. co Q 
I! I I I I I I I I I I I I I I I I I I I I I IJ I I I I I I I I I I I I! I I I I I I I I I I I I I I I! I I I! I I I I I I I 

¢2 

80Hz RE:.F. 

• Output EVEN Latches 
• 80Hz • 

to E:.ven. LA TCH£.S 

DB£. 'L. ___ -' 
¢IJr-------------------------L-________________________ ~r 
RASJr-----~-~ ___________ r_--~L_ ______ __ 

CAS 

WG 

RE:.FR. 

• Output ODD Latches 

10bog~~~H£'s' 
DB£. ---.L ___ r------------------------------------------------

RG LATCH 

R£. 7771 ~r----------------------IL-----------------------------------

• Output Timing Logic 

¢7-------------------------------4 L.-________________________ ~ 

¢2----------------~ 

DB£.IL _____ r_~----------------------------------

mw DVABL£. 

RAS 

CAS 

WG 

R£'FR. 

>J7SnS 
>200ns 

>tc ace 135ns 
> 125ns >200ns 

__________________________________ -r--------------------LL 
RGLATCH ~I ____ ~ ____________________ ........ r 

Idacc .... 50ns 
R£.1777 ~r----------------------f(~~~~~~>~5~O~O~n~s~~~~~~~~~~~~~~ ________ ~r 
W£.1771 --------------------------~ >J50ns 

) 

) 

) 
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o ~ ~~ ~ Sl ~ 8 f\i 
I ! ~) I I , I ,-I , I I I I I ~I I I , I , I ,1, i I I , ' tn, ! I , I' i ltC, 

w' 
i'. 
t 

I 1·1 
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( 8MHz R£.:; 

'\ 
j 

• Output EVEN Latches 

~IJr----------------------------~ ____________________________ __ 
RAS~r--------~~--L-__________________________________________ __ 

CAS 

WG 

R£FR. ~O~" __________________________________________________________ _ 

• Output ODD Latches 
8 MHz 

lo"OWLATCH£S· 

D8£ 

ROW E:.NABL£. 

RG LATCH 
TRANSPARANT 

~ ~r--------------L-________________________________________ _ 

• Output Timing Logic 

¢!~i ----------------------------,~ __________________________ ~ 

¢2~i ----------------------------~ 

D8£lL __________ S-~-----------------------------------------------

ROW £NA8L£ _____ ...1 

~SJr------~ _____________________ __ 

CAS ---------------------L-__________________________________ __ 

WG ----------------------------------------------------~~ __ ~ 

R£FR'~~b~h ____________ ~N~O~R~£F.~R~. ____________________________________ _ 

RG LATCH --~"7""------------~T,~R.~~~N~S~PA~R~~~N7.T~---------------------------------

R£1771~r----------------------L_ ____ ~>~50~O~n~s~ ____________________ ~ 

W£1771 --------------------------~ _____ >~J~5~O~n~5 __________ _...I 
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Timing pulses when no DMA transfer ----------------------------------
U) 

!")lfl ~ c: 
lJ) lJ) 0 \O,C\J C\i' lJ) 0 lJ) 0 

~ I'- 0 
~~ \9 ~ 

lJ) I'- 0 ~ co 0 

I, I, I , I , I ! I ~I I I! I I .1 I I ,lJ)I, I I I I , I , I I, , II 1 .... 

1 

P,1 cJ2.2 ) 

DBL 

ROW LNABLL 

A4S I' >200ns 
>37Sns 

>f2Sns -I >200ns 

CAS 
CtCQCC135~ 

RG LATCH -----1 

RfIR 

DATA TRANSFLR 

1 
DATA VALID rROM HCHORY 

r1Lr10RY-MPU 

RG LATCH 

2 

DATA TRAN5FLR 

{ 
DATA VALTDrDH HPU 

MPU-r1Cr10RY 

WG 
RCFR. 

I 

DATA TRANSFLR 

{ 
DATA VALID rROM H?U 

~ r r1PU-7771 

LATCH RG 

WC 1771 

I 
DATA TRANSFCR 

{ 
RC 1771 ! 

f771-r1PU 
@TA VALlO FROM 1771> 

l! 
¢2 I-

DATA TRANSIT.R 

{ 
~TA VALID IN /DV T PIA t f)prA~r1PU 

¢2 ( 
2jr1PU-PIA 

{ ( DATA VALID /""RON ADLC t DATA TffANSFLR 

ADLC-r1PU ¢2 

I 

DATA TRANSFLR { 
DATA VALID TO ADLC < 

~ r1PU-ADLC @.2 
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~lfll() a lfl-~ ~- lfl 
~ lfl 

-I') ~I I, ! , I ! I , I ! I! 

PI 

DB£ 

ROW £NABL£ 

R4S 

CAS 

RG LATCH ",. TRANSPARANT 

R£FR "0" 

lfl a 
I'. a 
,1 lfl 

! I , I, 

>/c acc 735ns , \ 

lfl 

~ 
! I 

04TA VALID MCMORY 

I In dolo stable 2S0ns' 

lfl 
I'. 
CO 

!, ,I, 

THD7S0ns 

45 

DATA TRANSF£R { 
ME:.NORY--177J 

~W=-t-1-7=7-'--------~ >J50ns I 

DATA TRANSF£R 
7771-.-M£MORY 

DATA TRANSF£R 
t1 D'10RY-A DU 

DATA TRANSF£R 
. ..a.DLC-MD'10RV 
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1 R£ 7777 

WG 

{ 
2 

1 
l WG 

td acc 4SOns 
>SOOns 

(ClATA VALID 

DATA VALID MC/'1ORY 

TA VAL VIA DMAC 

I 
I 
! 
! 

tddr 220ns < 04TA VALID 

~ 
,ROM ADLC >-
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General 

The Flexible Disk Unit (FD) 4122 in the Alfaskop System 41 shall serve 
as: 

• a central processing unit, in a Personal Computer (PC) configuration, 
which includes a terminal and an optional printer. 

• a storage unit for application programs, such as word processors etc. 

Mechanics 

The FD consists of four main parts, which are enclosed in a cabinet. 
These are: 

• The flexible disk processor logic (FD PL) board which includes a 
microprocessor, up to 256 kbytes of RIW-memory, a flexible disk 
controller and a communications controller. 

• The FD power supply (FPS), which provides the FD with the neces
sary voltages. The FPS is a switching device. 

• Two slimline type 5 1/4" disk drives, each of which has a formatted 
capacity of 720 kbytes. 

The mechanical layout of the FD can be seen in Figure 1. 
Apart from the abovementioned features there are five LEDs mounted 
on the front panel of the cabinet. 

Fig. 1. FD 4122 mechanical layout 

E90002914E 

Flexible Disk 
Controller Board 

Ribbon Cables between 
FD Board and Disk 
Drives 

Power Supply 

Flexible Disk Drives 
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Block structure 

The electronic circuits for the microprocessor, memory, disk controller and communications controller are all placed on one printed circuit board. 
The rna jor function blocks and the bus structure are shown in the coarse block diagram in Figure 2. This is followed by a brief description of the individual blocks. 

MPU EPROM r:c~c;--:l 

I I I I 

I 
l'-IlIIIIII!IjIIII-1I!IIIII 
'---

r:
I Foe 
I 
I 
I "-_DIIIIIUIlIIIIII L ____ ..J 

Fig. 2. Coarse block diagram 

I 
~~~I 

I 
~~~tatio.!!-___ J 

-l 
~~---,..: I 

I I 
~~r~tati~ __ J 

Fig. 3. Aifaskop System 41 with the FD 4122 as mass storage unit 
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Block Description 

Microprocessor Unit, MPU 

The MPU consists of an Intel iAPX 188 chip, with buffers and latches. It 
works primarily according to the programs stored in the EPROM and 
RWM circuits. 

The iAPX 188 includes features like 2 DMA channels, clock generator, 
programmable interrupt controller, 3 programmable timers, programma
ble memory and chip select logic and a local bus controller. The central 
processing unit (CPU) in the iAPX 188 is object code compatible with 
the iAPX 86, 88 microprocessors and furthermore it adds 10 new instruc
tions to the existing instruction set. 

IP l.rmemory 

RWM 

The IPL memory can be an EPROM chip ranging from 4 to 16 kbytes. It 
contains the software for bootstrap loading of programs from flexible disk 
into the RWM. 

The FD 4122 contains either 256 kbytes (or 64 kbytes) of RWM. In the 
64 kbytes configuration the FD only works as a system or data FD (SC
mode, SC = shared cluster),that is as a terminal. With 256 kBytes it can 
be configured either as a personal computer (PC) or in the shared cluster 
(SC)-mode. 

Flexible Disk Interface, FDI 

The FDI part of the FD consists of a NEC 765 Floppy Disk Controller 
(FDC) with associated circuitry to enhance read and write signals and for 
interfacing the FDI to the floppy disk drives (FDD). 

The FDC controls both FDD's and supports either single density format 
(PM) or double density format (MFM) including double sided recording. 

The FDC also provides hand-shaking signals which make it possible to 
use DMA operation for data transfer between the FDC and the memory. 

Additional features proyide by the FDC are programmable record 
length, parallel seek on up to four drives (only two used). 

Communications Interface, CI 

The CI consists of an Intel 8274 Multi-Protocol Serial Controller (MPSC) 
chip and associated circuitry to transfer serial data on the two wire line. 
The transfer rate is 300 kbits per second. 

The MPSC contains features like asynchronous, byte synchronous and bit 
synchronous operation, two full duplex transceivers, 4 DMA channels 
and handles baudrates up to 880 kbps. 

E90002914E 
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If the FD is to be used as a personal computer an Intel 8254 Programma
ble Interval Timer, an RS-232 receiver and an RS-232 transmitter are 
added to the FD PLboard. 

The timer contains functions like three 16-bit counters, binary or BCD
counting and six programmable counter modes. 

Out Register 

The Out Register block contains an eight bit register and five light 
emitting diodes (LED). Part of the register is used to initiate the LED's 
and the rest is used to set the signals Disk Drive Motor and Disk Drive In 
Use. 

Address Register 

The Address Register consists of an eight pole dip switch, pull up resistors 
and an octal buffer and line driver. 

The Address Register is primarily used to identify a certain system/data 
FD in a cluster environment in a multidrop configuration. 

Microprocessor Unit, MPU 

This section deals with the application of the Intel iAPX 188 micro
processor in the Alfaskop Flexible Disk Unit 4122. For a functional 
description of the iAPX 188 you are referred to the manufacturer's data 
sheets. All circuit and signal names in this section refer to the block 
diagram in Appendix A. This appendix can be unfolded, so that it can be 
used for reference while you are reading the text. 

The Intel iAPX 188 microprocessor is internally a 16-bit parallel device 
with an 8-bit external data bus, with three-state control. It has a 20-bit 
adress-bus which gives it an addressing capacity of 1 Megabyte. The 8 
LSB are multiplexed with the data bus. 

It should be noted that not all signals from the iAPX 188 are used in this 
application. Some signals are connected to hardware inside the MPU
block and some are not connected anywhere. To simplify the understand
ing of the use of the iAPX in this application we will therefore describe 
the signals from the MPU block first and thereafter the function of the 
MPU block. This will include information on registers and addresses in 
the MPU. 

) 



( 

(' 

ERICSSON ~ Flexible Disk Unit, FD 4122 5 

Signals 

There are 20 address bus lines from the iAPX. In this application only 18 
of these are used. The two most significant lines A18 and A19 are not 
used. 
The 8 LSB of the address bus are multiplexed together with the databus. 
This is done in such a way that during an address access cycle, first the 
8 LSB of the address bus are available on the bus and thereafter the 8 data 
bits. The timing for this can be found in the suppliers data sheets. The 
LSB of the address bus and the data bus is marked ABO-AB7. The 
remainder of the address bus is marked A8-A17. 
Apart from the address and data bus lines there are a number of pro
cessor and bus control signals which lead out of the MPU-block. There 
are also some signals that remain inside the block. Some of these are 
connected to some form of hardware while others simply are not used in 
this application. 

The unused signals in this application of the iAPX 188 are shown in table 
1. 

Table 1. Unused signals from the iAPX 188 in the FD 4122 application. 

Signal 

TMR OUT 1 
A 18/S5 
A 19/56 
S7 
LOCK 
MCSO-3 
PCS5IA1 
PCS6IA2 

Pin 

23 
66 
65 
64 
48 
38,37,36,35 
31 
32 

Connected signals used inside the MPU-block are shown in table 2. 

Table 2. Signals used inside the MPU-block. 

Signal 

Vcc 
Vss 
X1,X2 
TEST 
TMR IN 1 
ARDY 
NMI 

HOLD 

HLDA 

ALE 

Pin 

9,43 
26,60 
59,58 
47 
21 
55 
46 

50 

51 

61 

Connection 

System power: +5 Volt 
System ground 
Connected via a 16 MHz crystal 
Connected via a pull up resistor to system power 
Connected via a pull up resistor to system power 
Connected to system ground 

, Connected via an inverter and a pull up resistor to system 
power 
Connected via an inverter and a puii up resistor to system 
power 
Enables octal line driver for memory and chip select signals, 
when the signal is low 
After passing line driver ALE enables output latch for 8 LSB 
of the address bus 

E90002914E 
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For testing purposes the following signals inside the MPU-block are 
furnished with test points (TP).(Table 3.) 

Table 3. Signals with test points in the MPU-block 

Signal 
-~.,--,- ---
ADO-AD7 
A8-A19 
SO-S2 
PCSO-PCS5 
LCS 
UCS 
CLKOUT 
SRDY 
NMI 
HOLD 
TMR aUTO 
ALE 
DT/R 
RD 
WR 
DEN 
RESET 

The remaining signals that are used in this application can be divided in 
two main groups. One group consists of signals that interrupt the normal 
program execution and the other group consists of bus control signals. 

There are 7 different hardware interrupt signals with different priorities 
that are used in this application. Their chief characteristic is that they stop 
normal program execution. The interrupt signals, in order of priority are: 
RESET, DRQO-l and INTO-3. 

Interrupt Signals 

• RESET going low for at least 4 clock cycles forces the processor into an 
reset process. This means that the processor immediately terminates 
the present activity, clears the internal logic and enters a dormant 
state. After the RESET becomes inactive approximately 7 clock cycles 
pass before the processor begins execution anew. On restart the pro
cessor begins execution with the instruction in memory location 
FFFFO(H). There are also some registers that are set to predefined 
values after a reset. Information on these can be found in the data 
sheets for the iAPX 188. 

• TMR INO can be used either as a clock, (or as a control signal). It is 
active high and it is connected to the chip Select Request output to the 
NEC 765A Floppy Disk Controller. 

• DRQO-l are DMA request signals driven by external devices. They 
are active high. DRQO is driven by the Intel 8274 Serial Controller's 
Transmit- or Receive-DMA-Request signals. DRQl is driven by the 
NEC 765A Floppy Disk Controller output DRQ via an time delay. 

• INTO is an interrupt signal that is active high. It is driven by software. 
ie. the operating system via the Out Register on address PCS4, data 
line 7 (AD 7). 

• INTI is an interrupt signal that is active high. It is driven by the 
interrupt signal from the Intel 8274 Serial Controller via an inverter. 

) 
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• INTI is an interrupt signal that is active high. It is driven by the 
interrupt signal from the NEC 765A Floppy Disk Controller output 
INT. 

• INT3 is an interrupt signal that is active high. It is driven by the output 
OUT 1 on the Intel 8254 Programmable Timer. 

Bus Control Signals 

The bus control signals that are used can be divided in two groups. One 
group consists of memory and chip select signals. The other group 
consists of signals that control data direction, read, write, data enable and 
adress enable. This group includes status signals, clock signal and synch
ronous re~dy signal as well as timer out signal and reset output. 

Memory and Chip Select Signals 

• LCS is an active low, memory select, to the lower part of the addressa
ble memory (1-256 kbyte). It is used to address the RWM in the FD 
4122. The amount of memory to be accessed is selected by software. 
This signal is also used to control the Refresh Timing during an MPU 
access of the RWM. 

• UCS is an active low, memory select, to the upper quarter of the 
addressable memory (1-256 kbyte). It is used to address the ROM in 
the FD 4122. The amount of memory to be accessed is selected by 
software. 

• PCSO is used to drive the Chip Select (CS) on the Intel 8274 Serial 
Controller. It is active low. 

e PCS1 is used as an DMA Acknowledge to the NEC 765A FDC. It is 
active low. The signal can also activate the Terminal Count (TC) on the 
FDC under certain circumstances. 

• PCS2 is used to drive the Chip Select (CS) on the FDC. It is active low. 

• PCS3 is used to drive the Chip Select (CS) on the Intel 8254 Program
mable Timer. It is active low. 

e PCS4 is used to enable the Out Register together with the WR signal 
and the Address Register together with the RD signal. It is active low. 

Control Signals 

• DT/R is the data directIon signal that controls the direction of the data 
through the octal bus transciever in the R'VVM block. "'ben tI-ris si~l1al 
is low, data is transferred from the RWM to the data bus. When it is 
high, data is transferred from the data bus to the RWM. 

• RD is active when the iAPX is performing a memory or I/O read cycle. 
It is active low. The following devices are connected to this signal: 
ROM, Address Register, Programmable Timer, Serial Controller and 
FDC. 

e WR is active when the iAPX is performing a memory or lIO write 
cycle. It is -active low. The following devices are connected to this 
signal: RWM, Out Register, Programmable Timer, Serial Controller 
andFDC. 
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e ALE is active during the first clock cycle of a processor cycle. It is 
guaranteed that the 8 LSB of the address bus are available on the bus, 
on the trailing edge of ALE. This makes it possible to latch this part of 
the address into the appropriate device. (See timing diagram in man
ufacturer's data sheets.) The signal is active high. In this application 
this signal is connected to the refresh timing block. 

• DEN enables the outputs of data bus transcievers. It is active low. It 
does not become active until data has been placed on the bus and the 
DTIR signal has settled in its new state. 

" TMR aUTO enables together with the PCS1 the Terminal Count (TC) 
of the FDC. The timer should be set up so that the out signal goes low 
on terminal count. That means that the signal is considerd active low in 
this application. 

• RESET is active during a MPU reset. It is used for system reset. It is 
active high but since the FD 4122 also needs an active low reset, such a 
signal has been included. The RESET OUT is generated by passing 
the RESET through an inverter. 

• CLKOUT is an 8 MHz system clock signal. It is derived from the 
16 MHz crystal oscillator. 

• SO-S2 are bus cycle status signals. They are active low. For information 
on these signals you are referred the manufacturer's data sheets. In this 
application sre used for refresh timing control. (See section on RWM.) 

41& SRDY is generated by the refresh timing logic. It can put the MPU in a 
WAIT state while the RWM is refreshed. The maximum delay this 
signal can cause is 4 clock cycles. It is active high. It is active for 
approximately 4% of the active time of the running system. That 
means that it causes an approximate delay in the system of 4%. 

The iAPX 188 consists of 7 main functional blocks. These are the Clock 
Generator, the Execution Unit, The Programmable Interrupt Controller, 
the Programmable Timers, the Bus Interface Unit, the Chip Select Unit 
and the Programmable DMA Unit. All units except the Clock Generator 
contains registers and controlling logic. 
The registers in the different units of the iAPX are of two main types. 
Either they are control registers or they are data registers except in the 
Execution Unit. This Unit contains registers of the following categories: 
General Registers, Segment Registers and Status and Control Registers. 

Clock Generator 

The Clock Generator contains a crystal oscillator, an divide-by-two 
counter, asynchronus and Synchronus inputs and reset circuitry. 
It provides the system with an 8 Mhz system clock. The Clock Generator 
also contains the logic that receives the external READY signals. In this 
application is only the Synchronus Ready Signal (SRDY) used. 
This signal is used to insert WAIT states in the execution process. The 
WAIT states are needed to let the Refresh circuitry access the RWM and 
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Refresh the dynamic memory at appropriate intervals. The READY 
control consists of three bits (RO-R2) in the Control Word for each 
Memory Select or Chip Select line. (See section on Memory and Chip 
Select.) Since only the Refresh Function needs WAIT states to be inser
ted through hardware control, only the Low Memory Select Line Regis
ter needs special atteIl;~ion. (See s~ctioIl; on RWM.) 
This means that when the MPU is busy addressing either internal units or 
other external units than the RWM, the READY control bits can be set 
so that SRDY is ignored. During MPU access to the RWM, the SRDY on 
the other hand must be taken into account. Since the RWM used in this 
application requires extra WAIT states, only two settings of the READY 
bits remains, namely: 

R2 R1 RO 
o 0'1 1 WAIT state, external SRDY used. 
1 0 1 1 WAIT state, external SRDY ignored. 

Execution Unit 

The Execution Unit is an upgraded version of the iAPX 86, 88 micro
processor family. It contains· the same basic set of registers, instructions 
and addressing modes as the 8086 and 8088 MPU's. The upgrading 
means that the iAPX 188 has 10 new instruction types other than those 
already present in the iAPX 86, 88 MPU's. 
The Instruction Set of the iAPX 188 is enclosed in this manual as an 
appendix B. For detailed information on the workings of the Execution 
Unit we refer you to the manufacturer's data sheets. This includes 
information on the registers, instructions, addressing modes, data types 
and interrupt vectors. 
There are no restrictions placed on the use of the Execution Unit other 
than those. due to the fact that some signals to or from the MPU has been 
excluded in this application. (See section on Signals.) 

Programmable Interrupt Controller 

The Interrupt Controller can handle interrupts from inside the MPU as 
well as external interrupts. Internal interrupts are generated by the timers 
(3 timers merged into one interrupt line), or by either of the DMA 
Controllers (2 interrupt lines). The internal interrupts can be masked 
either in the Interrupt Controller or in the control registers of respective 
interrupt source. 

The external interrupts are brought to the controller on lines INTO
INTI. The source of these is described in the section on signals above. 
These interrupts are all generated by circuitry external to the MPU. This 
circuitry is activated by the MPU and therefore the interrupts are in fact 
software generated. That is they are, or should be expected and there 
should be program routines that take care of these signals. 

The external interrupt signals can either be disabled in the external 
circuitry or in the Mask Register in the Interrupt Controller. 

The Interrupt Controller also contains a register that can be set to disable 
interrupts below a certain priority level (Priority Mask Register). 

E90002914E 
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The remaining interrupt signal is the Non Maskable Interrupt (NMI). 
This signal is disabled through an inverter and a pull up resistor. However, 
it can be enabled by connection to system ground. This is possible since 
the signal is brought out to a test pin on the printed circuit board. It is only 
possible to enable this signal when the FD 4122 is dismantled for service 
or repair. That means that this signal is ideal for initiating test routines 
that should be available to service or repair personnel only. It is used at 
production tests. 

All interrupts that are accepted by the Interrupt Controller are passed on 
to the Execution Unit on a priority basis. The priority can either be 
software selected or follow the default priority table (See manufacturers 
data sheets). 

All interrupts are handled by indirect calls through a vector tabel. The 
vector tabel is indexed by using the interrupt vector type multiplied by 4. 

Programmable Timers 

There are 3 programmabel timers in the iAPX 188. Timers 0 and 1 can 
count external pulses while Timer 2 only can count on pulses from 
Timer 0 and 1. Timers 0 and 1 can also be set up to count pulses from an 
internal clock. Timers 0 and 1 can generate Timer Out pulses to external 
units and also internal interrupts to the Interrupt Controller. Timer 2 can 
either send an interrupt request to the internal Interrupt Controller or an 
DMA request to the internal DMA Controller. 

All three timers contain one Mode/Control Word Register and one 
Count Register. Timer 0 and 1 contains two Max Count Registers each, 
whole Timer 2 only contains one Max Count Register. 

In this application only Timer 0 is connected to an external device, 
namely the FDC. The Timer is meant to be used as a byte counter during 
DMA transmissions between the FDC and the memory (if the program 
does not want to read/write whole sectors of data, in which case this 
function is not used). 

To accomplish this the Max Count Register A should be set up with a 
number N, which is one less than the actual number of transmitted bytes. 
The Max Count Register B is set up with the value 1. The timer then 
counts the number of DMA requests till an agreement has been reached 
between the Max Count ,Register A and the Count Register. The Timer 
then switches over the count to Max Count Register B. This causes the 
Timer to set the signal TMR aUTO low. This will tell the FDC at next 
DMA-transfer (by signal TC) that enough data has been sent to memory 
and it will therfore terminate the DMA transfer. 

The timer counts WW-to-HIGH transitions. Timer 0 registers resides in 
offset addresses 50H-56H in the Internal Register Map. For a DMA 
transaction between the FDC and the memory the total amount of bytes 
to be transferred, minus 1, should be enterd in Max Count Register A, 1 
should be entered into Max Count Register B and the following Word 
should be entered in Control Register 0, with the offset address 56H: 

E006H 
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When the Timer 0 is unoccupied with DMA transfers it can be used 
together with Timers 1 and 2 for other counting purposes. Note that the 
Timers only can use an internal clock for such purposes since TMR INO is 
occupied by the FDC and TMR INI is not connected in this application. 

Bus Interface Unit 

The Bus Interface Unit generates the local bus control signals. The signals 
that are used in this ap.Rlication are ALE, RD and WR for memory and 
peripheral control, DT/R and DEN for data transciever control, HOLD 
and HLDA for control of the memory and chip select line control and SO
S2, SRDY, RES and RESET. The signals are described in the section on 
Signals above. 

Memory and Chip Select Unit 

The Memory and Chip Select Unit makes it possible for the programmer 
to generate chip select for both memory and peripheral units. 

In this application the Upper Memory Chip Select (UCS) enables the 
ROM which contains bootstrap loader and assorted test programs. The 
address lines brought to the ROM-chip carrier makes it possible to 
address either 8 or 16 kbytes of data. Since the upper limit of the memory 
always is FFFF'FH the lower limit must be programmable. In the 
FD 4122 application this means that for 8 K respectively 16 K of ROM 
the following values should be placed in the UMCS Register at offset 
address AOH: 

8 K- FE3DH 
16 K- FC3DH 

The values above take into account the use of memory that needs 1 WAIT 
state and it ignores the SRDY signal. (See manufacturers notes on 
READY Bits Programming. R2=I,Rl=O,RO=I) The current EPROM 
version needs 1 WAIT state. 

The Lower Memory Chip Select (LCS) can either contain 64 K or 256 K 
of data depending on which version of the FD 4122 you are dealing with. 
Since the lower llinit of the LCS-part of the memory always is OH the 
upper limit must be programmable. This gives an upper address, for the 
system/data FD version of OFF'FFH and for the personal computer 
version 3FFFFH. To define this limit the following values should be 
placed in the UMCS Register: 

64 K-OFF9H 
256 K-3FF9H 

The values above take into account the use of memory that needs 1 WAIT 
state. The values also acknowledge the SRDY signal, which will insert 
WAIT states in the execution to give the refresh circuitry time to complete 
initiated refresh cycles in the RWM. (See manufacturers notes on 
READY Bits Programming. R2=Rl=O,RO=l). 

The Mid Range Memory Chip Select is not used in this application. 
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The FD 4122 uses 5 of the available chip select lines, namely PCSO
PCS4. The start address of the Peripheral Chip Select Block is defined by 
the PACS Register. The PACS Register resides at offset address A4H. If 
the block is located in I/O space bit 12-15 of the Programmable Base 
Address (PBA) must be programmed zero. Bits 6-11 corresponds to bits 
10-15 of the 16 bit PBA. The I/O space is only 16 bits wide. Each 
Peripheral Chip Select Block occupies 128 bytes of memory. These 
blocks are placed contiguous in I/O space. This means that the PBA only 
can be a multiple of 1 kbytes since there are 7 blocks of 128 bytes, which 
equals 896 bytes of memory. From this follows that the 10 LSB of the 
PBA should be programmed as zero. 

This Register not only contains the PBA of the I/O space. It also contains 
The READY bits RO, R1 and R2, which control the number of WAIT 
states inserted in each I/O access. These control bits have to be set 
separately for each I/O unit. Since the SRDY signal has no connection 
with I/O access it should be ignored during I/O access cycles. This means 
that the R2 bit always should be one (1) during I/O access. 

To select the working mode of the PCS the MS bit of the MPCS Register, 
which also sets' the size of the mid range memory chip select, is set to one 
to place peripheral chip select in memory space and set to zero to place it 
in I/O space. 
When the final addressing of a peripheral unit is done the PCS line 
chooses the unit and the seven (7) LSB of the address bus selects 
addresses inside the block. Here follows a listing of the PCS lines and the 
I/O units that they enabel. Also included are the address lines that are 
used by each unit. 

Table 4. PCS Lines to 110 Units. 

PCS line I/O Unit Address Lines 

PC SO Serial Contr., CS AD,Ai 
PCS1 FDC, DMAACK AD 
PCS2 FDC,CS AD 
PCS3 Progr. Timer, CS AD,Ai 
PCS4 Register Out, CS 

Programmable DMA Unit 

There are two independent DMA channels in the iAPX 188. In this 
application channel 0 is connected to the Serial Controller and channel 1 
to the FDC. 

Each channel contains 6 registers. There is a Control Register, a Transfer 
Count Register, two Destination Address Pointers and two Source Ad
dress Pointers. The offset address of these registers can be found in the 
DMA Control Block Format Table in the manufacturer's data sheets. 
The Transfer Counter defines the number of DMA transfers up to a 
maximum of 64 K transfers of 1 byte. The Destination and Source 
Pointers define the addresses for the Destination and Source of a D MA 
transfer, in memory or 110 space. They can be individually incremented 
or decremented after each transfer. The DMA controls the memory and 
chip select lines of the MPU in the same way as the Execution Unit does. 
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The Control Register controls the workings of the DMA Controller. It 
should be set up, according to the DMA Control Word Bit Descriptions 
in the manufacturer's data sheets, before a DMA transfer is requested by 
an external unit. 

The FDe needs a DMA Acknowledge signal (DACK) to function 
properly. This signal is provided through placing the address for the PCS 1 
line in the Destination or Source Pointer of the D MA and sending this 
with a Write or Read signal to acknowledge that the FDC has requested a 
DMA transfer. The Source or the Destination Pointer is set to point to 
the appropriate start address in the RWM, with the Control Register set 
to increment or decrement automaticly after each DMA transfer. The 
placement of the PCSl address and the RWM start address in Source or 
DestinatiQn pointers depends on whether the FDC shall perform a DMA 
Read or Write Cycle. 

EPROM Memory 

The FD 4122 has space reserved for one EPROM chip only. The chip is 
placed in a 28 pin DIL chip carrier. The pinout connections of the chip 
carrier makes it possible to use 2732, 2764 or 27128 or pin compatible 
EPROM's to store the Initial Programs like Bootstrap Loader and a 
variety of test programs. The 2764 EPROM gives 8 kbytes of program 
memory and the 27128 gives 16 kbytes. There are no provisions on the 
FD 4122 for programming of the EPROM chips, that is there is no 
programming voltage available. 

ROM 
AO-An iii. 

) 
v 

RO U(S .. 
00-Q7 

... 
~2. v 

Fig. 4. ROM signals 
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The signals to and from the EPROM block can be divided in three main 
parts. First there are the adress lines, then the data lines and finally the 
control lines. Apart from these there are also System Power (V cc) and 
System Ground (V ss). The PGM line is connected to System Power via an 
pull up resistor and the Program Voltage line (Vpp) is connected to Vcc. 

• AO-A13 are the address signals. It should be noted that the lines AO 
through A 7 are latched so that they carry the adress during the whole 
execution cycle. The signal A13 is not connected to the proper pin in 
the standard configuration, that is with the 2764 EPROM in the 
socket. Instead the line from the chip carrier is connected to System 
Power .. The A13 ends in a jumper position and in case the EPROM is 
changed to a 27128, then the A13 can be jumper connected to the chip. 
The original connection to System Power must be cut. 

41 ADO-AD7 are the multiplexed data and address lines. The timing in 
the EPROM makes sure that the data outputs from the EPROM are 
valid for enough time to give the MPU time to read the data bus. (For 
timing diagrams you are referred to the manufacturer's data sheets.) 

• CE is generated by the signal UCS from the MPU. The amount of 
memory that this signal enables is software programmable. (See Sec
tion on the MPU above.) The EPROM resides in the upper part of the 
system memory, with the last byte of the EPROM in position FFFFFH 
whether it uses 8 K, 16 K or 256 K bytes of the upper memory area. 
The CE can also be disabled manually or through external test equip
ment by pulling the Test Point (TP) in the EPROM block low 
(grounded). This provision enables test equipment to run a test pro
gram in another PROM without the need to remove the EPROM. 

• OE is generated by the MPU signal RD. This signal enables the 
outputs of the EPROM. The timing for this can be found in the 
manufacturer's data sheets. 

ReadIWrite Memory 

The FD 4122 RWM consists of 256 K bytes of dynamic memory when 
fully equipped. 

The RWM is controlled by a RWM Controller (DP 8408) from National 
Semiconductors. This Controller drives both memory configurations. It 
generates read and write signals to the memory, it controls column 
addresses, row addresses and bank select and it controls the refresh 
addressing. 

Data transmission to or from the RWM is controlled separately through 
an transciever circuit controlled directly by the MPU. 

The RWM refresh timing is generated in a separate hardware block. This 
block sends the refresh enable signal as well as a row address strobe signal 
to the RWM Controller. It also generates a SRDY signal that forces the 
MPU to place WAIT states in the execution cycle. This is done to allow 
the RWM Controller to finish an initiated refresh cycle before the MPU 

. addresses the RWM again. 
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Fig. 5. RWM and Refresh signals 

RWM Controller and Memory Block 

15 

BMHz 
~ 

~MHz 

The RWM Controller has two main functions in this application. Pri
marily it generates the proper signals that select memory bank, row and 
column, of the memory cell requested by the MPU. Secondly it generates 
the row address for the refresh cycles in aninternal 8 bit counter. 
During a memory read or write cycle the RWM Controller generates the 
proper row and column addresses and latches these to the proper mem
ory bank with the RAS and the CAS signals. 
If the MPU requests a memory write the Controller enables the Write 
Enable (WE) signal on the memory chips. 
During a refresh cycle the RWM-controller generates the row address in 
an internal counter and then enables the row in all the memory banks, 
v/hereupon the row is refreshed. The counter is then updated. 
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The RWM Controller can operate in any of 8 modes. In this application 
the number of modes has been reduced to two. This has been achieved 
through connecting the mode lines MO and M I to system power respec
tive system ground. The result is that only modes 1 or 5 remain active. 
The switch between these modes is controlled by the RFSH signal. (See 
table 1 in manufacturer's data sheets.) 

The timing for both memory cell read access, write access and refresh 
cycles can be found in the manufacturer's data sheets. 

Of the 20 ,address lines generated during a MPU access cycle the first 16 
lines (AO-A15) are used to select a memory cell in a 64 K byte memory 
bank. In the PC version of the FD 4122 the memory consists of 4 banks of 
64 K bytes each. To select those address lines A16 and AI7 are used. 
There are only 3 control signals connected to the RWM Controller. 
The remaining control lines to the RWM Controller has been enabled or 
disabled permanently through connection to either System Ground or 
System Power through a pull up resistor. (See table 5.) 

RWM Control Signals 

• WE or WIN is the Write Enable Input of the Controller. The signal is 
transmitted to the buffered Write Enabel Output of the Controller. It 
is enabled by the output control signal and enables the Write Enable 
inputs on the RWM memory chips. 

• RASIN has a double function. It is derived from the MPU Lower 
Memory Chip Select (LCS) signal. When the RASIN signal is low and 
the RFSH is high the Controller addresses the Memory Banks accord
ing to the state of the address signals A16 and A17. This means that the 
contents of the Bank Select latch decides which memory bank should 
be addressed by the RASO-RAS3 lines. 
If the RASIN and the RFSH goes low all the RAS outputs go active at 
the same time for a memory refresh cycle. 

• RFSH or M2 going low initiates a memory refresh cycle. The M2 signal 
actually selects in which mode the Controller should work. From the 
Mode Select Tabel in the manufacturer's data sheets it can be seen that 
with the MO tied to ground and Ml tied to System Power the Control
ler has only two modes in which to operate. 
With M2=O, the Controller is put into an external refresh mode (mode 
1). The RFSH signal itself initiates the refresh cycle. First the contents 
of the Refresh counter are placed on the lines 00-07 and are latched 
into the RWM. Then, due to that RASIN goes low at the same time as 
RFSH, all the RAS lines are enabled simultaneously and thereby a 
whole row of the memory is refreshed in one stroke. The Refresh 
Timer is set up to deliver one refresh cycle every 14 microseconds 
which means that the whole memory is refreshed in approximately 4 
milliseconds. 
With M2= 1, the Controller is placed in a AUTO memory access mode 
(mode 5). In this mode all outputs from the Controller are initiated by 
the RASIN signal, except the WE signal. The use of this mode reduces 
timing problems that otherwise can occur during memory access. 

) 

) 

) 

) 



( 

( 

(' 

ERICSSON ~ Flexible Disk Unit. FD 4122 17 

Data Direction Control 

The Data Direction Control consists of an 8 bit transceiver which con
trols the flow of the data placed on the data bus by either the MPU or the 
RWM cells during a memory read cycle. The enabling of the transciever 
and the direction control is governed by 3 MPU signals. 

e LCS is the Low Memory Chip Enable signal which also enables the 
RWM controller through the Refresh Timer signal RASIN. It is active 
low. 

e DEN is the Data Enable signal from the MPU. It is active low. During 
a write cycle it is activated before data has been placed on the multi
plexed address/data bus. During an memory or I/O read cycle the 
DEN signal goes low before the MPU tries to read the data placed on 
the data bus, but after the 7 LSB of the address bus have been active. 
That is, while the address/data bus is in its floating state. 

• DTlRis the data direction signal from the MPU. It controls the flow of 
the data through the transciever. When this signal is high, the MPU 
performs a Write cycle. When it is low the MPU reads data from the 
data bus. 

For the timing of these signals you are referred to the manufacturer's data 
sheets. 

Table 5. Enabled or disabled RWM input control signals. 

Signal 

CASIN 
ADS 
RiC 
MO 
M1 
CS 
RF I/O 

Pin 

2 
6 
1 
3 
4 

47 
46 

Connection 

Via pull up resistor to System Power 
Via pull up resistor to System Power 
Via pull up resistor to System Power 
Via pull up resistor to System Power (MO= 1) 
To System Ground (M1 =0) 
To System Ground 
Not connected. 

Refresh Timing Circuit Block 

The Refresh Timing Circuit Block actually has two main purposes. 
Primarily it provides the RWM Controller with the Row Address Strobe 
Input signal (RASIN) and the Refresh signal (RFSH). It also generates 
the Synchronus Ready signal (SRDY), which places the MPU in WAIT 
state until the Initiated RWM Refresh cycle is complete. The second 
purpose of the Timing Block is to provide the FD 4122 with an alternate 
clock frequency of 4 MHz. 

The Refresh Timer is set up to deliver a refresh request every 14 /J-S. If no 
MPU Low Memory access occurs simultaneously or is already initiated 
when this happens the RWM Controller then performs a memory re
fresh. While the RWM is refreshed the Refresh Timer enables the SRDY 
signal which places the MPU in a WAIT state if it tries to perform a RWM 
access. The SRDY can hold the MPU for a maximum of four system 
clock cycles, which amounts to 500 ns. This means a maximum delay in 
the system of 4% of the execution time. 
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The RFSH signal is latched in the Timer so that when it has been initiated 
and the MPU is performing a RWM access, then it remains active until 
the MPU cycle ends. When the MPU RWM access cycle ends the refresh 
signal then slips in the SRDY to halt the MPU if it attempts to address the 
RWM again. The RFSH signal then initiates the refresh cycle in the 
RWM. 

It should be noted that the SRDY only halts the execution when the MPU 
tries to perform a RWM access. If the MPU accesses other parts of the 
memory or I/O and the READY Control Bits (RO-R2) have been set 
properly, then the MPU ignores the SRDY signal. (See section on MPU 
Memory Chip Select.) 

Refresh Timing Signals 

The signals concerned with the Refresh Timing Circuit Block can be 
divided in input~n<L9utput signals. The input signals are CLKOUT, 
ALE, LCS and SO-S2. The output signals are 8 and 4 MHz, RASIN, 
RFSH and SRDY. 

Refresh Timing Input Signals 

• CLKOUT is the system clock signal of 8 MHz. It is used for timing of 
the Refresh Request, the Row Address Strobe Input signal and the 
SRDY signal. It is also passed through a divider and driver to generate 
a 4 MHz signal. 

• ALE is the Address Latch Enable signal. It is used together with the 
LCS signal to set a latch, which is activated whenever the MPU is 
performing an access to the lower part of the memory (RWM). The 
resulting signal blocks the Refresh Request until the MPU access cycle 
ends. The ALE is active high. 

• LCS tells the Refresh Timer whether the MPU is performing an access 
to the RWM or not. It is active low. 

e 80-S2 are the Bus Cycle Status lines. In this application their sole 
purpose is to set a latch which will activate the RFSH signal if a Refresh 
Request has been generated by the Timer. The latch is set when and 
only when all 3 signals are high, includi~ a fourth signal that is derived 
from the LCS with the ALE. That is SO=Sl=S2=1, which indicates 
that the bus is passive. This means that the MPU has finished an access 
cycle. The time that the bus is inactive after a bus cycle gives the 
Refresh Timer a chance to slip in the SRDY to halt the execution and 
at the same time initiate a refresh cycle in the RWM. This is illustrated 
in the timing diagram in figure 6. 
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Refresh Timing Output Signals 

• 8 MHz is the system clock signal. It has been inverted and given 
additional drive capacity in the Timer. 

s 4 MHz is a clock signal derived from the system clock. 

• RASIN is the Row Address Strobe Input signal that initiates the RWM 
Controller. It goes active on the trailing edge of ALE every time the 
MPU accesses the RWM. It is also activated shortly after the RFSH 
signal goes active to initiate a memory refresh cycle. It is active low. 

e RFSH is the Refresh Request signal. It is activated approximately 
every 14 /-LS to refresh a new row in the RWM. It is active low. For 
proper timing it should go low after the RASIN has gone high. It 
remains low for the whole refresh cycle. (See Diagram on Refresh 
timing in manufacturer's data sheets.) 

.. SRDY is the Synchronus Ready signal that halts the execution of the 
MPU. It inserts WAIT states in the MPU bus cycle. This is done to give 
the RFSH signal a chance to complete the initiated refresh cycle before 
the MPU requests a new RWM access. If the MPU is set up to access 
other parts of the memory than the RWM, it is possible to let it ignore 
the SRDY signaL To accomplish this the 3 LSB of the chip select 
register used has to be set to R2= 1, Rl =0 and RO=O. (See Tabel12 in 
manufacturer's data sheets on the iAPX 188.) 

Flexible Disk Interface, FDI 

As mentioned in the Section on Block Structure for the FD 4122, the FD I 
consists of three main blocks. These are the Flexible Disk Controller, the 
circuitry to enhance read and write signals and the Interface circuitry. 

AO,P(Sl,P(S2, 
Rli,TMR OUTO,WR 

ORQ.l 
INT2 
THR INa 

IOX,ROY, TRO,WP 

W(K 

ROD 
ROW 

Fig. 7. Flexible Disk Controller and Interface signals 
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The FDI interfaces the FD 4122 to the Flexible Disk Drives (FDD), 
either in PM or in MFM. The FDD bus configuration supports either of 
these, but the FD 4122 is normally set up in the MFM format. This means 
that it uses double density and double sided recording of data. The FDD 
bus is duplicated but the FDD's logically "daisy-chained". This simplifies 
hardware connections for the disks. 

Flexible Disk Controller, FDC 

Signals 

The Flexible Disk Controller is the NEC ILPD765A or Intel 8272A chip. 
It is a disk controller which contains features like hand-shaking signals for 
DMA operation and a set of 15 specific commands, which the FDC will 
execute .. 

The instructions are sent from the MPU as multiple 8-bit Byte groups. 
These groups set up the FDC to perform a specific command. For 
detailed information on the Flexible Disk Controller you are referred to 
the manufacturer's data sheets. 

The Interfacing circuits as well as the data read and write enhancing 
circuits place some restrictions on the use of the FDC. 

The FDC can access 4 drives but there is a hardware Drive Select 
Decoder, which only recognizes drives OO(Bin) and 01(Bin), as accept
able disk drives. 

The Write Precompensating signals PSO and PSI· are connected through 
jumpers to an Write Data Pre-Compensation Unit which selects if the 
Write Data (WDA) signal is to be placed on the Interface Bus early, late 
or at a normal time during the Write cycle. 

The Write Clock Generator is set up to generate a 0.5 MHz clock signal 
when the FDC is placed in MFM mode and 0.25 MHz when the FDC is in 
FMmode. 

The Write Enable (WE) signal is used together with the Power On Reset, 
the Power Warning and the decoded Drive Select lines DSO and DSI. 

The signals to and from the FDC can be divided in two groups. 
The first group contains system signals. That is signals that are received 
from or sent to the MPU, or other sources like the Power Warning (PW) 
and Power On Reset (POR) signals from the Reset Block. 
The second group consists of signals sent to or received from the interface 
circuitry or the read and write enhancing circuitry. 
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System Signals 

The system signals consists mainly of signals that control the FDC. There 
are only two signals sent from the FDC to the MPU. These are the DMA 
Request signal and the Interrupt signal. The 8-bit Data Bus is bidirec
tional so that data can be passed to the FDC for initiation or as data to be 
written to or read from the Flexible Disks. Data is also passed from the . 
FDC to the MPU when the MPU performs Read Status Register 
instructions. 

• 8 MHz system dock signal, clocks an 8-bit serial shift register that is 
incorporated to provide the FDC with a DMA Request signal. The 
delay is set to 7 clock cycles. This is done since the FDC-chip must not 
be accesed to soon after having issued a DMA Request. 

s 4 MHz is a system clock that is used as a eLK input to the FDC. 

• RESET is the System Reset signal from the MPU. It is active high. 
This signal places the FDC in an idle state. 

e V cc is the System Power signal ( + 5 V). 

• Vss is the system ground signal (0 V). 

• RD is the system read signal, which the FDC uses together with the 
WR and the AO signals to set the status for the Data and the Main 
Status Register. It is active low. The legal settings of these signals can 
be found in the manufacturer's data sheets. It is obvious that the lines 
WR and RD cannot be active simultaneously, a fact which reduces the 
possible combinations of these signals to 6. 

• WR is the system write signal. For use with the FDC see description of 
RD signal. It is active low. 

e AO is the least significant line of the Address Bus. It is separated from 
the multiplexed data line in the MPU block and is latched so that it 
stays active for a complete bus cycle. It is active high. In the FDC it is 
used together with RD and WR signals as described above. 

• PCS2 is the Chip Select signal that enables the FDC. It is active low. 

e PCS! is the DMA Acknowledge signal from the MPU. It is sent to 
acknowledge the DMA Request signal every time the FDC requests a 
D MA transfer, that is for every byte that is to be transferred over the 
Data Bus. This signal is used together with the TMR aUTO signal 
from the MPU to enable the Terminal Count (TC) input line on the 
FDC. It is active low. 

e TMR aUTO is the Terminal Count signal from the MPU. It enables 
the TC line of the FDC if the PCS 1 signal is active at he same time. The 
TMR aUTO signal is active low. Since this signal and the PCSl signal, 
are passed through an inverter the resulting TC signal becomes active 
high. 

• ADO-AD7 are the system data lines. They are used for carrying data 
to and from the FDC. The multiplexed address lines are not used by 
the FDC since the FDC has no provision for separating the Address 
signals from the Data signals. The reading and writing of data to and 
from the FDC is controlled by the RD and the WR signals. 
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Interface Signals 

The Interface Signals are signals to or from either the Interface Circuitry 
or the read and write data enhancing circuitry. The signals can be divided 
into Control Signals and Data signals. 

o usa and US1 are the FDD Unit Select lines. Since the FD 4122 only 
carries two Flexible Drives only the Drives OO(Bin) and 01 (Bin) can be 
selected. These signals are passed to the Drive Select Decoder Block 
(DSD) which generates the Drive select lines. They are also passed to 
a multiplexer in the Interface circuitry. which selects from which drive 
the index, read data acknowledge, drive status(ready) and the write 
protect signals are to come from. 

o PSO and PSI are the Write Pre-Compensation Shift signals that control 
whether the written data is to be placed on the Bus to the FDD's at an 
early, normal or late time during the write cycle. 

• WE is the Write Enable signal, which enables the write heads in the 
FDD's. It is active high. This signal, the POR, the PW and the 
decoded Drive Select (DSO-l) lines are used to create two Write 
Enable lines. These are guarded against premature initiation while the 
power is turned on and against the hazard of power failure. 

• SS is the Side Select or Head Select line. When the SS is high, side 1 
(head 1) is selected and when the SS is low, side 0 (head 0) is selected. 

• STP is the signal that moves the Drive head to a new cylinder on the 
diskette. A positive pulse means that the head should move one track 
in the direction determined by the D IR signal. 

• D IR is the signal that determines direction of travel for the read/write 
head, when the FDC is in Seek mode. It is active high. 

• RW /SEEK is the mode indicating signal. When the signal is high it 
indicates that the FDC is in Seek mode. When it is low it indicates that 
the FDC is in ReadlWrite mode. This fact is used in the Interface 
circuitry to enable different control signals in different modes. See 
section on Interface Circuitry below. 

• VCO is the signal that enables or disables the Voltage Controlled 
Oscillator. It is active high, which means that the VCO is enabled 
when the signal is high. 

o MFM is the signal that indicates whether the FDC is in FM or MFM 
mode. It is set to MFM mode when the line is high. This signal controls 
the Write Clock Generator Block (WCG) so that the output from this 
block, the WCK signal, is either 0.5 MHz (MFM-mode) or 0.25 MHz 
(Flvl-mode ). 

• IDX is the Index line which tells the FDCwhen the beginning of a 
track has been found. This information is used to initiate the specified 
command, i.e. the FDC starts to read from the track or write to the 
track after the Index signal has become active. The signal is active high. 

• TRO is the signal that informs the FDC when the zero track has been 
found. This information is stored in Status Register 2. It is active high. 
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.. WP indicates Write Protect status in ReadlWrite mode and two sided 
media in the Seek mode. This information is placed in the Status 
Register 2. The signal is active high. 

• RDY indicates whether the FDD is ready to send or receive data. This 
information is stored in the Status Register 2. The RDY signal is 
derived from the Drive Status line from the FDD's. 

• WCK is the Write Clock signal generated in the Write Clock Genera
tor. When the FDC is set up in MFM mode this signal has a frequency 
of 0.5 MHz and in FM mode it has a frequency of 0.25 MHz. In both 
cases the pulse width is 250 ns .• RDW is the Read Data Window 
signal generated by the Phased Locked Loop (PLL) in the Read Clock 
Discriminator block (ReD). The RDW gives a time window during 
which the FDC is set to sample data from the FDD .• WDA is the 
Write Data line on which the serialised data is sent to the FDD. The 
data is primarily sent to the WD P to be shifted according to the 
precompensation rules in the FDC. The WDA line also carries dock 
bits to the FDD. 

• RDD is the Read Data line from the FDD after it has passed through 
some enhancing latches in the RCD. The RDD signal is responsible 
for generating the RDW signal with the aid of assorted other signals. 
See section on Read Clock Discriminator below. 

Read Clock Discriminator 

Signals 

The Read Clock Discriminator Takes in the RDD signal and puts it 
through some latches to stabilize the signal. This signal is then fed to the 
FDC as the RDD signal. Another part of the RCD contains a Phased 
Locked Loop, (PLL) which generates a data window of variable length. 
This window opens the read window in the FDC which then reads the 
RDD signal. The RDD signal must be placed approximately in the 
middle of the Window. Since the Data has been stored on the disk at 
varying distances and the diskette rotation speed can vary, the data bits 
read from the diskettes can come at irregular time intervals. The PLL 
compensates for this shift and places the window centered around the 
data signal. The PLL is enabled by the veo signal from the FDC. There 
are also a 0.5 MHz dock signal from the WCG, that delivers the central 
clock frequency to the PLL. The MFM signal is used to select which 
signal from the PLL that shall be used as the RD W signal. 

• RDD is the input signal from the Interfacing Circuitry. It is active high. 
It is enhanced in the RCD and then retransmitted. It is also used to 
generate the phase shift signal that controls the PLL. 

• RDD is the retransmitted RDD signal. It is sent to the FDC. The 
difference between the input RDD and the output RDD is that the 
output signal has received a short time delay and also a defined length. 

• VCO is the enable signal for the VCO from the FDC. It enables the 
VCO when it is high and inhibits it when the signal is low. 

• MFM is the MFM or FM mode select line. MFM mode is selected 
when the signal is high. 
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• 0.5 MHz is the PLL central clock signal. It is generated in the VCG 
BLock. 

• RDW is the Read Data Window signal that opens the FDC read data 
input, so that the FDC can read the RDD signal. The leng of the RDW 
signal is selected by the MFM signal so that the proper window size is 
used for the RDW signal, whether the FDC is in MFM or FM mode. 

Write Data Pre-Compensation 

The Write Data Pre-Compensation Unit (WDP) actually consists of two 
hardware blocks. One is the WDP Unit and the other is the Write Clock 
Generator (WCG). The WCG has two purposes. It generates the 
0.5 MHz signal that the RCD uses as the central frequency for the PLL. 
It also generates the Write Clock (WCK) signal that enables the WDA 
signal in the FDC and also it is used in the WDP block to shape the WDA 
signal. The WCG is controlled by one clock signal and one control signal 
from the FDC. 

The WDP's sole purpose is to send the WDA signal through the Interface 
Circuitry to the FDD's. The WDA signal is pre-compensated, that is, 
when it is placed on the bus to the Interface it has been delayed according 
to rules set in the FDC. These rules are conveyed to the WDP by the PSO 
and PSI signals. The PSO and PSI control a multiplexer in the Write Data 
Pre-Compensation Block (WDP). They are connected to the multiplexer 
through a set of jumpers. The jumpers are labeled L5, L6 and L 7 and the 
three different possible combinations of these are presented in table 6. 
The signals are active high. They are set in the Main Status Register. The 
setting of the multiplexer chooses the appropriately timed WDA signal 
from a shift register and sends it to the FDD's. 

Table 6. Write Data Pre-Compensation jumpers. 

Connected 
Links 

L5 + L7 
L7 
L6 

WCGSignals 

Pre-Compensation 

125 
250 
o 

Delay Sort 

125 ns 
250 ns 
500 ns 

• 4 MHz is the clock sigr:lal that is used to obtain the MFM or PM clock 
signal WCK. 

" MFM is the control signal from the FDC, which controls the mode of 
the FDI. If the MFM signal is high then the FDI is set in MFM-mode 
and if the signal is low then the FDI is set in PM-mode. 

• 0.5 MHz is a clock signal derived in the WCG. It is used in the RCD as 
a central clock frequency for the PLL. 

• WCK is the Write Clock signal, that controls the write data rate of the 
FDC. In 1\1FM-mode the frequency of this signal is 0.5 MHz and in 
PM-mode it is 0.25 MHz. The pulse width is 250 ns. 

e WCK is the WCK signal inverted. This signal is used in the WDP 
Block to enable the shift register that shapes the delayed WDA 
signal's. 
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WDP Signals 

• PSO and PSI are the precompensation or pre-shift signals from the 
FDC. They are connected through jumpers to the multiplexer in the 
WDP. The possible combinations are shown in table 6. 

• 4 MHz is a system clock signal that is used as dock signal for the shift 
register in the WD P. 

• WDA is the Write Data signal from the FDC. This signal is docked by 
the WCK signal and latched into the WDP. The signal contains booth 
data and dock pulses according to the rules for the chosen mode of 
storage (MFM or FM). 

1/ WCK is the dock signal that docks the WDA signal into the WDP 
shift register. This signal is the inversion of the WCK signal, which 
clocks the WDA signal from the FDC to the WDP. 

• WDA is the Pre-Compensated Write Data signal from the WDP to the 
Interface Logic and the FDD's. 

Interface Logic 

The Interfacing Logic can be divided into the Drive Select Decoder 
(DSD) and the Interfacing Circuitry (Ie). The DSD simply selects drive 
00 and 01 from the possible 4 FDD units that the FDC can control and 
ignores the other two. 

The Interfacing Circuitry consists of three main blocks. Block 1 receives 
the signals from the FDD's and multiplexes these on to a common Bus. 
Block 2 places the FDC Control signals on the FDD Bus. This Block 
includes the In Use and Motor On signals from the Out Register. The 
Third Block is the Write Enable Block. This Block controls the Head 
enable signals to the FDD's. 

The FDD Bus is equal for both Flexible Disk Drives. The signals and 
pinout for this Bus is shown below. 

Table 7. FDD Bus signals and pinout. 

Signal 

GNO 
DL 
IU 

lOX 
DS 

Pin 

1-33 
2 
4 
6 
8 
10 
12 
14 
16 
18 
20 
22 
24 
26 
28 
30 
32 
34 

Description 

Ground 
Door Lock 
In Use . 
Not Used 
Index 
Drive Select; always active 
Not used 
Not Used 
Motor On 
Direction 
Step 
Write Data 
Write Enable 
Track Zero 
Write Protect 
Read Data 
Side Select 
Drive Status (Ready) 
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Drive Select Decoder, DSD 

The Drive Select Decoder receives the USO and US 1 signals from the 
FDC. The circuitry in the DSD only accepts the coding on these lines for 
the drives 00 and 01. See table 8. 

Table 8. Drive Select Decoding. 

No. US1 usa DSO DSO DS1 DS1 Comments 

1 0 0 0 1 1 0 Drive 00 select 
2 0 1 1 0 0 1 Drive 01 select 
3 1 0 1 0 1 0 No Drive select 
4 1 1 1 ~ 0 1 0 No Drive Select 

DSD Signals 

Block 1 

• USO and US1 are the Unit Select Signals from the FDC. They can 
encode up till four separate FDD's. See table 8 above. 

• DSO and DSO are the decoded Drive select 00 signals. 

• DSI and DS1 are the decoded Drive Select 01 signals. 

Block 1 receives signals from the FDD's. The signals are multiplexed to 
one set of signal lines. The mUltiplexing is done by the USO, US1, DSO 
and DS1 signals. Some enabling of signals is also carried out by the 
RW/SEEK mode signal. 

Block 1 Signals 

• USO with the aid of US 1 selects signals from drive 00 or 01. US1 is 
active low. USO low will chose signals from Drive 00. USO high will 
chose signals from Drive 01. 

• DSO and DS1 are used to select the Track Zero Signal from either 
Drive . 

., IDX is the selected Index Signal. 

• RDD is the selected Read Data Signal. 

• RDY is the selected Ready or Drive Status Signal. 

" WP is the selected Write Protect SignaL It is gated with the mode signal 
RW/SEEK from the FDC. 

• TRO is the selected Track Zero Signal. It is enabled by the mode signal 
RW/SEEK. 

• RW/SEEK is the mode signal from the FDC. When this line is high, 
the SEEK-mode is selected. When it is low, the ReadfWrite-mode is 
selected. In this application it is used to enable the Track Zero signal 
when the FDe is in SEEK-mode. It is also used to set the Write Protect 
line high when the FDC is in SEEK-mode. In SEEK-mode this line on 
the FDC is used to indicate Two side media (normally only imple
mented on 8" disks). 
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Block 2 

Flexible Disk Unit, FD 4122 ERICSSON ::; 

Block 2 directs the control signals from the FDC to the chosen FDD. The 
signals that are handled are those that are concerned with placement of 
the disk head. 

Block 2 also contains a buffer/inverter that takes care of the signals from 
the Out Register. These signals consists of Motor On, In Use and Door 
Lock. 

Block 2 Signals 

Block 3 

• DSO and DSI control which FDD is to receive the Output signals from 
the FDC. DSO sends the signals to FDD 00 and DSI sends them to 
FDD (n. The signals are active low. 

• DIR is the Direction signal, which controls the direction of travel for 
the ReadIWrite head in the FDD in SEEK-mode. If DIR is high the 
Head will move towards the center of the diskette and vice versa. This 
signal is enabled by the RW/SEEK signal. 

• STP is the signal that moves the ReadIWrite head to a new track. In 
SEEK-mode the direction is determined ~ the DIR signal. STP is 
active high. This signal is enabled by the RW/SEEK signal. 

• SS is the Side Select Signal. That is, it selects the proper ReadlWrite 
Head on the selected FD D. When the signal is high, Head 1 is selected 
and when it is low Head 2 is selected. 

• WDA is the Write Data signal from the WDP Unit. This signal is 
passed to the selected FDD. 

• RW/SEEK is the mode select signal. It is used to enable the signals 
DIR and STP in Block 2. It is active when high, which corresponds to 
SEEK-mode. 

• MO and Ml are the Motor On Signals from the Out Register. They are 
active high. For Instructions on setting these signals you are referred to 
the section on the Out Register. 

• IUD and lUI are the In Use signals from the Out Register. They are 
active high. These signals are also used as Door Lock signals. For 
setting up you are referred to the section on the Out Register. 

Block 3 controls the Write Enable Signals (WE) to the FDD's. To enable 
the proper drive the WE signal is enabled by either the DSO or the DSI 
signal depending on which drive the FDC has activated. It is imperative 
that no write head is activated before the system power is on since there 
are lots of spurious noise on the control and data lines during Power Up. 
This noise could cause unwanted data to be placed on a disk. It is also 
important that the Write Enable signal can not be enabled during power 
down or during a power failure. 

To ensure this the Ie is furnished with circuits that depending on the state 
of the Power On Reset (POR) and the Power Warning (PW) signals, 
control the WE signal. The signals either disables or enables the WE 
signal. The timing diagram in fig. 8 illustrates how this is done. 
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As long as paRis active the WE signal is blocked off. This is done in two 
Ways. Primarily the paR signal being low disables the WE output 
drivers. Secondly the paR disables the WE signal through a Hip Hop 
arrangement, the WE disable circuits. 

If the system is up and running and a power faillue occurs this will cause 
the Power Warning (PW) signal to become active. The Power supply is so 
dimensioned, that when the PW signal becomes active the system has at 
least 20 ms in which to complete a write current sector and then disable 
the write head. The maximum time for a complete sector write cycle, that 
is to write 512 bytes of data to a sector, is approximately 18 ms. The 
maximum time will occur if a PW signal arrives immediately after a sector 
write instruction has begun to execute. If a PW signal occurs during a 
write instr~uction, the circuitry is set up in such a way as to let the FDC 
complete the sector. When the WE signal goes low after the write cycle is 
finished the WE disable circuits will come into action and bar the FDC 
from enabling the write heads again. See fig 8. 

Power Power failure r . r' r""bI' 
system~-.o...------------o..,, ___ _ 

power 

WEA 

WEB 

I 
I 
I ----------.,. ,-,-____ ------- U_L _____ _ 

-I I .. >20ms 

---------------------~~4--------
<20ms 

OSO OS1 

i ~ 
C> WEA WEO 

PW WEB 

[> 

I f 
POR WET 

Fig. 8. Timing diagram and schematic circuit diagram for the Write Enable Protect circuits 

Block 3 Signals 

• DSO and DSI enables the WE signal to FDD 00 and FDD 01 respec
tively. The signals are active high . 

• paR is the· Power On Reset signal from the Reset circuits. This signal 
is active low. When the signal is active it has two functions. It disables 
the final inverting drivers for the WE signal by pulling their bases to 
ground. 
The paR signal also has the power to disable the WE signal with the 
second flip flop latch in the WE disable circuits. 
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" PW is the Power Warning signal. The signal is active low. It is activated 
~ 20 ms before +5V falls below its -5% tolerance, due to power off 
or power failure. The PW signal affects the first flip flop in the WE 
disable circuit. If the WE is active when the PW becomes active the 
first Flip flop changes state. This cannot alter the WE, however. Not 
until the WE has gone low itself. When this occurs the second flip flop 
will also go low and thereby the WE signal is disabled. If the WE is low 
when the PW occurres the WE is disabled immediately. 

• WE is the Write Enable Signal from the FDC. This signal is active 
high. It enables the Read/Write Heads of the FDD's. The proper head 
to be enabled is singled out by the DSO and DS1 signals. 

Communications Interface 

When used as a personal computer, the FD 4122 carries 256 K bytes of 
RW-Memory and furthermore it communicates with the Alfaskop 41 
display unit on an asynchronous serial RS-232 data link. 

The Communications Interface of the FD 4122 consists of the Serial 
Controller (SC) and the Modem, the Crystal Controlled Oscillator and 
the Two-wire Interface. As PC, the FD 4122 Communications Interface 
also uses additional circuitry in the form of a Programmable Timer and 
the necessary hardware to form the RS-232 interface. 

The Programmable Timer makes it possible to create a real time dock for 
the PC. It also generates the dock frequency that is used to dock data 
from the SC to the RS-232 Bus. 
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Fig. 9. Serial Controller and Communications Interface signals 
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The Serial Controller generates all the necessary signals for two serial 
data links. In this application they are used to control one asynchronous 
data link in form of an RS-232 interface and one synchronous data link in 
form of the Two-wire Interface. 

The cOITnnunication prptocol for the Two-wire Interface is described in 
the Chapter on Communications in this folder. 

The communication protocol for the RS-232 interface varies. It is depen
dent of the construction of the receiving unit. (We look upon the FD 4122 
as the transmitting unit.) 

Serial Controller, S<; 

The Serial Controller (SC) is an Intel 8274 Multi-Protocol Serial Control
ler. It can be set up in both synchronous and asynchronous mode. It 
contains two independent serial receiver/transmitter channels A and B. 
In this application Channel A is used for synchronous communication 
over a Two-wire Interface link. Channel B is used for asynchronous 
communication over a RS-232 serial link. 

For a thorough description on the Intel 8274 Serial Controller you are 
referred to the manufacturer's data sheets. 

In the chapter on Communications in this folder you will find a discussion 
on the Message Format for the Two-wire Communications Link. To set 
up channel A in the SC for this Format the registers should be set 
according to the rules for the chosen Message Format and the instructions 
in the section on Synchronous Operation in the manufacturer's data 
sheets. 

In the abovementioned chapter you will also find a description on 
Asynchronous Communication. The principles discussed there are also 
applicable to the RS-232 interface principle. To set up Channel B for the 
RS-232 Communication the registers in the SC should be set according to 
these principles and the instructions given in the section on 
Asynchronous Operations in the manufacturer's data sheets. 

A short description on how the SC functions in Synchronous respectively 
in Asynchronous Operation follows. In both cases the channels has to be 
initiated to the proper modes of operation. Also all values in the registers 
for respective serial protocol must be set before a data transfer is initiated. 

The Synchronous Communication link normally uses DMA transfer for 
both Receive and Transmit Data communications. The Asynchronous 
link uses the MPU Interrupt line, provided between the SC and the MPU 
to effectuate data transfers between the SC and the MPU. 

The DMA Request signals for both Transmit and Receive Data are 
connected through an OR-gate to let the SC use only one of the available 
D~1A Channels in the MPU. This is possible because the Two-wire 
interface is only half duplex. 
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Table 9. Data in WR and RR Registers set for Synchronous Communica
tion with D MA transfer of data. 

Transmit mode Receive mode Comments 
Register Data Data 

WRO Select Write register + command 
WR1 OBH 08H Interrupt setup 
WR2 11 H 11H System configuration and interrrupt 
WR3 COH 09H 
WR4 20H 20H Parity, sync mode, clock mode 
WR5 EBH 60H Transmitter setup 
WRS Unity address in Two-wire config. 
WR7 7EH 7EH Flag character 

RRO Transm. status 
RR1 Receiver status 
RR2 Interrupt vector status 

Table 10. Data in WR and RR registers set for Asynchronous Communi
cation with RS-232 protocol. 

Transmit mode Receive mode 
Register Data Data 

WRO 
WR1 14H 14H 
WR2 OOH OOH 
WR3 40H 41H 
WR4 47H 47H 
WR5 AAH AOH 
WRS 
WR7 

Comments 

Select write register + command 
Interupt setup 
System configuration and interrupt 

Parity, sync mode, clock mode 
Transmitter setup 

RRO Transm. status Receive sign available 
RR1 All transm. flag Receiver status 
RR2 

System Signals 

There are a nunlber of signals that are not brought out to the System Bus 
or any Interface Bus from the SC. They are either connected to System 
Ground or to System Power through a pull up resistor. These signals are 
presented in table 11. 

Table 11. Signals to System Power or Ground. 

Signal 

CDA 
INTA 
iPT 
IPO 
5'fRA 
SYNDET 

Connection 

Vss 
Vcc via Pull up 
Vss 
Vss 
Vss 
Vss 

The Remaining System Signals are as follows: 

• RST is the System Reset Signal. It is active low. 

e CLK is the 4 MHz System Clock Signal. 
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• ADO-AD7 are the 8 LSB of the AddresslData Bus Signals. The SC can 
only access these signals when the Data Bus is active. To enable the SC 
to read or write data from or to the Bus, the SC has to be enabled by 
the WR or RD and the PCSO Signals. 

• AO is th~ LSB of th~ Address Bus. If this sign~ is low d~ting a data 01.' 
command transfer channel A will be selected. If AD is high channel B 
will be selected. 

• A1 is the second LSB of the Address Bus. If this signal is low during a 
data transfer it signals that the data should be treated as a Data Word 
by the SC. If the signal is high the data should be treated as a Control 
Word by the SC. 

e PCSO is the Peripheral Chip Select Signal from the MPU. It is active 
low. This signal enables the SC to accept either the RD or the WR 
signals for data or control word transfer. 

• RD is the System Read Signal. It is active low. Together with the PCSO 
signal, this signal places the SC in read mode, which enables the MPU 
or DMA to read data or status words from the Controller registers. 

• WR is the System Write Signal. It is active low. Together with the PCSO 
signal, this signal allows theMPU or DMA to place data or control 
bytes in the registers of the SC Channel A or B. Which channel to be 
selected and whether the data transmitted shall be treated as Data or 
Control Word is controlled by the states of signals AO and A1. 

e INT1 is the System Interrupt Signal generated by the SC. It is active 
high. This signal indicates that the SC needs attention from the MPU. 

• DRQO is the DMA Request Signal from the SC to the DMA Control
ler in the MPU. It is generated by either of the SC signals TxDRQA 
and RxD RQA. When Channel A of the SC is placed in either mode 1 
or 2 this signal going high requests a DMA transfer to or from the SC, 
channel A. 

V.24 (RS 232) Interface Signals 

• TxD is the Transmit Data Signal. This line transmits serial data to the 
RS-232 Interface. 

• DTR is the Data Terminal Ready Signal. It is active low. It is a general 
purpose output, which has to be set when the SC is set up for RS-232 
transmission. 

e RTS is a Request To Send Signal that is used to indicate that the SC is 
ready to transmit data. It is active low. The bit controlling this signal 
has to be set when the SC is used for RS-232 transmission. 

• TxC is the Transmit Clock Signal. It is generated by the Progammable 
Timer and is used to provide the RS-232 interface with a signal which 
will clock data from the SC to the Interface. The TxD signal can be rate 
programmed in the SC to 1, 1116, 1/32 or 1/64 of the TxC Signal. The 
Clock signal is also sent to the receiving Unit to provide this with a 
Receive Clock Signal. 

• RxD is the Receive Data Signal. It receives serial data from the 
Interface. The data is clocked into the SC by the Receive Clock Signal. 

• CD is the Carrier Detect Signal. It is active low. It signals to the SC that 
data is being sent from the RS-232 Interface. . 
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e crs is the Clear To Send Signal. It is active low. It signals the SC that 
the receiving Unit is ready to accept data from the SC. 

e RxC is the Receiver Clock Signal. It is active low. It is used to clock in 
data on the RxD line. The clock signal can be submitted by the 
connected Unit or it can be supplied from the Programmable Timer. 

Two-wire Interface Signals 

These signals are identical to the signals described in the Chapter on 
Communications in this folder. The signals are described in the section on 
ADLC Signals in that chapter. 

s RTS is. the Request To Send Signal from the SC to the Modem. It is 
active low. This signal indicates that the SC is ready to send data to the 
Modem. 

• CTS is the Clear To Send Signal from the Modem to the SC. It is active 
low. The signal indicates that the Modem is ready to start sending data 
via the Two-Wire link. 

• TxD is the Transmit Data Signal, which sends the serialised data to the 
Modem. The data is clocked out by the Bit Clk signal. 

• RxD is the Receive Data Signal, which receives the demodulated 
serial signal from the Modem. The data is clocked into the SC by the 
Bit Clk Signal. 

e Bit Clk is the Clock signal derived from the 9.585 MHz clock signal to 
the Modem. The Bit Clk has a frequency of 300 KHz. It is connected 
to both the Transmit Clock Input (TxC) and the Receive Clock Input 
(RxC) on the SC. 

Programmable Timer 

The Programmable Timer is the Intel 8254 Programmable Interval 
Timer. This Timer contains three independent timers. Each timeris 
controlled by a Control Word stored in the Control Word Register. The 
Control Word determines the timer mode and which timer the Control 
Word is associated with. 

Fig. 10. Programmable Timer signals 

8MHz 

AO,A1, 
P(~ 
RD,WR 

PT 
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Each timer can be set to count down from an initial count stored in a 
counter associable with the timer. 

For a detailed description on the Intel 8254 you are referred to the 
manufacturer's data sheets. 

Table 12. Use of address lines Al and AO. 

Address Line Selection Control 
Ai AO signal 

1 1 Control Word WR 
0 0 Counter 0 WR,RD 
0 1 Counter 1 WR,RD 
1 0 Counter 2 WR,RD 

To initiate a timer the proper Control Word must be written in the 
Control Word Register. Thereafter the counter associate with the timer 
has to be set to the initial count. In this application timers 0 and 1 are 
ordinarily used as a real time clock. The clock will interrupt the MPU at 
set intervals and cause the MPU to enter a Real Time Interrupt Routine 
which updates the Real Time Clock Data. 

To set the Timer up for this the Timer 0 and Timer 1 has to be set to 
mode 2. To set the timers to this mode the respective Control Words has 
to be set with the following hexadecimal data: 

Timer 0 34H 
Timer 1 74H 

This setting indicates that both the LSB and the MSB of the Counters has 
to be set, in that order. If only one of these registers, for each counter 
need to be set, the Control Words should be changed accordingly. 

The associated counters has to be set with the following data to let the PT 
interrupt the MPU at appropriate intervals. 

Table 13. Example for settings for Real Time Clock Interrupt 

Timer 
Counter 

o 
1 

MSB 

OOH 
9CH 

LSB 

04H 
40H 

Interrupt 
sequence (sec) 

0.02 

To set Timer 2 up as a baud rate controller it has to be placed in mode 3. 
This means that the Control Word has to be set with the following 
hexadecimal data: 

Timer 2 B6H 

This setting indicates that both the LSB and the MSB of the Counter has 
to be set, in that order. If only one of these registers need to be set, the 
Control Word should be changed accordingly. 

The counter associated with this timer has to be set with different data 
depending on which baudrate the RS-232 Interface shall ,be set up fOf. 
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Note that the SC divides the incoming baudrate signal TxC (Transmit 
Clock Signal) by 16 before using it as a dock for the TxD (Transmit Data 
Signal). This means that the actual dock signal from the PT should be set 
to a value 16 times greater than the desired baudrate. 

Table 14. Setting of Timer 3 for different baudrates. 

Baudrate Counter 
setting LSB MSB 

300 83H 06H 
600 41H 03H 

1200 A1H 01H 
2400 DOH OOH 
4800 68H OOH 
9600 34H OOH 

19200 1AH OOH 

System Signals 

• ADO-AD7 are the 8 LSB of the System AddresslData Bus. Since the 
registers in the PT can both be written to and read from, the data bus 
can be activated by the RD or the WR signals. 
The data needed to set up registers and counters is passed into the PT 
this way . 

." PCS3 is the peripheral Chip Select Signal that enables the Programma
ble Timer. It is active low. When this signal is active the RD and WR 
signals are acknowledged by the PT. 

e RD is the System Read Signal. It is active low. When this signal is 
active, together with the PCS3, the MPU can access the contents of the 
Control Word Register for one of the Timers. Which register the MPU 
wants to read is determined by the states of address lines AO and AI. 

• WR is the System Write Signal. It is active low. When this signal is 
active, together with the PCS3, the MPU can write data into either a 
Control Word Register or initial counter for one of the timers. Which 
timer and whether it is to write a Control Word or an Initial Count is 
determined by the settings of address lines AO and AI. 

e AO and Al are the two LSB of the System Address Bus. These signals 
are used to indicate whether the current data is to be written into the 
Control Word Register or into one of the initial counters. See Table 12. 
above. 

• CLKO and CLK2 are both connected to the 8 MHz System Clock. 
This means that both Timer 0 and Timer 2 has a dock frequency of 
8 MHz to be divided into the preset signal. Each Timer can be set up in 
anyone of 6 available modes. 

The Output of Timer 0 is connected to the eLK Input of Timer 1. The 
Gates of all three timers are connected to System Power through a pun 
up resistor. 

Output Signals 

• INT3 is a System Interrupt Signal to the Interrupt Controller in the 
MPU. It is the Output signal from Timer 1 in the PT. It i~ possible to set 
up the Registers and counters in Timer 0 and 1 to let this signal 
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generate an interrupt every 1 s, 0.1 s or 0.01 s or any other timing 
between 2 clock pulses and 256*256 clock pulses. The clock frequency 
in Timer 0 is 8 MHz . 

• Out2 is the Output Signal from Timer 2. It is active high. The Timer 
shoul~be s~t y.p to gen~rgt~ a transmitter (:tQc}c Signal, whic4 will be 
used to clock data from the SC to the RS-232 Bus:" 

V.24 (RS-232) Interface 

The RS-232 Interface contains standard RS-232 Receiver and Transmit
ter circuits. The Signals to or from the SC are simply buffered or put 
through drivers in the Interface. The Standard RS-232 Signal names and 
the pinout for these can be found in Table 15. 

Table 15. V.24 (RS-232) Interface signal names and pinout. 

Signal Pin Comments 
name no. 

Data 2 Data receive line 
Data 3 Data transmit line 
RTS 4 Request To Send receive line 
RFS 5 Ready for sending 
DSR 6 Dataset ready 
GND 7 System Ground 
OeD 8 Data carrier detected 
TSET 15 Transmitter signal element timing 

(Transmitter clock) 
RSET 17 Receiver signal element timing 

(Receiver clock) 
DTR 20 Data Transmit receive line 
TSET 24 (Transmit clock out) 

SC Signals 

The signals between the RS-232 Interface Circuits and the SC are identi
cal to the ones described in the section on the SC Signals with the same 
names. Therefore only the names, of the identical signals will be given in 
this section. Also the standard RS-232 interface signals will not be 
explained outside what is said in Table 15. 

• OUT 2 is the Output Signal from the third timer in the PT circuit. It is 
used as a clock signal for the RS-232 Interface. It is connected to the 
TxCB signal to the SC Block and to the TSET and RSET signals on the 
output side of the RS- 232 Interface. 

-TxD 

• DTR 

• RTS 

• TxC 

• RxD 
• CD 

• crs 
• RxC 
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ModulatorlDemoduiator 

Signals 

The ModulatorlDemodulator (Modem) is a custom made chip. It con
verts the serial data stream from the SC into a frequency shifted signal 
which is fed to the Two-Wire interface. It also converts the frequency 
shifted signal from the Two-Wire Interface to a Received Data stream 
and a Bit Clock signal and sends these to the SC. The principles of the 
Two-Wire Interface are shown in fig. 5. in the chapter on Communication 
in this Folder. 

The signal is modulated according to the Two-Wire Receive Protocol. See 
fig. 11. 

tttlHttt 
01001101001111 

600 kHz clock 

Frequency shifted 
signal 

,..---- Corresponding demodulated 

Fig. 11. Modulation, demodulation and Bit Clock. 

signal 

300 kHz clock for serial 
controller bit clock 

The Modem receives the clocking frequency for the frequency shifted 
signal from a crystal controlled oscillator circuit. The docking frequency 
is set to 9.585 MHz. The dock frequency is divided by 15, 16 or 17 in the 
Modem to generate the different frequencies that are needed in the 
Modem. See Fig. 11. 

- CLK is the 9.585 MHz signal from the crystal controlled Oscillator. 
This dock signal is used in the Modem to generate the frequency 
shifted output data signal to the Two-Wire interface. 

- RST is the System Reset Signal from the MPU. This signal is active 
low. 

SC Signals 

The signals between the Modem and the SC are identical to the ones with 
identical names described in the section on the SC Signals. Therefore only 
the names, of the identical signals will be given in this section. 

• RTS 

" crs 
-TxD 

• RxD 
• Bit Clk 
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Two-wire Interface Signals 

• FS and FS are the Frequency Shifted Data Signals from the modem to 
the Two-Wire Interface. These signals are enabled inside the Modem 
block by the Request To Send (RTS) Signal. 

• MRxD is the Frequency Shifted Signal from the Two-Wire Interface to 
the Modem. The Signal is demodulated in the Modem and sent to the 
SC. 

Two-wire Interface 

Signals 

The Two-wire and Coaxial Interface consists mainly of an line trans
former an4 and some comparators and amplifying circuits. 

The Interface has two input/output connectors for the Two-wire link and 
another two connectors for the Coaxial version of the link. 

The output frequency shifted signal from the Modem is fed directly to the 
Two-wire link through the line transformer. The input signal over the 
Two-wire link is detected, amplified and thereafter fed to the Modem. 

The communications protocol for the Two-wire Interface is presented in 
the chapter on Communication in this folder. 

." MRxD is the Receive Data Signal to the Modem. It carries the 
modulated signal, which is demodulated in the Modem. 

• FS and FS are the lines that carry the frequency shifted signal from the 
Modem to the Interface. The construction of the modulated signal can 
be seen in Fig. 11. 

Out Register 

The Out Register (OR) contains an 8-bit register and some additional 
circuits to drive 4 Light Emitting Diodes. The Register can only be 
accessed in write mode by the MPU. It is enabled by the Peripheral Chip 
Select liIle PCS4. It is oply one byte wide (LTJ.d therefore it doesn't need 
any extra address decoding. There are 5 LED's in the block. One is 
dedicated as a Power Indicator and is turned on when the Power Supply is 
switched on. Of the four remaining LED's, one is driven by the LSB of 
the Data Bus (ADO). It can be used as a Ready Signal. To light up this 
LED the ADO bit has to be set High. The three remaining LED's are 
driven by the lines AD1 and AD2 from the AddresslData Bus. Table 16. 
gives the settings to tum on the LED's 1-3. 
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Out 
00-07 ... register 

) 
v 

~ 

00-07 Address 
AI register 

{ ... 

Fig. 12. Out Register and Address Register signals 

Table 16. LED lighting settings. 

Data bits 
AD1 AD2 

1 
o 
1 

1 
1 
o 

Lighted 

LED 1 
LED 2 
LED 3 

A IUO 
.?MO 

,IU1 
,M1 

- INT o 
.... P(S4 WR 

f\... ... 

P(S4 
A 

~ 
WR 
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• WR is the Write Enable Signal from the CPU. It is active low. Together 
with the PCS4 signal from the MPU this signal docks the 8 LSB of the 
AddresslData Bus into the Out Register. 

• PCS4 is the Peripheral Chip Select Signal from the MPU. It is active 
low. Together with the WR signal from the MPU it clocks the 8 LSB of 
the AddresslData Bus into the OR. 

• RST is the System Reset Signal from the MPU. It is active low. On 
system reset this signal will reset the register so that all outputs are set 
to zero. 

• ADO-AD7 are the 8 LSB of the combined AddresslData Bus. The 
WR and the PCS4 clock the Data signals into the register. The Address 
signals are ignored. When the Data has been clocked into the register 
the outputs from the register remain in their set states until the Out 
Register is accessed the next time. 

• MO 0 and MO 1 are the Motor On Signals to the FDD's. Both signals 
are active high. They are set up in the Out Register, to give you the 
possibility to chose which Drive should be running. This arrangement 
also makes it possible for you to set up a timer to cause a time out for 
the drives and subsequently stop the drives. Also both drive motors 
can be enabled at the same time. 
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• IUO and lUI are the In Use Signals to the FDD's. These signals are 
active high. They are set up in the same way as the MO 0 and MO 1 
signals. 

• INTO is an Interrupt Signal. It is connected to the Interrupt Controller 
Input on the MPU. The signal is active high. To use a register to set this 
interrupt provides you with a possibility to test the interrupt controller. 
It can also be used as a fictive interrupt in test routines. 

Address Register 

Signals 

The Address Register (AR) consists mainly of a DILswitch and an octal 
buffer. It is primarily used to let the FD 4122 Data Terminal check the 
identity of itself. This has to be done when the Terminal receives data over 
the Two-wire communications Link. The data sent over the link carries 
with it the address of the receiving Terminal and this has to be checked 
before the Terminal can start to receive the data. The DILswitch con
tains 8 switches which makes it possible to set up to 256 addresses. 

The AR can also be used for testing purposes. It is possible to construct a 
initial start up routine, which will read the state of the AR and depending 
on the setting, the routine will jump to a certain test routine. This makes it 
possible to test out different parts of the FD 4122 one by one. It also 
makes it possible to use the LED's in the Out Register and to let them 
have different meanings in different test routines. 

The AR can only be read by the MPU. Therefore it can use the same 
Chip Select Signal as the Out Register. 

The DILswitches are all connected to ground. This means that a closed 
switch (ON), is signaled as a low-state line to the Buffer. The Buffer 
inverts the signal. Therefore a DILswitch in the ON-position means that 
the corresponding Data Bus signal will be set high. Inverslyan DIL 
switch in the OFF-position means that the corresponding Data Bus signal 
will be set low. 

• RD··is the MPU Read signal. It is active low. In the AR it is used 
together with the PCS4 signal to enable the octal buffer to place the 8 
data bits on the Data Bus. 

• PCS4 is the Peripheral Chip Select Signal from the MPU. It is active 
low. Together with the RD signal it enables the octal buffer in the AR 
and places the 8 data bits on the Data Bus. 

• ADO-AD7 are the 8 LSB of the AddresslData Bus. The 8 data bits in 
the AR are put on to this bus as if they where read from an ordinary 
memory location with the exception that the AR is addressed with a 
Chip Select Signal. The data placed on the AddresslData Bus are then 
read by the MPU. When the enabling signals are released by the MPU 
the buffer in the AR disconnects the data lines in the AR from the 
AddresslData Bus. 
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Appendix 2 

iAPX188 Instruction Set 

IAPX 188 

GENERAL PURPOSE MOVS Move byte or word stnng 

MOV Move byte or word INS Input bytes or word stnng 

PUSH Push word onto stack OUTS Output bytes or word stnng 

POP Pop word off stack CMPS Compare byte or word stnng 

PUSHA Push all registers on stack SCAS Scan byte or word stnng 

POPA Pop all registers from stack LODS Load byte or word stnng 

XCHG Exchange byte or word STOS Store byte or word stnng 

XLAT Translate byte REP Repeat 

( INPUT/OUTPUT REPE,REPZ Repeat while equal. zero 

IN Input byte or word REPNE REPNZ Repeat while not equal' not zero 

OUT Output byte or word 
LOGICALS 

ADDRESS OBJECT 
NOT "Not" byte or word 

LEA Load effective address 
AND "And" byte or word 

LOS Load pointer using OS 
OR "Inclusive or" byte or word 

LES Load pOinter uSing ES 
XOR "Exclusive or" byte or word 

FLAG TRANSFER 
TEST "Test" byte or word 

LAHF Load AH register from flags 
SHIFTS 

SAHF Store AH register In flags 
SHLSAL Shift logical anthmetic left byte or word 

PUSHF Push flags onto stack 
SHR Shift logical right byte or word 

POPF Pop flags off stack 
SAR Shift arithmetic right byte or word 

ROTATES 
ADDITION ROL Rotate left byte or word 

ADD Add byte or word ROR Rotate nght byte or word 
ADC Add byte or word with carry RCL Rotate through carry left byte or word 
INC Increment byte or word by 1 RCR Rotate through carry right byte or word 
AAA ASCII adjust for addition 

DAA DeCimal adjust for addition FLAG OPERATIONS 

SUBTRACTION STC Set carry flag 

SUB Subtract byte or word CLC Clear carry flag 

SBB Subtract byte or word With borrow CMC Complement carry flag 

DEC Decrement byte or word by 1 STD Set direction flag 

NEG Negate byte or word CLD Clear direction flag 

CMP Compare byte or word STI Set Interrupt enable flag 

AAS ASCII adjust for subtraction CLI Clear interrupt enable flag 

DAS DeCimal adjust for subtraction EXTERNAL SYNCHRONIZATION 

MULTIPLICATION HLT Halt until interrupt or reset 

( MUL Multiply byte or word unsigned WAIT Wait for TEST pin active 

IMUL Integer multiply byte or word ESC Escape to extension processor 

AAM ASCII adjust for multiply LOCK . . Lock bus during next instruction 

DIVISION NO OPERATION 

DIV DiVide byte or word unsigned NOP No operation 

IDIV Integer divide byte or word HIGH LEVEL INSTRUCTIONS 

( 
AAD ASCII adjust for division ENTER I Format stack for procedure entry 

CBW Convert byte to word LEAVE I Resiore stack for procedure exit 

CWD Convert word to doubleword BOUND I Detects values outside prescribed range 

CONDITIONAL TRANSFERS UNCONDITIONAL TRANSFERS 
JAlJNBE Jump if above. not below nor equal CALL Call procedure 

JAE/JNB Jump jf above Of equal/iiot below RET Return from procedure 

JB/JNAE Jump if belowlnot above nor equal JMP Jump 

JBEiJNA Jump if below or equalmot above 

JC Jump il carry ITERATION CONTROLS 
JE/JZ Jump if equal, zero 

JG/JNLE Jump if greatermot less nor equal LOOP Loop 

JGE/JNL Jump if greater or equalmotless LOOPEILOOPZ Loop il equal/zero 

JUJNGE Jump If lessinot greater nor equal LOOPNE/LOOPNZ Loop if not equal/not zero 

JLE/JNG Jump if less or equal/not greater JCXZ Jump if register CX = 0 

JNC Jump if not carry 

JNE/JNZ Jump if not equal/not zero INTERRUPTS 
JNO Jump if not overflow 

JNP/JPO Jump if not parity/parity odd INT Interrupt 

JNS Jump if not sign INTO Interrupt if overflow 

JO Jump if overflow IRET Interrupt return 

JP/JPE Jump if parity/parity even 

JS Jumpilsign 
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Addressing Modes 

The 80188 provides eight categories of addressing 
modes to specify operands. Two addressing modes 
are provided for instructions that operate on register 
or immediate operands: 

• Register Operand Mode: The operand is located in 
one of the 8- or 16-bit general registers. 

• Immediate Operand Mode: The operand is in
cluded in the instruction. 

Six modes are provided to ·specify the location of an 
operand in a memory segment. A memory operand 
address consists of two 16-bit components: a seg
ment base and an offset. The segment base is sup
plied by a 16-bit segment register either implicity 
chosen by the addressing mode or explicitly chosen 
by a. segment override prefix. The offset, also called 
the effective address, is calculated by summing any 
combination of the following three address 
elements: 

• the displacement (an 8- or16-bit immediate value 
contained in the instruction); 

• the base (contents of either the BX or BP base 
registers); and 

• the index (contents of either the SI or 01 index 
registers). 

Any carry out from the 16-bit addition is ignored. 
Eight-bit displacements are sign extended to 16-bit 
values. 

Combinations of these three address elements 
define the six memory addressing modes, described 
below. 

• Direct Mode: The operand's offset is contained in 
the instruction as an 8- or 16-bit displacement 
element. 

• Register Indirect Mode: The operand's offset is in 
one of the registers SI, 01, BX,or BP. 

• Based Mode: The operand's offset is the sum of an 
8- or 16-bit displacement and the contents of a 
base register (BX or BP). 

• Indexed Mode: The operand's offset is the sum of 
an 8- or 16-bit displacement and the contents of an 
index register (SI or 01). 

• Based Indexed Mode: The operand's offset is the 
sum of the contents of a base register and an index 
register. 

• Based Indexed Mode with Displacement: The 
operand's offset is the sum of a base register's 
contents, an index register's contents, and an 8- or 
16-bit displacement. 

Data Types 

The 80188 directly supports the following data types: 

• Integer: A signed binary numeric value contained 
in an 8-bit byte or a 16-bit word. All operations 
assume a 2's complement representation. Signed 

32- and 54-bit integers are supported using the 
iAPX 188/20 Numeric Data Processor. 

E90002914E 

• Ordinal: An unsigned binary numeric value con
tained in an 8-bit byte or a 16-bit word. 

• Pointer: A 16- or 32-bit quantity, composed of a 
16-bit offset component or a 16-bit segment base 
component in addition to a 16-bit offset 
component. 

• String: A contiguous sequence of bytes or words. 
A string may contain from 1 to 64K bytes. 

• ASCII: A byte representation of alphanumeric and 
control characters using the ASCII standard of 
character representation. 

• BCD: A byte (unpacked) representation of the de
cimal digits 0-9. 

• Packed BCD: A byte (packed) representation of 
two decimal digits (0-9). One digit is stored in each 
nibble (4-bits) of the byte. 

• Floating Point: A signed 32-, 64-, or 80-bit real 
number representation. (Floating point operands 
are supported using the iAPX 188/20 Numeric Data 
Processor configuration.) . 

In general, individual data elements must fit within 
defined segment limits. Figure 7 graphically 
represents the data types supported by the iAPX 188 . 

MODULE A 

r - - -, 
I I 

~
ODE 

DATA 

MODULE B ~--t----, 

PROCESS 
STACK 

PROCESS 
DATA 
BLOCK 1 

:;:~ESS·D 
BLOCK 2 

I I 
L ___ J 

MEMORY 

CPU 

CODE 

DATA 

STACK 

EXTRA 

SEGMENT 
REGISTERS 

figure 6. Segmented Memory Helps 
Structure Software 
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Appendix 3 

FDC Instruction Set 

IlPD765A 

PHASE 

Command 

E~.cuuon 

Relult 

I DATA BUS 

REMARI<S 

READ DATA 

W MT MF $1< 0 1 Comm.nd Code, 

W X HO US1 USO 

w 
w 
w 
w 
w 
w 
w 

A 
A 

A 
R 
R 
R 
R 

-------C-------------------H----------_ 
----------R---------------------N-----------
---------EOT----------
---------GPL---------
--------DTL------

---------STO----------
---------ST1----------
---------5T2----------

----------C-------------------H---------------------A--------
N 

READ DelETED DATA 

Sector 10 Informitlon pnor 
to Command execulion The 

4 byte, are commanded a~ln" 
header on Floppy Olsk 

Data-transfer belween Ihe 

F DO and ma,n·,ystem 

StatuI ,nformatlon after 
Command exeClJtlOn 

Sector 10 Information alter 
Command exeCution 

Command W MT ·MF SI( 0 Command Code, 

Exocutlon 

w 
w 
w 
w 
w 
w 
w 
w 

R 

R 

R 

X X X HO US1 U50 

----------H---------------------A-----------
--------- N -----------

--------EOT----------
----------GP L-----------
--------- OTL ---------

---------STO----------
--------- ST 1 ----------
-------5T2----------

----------H-----------
---------- R -----------

N 

WAITE DATA 

Sector 10 information prior 
to Command eIU!:cutlon Tne 
4 oy tes are commanded against 
header on FloPPt DI$k 

Data-transfer between the 
FDD and maIn-system 

Statu," Information after 

Command eMtCutlOI'l 

Sector 10 Information aher 

Command execution 

Commond W MT '-'IF 0 

W 

1 Command Codrs 

X HD US1 USO 

executiOn 

R •• ult 

W 
W 
W 
W 
W 
W 

W 

A 
R 

R 

A 
R 

---------- H -----------

-------- R -----------
--------- N ----------
---------EOT----------
---------GPL----------
---------OTL---------

Sector 10 Information prior 

to Command execution, The 

4 bytes are commanded a\)alnu 
header on F lopOV Disk 

Data-transfer between the 
maIO-system and FOO 

--_____ ST 0 Status Information aftt'r 

---------5T 1 Commctnd el(eCutlon 

-----ST2----------
--------- C --------- Sector 10 Information after 

----------H----------- Command elllecution 

------- R -----
N 

WRITE DELETED DATA 

Command W MT MF 0 Command Code, 

Exocution 

RlllUlt 

W X X HO US1 USC 

W 
W 

W 
W 
W 
W 
W 

R 
R 
R 
R 
R 
R 
PI 

---------C-----------
---------~II-----------__________ R __________ _ 

--------N-----------
------EOT---------
--------~GPL----------

--------- OTL--------~ 

---------STOI---------

Sector 10 Inform.llon pr.or 
to Command 'xecutlon. The 
4 byte, .r. commanded 19Itnll 

header on Floppy DISk. 

Dlt.-transf,r bet-.n the 
FDO and maln-Iv"om 

----- ST 1 Command .. eCullon 
--------5T2----------

C Soc:lor 10 ,n'O'11'\I1IO" ah.r 
---------- H -------- Command "ecutlon 

--------- PI -----------

----------111----------

1iIeco: <D SVmboll uNCI in \hit table .... decc,illad at \h. end of \hi& _tion. 

~ Ao should equlll blN'Y 1 fo, aU _alionl_ 

Q) )( • ()oft', caro ......... Y mode 10 equal binory 0_ 

PHASE 

Command 

Rnult 

W 

W 

W 

W 

W 
W 
W 
W 

W 

A 
A 

A 
R 
A 

Command W 

ElICecutlon 

Result 

W 

R 
A 

A 

R 
A 

Command W 

Result 

'IV 

W 

W 

W 
W 

R 

A 
A 
R 

R 

INSTRUCTION SET CD @ 

DATA BUS 

REMARI<S 

READ A TRACI< 

MF SI( 0 Command Code, 

X HD U51 USC 

---------H---------------------R-----------
---------- N -----------
---------EOT----------
---------GPL-----------
---------OTL-------

---------5TO-------
---------ST1----------

---------ST2---------
------- C -----------

--------- H -----------

----------A-----------
N 

READ 10 

MF 0 

X HO US1 USC 

Sector 10 Information prior 
to Command execution 

Data-transfer between t he 

FDD and maIn-system. FDC 
read. all data field' 
from mdex hole to ear . 

Status information af ler 

Command e)(ecution 

Sector 10 Information after 
Command execution 

Commands 

The first correc~ to information 

on the Cylinder is stored in 
Data Register 

-------- 5T 0 Status Informatio~ after 
---------5T 1 -.----- Command executiUn 

--------- ST 2 ---------
---------- C - - ------- Sector 10 ,nformation read 

--------- A ----------

N 

FOAMA T A TRACI< 

MF 0 

X HO US, USC 

--------N-----------
---------SC------
------GPL------
--------0----------

---------STO---------
-------5T1---------

--------- ST 2 ---------

---------- H-----------
--------__ R ---------_ 

SCAN eaUAL 

dUring Execution Phalli! from 
Floppy DISk. 

Command Code, 

Bytes/Sector 
Sectors/Track 
Gap 3 
FIller Byte 

FOC formats an entire track 

Status Information after 

Command e)(ecutJon 

In thiS case, the ID Information 

has no meaning 

Command W '-'IT '-'IF 51( 1 Command Code. 

EXCl'CU110n 

Rotul. 

W X X X HD US1 USO 

W Sector 10 .nformation prior 
W 

W 
W 

W 

W 

W 

A 
R 

R 

R 
R 

R 

----------" H -----------

----------A-----------
------ N -----------
---------EOT----------
---------GPL----------
---------5TP----------

---------5TO---------
------ST1----------
---------ST2---------

------C----------
H ----------

----------R-----------
------ N ----------

to Command execution 

O.tl-compared bet""""n the 
F;)O and main-system 

Stalus in'orma.ion after 
Command .xecu.ion 

Secto, 10 Informa.ionalter 
Command •• OCUllon 

) 

) 
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INSTRUCTION SET 
(CONT.) 

I DATA BUS 

PHASE RIW I 07 DR Do; 0.. 0-. 02 0, Dol 
SCAN LOW OR EQUAL 

I 

Command 

Execution 

Result 

Command 

Execution 

Result 

W MT MF SK , , 0 0 1 

W X X X X X HO US, USC 

W C 
W H 
W R 
W N 
W EDT 
W GPL 
W STP 

R ST 0 
R ST 1 
R ST 2 
R C 
R \I 
R R 
R N 

SCAN HIGH OR EQUAL 

W MT MF SK 1 1 1 a 
W X X X X X 1'10 US, 

W C 
W 1'1 
W R 
w N 
W EDT 
W GPL 
W STP 

R STO 
R STI 
R ST2 
R 'C 
R H 
A A 
R N 

COMMANOSYMBOL 
OESCR I PTI ON 

1 

usa 

E90002914E 

Appendix 3 

REMARKS PHASE 

Command Codas 'Command 

Sector 10 information prior Execution 
Command execution 

Command 

Result 

Data-compared between the 
FDO and main-system Command 

Status informotion after 
Command execution 

Sector 10 informotion after Command 
Command .xecution 

Result 

Command Codes 
Command 

Sector 10 information prior 
Command execution 

execution 

Data-compared between the Command 
F 00 and main-system 

Status information after 
Command execution Result 

Sector 10 information after 
Commanuaxecution 

SYMBOL NAME 

AO Address Line 0 

C Cylinder Number 

D Data 

D7-DO Data Bus 

DTL Data Length 

EOT End of Track 

GPL Gap Length 

H Head Address 

HD Head 

HLT Head Load Time 

HUT Head Unload Time 

MF FM or M FM Mode 

MT Multi-Track 

47 
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DATA BUS 

RIW I 07 Os 05 04 03 02 0, DO I REMARKS 

RECALIBRATE 

W 0 0 0 0 0 , , , Command Codes 

W X X X X X C US, USC 

Head retractod to Track 0 

SENSE INTERRUPT STATUS 

W 0 0 0 0 , 0 0 0 Command Codas 

R STO Status information at tho end 
R PCN of seek· operation about the FDC 

SPECIFY 

W 0 0 0 0 a 0 , 1 Command Codas. 

W -SRT ... III HUT-

W HlT !III NO 

SENSE DRIVE STATUS 

W 0 0 a 0 0 , 0 0 Command Codes 

W X X X X X 1'10 US, USC 

R ST 3 Status information about FOO 

SEEK 

W 0 0 0 0 , 1 1 , Command Codes 

W X X X X X HO US, USO 

W NCN 

Haad is positioned over 
proper Cylinder on 
Diskene 

INV~LIO 

W ____ Invalid Codas Invalid Command Codes 
(NoOp - FOC go.s into 
Standby Stat.) 

R ST 0 ST 0·80 
(16) 

DESCRIPTION 

Ao controls selection of Main Status Register (AO = 0) or Data 
Register (AO = 1) 

C stands for the current/selected Cylinder (track) number 0 
through 76 of the medium. 

D stands for the data pattern which is going to be written into a 
Sector. 

B-bit Data Bus, where D7 stands for a most significant bit, and 
DO stands for a least significant bit. 

When N is defined as 00, DTL stands for the data length which 
users are going to read out or write into the Sector. 

EOT stands for the final Sector number on a Cylinder. During 
Read or Write operation FDC will stop date transfer after a sector 
# equal to EOT. 

GPL stands for the length of Gap 3. During Read/Write commands 
this value determines the number of bytes that VCOs will stay low 
after two CRC bytes. During Format command it determines the 
size of Gap 3. 

H stands for head number 0 or 1, as specified in ID field. 

H D stands for a selected head number 0 or 1 and controls the 
polarity of pin 27. (H = H D in all command words.) 

H L T stands for the head load time in the FDD (2 to 254 ms in 
2 ms increments). 

HUT stands for the head unload time after a read or write opera-
tion has occurred (16 to 240 ms in 16 ms increments). 

If MF is low, FM mode is selected, and if it is high, MFM mode is 
selected. 

If MT is high, a multi-track operation is to be performed. If MT = 1 
after finishing Read/Write operation on side 0 FDC will auto-
matically start searching for sector 1 on side 1. 
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GENERAL 

This functional description of the display unit 

(DU 4110) is to be used for the DTC and DTC-A 

v~rsion$, i.e. both for DU 4110-001 and DU 4l+0~002. 
The section "DTC Principles" describes DU 4110-001 

functions. "DTC-A Principles" covers DU 4110-002 

functions. 

The main tasks of the display unit (DU 4110) are 
• Presentation of visual information on the CRU 

(Cathode ray tube unit). This information maybe 

text entered via the keyboard, messages from the 

computer or the operating system, forms from a 

library on a flexible disk etc. 

• Communication with a host computer and other 

system units like keyboard, selector pen, 

printers, flexible disk units and communication 

processor. 

• Editing and processing of data, e~g. form hand

ling operations defined by Alfaform, code con

version etc. 

The main parts of the display unit are 

• Cathode ray tube unit (CRU) 

• Microcomputer, consisting of the display termi

nal controller (DTC), the two-wire interface 

ada9ter (TIA) and other optional printed 

circuit boards. 

• Power supply' 

• Basic mechanics 

MECHANICS 

As can be seen in Fig.l the tiltable and swivel

able upper part of the display unit contains four 

basic modules 

• Cathode ray tube unit (CRU) 

• Display terminal power supply (DPS) 

• Housing (and EMI shield) for the DTC, TIA (and 

SPA if a selector pen is used). 

EE360-8l0C 
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• Board expansion module (BXM) with four electri

cally identical places for logic boards. The BXM 

is an option, only used for either 

1. Single display unit configuration, synchronous 

communication (SCA used) . 

2. More than 32 kbytes memory needed (MRW or MRO 

used) or 

3. Asynchronous communication needed (e.g. to 

Printer Unit 4154 or in TTY configuration) (ACA 

used) . 

The base ("square part" of the foot) of the dis

play unit contains a fan and connectors for key

board and two-wire cable to communication pro

cessor or flexible disk unit. 

Fig. 1 . Mechanical layout of DU 4110 

PRESENTATION 

Presentation of characters on the screen is made 

using a raster scan method, i.e. the electron beam 

(cathode ray) makes a number of consecutive hori

zontal sweeps over the screen. The beam is modula

ted by the video information, that is the dots 
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that build up the characters, the cursor, the un

derlines etc. 

The regeneration rate is 50 Hz, i.e. the electron 

beam builds UD a whole picture on the screen every 

20 milliseconds. 

The total number of sweeps is 426. Depending on 

screen format, 400 (up to 25 text lines) or 396 

sweeps (33 or 44 text lines) are used for presenta

tion, spacing sweeps included. Thus, 26 or 30 

sweep times are used for vertical retrace. 

The swee9 time is 46. 95 ?S 
Each sweep is divided into 100 character positions' 

Out of which up to 

used for presentation 

Thus, the character 

80 may be 

position time is 0.469 ps 

Each character position is divided into nine dot 

positions or columns (colO to 8) Seven columns 

(col 1 to 7) are used for character presentation. 

With DTC-A, columns 0-8 can be used for presentation. 

The dot time is thus 52.2 ns 

The corresponding dot 

rate is 19 .17 ~·1Hz 

This is equal -to 1/18 of the system clock (~l) 

period. 

Thus, the dots of a specific sweep for two charac

ters are presented during one system clock period. 

Presentation Geometry, Character Layout 

The effective screen size is 180 by 258 mm. The 

horizontal distance between two adjacent dot posi

tions is ~ 0036 mm. The vertical distance between 

EE360-810C 
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two adjacent dot positions (sweeps) is~ 0.45 mm. 

(Note that horizontal lines are not, as vertical 

lines l formed by discrete dots but by a continuous 

stroke of the electron beam.) 

Thus, the ratio vertical dot spacing 
horizontal dot spacing = 1.25 

This is valid for the case of 9 horizontal dot 

positions (columns) per character position (Alpha

numeric display) . 

The number of vertical dot positions (sweeps) per 

text line is programmable and depends on the num

ber of text lines on the screen. 

Number of text lines 11 3 or 1 Y 25 33 44 

----Number of sweeps/tex tline 22 16 12 9 

Number of sweeps use d for 13 13 9 8 

characters 

Column nr At message line; 

Sweep nr 0 I 2 :3 4 5 6 7 8 RM (Mod. raster addr) 
(Raster addr) 

0 (ULl E 
I ~ ~ ~ ~ ~ l'0 ~ 0 F 
2 ~ ~ ~ ~ r:0 ~ ~ 11 0 
:3 ~ ~ 0: ~ ~ ~ ~ 2 11 
4 ~ ~ ~ ~ ~ ~ ~ 3 2 
5 ~ 0 \S ~ ~ ~ ~ 4 3 
6 ~ ~ ~ ~ ~ ~ ~ 5 4 
7 ~ ~ ~ ~ ~ to ~ 6 5 
8 ~ ~ ~ ~ ~ ~ ~ 7 6 
9 ~ ~ ~ ~ ~ ~ 0: 8 7 
A ~ ~ ~ ~ ~ ~ ~ 9 8 
B ~ ~ ~ ~ ~ ~ ~ :A 9 
c 0: ~ ~ ~ ~ ~ ~ B A 
0 ~ ~ ~ ~ ~ ~ ~ C B 
E DJ C 

F E DJ 
DTC-A DTC 

Fig. 2. 7x13 dot matrix in 9x16 character cell 

1 
j 



[~l 

Bits 7 
6 
5 
4 

321 a 

0000 a 

0001 

001 1 3 

0101 . 5 

011 0 6 

01 1 1 7 

1000 8 

( 1 001 

1 01 0 

( 
1 01 1 

1 1 01 

1 1 1 1 

Fig" 3. 

EE360-8l0C 
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0 0 0 0 0 a 0 0 
0 0 0 0 1 1 1 1 

0 a 1 1 a a 1 1 
" a 1 a 1 a 1 0 1 

NUL 

r-! N 

. 
~ ~ 
Q) Q) 
t)) t)) . . 
H H 
cO cO 

..c: ..c:: 
0 0 

~ ~ 
-ri -ri 

ti.I ti.I 
(Y') r-
I I 

0 0 
0 "=:fI 

U) U) 
Q) Q) 

ro ro 
0 0 
U U 

Example of character layouts in character 

genA code table .. 
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fit Underline 

The two last sweeps of a textline are used for 

underline and spacing respectively_ Underline 

starts at Col 1 and ends with Col 7 (DTC). For 

DTC-A underline starts at Col 0 and ends with 

Col 8. Underline may be generated via char. 

generator (underlined space) or via attribute 

generator (field underline). (With DTC-A all 

underlines are generated via the attribute ge

nerator except for the 33 and 44 (32+1, 43+1) 

text-line formats where an underlined space 

(Cols. 1-7) is programmed in the character 

generator.) No underline is possible at message 

line. The underline logic is used during sweep 

o (RM = E, see Fig. 2) to produce the line 

separating the message line from the rest of 

the screen. 

• Cursor 

The cursor is individually generated. 

Its height and vertical location in the charac

ter cell is programmable. The cursor blink rate 

is selected; either 1.6 or 3.l Hzo (See CRTC 

description for details.) 

Two types of cursor may be selected by program: 

Cuform = 0 : Width 9 dots. Character not visible 

at steady cursor. 

Cuform = 1 : Width 9 dots. Character at cursor 

position always visible. 

(Text inversion at cursor position.) 



Underline 
(DTC) 
(Underline 
pas in 
DTC-A) 

( 

I~) 

Column 
o 

weep 
o 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

0 

E 

F 

0 

2 3 4 234 

Fig. 4 . Character, underline and cursor layoutex"arnple 

Note: Inversion of 114" caused by maximum height 

cursor with Cuform = 1. Field underline 

of "A" and "4". Valid for formats with 

25 textlines, DTC. 

Principles of Cha.racter GeneraJcion 

See DTC block diagram Fig. 5 and character gener~ 

ator code table Fig. 30 The eight-bit codes for 

character and symbols to be displayed, as well as 

for attribute characters (ATB), are stored in the 

part of the Rv~1 area that is defined as display 

memory at a certain time. 

EE360-810C 
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Note that these codes may differ both from the 

line codes (codes used when communicating with the 

host computer) and the codes received from the key -

board when keys have been depressed. 

The character generator is a memory that produces 

seven dot values (lor 0) when told what sweep of 

what character that is to be displayed. It pro

duces the dots of two characters every clock 

period (~) as there are 2 x 9 dot times to each 

system ~lock period. As there is only one access 

to the display memory every system clock period, 

two character codes have to be fetched each time. 

Note that the LS bit of the memory address is not 

used. Thus presentation unconditionally starts 

with a character from an even address in the mem-

ory. 

The address inputs of the character generator are: 

• Character code 

• Raster address 

Seven bits (DTC-A:eight bits), 

defining which of the 128 

(DTC-A:256) possible characters 

and symbols that is to be dis

played . 

Four bits, defining which sweep 

(0, 1 .... 15 (max) of a text

line that is being presented. 

For DTC-A the raster address 

consists of five bits. 

Examnle: The character codes for A and 4 (see Fig. 

4) have been entered for the fifth time into the 

double byte latches. (See block diagram) Thus the 

binary value of the raster address is 00100. First 

the seven bit code for A (41
16

) is applied to the 

character generator. The seven outputs of the cha

racter generator will present 1000 001, where the 

ones correspond to the two dots of that sweep. As 

the code for A is a valid displayable character 

code, the video register will be loaded with the 

seven bits from the character generator (plus a 

Col a zero for spacing). Next, while these dots are 
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being shifted out, the character generator will 

produce 0100010, i.e. the dots of the fifth sweep 

of the number "4". Next, the two eight bit codes 

for the following two characters of the textline 

are addressed and entered into the double byte 

latches, etc. 

The "display memory" addresses as well as the 

raster addresses are provided by the programmable 

LSI circuit C~TC (Cathode ray tube controller). 

DISPLAY TERMINAL CONTROLLERS 

General 

A general description of the components and prop

erties that are similar in the System 41 micro

computers (communication 9rocessor (CP), display 

terminal controller (DTC) and to some extent 

flexible disk processor (FDP) is found in the 

chapter "Hicrocomputer". Here the functions that 

are unique to the DTC as well as the specific use 

of certain functions will be described. 

The main functional parts of the DTC are: 

.. MPU 

.. Hemory part 

.. Address decoder 

• Interrupt logic 

• Timing logic 

• Presentation logic 

• Keyboard interface 

EE360-8l0C 
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Memory 
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Fig. 5 contains a block diagram of the DTC, the 

two-wire interface adapter (TIA) and the optional 

synchronous communication adapter (SCA), which is 

used in single display units communicating syn

chronously with a host computer. Fig. 9 presents 

the block diagram of a display unit including 

DTC-A and TIA-A. 

The MPU is described in the "Microcomputer" chapter. 

The display terminal controller Rl'i"M is built up of 

two parallel blocks of dynamic memory, (2 x 16 

kbytes) . 

There is a refresh and memory access multiplexing 

logic, governing the memory function. 

It provides 

• Row address accompanied by Row address strobes 

• Column address accompanied by Column address 

strobe 

• Write strobe 

according to the state of the timing logic, the 

address bus (odd or even block addressed), and 

the R/W signal from MPU. 
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The memory is addressed by 

• NPU (or DMA Logic of TIA, two-wire interface 

adapter). This happens during the ~2 period of 

the system clock cycle . 

• CRTC or refresh logic. This happens during ~l 

half of the system clock period. 

The CRTC provides 14 address bits whereof 13 (DTC) 

or 12 (DTC-A) are coupled to the memory address 

selector. This means that, for DTC, 16 kbytes 

(0000-3FFF or 4000-7FFF, depending on DTC jumper J1) 

can be used as display area. For DTC-A, the highest 

8 (4+4) kbytes of the RWM area can be used as dis

play area. Thus, trying to program the DTC-A CRTC 

for display start from address 4000 will result 

in display of cells in area 6000 and upwards since 

address bits 14 and 13 sets to 1i1" as soon as CRTC 

addresses. 

Note that as the LSB of the CRTC address is not 

used, two consecutive bytes will always be 

accessed. (Bytes 0 and 1, bytes 2 and 3 etc.) 

Refresh addressings are made every cycle (~l time) 

when the CRTC reset signal is active. Five refresh 

addressings are also made during each display 

sweep following the HSYNC signal, i.e. when no 

presentation takes place. 

The dynamic RWM cells are organized as 128 rows 

by 128 columns (16 kbytes blocks). A cell is 

accessed like this: 

1. Address from CRTC or External address bus is 

chosen (depending on half of system clock cycle). 

2. Address bus bits 7 through 1 are strobed 

in as Row address by the Row address strobe 

RAS (For accesses from the External bus, only 

one block gets RAS) 0 

I) 
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3. The appropriate column is selected when CAS 

(Column address strobe) strobes in address bits 

1. 13 or 12 through 8 (CRTC access). (Bit 14 

(DTC) or b~ts 14 and 1~ (DTC-A) are provided 

as constant bits.) 

2. 14 through 8 (External bus access). 

4. A write operation is carried out (in case of 

External bus addressing) as Write strobe is 

applied. 

According to the LSB of the External ~ddress, the 

memory address decoder produces a row address 

strobe enable for the proper memory block and, in 

case of a read memory operation, an output enable 

for the proper set of output buffers. The address 

decoder consists of a ROI\i. It has also the R/W 

signal and the most significant address bus bits 

and display area strap as input signals. Please 

refer to the memory map, Fig. 8 and DU 4110-002 

memory map, Fig. 10. 

Cathode Ray Tube Controller (CRTC) 

0 6845 

CRTC 
2 R 
3 LPSTB 

21 eLK 

22 R!W 
23 

E 
24 RS 
25 S 

33 DO 
32 I 
~I 

2 

~ 3 
29 4 
28 5 
27 6 
26 7 
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VS 
HS 

.cu 
DE 

RAO 
I 
2 
3 
4 

MAO 
I 
2 
3 
4 
5 
6 
7 
8 
9 

10 
II 

12 
13 

40 
39 

36 
35 
34 

4 

14 
15 
16 
17 
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MPU Interface -------------
The CRTC interfaces the Iviicrocomputer (MIC) via 

the data bus, R/H, enable lines, a reset line and 

one address line. The reset line (R) must be kept 

low during initial programming of the CRTC. 

It contains one write-only address register and 

15 other registers of variable length, that are 

accessible from the MIC bus. As there is only one 

address line, either the address register or one 

of the other locations can be addressed at a cer

tain time. The vailiue of the five bit address 

register decides which one of the other locations 

is addressed. Register nr. 5 (RS) is e.g. addressed 

when contents of address register is XXXOOIOl and 

(RS) (address line) is high. 
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Table 1. CRTC registers 

Re ister Nr of bits Name 

RO 8 Ch.times per 
sweep 

Rl 8 Characters 
per line 

R2 8 HSYNC pos. 
( 

R3 4 HSYNC width 

R4 7 Lines total 

R5 5 Vertical total 
adjust 

R6 7 Lines dis-
played 

R7 7 VSYNC position 

R8 2 Interlace 
control 

R9 5 Max raster 
address 

R10 B+P+5 Cursor, start 
+ blink 

( 

Rll 5 Cursor end 

R12 R13 14 Display start 
address 

R14 R15 14 R/ltJ Cursor 
location 

\ R16 R17 14 Light pen hit 
address 

EE360-810C 

Function 

Tells total nr of horizontal char. 
pos.times per sweep minus one. 

Tells how many char. should be dis
played on a line. 

Tells at which horizontal character 
position HSYNC signal should be 
generated. 

Tells the nr of character times 
HSYNC should be active. 

Total nr of lines (displayed + non
displayed) minus one. 

15 

Tells how many sweep times should be 
added to the "Lines total" time to 
form a full frame time. 

Tells how many lines should be dis
played. 

Tells after what line VSYNC should be 
generated. 
(VSYNC active during the time of one 
textline) 

(00 or 10 for non-interlace) 

Tells the number of sweeps per text 
line minus one. 

Tells on what sweep of line top of 
cursor is. 
Tells whether cursor blinks and 
frequency. 

Tells what sweep of a line cursor 
bottom is on. 

Tells at which address (with which 
character) in a display memory the 
display should start. 

Points out at which linear address 
(character position in memory) cursor 
should be displayed) . 

Latches linear (character) address 
when LP hit (LPSTB) . 
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Cursor Start Register 1 R to 

B P 

Bit Bit 
Cursor Display Mode 6 5 

0 0 Non-Blink 

0 1 Cursor Non-Display 

1 0 Blink, 1/16 Field Rate 

1 1 Blink, 1/32 Field Rate 

Blink 
rate at 
50 Hz 
field r 

3.12 Hz] 
1.56 Hzl 

I Off ~on I 
Blink Period = 
16 or 32 Times 
Field Period 

Example of Cursor Display Mode 

Fig. 7. 

LPSTB 

o -+-+-~-+-+4-

2 -+-+-~-I-+4-
3 -+-+-+-+-1-+4-
4 -+-+-~-+-+4-

5 -+-+-+-+-1-+4-
6 -++-+-+-4-+-1-
7 -++-+-+-+-+-1-
8 -+-+-+-+-+-+-1-
9 ~~~K9-<E&eT-

10 -++-+-+-+-+-1-
11 -++-+-+-4-+-1-

Cursor Start Adr. = 9 
Cursor End Adr. '" 9 

Cursor control 

o -+-+-t-+-+-+-+-

3 -+-+-+-+-+-+-1-
4 -+-+-+-+-+-+-1-
5 -+-+-+-+-+-+-1-
6 -+-+-+-+-+-+-t-
7 -+-+-+-+-+-+-t-
8 '-+-+-+-+-1-+-1-
9 --fJl~~l-ffi-fIHIT-

1 0 -el~~H9-~T-

1 1 -+-+-~-+-+-t-

Cursor Start Adr. = 9 
Cursor End Adr. = 10 

2~~~~~~ 

3~~~~~~ 

4~~~~~~ 

5~~~~~~ 

6 -+-+-+-4-4-+-I~ 

8 -+-+.."-'"-+.-+-+-
9 -+-+-+-4-+--+-+-

1 0 -+-+-..1-+-4-4-+-

1 1 -+-+.."-'"-+.-+-+-

Cursor Start Adr. = 1 
S::ursor End Adr. = 5 

(Light pen strobe) When this signal goes 

high, linear address (display memory ad

dress) is latched into R16 R17, thus de

tecting the selector pen position on the 

screen. 

CLK signal is the basic clock for linear ad

dress counting etc., i.e. the character 

clock, which should provide one clock 

period for each horizontal character posi

tion. 

Video Control and CRT Interface 
------~------------------------

DE is the master enable signal for the video 

generating circuitry. This signal is ac

tive during the display time of the dis

played lines, i.e. during a total part of 

the frame time decided by Rl and R6. 

) 
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is active during the time when cursor dots 

should be produced by the video generating 

circuits .. 

is the raster address bus to be fed to the 

character generator together with the code 

for the actual character. For each text 

line it tells the actual sweep number,i.e. 

provides values from 0 up to the pro

grammed value of R9. 

is the signal which tells the CRT logic 

that the cathode ray should ~etrace and 

start next sweep over the screen. 

is the signal governing the vertical re

trace of the ray, that precedes the re

generation of an image on the screen. 

Linear Address Generation --------------------------

~~13-0 provide the address to the display memory 

of the actual character to be displayed, 

i.e. the actual value of the internal 

linear address counter. This counter is 

started at a value decided by R12 R13 and 

is stepped as many times as decided by Rl 

for each sweep. For each text line it 

counts through the same address sequence 

as many times as decided by the value in 

R9. 

EE360-810C 

Then it goes on after next HSYNC and 

makes the same sequences for each dis

played line i.e. as many times as decided 

by R6. This whole sequence starts over 

again after next VSYNC, unless the pro

gramming of the CRTC has been changed. 
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The MA bus must be multiplexed with the MIC ad

dress bus, to. enable the MPU to. write new charac

ters into. the display memary. 

Interru9t Lagic 

The interrupt system principles are described in 

the IIMicracamputer" chapter. The lacatio.ns af 

interrqpt vectars are faund in the Memory map. 

Here fallows a descriptian af the arigin, prap

erties and use af the different interrupts in the 

DTC with subunits. 

• Int. aut 

CD Power an 

is an active law signal that may be 

sent from DTC to. interrupt another 

cantraller. It is generated by 

setting MIC-PIA per reg. A bit 5. 

An active law Reset pulse is gener

ated at pawer on. This Reset signal 

is used to. reset circuits thraugh

out the system and to initialize 

the MPU. The MPU will fetch cantents 

of cells FFFE and FFFF to the pra

gram counter when Reset is deacti

vated .. 

) 

( 
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I HEX 

! t, kbyt.

AOOR 

FF FF ...-----r-_... 
1 PL ROM 

F aool:::::J=:::::::::::::::::::::::::::~====il 
:~~gl 
FOOO i-------Max 

RWM 
on MAW 

EOOO .... - - - - - Max 

I I~~~RO 
I I 
I I 
t- 1 

U I/O 
1 ADDRESSES 

I r BATTERY I 
'RWM J 

(on MRO) 
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INTERRUPT VECTORS 

I t-'-R=Ec:::.S;:..;ET~( P...:.ow"",e..:...r -,-0_" }=-----4 F F FE I F 
Non Moskoble Interrup1 C, 0 

Software Interrupt A,B 
Oefaull Interrupt 21 B 9 

I 7 Periph. IRQ HI prl TIA ~ G'.7} 
I 6 .. 4.5 
I 5 ~ 2,3 
I 4 .. SCA F FFO. 1 
1:3 10 KB ACIA FFEE, F II 
12 10 ACAI C,O 
1 1 10 TIMER A, B 
I 0 .. OS FFE8,9 

(.)0 .. CL F7 FF 

i~ ~ ~ 
~ 0.- __ F7EO I I 

I I 

~ ~ 
32 - 00 PIA F700 

1 
~ ~ ~ CRTC 

bY'" 0 0 UI 

CRTC F70B- 9/A-B/C-D/E-FI 

PIA F7DO-:3/4-71 

7FFF 

: MRW (MROd 

I I 

5000 I\. 

i i :Ie PIA ACIA(K8 comm) F7 CO PIA F7 C4-7 
ACIA F7 CO-1/2-31 

~ ___ --I F7 AO 

tM) 

i--r---,,----; F780 

I---=':::~_--I F770 

1---=:.;.:.;...----1 F 7 60 

t~) 
1-=.1-_.:...:.::;;:. __ --1 F750 

1-____ -1 F740 

/-r-----; FHO 
1-+ ____ -1 F728 

~-=:'="_---I F7 20 

Possible 
4000 - - - - - - > display '-" 

j area 
(strappable) 

1I-t...L-.L--I-____ ....J F700 

2000 

0400 
0000 '--__ ---" 

x'Note: 

x) Not present if during one of the three 
DI,1A cycles DMA TI-T3 

= Asynchronous comm. adapter ACA 
DIA 
MCP 
MIC = 
SCA 
TIA 

= DTC, Display adaptation part 
= Microprocessor control panel 

(DTC) Microprocessor part 
= Synchronous COffiffi. adapter 
= Two-wire interface adapter 

1/ A (read or preferably)write operation into one 
of the cells FFE8-FFF7 will result in a setting 
of a corresponding mask value. As an example, 
FFEE or FFEF from MPU will disab18 interrupts 
of pri <3. 

2/ M~U reaalng FFF8-9 will make contents of two out 
of cells FFE8-F9,depending on highest pri valid 
interrupt~transfer into MPU. 

Display terminal controller and .Subuni ts, m,emory 

organization. 

EE360-810C 
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• Reset 
button 

(DTC) 

• Reset 
button 

(DTC-A) 

• NHI (DTC) 

(~l 

See NMI (DTC) below 

An active low Reset pulse is gener

ated to reset the MPU. The same sig

nal is also sent to MIC-PIA CBl, 

which activates CRB-7 to a "I". The 

software can read MIC-PIA to find 

out if the start was "power on" or 

the "Reset button". 

Non-maskable interrupt may be gen

erated either from the test unit 

MCP (Microprocessor control panel) 

or from the reset button located 

underneath the upper part of the 

display unit, on the left side. 

The program may test the source of 

NMI by reading the MSB of the A 

register of the interrupt control 

PIA (I4IC-PIA): 

Test MSB (b7) of cell F7C4. If 

1 _______ o~ ____ __ 

NMI from pushbutton NMI from MCP 

• NMI (DTC-A) Non-maskable interrupt may be gen

erated either from the test unit 

HCP (Microprocessor control panel) 

or from the PC-logic. 

• SWI 

The program may test the source of 

NMI by reading the LSB of the A 

register of the interrupt control 

PIA U~IC-PIA): 

Test LSB (bO) of cell F7C4. If 

1 ________ ~O ________ _ 

NHI from PC-logic NMI from HCP 

Software interrupt is an instruc

tion (see MPU description). 
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• Default 

interrupt 

• 17 

• 16 

• 15. 

• 14 

• 13 

EE360-8l0C 
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Interrupt vector is fetched from 

cells FFF8 and FFF9 when no valid 

interrupt signal (17 to 10 of a 

higher level than or same level as 

the present mask value) is present 

at the time of the vector fetch. 

See "Microcomputer" Figs. 2 and 11. 

is the highest level maskable inter

rupt. It will always (irrespective 

of interrupt mask register value) 

result in an IRQ signal to MPU. An 

IRQ is however, only serviced if 

~WU I-bit is reset. 17 originates 

from the ADLC (see ADLC descrip-

tion) an TIA (Two-wire interface 

adapter) . 

Spare 

No latching possibility 

Spare 

is an interrupt that may originate 

from a non-steady source (short 

pulse interru9ts). It may be 

latched by the interrupt logic. If 

MIC-PIA A-side bit 6is set, an in

coming interrupt will be latched. 

If it is reset any latched inter

rupt will be reset and the state of 

the 14 line to the interrupt re

gister will be equal to state of 

the incoming interrupt line. This 

line is used by a "modem or com

puter adapter" e.g. SeA or ACA. 

is the interrupt used by the KB in

terface ACIA and the selector pen 

function (if used) . 
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• 12 

• II 

• 10 

[~l 

interrupt line functions as lines 

17-15 and 13. It is typically 

used by a printer interface ACA. 

(ACA I) 

is initiated by the VSYNC signal if 

enabled (by HIC-PIA CRA bit 0 = 1) 

Bit 1 of the same control register 

should be = 1 for the PIA to pro

duce an interrupt at the positive 

edge of VSYNC. 

If ~~IC-PIA CRA (at address F7C5) 

bits 5 and 4 = 11 the ?rogram will 

produce an interrupt at this level 

when writing CRA bit 3 to a zero. 

Keyboard Interface 

The interface between DTC and KBC {Keyboard con

troller) consists of 

• + 5V/OV (to KBC/KXB/MID) 

• KB reset line from DTC, used to initialize the 

KBC. KB reset is generated at power on and by 

programming MIC-PIA A-side register (see above, 

"MIC-PIA Programming"). 

• KB data, bidirectional line used for asynchronous 

transfer of 

- Order, e.g. "alarm on/off" or "Transmit ID 

bytes" and data, e.g. lamp data to KBC .. 

- Status, e.g. "shift key depressed" or !lID card 

in" and, if needed, key number or ID characters 

from KBC. 

) 
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This communication is initiated by DTC, i.e. 

no transmission from keyboard takes place un

less DTC has sent a message to keyboard. 

The communication DTC-KBC is described in chapter 

"Keyboard". It takes place via the KB interface 

ACIA on DTC. The ACIA is described in chapter 

IIMicrocomputer" .. A clock of 76 kHz is provided for 

the ACIA by the timing logic. ACIA divides this 

clock by 64 (Bit transfer rate 1188 Hz) and syn

chronizes internally to received data. Further

more ACIA may provide interrupt (at level 3) when 

transmit register is empty, receive register is 

full or an error has occured. 

ACIA control register at address F7C0 16 

bit 7 6 ' 5 4 3 2 1 o 

I-
i 1 1 0 I 1 

i 

o I 

--.---'--;---I.--.---'--.---L--r----.---'---r----1-....,...-- .I 

U I r 7gi~i~~r!~f ~i~~~t~~n 
~<64) 

I 11 = Master reset 

--'----------'- 110 ~ Word length 8 bits 
+ even parity + 1 

I

, 01 

-0 

'---"---------- --------~ 

l 
(0 

I -"".-- -----« 1 

I 

L 
x Data that are shifted out on ACIA DTX output 

are shifted into the ACIA receiver shift 
register. If receiver interrupt is enabled 
RDRF (Receive data register full) status may 
be used to check when the last bit is shifted 
out to KBC. 

EE360-810C 

stop bit 

Transmitting inter
rupt enabled 

Transmitting inter
rupt disabled 
(during reception 
from KB or when 
not communicating 
with KB) 

= Receiver into 
disabled (when not 
communicating with 
KB) 

Rec. into enabled 
(while rece~ving 
from KB or 

x transmitting to 
KB) 
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DTC PRINCIPLES 

Attribute Characters and Registers Controlling the 

Display 

The eight bi t words of the "display memory" may be 

character codes or attribute character codes (ATB). 

The ATB are used together with static control bits 

to define various properties, other than the text 

pattern, of the different fields on the screen. 

Note that one ATB may result in more than one new 

attribute of the associated field. The fielq attri

butes that may be caused by attribute characters 

(ATB) are 

ATB: If no ATB: 

• Underline 

• Blinking text (1 Hz) 

Underline may only 

result from code 5F16 

Steady text 

(Cursor has independent blink function) 

• Inverted field 

• High intensity 

Inversion may be caused 

by 

1. Tot. inv. bit (whole 

screen inverted) 

2. Cursor with Cuform 1 

Presentation according 

to display memory contents. 

Normal intensity 

• Message line (no other attributes, including 

field underline, permitted,Codes 8016' defining 

unprotected field an A0 16 , defining protected 

field can of course be used as they are inter

preted by the software). 

Note that an ATB in the display memory will result 

in one empty space on the screen (UL (if not reset 

by the ATB) and cursor may still be displayed). 

) 

( 
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Underline of a field starts at the character pOSe 

following the space resulting from the UL ATB. It 

ends before the space corre~pond~ng to the ATB 

defining "End of underline". (See Fig. 4.) In

verted field starts at ATB position. 

Apart from the control registers of the CRTC, de

fining the display area, vertical cursor format 

and cursor blink etc. there are two eight bit 

registers of a PIA that either directly control 

some video attributes or define how to interpret 

an ATB. 

Note that the PIA definitions are static, t.e. 

cannot be made for specific fields on the screen 

as there is no simple connection between display 

timing and program but by the VSYNC signal. 

The directly controlled attributes. are: 

• Cursor format: Cuform = 0 or 1, the latter with 

text at cursor pOSe inverted 

• Total inversion: Whole screen (but runverted 

field and, if Cuform = 1, 

text at cursor position) pre

sented as dark text on a clear 

background. 

• Underline position (should be programmed to 

point to the next but last sweep of the text

line ). 

• Inhibit video (whole screen dark) 

• Wraparound (line and page end) of ATB. 

The ATB definition bits are: 

• Enable reset of underline by space/nul (2 bits) 

e Enable underline of field by character code 5F16 

EE360-8l0C 
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• Interpret ATB bit 1 as Inverted field/Underline/ 

Blinking field (2 bits) 

• Select: 64 or 128 possible ATB:s 

Furthermore; reset of the CRT controller is or

dered via the display control PIA, (DIA-PIA). 

Display Control Registers. Detailed Description 

Register 

PIAA (Perioheral 

reg. A) 

PIAB (Peripheral 

. reg. B) 

CRTC 

Address (hexadecimal) 

F7DO (PIA CRA (at address 

F7Dl) bit 2 must be one) 

F7D2 (PIA CRB (at address 

F7D3) bit 2 must be one) 

F7D9 Address to several re

gistersx controlling 

screen format including 

textline height, loca

tion' height and blink 

rate of cursor, display 

start address etc. See 

CRTC description above. 

x)The contents of the 

CRTC address register 

(at address F7D8) decide 

which one of the CRTC 

~egisters that is 

accessed. 

l ) 
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f 

I 

Output 
PIAA on :?in 
bits nr. Signal name Function if 1 Function if o 

(9) (Not used) I PA 7 --

! 
I 

I 
~ 

I 

6 8 Reset CRTC The CRTC will produce; CRTC will act according 
no mem.addr. VSYNC, to programming (!) 
etc. ~ 

5 7 5F function l. Field underline Field UL only by ATB withX 
only by char. code DLI = 1 (if PA 3,2"= 10) . 
5F 16 00,20 and 5F t8 only affect 

char. genera r. 

2. Char. codes 00 and 
20 16 will also act as 

"End of 5F underline" 
char. if PB2,1 = 01 

4 6 Cuforrn Cursor with inversion I Cursor covering character 
of underlying char- ! acter 

I 
3,2 5,4 DLI function 00: Attribu~e wltnou~ INV/UL/B~)( when wi th DLI = 1 

select bits 01: Inverted field because of ATB with OLI = IX 

10: Field underline because of ATB with 
DLl = 1 if PA 5 = 0 x 

11: Blinking field because of ATB with DLl = lX 

1 3 ATB code Char. codes 80-BF16 : Char. codes 80-FF 16 def. interpreted as interpreted as 
ATB (bits 7,6 = 10) i ATB (bit 7 = 1) 

0 2 Total inver- Normal pres = "Black I Normal pres = "White on 
sion on white" (whole black" Only text of inv. 

screen image inverted)] field or text at cursor 
oos~ may be dark on clear 
b~ckground. 

. _1~.","--:""- ~"'.1~"'· . - -~ .-. "" ""- . - .-" .- _. - "'". ._ . 
x Notes: 1) The attribute character bit (DL1) is not effective if 

appearing on message line 

2) OL refers to the character code (8 bits; OL7 - OLO) 

Output 
PIAB on pin 
bi ts nr. 

PB 7 (17) 

6,5 16,15 

4 14 

3 (13) 

2,1 12,11 

0 10 

Signal name Function if 1 Function if o 
'"-

(Not used) 

UL sweep 00: UL pos activated at sweep E16 (15:th sweep) 

01: UL pos activated at sweep A16 (ll:th) 

10: UL pos activated at sweep 7 (8:th) 

11: Not used. UL pos never activated. 

°Inhibit Presentation of Screen dark 
video display area contents 

exceot for extin-
guished fields (de-
fined by ATB) 

(Not used) 
----.---... --~., 

Enable reset 00: Undef. function (No NUL/SP UL reset) 
of underline 01: NUL/SPACE (00/2016) may act UL by SPACE/NUL as 

reset characters ~f PA5 = 1 

10 : Function undefined (No UL reset by SP/NUL) 

11: Function undefined (No UL reset by SP/NUL) 

o Wraparound ATB valid until "off" I ATB valid until an "off" 
ATB (including 00 and ATB (including 00 and 20

16 20 16 , if selected for i~ select~d) irrespec-
reset of "5F underline" t~ve of l~ne or page end. 
or until line end I If all ~TB are erased, 
-. ' (overwr~tten), though, 
~~~c~ever occurs I attributes will be reset 
lrs . before less than 40 ms. 

(DTC-A: See pages 44-45) 

EE360-810C 
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How Do You Do .... to Assign an Attribute to a Field on 

the Screen 

IDe~ired field 
Preparatory 
gramming of 

attribute PIAA 
I 
! 

I PA76543210 

Inverted field -0--0100 

(dark text on or-0--Oll0 

bright back-

ground .if I 
PIAA: 0=0) 

Blinking field -0--110-

Underline 

High inten

sity 

Extin

guished 

field x) 

or -0--111-

-00-100-

or -00-101-

or -01-----

-0----0-

or -0----1-

-o~l--o
:or -0----1-

pro-
DIA-

1/ 
"On" ATB from 
disnlav memory 

DL76543210 

1-----1-

10----1-

1-----1-

10----1-

1-----1-

10----1-

01011111 (5F
16

) 

1---10--

10--10--

1---11--

10--11--

DIA-PIAB should be programmed ---1---- to permit 

presentation. 

DIA-PIAB bi ts. 6 and 5 must also be properly pro

grammed, defining UL sweep. Bit 0 defines whether 

attributes should wrap around line end. See below. 

Note: 1/ Not effective on message line 

All field attributes will be reset by 

1. Msg line ATB: 11111111. If wraparound bit~BO) 

active (:=0), attributes will wrap around past 

message line (from next but last to first text

line) . 

l 
I 
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2. Valid ATB, lacking 1------- with PAl = 0 
or 

"onU bit (combinat.): 10------ with PAl 

3. Textline end if PBO = 1 (No attribute wrap

around) 

1 

Underline may also be reset by SP or NUL (20 16 or 

00 16 ) if PA5 = 1 and PB41 = 01. 

The list of "on" ATB:s above shows that the possi

bilities of combining different attributes for a 

field at a certain time are limited. A field that 

is both blinking and inverted may e.g. not be ge

nerated, whereas a blinking field with high in

tensity may be generated. Note that inverted field 

or blinking field may be combined with field under

line by 5F16 if inverted field/bl. field ATB pre

cedes 5F16 -

MIC-PIA Programming (DTC) 

Initial condition: All registers reset. 
1) 

DDRA at address F7C4 16 is set to 011--01-: PA7 

and 2 inputs;PA6,5 and 1 outputs. (See below, 

point 3).) 

2) 

CPA at address F7C5
16 

is set to 

--11-111 

E
' II because of VSYNC enabled 

II because of positive transition 
on VSYNC (1) 

PIA per. register A accessible 

I I -Bit 3 value will be present at CA2 
output r: 0" = Interrupt on level 0 
"I" = No interrupt on level 0 

~-----------CA2 functions as output 

EE360-810C 
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3) 

PIA A-side register (address F7C4 16 ) bit functions 

IPIAA I Pin Input/ I Signal namel If = I IIf = 0 
,bit I no Output 

I 

PA 7 9 Input Button/M:CP NMI from N!'.~I from 

*) 

NMI DU button !'.1CP (P4 : 
l=low) 

6 8 Output 14 latch 14 will be No 14 
enable latched latch 

5 7 Output Int. out Int. out No Int. 
on PI:7 out 

4 (6) --Not Used (IN DTC) 

3 (5) --Not Used (IN Dr:eC) 

2 4 Input ~~CP test MCP not in MCP in 
test mode test mode 

I 3 Output KB reset KB reset No KB ~ 
to KBU reset 

0 (2) --Not Used 

Note: At initialization a KB reset pulse will be 
sent as DDRA contains all zeros: PA I functions as 
a high impedance input: "active level" for KB 
reset generation. 

DTC-A PRINCIPLES 

DTC-A has the following, additional functions, as 

compared to the DTC board: 

• parity check (PC) in dynamic R/W memory 

• increased memory beyond 64k bytes 

• presentation from two display memory areas at 

the same time .. 

• program loadable character generator (dot. matrix 

memory). (TIA-A must be used) 

• changed "Reset" function, (see Interrupt Logic) .. 

• screen format < 24 lines is possible .. 

) 
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MIC-PIA Programming (DTC-A) 

Initial condition: All registers reset. 

1) 

DDRA at address F7C4 16 is set to 011--010: 

PA 7 PA 6 

2 Inputs 5 Outputs 

0 1 

(See below, point 3) , 

2) CRA at address F7C5 16 is set to 

--11-111 Il(interrupt request 1) because of 

1

,'------ VSYNC enabled 

---------Il(interrupt request l)because of 
posi ti ve transition on VSYNC (1) 

3) 

~------PIA per. register A accessible 

~---------Bit 3 value will be present at CA2 

output "0" = Interrupt on level 0 

"I" = No interrupt on level 0 

,-----------~CA2 functions as output 

PIA A-side register (address F7C4 16 ) bit functions 

PlAA Pin Input/ Signal name If = 1 If = 0 
bit no 1--, ,-,- "",,,,-~,,~. 

Output 

I 
I 

PA 7 9 Input Connected to OV to be compatible 
with earlier program 

6 8 Output 14 latch 14 will I No 14 
enable be latched latch 

5 7 Output Int. out Int. out No Int. 
on Pl:7 out 

4 (6 ) --=- Not Used (IN DTCA) 

3 (5) =~-Not Used (IN DTCA) 

2 4 Input MCP test MCP not in MCP in 
test mode test mode 

1 3 Output KB reset KB reset No KB 
to KBU reset x 

; 

0 (2 ) Input Parity Error Parity No Parity 
: Error Error 

~) Note: At initialization a KB reset pulse will be 

sent as DDRA contains all zeros: PA I func

tions as a high impedance input: lIactive 

level" for KB reset generation. 

--

) 
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4) 

CRB at address F7C7 16 is set to -Ill 1111 (Bit 7 . 

is the flag bit set from the DU reset button)~ 

5) 

PIA B-side register (address F7C6 16 ) bit functions 

PIA B Pin Input/ 
bit No Output Signal name If = 1 If = 0 

PB 7 (--~--. -not used --------~------------+---------) 

6 16 output 

I 
5 115 
4 114 ! 

output 

output 

I 
3 113 output 

2 12 output 

1 11 Output 

o 10 Output 

I 

OC-G enable 

Display 
memory 

VMAX/VMA 1 

VMAX/VMA 1 

Reset 
PC-error 

Reset all 
circuits 
except MPU 
and MIC-PIA 

MPU Addr~
Mode 1 

O-CG x) 
enabled to 
Mic bus 

Dis'play 
memory 4k 

VMAX gen
erated by 
DMA 

VMAX gen
erated by 
MPU 

No reset 
of all 
circuits 

MPU Addr.
Mode 0 

O-CG 
disabled 
from Mic 
bus 

Display 
memory 8k 

VMA .1 gen
erated by 
DMA 

VMA I gen
erated by 
MPU 

Reset PC- Memory 
error FF or PC used 
PC not used 

x) O-CG = Option Character Generator 

EE360-810C 
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Memory Expansion 

With the DTC-A board it is possible to access 

another 28 k over the 64 k that is possible .to 

access from the DTC-board. DTC containing 32 k 

and HR\t~ 32 k and out of which it is possible to 

access 28 k because of the IPL PRor .. ls (see Fig. 10) .. 

The DTC-A board/contain 32 k and the !-1RW board 

64 k and it is possible to access 56 k depending 

on the IPL PROM. The base module with DTC-A (32 k) 

.and a part of the MRW (28 k) is addressed when 

VMA 1 is active, the rest (28 k) on the HRH board 

is addressed when Vr-1AX is active. 

The software program decides which VMA that is to 

be activated when MPU or DMA addresses. 

Hhen \l.L'·1AX is active, only addresses between 8000 

and EFFF are influenced. Addresses out of this -

area, always activate address VMA 1, (see the 

memory organization Fig. 10). 

The control by VMA is performed by: 

HIC-PIA B-bit 1 "0" = MPU gives Vl',1Al 

"I" = MPU gives VMAX Note 
HIC-PIA 

HIC-'-PIA B-bi t 2 "0" = DHA gives VMAI 

"l" = DMA gives VMAX 

DTC-A 

as can be seen MPU and DMA are completely indepen

dent of each other. 
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Parity Logic 

Latch 

The function of the PC-logic is to add an lIextra 

bit" (a PC-bit) to the byte that is to be written 

into the memory. The value of this "extra bit" 

(PC-bit) is checked while the byte is read from 

the memory. The parity check function is odd 

(1000 1000 + 1 (PC)). The PC-error signal is con

nected to MIC-PIA. 

LATCH is a double register, which is connected to 

the display memory area. Each DIA read cycle in 

the display mem0ry area results in two bytes being 

stored in the LATCH. One byte at a time can be 

transferred to B-CG and/or by means of a buffer 

to LINE MEMORY/GEN. or ATB-GEN etc. 

Line Memory/Generator 

The JLine Memory/Generator is a RWH with a capa

city of 128 bytes. Depending on the Pres Mode, 

can either character code from display area I or 

II be written into the "line memory" during sweep 

o • 

These character codes are then used to access 

either the ATB-GEN or th~ eption Character Gener~ 

ator (see below). The Option Character Generator 

is located on the TIA-A circuit board. After sweep 

o (at the rest of the sweeps), the line memory 

function changes and it starts to work as a "Line 

Generator" .. The "Generator" either accesses the 

ATB-GEN or the Option Character Generator. When 

CRTC addresses one display area, the Line Generator 

is using its "prerecorded" character code from 

the other display area. Because of this it is 

possible to display two display areas simulta

neouErl.y .. 
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Attribute Generator 

The ATTRIBUTE-GENERATOR (ATB-GEN) decodes data 

either from display - or line-memory. The ATB-GEN 

is also connected to some outputs at the DIA-PIA, 

through which the program is to control the 

attribute function. 

Basic-Character Generator 

The BASIC-CHARACTER GENERATOR (B-CG) is a (P)ROM 

and intended for standard character types. The 

generator can be extended in steps of 1 kbyte to 

4 kbytes. The size and extension of the character 

generator depends on the number of different char

acters to be displayed and the number of sweeps 

within the character. For example, 2 kbytes for 

128 character and each character 13 sweeps high, 

or 4 kbytes for 256 characters and each character 

13 sweeps high. 

Option-Character Generator 

The OPTION-CHARACTER GENERATOR (O-CG) is normally 

a R/W-type and is a "soft" character generator in 

the system. The memory circuits are such a type 

that they easily can be exchanged by a (P)ROM and 

become the "firmware" character generator. 

Like B-CG O-CG is able to be extended by steps 

of 1 kbyte up to 4 kbyte. O-CG is normally to be 

a substitute to B-CG, but can also be the comple

ment. O-CG is located at the TIA-A circuit board. 

EE360-810C 
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Display Memory Area 

The display memory is a part of the RWM area. It 

uses a certain address area and the size of the 

area is either 4- or 8 kbyte. The size 4- or 8 

kbyte, is selected through the MIC-PIA B-bit 3. 

The display memory is from the presentations point 

of view divided into two areas I and II. Each of 

the areas contain 2- or 4 kbyte depending on the 

display memory size selection. 

The presentation can be ordered to work in the 

following manner: 

• PRES MODE 0: 

• PRES MODE 1: 

A mix of area I and II is 

displayed, which means that 

position 1 in area I and posi

tion 1 in area II are dis

played at the same time. Area 

II is connected to the line 

memory and contains the attri

butes. The size of the display 

memory is either 2 x 2 kbytes 

or 2 x 4 kbytes. DIA-PIA B-bit 

2 and 1 = 11. 

A mix of area I and II is dis

played, but area I is connected 

to the line memory and contains 

the attributes. The size of the 

display memory is either 2 x 2 

kbytes of 2 x 4 kbytes. 

DIA-PIA B-bit 2 and 1 10. 

Note: If MPU uses ADDR.MODE 0 (see below) area I 

is at the lowest addresses (7000-77FF or 6000-6FFF) 

and area II at the highest addresses (7800-7FFF or 

7000-7FFF) 

) 
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• PRES MODE 2: 

• PRES MODE 3: 

39 

Area II is only displayed. 

Character- and attribute codes 

are mixed. The size of the dis

play memory is either 2- or 

4 kbytes. 

DIA-PIA B-bit 2 and 1 = 01. 

Area I and II are displayed 

in sequence. Character and 

attribute codes are mixed. The 

size of the memory is either 

4- or 8 kbytes. 

DIA-PIA B-bit 2 and 1 = 00. 

Thus: If PRES-MODE 0 or 1 is selected, the attri~ 

bute character doesn't occupy any position on the 

screen which means that two display areas will 

always be presented simultaneously. This type of 

field function is mainly in accordance with the 

UTS 400 method. 

If PRES-MODE 2 or 3 is selected, the attribute 

occupies one position on the screen and the FAC 

is (normally) presented as a space. This type of 

field function is mainly in accordance with the 

method used by IBM and 3500 . 

• The presentation addressing can be selected 

to "wrap around" by setting the most significant 

address bits as constants. This technique, 

where screen start can be set to an arbitrary 

value by letting the data string after the last 

address continue on the first address of the 

area, is advantageous at many memory editing 

functions as "roll" and ,If scroll" Q 

MPU (or DMA) has the possibility to address the 

display memory area in two different ways de'

pending on the PRES-MODE ordered: 

EE360-810C 
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• ADDR.-HODE 0: 

[~l 

Areas I and II are consecu~' 

tively addressed; from MPU, 

that is, first all positions 

in area I are addressed in 

sequence, then all positions 

in area II. 

MIC-PIA B-bit 5 = o. 

• ADDR.-MODE 1: Areas I and II are addressed 

mixed, which means: 

,_. ~~;RESS -.. l' AREA I I AREA II 

i
F1Ul 

:U/U-lAC I~~:'-'---'----l-~~~~--: 
1 : 1 ! 

2 

3 

etc. 

2 

MIC-PIA B-bit 5 1. 

2 

Selection of address mode can be useful at pre

sentation of two areas for example when the 

presented characters are in area I and attri

butes in area II. The MPU normally works in 

ADDR.-MODE I, 0hlt if seeking of only attributes 

shall be done, the seek time is reduced if 

ADDR.-I·10DE 0 is selected. 

Also when presentation of only area I is ordered 

both address modes can be advantageous. Normally 

MPU works in ADDR.-MODE 0 but if area II is de

fined as buffer area a fast copy to the buffer 

can be made if ADDR.-MODE 1 is selected at this 

work. 

Please observe, that within the display memory 

area the same address mode rules are valid for 

DMA and MPU. 

) 

( 
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Field Attribute Characters . -_ •. _------

The Field Attribute Character (FAC) divides the 

display into different sections or fields. 

The FAC is stored in the display memory in the 

same way as other characters and decides the 

special feature of the field together with DIA

PIA. 

Three types of FAC:s are possible on DTC-A: 

- Field attribute character - IBM (FAC-IBM) 

- Field attribute character - UTS (FAC-UTS) 

- Message Line Field Attribute Character MLFAC 

In order to use FAC:s at all, DIA-PIA oer reg 

A bit 7 must be = 1. 

FAC-IBM 

7 6 5 432 1 0 

I 0 

1 0 - - - - 0 -

lOX X - - - X 

I 0 - - X X - -

o 0 

o 1 

I 0 

I I 

I 0 - - - - X -

EE360-8l0C 

Code interpreted as FAC-IBM wh~n DIA

PIA per reg B-bit 3 = 0, 

A bit I = O. (For A and B bits see 

DIA-PIA A- and B reg). 

Code interpreted as FAC-IBM-APL, when 

DIA-PIA per reg B bit 3 = 0, 

A bit 1 = 1. 

Bits that are only treated by the 

software (e.g. numeric field) 

Bits controlling the presentation 

without being influenced by the DIA

PIA: 

Normal light intensity (Soft: not 

Selector Pen (SP) detectable). 

Normal light intensity (Soft: SP 

detectable) . 

High light intensity (Soft: SP detect

able) . 

No presentation (Soft: not SP detect

able) 0 

Bit that is either interpreted by the 

software or controls the presentation, 

depending on order bits in DIA PIA A. 
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FAC-UTS 

FAC 

Bit 1 

0/1 

o 
1 

o 
1 

o 
1 

7 6 5 4 3 2 1 0 

1 -

1 X X X X X - -

1 - - - - - X X 

Bits 

0 0 

0 1 

1 0 

1 1 

1 1 

1 1 

1 1 

[~) 

Bits 

3 2 (DIA PIA A) 

o 0 Treated by software 

o 1 Doesn't influence the function 

o 1 Inverse presentation ~) 
1 0 Doesn't influence the function 

1 0 Underline 

1 1 Doesn't influence the function 

1 1 Flashing field 

~) Inverse compared to presentation 

ordered by DIA PIA A-bit 0, see 

DIA PIA A- and B-reg. 

Note! 

Not at 

APL 

Code interpreted as FAC-UTS when DIA 

PIA B bit 3 = 1. 

Bits that are treated only by the 

software (e.g. numeric field). 

Bits controlling the presentation 

depending on order bits in DIA PIA 

per. reg. A: 

3 2 (DIA PIA A) 

Univac normal light intensity (high 

light intensity) 

- - no presentation 

- - Univac low light intensity 

(normal li-ght intensity) 

0 0 Univac normal light intensity 

0 1 inverse light intensity~) 
1 0 underline 

1 1 flashing 

~) inverse with respect to order by 

DIA PIA per. reg. A bit 0, see 

DIA-PIA A- ~and B-reg. 

( 

( 
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r~FAC 

- For both FAC-IBM and FAC-UTS the following pre

sentation functions are valid for by means of 

FAC:s defined fields: 

- underline begins on the position after a 

FAC and ends on the position before the next 

FAC. For underline resulting from code SF, 

the underline stops at code 00, 20 or ATB, 

whichever occurs first. (See DIA-PIA peril?h

eral register A, bit 5) 

- Other functions begin on the position of the 

FAC and end on the position before the next 

FAC. 

See also DIA-PIA peripheral register B bit O. 

- Message Line Field Attribute Character (MLFAC) 

This attribute has in distinction to the already I 

described no connection to standard communica

tion routines. It is only used as an internal 

attribute for the presentation logic;' 

765 4 3 2 1 0 

1111111 1 

o III 1 1 1 1 

EE360-8l0C 

Start message line, DIA PIA per. reg. 

B bit 3 = 0 (IBM) (FAC-IBH) 

Start message line, DIA PIA per. reg. 

B bi t 3 = 1 (UTS) (FAC-UTS) 
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Display Adaptation Peripheral Interface Adapter (DIA-PIA) 

DIA-PIA is connected to the internal bus system 

and is the circuit by which the program controls: 

• Presentation type such as normal, inverse or 

inhibited presentation. 

• Cursor presentation normal or with inversion of 

underlying character. 

• Attribute functions. 

DIA-PIA (F7DO) ---------------16 

DIA-PIA A-REG 

7 6 S 4 3 2 1 0 

- x o = Normal video (dark background) 

1 = Inverse video (light background 

for the whole screen) 

x 0 = FAC-IBM 

x x 

x 

x 

x 

x 

1 = FAC-IBM-APL/TEXT."" For FAC control 

bits, see "Field Attribute Charac-

ters" . 

Control bits for the FAC, see 

"Field Attribute Characters". 

o = Cursor is a covering video signal 

1 Inverted character visible 

"through" cursor. This is valid 

for dot matrix and underline. 

o = Code SF (hex) produces underlined 

SPACE 

1 Code SF (hex) produces underline 

from the following position until 

NUL, SPACE or FAC. 

0 = CRTC "enable" (presentation on) 

1 = CRTC "disable" (presentation 

blocked) 

0 = No FACs interpreted 

1 = FAC interpreted. 
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CRA at address (F7Dl)16 

is set to 

7 6 5 4 3 2 1 0 
000 0 010 0 

45 

DIA-PIA B-REG (F7D2)16 

7 6 5 4 3 2 1 0 

- - - - - - - x 1 = FAC valid until next FAC or end: 

of line (SF (hex) same function) 

0 = FAC valid until next FAC indepen-

dent of end of line or end of 

page. 

- - - - - x x - 00 = PRES-HaDE 3 

01 = PRES-MODE 2 

10 = PRES-MODE 1 

11 = PRES-r..10DE 0 

- - - - x - - - 0 = attribute codes are interpreted 

as IBM (FAC-IBH) 

1 = attribute codes are interpreted 

as UTS (FAC-UTS) 

- - - x - - - - 0 = video blocked 

1 = video connected to CRU 

- x x - - - - - 00 = position box = 16 sweeps (=25 lines) 

01 = position bOK 

10 = position box 

11 = position box 

Note: If bits 

underline is 

x - - - - - - - = reserved 

CRB at address (F7D3)16 is set to 

00000100 

= 12 sweeps (=33 

= 9 sweeps (=44 

= 22 sweeps ( <25 

6, 5 = 01 or 10 

generated. 

Note: If a FAC is visible as a space on the screen or 

"hidden", only depends on the PRES-MODE used. 

EE360-810C 

lines) 
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lines) 

no field 
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TvJO-v:IRE INTERFACE ADAPTER, TIA 

A general description of the TIA principles is 

found in the "Two-wire Communication" paragraph 

of the "~-1icrocomputer II chapter. Thus the descrip

tion of the TIA that follows is fairly detailed. 

The option character generator function of the 

TIA-A is described in the section "DTC-A Principles" 

above. The TIA is built up around the two LSI cir

cuits; DMAC and ADLC . 

• DMAC~ Direct memory access controller, handles 

DMA transfer requests and .provides memory ad

dress from an internal address counter, opening 

a data path between a memory cell and the trans

mit or receive data register of the ADLC . 

• ADLC, Advanced data link controller, converts 

the data from parallel to serial form, for them 

to be modulated and transmitted on the two-wire 

(and vice versa for reception). 

Transmission 

To initiate a block transmission using DMA the 

program must prepare itself to answer an interrupt 

from the ADLC (IRQ7) by checking whether the whole 

block (frame) is transmitted and then switch over 

to reception. Also, the DMAC channel 0 address, 

byte count and control registers should be pro

grammed with 

1. Start address of DMA, i.e. memory address of 

first byte (except FLAG) to be transmitted on 

the two-wire connection. 

2. Number of memory bytes to be transmitted. 

3. Order to count up or down when addressing the 

memory. 

) 

) 
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4. Order to produce the read state (high level) 

on the R/W line when addressing the memory_ 

5. Transfer mode (TSC steal mode) 0 

The Enable Tx RQ 0 bit of the DMAC priority control 

register is set to make DMAC react to TDSR (Trans

mit data service request) from ADLC. 

'Ii DTC interface 
signals 

I ~9~5~8~5~M~H~Z ____________________________________________ -. 

Per I/O 

~BI5-0 R/W> 

J 

I Address 
r-"'A:::B....:.7_-~3 -----" ...... A decoder 

TIA DMAC ADLC 
addr enable enable 

AB 4-0 R/W 

~~~A_B_15~-5 ~I~' __ ~ __ ' 

I 

Clock generator 
with phase ... ------. 
correction 

f 
Req to send 600 kHz -=m:f1i 

ft---:- T< STB 
DMA~rant 

DMA rqt 
Reset 

DMAC 

DENDI Tx 

r~~T~X~R~Q~I~ 10 ____ ~I~R~Q~A~K~A~ 

~P~er~~~2 __ ~--_+~+-~ Correcting 
bit clock 
generator 

DMA 02 

r--'---

C> '---

~ 
'---r--

Bus '--
out 

J 
-I 

CI: CI: 

• 
~ en 

Cl 
CI: ~ 

I 
300 kHz bit clock 

E AI AO R/W _t 
Rec data 

ADLC 

modulator !oe-
'---

Mod transmit 

Mod rllc 

data 

Data 
carrier 
detector 

- Transm data J X I data J>o.. I I r 
RTS .... ' -----'I II '--~~dI--..... 1 L-l CTS 

l~_ DMAmode 

I 

y Delay 
Req to send Read 

, TIA addr 

DMA mode 
Write 
TIA oddr 

Fig. 11. Two-wire interface adapter 
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The ADLC must be programmed for 

1. Correct word length (8 bits) 

2. NRZ data format 

3. Non-loop mode 

4. Transmitter DMA mode etc. 

The transmitting section of the ADLC is released 

and the RTS, Request to send, control bit is set 

to prepare the output amplifiers. After a delay, 

CTS (Clear to send) is s~gnalled back to the ADLC, 

thus TDSR output from ADLC is no longer inhibited. 

The following will happen as an answer to the TDSR 

(Tx RQ 0) signal. 

• A DHA request (DRQT) signal will be sent to the 

display terminal controller (DTC) timing logic. 

• This logic will answer with a DMA grant (DGRNT) 

signal, defining the cycles DMA Tl and DMA T2 

(see chapter "Microcomputer U "DMA timing") 0 

• DMAC will then produce a low level on the trans

fer acknowledge A (Tx AKA) output as channel 0 

(transmit channel) is used. This will ensure a 

Write strobe for the ADLC when the 

• D~~ mode signal is activated by the Tx STB 

(Transfer strobe}. 

In the same time the ADLC is enabled, its trans

mit data register is addressed and a memory cell 

is addressed by the DMAC as the drivers for the 

address lines from DMAC are enabled. 

After the direct memory access a byte is shifted 

out and modulated. Thus it takes a time before 

the transmit data register is again available. 

During this time the DTC is consequently undis

turbed by any DMA request. 

) 
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vlhen the DHA transfer (consisting of the number' of 

bytes defined in a DMAC register) is being com~ 

pleted, i.e. the last byte is being fetched from 

the memory, the DEND/IRQ output of ADLC is ac

tivated. This will result in 

• a termination of the frame (write into the "Trans

mit FIFO terminate" register; ADLC adds CRCC and 

FLAG) 

• a deactivation of the Clear to send (CTS) signal. 

The ADLC will react by signalling no more TDSR. 

The non-CTS signal causes an interrupt. As an 

answer, the program resets the RTS signal, clears 

status bits in ADLC and prepares Dt1AC and ADLC 

for reception. 

Modulation ----------
The modulation of the binary Transmit data from 

the ADLC' is made in two stens. The T.ransmit data 

condition signal is generated in the ROM. It is 

either a high level (corresp. to Transmit data = 
low) or a copy of the Bit clock signal (corr. to 

Transmit data = high) . 

When this signal is fed to the modulation (JKMS) 

FF which is clocked by the 600 kHz' JKHS clock 

from the clock generator, a frequency modulated 

signal is generated, as shown in Figc12 •. 

EE360-810C 
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Carry 600 kHz 

Bit clock 

Transmit data 

Transm data condition 

JKMS clock 

Mod transm data 

1.67).1$ 

0 0 

Note: Modulotor- demodulator 

PROM ,pin 15 = Low 

Fig .. 12. Modulation 

[~l 

0 

To be noted is that ~1od. transmi t data is fed 

back as Mod. rec data to the demodulator, is de

modulated and fed into the ADLC. The ADLC must be 

properly programmed not to react to these returned 

data. 

Reception 

Preparatory programming of the DMAC and ADLC for 

receiving operations resemble to the one described 

in the Transmission paragraph. Furthermore, the 

program sees to it that an interrupt on level 7 

(IRQ7) will be answered by program checking re

ceiver status etc. 

When bytes following the leading FLAG are received, 

ADLC sends RDSR (Receive data service request) to 

D~mC .. These bytes will then be stored in the mem

ory according to DMAC channel 1 programming. The 

D~A transfer is terminated as a response to an IRQ 

caused by error ( framing error, ABORT received or 

receiver overrun) or by frame valid status. Then 

the program resets the ADLC and takes care of the 

received data on IRQ 0 level. Note that Request to 

send must of course be reset during reception. 

EE360-8l0C 
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Hex value of elr 7B9A Be DE~12345G7B9ABCDEF 

03 

o Corry 600 kHz 

Mod ree dolo (ONES) 

o Correction cond 

Pos / neg corr. en, 

Load 

Reset carr. signals 

Fig. 13. Phase correction 

Phase correction 
--------~---~---

The Carry 600 kHz signal is used to sample the 

Modulated rec. data. If there is no Request to 

send signal, phase correction is active, to make 

the Carry 600 kHz signal coincide with the centre 

of the shortest Modulated receive data pulses 

(corresponding to zeros). 

The phase correction circuitry based on a divide 

by 16 counter. As can be seen from·Fig. 13 it 

responds to every positive edge on the Mod. re

ceive data line by compressing or stretching the 

nominal 1.67 fS (600 kHz) period. When a positive 

Hod. rec. data transition appears during the first 

"half" of the 600 kHz clock (Q3 low), the clock is 

accelerated, when the transition comes during Q3 

high time, the clock is slowed down. Fig. 13 de

scribes the phase correction on low frequency Mod. 

rec. data (logical ones). It only shows the two 

most correct phases <D and C) of the 600 kHz clock 

relative to the Mod. rec. data. 

EE360-810C 
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Demodulation ---------_ ..... -

The Carry 600 kHz signal is used to shift Mod.rec. 

data into a five bit shift register. Its outputs 

are tied to the mod.-dem. PROM. The function of 

the PROM is to 

1. Judge whether the sequence of ones and zeros 

that is present in the shift register is a 

valid one. 

2. In that case produce a demodulated signal 

(Receive data) . 

3. Correct the 300 kHz bit clock, if needed, by 

180 degrees, to produce a positive going shift

in-clock for the ADLC in the centre of the Re

ceive data bits. 

As one bit is represented by two values in the 

shift register (bit rate 300 kHz, shift clock rate 

600 kHz), the five bits must either be divided 

into three bit groups as 1+2+2 values or 2+2+1 

values where there is always a change of level 

from one bit group, equal to a data bit, to the 

next for correct data. 

Fig. 14 shows that Rec. data indicates a zero 

only for valid data and 010 or 101 on A4, A3, A2. 

(High frequency = logical zero). Thus, both for 

correct logical ones and invalid data, Rec. data 

will indicate ones. Note that ADLC understands 

more than six consecutive "ones" as an error (ABORT) 0 

The Bit clock phase output is used to make the Bit 

clock positive transition coincide with the middle 

of an ADLC Rec. data bit. A data bit is clocked in 

when its first half is entering the ilLS" position 

(AI) of the shift reg. This is shown in the timing 

diagram, Fig. 15. 

Note that for the input combinations of Fig. 14 

where Bit clock phase values are left out, this 

( ) 
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out9ut (Pin 12) merely presents the inverted value 

of Bit clock (Pin 5). Fig. 15 shows an example of 

some valid data bits being demodulated and Bit 

clock being corrected. Note that when no datq are 

received, all ones (IDLES) are fed to the ADLC. 

Hexadecimal shift reg. values according to Fig.14 
are shown. 

Inputs I Outputs 
... _-

In"; Pin 2 3 4 7 6 Pin 9 Pin 12 
Valid valid 1'.5 P-A A3 A2 Al Hex Rec.data Bit clock phase 

X 0 0 0 0 0 0 0 1 

X 0 0 0 0 1 0 1 1 

X 0 0 0 1 0 0 2 1 

X 0 0 0 1 1 0 3 1 

X 0 0 1 0 0 0 4 1 

X 0 O. 1 O. 1 0 5 0 

X 0 O. 1 l. 0 0 6 1 1 

X 0 0 1 1 1 0 7 1 

X 0 1 0 I) 0 0 8 1 

X 0 l. 0 O. 1 0 9 1 1 

X O. l. O. 1. 0 o A 0 

X O. 1 O. 1 1 o B 0 

X O. 1 l. 0 0 0 C 1 0 

X O. 1 l. 0 1 o D 1 0 

X 0 1 1 1 0 o E 1 

X 0 1 1 1 1 o F 1 

X 1 0 0 0 0 1 0 1 

X 1 0 0 0 1 1 1 

X l. 0 O. 1 0 2 1 0 

X l. 0 O. 1 1 3 1 0 

X l. 0 l. 0 0 4 0 

X l. O. l. O. 1 5 0 

X 1 O. 1 l. 0 6 1 1 

X 1 0 1 1 1 7 1 

X 1 1 0 0 0 8 1 

X 1 l. 0 O. 1 9 1 1 
v 1 l. 0 l. 0 A 0 L>-

X 1 1 0 1 1 B 1 

X 1 1 1 0 0 C 1 

X 1 1 1 0 1 D 1 

X 1 1 1 1 0 E 1 

X 1 1 1 1 1 1 F 1 

Fig •. 14. Demodulation and Bit clock correction ROM 

EE360-810C 
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Hex shift reg value 

Corry 600 kHz 

A5 

A4 

A3 

A2 

AI 

Bit clock 

B it clock pha se 

Rec data 

ADLC rec data ",,, 

First zero into ADLC 

Notes CD shows a bi t clock phase correction 

(180 degrees) 

The small circles mark the times when the 

first incoming zero may be detected on 

different lines. 

PROH Pin 15 is low, thus Transmit data 

condition (Pin 10) is only affected by Tran 

mit data (Pin 1) I as described in Fig. 12. 

Fig 0 15.. Demodulation. Timing diagram 

TIA-S 

The TIA or TIA-A board is in some applications 

substituted by a TIA-S board in order to enable 

connection o£ the terminal to an SS3 bus. The only 

functional difference is implemented by a dip

switch. (The electrical characteristics of the bus 

interface are also changed) 
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The IPL 9rogram can at start up read the terminals 

own poll/select address from the 8-bit dip-switch. 

The dip-switch is allocated to memory address 

F740(16) (to F747(16))· 

CATHODE RAY TUBE UNIT, CRU 

Brief Outline 

This description is valid for CRU E341l2 0000, 

developed by Datasaab. The cathode ray tube unit 

generates pictures according to a raster scan 

method, i.e. an electron beam makes a number of 

consecutive horizontal sweeps over the screen. 

The beam is modulated by the Video information, 

thus dots and horizontal lines forming the picture 

are generated on the phosphor coated screen. The 

CRU is supplied with +24 V from the display termi

nal power supply (DPS). Its interface towards the 

DTC (Display terminal controller) consists of four 

TTL level signals namely 

• Video 

• High intensity, active when text etc. with 

higher brightness is displayed. 

• H-sync. Horizontal synchronization signal. This 

pulse initi~tes the'retrace and the sweep fro~ 

left to right of the beam over the screen 

(Horizontal deflection) 

• V-sync. Vertical synchronization signal, initia

ting the vertical sweep of the beam (Vertical 

deflection) every 20 ms. 

EE360-8l0C 
Rev 1 .. 
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DTC 
interface 

Video 

"High intensity _--+ ___ ---; 

H- sync 

V- sync 

Power Do 
supply +24V, 

OV 

() 

External potentiometers 

Static 

focus 

Dynamic 
focus 

Deflection 
coils 

[~l 

Acceleration 
anode 

Tube voltage 
~--+--i---OI supplies 

,1/ 

-0-
/1' 

Fig. 16. CRU block diagram 

The CRU consists of the picture tube (CRT) with 

deflection coils and a printed circuit board, CRB 

(Cathode ray tube unit board), separated into two 

parts that are permanently interconnected by a 

band cable. 

• The CRT is a high resolution 110 0 tube. It is 

fed with high voltage for the anodes accelerat

ing the electron beam, voltages for the elect

rode focusing the beam and for the control grid, 

current for heating the cathode and video 

current for the cathode. Furthermore signals 

affect the deflection coils that govern the 

vertical and horizontal deflection of the beam. 

• The main part of CRB contains circuitry for 

vertical and horizontal deflection (oscillators, 

( 
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output stages), circuitry for focusing of the 

beam and for generation of tube voltage supplies. 

• The small part of the CRB is mounted behind the 

deflection unit on the CRT socket. It contains 

video amplifier, brightness control circuitry 

and circuits for flashover protection. 

Detailed Descript~on 

See c~rcuit diagram E34111 2000. 

For trimming instructions, see "Installation and 

Maintenance" manual. 

Q~~1§~E!2~_~!~~~!E~ 

The horizontal deflection is governed by IC Ill, 

which contains an oscillator free-running at 

21.3 kHZ and a phase locked loop for provision of 

a horizontal deflection signal in phase with the 

incoming H-sync signal. Furthermore, the horizon

tal deflection output stage generates the tube 

voltages by help of the transformer T153, e.g. 

the high voltage for the acceleration anode. 

The vertical deflection is governed by IC 131. 

It contains an osci~lator that should be free

running at a lower frequency (47 Hz) than the 

regeneration frequency of the incoming V-sync sig

nal (50 Hz). It also contains an output stage 

providing the vertical deflection current. 

The voltage for the focus grid has two components; 

a static one, adjusted by help of a potentiometer, 

and a dynamic one, derived from the horizontal de-

flection signal. The parabolic dynamic focusing 

signal is needed as the path of the beam, from 

cathode to screen, is longer when directed towards 

the left or right e~ge of the screen than when 

EE360-810C 
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directed towards the centre. 

The brightness control circuitry and video ampli

fier located on the small part of CRB produces an 

amplified video signal for the cathode. The ampli

tude of this signal depends on the setting of 

the external Brightness potentiometer and, for 

fields with high intensity, on the setting of the 

external Contrast potentiometer. Furthermore,' there 

is an internal potentiometer, BLACK LEVEL, that 

governs the amplitude of the beam by affecting the 

control grid. 

To prevent beam current on the acceleration anode 

from becoming 'too~' high, there is c ircui tryon the 

main part of CRB that will limit it by decreasing 

the voltage on the control grid. 

The small part of CRB contains spark gaps that 

will direct flash-overs between the extra high 

tension on the acceleration 'anode and the other 

electrodes the shortest way to ground. Further

more there are resistors in series with the 

electrodes that will diminish the flash-over 

current. 

The deflection unit on the tube neck holds a pair 

of adjustable magnets for centering of the picture 

and a number of adjustable magnets for raster 

correction (correction of pin-cushion-formed 

picture). On top the the main part of CRB there 

are a number of potentiometers which are used for 

initial trimming of the CRU. There are also three 

more adjustment points lower on the CRB. 

(' ) 
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The adjustment paints are: 

• H: HOLD 

• H: PHASE 

* • H: LIN 

* • WIDTH 

• V: HOLD 

• V: LIN 

• HEIGHT 

for setting of the internal horizon-

tal (sweep) frequency to 21 . 3 kHz. 

for setting the phase of the horizon-

tal deflection signal to fit the 

coming video information. 

Adjustable linarity control unit. 

For setting the linearity of the 

horizontal deflection signal. 

A~justable coil for.setting the 

picture width. 

for setting the free-running fre

quency of the vertical oscillator 

to 47 Hz. 

in-

for setting the linearity of the 

vertical deflection (equal spacing 

between raster sweeps). 

for setting the height of the picture. 

• BLACK ~for initial adjustment.of the bright

ness level. 

• FOCUS 

• J 101 
VOLTAGE 

for focusing of the beam. 

to set the stabilized horizontal 

output supply voltage, measured 

between J 100 and J 101, to 21.0 V. 

* accessed from solder side of PCB. 

EE360-810C 
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General 

Functions 

Display Units DU 4111 and DU 4112 are CRT (cathode ray tube) displays 
which can be used in a variety of configurations. 

The Microcomputer chapter ought to be understood before this chapter 
is studied. A good orientation on the Communication chapter is also 
recommended; especially the Hardware part under Internal Communica
tion via Two-wire. This chapter will in principle only treat circumstances 
not discussed in or solved in other ways than said in the two chapters 
mentioned above. 

The DU 4111 is a one-colour-display and the DU 4112 is a four-colour
display (red, green, blue and white). They are similar in all other respects 
and are therefore both treated in this chapter. The expression "display 
unit" will refer to anyone of them. Minor differences will be pointed out 
in their context and major distinctions assigned to one heading for DU 
4111 and another for DU 4112. 

The display unit can communicate with a host computer via a communica
tion processor (cluster configuration). It can communicate with two 
host computers by means of two communication processors. The display 
unit can also communicate with flexible disk units. These communications 
are carried out via a two-wire or a coaxial cable. The display unit is also 
capable of communicating via a Standard serial interface of B-type 
(SS3 bus). If an asynchronous communication adapter D is used it can 
communicate with a type of modem connection for personal computer 
applications. 

Facilities are - or can be - provided for connections of a keyboard unit 
(KBU), a keyboard expansion unit (KXU), a magnetic identification 
device (MID) and a printer unit (PU). 

The main tasks of the display unit are: 

CIt Presentation of visual information on a screen. This information may 
be text entered via the keyboard, messages from a host computer 
or the operating system, data from a library on a flexible disk etc. 

e Communication with host computers and other system units like a 
keyboard, printers, flexible disk units and communication processors. 

" Editing and processing of data, e.g. documents defined by Alfaword, 
code conversions etc. 

E9000 2943E-1 
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Subunits 

Display Units, DU 4111 and DU 4112 ERICSSON ;! 

The main parts of the display unit are: 

• DBM-A (DU 4111) or DBM-B (DU 4112), display unit basic mechanics 
assembly, i.e. cabinet with internal racks but exclusive of the parts of 
the cathode ray tube unit and the power supply ( see below). 

• DPS, display power supply including display power board, DPB. See 
chapter Power Supplies. 

• DTC-B (DU 4111) or DTC-C (DU 4112), display terminal controller 
containing a microcomputer, 64 kbytes of basic read/write memory, 
presen~ation logic, two-wire (or coaxial cable) and keyboard interfaces. 

• CR U, cathode ray tube unit with circuitry for control of the beam. 

• ICBD, interconnection board with connectors for keyboard, two-wire, 
coaxial cable and a DIP-switch for address setting and connecting or 
disconnecting of two-wire or coaxial cable terminating resistors. 

One of the following optional boards can be mounted: 

• ACA-B, asynchronous communication adapter which provides a serial 
data interface for printers. See chapter Asynchronous Communication 
Adapter. 

• ACA-D, asynchronous communication adapter which provides a 
serial data interface for printers and a type of modem interface (the 
latter for personal computer applications). 
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Mechanics 

The mechanical build-up of the display unit is shown in Fig. 1. The main 
parts of the display unit, from the mechanical aspect, are: 

• DBM-A (DU 4111) or DBM-B (DU 4112), display unit basic mechanics 
assembly with connectors for mains and printer. cables and control 
devices (Mains switch, Contrast control and Brightness control in 
DU 4111, MainsswitchandBrightnesscontrolinDU 4112). Detailed 
information on the location of connectors and control devices etc. 
can be found in the Installation and Maintenance Manual. A fan, 
CTF, is included in DBM-B, i.e. in DU 4112. 

• DPS, display terminal power supply. 

• Housing (included in DBM-A or DBM-B) for DTC-B or DTC-C and 
one optional board. 

• CRU, cathode ray tube unit including tube, mechanical supports and 
circuitry. 

(RU 
Optional board 

Housing for OTC-8/0T(-( 
orc - 8 or and optional board 
OT(-( 

---

Fig. 1. Mechanical layout oJ DU 4111 and DU 4112 

E9000 2943E-1 
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Brief Outline 

Presentation 

Screen Scanning 

til 
E 

<:.:> 
N 

Vl 
0.. 
OJ 
OJ 
~ 
Vl 

..0 
N 
...::t 

Presentation of characters on the screen is made by a raster scan method, 
i.e. an electron beam (the "beam" is actually composed of up to three 
different beams in DU 4112, see Cathode Ray Tube Unit, CRU in DU 
4112) makes a number of consecutive horizontal sweeps over the screen. 
See Fig. 2. The beam is modulated by video information, thus generating 
dots that build up characters, a cursor, underlines etc. 

The regeneration rate is 50 Hz, i.e. the electron beam builds up a whole 
picture on the screen every 20 milliseconds. 

til 

~ 
OJ 
~ 
til 

..0 
0-. 
rn 
'-
0 

<:.:> 
<:.:> 
...:t 

Vl 
D. 
OJ 
OJ 
~ 
til 

<:.:> 
rn 
'o 
..0 
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100 character positions 
~--------------------~----------------.---~ 

80 c h. pos. 20 ch. pos. 
~----------------'---------------~--.... - ........ 

Sweep direction 
Sweep n 

~------------- S wee p n + 1 

Sweep n+2 
etc. 

Display time 

Vertical retrace time (1.22 or 1.41 ms) 

Sweep time:~ ms= 46.95ps 
426 

Horizontal 
retrace 
time 
(9.39;us) 

Character time {in one sweep):46.95 jJs= 0.4695ps 
100 

Dot time: 0.4
9
695 ps = 52.17 ns. Dot rate: 19.17 MHz 

Fig. 2. Screen scanning times 

) 



( 

( 

ERICSSON ii Display Units. DU 4111 and DU 4112 5 

Depending on software the number of text lines can be 17,25,33 or 44, 
including message line. The 25 and 33 lines formats are only used in 
DU 4112. 

The total number of sweeps is 426. Depending on screen format, 400 
(up to 25 text lines - including message line) or 396 sweeps (33 or 44 text 
lines - including message line) are used for presentation, spacing sweeps 
included. Thus, 26 or 30 sweep times are used for vertical retrace. 

Each sweep is divided into 100 character positions out of which up to 
80 (40,56, 64 or 80) may be used for presentation. The remaining position 
times are used for horizontal retrace. Note that several sweeps are needed 
to build up the height of a character. 

Each character position is divided into nine dot positions or columns (0 
to 8). Seven columns (1 to 7) are normally used for character presentation. 

The dot rate is 19.17 MHz (see Fig. 2), i.e. equal to the frequency of the 
basic crystal dock and 18 times the system clock rate (01, 1. 065 MHz). 
Thus, in a specific sweep, the dots of two characters are presented during 
one system dock period. 

(Horizontal lines are actually not, as vertical lines, formed by discrete 
dots but by continuous strokes of the electron beam.) 

Presentation Geometry and Character Layout 

The effective screen size of DU 4111 is 180 by 258 mm (7.09x 10.16 ins). 
The horizontal distance between two adjacent dot positions is:=::: 0.36 mm. 
The vertical distance between two adjacent dot positions (sweeps) is 
:=::: 0.45 mm. 

Th th t· vertical dot spacing ~ 1 25 
us era 10 h .' 1 d . ---. , onzon ta ot spaCIng 

The effective screen size of DU 4112 is 170 by 240 mm (6.69 x 9 .45 ins). 

Th . '.. 0.43 mm 1 3 
e spaCIng ratIo IS: 0.33 mm:=::: . 

The number of vertical dot positions (sweeps) per text line is programmable 
and depends on the number of text lines on the screen: 

Number oftext lines 1) 17 25 33 44 

Number of sweeps/text line 22 16 12 9 

Number of used sweeps/text line 13 13 10 8 

1) Including message line 

Each sweep in a text line is identified by a raster address. Each text line 
starts at raster address 0 and ends at 15(16), F(16) , B(16) or 8(16)' There are 
thus four possible character cells: 9 (horizontal dot positions) x 22 

E9000 2943E-1 
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(vertical dot positions), 9 x 16, 9 x 12 and 9 x 9. Raster address 0 is 
normally not used for presentation and raster addresses >F(16) cannot 
be used for presentation. The raster address is modified for the message 
line in order to obtain an "overline" instead of an underline of the 
message line. 

Character layouts are shown in Fig. 3 and Appendix 4. Fig. 4 shows a 
7 x 13 dot matrix (dots used for characters) in a 9 x 16 character cell 
(total number of dot positions). 

The dot patterns of characters are generated in a character generator. 

Raster Column 
address 

o 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

0 

E 

F 

0 

Note: Inversion of "4" caused by maximum height cursor with (uform=1. Field underline 
of "A" and" 4". Valid for formats with 25 text lines 

Fig. 3. Character, underline and cursor layout example 

I' ) 
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Raster Column Modlf ras ter 

address address at 
8 message line 

0 "Over-
line" 

0 

2 

3 2 

4 3 

5 4 

( 6 5 

7 6 

8 7 

9 8 

A 9 

B A 

C B 

0 C 

E 0 

F E 

Appendix 3 version of the above figure: 

I 

O-bus 611 6 5 4 3 2 1 0 0' 

Col. 0 1 2 3 4 5 6 7 8 

0 

1 

2 

( 3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

I : IIIIII IIII 1) If bit 7 = 1 

Fig. 4. 7 x 13 dot matrix in 9 x 16 character cell 
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Principles of Character Generation 

Codes (8 bits) for characters to be displayed (as well as for field attribute 
characters, FACs, see Attributes) are stored in a part of the read/write 
memory that is defined as the display memory area. Note that the display 
memory code for a certain character may differ from the line code (used 
at communication with a host computer) and the code received from the 
keyboard for the same character. 

The presentation is supervised by a cathode ray tube controller (CRTC, 
an LSI circuit) which addresses two display memory cells at the same 
time in one system clock cycle. One cell is allocated in a 64 kbytes memory 
block and the other in a 16 kbytes memory block. See Fig. 5. Thus, two 
character ,codes are fed from the memory. They are latched and then in 
proper order fed to a character generator for half a system clock cycle 
time each. 

The character generator is a memory (2 x 2048 bytes RAM) that produces 
dot values when addressed by the character code and the raster address 
originating from the cathode ray tube controller. The character code 
tells which character and the raster address tells which sweep in the 
character that is to be displayed. The character generator can contain up 
to 256 character patterns and is loaded together with the operating 
system. (The MPU addressing, see Fig. 5, is then activated, the raster 
addressing and the outputs of latch C are taken to high impedance state 
and the data bus buffer is enabled.) 

The output from the character generator is loaded into a video register 
and shifted out as video information to the cathode ray tube unit at a 
rate of 19.17 MHz. 

The video register output is in DU 4112 fed to the cathode ray tube unit 
as Red, Green or/and Blue video information as shown in Fig. 6. If all 
three colours are activated the resulting colour is white. 

Example of Character Generation 

Assume that "A" and" 4" are just displayed and the character codes 
have been entered for the fifth time into theA and B latches. See Figs 4 
and 5. Thus, the binary value of the raster address is 00100(2)' First the 8-
bit code for" A" (41(16») is applied to the character generator. The outputs 
of the character generator win present 1001 1100(2) where the zeroes 
correspond to the four dots of that sweep. (Due to inversion in the data 
bus buffer the character generator will be loaded with 10011100(2) when 
the external data bus contains 0110 0011(2) or 63(16)' Thus a 1 on the 
external data bus [and on the diskette] corresponds to a lit dot.) The 
video register win be loaded with nine bits where the bits for column 0 
and 8 are functions of bits 0,6 and 7. (Bit 7 high [low on the external data 
bus] win keep column 0 and 8 turned off. See Fig. 5.) 

While the dots of the" A" are shifted out, the character generator will 
produce 1110 0101(2) (corresponding to 0001 1010(2) or lA(16) on the 
external data bus) i.e. the dots of the fifth sweep of the number "4". 
Next, the two 8-bit codes for the following two characters of the textline 
are addressed and entered into the A and B latches, etc. 

) 

.1' 
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Fig. 5. PrincipLes of character generation 
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From attribute 

generator 

From video 

register 

"Invert" J ~-

White 1) 

"Inhibit" 

1) or "(overing cursor" 

Red video 
(L=Oot) 

Green video 
(L= Dot) 

Blue video 
(L=Dotl 

Fig. 6. Principles of video register output circuitry in DU 4112 
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To cathode 
ray tube unit 

Underlining 

Underlining exists in three forms: 

• Underlined space, generated (by the code SF(J6» by the character 
generator as a normal character. (Columns 1- 7 are underlined.) 

• Underlined space, generated (by the code 5F(16» by an attribute generator. 
(Columns 0 - 8 are underlined.) The character generator is in this 
case often programmed to generate a space in the position of the 5F(16) 
code. If programmed to generate an underlined space both lines might 
be visible. 

• Field underline, generated by the attribute generator. (Columns 
o - 8 are underlined.) 

Sweep F(16) of a text line (not valid for the message line) is used for 
underline from the attribute generator (or spacing). The preceding sweep 
is only used for spacing. See Fig. 4. Underlining from the attribute 
generator is not possible for 33 and 44 text line formats since the sweep 
F(16) is not included then. Neither is underlined space from the character 
generator recommended. 

Underlining from the attribute generator is not possible at the message 
line. An "overline" (the uppermost sweep) separating the message line 
from the rest of the screen is produced instead. 

The underline is of the same colour as the text in DU 4112. 

l 
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Cursor 

The cursor is generated separately. Its height and vertical location in the 
character cell is programmable. The cursor can also be blanked, steady 
or blinking at 1.6 or 3.1 Hz. Two types of cursors may be selected by the 
program: 

Cuform = 0: Width 9 dots. A character at the position of a steady cursor 
is not visible',The cursor is always white in DU 4112. 

Cuform = 1: Width 9 dots. A character at the cursor position is always 
visible due to text inversion (i.e. normally bright character 
dots are dark) at the cursor position. The cursor is normally 
programmed to fill a whole box and is of the same colour 
as the field in DU 4112. 

Attributes 

Colour Presentation of D U 4112 

The colour presentation of DU 4112 in IBM emulations is summarized 
here. (If a DU 4112 is used in an UTS emulation, normal light intensity 
fields [see Dynamic Attributes] are green, low light intensity fields are 
white - with normal intensity - and the message line is blue. In Alfaword 
applications the presentation will work as in IBM monochrome mode. 
DU 4112 is not suitable for VT 100 applications.) 

The D U 4112 can work in base colour mode or monochrome mode. The 
mode can be selected by a base colour switch key, BCS-key, on the 
keyboard. 

In base colour mode a field (see Dynamic Attributes) can be presented 
in either red, green, blue or white colour. In monochrome mode a field 
can be presented in either green or white colour. The message line is 
blue in both modes. 

Light inversion (normally bright dots are dark and dark dots bright) will 
not change the colour of a field, e.g. a red R on dark background will at 
inversion be a dark R on red background. 

Dynamic Attributes 

The 8-bit words of the display memory may be character codes or field 
attribute character (F AC) codes. Underlined space (SF(16»), Nul (00(16») 
and Space (20(16») may sometimes function in a similar way as the FACs. 
The F ACs are used together with static control bits to define various 
properties, other than the text pattern, of different fields (a number of 
character positions) on the screen. Some of the F AC information is 
taken care of by the software and some by the hardware. 

Note that one FAC may result in more than one new attribute of the 
associated field. The field attributes that may be caused by the field 
attribute characters hardware control are: 

E9000 2943E-1 



12 Display Units, DU 4111 and DU 4112 ERICSSON ~ 

• Field underline 

• Flashing field (1 Hz). (The cursor has an independent blink function.) 

.. Inverted field (referring to bright or dark dots). 

• Extinguished field. 

• Light intensity (two levels). Only in DU 4111. 

• Field colour. Only in DU 4112. 

• Message line (denoted by an MLFAC; no other attributes are permitted 
in the message line unless those interpreted by the software. This 
attribute has in distinction to the others no connection to standard 
communication routines. It is only used as in internal attribute for the 
presentation logic). 

Generally (underline is sometimes an exception) the function of a F AC 
starts at the position of the FAC and ends just before the next FAC or 
stop at end of line or stop at end of last line (but the message line). (The 
"stops" can be programmed by means of the display adapter peripheral 
interface adapter. See under that heading in the Detailed Description.) 

The logic can be programmed to generate field underline at the code for 
Underlined space (SF(16». The underline will then start in the position 
after the SF(16) code and end just before Nul (00(16», Space (20(16» or the 
same condition as an ordinary FAC (see above). 

Static Attributes 

Apart from the control registers of the cathode ray tube controller, 
defining the display area, vertical cursor format and cursor blink etc. 
there are two 8-bit registers of a display adapter peripheral interface 
adapter, DIA PIA, that either directly control some video attributes 
or define how to interpret the FACs. 

Note that the DIA PIA definitions are static, i.e. cannot be made for 
specific fields on the screen as there is no simple connection between 
display timing and program but by the vertical synchronization signal. 

The DIA PIA functions are specified in the Detailed Description and 
summarized below: 

• Video control. The video signal can be blocked and the cathode ray 
tube controller (kept) reset. Either action will stop presentation. The 
whole screen can be inverted, i.e. all normally bright dots are dark 
against a bright background. Inverted fields at inverted screen will 
result in not inverted fields. 

.. Cursor control. Cursor format 0 or 1 can be selected (see Cursor) . 

.. FAC interpretation control. FAC interpretation can be enabled or 
disabled, FAC interpretations defined, functions of SF(16), 00(16) and 
20(16) defined etc. 

• Stop at end of line or end of last line (but the message line) control. 
The functions of FACs and field underlines by code SF(16) can be 
ended by programmable stops at end of line or end of last line (but 
the message line). 
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• Sweeps per line control. Sweeps per line can be set to 9, 12, 16 or 22. 

• Presentation mode control. One of four presentation modes can be 
selected. 

In DU 4112 an additional static attribute is set by the software in a 
microcomputer peripheral interface adapter, MIC PIA, i.e. colour 
mode. 

Attribute Generation 

The principles of attribute generation are shown in Fig. 7. The character 
generator (see Fig. 5) will normally not produce any bright dots during 
sweep O. The contents of the latches A and B will be fed to a line memory 
via an attribute (ATB) buffer, enabled during sweep O. 

The line memory is in write mode during sweep 0 and in read mode during 
all other sweeps. The address to the line memory is supplied by an address 
counter, which is reset at the end of each sweep and then incremented 
at each character position time in the following sweep. All character 
codes and FACs (or only FACs, see Display Memory Addressing) of a 
line will thus be written in the line memory during sweep 0 and in proper 
order fed from the line memory at each one of the following sweeps 
until the next sweep o. 

The outputs from the line memory as well as most outputs from the DIA 
PIA and the raster address and some control signals from the CRTC are 
fed to the attribute generator. In DU 4112 a colour mode signal is also 
fed to the attribute generator. 

The attribute generator consists of latching and decoding circuits, which 
generate a set of control signals (e.g. the "Invert" signal in Fig. 5) in 
response to the inputs. 

Cathode Ray Tube Unit, CRU, ofDU 4111 

The cathode ray tube unit (CR U) of D U 4111 generates pictures according 
to a raster scan method, i.e. an electron beam makes a number of consecutive 
horizontal sweeps over a screen. 

The CRU (see Fig. 8) consists of mechanics, a cathode ray tube (CRT) 
with deflection coils and a printed circuit board, CRB (cathode ray tube 
unit board), separated into two parts that are permanently interconnected 
by a band cable. 

The CRT is a high resolution 1100 tube. It is fed with high voltages for 
the anodes accelerating of the electron beam, voltages for the electrode 
focusing the beam and for the control grid, current for heating of the 
cathode and video current for the cathode. It is furthermore fed with 
signals that affect the deflection coils that govern the vertical and hori
zontal deflection of the beam. 

) 
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CRU of DU 4111, block diagram 

The main part of the CRB contains circuitry for vertical and horizontal 
deflection (oscillators, output stages), circuitry for focusing of the beam 
and for generation of tube voltages. The small part of the CRB is mounted 
behind the deflection unit on the CRT socket. It contains video amplifier, 
brightness control circuitry and circuits for flashover protection. The 
beam is modulated by the video information, thus dots and horizontal 
lines forming the picture are generated on the phosphor coated screen. 

The CRU is supplied with + 24 V from the display terminal power supply. 
Its interface towards the display terminal controller consists of four 
TTL level signals namely: 

• Video. 

• High intensity, active when text etc. shall be displayed with higher 
brightness. 

• H SYNC, horizontal synchronization signal. This pulse initiates the 
horizontal retrace sweep of the beam. 

e V SYNC, vertical synchronization signal, initiating the vertical retrace 
sweep of the beam every 20 IDS. 
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Cathode Ray Tube Unit, CRU, ofDU 4112 

The cathode ray tube unit (CR U) of D U 4112 generates pictures according 
to a raster scan method, i.e. three converging electron beams make (if 
all is on) together a number of consecutive horizontal sweeps over a 
screen. By means of a mask arrangement each beam hits just one type 
of colour emitting phosphor. See Fig. 9. If all beams are on at the same 
time the mixed effect will be a white colour. 

The CRU consists of mechanics, a colour cathode ray tube (CRT) with 
deflection coils and three printed circuit boards (Interface board, CRT 
socket board and Analog board). 

The CRT is a high resolution 90° tube. See Fig. 10. The CRT is fed with 
high voltage for the anode accelerating the electron beams, voltages 
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Fig. 9. Principles of colour CRT. 
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for the electrode focusing the beams and the control grids, current for 
heating of the cathodes and video currents for the cathodes. It is further
more fed with signals that affect the deflection coils that govern the 
vertical and horizontal deflection of the beams. 

The three logic boards (see Fig. 10) contain circuitry for vertical and 
horizontal deflection (oscillators, output stages), pincushion correction 
control and X-ray supervision that will shut down the horizontal deflection 
(and thereby also inhibit flyback transformer outputs) if the voltages 
increase for any reason. The boards also contain video amplifiers, bright
ness control circuitry and circuits for flashover protection. The beams 
are modulated by the video information; dots and horizontal lines forming 
the picture are thus generated on the phosphor coated screen. 

The CR U is supplied with 85 V DC from the display terminal power 
supply. A degaussing coil is activated for a short time at each power on 
(from circuits in the terminal power supply). The interface to the DTC-C 
board consist of five TTL level signals namely: 

• Three video signals for red, green and blue video . 

• H SYNC, horizontal synchronization signal. This pulse initiates the 
horizontal retrace sweep of the beam. 

e V SYNC, vertical synchronization signal, initiating the vertical retrace 
sweep of the beam every 20 ms. 
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Fig. 10. CRU of DU 4112, block diagram 
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Keyboard Interface 

Data communication with the keyboard unit (and connected devices; 
KXU, MID) is performed via a keyboard interface on the DTC-B or 
DTC-C board. The line interface consists of: 

• Two power lines ( + 5 V, 0 V) to the keyboard . 

.. A reset keyboard line, used to initialize the keyboard. Reset keyboard 
is activated via the microcomputer peripheral interface adapter (MIC 
PIA PAl). 

• A bidirectional data line used for asynchronous transfers of orders 
(e.g. alarm on), data (e.g. lamp data) status (e.g. shift key depressed) 
or key numbers/identity characters. All transmissions are initiated by 
the microcomputer on the DTC-B or DTC-C board. 

The communication procedure is described in the keyboard chapter. 

The interface logic consists mainly of an LSI chip, an asynchronous 
communication adapter, ACIA, which is connected to the internal data 
bus. The MPU can thus transmit or receive 8-bit words (programmable) 
via the ACIA. The ACIA converts the paranel data on the data bus to 
serial data on the keyboard data line and vice versa. 

Two-wire Interface 

A general description of the two-wire interface is found in the Commu
nication chapter. The functions are therefore only summarized here. 
A comprehensive treatment is found in the Detailed Description in this 
chapter. 

By means of the two-wire interface, data can be transferred to or from 
a buffer in the basic read/write memory from or to equipment external 
to the display unit via a two-wire (or coaxial) line. The transmission on 
the two-wire is in serial format with a bit rate of 300 kHz. 

The two-wire interface consists mainly of: 

.. A direct memory access controller, DMAC, circuit which handles 
direct memory access, DMA. 

CD An advanced data link controller, ADLC, which converts 8-bit parallel 
data to serial data and vice versa. It also supervises the transmission. 

(I A high speed modem which converts serial data from NRZ format to 
frequency shifted data and vice versa. It also generates a bit clock and 
a Clear to send signal. 

.. A line interface which contains line drivers, line receivers and a line 
transformer. 

The DMAC is connected to work in two channel mode. Channel 0 is 
used for transmitting and channell for receiving. 

) 
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Memory Map 

The memory map (see Fig. 11) differs somewhat from the description in 
the Microcomputer chapter. 

The total map is divided into an ordinary readlwrite memory (R WM) 
area, an inputloutput (1/0) area and an initial program load (IPL) area. 

The ordinary RWM area is located at the addresses 0000(16) - F6FF(16). 
The physical memory is actually 64 kbytes (0000(16) - FFFF(16)) with a 
duplicate memory of 16 kbytes. (It must be possible for the presentation 
logic to read two words at the same time from the display memory area.) 
The normal display memory area is located at the addresses 6000(16) -
7FFF (16) (8 kbytes) or 7000(16) - 7FFF (16) (4 kbytes). The display memory 
area can alternatively be located at the addresses EOOO(16) - EFFF(16) 
(4 kbytes, high end location). No parity checking will occur in the RWM 
and battery backup is not available. 

The following circuits and units can be addressed within the 1/0 area: 

.. MIC PIA and interrupt register for some central microcomputer 
functions and MCP for test purposes. 

• CRTC and DIA PIA for presentation control. 

• KB ACIA for keyboard transfers and control. 

• ACA ACIA and PIA for printer transfers and control. A PTM on 
the ACA-B board can also be addressed for timing purposes. An 
additional ACA ACIA and PTM on the ACA-D board can also be 
addressed. 

• SS3 address register, ADLC and DMAC for two-wire transfers and 
control. 

Detailed 1/0 addresses are listed in Appendix 1. 

The IPL area consists of 2 kbytes of read only memory and contains 
among other things four interrupt vectors at the addresses FFF8(16) -
FFFF(16)· 

Interrupt Handling 

The principles of the interrupt system on the DTC-B or DTC-C board 
are quite different from those described in the Microcomputer chapter. 
They are therefore described below except for the internal MPU functions 
which of course are the same. The following general microcomputer 
functions are not used: 

• Hardware interrupt prioritizing. (The interrupt register, mask register 
and address modifier are thus left out.) 

• Interrupts out. 

The locations of the interrupt vectors (i.e. the addresses to the interrupt 
routines) are found in the memory map. 
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ACA = Asynchronous communication adapter 
ACIA = Asynchronous communications 

interface adapter 
ADLC = Advanced data link controller 
CRTC = Cathode ray tube controller 
DIA = Display adaptation 
DMAC = Direct memory access controller 
IPL = Initial program load 
IRQ = Interrupt request 

Fig. 11. DU 411 1 and DU 4112 memory map 
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Reset, Non-maskable and Software Interrupts 

The MPU and the microcomputer peripheral interface adapter, MIC 
PIA, are reset at power on. A general reset is also activated. 

The MPU is also reset at a depression of the Reset button. The signal 
from the Reset button resets only the MPU, but is also fed to the control 
line CB1 of the MIC PIA. The program can thus check the type of reset 
(by reading the MIC PIA control register B and testing bit 7, the IRQB 1 
flag) and then, if suitable, generate a general reset (by setting and re
setting bit 6 of MIC PIA peripheral register B). Note that the general 
reset signal does not reset the MPU or the MI C PIA. 

The MPU will after a reset fetch the contents of the memory cells FFFE(16) 
and FFFF(16) to the program counter and execute a reset program. 

NMI, non-maskable interrupt can only be activated by the microprocessor 
control panel, MCP, and causes the MPU to fetch the address of the 
interrupt routine from the cells FFFC(16) and FFFD(16)' 

SWI, software interrupt is generated by an MPU instruction and causes 
the MPU to fetch the address of the interrupt. routine from the cells 
FFFA(16) and FFFB(16)' 

Interrupt Requests 

The interrupt request, IRQ, input of the MPU can be kept deactivated 
by the test unit MCP (Microprocessor control panel) or be activated by 
six interrupts, 10 - 15. The six interrupts are or-ed together. The MPU 
can check the six interrupts by reading an interrupt register at address 
F7F0(16): 

76543 2 1 0 
I I 10 iII I I I I 

II I IO from MIC PIA 
IlfromCRTCviaMICPIA 

12 from KB ACIA 

'------- 13 from ACA printer interface 
L---______ Hard-wired 

'---------- 15 from ACA modem interface 

'----------- 14 from TWA ADLC 

The interrupts are not latched in the interrupt register and must thus be 
stable until they are handled by the MPU. The interrupts are further 
only serviced if the I -bit of the MPU condition code register is reset. The 
address to the interrupt routine is located at FFF8(16) and FFF9 (16)' 
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The interrupts are further explained below: 

15 originates from the ACIA (asynchronous communication interface 
adapter) or the PTM (programmable timer module) of the modem 
interface on the ACA-D board. 

14 originates from the ADLC (advanced data link controller) of the 
two-wire interface. 

13 originates from the ACIA (asynchronous communication interface 
adapter), the PIA (peripheral interface adapter) or the PTM (pro
grammable timer module) of the printer interface on the ACA-B or 
ACA-D board. 

12 origin?tes from the ACIA of the keyboard interface. 

11 originates from the CRTC (cathode ray tube controller) of the 
presentation logic. It is actually the vertical synchronization (V SYNC) 
signal fed via the MIC PIA and can during presentation be used as 
a 20 ms timer. 

10 originates from the CA2 output of the MIC PIA. The program can 
thus make an interrupt by writing 110(2) in bits 5 - 3 of the MIC PIA 
control register A. 

) 



( 
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Detailed Description 

This section will in principle only cover more complicated circuits or 
special solutions. 

Microcomputer 

The microcomputer in DU 4111 or DU4112 differs mainly from the one 
described in the Microcomputer chapter regarding the address decoder, 
the use of the MI C PIA and the interrupt logic. The MPU is also connected 
in a somewhat different way. 

Basic Timing 

A basic 19.17 MHz clock signal is generated by a crystal clock. See Fig. 12. 
From this clock an timing signals, e.g. dynamic memory timing, two-wire 
transfer bit clock etc. are derived. Five 2.13 MHz clocks are generated 
(T1 - T5). Combinations of these are used to define different points of 
time during each half of the system clock period. The system clock, 0, 
(microprocessor instruction clock) has a frequency of 1.065 MHz. 
It appears in several phases and with different pulse-pause ratios to 
compensate for propagation delays etc. 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 0 
I I I I I I I I I I I I I I I I I I 

Clk (19.17 MHz) 

JBP (9.585 MHz) 

T1 (2.13 MHz) 

T2 

T3 

T4 

T5 

¢1 (1.065MHz) 

DMA ~2 

Bus address 

Fig. 12. Basic timing signals 
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MPU 
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The MPU demands two non-overlapping complementary clocks. Circuitry 
is added to provide these; MPU 01 and MPU 02. (Observe that they 
are only fed to the MPU.) They differ from the other 0 signals in that 
they may be frozen in the 01 state by a stretch signal (STR). The stretch 
signal is generated during a direct memory access. 

The NMI (non-maskable interrupt) and HALT inputs of the MPU are 
only connected to the MCP and the TSC (three-state control) input is 
hard-wired inactive. The address bus and the RIW line are taken to high 
impedance state by external buffers at direct memory access and the 
data bus by deactivation of the DBE (data bus enable) input. The DBE 
input is controlled by the DMA signal from the address decoder. 

Address Decoding and Direct Memory Access 

The principles of the address decoder is the same as said in the Micro
computer chapter but the build-up and the signals to and from the 
address decoder are different. The decoder consists of one FPLA (field 
programmable logic array) and one PAL (programmable array of logic 
gates). 

The FPLA functions are summarized on the opposite page. The Dl (= 
D MA grant) and D2 signals are generated as a response to a DMA request 
and makes it possible for the FPLA to inhibit output signals during DMA 
cycles 1-3 or 2 as well as to generate the DMA and stretch (STR) signals. 
The rest of the output signals has addressing functions or controls the 
internal/external data bus buffer (INTERN) or the read/write memory 
(RWM). 

The TWA, F7CD and DMA outputs from the FPLA are then together 
with 02, RIW and AI6 - AI3 (address bits 6 - 3) further decoded in the 
PAL to more specific addressing signals, summarized on the opposite 
page. 

See also Memory Map (Fig. 11) and Appendix 1 

Note that the separation of internal and external address and data buses 
is not as stringent as in the Microcomputer chapter. See Appendix 2. 
Thus direct memory access from the DMAC affects both the internal 
address and internal data buses. 
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Address decoder, FPLA functions 

Activating input combinations Activated output Comments 

A1) 15-4 Active 
Hex VMA D1 2) D22) RIW Signql level 

OOO-FFF X High High X DMA Low DMAcycle2 

OOO-FFF Low High High X STR Low 
+-DMAcycle2 

F70-F72 Low One high X +- DMAC, ADLC addressed 

F70-F7F Low One low X PER I/O Low Peripherall/Os enabled 

F70-F72 Low Low I Low X +- DMAC, ADLC addressed 
F74 Low One low X 
F7C-F7D Low One low X INTERN3) Low 
F7F Low One low X 
FBO-FFF Low One low High 

F70-F72 Low Low I Low X +- DMAC, ADLC addressed 
F74 Low One low X TWA4) High 
F7F Low One low X 

F7C-F7D Low One low X F7CD4) High 

FBO-FFF Low One low High FBXXR Low IPLROM Read 

OOO-FFF High One low X +-VMA inactive 
F70-F7F X Onelow X RWM5) High +-I/Os addressed 
FBO-FFF X One low High +-IPL ROM addressed 

1) A = Address from MPU. 

2) OMA cycle None or41 2 3 4 I Non e or 1 I 

I I DMA request ----------'- ____ .J ____ 1.. _______ _ 

01 (OMA grant) 
r-------
I 

02 r--
I 

Thus D1, D2: Both high = DMA cycle 2 Both low = Not DMA cycle 1-3 
One high = DMA cycle 1 - 3 One low = Not DMA cycle 2 

3) Sets the internal/external data bus buffer in (MPU) read position. 
4) See below. 

5) Disables the read/write memory. 

Address decoder, PAL functions 

Activating input condition Activated output Output 
activated 

02 DMA TWA F7CD RIW AI6 AI5 AI4 AI3 Signal Active by address 
level 

X X High X X Low Low X X DMACS Low F700-1 F 

X Low X X X X X X X 
or ADLCCS Low F720-7 
X X High X X Low High Low Low 

Low X High X High High Low X Low SS3 Low F740-7 

X X X High X X X High X DIAPIA High F7DO-F 

X High X High X High Low High High CRTCS Low F7DB-F 

Low X High X High High High High Low IRQR Low F7FO-7 

X X High X X High Low High High MCP Low F7FS-F 

X X X X X X X Low Low A3'A4 Low -
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Microcomputer PIA, MIC PIA 

The MIC PIA controls several central functions. See chapter Micro
computer; Peripheral Interface Adapter, PIA for definitions and a 
general survey. PA6 - PA4, IRQB, CB2 and PB2- PBO are, however, 
not used. 

The vertical synchronization signal is fed to the CAl input and will thus 
set an interrupt flag (CRA bit 7) and activate the IRQA output (if CRA 
bits 1, 0 = 11(2» which results in interrupt 1 to the MPU. 

The CA2 output is used to generate interrupt 0 if CRA bit 3 is zero-set 
(and CRA bits 5,4 = 11(2». 

The PA outputs/inputs are used in the following way: 

P A 7 Input Hard-wired low. 

PA3 Output NotusedinDU 411l. 
InDU4112: 
0= Monochrome mode. 
1 = Base colour mode. (Four colours.) 

PA2 Input 0 = MCP connected and in test mode. 
1 = MCPnotconnected. 

P Al Output 0 = Keyboard not reset. 
1 = Keyboard reset. 

PAO Input Hard-wired low. 

An interrupt flag (CRB bit 7) is set if the Reset button is depressed (as 
CB1 is then taken low). This must be checked by the program as the 
IRQB output is not connected. 

The PB outputs are used in the following way: 

PB7 0 = High end display memory position 
(EOOO(16) - EFFF (16». PB3 must be = 1. 
1 = Normal display memory position 
(6000(16) - 7FFF(16) or 7000(16) - 7FFF(16». 

PB6 1 = Activate general Reset. The output must be set low after 
power on. The MPU and the MIC PIA are not reset by general 
Reset. 

PB5 0 = Address mode o. See Display Memory Addressing. 
1 = Address mode 1. 

PB4 0 = Disable character generator to bus. 
1 = Enable character generator to bus. 

PB3 0 = 8 kbytes display memory. 
1 = 4 kbytes display memory. 
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Read/W'rite Memory 

Data Flow 

The read/write memory consists of one 65536 x 8 bits and one 16384 x 
8 bits block of dynamic random access memory. See Fig. 13. They are 
denoted "64 k block" and "16 k block". 

Input data is fed to both memory blocks from the 8-bit external data bus. 
Output data is fed to: 

• The latches A and B (see Fig. 5). The data is here latched each time 
01 goes low and is then fed further to the presentation logic . 

• The"64 k" and "16 k" latches (see Fig. 13). The outputs of these latches 
are in high impedance state when the output control inputs, tied to 
D64 and D16 respectively, are inactive. One of the signals D64 and 
D16 may be activated (by the address decoding logic) during 02 of 
a read cycle from the MPU or the direct memory access controller, 
DMAC, in the two-wire interface. The contents of the applicable 
latch is then fed to the external data bus. 

Control 

Internal 
data bus 
(8 bits) 

...--_______ ---// Ext e rnal data 
bus (8 bits) 

...--_--J "'~_--, 

64 k 16 k 

Memory Memory 

(8 bits) 

~ To latch A 

"64kll 016 

latch 
-~ 

(8 bits) 

" To latch B 

"16 kit 
latch 

I 
! 

I 
A To optional board 

== 

Fig. 13. Read/Write memory dataflow 
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Addressing and Timing 

Address 

2) 
Rose 

Timing 

Refresh 

Each memory block is organized in a number of rows and 8-bit columns. 
See Fig. 14. At a memory access a row address is first strobed into both 
memory blocks by a Row address strobe and then a column address by 
a Column address strobe. At a write operation a Write enable signal to 
the applicable block is also activated. There are, as can be seen from 
Fig. 15, two complete addressings during a system clock cycle (01 high 
and low time). 

A 16-bit address is fed from a bus/CRTC address selector to an address 
selector and refresh generator chip, which splits the address into a row 
address and a column address. The row address is propagated to both 
memory blocks when a timing signal (Address selecting) is high and the 
column address when the timing signal is low unless when a Refresh 
signal is active. In the latter case a row (refresh) address from an internal 
refresh counter is inverted and fed to the memory. (Only row addressing 
is necessary in order to obtain the refresh function.) The refresh counter 
win be incremented at each refresh addressing. A refresh cycle will take 
place in each system clock cycle when no presentation (CRTC cycle) 
occurs. 

1 ) 

Column 0 Column 1 Column 2 

Row m 

Row 2 

Row 1 8 bits 

Row 0 8 bits 8 bits 

m: 255 for the 64 k block and 127 for the 16 k block 

3} 

Address 
Address 

64k '- 16 k 
selector _4} 

and Ras 
refresh 

Cas 5) 
Memory ~ Memory 

generator 

WR64 6 WR16 

1) 16 bits from bus/CRTC address selector and address decoder 
2} Rase: Row address strobe enable. 
3} 8 bits. The most significant bit is not fed to the 16 k block 
4) Ras = Row address strobe 
5) Cas = Column address strobe 
6) WR = Write enable 

Fig. 14. Principles of read/write memory addressing 

I ) 
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To sum up; during 01 high time the address may originate from the 
cathode ray tube controller (CRTC) or the refresh counter in the address 
selector and refresh generator. 

During 01 low time the address may originate from the MPU or the 
direct memory access controller, DMAC. The Row address strobe may, 
however, be inhibited by a high RWM signal from the address decoding 
FPLA which win delete a memory operation. 

MPU or DMAC functions 

Write enables 

Write data on ext. data bus 
Qpen r-- -------""""\ Open 
----{ If any r:--------- ---'- _________ .J 

Read data to ext. data bus 
Open __ - - - - - - -""\ Open 
- - - - - - -<...... I f any p - - - - - - - - - --

--------' 
CRTC (read) functions 8) 

'- Load A and B latches t 
Qp~n ___ -{ )Q~~ _________ _ 

Latch A output 

~ 
Latch B output -----..I)Q~~ - - - - - - - -< } 
Refresh cycles (at no CRTC cycles) 

Refresh '---____ ---...IIr 
Row address strobe 

Column address strobe 

Refresh address 

~ ___ __aJ1 
I 
I 

TltoT5 11111234511111234511111 

12345111112345111112345 

1) The address from the bus/CRTC address selector. 
2) The address latches in the "refresh generator'hre now transparent. 
3) The function is irrelevant at refresh cycles. 
4i Function of RWM from the address decording PAL. 
5) Not valid at refresh cycles; see below. 
6) Output from the "refresh generator~' Not valid at refresh cycles; see below. 
7) Function of R/W'64 for 64k block and R/W·i6 for 16k block. 
S) Pertain' to previous cycle. 

Fig. 15. Read/Write memory timing 
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Memory Address Selection 

Four PALs (programmable arrays of logic gates) and an or-gate, forming 
an address decoder and a bus/CRTC address selector, are used to generate 
the necessary control signals and address rearrangement for the functions 
described below. See also Memory Map. 

Read/Write Memory Addressing 

Except from what is said under the next heading about the display 
memory area all read/write memory addresses are located in the 64 k 
block. The MPU can read from the addresses 0000(16) - F6FF(16) and 
write at the addresses 0000(16) - F6FF(16) and F800(16) - FFFF(16)' The 
direct memory access controner can (at DMA) perform read or write at 
the addresses 0000(16) - FFFF(16)' Memory operations are inhibited in 
the 7XXX(16) or EXXX(16) areas (depending on display memory allocation) 
during character generator manipulations (see Character Generator 
Loading). 

(The address selector rearranges the address bits, but this has no functional 
implications outside the display memory area.) 

Display Memory Addressing 

The display memory size can be 4 or 8 kbytes. (MIC PIA PB3 = 1 or 0.) 
It is normally located at the addresses 7000(16) - 7FFF(16) or 6000(16) -
7FFF(16) but a high end allocation can be ordered (MIC PIA PB7 = 0) if 
4 kbytes are selected and it is then allocated to the addresses EOOO(16) -
EFFF(16)' Both the 64 k block and the 16 k block are used for display 
memory functions. This leads to byte allocation rearrangements and 
might lead to inaccessible areas when switching memory size. 

The display memory can be addressed in two ways from the MPU (or 
DMA logic) denoted address mode ° and 1 (selected by MIC PIA PBS = 
o or 1). 

Two logical areas are defined; area I and II. See Fig. 16. In address 
mode 0, 2 or 4 kbytes (depending on display memory size) are assigned 
to area I and 2 or 4 kbytes to area II. The bytes and areas are arranged 
consecutively as seen from the MPU or DMA logic. In address mode 1 
area I consists of 2 or 4 kbytes at even addresses and area II of 2 or 4 
kbytes at odd addresses as seen from the MPU or DMA logic. The 
selection of address mode does not affect the addressing of other areas 
than the display memory nor the addressing from the presentation logic. 
The picture on the screen win thus not change if the address mode is 
changed without a change of the display memory contents. 

Fig. 17 shows how the bytes belonging to area I and area II are allocated 
in the 64 k and 16 k blocks. In address mode 0 bit 11 or 12 from the MPU 
or DMA logic is fed to the least significant memory address bit (after 
the address selector) and bit 0 selects the memory block. At consecutive 
addresses from the MPU or D MA logic all bytes of area I are first accessed 
and then an bytes of area II. 
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Address Address 
Hex mode 0 mode 1 Hex 
7 FFF 

IT 7FFF 

TI 

IT 
I 

II 

7000 17800 

I TI 

I 

11 

6000/7000 60001 7000 

Fig. 16. Principles of address mode changes 

The presentation logic can only access the display memory area. As said 
earlier one display memory access from the presentation logic (the 
CRTC) supplies one byte from the 64 k block and one byte from the 
16 k block which then in order are fed to the character generator and, 
during sweep 0, also to the line memory. (The character generator will, 
however, during sweep 0 normally not generate any bright dots independent 
of the character code input.) During the rest of the sweeps (1, 2, 3 etc.) 

( of a line, the line memory contents will be fed to the attribute generator 
synchronously with the character code stream from the display memory 
to the character generator. 

The presentation can, depending on the display adapter peripheral 
interface adapter, D IA PIA, outputs PB2 and PB 1, work in four different 
modes: 

DIAPIA Presents simultaneously via 
Presentation 

PB2 PB1 mode character attribute 
generator generator 

1 1 0 Areal Areal! 
1 0 1 Areal! Areal 

0 1 2 Area 111) Area 112) 

0 0 3 Area i + 113) Areai + 114) 

1)2) Same byte. 3)4) Same byte. 
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Address mode 0 

MPU arDMA 64kbytes 16 kbytes 
address bus memory memory 

bit block block 

2 1 111 ) 0 

0 0 0 0 .... la 
0 0 0 1 ... la 
0 0 1 0 ... lid 
0 0 1 1 .... lid 
0 1 '0 0 ... Ib 
0 1 0 1 ... Ib 
0 1 1 0 ... lie 
0 1 1 1 ... lie 
1 0 0 0 ... Ie 
1 0 0 1 .... Ie 
1 0 1 0 .. IIf 

1 ) At 8 kbytes display memory bit 12 denotes the display memory 
area I and II instead of bit 11. 

Address mode 1 

MPU arOMA 64kbytes 16 kbytes 
address bus memory memory 

bit block block 

3 2 12) 03) 

0 0 0 0 ... 19 
0 0 0 1 ... ilh ( 

0 0 1 0 ... 19 
0 0 1 1 lID IIh 
0 1 0 0 ... Ii 
0 1 0 1 ... Ilj 
0 1 1 0 ... Ii 
0 1 1 1 ... IIj 

1 0 0 0 ... Ik 

2) Denotes memory block 3) Denotes memory area I or II. 

Presentation 

Pres. mode Sweep Red bytes (Contents) 

0 0 IIh,lIj ... (FACs) 
0 notO Ig,lj ... (Char.) 
1 0 Ig, Ii ... (FACs) 
1 notO IIh,lIj .,. (Char.) 
2 all lid' lie ... (FACs/Char.) 
3 all la,lb ... lId,lIe ... (FACs/Char.) 

Fig. 17. Principles of byte allocations to display memory areas and blocks 
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The presentation mode can be selected independently of the address 
mode. 

The utilization of address and presentation modes enables the use of 
"visible" or "invisible" field attribute characters. It win also make some 
memory manipulations easier and less time consuming. The presentation 
modes function in the following way (the references la, Ib' Ie, lId, lIe etc. 
are made to Fig. 17): 

.. Presentation mode 0: The contents of odd (as seen from the MPU or 
DMA address bus) display memory addresses (belonging to area II) 
are during sweep 0 fed to the line memory (and the character generator, 
but the generator is normally programmed to present dark dots during 
sweep 0), i.e. IIh, IIj etc. Even display memory positions (belonging 
to area I) are during all other sweeps of a line fed to the character 
generator, i.e. Ig, Ii etc. Area II shall thus contain the field attribute 
characters and area I the text character codes. This also implies that 
there exist two memory positions for each screen position, out of 
which one may be used for a field attribute character where the other 
contains a character code. 

• Presentation mode 1: The contents of even addresses are fed to the line 
memory (and the character generator) during sweep 0, i.e. Ig, Ii etc. 
and the contents of odd addresses to the character generator during 
the rest of the sweeps, i.e. Ilh' IIj etc. Area I shall thus contain the 
attributes and area II the characters. 

.. Presentation mode 2: The contents of even and odd display memory 
addresses of area II (a high level is applied instead of address bits 11 
or 12) are during sweep 0 fed to the line memory, i.e. lid, lIe etc. The 
same display memory positions are during all sweeps of a line fed to 
the character generator, i.e. lId, lIe etc. The field attribute characters, 
if used, must thus be mixed with the character codes of the text. The 
field attribute characters activate the attribute generator but may 
not activate the character generator (present a space). The character 
codes activate the character generator but may not (except for 5F(16), 
00(16) and 20(16) with special functions) activate the attribute generator. 
The field attribute characters and character codes must thus be different 
(with the exception mentioned above). 

.. Presentation mode 3: The contents of even and odd display memory 
addresses of area I (the area selection is controlled by bit 11 from the 
cathode ray tube controller for 4 kbytes of display memory and by bit 

. 12 for 8 kbytes) are during sweep 0 fed to the line memory, i.e. la, Ib etc. 
The same display memory positions are during all sweeps of a line fed 
to the character generator. When area I is finished area II will be 
handled in the same way as area I, i.e. lId, lIe etc. will be taken care 
of. The same as said under presentation mode 2 is valid for mixing of 
field attribute characters and character codes. 

In order to get a natural connection to the address modes the references 
above are made to Fig. 17 and the MPU or DMA addresses. Note, how
eVer, that the presentation modes are dependent upon the addressing 
from the cathode ray tube controller, which addressing also is rearranged 
in the bus/CRTC address selector. The extremely interested reader can 
find details in Appendix 3. 
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The presentation addressing can wrap around i.e. the first text line of 
the screen can be fetched from an arbitrary start address in the display 
memory and when the last position of the display memory is reached the 
addressing will go to the first position in the display memory. See Fig. 18. 
This function is, however, controned by the start address programming 
of the cathode ray tube controner. 

Fig. 18. Principles of wrap around 

Display 
memory area 

4 

Character Generator Loading 

Memory operations are inhibited at the addresses 7XXX(16) (ifMIC PIA 
PB7 = 1) or EXXX(16) (if MIC PIA PB7 = 0) when Enable character 
generator to bus is set (MIC PIA PB4 = 1) and a flip-flop change will 
generate CRG low and CHG high. This win switch over the character 
generator control to the microcomputer. See Fig. 19. The bus buffers 
will then enable addressing of the character generator by bits 11 - 0 on 
the address bus and bidirectional data transfers between the character 
generator and the external data bus. Control signals are also provided 
for write and read operations in the character generator. 

The address bus bits 11- 4 are used to address 256 character "files" and 
the address bus bits 3 - 0 to address 16 sweep dot patterns (8-bit locations) 
in each character "file". For example, assume that the A in Fig. 4 has the 
character code 41(16). The character generator must then be loaded as 
follows in order to generate the dot pattern in the figure: 

( 
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Address 

X1)412)03) (16) 

X411(16) 
X412(16) 
X413(16) 
X414(16) 
etc. 

Display Units, DU 4111 and DU 4112 

Data bus contents 

00(16) = 00000000(2) 
00(16) =00000000(2) 
1C(16) = 00011100(2) 
36(16) = 00110110(2) 
63(16) = 01100011(2) 

1) X = 7 or E. 2) 41 = character code. 3) 0 = raster address. 

35 

Character 
generator contents 

11111111(2) 
11111111(2) 
11100011(2) 
11001001(2) 
10011100(2) 

In practical applications the character generator is normally loaded 
directly from a diskette via the two-wire and the direct memory access 
controller', 

Address 
bus ! ( bit 11-0) 

Control \l 
"Presentation 
addressing ") 

Control· 

~ 

Character 
generator 

Bus 
buffer 

(8 bits) 

Exter nal 
data bus ! (8 bit 

Control 6\1 

~~--------------------~ 

To video 
register 

Fig. 19. Principles of character generator loading 

Cathode Ray Tube Controller, CRTC 

s) 

Data bus 
buffer 

The presentation on the screen is supervised by the cathode ray tube 
controller (CRTC) shown in Fig. 20. 
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Me 6845 MOTA 

CRTC 

21 
. 23 eLK 
"";:;;";;:o...-..fE 

22 R/W 
2 RES 

:5 LPST8 
24 RS 
25 CS 
33 
32 
31 
30 
29 
28 
27 
26 

Fig. 20. CRTC drawing symbol 

00 
01 
02 
03~ 
04 
05 
06 
07 
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CRTC - MPU Interface and Reset 

The CRTC interfaces the microcomputer via the following lines: 

• Eight bidirectional data lines (D7 - DO) connected to the internal 
data bus. 

• One read/write line (R/W, Low = Write) fed from the RIW output 
of the MPU. 

• One enable line (E) which enables the inputs/outputs of the MPU 
interface and clocks data to and from the CRTC. It is driven by the 
02 clock. 

• One chip select line (CS) activated when the CRTCS signal from the 
address decoder is active (CS is thus activated by the internal addresses 
F7D8(16) - F7DF(16), see Memory Map). 

• One register select line (RS) connected to address bit 0 (from the 
MPU). The CRTC contains one 5-bit write-only address register and 
15 other registers of variable length that are accessible from the 
address bus. The address register is accessed when CS is active and 
RS = 0, i.e. at the addresses F7D8(16), F7DA(16), F7DC(16) or F7DE(16)' 
One of the 15 registers is addressed when CS is active and RS = 1, 
i.e. at the addresses F7D9(16), F7DB(16), F7DD(16) or F7DF(16)' The 
contents of the address register decides which one of the 15 registers 
that is accessed, e.g. register 5 (R5) is accessed when the address 
register contents is XXX00101(2)' 

( 
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The CRTC can be reset by a signal from the display adapter peripheral 
interface adapter (DIA PIA) fed to the reset (RES) input of the CRTC. 
All outputs go to low level and all internal counters are cleared at reset 
but the internal registers are unaffected. The CRTC must be kept reset 
during or be reset after initial programming. 

CRTC Registers 

The above mentioned registers are summarized in the table below. The 
most significant bits are not used when a register contains less than eight 
bits. When a double register contains more than eight bits it is formatted 
as in the following example: 

R12 R13 

MSB LSB 

Register Number Name Function 
of bits 

RO 8 Charactertimes Determines the total number of horizontal 
per sweep character (displayed + non-displayed) position 

times per sweep minus one. 

R1 8 Characters Determines how many characters should be 
per line displayed on a line. 

R2 8 H SYNC position Determines at which horizontal character 
position the H SYNC signal should start. 

R3 4 HSYNCwidth Determines the number of charactertimes 
the H SYNC signal should be active. 

R4 7 Lines total Determines the total number oftext lines 
(displayed + non-displayed) minus one. 

R5 5 Vertical total Determines how many sweep times should be 
adjust addedtothe "Linestotal"timetoform a full 

frametime. 

R6 7 Lines displayed Determines how many lines should be displayed. 

R7 7 V SYNC position Determines afterwhich line the V SYNC signal 
should be generated (V SYNC is active during the 
time of onetextline). 

R8 2 Interlace control Should be 00 or 10 as interlace is not used. 

R9 5 Maximum raster Determines the number of sweeps pertext line 
address minus one. (Must match with DIA PIA 

programming.) 

R10 B+P+5 Cursor start The five bits determine atwhich sweep ofa 
and blink text line the cursortop is located. The Band P 

bits, cursor blink and blink rate. See also Fig. 21. 

R11 5 Cursor end Determ i nes at wh ich sweep of a text Ii ne th e 
cursor base is located. See Fig. 21. 

R12R13 14 Display start Determines atwhich linear address in the 
address display memory (with which character) the 

display should start. 

R14R15 14 Cursor location Points out atwhich linear address (character 
position in memory) the cursor should be 
displayed. 

R16R17 14 Light pen hit Notused. 
address 

RO- R13 are write-only registers, R14- R15 are read/write registers and R16- R17 are read
only registers. 
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Cursor start register, R10 

B, P, 
Cursor display 

Blink 
bit bit rate 
6 5 at 

a a Steady 
50 Hz 
field 

a 1 Blanked rate 

1 a Blinking, 1/16 times field rate 3.12 Hz 

1 1 Blinking, 1/32 times field rate 1.56 Hz 

Example of cursor display 

a a O~~~~~ 
1 1 1 ~~~~~ 
2 2 2~~~~~ 
3 3 3~~~~~ 
4 4 4~~~~~ 
5 5 5~~~~~ 
6 6 6~~~~~ 
7 7 7 -+-+-+--+4~+-
8 8 8-+~~~~ 
9 9 9 --+-+-+--J..--4.-I-.j-

1 0 10 10 --+-+-+--J..--4.-I-.j-
11 11 11~~~~~ 

etc. etc. etc. 
Cursor start = 9 Cursor start = 9 Cursor start = 1 

Cursor end = 9 Cursor end = 10 Cu rsor end:: 5 

Fig. 21. Cursor control functions of RIO and R I I 

CRTC Control and Address Outputs 

The timing of the CRTC control and address outputs, as well as the 
internal counters, is controlled by a clock signal (Tl) fed to the clock 
(CLK) input of the CRTC. The clock provides two periods for each 
system dock cycle, i.e. one clock period for each horizontal character 
position. See Fig. 22. 

1"--__ ---'1 
T1~ 

L.........I ----il 

e 1) X~ _____ 2) ____ ~X~ ___ 1_) __ 

3) 
CRTC: A13-0, RA4-0, DE, V SYNC,H SYNC, CUESDR 

1) Odd address 
2) Even address 
3) Only Ai2-Al are connected 

Fig. 22. CRTC timing 
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The following control outputs are provided: 

• DE, device enable, is the master enable signal for the video generating 
circuitry. This signal is active during the display time of the text lines, 
i.e. during the part of the frame time decided by Rl and R6 but not 
during horizontal and vertical retrace time or when the CRTC is reset. 

• CUESDR, cursor display which is active during the time when cursor 
dots should be produced by the video generating circuits, i.e. at 
applicable sweeps, decided by RIO and Rll, through a specific character 
position, decided by R14 and RlS. 

e H SYNC, horizontal synchronization signal which tells the logic that 
the cathode ray should retrace and start the next sweep over the screen. 
The start and duration of the H SYNC is programmed in R2 and R3. 

• V SYNC, vertical synchronization signal governing the vertical retrace 
of the ray that precedes the regeneration of an image on the screen. 
The start of the V SYNC is programmed in R7. 

The CRTC provides a 5-bit raster address (RA4 - RAO) out of which 
four bits eventually are fed to the character generator simultaneously 
with the code for the actual character. For each text line the 5-bit raster 
address tells the actual sweep number, i.e. provides values from 0 up to 
the programmed value of R9. The raster address is fed to the character 
generator via an FPLA (field programmable logic array), where it is 
decoded for control signal generations and modified at the message line 
presentation. 

The CRTC also provides a 14-bit linear address (MA13 - MAO) to the 
display memory, i.e. the address of the actual character to be displayed. 
This address is supplied by an internal linear address counter. This 
counter is started at a value decided by R12 and R13 and is stepped as 
many times as decided by R1 for each sweep. For each text line it counts 
through the same address sequence as many times as decided by the value 
inR9. 

Then it goes on after the next H SYNC and makes a similar sequence 
for each displayed line i.e. as many times as decided by R6. This whole 
sequence starts over again after the next V SYNC, unless the programming 
of the CRTC has been changed. 

The MAO and MA13 bits are not connected in this application. Bit 0 is 
logically generated in the bus/CRTC address selector as well as bit 13 
- and more significant bits - since the display memory never exceeds 
eight kbytes. 

Display Adapter Peripheral Interface Adapter, DIA PIA 

The display adapter peripheral interface adapter, D IA PIA is connected 
to the bus system of the microcomputer and controls several functions 
in the presentation logic. For definitions and a general survey, see 
chapter Microcomputer; Peripheral Interface Adapter, PIA. 
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The IRQ lines are not used and neither are the control lines on the 
peripheral side. The control register (CRA and CRB) contents shall be 
04(16) unless when the DIA PIA is initiated. AU peripheral register bits 
(PA 7 - 0 and PB7 - 0) are used as outputs: 

DIAPIA PA7-PAO 

7 6 543 2 1 0 
I I I I I ' I I I 

I I I NormallInversevideo. 

FAC-IBMlFAC-IBM, APL. 

FACcontrol. 

'-------Cursor format. 

'--------Space/Field underline by 5F(16)' 

'---------Presentation on/Reset CRTC. 

'----------DisablelEnable F AC interpretation. 

DIA PIA PB7 - PBO 

7 6 5 4 3 2 1 0 
IT' I I I ( I I 

I T I No stop/Stop at end of line. 

- Presentation mode. 

IBM/UTS interpretation of F ACs. 

'-------- Inhibit/Allow video. 

'--------- Code for number of sweeps per line. 

'----------No stop/Stop at end of last line. 

D IA PIA Peripheral Register A 

The functions of the peripheral register A outputs are further described 
below: 

PA7 0 = Disable PAC interpretation. (Does not affect interpretation 
of 5F(16), 00(16),20(16) or MLFAC.) 
1 = EnableFACinterpretation. 

PA6 0 = Enable CRTC. 
1 = Reset CRTC. P A6 must be set during or after initial pro
gramming of the CRTC. 

P A5 0 = Field underline by a FA C starts in the position of the FA C at 
presentation mode 0 and 1 and in the following position at presen
tation mode 2 and 3. Character code 5F(16) generates, if PB3 = 0, 
underlined space from the attribute generator in the position of 
the 5F(16)' 
1 = Field underline by a FAC always starts in the position after 
the F AC. Character code 5F(16) generates, if PB3 = 0, field 
underline from the following position until 00(16), 20(16), FAC or 
stop at end of line or stop at end of last line (see PB7 and PBO). 

) 
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P A4 0 = Cuform 0 or covering cursor. (See Cursor.) 
1 = Cuform 1 or transparent cursor. (See Cursor.) 

PA3,2 FAC control. See Field Attribute Interpretation. 

PAl 0 = Character codes 80(16) - BF(16) interpreted as FACs (FAC
IBM). PB3mustbeO. 

PAO 

1 = Character codes 10XX XXOX(2) i.e. 80(16),81(16),84(16),85(16), 
88(16) '" BC(16) and BD(16) interpreted as FACs (FAC-IBM, 
APL).PB3mustbeO. 

o = Normal video i.e. bright text on dark background. Only 
text in fields inverted by a field attribute character or a character 
at the cursor position (Cuform 1) is dark on a bright background. 
1 = Inverse video. The whole screen light is inverted. 

DIA PIA Peripheral Register B 

The functions of the peripheral register B outputs are further described 
below: 

PB7 0 = No stop at end of last line (message line excluded) ifPBO = O. 
Exception: Field underline due to 5F(16) will wrap around only 
if at least one screen position contains a FAC. 
1 = Stop at end of last line, i.e. attributes do not wrap around 
from the last line (message line excluded) to the first line of the 
screen. 

PB6,5 The attribute generator must be informed about the CRTC 
programming: 
00 = 16 sweeps in character cell. 
01 = 12 sweeps in character cell. 
10 = 9 sweeps in character cell. 
11 = 22 sweeps in character cell. 
(If 01 or 10 field underline is not generated. ) 

PB4 0 = Inhibit video. The video signal(s) to the cathode ray tube 
unit is (are) blocked. 

PB3 

1 = Do not inhibit video. 

o = IBM interpretation of F ACs. See also PAl. 
1 = UTS interpretation of FA Cs. Character codes 80(16) - FF (16) 
interpreted as FA Cs (P Al has no effect). 

PB2,1 00 = Presentation mode 3. 
01 = Presentation mode 2. 
10 = Presentation mode 1. 
11 = PresentationmodeO. 
See Display Memory Addressing. 

PBO 0 = No stop at end of line. A FA C is valid until the next FA Cor 
only to the stop at end of last line (message line excluded) if 
PB7 = 1 or 40 ms if no more F ACs are encountered. The same 
is valid for field underline by 5F(16) but it will also end at the 
codes 00(16) and 20(16) and wrap around only if any screen position 
contains aFAC even ifPB7 = O. 

E9000 2943E-l 

1 = Stop at end of line. A. FAC is valid until the next FAC or 
until end of line. The same is valid for field underline by 5F(16) 
but it win also stop at the codes 00(16) and 20(16)' 
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Field Attribute Interpretation 

Three types of field attribute interpretations are possible: 

• IBM interpretation. (FAC-IBM and IBM/APL.) 

• UTS interpretation. (FAC-UTS.) 

.. Message line field attribute character, MLFAC, interpretation. 

The effect of a F AC starts in the position of the F AC and ends just before 
the next F AC or stop at end of line or end of last line (but the message 
line) or after 40 ms if no more FACs or stops are encountered. There 
are, however, exceptions for underline functions. These exceptions are 
pointed out below. 

In order to get the interpretations listed below P A 7, P A6 and PB4 must 
be 1, 0 and 1 respectively. (PAn and PBm denotes outputs from DIA PIA 
peripheral register A and B.) The CRTC and D IA PIA must also be 
programmed for 16 or 22 sweeps in order to get field underline. 

FAC-IBM and IBMIAPL 

FAC 

7 654 3 2 1 0 
11101 I I I I I I 

7 654 3 2 1 0 
11101 II I 101 I 

7 654 3 2 1 0 
I I IAIAI I IAIAI 

7 654 3 2 1 0 
I I I I IAIAI I I 

Comments 

Interpreted as F AC-IBM when PAl = 0 and 
PB3 =0. 

Interpreted as FAC-IBMlAPL when PAl = 1 
andPB3 = O. 

Bits 5, 4, 1 and 0 may be interpreted by the 
software, e.g. numeric field. 

Bits 3 and 2 are interpreted in the following 
way by the hardware in DU 4111: 

Bit: Interpre-
3 2 tation 

o X Normal light intensity. 
1 0 High light intensity. 
1 1 No presentation. 

) 
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76543 2 1 0 
I I IAI IAIAI I I 

76543 2 1 0 
I I I I I I IAI I 

Bits 5, 3 and 2 are interpreted in the following 
way by the hardware inDD 4112: 

Bit: 
5 3 2 

o 0 X 
o 1 0 
lOX 
1 1 0 
XII 

Base colour switch: 
Monochrome Base colour 

Green Green 
White Red 
Green Blue 
White White 
No presentation No presentation 

Bit 1 may be interpreted by the software and 
controls the presentation hardware if any of 
PA3 or PA2 is set. If bit 1 is set the following 
functions will be obtained depending on 
PA3andPA2: 

P A3 P A2 Function 

o 
1 
1 

1 
o 
1 

Field (light) inversion 
Field underline 
Flashing field (1 Hz) 

Note that these functions are not available 
at FAC-IBM/APL. (Bit 1 is always 0.) The 
field underline starts in the position after 
the FAC and ends before the next FAC or 
stop at end of line or stop at end of last line. 
If presentation mode 0 or 1 and PAS = 0 is 
selected the underline, however, starts in 
the same position as the F AC. 

Field underline is also generated by 5F(16) if PAS = 1. The field starts at 
th. e position after SF(16) and ends before next 00(16) or 20(16) codes, FAC 
or stop at end of line or stop at end of last line. tRegarding stops, see 
Oisplay Adapter Peripheral Interface Adapter, DIA PIA.) 

FF(16) functions as message line field attribute character, MLF AC. The 
message line is always blue in DU 4112. 

FAC-UTS 

FAC 

7654321 0 
\1 I I I \ I I I I 

7654321 0 
IAI-AIAIA/AI I I 
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Comments 

Interpreted as FAC-UTS when PB3 = 1. 

Bits 6 - 2 are interpreted by software only, 
e.g. numeric field. 
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7 654 3 2 1 0 
I I I I I I IAIAI 

o 0 

o 1 
1 0 

1 1 

Interpretation of bits 1-0: 

Normal light intensity (= IBM high light 
intensity) in DU 4111. Green presentation 
inDU 4112. 
No presentation 
Low light intensity (= IBM normal light 
intensity) in DU 4111. White presentation 
inDU 4112. 
The light intensity will be normal in DU 4111 
and the presentation green in DU 4112 and 
if P A3 or P A2 or both are set the following 
will be obtained: 

P A3 P A2 Function 

o 
1 
1 

1 
o 
1 

Field (light) inversion 
Field underline 
Flashing field (1 Hz) 

The field underline starts in the position after 
the F AC and ends before the next FAC or 
stop at end of line or stop at end of last line. 
If presentation mode 0 or 1 and P A5 = 0 is 
selected the underline, however, starts in 
the same position as the FAC. 

Note that the codes 5F(16)' 00(16) and 20(16) function as ordinary characters 
and do not generate field underline or end of field underline. 

7F(16) functions as message line field attribute character, MLFAC. The 
message line is always blue in DU 4112. 

Cathode Ray Tube Unit, CRU, of DU 4111 

Please refer to circuit diagram E34111 ooxa which shows the circuitry 
of the cathode ray tube board (CRB), the cathode ray tube (CRT) and 
interconnections. 

Deflection Circuits 

The horizontal deflection is governed by Ie 111, which contains an 
oscillator, free-running at 21.3 kHz, and a phase locked loop circuit for 
provision of a horizontal deflection signal in phase with the incoming 
H SYNC signal. Furthermore, the horizontal deflection output stage 
generates the tube voltages by help of the transformer T153, i.e. the 
high voltages for the acceleration anodes (17 kV, 930 V) and the heating 
current for the cathode. 

The vertical deflection is governed by IC 131. It contains an oscillator 
that should be free-running at a lower frequency (47 Hz) than the in
coming V SYNC signal (50 Hz, regeneration frequency). It also contains 
an output stage providing the vertical deflection current. 

) 
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Focusing 

The voltage for the focus grid has two components; a static one, adjustable 
by help of a potentiometer, and a dynamic one, derived from the horizontal 
deflection signaL The PClrabolic dynamic focllsing signal is needed as 
the path of the beam, from cathode to screen, is longer when directed 
towards the left or right edge of the screen than when directed towards 
the centre. 

Brightness and Contrast Control 

The brightness and contrast control circuitry and the video amplifier 
located on the small part of the CRB produce an amplified video signal 
for the cathode. The amplitude of this signal depends on the setting of 
the external Brightness potentiometer and, for fields with high intensity, 
on the setting of the external Contrast potentiometer. Furthermore, 
there is an internal potentiometer, Black level, that governs the amplitude 
of the beam by affecting the control grid. 

Protective Circuitry 

To prevent beam current on the acceleration anode from becoming too 
high, there is circuitry on the main part of the CRB that will limit it by 
decreasing the voltage on the control grid. The small part of CRB contains 
spark gaps that will direct flash-overs between the extra high tension 
anode and the other electrodes the shortest way to ground and resistors 
that will diminish the flash-over currents. 

Adjustments 

The deflection unit on the tube neck holds a pair of turnable magnets for 
centering of the picture and a number of adjustable magnets for raster 
correction (correction of pincushion-formed picture). On top of the main 
part of the CRB there are a number of potentiometers which are used 
for initial trimming of the CRU. There are also three more adjustment 
points lower on the CRB. Specific trimming information is found in the 
Installation and Maintenance Manual. 

Cathode Ray Tube Unit, CRU, of DU 4112 

Please refer to circuit diagram E34112 2020. The diagram shows the 
circuitry, the cathode ray tube and the interconnections. 

Deflection Circuits 

The horizontal deflection is governed by an integrated circuit (Ie 401), 
which contains an automatic frequency control circuit (AFC) a horizontal 
oscillator and an X-ray protection circuit. The H SYNC signal is fed to 
pin 17 and a feed-back pulse from a flyback transformer (T551) to pin 15. 
The horizontal drive signal is output from pin 12 unless inhibited by the 
X-ray protection circuit, which is controlled via a shut down circuit by 
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the heater voltage (from T551). The horizontal drive signal is amplified 
by a transistor (0502) and a transformer (T501) in order to generate a 
strong drive current for the switching horizontal output transistor, which 
drives the primary winding of the flyback transformer and the horizontal 
deflection coil. The secondary windings of the flyback transformer 
supplies the internal voltages to the CR U. 

The V SYNC signal is inverted (in Q401) and fed to (pin 8 of) the vertical 
oscillator in the integrated circuit (IC 401). This circuit governs the 
vertical deflection and the output (pin 6) is amplified (in Q402, Q403, 
Q404, Q406, Q407, Q408) and fed to the vertical deflection coil. 

The vertical deflection voltage is tapped for a pincushion correction 
signal, which via a transistor (Q751) and a saturable reactor (T751) 
affects the horizontal deflection. 

Video Amplifiers and Brightness Control 

The video circuitry has three identical circuits for red, green and blue 
video. Each one of the three video signals is received by a nand gate 
(IC 1301) and is fed further to an open-collector nand gate (IC 1302), 
which output is fed with a variable voltage via a transistor (Q1311). The 
voltage level is a function of the external Brightness potentiometer 
position. The signal is then inverted (by Q301lQ302/Q303) and amplified 
(by Q304/Q305/Q306 and, in later versions, by 0308, Q3111Q309, Q3121 
Q310, Q313) before it is fed to the cathode of the tube. Furthermore 
there is a clamping circuit (around Q307) for adjustments of the cut-off 
levels of the three different cathodes. 

Adjustments 

There are six magnets on the neck of the tube and anum ber of trimming 
potentiometers for adjustments. These are described in the Installation 
and Maintenance Manual under Service Manual CRU E34112 0020, 
FID 82100246. 

Keyboard Asynchronous Communication Adapter, KB ACIA 

A CIA Functions 

For definitions and general survey, see Asynchronous Communication 
Adapter, ACIA under Internal Communication with Printers in the 
Communication chapter. 

The MPU interfaces the ACIA by the 8-bit internal data bus, the Read! 
Write line, the address bus and one interrupt line. Address bit 0 is directly 
fed to the register select input of the ACIA and the inversion of bit 2 to 
one chip select input. The two other chip select inputs of the ACIA are 
supplied by the address decoder. The timing on the enable input is 
supplied by 02. The IRQ line is fed to the interrupt register as interrupt 2. 

Both the transmitter and receiver docks are derived from 02 in a divide
by-14 counter and the dock rate is thus 76.07 kHz. (The RTS output 
is not used nor are the CTS and nCD inputs which are hard-wired low.) 

( ) 
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The received and transmitted data lines are connected to each other on 
the outside of the line buffers, thus creating a bidirectional line. (The 
ACIA can thus receive the same data as it transmitts.) 

ACIA Programming 

The ACIA control register is usually programmed in the following way: 

76543 2 1 0 
I I I 11 I 110 I I I 

L 10 during operation. The external clock 
(76.07 kHz) is divided by 64 and the bit 
transfer rate is thus 1188 Hz. 
11 during reset periods (Master reset). 

'------ The word length is eight bits of data, one 
parity bit and one stop bit. 

'---------- 01 during transmitting. Interrupts at 
transmitted data register empty are enabled. 
XO during reception from the keyboard or 
when not communicating with the keyboard. 

L---_________ 0 when not communicating with the key
board. Receiver interrupts are disabled. 
1 during communication with the key
board. Interrupts at received data register 
full and overrun are enabled. (The receiver 
interrupt may be used to check when the 
last bit has been shifted out at transmission.) 

Two-wire Interface 

The two-wire interface can work in MPU mode or DMA (direct memory 
access) mode. The MPU mode is used when the direct memory access 
controller, DMAC, and the advanced data link controller, ADLC, 
circuits are initialized or supervised by the MPU. D MA mode is used at 
DMA transfers. 

The main circuits and signals of the two-wire interface are shown in 
Fig. 23. Please refer to the figure when reading the following text. 

Direct Memory Access Controller, DMAC 

The DMAC handles DMA transfers between the basic read/write memory 
and the ADLC (see below). For definitions and a general survey of the 
DMAC, see the Microcomputer chapter. 

The DMAC is in MPU mode addressed by the DMACS signal from the 
address decoder and five address bits. The RIW line is also fed to' the 
DMAC. The bus buffers will allow the five address bits and RIW to pass 
in direction to the DMAC in MPU mode. 
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Address bus, R l'if 
A115- 5 AI4-0,R/W 

Bus buffers 

r-----i .... Enable 

DMA 
mode 

,- Direction 1 MPU 
II...-~II"""-......II' mode 

~~5 
TXSTB 

DMA grant DGRNT DMA( 
0_ Mlt-A_ r_e..:...q u_e_s_t ----iI 0 R Q T 
DMACS ---------«(S (Chip select) 

TXRQ 
07-0 1 0 

Internal data bus ( 8bits )/ 
'\ 

07-0 RDSR TDSR 

A4-0, R/W 

TX 
AKA DEND 

{DMAK\(MPU} 
I I ,Select I--

R IW RSl RSO 
ADLCCS 
------------~CS ADLC 
Interupt request 
~--~--~----~IRQ 

RXD TXD RTS CTS RXC TXC 

9.585 MHz 

The following 
signals are left 
out in order to 
simplify the 
diagram: 
Reset 
CfJ2 
DMA (/>2 
Power supplies 

~ 
RXD TXD RTS CTS BITCLK 

High speed 
modem 

REC 

Line 
receiver 

I 

~ I ;i~~- I 
conn. 

I 

FS 

Line 
drive r 

Coaxial 
cable 
conn. 

Retransmit 

DEND 
Fixed delay 

FS RTS 

Line transformer 

Fig. 23. Principles of two-wire interface 
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The DMAC will at a service request from the ADLC (RDSR or TDSR 
active) make a DMA request and when this is accepted (DMA grant 
active) go to DMA mode (with TXSTB active at DMA cycle 2). The 
DMAC then provides a memory address from an internal address counter, 
a RIW signal (to the ordinary RIW line) and control signals to the ADLC 
(TXAKA, producing a read/write signal to the ADLC and DEND at 
the last byte of a transferred block). The bus buffers will allow all fifteen 
address bits and RJW to pass in direction from the DMAC in DMA mode. 

The DMAC is connected for TSC steal mode and two channel mode. 
Channel 0 is used for transmitting and channell for receiving. 

Advanced Data Link Controller, AD LC 

The AD LC converts parallel data from the internal data bus to serial 
data (TXD) for the high speed modem or serial data from the high speed 
modem (RXD) to parallel data for the data bus. For definitions and a 
general survey of the ADLC, see the Communication chapter. 

The ADLC is programmed to generate a Request to send (RTS) signal 
to the high speed modem and to interrupt the MPU. The two-wire interrupt 
thus originate from the ADLC - not the DMAC. (The data carrier detect 
input, DCD, is hard-wired active. The DTRlLOC and FLAGDET outputs 
are not used.) 

It is possible to make transfers of two-wire data via the MPU but up to 
now only DMA transfers are used. 

The ADLC is in MPU mode addressed by the ADLCCS signal from the 
address decoder and two address bits, All - O. The RIW line is also fed 
to the ADLC. The ADLCCS signal from the address decoder is also 
activated at DMA cycle 2 but the RIW and RSO inputs are in DMA mode 
fed from the DMAC and the RSI is then fed from a hard-wired high. 
The addressing is summarized below: 

Address conditions 
Register addressed 

MPUmode DMAmode and read/write 
Address function 

R/W A1 AO TXAKA +5V DEND control 
(R/W) (RS1) (RSO) (RIW) (flS1) (RSO) bit1) 

0 0 0 2) X "'Jrite control register 1 

0 0 1 2) 0 Write control register 2 

0 0 1 2) 1 Write control register 3 

0 1 0 0 1 0 X Write transmitter FIF03 ) 

0 1 1 0 1 1 0 Write transmitter FIF04
) 

0 1 1 0 1 1 1 Write control register4 

1 0 0 2) X Read status register 1 

1 0 1 2) X Read status register 2 
1 1 X 1 1 X X Read receiver FIFO , , I I I I I I 

1) Control register 1 bit O. 2) 0 is not possible. 3) Frame continue. 4) Frame terminate: 
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High Speed Modem 

+ 

ov 

The high speed digital modem consists of one chip, which contains a 
modulator, a demodulator, a frequency divide and phase correction 
logic, and a delay circuit for Clear to send. See Fig. 24. 

Fixed delay 1 

DEND 2 

CTS ~ 3 RTS-CTS 

RTS 4 delay 

rJ "" 11 TUA RTS , 
J 

./ 

9 Mod tr data 
Tr data 13 

Modulator 
h 10 

N.C. t-" 

L~ 
, 

y L Retransmit 14 
De- S Mod rec data 

Rec data 15 modulator 

600 kHz 
Reset 7 

J 
9.585 MHz 6 Frequ ency divide 

and phase f----IIa- ( + 2) 
correction (+16) 

Bit clock 12 300 kHz J 

Fig. 24. High speed modem circuit 

Data to be transmitted (TXD, from the ADLC) is presented in serial 
format to the modulator. The modulator converts the signal to a frequency 
shifted signal (FS) which then is fed to the two-wire if Request to send 
(RTS) is active. 

The frequency shifted data transferred from the two-wire (REC) is fed 
to the demodulator and to the frequency divide and phase correction 
logic. An internal strobe from the latter logic shifts the frequency shifted 
received data into the demodulator and generates a bit dock (BITCLK), 
fed to the ADLC. The demodulator converts the received data to de
modulated valid data (RXD, fed to the ADLC). (Received data is not, 
as Retransmit is hard-wired high, fed to the modulator and retransmitted.) 

The modulation method, clock generation and phase correction are 
described in the Communication chapter. 

The Request to send output (RTS) follows (but inverted) the Request 
to send input (RTS). (It is also a function of received data in the not used 
retransmit mode.) 

( ) 
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Clear to send (CTS) follows the Request to send input (RTS) with a delay 
of 32 (controlled by strapping of the fixed delay input) bit clock periods. 
This delay will enable the modem in the receiving unit (e.g. in a CPR) to 
synchronize before the transmission is started. A frequency corresponding 
to the state of the transmitted data input (TXD) will be sent on the FS lines 
during the delay. An active DEND signal (at the end of a transmission 
sequence) from the DMAC will deactivate Clear to send. 

Frequency shifted received data is validated, i.e. each bit must consist of 
an LH, HL, LL or HH and there must be a shift of polarity between the 
bits in order to be accepted: 

1 0 I 0 

... 1 I... One bit time 

Received data (RXD) is always high when received data is invalid or 
before the modem has synchronized. 

Line Interface 

The high speed modem is connected to a line transformer via a line driver 
and a line receiver. The line transformer has separate windings for a 
two-wire and a coaxial cable connection. (See Fig. 23.) 

Transmitting 

To initiate a block transmission, using DMA, the program must prepare 
itself to answer an interrupt from the ADLC (interrupt 4) when the 
whole block (frame) is transmitted. The DMAC channel 0 address register, 
byte count register and control register should also be programmed with: 

• Start address of DMA, i.e. the memory address of the first byte (except 
flag) to be transmitted on the two-wire connection. 

• Number of memory bytes to be transmitted~ 

• Order to count up or down when addressing the memory. 

• Order to produce the read state on the RIW line when addressing the 
memory. 

• TSC steal mode. 

• Set Enable TXRQ 0 in the DMAC priority control register in order 
to make the DMAC react to TDSR (Transmit data service request) 
from the ADLC. 

The ADLC must be programmed for: 

• Correct word length (8 bits). 

e NRZ data format. 

e Non-loop mode. 

• Transmitter DMA mode etc. 
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Receiving 

Display Units, DU 4111 and DU 4112 ERICSSON ;! 

The transmitting section of the ADLC is released and the Request to 
send (RTS) control bit is set by the program. After a delay Clear to send 
(CTS) is signalled back to the ADLC, and thus the Transmitter data 
service request (TDSR) output from the ADLC is no longer inhibited. 

The following will happen as an answer to a TDSR signal: 

ED A DMA request signal (DRQT) will be sent to the timing logic. 

• This logic will answer with a DMA grant signal (DGRNT), defining 
the DMA cycles 1 and 2. 

• The DMAC will then produce a low level on the transfer acknowledge 
A (TXAKA) output as channel 0 is used. This will ensure a write 
strobe for the ADLC when; 

e The DMA mode signal is activated by the Transfer strobe (TXSTB). 

In the same time the AD LC is enabled, its transmit data register is 
addressed and a memory cell is addressed by the DMAC as the drivers 
for the address lines from the DMAC are enabled. 

After a direct memory access the byte is shifted to the high speed modem. 
Thus it takes some time before the transmit data register is again available. 
The microcomputer is consequently undisturbed by any DMA request 
during this time. 

When the DMA transfers (consisting of the number of bytes defined in 
the DMAC byte count register) are being completed, i.e. when the last 
byte is being fetched from the memory, the DEND output of the DMAC 
is activated. This win result in: 

., A termination of the frame (write into the "transmit terminate FIFO" 
register; the ADLC adds CRCC and flag). 

• A deactivation of the Clear to send (CTS) signal. The ADLC win 
react by not signalling any more TDSR. 

The non-CTS signal causes an interrupt. As an answer, the program 
resets the RTS signal, clears status bits in the ADLC and prepares the 
DMAC and the ADLC for reception. 

Preparatory programming of the DMAC and the ADLC for receiving 
operations resembles the one described in the Transmitting paragraph. 
Furthermore, the program sees to it that an interrupt will be answered 
by a program check of receiver status etc. 

When bytes following a leading flag are received, the ADLC sends 
receiver data service request (RDSR) to the DMAC. These bytes will then 
be stored in the memory according to DMAC channell programming. 
The DMA transfer is terminated as a response to an interrupt caused by 
error (framing error, abort received or receiver overrun) or by frame 
valid status. The program then resets the ADLC and takes care of the 
received data on interrupt 0 level. Note that Request to send must of 
course be reset during reception. 

) 
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Appendixl 

I/Q Address~s" F7FF(16) ~ F7()O(16) 

(The first two figures, F7(16), are omitted in the address column below. 
RIW = W means write, RIW = R means read and RIW = RIW means 
read or write as seen from the MPU.) 

Address R/W Other Addressed unit and register (Hex) condition 

MCP 
FF W STORE (bit 7), CCR, ACCB, ACCA, XHI, XLO, PCHI 

and PCLO switches 
FE W Data 7 - 0 switches 
FO W Address 15-8 switches 
FC W Address 7 -0 switches 
FB R A, B, C, D, NMI, IRQ, VMA and RIW LEOs 
FA R Oata 7 -0 LEDs 
F9 R Address 15-8 LEOs 
F8 R Address 7 -0 LEOs 
F7-FO R Interrupt register 
EF-EO Not used 

CRTC 
OF ~ ~ =09 
OE W =08 
00 ~ ~ =09 
OC W =08 
OB ~ ~ =09 
DA 'W =08 
09 W AR = 00(16) Charactertimes per sweep 
09 W AR = 01(16) Characters per line 
09 W AR = 02(16) H SYNC position 
09 W AR =03(16) HSYNCwidth 
09 W AR =04(16) Lines total 
09 W AR = 05(16) Vertical total adjust 
09 W AR = 06(16) Lines displayed 
09 W AR = 07(16) V SYNC position 
09 W AR = 08(16) Interlace control (00(16) used) 
09 W AR = 09(16) Maximum raster address 
09 W AR=OA(16) Cursor start and blink 
09 W AR = OB(16) Cursorend 
09 W AR = OC(16) Oisplay start address (MSB) 
09 W AR = 00(16) Display start address (LSB) 
D9 RIW AR = OE(16) Cursor location (MSB) 
DS Rl'vV AR = OF(16) Cursor iocation (LSB) 
D9 R AR = 10(16) Light pen hit address (MSB, not used) 
09 R AR = 11(16) Light pen hit address (LSB, not used) 
D8 W Address register (called AR above) 

DIAPIA 
07 RIW =03 
D6 RIW ~ =02 
05 RIW =01 
D4 RIW ~ =00 
D3 R/Vv Controi register B (CRB) 
02 RIW CRB2=0 Data direction register B 
D2 RIW CRB2 = 1 Peripheral register B 
D1 RIW Control register A (CRA) 
00 RIW CRA2=0 Oata direction register A 
00 RIW CRA2 = 1 Peripheral register A 
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""-

Address R/W Other Addressed unit and register 
(Hex) condition 

CF-C8 Not used 
MICPIA 

C7 RIW Control register B (CRB) 
C6 RIW CRB2 = 0 Data direction register B 
C6 RlW CR82 = 1 Peripheral register B 
C5 RIW Control register A (CRA) 
C4 RlW CRA2 =0 Data direction register A 
C4 RlW CRA2 = 1 Peripheral register A 

KBACIA 
C3 .........) = C1 
C2 .........) =CO 
C1 W Transmitted data register 
C1 R Received data register 
CO W Control register 

) 
CO R Status register 
BF-A8 Not used 

ACA ACIA (Modem interface) 
A7 .........) =A1 
A6 .........) =AO 
A5 .........) =A1 
A4 .........) =AO 
A3 .........) =A1 
A2 .........) =AO 
A1 W Transmitted data register 
A1 R Received data register 
AO W Control register 
AO R Status register 

ACA PTM (Modem interiace) 
9F W Timer3 LSB latches 
9F R LSB buffer (timer 3) 
9E w MSB buffer (timer 3) 
9E R Timer 3 counter MSB 
90 W Timer 2 LSB latches 
90 R LSB buffer (timer 2) 
9C w MSB buffer (timer 2) 
9C R Timer 2 counter MSB 
9B W Timer 1 LSB latches ( 
98 R LSB buffer (timer 1) 
9A w MSB buffer (timer 1) 
9A R Timer 1 counter MS8 
99 W Control register 2 (CR2) 
99 R Status register 
98 W CR2:0 = 0 Control register 3 
98 W CR2:0 = 1 Control register 1 
97-68 Not used 

ACA ACIA (Printer interiace) 
67 --:. =61 
66 --:. =60 
65 --:. = 61 
64 --:. =60 
63 --:. = 61 
62 --:. =60 
61 W Transmitted data register 
61 R Received data register 
60 W Control register 
60 R Status register 
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Address R/W Other Addressed unit and register (Hex) condition 

ACA PTM (Printer interface) 
5F W Tim~r 3lSB Igtch~~ 
5F R LSB buffer (timer 3) 
5E W MSB buffer (timer 3) 
5E R Timer 3 counter MSB 
50 W Timer2 LSB latches 
50 R LSB buffer (timer 2) 
5C w MSB buffer (timer 2) 
5C R Timer 2 counter MSB 
5B W Timer 1 LSB latches 
5B R LSB buffer (timer 1) 
5A w MSB buffer (timer 1) 
5A ·R Timer1 counterMSB 
59 W Control register 2 (CR2) 
59 R Status register 
58 W CR2:0 = 0 Control register 3 
58 W CR2:0 = 1 Control register 1 

ACA PIA (Printer interface) 
57 RIW =53 
56 RIW ~ =52 
55 RIW = 51 
54 RIW ~ =50 
53 RIW Control register B (CRB) 
52 RIW CRB2=0 Data direction register B 
52 RIW CRB2= 1 Peripheral register B 
51 RIW Control register A 
50 RIW CRB2=0 Data direction register A 
50 RIW CRB2 = 1 Peripheral register A 
4F-48 Not used 
47-40 R SS3address 
3F-28 Not used 

ADlC 
(Can also be addressed by the OMAC at DMA) 

27 ~ ~ =23 
26 ~ =22 
25 ~ ~ = 21 
24 ~ =20 
23 W CR1:0 = 0 Transmitter FIFO (terminate) 
23 W CR1:0 = 1 Control register 4 
23 R Receiver FIFO 
22 W Transmitter FIFO (continue) 
22 R Receiver FIFO 

( 21 W CR1:0=0 Control register 2 
21 W CR1:0=1 Control register 3 
21 R Status register 2 
20 W Control register 1 (CR1) 
20 R Status register 1 
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Address R/W Other Addressed unit and register 
(Hex) condition 

1F-17 Not used 
DMAC 

16 RIW Data chain 
15 RIW Interrupt control 
14 RIW Priority control 
13 RIW Channel3 control 
12 RIW Channel 2 control 
11 RIW Channel 1 control 
10 RIW Channel 0 control 
OF RIW Byte count, channel 3 (LSB) 
OE RIW Byte count, channel3 (MSB) 
OD RIW Address, channel3 (LSB) 
OC 'RIW Address, channel3 (MSB) 
OB RIW Byte count, channel 2 (LSB) 
OA RIW Byte count, channel 2 (MSB) 
09 RIW Address, channel2 (LSB) 
08 RIW Address, channel 2 (MSB) 
07 RIW Byte count, channel 1 (LSB) 
06 RIW Byte count, channel 1 (MSB) 
05 RIW Address, channel 1 (LSB) 
04 RIW Address, channel 1 (MSB) 
03 RIW Byte count, channel 0 (LSB) 
02 RIW Byte count, channel 0 (MSB) 
01 RIW Address, channel 0 (LSB) 
00 RIW Address, channel 0 (MSB) 

( 
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Memory Ad"ress Handling 
In 

DTC-B and DTC-C 

59 



60 Appendix 3 ERICSSON ~ 

Memory Address Decoder 

" Inputs Feedback outputs Comments 

MPU IOMA address bus RWM BUS2) MPUM 4/8 POB OISPM 16 Signal Act. 
15 14 13 12 1 0 1) ENAB 3) 4) S) Qddr" 

--

L H H H L H H OISPM addr L 7XXX 
) ,,,",,,, ,hoc",'" g,",,,'oc 

to MPU/DMA bus 
H H H L L H L I--- EXXX --H H H L H L L L H 16 L EXXX I Add"" mod, 0 L H H H H L L H H H 7XXX 

L H H H L L L H H 6/7XXX 

H H H L H L H L H EXXX l Add"" mod, L H H H H L H H H H 7XXX 1 

L H H H L H L H H 1/ 6/7XXX 
/ 

L H H 64 L Not Char. gen or16k 

H H H L L L SWITCH L EXXX I 0 '.ploy m,mocy 

L H H H L H H 7XXX area addressed at 

L H H L L H 6/7XXX address mode 0 

1) From address decoder 
2) From MIC PIA PB4: 1 = Enable character generator to MPU/OMA bus 
3) From MIC PIA PB5: 0 = Address mode 0, 1 = Address mode 1 
4) From MIC PIA PB3: 0 = 8 kbytes, 1 = 4 kbytes display memory 
5) From MIC PIA PB7: 0 = High end, 1 = Normal display memory 

MPU/DMA Memory Addressing 

Inputs Outputs Comments 

MPU/DMA address bus Bus SWI- POB 4/8 Bus Level Addr. 
lS 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 addr TfH bit mode 

L L 15 L 1/0 
L L H 14 L 1 

L L L 14 L 0 

L L 13 L 110 
L L 12 L 1/0 

L L H 11 L 1 
L L L H 11 L 0 4k 

L L L H L 11 L 0 8k, normal ) 
L L H 10 L 1 

L L L 10 L 0 

L L H 9 L 1 
L L L 9 L 0 

L L H 8 L 1 
L L L 8 L 0 

L L H 7 L 1 
L L L 7 L 0 

L L H 6 L 1 
L L L 6 L 0 

L L H 5 L 1 
L L L 5 L 0 

L L H 4 L 1 
L L L 4 L 0 

L L H 3 L 1 
L L L 3 L 0 

L L H 2 L 1 
L L L 2 L 0 

L L H 1 L 1 
L L L 1 L 0 

L L H 0 L 1 
L L L H 0 L 0 4k 

L L L H L 0 L 0 8k. normal 
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Summary of MPU/DMA Memory Addressing 

Address Mode 13
), 4 and 8 kbytes Display Memory 

M PU / DMA addr. bus: 

Selecto~ outputs: 2} 

1) Defines memory block within display memory area; low = 64 k block, high = 16 k block. 
2) Numbered as bus lines on logic diagram. 
3) The same selector functions are always used outside of display memory area. 

Address Mode 0, 4 kbytes Display Memory 

M PU IDMA addr. bus: 

Selector outputs: 

1) Defines memory block; low = 64 k block, high = 16 k block. 

Address Mode 0, 8 kbytes Display Memory 

MPU/DMA addr. bus: 

Selector outputs: 

1) Defines memory block; low = 64 k block, high = 16 k block. 
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CRTC Memory Addressing 

Inputs outputs 

CRT( address bus 1J Bus POB 4/8 PM2 PM1 swo Bus Level 
12 11 10 9 8 7 6 5 4 3 2 1 addr 5) 2) 3) 4) bit 

H H 15 L 
H 14 L 
H 13 H 
H 12 H 

L H H L 11 L 
H L H 11 L 

L H 10 L 
L H 9 L 

L H 8 L 
L H 7 L 

L H 6 L 

L H 5 L 
L H 4 L 

L H 3 L 
L H 2 L 

L H 1 L 
L H L L L 0 L 

L H H L L 0 L 

H H H H 0 L 
H H L L 0 L 

1) Bus bits 13 and 0 not connected. 
2) From DIA PIA PB2 } . 
3) From DIA PIA PB 1 Presentation mode: 11 (2) = 0, 10(2) = 1,01 (2) = 2 and 00(2) = 3 

4) From FPLA DIA Ii 
5) From MIC PIA PB7: 0 = High end, 1 = Normal display memory 

Summary of CRTC Memory Addressing 

4 kbytes Display Memory 

CRTC outputs: 

SWO 

Presentation 
modes: 

SWO-O 
o 

Selector outputs: 3) 

\ 

1) 

H 
j 
2 

L 

1) L for PDB = H (Normal display memory) 

H 

2) L for PDB = L (High end display memory) 
3) Numbered as bus lines on logic diagram 

H 2) 

ERICSSON ~ 

Comments 

8 k, normal 
4k, high end 

Pres. mode 3 
Pres. mode 3 
Pres. mode 0 
Pres. mode 1 

t' ) 

) 
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8 kbytes Display Memory 

CRTC outputs: 

Presentation 
modes: 

SWO 

SWO-o 
o 

\ 

Appendix 3 

H 
j 
2 

L L H H 

Selector outputs: 

Bus/CRTC Selector to Memory Connections 

Selector outputs: 1) 

Address selector 

and refresh generator 

{AddreSs inputs: 
MEMORY Row address: 2) 

Column address: 2) 

A7 
14 
15 

A6 AS 
2 8 
5 12 

1) Numbered as bus lines on logic diagram 
2) Numbered from bus/CRTC selector output bus - i.e. same as 1) 
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A4 A3 A2 Al AD 
1 4 3 0 7 
13 9 6 11 10 
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Appendix 4 

Character Generator Codes 

The binary and hexadecimal values are shown as seen on the diskette 
or the external data bus. The normal IBM character generators are loaded 
with the APL characters although these are not utilized. 

IBM/ APL, National Group A, 25, 33 and 44 Lines 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C 0 E 'F 

E e 
.. 

~ 0000 0 iQ) (!) p P l e 
0001 1 A I ! 1 A Q a q A Q p 0 

001 0 2 § , " 2 B R b [ ® t ~ B. -r A w 

001 1 3 - , 
# 3 C S C 5 v ] 0 4- ~ §. x 

0100 4 £ ---. $ 4 D T d t Q I 
01 01 5 ¢ % 5 E U e u ~ y. T • 01 1 0 6 0 } a 6 F V f v " ~ I EB f Y. n I I 
o 1 1 1 7 .R. f!J 1 G W 9 w :;4: L::::. "'J L::::. g W U ~ -
1000 8 0 9J ( 8 H X h t! K 

~ I x A 

1 001 9 -I> ) 9 I Y i y ! Y. v I 
1 01 0 A <I- { * J Z j z ~ S ~ q> ~ ~ Q> I 
1 0 1 1 B A: re + ; K A k a ~ ~ ~ ! ~ :::> '& I 
1 1 00 c * < l 0 I 0 b c I II 
1 1 0 1 0 - = M A m a M ..L T • .. ' .. 
1 1 1.0 ' :::~~~" "r > N U n U r { ~ 0 ~ a- D • 
1 1 1 1 F .& 

,...., 
/ ? 0 11 I J } ~ Q R - 0 I 

,-...J E 

1) Underline in 33 and 44 line formats. 
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IBM/ APL, National Group B, 25, 33 and 44 Lines 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 a 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 
.. 

0000 a @ (!) e P e P P 1 e 
0001 1 A I ! 1 A Q a q A Q P 0 

0010 2 § " 
" 2 B R b A [ ® t ~ fi -r w 

001 1 3 U # 3 C S C 5 v ] 0 ~ C S x 

0100 4 £ 
---, $ 4 0 T d t 0 I 

01 01 5 ¢ 0/0 5 E U e u E U T • 01 1 0 6 ... } B 6 F V f v " '7 I EB E Y- O I I 
o 1 1 1 7 a i 7 G W 9 w :F- L::::. ~ L::::. G W U -
1000 8 0 ii ( 8 H X h t! 2i 

roJ I x A 

100 1 9 ~ ) 9 I Y i y ! y. v I 
101 a A i { * J Z j z ~ ~ + q> ~ l @ I 
1 0 1 1 B [ ] + K N k n ~ ~ ~ ! !S ::::> '& I 
1 1 00 c * < l Pt I fY b c I I 
1 1 0 1 0 .. - = M e m U M -.l T III 

1 1 1 0 e - > N a .. r { T- ~ D E ; n 0 a- .. 
. 1 1 1 1 F 0' l / ? 0 " I J } ¢ Q R - 0 I ........ f 

1) Underline in 33 and 44 line formats. 

IBM/ APL, National Group C, 25, 33 and 44 Lines 

Bits 7 0 0 0 0 0 0 a 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 
.. 

0000 0 «j) @ e P e p f l e 
0001 1 A I ! 1 A Q a q A Q p 0 

0010 2 § " " 2 B R b r A [ ® t B B. (.J) 

001 1 3 U #: 3 C S C 5 v ] 0 ~ ~ § x 
) 

0100 4 £ ---. $ 4 D T d t Q I 
0101 5 ¢ 0/0 5 E U e u E !! T • 01 1 0 6 Y } B 6 F V f v " '7 I EB F Y.. n I I 
01 1 1 7 a l' 7 G W 9 w :F- L::::. ......, L::::.. § W U ~ -
1000 8 ) U ( 8 H X to t! x roJ I x A 

.. - - I 1 0 01 g .. ) 9 I Y i y ! y. v 

1 a 1 a A <> { * J Z j z ~ ~ + cp ~ l c1> I 
1 01 1 B [ ] + ; K a k 0 ~ ~ ~ ~ IS ::::> "& I 
1 1 a a c * < l /. I t;: b c I I 
1 1 a 1 0 ..,. - = M e m U M -.l T • 
1 1 1 a E e > N a .. 

n r { T- o ~ a- D til 
1 1 1 1 F 6 

#'oJ 

/ ? 0 
I, 

I J } ¢. ........ Q f R - 0 I 

1) Underline in 33 and 44 line formats. 
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IBM/ APL, National Group E, 25, 33 and 44 Lines 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 
.. 

0000 0 (Ql (!) e P e p E I a 
0001 1 A I ! 1 A Q a q A Q P 0 

001 0 2 § " " 2 B R b [ ® ~ ~ B -r A W 

001 1 3 U #= 3 C S c s v ] 0 ~ ~ § x 

0100 4 £ ~ $ 4 D T d t Q ! 
0101 5 ¢ 0/0 5 E U e u ~ !! T • ( 01 1 0 6 ; r s 6 F V f v " '7 I 83 E y. n I I 
011 1 7 0 I 7 G W 9 w ;C 6 ~ e g w u -
1 000 8 0 U ( 8 H X h t! ~ 

--.J I x '" 
1 0 0 1 9 

..... .... ) 9 I Y i y ! Y.. v I 
1 01 0 A i { * J Z j z ~ S ~ q; !l ~ ct> I 
1 01 1 B [ ] + ; K N k n <E- ~ ~ ~ ~ ::l 'Q I 
1 100 C * < L Pt I c;: b c I I 
1 1 0 1 D 411 - = M e m U M -L T III 

1 1 1 0 E a - > N a .. r { ~ ~ a- D ; n 0 III 
1 1 1 1 F i.. / ? 0 

1, 
I J } ¢ Q € R 0 - 0 I 

,..... 

1) Underline in 33 and 44 line formats. 

VT100 and PC Overlay Codes 

Bits 7 1 1 1 1 
6 0 0 0 0 1 1 1 
5 0 0 1 1 0 0 1 
4 0 1 0 1 0 1 0 

321 0 Hex 8 9 A B C 0 E F 
r"'ii. ( . 

0000 0 

0001 

001 0 2 

( 
001 1 3 

0100 4 

o 1 0 1 5 

o 1 1 0 6 

o 1 1 1 7 

1000 8 

1 001 9 

1 01 0 A 

1 0 1 1 B 

1 1 00 C 

1 1 01 0 

1 1 1 0 E 

1 1 1 1 F 

E9000 2943E-1 
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UTS, National Group A, 25 Lines 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0000 0 !Q) @ E P e p 

0001 1 A I ! 1 A Q a q 

001 0 2 § "- " 2 B R b r 

001 1 3 V1 #: 3 C S c s 

0100 4 £ - $ 4 D T d t 

01 01 5 [ 0 0/0 5 E U e u 

01 1 0 6 ] } a 6 F V f v 
) 

o 1 1 1 7 R fJ 7 G W 9 w 

1000 8 fZ) 0 ( 8 H X h x 

1001 9 ~ 
..... 

) 9 I Y i y 

1 01 0 A .J., { * J Z j z 

1 0 1 1 B k u + ; K A k a 
1 100 C J,J, ... < l 0 I 0 

1 1 01 D ~ .. - = M A m a 
1 1 1 0 E A: t> > N U n U 

1 1 1 1 F ae / ? 0 0 
I - I 

UTS, National Group B, 25 Lines 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C 0 E F r ) 
0000 0 !Q) @ e P e p 

0001 1 A I ! 1 A Q a q 

001 0 2 § "- " 2 B R b r 

001 1 3 U #: 3 C S c s 

0100 4 £ $ 4 D T d t 
) 

01 01 5 i.. Vi 0/0 5 E U e u 

01 1 0 6 ... i 8 6 F V f v 

o 1 1 1 7 a .. 7 G W 9 w 

1000 8 0 ii ( 8 H X h x 
,... 

1001 9 ) 9 I Y i y 

1 01 0 A J, CJ * J Z j z 

1 0 1 1 B ~ n + ; K N k n 
1 100 C J,J, .... < l Pt i It: 

1 1 0 1 D ~ .... - = M e m La 

1 1 1 0 E e [> > N a .. 
n 

1 1 1 1 F 0 / ? 0 0 
I - I 
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Character Dots Decoding 
v';..... ";.1 ~ • 

(This sheet is inserted in order to be copied and used for eas~racter dots decoding 
from character generator contents as seen on the diskette or the external data bus.) 

I 
I 

I--+-+--+--I-+-+-+--+-+--!-"--j- : -+-+-+-+-+-1 
1--1--11--1-+- +--+-+-+-+-+-+""--1-- -- ---~-- "--

+--~"'I--I--I--t--J -+-+-+-+-+-+-+--1"'--11-1--1--1--1 

E9000 2943E-1 1) If bit 1 = 1 
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General 

Functions 

Display Unit DU 4113 is a CRT (cathode ray tube) display which can be 
used in a variety of configurations. 

The Microcomputer chapter ought to be understood before this chapter 
is studied. A good orientation on the Communication chapter is also 
recommended; especially the Hardware part under Internal Communica
tion via Two-wire. 

The chapter Commands and Orders and especially what is said about 
Extended DataStream in the chapter Optional Functions, in the Reference 
Manual IBM 3270 Emulation, should also be read before this chapter. 

The DU 4113 is a seven-colour-display unit. The colours are; red, blue, 
green, yellow, turquoise, pink and white. It is primarily intended for 
emulations of IBM 3279 colour displays with business graphics feature 
and full set of programmed symbol (PS) stores. Preparations are, how
ever, made for non-IBM mode operation and the use of a reduced set of 
programmed symbol stores both in IBM and non-IBM mode. These 
features are described in this chapter but are normally of no interest to 
the reader. 

The display unit can communicate with a host computer via a communica
tion processor (cluster configuration). It can communicate with two 
host computers by means of two communication processors. The display 
unit can also communicate with flexible disk units. These communications 
are carried out via a two-wire or a coaxial cable. The display unit is also 
capable of communicating via a Standard serial interface of B-type 
(SS3-B bus). 

Facilities are provided for connections of a keyboard unit (KBU 4143), 
a keyboard expansion unit (KXU 4146) and a magnetic stripe reader 
(MSR4136). 

The main tasks of the display unit are: 

4) Presentation of visual information on a screen. This information may 
be text entered via the keyboard, messages from a host computer 
or the operating system, data from a flexible disk etc. 

• Communication with host computers and other system units like a 
keyboard, printers, flexible disk units and communication processors . 

• Editing and processing of data, code conversions etc. 

E90003450E 
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Subunits 

Display Vllil. DV 4113 ERICSSON i! 

The main parts of the display unit are: 

.. DBM-C, display unit basic mechanics assembly: cabinet with internal 
racks but exclusive of the parts of the cathode ray tube unit and the 
power supply (see below). 

• CTF, CP and terminal fan (included in DBM-C). 

'" DPS, display power supply including printed circuit board, PCB. See 
the chapter, "Power Supplies". 

• DTC-D, display terminal controller containing a microcomputer, 
64 kbytes of basic read/write memory, presentation logic, two-wire 
(or coaxial) and keyboard interfaces. 

• CH G B, character generator board, which can be of two types - either 
a reduced version with memory space for four single plane programmed 
symbol stores or the full version with space for four single plane and 
four triple plane or, when run in non-IBM mode, four triple plane 
programmed symbol stores. 

'" CRU, cathode ray tube unit with circuitry for beam control. 

• ICBD, interconnection board (included in DBM-C) with connectors 
for keyboard, two-wire, coaxial cable and a DIP-switch for address 
setting and connection of two-wire or coaxial cable terminating resistors. 

) 

) 



( 

ERICSSON ~ Display Unit, DU 4113 3 

Mechanics 

The mechanical build-up of the display unit is shown in Fig. 1. The main 
parts of the display unit, from the mech~nical aspect, are: 

• DBM-C, display unit basic mechanics assembly with connectors (for 
mains, two-wire, coaxial cable and keyboard) and controls (Mains 
switch and Brightness control). Detailed information on the location 
of connectors and control devices etc. can be found in the Installation 
and Maintenance Manual. A fan, CTF, is included in the DBM-C. 

• DPS, display terminal power supply. 

• Housing (included in DBM-C) for the DTC-D and CHGB boards. 

• CRU, cathode ray tube unit including tube, mechanical supports and 
circuitry. 

CRU 

52 mm (2.047 inches) 

DTC-D 

Fig. 1. Mechanicallayout of DU 4113 

E90003450E 
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Brief Outline 

Presentation 

Screen Scanning 

II) 

E 
<:) 
N 

II) 

0.. 
OJ 
OJ 
Jt 
II) 

...a 
N 
..j 

Presentation of characters on the screen is made by a raster scan method, 
i.e. an electron beam makes a number of consecutive horizontal sweeps 
over the screen. (The "beam" is actually composed of up to three different 
beams, see Cathode Ray Tube Unit, CRU.) The beam is modulated by 
video information, thus generating dots that build up characters, a cursor 
and underlines. 

The regeneration rate is 50 Hz, that is, the electron beam builds up a whole 
picture on the screen every 20 milliseconds. See Fig. 2. 

Depending on software the number of lines can be 25 or 33, that is, 
normally 24 or 32 ordinary text lines and one message line. Of course, 
any number of these may lack text and thus be invisible. 

~ 
OJ 
OJ 
3= 
II) 

-0 
0-. 
rn 
'-
0 

<:) 
<:) 
...:t 

<:) 

rn 
'o 
-0 
N 

100 character positions 

80 ch. pas. 

Sweep direction 
Sweep n 
Sweep n+l 
Sweep n+2 
etc. 

Display time 

Vert ical retrace time (1. 22 or 1.41 ms) 

Sweep time: ~ ms = 46.95 ps 
426 

20 ch. pas. 

Horizontal 
retrace 
time 
(9.39}Js) 

Character time (in one swe e p): 41ci~5 }Js = 0.469 5ps 

Dot time: 0.~695 ).Is = 52.17 ns. Dot rate: 19.17 MHz 

Fig. 2. Screen scanning times 
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The total number of sweeps is 426. Depending on screen format, 400 (25 
lines - including message line) or 396 sweeps (33 lines - including message 
line) are used for presentation, spacing sweeps included. Thus, 26 or 30 
sweep times are used for vertical retrace. 

Each sweep is divided into 100 character positions out of which up to 
80 may be used for presentation. The remaining position times are used 
for horizontal retrace. Note that several sweeps are needed to build up 
the height of a character. 

Each character position is horizontally divided into nine dot positions or 
columns (0 to 8). 

The dot rate is 19.17 MHz (see Fig. 2), i.e. equal to the frequency of the 
basic crystal clock and 18 times the systelTI clock rate (01,1.065 MHz). 
Thus, in a specific sweep, the dots of two characters are presented during 
one system clock period. 

(Unlike vertical lines, horizontal lines are actually not formed by discrete 
dots but by continuous strokes of the electron beam.) 

Presentation Geometry 

Each sweep in a line is identified by a raster address. Each line starts at 
raster address O. See Fig. 3. The number of sweeps per line is programmable 
and decides e.g. the maximum height of the character matrix. For example, 
with 16 sweeps per line a 9 x 16 character matrix can be used, i.e. up to 
9 horizontal dots (one for each column, see above) and up to 16 vertical 
dots (one for each sweep) can be used to build a character. The character 
generator (which will be explained later) may, however, only contain 
information for 12 sweeps and the character matrix must then be limited 
to 9 x 12 dots followed by 4 invisible sweeps, separating the text of the 
different lines. 

The display unit can be run in IBM mode and non-IBM mode. The used 
combinations of mode, number of lines and sweeps as well as the image 
size on the screen are summarized below: 

Number Sweeps Used Screen size 
Mode of per sweeps per (nominally) 

lines1) line line2) inches mm 

IBM alternate 33 12 12 180 x 245 7.09 x 9.65 

IBM text 25 163) 12 180 x 245 7.09 x 9.65 

IBM graphic 334) 12 12 1375) x 245 5.395) x 9.65 

Non-IBM 25 16 16 182 x 245 7.17 x 9.65 

1) Including message line. 
2) Depending on character generator limitations. 
3) Can also be 12, 13, 14 or 15 but the IBM compatibility is then lost. 
4) Only 24 plus the message line are displayed. 
5) Exclusive of not used sweeps and the message line. 

E90003450E 
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Raster Column 
address 81) 0 1 2 3 4 5 6 7 8 0 2) 

(F) 
3} 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

(C) 

(0) 

(E) 

(F) ) 

0 4 ) 

1 

1) Last column of preceding character 

2) First column of following character 

3) Last sweep of preceding line 

4) First sweep of following line 

Fig. 3. Raster address/Column number layout 
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The total number of sweeps is still 400 in IBM graphic mode although 
at most only 300 (25 X 12) juxtaposed sweeps may be visible. 

The above-mentioned alternatives can only be selected (by software) for 
the full screen, i.e. not for a number of gjscrete lines. 

The horizontal distance between two adjacent dot positions is ~ 0.34 mm. 
The vertical distance between two adjacent dot positions (sweeps) is 
~0.46mm. 

Th th t·· vertical dot spacing - 1 35 us, e ra 10. h' 1 d . ---. Oflzonta ot spacIng 

Some further information about the presentation geometry can be found 
under Character Generator Organization. 

Display Memory 

The display memory in DU 4113 is physically a separate memory and 
some parts of it also substitute for parts of the ordinary read/write memory 
(see Detailed Description for addresses etc.) but the actual display 
memory part is only considered here. 

The memory contains 8-bit codes for characters, CHs, or field attributes, 
FAs, at odd addresses and character attributes, CAs, or extended field 
attributes, EFAs, at even addresses. (Even and odd refer here to how 
they are seen by the microcomputer. ) If there is a CA at an even address 
the next odd address will contain the corresponding CH. The EF As and 
F As are paired in the same way. Note that the display memory code, 
due to code conversions performed by the software, may differ from the 
line code (used at communication with a host computer) and the code 
received from the keyboard. 

The microcomputer can access the memory once during each system 
clock cycle independently of the cathode ray tube controller ( see below). 

Principles of Character Generation 

The presentation is supervised by a cathode ray tube controller, CRTC 
- an LSI circuit. See Fig. 4. The CRTC generates a raster address (0) 
and a number of display memory addresses, then a new raster address 
(1) and the same memory addresses etc. until a line is completed. Then 
it goes on with a new set of raster and memory addresses, i.e. the next 
line. It also generates some other control signals. 

The CRTC is timed to produce two memory addresses during each system 
clock cycle. The address lines are via a selector wired so that both an 
even and an odd (as seen by the microcomputer) location will be accessed 
at one addressing by the CRTC. The outputs from the even and odd 
locations will be considered under Attributes and the output from the 
odd below. 

The output from the display memory at CRTC-addressing is latched and 
then sent to an attribute generator (see Attributes) and one or three 
character generator block( s). There is one character generator block in 

E90003450E 
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Address bus (12) 

(8) 

6\] 
Data bus (8) ) 

'I 
\] 

(8) 

Blue 
character 
generator - block 

(9) 

Video 
register 

From attribute 

generator and 

oscillator: 

o BON, Binv 

®RON, Rinv 

@GON, Ginv 

@ NEUTRAL, 

@-Clk 

®-

Note that signals are left out 

1 ) To attribute generator 

T5 

T5 

-

(1 ) 

I'-

On/Off 
logic 

I 
Blue 
video 

2) Not in reduced version of CHGB 

Display Unit, DU 4113 

CRTC address (12) 

• rr 
Display 
memory 
(CH/FA, odd 
addresses) 

/ (8) 

Latch 

(8) 

~1) 

/ '" 
Red 
character 
generator 
block 2) -

B 

(9) 

Video 
reg i ster 2) 

(1 ) 

" /, 

®--
0--

/ 

On/Off 
logic 

I 
Red 
video 

R 

ERICSSON ~ 

Cathode 
ray tube 
controller - (CRTC) 

! , 
Character 
generator 
control logic 

"Store" - and I 
modified 
raster address 
(2+4) -----... 

Green 
character 
generator 
block 2) 

(9) 

Video I register 2) 

(1) 

0-
®-

/ 

On/Off 
logic 

I 
Green 
video 

(G 

(4) 

Rast 
addr 

(3) 

er 
ess 

Fig. 4. Principles of character generation 

the reduced version of the CHGB and three in the full version. They are 
called the Blue, Red and Green block. Each block is a 16 kx 9 bits 
memory and each 9-bit location can contain dot values (on or off) for 
one colour (Not necessarily the same as in the name of the block.) in one 
sweep through a character position. 

) 
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The CRTC will, as said above, also provide a raster address, telling 
which sweep of a line that is in progress. Together with signals from the 
attribute generator and other sources, the raster address is fed to a character 
generator control logic, which modifies the raster address and supplies 
a.Oditionill address ano control signals. 

The character generator block or blocks are thus addressed in parallel 
by: 

• Character code, CH. 8 bits. (The generators are also addressed by 
FAs, but this is irrelevant.) 

• Modified raster address. 4 bits. 

CD "Store" address. 2 bits from the character generator control logic. 

The character generator block( s) can be loaded (and in a special way 
read) by the microcomputer. The internal organization of the character 
generators is summarized under the next heading. 

The output from a character generator block is loaded in parallel into 
a video register and serially shifted out from the latter as video information 
at a rate of 19.17 MHz. There is one video register for each block, that is, 
only one register in the reduced version but three in the full version of 
the CHGB. 

The video information is then via three onloff logics fed to the cathode 
ray tube unit as Blue, Red andlor Green video. Note that the outputs 
from all three video registers are fed to all three onloff logics. It is thus 
possible to channel information from any character generator block! 
video register to any video output (Blue, Red, Green). The selection of 
path or paths is controlled by signals from the character generator control 
logic and the attribute generator. 

Character Generator Organization 

The character generators are organized in different ways depending on 
selected functional mode and CHGB version. The number of available 
programmed symbol stores and their types, Single or Triple plane stores, 
varies. These interrelationships are summarized below: 

Store 

E90003450£ 

No. 

0 

1 

2 

3 

4 

5 

6 

7 

Reduced version 

iBM mode Non-iBM mode 

Single Single 

Single Single 

Single Single 

Single Single 

full version 

iBM mode 

Single 

Single 

Single 

Single 

Triple 

Triple 

Triple 

Triple 

Non-iBM mode 

Triple 

Triple 

Triple 

Triple 
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A character position derived from a single plane store can only contain 
one colour while that from a triple plane store can be composed of up to 
seven colours. 

All utilized stores must be loaded by the program before they are used 
for presentation. 

In IBM emulations, store 0 (standard character set) and 1 (APL/text 
character set) must be loaded locally (= not from the host) as required. 
The available character sets (stored on flexible disks) are shown in 
Appendix 4. The rest of the character sets can be loaded by the host 
computer. IBM considers store 6 to be a single plane store. This does 
not matter since a triple plane store automatically functions as a single 
plane store if the data stream loads it as if it were a single plane store 
(yields the same contents in all three planes). 

One character code addresses a dot pattern file consisting of one 9-bit 
location for each one of 12 (IBM mode) or 16 (non-IBM mode) sweeps. 
One store has room for 256 character dot patterns, but one (MLFA, 
message line field attribute) or 33 cannot be used as they may be inter
preted as attributes (MLF A or F As). The mappings of the character 
generators are shown in Figs 5 and 6. Note that the figures refer to ordinary 
presentation, at message lines e.g. sweep 4 presents the character generator 
locations for "ordinary" sweep 3 and the last "ordinary" line is not displayed. 
That these mappings and presentation rearrangements are possible 
depends on the raster address modification in the character generator 
logic, see Fig. 4. 

) 
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Blue block 

Store 4 
SweepsO-8 

Store 0 
Sweeps 0-3 

Store 5 
SweepsO-B 

Store 1 
Sweeps 0-3 

StoreS 
SweepsO-B 

Store 2 
SweepsO-3 

Store 7 
SweepsO-B 

Store 3 
SweepsO-3 

Display Unit, DV 4113 

Full version 
Red block 

Store 4 
SweepsO-B 

Store 0 
Sweeps 4-7 

Store 5 
SweepsO-8 

Store 1 
Sweeps4-7 

StoreS 
SweepsO-B 

Store 2 
Sweeps 4-7 

Store 7 
SweepsO-8 

Store 3 
Sweeps 4-7 

Green block 

Store 4 
SweepsO-B 

Store 0 
Sweeps8-B 

Store 5 
SweepsO-B 

Store 1 
Sweeps8-8 

StoreS 
SweepsO-B 

Store 2 
Sweeps8-8 

Store 7 
SweepsO-B 

Store 3 
Sweeps8-B 

Reduced version 
(Blue block) 

Store 0 
SweepsO-B 

Not used 

Store 1 
SweepsO-B 

Not used 

Store 2 
SweepsO-B 

Not used 

Store 3 
SweepsO-B 

Not used 

Not valid for message line presentation. Sweep 0 is then always blue and sweeps 1-B 
contain the information of character generator contents for ordinary (as stated above) 
sweeps O-A. 
All figures are in hexadecimal. 

Fig. 5. IBM mode character generator maps 
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Blue block 

Store 0 
SweepsO-F 

Store 1 
SweepsO-F 

Store 2 
SweepsO-F 

Store 3 
SweepsO-F 

Di.\plllY Unit, DU 4113 

Full version 
Red block 

Store 0 
SweepsO-F 

Store 1 
SweepsO-F 

Store 2 
SweepsO-F 

Store 3 
SweepsO-F 

Green block 

Store 0 
SweepsO-F 

Store 1 
SweepsO-F 

Store 2 
SweepsO-F 

Store 3 
SweepsO-F 

ERICSSON ~ 

Reduced version 
(Blue block) 

Store 0 
SweepsO-F 

Store 1 
SweepsO-F 

Store 2 
SweepsO-F 

Store 3 
SweepsO-F 

Notvalidfor message line presentation. Sweep 0 isthen always blue and sweeps 1-F 
contain the information of character generator contents for ordinary (as stated above) 
sweeps 0- E. 
Note that addressing of store 4 cause subscript of store 0 etc. That is, sweeps 0 - 5 are 
blanked and sweeps 6 - F contain the information of character generator contents for 
ordinary (as stated above) sweeps 0-9. On the message line: sweep 0 is blue, 1-6are 
blanked and 7 - F contains ordinary sweeps 0 - 8 information. 

AI! figures are in hexadecimal. 

Fig. 6. Non-IBM mode character generator maps 

Underlining 

Underlining exists in three forms: 

• Underlined space or character, generated by the character generator 
as a normal character. 

.. Underlined position, generated by the attribute generator . 

• Underlined field, generated by the attribute generator. 

The two last forms are caused by a character attribute, CA, or an extended 
field attribute, EFA, respectively. Sweep B(16) in IBM mode or F(16) in 

" / 
/ 
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Cursor 

non-IBM mode is used for underline (when required) from the attribute 
generator, even at message lines. 

A blue "overline" (the uppermost sweep) separating the message line 
from the rest of the screen is produced at the position of a message line 
field attribute, MLFA, and remains for the rest of the line. 

Underlinings are of the same colour as the text except in multi-colour
positions, where they are white. 

The cursor is generated separately. Its height and vertical location in the 
character cell is programmable. The cursor can also be blank, steady or 
blinking at 1.6 or 3.1 Hz. Two types of cursors may be selected by the 
program: 

Cuform 0: Covering cursor, width 9 dots. The cursor part of a character 
at the position of a steady cursor is covered by always white 
dots. 

Cuform 1: Transparent cursor, width 9 dots. A character at the cursor 
position is always visible due to text inversion at the cursor 
position. This means in a single-colour-position that normally 
dark dots are shown in the colour that applies to the position 
and normally lit (coloured) dots are dark. In a multi-colour
position the normal colours of the dots are complemented. 
(Complements; dark/white, green/pink, blue/yellow, turquoise/ 
red and vice versa.) This is, however, not valid for not presented 

. fields, in which the cursor is green. 

Cursor blinking means an alteration between the state of a steady cursor 
( of Cuform 0 or 1) and the state of no cursor. 

Global presentation off, the blue uppermost sweep of a message line, 
and interrow gaps (sweeps C(16) - F (16») are never overridden by the 
cursor. 

Static Attributes 

Apart from the control registers of the cathode ray tube controller, 
defining the display area and timing, cursor position, format and blink, 
there are two 8-bit registers of a display adapter peripheral interface 
adapter, DIA PIA, that either directly control some video attributes 
or define how to interpret the dynamic attributes (see below). The DIA 
PIA registers are set by software. 

Note that the DIA PIA definitions are static, i.e. cannot be made for 
specific fields on the screen as there is no simple connection between 
display timing and program except for the vertical synchronization signal. 

E90003450E 
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The D IA PIA functions are specified in the Detailed Description and 
summarized below: 

• Video control. The video signals can be blocked and the cathode ray 
tube controller (kept) reset. Either action will stop presentation. 

• Cursor control. Cuform 0 or 1 can be selected ( see Cursor). 

• Field attribute interpretation control. Field attribute interpretation 
can be enabled or disabled, i.e. field attributes are interpreted as 
characters. The MLFA as well as the EFA accompanying the MLFA 
and all CAs are, however, always active. 

• Stop at end of line or end of last text line (message line excluded) controL 
The functions of F As and EF As can be ended by programmable stops 
at end of line or end of last text line (message line excluded). Thus 
line or page wraparound functions of these attributes are inhibited. 
The message line (caused by the MLFA) will, however, always stop 
at the end of line. 

• Base colour override control. At base colour override the colours are 
controlled by the CAs or the EF As and the Base colour flag mentioned 
below is overridden. Default attributes give "monochrome" presentation. 

• Mode control. IBM or non-IBM mode can be selected. 

An additional static attribute is set by the software in a microcomputer 
peripheral interface adapter, MIC PIA, i.e. the Base colour flag indicating 
"monochrome" or base colour mode. These modes win cause the following 
colours, depending on the FA bits 5,3 and 2 when the CA and EFA 
contain default values: 

Bits Base colour "Monochrome" 
5 3 2 mode mode 

0 0 X Green Green 

0 1 0 Red White 

1 0 X Blue Green 

1 1 0 White White 

X 1 1 Off Off 

Dynamic Attributes 

This section focuses on the presentation logic handling of the dynamic 
attributes and does not give a general description of attribute usage. It is 
therefor recommended to study the chapter on Commands and Orders 
and what is said about Extended Data Stream in the chapter on Optional 
Functions in the Reference Manual IBM 3270 Emulations. 

The attributes are used together with static control bits to define various 
properties, other than the text itself, of the screen. The attributes are of 
two main types: CAs and F As/MLF As/EF As. The first type is only valid 
for one character position but the second applies to a field i.e. a number 
of character positions. 

) 
/ 
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Extended Field and Character Attribute Formats 

Extended field attribute (EFA) and character attribute (CA) information 
from the host computer (and sometimes CAs from the keyboard) is 
recoded by the software and stored at even addresses in the display 
memory. The EF As and CAs then consist of 8-bit bytes, formatted in 
the same way. Such a byte is interpreted as an EF A if the following odd 
address contains an FA or an MLFA or as a CA if the following odd 
address contains a CH. The format of the byte is as follows: 

7654321 0 I J I J I I J J I 
'----- 000(2) = Default. (In CA: symbol store 

number according to EF A, if also 
default in EF A: symbol store 
number 0.) 

001(2) = Symbol store number 1. 
0!0(2) = Symbol st<:re number 2. 

lil(2) = Symbol store number 7. 

Symbol stores 4 - 7 are only used in IBM mode 
with full version of character generators. Bit 
2 = 1 is in non-IBM mode interpreted as 
subscript. 

1..--_____ 000(2) = Default. (In CA: colour according 
to EF A, if also default in EF A: 
according to FA. ) 

001(2) = Blue colour. 
010(2) = Red colour. 
011(2) = Pink colour. 
100(2) = Green colour. 
101(2) = Turquoise colour. 
110(2) = Yellow colour. 
111(2) = Neutral or white colour. 

'---------- 00(2) = Default. (In CA: highlighting 
according to EF A, if also default 
in EFA: no highlighting.) 

01(2) = Flash. 
10(2) = Invert video. 
11(2) = Underline. 

Field and Message Line Field Attribute Formats 

Field attributes (F As) are supplied by the host computer and message 
line field attributes (MLF As) are generated by the display unit software. 
They are stored among the characters at odd addresses in the display 
memory. At presentation an MLF A always start one message line and 
no FAs will be recognized on the rest of that line. The MLFA code is 
FF(16)' If field attribute interpretation is enabled (see: Static Attributes) 
and no message line is in progress the data from the display memory odd 
addresses will be checked and recognized as FAs if bits 7,6 and 1 = 100(2)' 
(These codes are handled as characters on the message line.) An FA 
starts a new field on the screen. 

E90003450E 
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The position of an FA or MLF A is always blank on the screen, even in 
inverted video. The field extends to the next FA or MLF A unless there 
is a stop at end of line or at end of last text line (see: Static Attributes). 

The hardware reacts on bits 5, 3 and 2 as said under Static Attributes. 
Note, however, that the software also reacts on bit 5 (unprotected/ 
numeric input) and 0 (modified data tag). 

Principles of Attribute Handling 

This is only a brief outline of the attribute handling and more information 
can be found in the Detailed Description. 

At presentation the CRTC produces two display memory addresses 
each system clock cycle. See Fig. 7. The contents of one even and one 
odd address are accessed at each single addressing. Thus a CA and a CH 
or an EF A and an FA/MLF A are latched for each position on the screen. 

The FA decoder checks the stream of CHs/F As/MLF As and generates 
a clock signal each time an FA or MLF A is encountered, as well as at 
each end of line (controlled by the horizontal synchronization signal). 
The clock signal loads an EFA and an FA register. At the encounter of 
an FA or )\1LFA the EFA register is loaded with the 8-bit EFA from 
the display memory and the FA register with the FA bits 5 and 3 as well 
as two decoded signals. 

The contents of the EFA and FA registers (except one bit) are at each 
end of line except at the end of a message line transferred to a wrap
around memory. The EF A and FA registers are then reloaded from the 
wrap-around memory before the start of the next line. Note that the 
contents of the wrap-around memory before a message line will be 
transferred to the registers before the line after the message line. In this 
way the EF As and FAs may be valid from line to line and from the last 
text line to the first text line (message line excluded). The wrap-around 
memory can, however, also be reset before each text line or before the 
first text line is started. This reset is a function of the "stops" described 
under Static Attributes. 

The contents of the EFA and FA registers are also fed to four decoders, 
which thus have access to the present or preceding EF A and FA infor
mation. The present CA information is also supplied to the decoders 
from the display memory as well as some other signal e.g. the raster 
address. The decoders interpret this information and the end result is 
seven control signals, fed to the on/off logics. These control signals will 
together with three signals from the character generator control logic 
(see Fig. 4) channel the information from the character generator blocks/ 
video registers to the applicable blue, red or green video output(s) as 
well as decide if the video signals shall be inverted or inhibited. 

) 
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Address bus (12) CRTC address (12) 
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Display Display 

- memory - memory 
( CA/EFA,even (CH/FA,Odd 
addresses) addresses) 

To data bus (8) / (8) (8) 

( 
T5 

Latch 
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FA 

decoder 
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To on/off logics 

(See FigA ) 

Note that signals are left out 

1) To character generator 
2) Select controlled by horizontal synchrounization signal derivative 

3) And two decoded signals 

Fig. 7. Principles of attribute generation 
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Cathode Ray Tube Unit, CRU 

The cathode ray tube unit, CRU, generates pictures according to a raster 
scan method: three converging electron beams make (if all are on) together 
a number of consecutive horizontal sweeps over a screen. By means of 
a mask arrangement each beam hits just one type of colour-emitting 
phosphor. See Fig. 8. If all beams are on at the same time the mixed effect 
is white. 

Three 
in-line guns In-line guns 

Convergence 
~ magnets 

--- Purity 
magnets 

Three 

Deflection 
(oils 

~ electron beams 

Mask 

/.SPhors~· 
Glass ---

___ Mask --+---
~,...,..,,..,..,,..,..,..,... ___ Phosphors 

-""""""""""''''''"'''''''' --- Glass 

Fig. 8. Principles of colour CRT 
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Phosphor __ 
matrix 

'---- Green emission 
'------ Red emission 
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Red video 
Green video 
Blue video 

V SYNC 

H SYNC 

The CRU consists of mechanics, a colour cathode ray tube (CRT) with 
deflection coils and four printed circuit boards (Interface board, CRT 
socket board, Analog board and High voltage stabilizer board). 

The CRT is a 14 inches, high resolution, 900 tube. See Fig. 9. The CRT 
is fed with high voltage for the anode accelerating the electron beams, 
voltages for the electrode focusing the beams and the control grids, 
current for heating of the cathodes and video signals to the cathodes. 
It is furthermore fed with currents that affect the deflection coils which 
govern the vertical and horizontal deflection of the beams. 

Brightness External 
control potentiometer 

! Deflection 
coils 

Red video 
Video Green video J CRT J amplifiers Blue video ~I 

~ r' ((amp;", cant", 
;:;:; 

BV 20V 63V,85V ~ 

11\ 
~""'N 11\ 

.... "'C "'C ::::I 
C .- ._ u 
CiI ... ... 0 ;: 

Vertical feedback 
:I: l!:I l!:IlL. 

Vertical :I: 

asci Ilator. Vertical deflection ~ 
Deflection OJ 

"'C 
amplifier 0 

Horizontal c: 
and driver. 0 

Pincushion return c: 
control 0 

:.:: t -20V, 20V,63V t20V l: 
CiI 

"§ 

f 20V,B5V ~ 20V 
< 

Horizontal Shut down 
oscillator. circuit 

Automatic Horizontal 
frequency feedback Horizontal deflection 
control. 

! r 1 X-ray control 

I Horizontal 85V Degauss 
/ deflection Flyback transformer coil 

amplifier and circuitry 

~ I 
and driver -

i i 85V,63V From powe 
High voltage EHT feedbaCk 85V OC supply 

stabilizer 

Fig. 9. CR U block diagram 

The four logic boards (see Fig. 9) contain circuitry for vertical and 
horizontal deflection (oscillators, output stages), pincushion correction 
control and X-ray supervision that will shut down the horizontal deflection 
(and thereby also inhibit the flyback transformer outputs) if the voltages 
increase for any reason. The boards also contain video amplifiers, bright
ness control circuitry and circuits for flashover protection. The beams 
are modulated by the video information; dots and horizontai lines forming 
the picture are thus generated on the phosphor coated screen. 

The CRU is supplied with 85 V DC from the display terminal power 
supply. A degaussing coil is activated for a short time at each power on 
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(from circuits in the terminal power supply). The interface to the DTC-D 
board consists of five TTL level signals: 

• Three video signals for red, green and blue video. 

• H SYNC, horizontal synchronization signal. This pulse initiates the 
horizontal retrace sweep of the beam. 

e V SYNC, vertical synchronization signal, initiating the vertical retrace 
sweep of the beam every 20 ms. 

Keyboard Interface 

Data communication with the keyboard unit and connected devices is 
performed via a keyboard interface on the DTC-D board. The line 
interface consists of: 

e Power lines ( + 5 V, 0 V) to the keyboard. 

• A reset keyboard line, used to initialize the keyboard. Reset keyboard 
is activated by the software via the microcomputer peripheral interface 
adapter. 

• A bidirectional data line used for asynchronous transfers of orders 
(e.g. alarm on), data (e.g. lamp data) status (e.g. shift key depressed) 
or key codes/magnetic strip reader data. All transmissions are initiated 
by the microcomputer on the DTC-D board. 

The communication procedure is described in the Keyboard, KBU 4143, 
KX1J 4146, MSR 4136 chapter. 

The interface logic consists mainly of an LSI chip, i.e. an asynchronous 
communication adapter, ACIA, which is connected to the internal data 
bus. The MPU can thus transmit or receive 8-bit words (programrnable) 
via the ACIA. The ACIA converts the parallel data on the data bus to 
serial data on the keyboard data line and vice versa. 

Two-wire Interface 

A genera] description of the two-wire interface is found in the Commu
nication chapter. The functions are therefore only summarized here. 
A comprehensive treatment is found in the Detailed Description in this 
chapter. 

By means of the two-wire interface, data can be transferred to or from 
a buffer in the read/write memory from or to equipment external to the 
display unit via a two-wire (or coaxial) line. The transmission on the 
two-wire is in serial format with a bit rate of 300 kHz. 

The two-wire interface consists mainly of: 

• A direct memory access controller, DMAC, circuit which handles 
direct memory access, DMA. 

• An advanced data link controller, ADLC, which converts 8-bit parallel 
data to serial data and vice versa. It also supervises the transmission. 

) 
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CD A high speed modem which converts serial data from NRZ format to 
frequency shifted data and vice versa. It also generates a bit clock and 
a Clear to send signal. 

CD A line interface which contains line drivers, line receivers and a line 
transformer. 

The DMAC is connected to work in two channel mode. Channel 0 is 
used for transmitting and channel 1 for receiving. 

Memory Map 

The memory map (see Fig. 10) differs somewhat from the description 
in the Microcomputer chapter. 

The total map is divided into a read/write memory (RWM) area, an 
input/output (I/O) area and an initial program load (IPL) area. The areas 
are located to the following addresses as seen by the microprocessor: 

• RWM; 0000(16) - F6FF(16), read and write, F800(16) - FFFF(16), write 
only. 

• I/O; F700(16) - F7FF(16), read and/or write depending on each address. 

• IPL; F800(16) - FFFF(16), read only. 

The ordinary read/write memory consists physically of 64 kbytes (addresses 
0000(16) - FFFF(16») but only 56 kbytes (0000(16) --,- DFFF(16») are used. 
8 kbytes (E000(16) - FFFF(16») of memory are supplied in a physically 
separate memory, called the display memory, although only 5280(10) 
bytes (E002(16) - F4Al(16») are used as proper display memory and the 
rest substitutes the not used ordinary read/write memory locations. 

No parity checking will occur in the R WM and battery backup is not 
available. 

The following circuits and units can be addressed within the I/O area: 

• MIC PIA and interrupt register for some central microcomputer 
functions and MCP for test purposes. 

• CRTC and DIA PIA for presentation control. 

• KB ACIA for keyboard transfers and control. 

CD SS3 address register, ADLC and DMAC for two-wire transfers and 
control. 

Detailed I/O addresses are listed in Appendix 1. 

The IPL area consists of 2 kbytes of read only memory and contains 
among other things four interrupt vectors at the addresses FFF9(16) -
FFFF/1{..\. 

\~VJ 

The direct memory access controller, DMAC, can at direct memory access 
perform read and write operations in the whole read/write area - also in 
the memory locations which cannot be fully accessed by the microcomputer 
(F700(16) - FFFF(16»)· 
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Hex 
addr Memory Interrupt vectors 

IPL ROM Reset FFFE,F 
Non-maskable interrupt FFFC,O 
Software interrupt FFFA,B 
Peripheral IRQs 5-0 FFF8,9 

1/0 addresses F800 
Mep 

TWA 
Interrupt register F7FO 

PSLO addresses 

F7EO ) 
CRTC 

OIA ----------
F700 

F7CO 

F7BO 

F7AO 

F790 

8000 
F780 

F770 

F760 
6000 

F750 

TWA -----------
SS3 address F740 

if ) 
F730 

4000 
-----------

AOLC F720 

TWA 
OMAC F710 ) 

2000 F700 

C 
0 
:;:~ 
00 
Co 
:::J-

1.l...Q 

ACIA = Asynchronous communications IRQ = Interrupt request 
interface adapter KB = Keyboard interface 

ADLC = Advanced data link controller MCP = Microprocessor control panel 
CRTC = Cathode ray tube controller MIC = Microcomputer, central part 
DIA = Display adaptation PIA = Peripheral interface adapter 
DMAC = Direct memory access controller SS3 = Standard serial interface 3 B 
IPL = Initial program load TWA = Two-wire adaptation 

Fig. 10. DU 4113 memory map 
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Interrupt Handling 

The principles of the interrupt system, on the DTC-D board are quite 
different from those described in the Microcomputer chapter. Differences 
~re described below. The following general microcomputer functions 
are not used: 

• Hardware interrupt prioritizing. (The interrupt register, mask register 
and address modifier are thus left out. ) 

• Interrupts out. 

The locations of the interrupt vectors (i.e. the addresses to the interrupt 
routines) are found in the memory map. 

Reset, Non-maskable and Software Interrupts 

The MPU and the microcomputer peripheral interface adapter, MIC 
PIA, are reset at power on. A general reset is also activated. 

The MPU is also reset at a depression of the Reset button. The signal 
from the Reset button resets only the MPU, but is also fed to the control 
line CBl of the MIC PIA. The program can thus check the type of reset 
(by reading the MIC PIA control register B and testing bit 7, the IRQB 1 
flag) and then, if suitable, generate a general reset (by setting and re
setting bit 6 of the MIC PIA peripheral register B). Note that the general 
reset signal does not reset the MPU or the MIC PIA. 

After a reset the MPU will fetch the contents of the memory cells FFFE(16) 
and FFFF(16) to the program counter and execute a reset program. 

NMI, non-maskable interrupt, can only be activated by the microprocessor 
control panel, MCP, and causes the MPU to fetch the address of the 
interrupt routine from the cells FFFC(16) and FFFD(16)' 

SWI, software interrupt, is generated by an MPU instruction and causes 
the MPU to fetch the address of the interrupt routine from the cells 
FFFA(16) and FFFB(16)' 
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Interrupt Requests 

The interrupt request, IRQ, input of the MPU can be kept deactivated 
by the test unit MCP (Microprocessor control panel) or be activated by 
interrupts, 10, 11 etc. The interrupts are OR-ed together. The MPU can 
check the interrupts by reading an interrupt register (1 = interrupt) at 
address F7FO(J6): 

7 654 3 2 1 0 

I I 10 I 11 I I I I 

-~ II I IOfromMICPIA. 

II from CR TC via MI C PIA. 

12 from KB ACIA. 

'--------- 13, not used. 

'-------- Hard-wired. 

'----------- IS, not used. 

'------------ 14 from TWA ADLC 

The interrupts are not latched in the interrupt register and must thus be 
stable until they are handled by the MPU. The interrupts are only serviced 
if the I -bit of the MPU condition code register is reset. The address to 
the interrupt routine is located at FFF8(16) and FFF9(16). 

The interrupts are further explained below: 

14 originates from the ADLC (advanced data link controller) of the 
two-wire interface. 

12 originates from the ACIA of the keyboard interface. 

11 originates from the CRTC (cathode ray tube controller) of the 
presentation logic. It is actually the vertical synchronization (V SYNC) 
signal fed via the MIC PIA and can be used as a 20 ms timer during 
presentation. 

10 originates from the CA2 output of the MIC PIA. The program can 
thus make an interrupt by writing 110(2) in bits 5 - 3 of the MIC PIA 
control register A. 
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Detailed Description 

This section will cover only more complicated circuits or special solutions. 

Microcomputer 

The microcomputer in D U 4113 differs from the one described in the 
Microcomputer chapter mainly in the address decoder, the use of the 
MICPIA and the interrupt logic. The MPU is also connected somewhat 
differently. 

Basic Timing 

A basic 19.17 MHz clock signal is generated by a crystal clock. See Fig. 11. 
All timing signals, e.g. dynamic memory timing, two-wire transfer bit 
clock etc. are derived from this clock. Five 2.13 MHz clocks are generated 
(Tl- T5). Combinations of these are used to define different points of 
time during each half of the system clock period. The system clock, 0, 
(microprocessor instruction clock) has a frequency of 1.065 MHz. 
It appears in several phases and with different pulse-pause ratios to 
compensate for propagation delays etc. 

o 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 0 
I I I I I I I I I I I I I I I I I I 

elk (19.17 MHz) 

J BP (9.585 MHz) 

T1 (2.13MHz) 

T2 

T3 

T4 

T5 

¢ 1 (1. 065 MHz) 

DMA ¢2 

Bus address 

Fig. 11. Basic timing signals 
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MPU 
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The MPU demands two non-overlapping complementary clocks. Circuitry 
is added to provide these; MPU 01 and MPU 02. Observe that they 
are only fed to the MPU. (MPU 02 is also fed to the MCP when it is 
connected. The MCP or Microprocessor control panel is a test unit.) 
They differ from the other 0 signals in that they may be frozen in the 01 
state by a stretch signal (STR). The stretch signal is generated during 
a direct memory access. 

The NMI (non-maskable interrupt) and HALT inputs of the MPU are 
only connected to the MCP connector and the TSC (three-state control) 
input is hard-wired inactive. The address bus and the R/W line are taken 
to high impedance state by external buffers at direct memory access and 
the data bus by deactivation of the DBE (data bus enable) input. The 
DBE input is controlled by the DMA (Direct memory access) signal 
from the address decoder. 

Address Decoding and Direct Memory Access 

The principles of the address decoder are as described in the Micro
computer chapter, but the build-up and the signals to and from the 
address decoder are different. The decoder consists of one FPLA (field 
programmable logic array) and one PAL (programmable array of logic 
gates). 

The FPLA functions are summarized on the opposite page. The D 1 (= 
DMA grant) and D2 signals are generated as a response to a DMA request 
from the direct memory access controller, DMAC, and makes it possible 
for the FPLA to inhibit output signals during DMA cycles 1 - 3 or 2 as 
well as to generate the DMA and stretch (STR) signals. The rest of the 
output signals has addressing functions or controls the internal/external 
data bus buffer (INTERN) or the read/write memory (R WM). 

The TWA, F7CD and DMA outputs from the FPLA are then together 
with 02, R/W and AI7 - AI3 (address bits 7 - 3) further decoded in the 
PAL to more specific addressing signals, summarized on page 28. 

See also Memory Map (Fig. 10) and Appendix 1. 

Note that the separations of internal and external address and data buses 
are not stringent. See Appendix 2. Thus direct memory access from the 
DMAC affects both the internal address and internal data buses. Note 
also that the control signals (except AD LCCS) from the address decoder 
cannot be generated by addresses from the DMAC as the address bus 
buffers outside the MPU then blocks the address. 
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Address decoder, FPLA functions 

Activating input combinations Activated output Comments 

A1115-4 Active -- -
Hex VMA D121 D221 RIW Signal lev~1 

OOO-FFF X High High X DMA Low DMA cycle 2 

OOO-FFF Low High High X STR Low 
<-DMAcycle2 

F70-F72 Low One high X <- DMAC, ADLC addressed 

F70-F7F Low One low X PER 1/0 Low Peripherall/Os enabled 

F70-F72 Low Low I Low X <- DMAC, ADLC addressed 
F74 Low One low X 
F7C-F7D Low One low X INTERN31 Low 
F7F Low One low X 
FSO-FFF Low One low High 

F70-F72 Low Low I Low X <- DMAC, ADLC add ressed 
F74 Low One low X TWA41 High 
F7E-F7F Low One low X 

F7C-F7D Low One low X F7CD41 High 

FSO-FFF Low One low High FSXXR Low IPLROM Read 

OOO-FFF High One low X <-VMA inactive 
F70-F7F X Onelow X RWM51 High51 <-I/Os addressed 
FSO-FFF X One low High <-IPL ROM addressed 

11 A = Address from MPU, Note; notfrom DMAC, 

2) OMA cycle None or 41 2 3 4 1 None or 1 I 

¢2 

I i OMA request '------__ 1- ____ ...L ____ .1. _______ _ 

r-------
! 

01 (OMA grant) 

02 r---, 
Thus 01,02: Both high = OMA cycle 2 

One high = OMA cycle 1- 3 
Both low = Not OMA cycle 1 - 3 
One low = Not OMA cycle 2 

3) Sets the internal/external data bus buffer in (MPU) write position. 

41 See below. 

5) Disables the read/write memory. This is the polarity within the FPLA -the signal is on the 
output pin and in this description called RWM and a low RWM (called active) thus enables 
the readlwrite memory. 
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Address decoder , PAL functions 

Activating input condition Activated output Output 
activated 

- -- - Active by address 
02 DMA TWA F7CD RIW AI7 AI6 AI5 AI4 AI3 Signal 

level (in hex) 

X X High X X Low Low Low X X DMACS Low F700-1 F 

X Low X X X X X X X X 
or ADLCCS Low F720-7 
X X High X X Low Low High Low Low 

Low X High X High Low High Low Low Low SS3 Low F740-7 

X X X High X X X X High X DIAPIA High F7DO-F 

X X X High X X High Low High High CRTCS Low F7D8-F 

Low X High X High High High High High Low IRQR Low F7FO-7 

X X High X X High High High High High MCP Low F7F8-F 

X X X X X X X X Low Low A3'A4 Low -

Microcomputer PIA, MIC PIA 

The MIC PIA controls several central functions. See chapter Microcomputer; 
Peripheral Interface Adapter, PIA for definitions and a general survey. 
PA6 - PA4, IROB, CB2, PB7 and PB5 - PBO are, however, not used. 

The vertical synchronization signal is fed to the CAl input and will thus 
set an interrupt flag (CRA bit 7) and activate the IROA output (if CRA 
bits 1, 0 = 11(2)) which results in interrupt 1 to the MPU. 

The CA2 output is used to generate interrupt 0 if CRA bit 3 is zero-set 
(and CRA bits 5, 4 = 11(2)' Thus an additional software interrupt is 
available. 

The PA outputs/inputs are used in the following way: 

PA7 Input Hard-wired low. 

PA3 Output 0= "Monochrome" mode. 
1 = Base colour mode. 

PA2 Input 0= MCP connected and in test mode. 
1 = MCP not connected ornotin test mode. 

PAl Output o = Keyboard not reset. 
1 = Keyboard reset. 

PAO Input Hard-wired low. 

An interrupt flag (CRB bit 7) is set if the Reset button is depressed (as 
CB 1 is then taken low). This must be checked by the program as the 
IROB output is not connected. 

The PB output is used in the following way: 

PB6 1 = Activate general Reset. The output must be set low by software 
after power on. The MPU and the MIC PIA are not reset by 
general Reset. 
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Read/Write Memory 

The read/write memory consists of 65536 x 8 bits of dynamic random 
access memory. See Fig. 12. Input data is fed from the external data bus 
and output data is fed to the same bus via an output b\.l.ffer. 

Internal data bus (8 bits) 

___ 1) I 
R/W, INTERN I 6\7 I I 

Address 15-0 I'... External data bus 

RWM 1) DMC 

1/>1 

Msel 2) Address (8 bits) 

Ras I 
3) Ras 0 3) Read/write 

Cas I 4) Cas 0 4) memory 

DRWW 5) 
(64k x 8 bits) 

Control PAL PMEMR 6) I Output I 1) I buffer (RWM 0.0.) 

External 
data bus 
(8 bits) 

16 17 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 0 1 2 

I I I I I I I I I I I I I I I I I I \ I I I I 

</>1 

Ras I, Ras 0 3) 

1- - -9) - I +~ ___ ----,I 
I I 

Msel 2) I I I 
1 .-:-1 ___ _ 

Refresh counter ~ Column ~ Address (8 bits) 

'--__ ....... 1 
I I I I I I I I I \ I I I I I I I I I 

16 17 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 0 1 2 

1) F rom address decoder FP LA. 
2) Row/column address select signal 
3) Row address strobe 
4) Column address strobe 
5) Write enable signal activated by T5 during </>2 if R/W and 

RWM are low 
6) Enables output during </>2 if R/W is high, RWM is low and 

the address is in the range 0000(16) - DFFF(16). 

8) Ras 0 is inhibited if MRW is high 
9) Cas 0 is inhibited during refresh cycles 

Fig. 12. Read/Write memory logic and timing 
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The MPU cannot read from any of the addresses E000(16) - FFFF(J6) as 
the output buffer is then taken to high impedance state by the PMEMR 
signal. The MPU cannot write at F700(l6) - F7FF(l6) as the write enable 
signal, D RWW, is then blocked by the R WM signal (see Address Decoding 
and Direct Memory Access). The area EOOO(l6) - FFFF(l6) is accessible 
for write, but not for read operations at direct memory access as the 
output buffer is taken to high impedance state by these addresses. 

The programming of the PAL in Fig. 12 is summarized below: 

Activating input condition Activated output Comments 

02 -- - Active T5 ·RWM RIW AI15 AI14 AI13 Signal 
level 

High High Low Low DRWW Low Write 

High Low High Low Read from 
or 

High Low High Low PMEMR Low addresses 
or 

High Low High Low <EOOO(16) 

The read/write memory is organized in 256 rows and 256 8-bit-columns. 
A dynamic memory controller, DMC, splits the 16-bit address in two 
8-bit parts. One part is applied as row address when a select signal, Msel, 
is high and clocked into the memory by a row address strobe, the other 
is applied as column address when the select signal is low and clocked 
by a column address strobe. The combined row and column addresses 
define one memory location. The row address strobe can be inhibited 
by the RWM signal and memory operations are then disabled. The 
above functions will only take place when a refresh control input of the 
DMC is kept high. This input is tied to 01 (inverted) and a memory 
access can thus only be made during 01 low time. 

The DMC will supply the inverted contents of an internal 8-bit refresh 
counter on its address outputs when the refresh control input is low. 
The counter is incremented in each refresh cycle at low-to-high transition 
of the row address strobe to the DMC. The row address strobe is propagated 
to the memory. Only row addressing is necessary in order to obtain the 
refresh function. 

To sum up: during 01 high time the address originates from the refresh 
counter in the DMC. During 01 low time the address may originate from 
the MPU or the direct memory access controller, DMAC. The Row 
address strobe may, however, be inhibited by the RWM signal from the 
address decoding FPLA which will delete a memory operation. 

Although write operations may occur in the EOOO(16) - FFFF(I6) area 
of the physical read/write memory the effective area above DFFF(16) is 
physically located to the display memory blocks (see below), the IPL 
ROM and the I/O devices. 

) 
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Display Memory 

The display memory circuitry is shown in Fig. 1.3 and the timing in Fig. 14. 
The display memory consists of one .+096 x g hits hlock for character 
(CH) and field attrihute (FA) ~odes ancl another for character attrihl~te 
(CA) and extended field attrihute (EFA) codes. The address to the 
memory can, by means of an address selector, he supplied hy the MPU 
or the DMAC (direct memory access controller) on the AI 12 - 1 inputs 
of the address selector or hy the CRTC (cathode ray tuhe controller) of 
the presentation logic on theMAII - 0 inputs. The PSLD signal functions 
at character generator loading/reading and is normally inactive. 

MAl1-0 1) 
0 

Address 11- 0 

~ -1 1 
AI12-1

2
) 

1 

Address Display Display 
selector memory 5) memory 

CH/FA CA/EFA 6) 

T5 3 ) 1 
Select 

r---- (4k x8bits) (4kx8bits) 
PSLD 4) J p--c Strobe 

L/ r-r Write enable --C Write enable 

WEI 
r Chip enable r Chip enable 

CE 

WEII 

(8 bits) 

(8 bits) 

GI (enable) 
Dala bus 

buffers 

,.L -

g L 
D7-0 a CH7-0 

'\ t 
C 
h 

-r-- -r--

R/W (direclion) T5 3) 

-'-- -'--

g L 
'-- "- a CA7-0 

I 
c 
h 

GII (enable) T '---

1) From the CRTC in the presentation logic 
2) From the MPU or the DMAC 
3) See Basic Timing 
4) Normally high, see Control Signals at Loading/Reading 
5) CH= Characters, FA= Field attributes. Odd addresses from the MPU/DMAC 
6) CH= Character attributes, EFA= Extended field attributes. Even addresses from the MPU/DMAC 

Fig: 13. Display memory logic 
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17 0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 0 1 
I I I I I I I I I I I I I I I I I I I 1 

<1>1 
'--____ ----'1 

T5 
I MA11-0 1)/ AI12-1 2) MA11-01)/ AI /2-1 3) L 

WE I. WE II (RiW = Low) J ~ __ ~I 

CE (R/W = Low) r-l ~~ ______ ~r-1 
2) 

CE (R/W = High) --1l n n 
GI. GII (R/W = Low) ~ 1 
GI • GIl (R/W = High) -.J I 1 
Latches 

______ ~X~ __________ ~X~ ______ _ 
I I I I I I I I I I I I I I I I I I I 

17 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 0 

1) CRTC addressing, inhibited when PSLD is active 

2) 1 rrelevant 

3) MPU/DMAC addressing 

Fig. 1,/. Display memory timillg 

MPU/DMAC Display Memory Access 

The MPU/DMAC address is supplied to both memory blocks duringT5 
(see Basic Timing) but the addressing during 01 high time is irrelevant 
(due to absence of write enable and closed bus buffers, see timing and 
below). At write operations in the EOOO(l6) - FFFF(16) area a write enable 
signal, WE II, is sent to the CA/EFA-block if address bit 0 =0 or another 
write enable signal, WE I, to the CHIFA-block if address bit 0 = 1. Thus 
CAs/EFAs must be located at even addresses and CHs/FAs at odd 
addresses. The only relevant edge on the chip enable signal, CE, is the 
low-to-high transition during 01 low time when R/W is low. This is the 
actual write pulse. Note, however, that it is impossible for the MPU to 
write in the area F700(l6) - F7FF(16) due to the RWM signal (sec table 
below). 

Data is sent to or from the data bus via two buffers, the upper one in Fig. 
13 is for CHs/F As and the lower one for C As/EF As. The enable signal 
G II is activated by even addresses in the area EOOO( 1(0) - FFFF( 11»' The 
other enable signal, G I, is activated by odd addresses in the same area. 
The transfer directions through the buffers arc controlled by the readl 
write signal. That the G I and G II timing differs in the read and write 
cases depends on bus timing considerations. Note, howevL'l', that it is 
impossible for the MPU to read from the area F700(lh) FFF«'II!» due to 
the RWM signal (sec table helow). 

The WI,: I, WE II, (, I and (J II signals arc gencratL'd in a PAL which 
functions arc summarized below: 

) 
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Activating input condition Activated output Comments 
(Addresses in hex) 

Time Address 
Active -- -

02 T1 T2 T5 RWM R/W AI15 AI14 AI13 AIO Signal level 

High Low Low Low High High High High WEI Low Write odd EOOl - FFFF 

High Low Low Low High High High Low WEll Low Write even EOOO - FFFE 

High High Low High High High High High Read odd E001 - FFFF 
or GI Low 

High Low High Low High High High High Write odd EOOl - FFFF 

High High Low High High High High Low Read even EOOO - FFFE 
or Gil Low 

High Low High Low High High High Low Write even EOOO - FFFE 

CRTC Display Memory Access 

The CRTC address, MAll - 0, is supplied to both memory blocks 
during T5 low time. The blocks will thus provide one CH or FA code 
and one CA or EF A code twice each instruction clock cycle, e.g. 000(16) 
from the CRTC will read MPU/DMAC addresses EOOO(16) and EOOO(l6), 
FFF(16) from the CRTC will read MPU/DMAC addresses FFFE(16) and 
FFFF(16)' The two codes are latched at the beginning ofT5 and available 
to the presentation logic one full T5 period, i.e. one half instruction 
clock cycle. 

Display Memory Proper 

FFFF 

FOOD 

EOOO 

DODO 

COOO 

BODO 

AOOD 

9000 

8000 

7000 

6000 

5000 

4000 

3000 

2000 

1000 

0000 

Only the E002(l6) - F6FF(16) area of the physical display memory blocks 
is defined as the display memory. The addresses EOOO(16) and E001(16) 
are reserved for special functions at character generator loading (see 
below). There is also a soft reservation of the F4A2(16) - F6FF(16) area 
for some OS routines. The addresses F700(l6) - F7FF(16) are blocked 
for the MPU as being the I/O area. Although the MPU is unable to read 
from the F800(16) - FFFF(16) area, this area can be seen as an ordinary 
read/write memory area. 

The memory organization is summarized in Fig. 15. 
R/W memory 

MPU DMAC 
---FFFF 

FEaa 

RtW I R/W 

R/W memory 
MPU DMAC 

(WI 

(wi 

I (WI 

I 
I 
I 

Display memory 
MPU DMAC one 

W 

I 
I I 
: R/w I 

I I 
R/W I I 

I 
I 
I 
I 

I 
I 
I 

IPL ROM 

o 
E002 
through 
F4Al ore 
used os 
display memory 

locations 

liDs 
MPU 

~ 
depending 

on speci
fic address 

R = Read is pOSSIble W = Wnte IS possible R/W: Read or Write 15 pOSSible 

() = The operotlon tokes place, but IS irrelevant 

Fig. 15. Memory addressing, sources and destinations 
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Character Generators 

Circuitry 

G1-0 

CH7-0 

PP3-0 

CA3 

As the organization, loading and reading of the character generators are 
more complicated than their normal operation, these matters are treated 
separately below. 

Fig. 16 shows one character generator block. The reduced version contains 
one such block (corresponding to the blue block in the full version) and 
the full version contains three such blocks called the blue, red or green 
block. (Note that there is one video register for each block.) Each block 
contains 16384 x 9 bits of random access memory. The circuitry of one 
block is described below. 

A13-12 2 ) 

A11-4 2) 

A3-0 2) 
>-----L-'-'---+--I-~ Address '-- Address 

::.BC-=----__ l.-f\-; Write blue 1) 

;....:ps:...:.;W,------,FV 
Character 
generator 
(16 k x 8 bits) 

Character 
generator 
(16kx 1 bit) CSs8 2) 

DB7-0 2) 

1) Or: 

CA4 

R ;.;.C"'--__ ~ Write red 

PSW ~ 

or: 
CA5 
_GC ___ ~ Write green 

PSW rl.f 

2) Fed to all blocks in parallel 

3) Blue, red or green (BV, RV or GV) 

Fig. 16. Character generator logic 

_ Data 
In 

_ Data 

o In 
I '------...... ,... 
In 
Q 

DBO 

o 
In m :;:1~ ;!;1~ ~1~ 'fJ,~ 

Parallel in Video 3) 
- Serial in Serial out 

Control Video register 
::..::.:.:...:.:...:"'-----1 (8 - bit s hi f t reg. ) 

One write and 14 address lines are connected to all memory chips (one chip 
for each one of the 9 bits) but one of the chips (character generator bit 8) 
can be disabled by a CSB8 signal. All chips are enabled at presentation 
and a full 9-bit location will then be fed to the video register at each 
addressing. 
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The data bus is fed to the data inputs of the memory chips. The alignment 
of the data bus bits, character generator bits and character matrix column 
is shown below: 

Data bus bit: 
Character generator bit: 
Column: 

o 7 6 5 
8 7 6 5 
o 1 2 3 

432 
432 
456 

1 0 
1 0 
7 8 

It is possible to write all character generator bits simultaneously if 
character generator bits 8 and 0 are to be equal. In other cases it is necessary 
to first write character generator bit 8 with a relevant data bit 0 and then 
overwrite character generator bits 7 - 0 with the bit 8 chip disabled by 
the CSB8 signal. 

Organization 

The address is formatted as follows: 

"Store" Character code 
Modified 

raster address 

G CH pp 
Signal: 

1 0 7 6 5 4 3 2 1 0 3 2 1 0 

Address: 13 12 11 10 9 8 7 6 5 4 3 2 1 0 

The raster address (RA3 - 0) originates during presentation from the 
cathode ray tube controller and during character generator loading/ 
reading from a raster address counter. The address is then modified (to 
PP3 - 0) in a ROM. At loading/reading the modifications depend on 
character generator version, IBM or non-IBM mode and a signal G2. 
The ROM also generates three signals, BC, RC and GC, denoting the 
actual block (a write enable condition) and a triple plane signal, TP. 
The ROM program is shown in Appendix 3. The G1- 0 signals denote 
store 3 - 0 and in IBM mode store 7 - 4 if G2 = 1. 

A single plane store or one plane in a triple plane store is basically (Not 
at 8 stores in IBM mode.) arranged as shown in Fig. 17. Figs 18 and 19 are 
summaries of the character generator allocations at loading in IBM and 
non-IBM modes. The RA figures denote the raster address as supplied 
by the raster address counter and then transformed to the modified 
raster address, PP. Note that one block contains four single plane stores 
or one plane of four triple plane stores except in the IBM mode case with 
8 stores. In the latter case the single plane stores 0 to 3 are allocated to 
the space PP3 - 1 = C(16) - F(16), which is not used by the triple plane 
stores 4 to 7, e.g. raster address RAO - 3 of store 0 is allocated to PP3 - 1 
= C(16) - F(16) in the blue block RA4 - 7 of store 0 to PP3 - 1 = C(16) -
F(16) in the red block etc. 

It is necessary to reload the character generators at change of mode as 
the character generators are organized in different ways in the different 
modes. 
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Modified 
roster 
address 

pp 

o 

Display Unit, DU 4113 

Character 00{161 
I I 

Bit: 

87654321087 

\ 

ERICSSON ::: 

Character FF{161 

Bit: 

0876543210 

2 

3 

4 

5 

6 

7 

8 

9 

A 

B 

C 

D 

E 

F 

1--------1---- ------------
Not always used Not always used 

\ 
Fig. 17. Principles of character generator allocations 

Control Signals at Loading/Reading 

Some control signals are generated from a PAL when F7EO(16) through 
F7E3(16) are addressed. They are summarized below and will be referred 
to under the two following headings. 

Activating input condition 

-01 TWA'J PSLD2J --
T4 R/W AI7 A4·A3 AI2 

High High Low High Low Low 

High High Low High Low Low 

High High High High Low High Low Low 

High High High High High Low Low 

High High High High Low Low 

High High High High Low Low 
or 

Low 

High High High High High Low Low 
or 

Low 

High 

11 TWA originates from the address decoding FPLA. 

2) PLSD is set by PSLDON and reset by PSLDOFF. 

31 Not at DMA. 

Activated output Comments 
(Addresses in hex) 

Active 
All AID Signal level 

Low Low PSLDON 2J High F7ED, Write3J 

Low High PSLDOFF2) High F7El, Write3) 

High PSW High F7E2 - 3, Write, PSLD3) 

Low PSRD High F7ED - 1, Read, PSLD3) 

High PSADR High F7E2 - 3, PSLD3J 

Low Low F7ED, Read3) 

LDEN High arnot 
PSLD 

Low F7ED -1, Read, PSLD3) 

CKEN High arnot 
PSLD 

Low CSS8 High AID = Low, PSLD 

) 

f) 
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Full version 
Red block Green block 

G 1 - 0 PP3 - 0 Character 00 - FF Character 00 - FF Character 00 - FF 

0 0 Store 4 RAO Store4 RAO Store 4 RAO 
1 G2= 1 1 G2= 1 1 G2 = 1 1 
2 BC= 1 2 RC= 1 2 GC= 1 2 
3 CA3= 1 3 CA4= 1 3 CA5= 1 3 
4 4 4 4 
5 5 5 5 
6 6 6 6 
7 7 7 7 
8 8 8 8 
9 9 9 9 
A A A A 
B B B B 

C StoreQ RAO Store 0 RA4 Store 0 RA8 
D G2=O 1 G2=O 5 G2=O 9 
E BC= 1 2 RC= 1 6 GC= 1 A 
F 3 7 B 

0 Store 5 RAO Store 5 RAO Store 5 RAO 
1 G2= 1 1 G2= 1 1 G2 = 1 1 
2 BC= 1 2 RC= 1 2 GC= 1 2 
3 CA3= 1 3 CA4=1 3 CA5= 1 3 
4 4 4 4 
5 5 5 5 
6 6 6 6 
7 7 7 7 
8 8 8 8 
9 9 9 9 
A A A A 
B B B B 

C Store 1 RAO Store 1 RA4 Store 1 RA8 
D G2=O 1 G2=O 5 G2=O 9 
E BC= 1 2 RC= 1 6 GC= 1 A 
F 3 7 B 

2 0 Store 6 RAO Store 6 RAO Store 6 RAO 
1 G2= 1 1 G2= 1 1 G2= 1 1 
2 BC= 1 2 RC= 1 2 GC= 1 2 
3 CA3= 1 3 CA4= 1 3 CA5= 1 3 
4 4 4 4 
5 5 5 5 
6 6 6 6 
7 7 7 7 
8 8 8 8 
9 9 9 9 
A A A A 
B B B B 

C Store 2 RAO Store 2 RA4 Store 2 RA8 
D G2=O 1 G2=O 5 G2=O 9 
E BC= 1 2 RC= 1 6 GC= 1 A 
F 3 7 B 

3 0 Store 7 RAO Store 7 RAO Store7 RAO 
1 G2= 1 1 G2= 1 1 G2=1 1 
2 BC=1 2 RC= 1 2 GC= 1 2 
3 CA3= 1 3 CA4= 1 3 CA5= 1 3 
4 4 4 4 
5 5 5 5 
6 6 6 6 
7 7 7 7 
8 8 8 8 
9 9 9 9 
A A A A 
B B B B 

C Store 3 RAO Store 3 RA4 Store 3 RA8 
D G2=O 1 G2=O 5 G2=O 9 
E BC= 1 2 RC= 1 6 GC= 1 A 
F 3 7 B 

All figures are in hexadecimal. 

Fig. 18. Detailed IBM mode character generator maps 
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Reduced version 
(Blue block) 

Character 00 - FF 

Store 0 RAO 
G2=O 1 
BC= 1 2 
CA3= 1 3 

4 
5 
6 
7 
8 
9 
A 
B 

Notused 

Store 1 RAO 
G2=O 1 
BC= 1 2 
CA3= 1 3 

4 
5 
6 
7 
8 
9 
A 
B 

Notused 

Store 2 RAO 
G2=O 1 
BC= 1 2 
CA3= 1 3 

4 
5 
6 
7 
8 
9 
A 
B 

Notused 

Store 3 RAO 
G2=O 1 
BC= 1 2 
CA3= 1 3 

4 
5 
6 
7 
8 
9 
A 
B 

Notused 
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Full version 

Red block Green block 

Gl - 0 PP3 - 0 Character 00 - FF Character 00 - FF Character 00 - FF 

0 0 Store 0 RAO Store 0 RAO Store 0 RAO 
1 G2 0 1 G2=O 1 G2=O 1 
2 BC 1 2 RC= 1 2 GC= 1 2 
3 CA3 ~ 1 3 CA4= 1 3 CA5= 1 3 
4 4 4 4 
5 5 5 5 
6 6 6 6 
7 7 7 7 
8 8 8 8 
9 9 9 9 
A A A A 
B B B B 
C C C C 
D D D D 
E E E E 
F F F F 

0 Store 1 RAO Store 1 RAO Store 1 RAO 
1 G2=O 1 G2= 0 1 G2=O 1 
2 BC= 1 2 RC = 1 2 GC= 1 2 
3 CA3= 1 3 CA4= 1 3 CA5=1 3 
4 4 4 4 
5 5 5 5 
6 6 6 6 
7 7 7 7 
8 8 8 8 
9 9 9 9 
A A A A 
B B B B 
C C C C 
D D D D 
E E E E 
F F F F 

2 0 Store 2 RAO Store 2 RAO Store 2 RAO 
1 G2=O 1 G2=O 1 G2=O 1 
2 BC= 1 2 RC = 1 2 GC=l 2 
3 CA3=1 3 CA4= 1 3 CA5 = 1 3 
4 4 4 4 
5 5 5 5 
6 6 6 6 
7 7 7 7 
8 8 8 8 
9 9 9 9 
A A A A 
B B B B 
C C C C 
D D D D 
E E E E 
F F F F 

3 0 Store 3 RAO Store 3 RAO Store 3 RAO 
1 G2=O 1 G2=O 1 G2=O 1 
2 BC= 1 2 RC = 1 2 GC= 1 2 
3 CA3=1 3 CA4= 1 3 CA5= 1 3 
4 4 4 4 
5 5 5 5 
6 6 6 6 
7 7 7 7 
8 8 8 8 
9 9 9 9 
A A A A 
B B B B 
C C C C 
D D D D 
E E E E 
F F F F 

All figures are in hexadecimal. 
Fig. 19. Detailed non-IBM mode character generator maps 

ERICSSON === 

Reduced version 
(Blue block) 

Character 00 - FF 

Store 0 RAO 
G2=O 1 
BC = 1 2 
CA3 = 1 3 

4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

Store 1 RAO 
G2=O 1 
BC= 1 2 
CA3 = 1 3 

4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

Store2 RAO 
G2=O 1 
BC= 1 2 
CA3= 1 3 

4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

Store 3 RAO 
G2=O 1 
BC= 1 2 
CA3= 1 3 

4 
5 
6 
7 
8 
9 
A 
B 
C 
D 
E 
F 

) 
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Loading 

A dummy write at address F7EO(l6) generates a PSLDON signal, which 
resets the raster address counter and sets a flip-flop generating a PSLD 
signal. The PSLD signal turns off the presentCl,tion and cOl1ditions the 
hardware for character generator loading/reading. A dummy write at 
address F7E1(16) resets the PSLD signal and restores the hardware after 
loading/reading of the character generators. 

Note in Fig. 13 that the address selector of the display memory is disabled 
during T5 low time by the PSLD signal and that the selector outputs 
then are low i.e. addressing (E)000C16) and (E)001(16)' The contents of 
these addresses are then latched when T5 goes high and put on the CA 
and CH lines. The MPU/DMA access to the display memory is not 
affected. 

Address EOOO(16) controls at loading the CA5 - 3 signals and via CA2 - 0 
the G2 - 0 signals (see Fig. 16) and must be set as follows: 

76543 2 1 0 I iii iii i I 
'---- Store number. 

'------- 111 Single plane store or triple plane store 
with equal contents in all planes. 

001 Blue plane of triple plane store. 

010 Red plane oftriple plane store. 

100 Green plane of triple plane store. 

'---------- Irrelevant. 

The code of the character to be loaded must be written at address E001(16) 
as the CH7 - 0 signals used in the character generator for addressing 
originate from this source. It is impossible to address the character 
generators directly (see Fig. 16 and under Organization). 

When the above preparations have been executed a character file of up 
to 16 locations can be written. 

Writing a byte to address F7E2(16) (PSADRO) stores the byte in bits 
7 - 0 of the 9-bit character generator word that is addressed by the raster 
address counter. Bit 0, which is stored in bit 0 of the 9-bit character 
generator word, is, however, also stored in bit 8 of the latter. (0 = dot 
off, 1 = dot on.) Finally, the raster address counter is incremented one 
step (count cycle: 0, 1,2, ... E, F, 0,1 ... ). 

Writing a byte to address F7E3(16) (PSADR1) operates exactly as above, 
with the exception that bit 8 of the 9-bit word is not affected, as the CSB8 
signal does not then enable the bit 8 chip of the character generator. 

A write operation at the addresses F7E2 - 3(16) when PSLD is set generates 
the control signals PSW, which enables writing and PSADR, which 
increments the raster address counter. A read operation only generates 
PSADR, thus enabling incrementation of the raster address counter. 

E90003450E 
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Reading 

Display Unit, DU 4113 ERICSSON ii 

Note that it is best to write 16 times to character generator bits 8 - 0 and 
then - if bits 8 and 0 are to be different - 16 times to character generator 
bits 7 - O. Note also that the raster address counter must be incremented 
to F(16) or reset if less than 16 locations are written in one character file 
before another file is written. Then it is only necessary to change the 
contents of address E001(16) in order to write another character file in 
the same store or plane of a store. 

Although not required for normal operation it is possible to read the 
contents of the character generators in a bit-by-bit manner. This is 
primarily i!1tended for test purposes, but it may also be used to determine 
whether or not the device contains the full character generator version. 

The read facility is enabled in the same way as the load facility, i.e. by 
a dummy write at the address F7EO(16) (PSLDON). It is disabled by 
a dummy write at the address F7E1(16) (PSLDOFF). The 9-bit character 
generator words are also addressed in the same way, i.e. by the contents 
of the addresses EOOO(I6) and E001(16) in the display memory, but the 
bits 7 - 3 of location EOOO(16) are now irrelevant. The raster address 
counter can also just be stepped by readings of F7E2(16) or F7E3(16)' 
Note that this may be necessary in order to reach the applicable raster 
address. 

The control signals to the video register are shown in Fig. 20. During 
presentation (PSLD is low; LDEN and CKEN are both high) the register 
is loaded twice each system clock cycle and shifted at 19.17 MHz. 

A dummy write operation at the address F7EO(16) (PSLDON) resets the 
video register and the now set PSLD signal inhibits both parallel load 
and clocking of the video register as LDEN and CKEN are held low. 
A following read operation at the address F7EO(16) will, however, activate 
the LDEN and CKEN signals. The LDEN signal then enables parallel 
loading and the CKEN signal allows one clock pulse, which will load the 
video register with the contents of the addressed character generator 
location (except bit 0). Additional read operations at the address F7E1(l6) 
activates only the CKEN signal, which will allow one clock pulse to shift 
the video register one step for each reading. (The first will shift in bit 0.) 

Each read operation at F7E0(16) or F7E1(16) when PSLD is set generates 
a PSRD signal, which activates a three-state buffer feeding the data bus 
with the following signals: 

Signal: 

Data bus bit: 

RC 

4 
BC I GV 
3 2 

RV 

1 

The GC, RC and BC signals were described under Organization and the 
GV, RV and BV signals are the outputs ofthe green, red and blue video 
register respectively. 

To sum up: Let Cs - Co denote bits number 8 - 0 of the addressed character 
generator location if it belongs to a single plane store and let Cos - Coo, 
CRS - CRO and CBS - CBO denote the bits of the word in the green, red 
and blue plane, respectively, in the case of a triple plane store. Read 

) 

) 
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LOEN 

CKEN 

Clk (1917 MHz) 

T2·n 

f I 
I OF I I OF I 

PSLO o -p- + 01>-"'-t I I 

Video 
register 

Load 
Shift/Load 1) 

Clk 
Clock 

Clk inh. 
Clock inhibit 2 

PSLOON 
Reset 

1) Low = Load (Synchronous with clock) 

2) High = Inhibit clock 

Clk (19,17 MHz) 

T2·T3 

LOEN 3) 

-3) 
Load 

CKEN 3) 

Clk inh 3) 

LOEN 5) 

-- 5) 
Load 

CKEN 6) 

Clk inh. 6 ) 

17 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 0 1 2 

u u 

4) 
32108765432108765432108 

I I 
17 0 

u 

U 
I I I I I I I I I I I I I I I I I I I 
2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 0 1 2 

3) PSLO not set 4) Outshifted character generator bits 

5) PSLO set and F7EO Read 6) PSLO set and F7EO-1 Read 

Fig. 20. Video register control and timing 

41 

operations at the addresses F7E0(16) and then F7E1(16) will (without any 
of the effects caused by writing to these addresses) yield a byte according 
to the table below in which X denotes undefined bits and n = 8 when 
F7EO(16) is red, 7 the first time F7E1(:6) is red, 6 the second time F7E1(16) 
is red, etc. 

E90003450E 
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Data bus bit Comments 

7 6 5 4 3 2 1 0 

X X 1 1 1 CGn CRn Cen Triple plane store 

X X 1 0 0 Cn X X Single plane store 

X X 0 1 0 X Cn X Single plane store 

X X 0 0 1 X X Cn Single plane store 

X X 0 0 0 X X X The addressed word does not exist. (Applies 
to store number4 -7 intwo cases: when the 
device lacks the full character generator option 
or is in non-IBM mode. It also applies to scan 
line C(16) - F(16) in IBM mode.) 

Cathode Ray Tube Controller, CRTC 

The presentation on the screen is supervised by the cathode ray tube 
controller (CRTC) shown in Fig. 21. 

MC 68A45 MOTA 

CRTC DE 18 

CURSOR 19 

V SYNC 40 

H SYNC 39 

RAO 38 

RA1 37 
36 RA2 
35 ClK RA3 

E RA4 34 

R/W 4 MAO 
RES MA1 5 

lPSTB MA2 
6 

MA3 7 
RS 

MA4 
8 

CS 9 
33 MA5 10 
32 

DO MA6 
11 01 MA7 

31 02 MA8 12 
30 03 MA9 13 
29 ~ 14 
28 

04 MA10 15 
27 05 MA11 16 
26 06 MA12 17 07 MA13 

Fig. 21. CRTC drawing symbol 

) 
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CRTC - MPU Interface and Reset 

The CRTC interfaces the microcomputer via the following lines: 

.. Eight bidirectional data lines (07 - DO) connected to the internal 
data bus. 

.. One read/write line (R/W, Low = Write) fed from the RIW output 
of the MPU. 

• One enable line (E) which enables the inputs/outputs of the MPU 
interface and clocks data to and from the CRTC. It is driven by the 
02 clock. 

• One chip select line (CS) activated when the CRTCS signal from the 
address' decoder is active (CS is thus activated by the internal addresses 
F7D8(16) -F7DF(16), see Memory Map). 

• One register select line (RS) connected to address bit 0 (from the 
MPU). The CRTC contains one 5-bit write-only address register and 
15 other registers of variable length that are accessible from the 
address bus. The address register is accessed when CS is active and 
RS = 0, i.e. at the addresses F7D8(16), F7DA(16), F7DC(16) or F7DE(16)' 
One of the 15 registers is addressed when CS is active and RS = 1, 
i.e. at the addresses F7D9(16), F7DB(16), F7DD(16) or F7DF(16)' The 
contents of the address register decide which one of the 15 registers 
is accessed, e.g. register 5 (RS) is accessed when the address register 
contents is XXXOO101(2)' 

The CRTC can be reset by a signal from the display adapter peripheral 
interface adapter (DIA PIA) fed to the reset (RES) input of the CRTC. 
All outputs go to low level and all internal counters are cleared at reset 
but the internal registers are unaffected. The CRTC must be kept reset 
during or be reset after initial programming. 

CR TC Registers 

The above mentioned registers are summarized in the table below. The 
most significant bits are not used when a register contains less than eight 
bits. When a double register contains more than eight bits it is formatted 
as in the following example: 

R12 R13 

MSB LSB 

E90003450E 
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Register Number Name Function 
of bits 

RO 8 Character times Determines the total number of horizontal 
persweep character (displayed + non-displayed) position 

times per sweep minus one. 

R1 8 Characters Determines the numberof characters to be 
per line displayed on a line. 

R2 8 H SYNC position Determines atwhich horizontal character 
position the H SYNC signal should start. 

R3 4 HSYNCwidth Determ i nes the nu m ber of character ti mes 
the H SYNC signal should be active. 

R4 7 Lines total Determines the total number of lines 
(displayed + non-displayed) minus one. 

R5 5 Vertical total Determines how many sweep times should be 
adjust added tothe "Lines total" timeto form a full 

frame time. 

R6 7 Lines displayed Determines how many lines should be displayed. 

R7 7 V SYNC position Determines after which line the V SYNC signal 
should be generated (V SYNC is active during the 
time of one line). 

R8 2 Interlace control Should be 00 or 10 as interlace is not used. 

R9 5 Maximum raster Determines the number of sweeps per line 
address minus one. (Must match with DIA PIA 

programming.) 

R10 B+P+5 Cu rsor start The five bits determine at which sweep of a 
and blink line the cursortop is located. The Band P bits, 

cursor blink and blink rate. See also Fig. 22. 

R11 5 Cursorend Determines at which sweep ofa linethe 
cursor base is located. See Fig. 22. 

R12R13 14 Display start Determines at which linear address in the 
address display memory (character position in memory) 

the display should start. 

R14R15 14 Cursor location Points out at which linear address (character 
position in memory) the cursor should be 
displayed. 

R16R17 14 Light pen hit Notused. 
address 

RO - R13 are write-only registers, R14- R15 are read/write registers and R16 - R17 are read
only registers. 

) 
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Cursor start register, R10 

B, P, 
Cursor display 

Blink 
Qit bit rgte 
6 5 at 

0 0 Steady 
50 Hz 
field 

0 1 Blanked rate 

1 0 Blinking, 1/16 times field rate 3.12 Hz 

1 1 Blinking, 1132 times field rate 1.56 Hz 

Example of cursor display 

o 0 0 --+-+-+-+-+-+-+-
1 1 1 -e-e-eHlH!)-$-$-
2 2 2 --&<19+$-$-6Hl~ 
3 3 3 --&<19+~-6Hl~ 
4 4 4 --EII-~H:&-;!IH'll~ 
5 5 5~~~~~ 

q ~ ~ -+-++++-+-if-

~ ~ ~~~ 
10 10 10 -+-++++-+--If-
11 11 11 -+--+++-+-+-t-

etc. etc. etc. 
CUrsor start= 9 Cursor start = 9 Cursor start = 1 

Cursor end = 9 Cursor end=10 Cu rsor end = 5 

Fig. 22. Cursor control functions of RIO and RII 

CRTC Control and Address Outputs 

The timing of the CRTC control and address outputs, as well as the 
internal counters, is controlled by a clock signal (Tl) fed to the clock 
(CLK) input of the CRTC. The clock provides two periods for each 
system clock cycle, i.e. one clock period for each horizontal character 
position. See Fig. 23. 

'---___ ~I 
T1~ '------'I 

C 
1) X~ _____ 2_) _____ X~ ___ 1_) __ _ 

3) 4) 
CRTC: MA13-0, RA4-0, DE, V SYNC, H SYNC, CUESOR 

1) Odd address 
2) Even address 
3) Only MA11-0 are connected 
4) Only RA 3-0 are connected 

Note that this diagram only shows when 
the outputs change- If they do 

Fig. 23. CRTC timing 
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The following control outputs are provided: 

• DE, device enable, is the master enable signal for the video generating 
circuitry. This signal is active during the display time of the lines, 
i.e. during the part of the frame time decided by Rl and R6 but not 
during horizontal and vertical retrace time or when the CRTC is reset. 

e CURSOR, cursor display, is active during the time when cursor dots 
should be produced by the video generating circuits, i.e. at applicable 
sweeps, decided by RIO and Rll, through a specific character position, 
decided by R14 and R1S. 

e H SYNC, horizontal synchronization signal, tells the logic that the 
cathode ray should retrace and start the next sweep over the screen. 
The start and duration of the H SYNC is programmed in R2 and R3. 

e V SYNC, vertical synchronization signal, governs the vertical retrace 
of the ray that precedes the regeneration of an image on the screen. 
The start of the V SYNC is programmed in R7. 

The V SYNC signal is buffered and then called VSB when fed to various 
parts of the logic. A latch is provided which synchronizes the DE, CURSOR, 
H SYNC and some other control signals with the rising edge ofTS. See 
Fig. 24. 

T5(t) 
Clock 

__ 1) 
H SYNC 

., r 
HS1 

(PSLD) 
CUESOR CU 

INH (DIA PIA PB4) ) Displ 
Res CRT (DIA PIA PA6) 

DMG DE 
DE 

I 1 
2) 

I 
-

1) Synchronized with VSB. (PSLD = Low at 
character generator loading) 

2) Delayed DMG 

Fig. 24. Synchronization of HSI, CU, Displ and DMG 

The CRTC provides a S-bit raster address (RA4 - 0) out of which four 
bits are used. They are fed to the raster address modification ROM via 
the raster address counter, which is transparent during presentation, 
i.e. when the PSLD signal, used at character generator loading/reading, 
is inactive. They are then changed in the ROM to a modified raster 
address (PP3 - 0), which is fed to the character generators simultaneously 
with the code for the actual character. Thus, for each line the original 
raster address tells the actual sweep number, i.e. provides values from 
o up to the programmed value of R9 and the modified raster address 
tells in which locations of the character files the actual dot pattern is 
stored in the character generator. The original raster address (from the 
raster address counter outputs, RA3 - 0) is also used in the attribute 
generator (see Attribute Generator). The character generator functions 
are described under Character Generators. 

) 
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The CRTC also provides a 14-bit linear address (MA13 - 0) out of 
which 12 (MA II - 0) are fed to the display memory, i.e. the address of 
the actual character and character attribute or field and extended field 
attributes to be handled. This address is supplied by an internal linear 
address counter. This 90unter is starteq at a value decided by RI2 and 
R 13 and is stepped as many times as decided by Rl for each sweep. For 
each line it counts through the same address sequence as many times 
as decided by the value in R9. Then it goes on after the next H SYNC 
and makes a similar sequence for each displayed line i.e. as many times 
as decided by R6. This whole sequence starts over again after the next 
V SYNC, unless the programming of the CRTC has been changed. 

Note that the display memory area as seen by the CRTC starts at 0 and 
ends whe'n the position decided by Rl and R4 is reached. Thus it is 
possible to obtain a wrap-around function by starting the presentation 
at any suitable address, written in R12 and R13. When the CRTC has 
reached the highest address it restarts from 0 again. See Fig. 25. (Do not 
mix up this wrap-around with the wrap-around of attributes.) 

Fig, 25. Principles of screen wrap-around 

E90003450E 
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Display Adapter Peripheral Interface Adapter, DIA PIA 

The display adapter peripheral interface adapter, DIA PIA is connected 
to the bus system of the microcomputer and controls several functions 
in the presentation logic. For definitions and a general survey, see the 
chapter on Microcomputer; Peripheral Interface Adapter, PIA. The 
MPU-interface consists of the 8-bit internal data bus, the RIW signal, 
address bus bits 3, land 0 to the chip select and two register select inputs. 
Two other chip select inputs (CSl - 0) are activated by the DIA PIA 
signal from the address decoding PAL. The timing is supplied by 02 on 
the E input. The DIA PIA is reset by the general reset signal. 

The IRQ lines are not used and neither are the control lines on the 
peripheral side. The control register (CRA and CRB) contents shall be 
04(16) except when the DIA PIA is initiated. The peripheral register bits 
(P A 7 - 0 and PB7 - 0) are programmed as outputs: 

DIA PIA PA7 - PAO 

76543210 

I I I I I 
I 

DIA PIAPB7 - PBO 

7654321 0 

I 

l J I J I I I I I 

Not used. 

Cursor form. 

Not used. 

Presentation on/Reset CRTC. 

Disable/Enable FA interpretation. 

No stop/Stop at end of line. 

'----- Not used. 

'----- Base colour mode override/Flag effective. 

1-------- Not used. 

'-------- Inhibit/Allow video. 

I----------Not used. 

'---------IBM/Non-IBMmode. 

'------------No stop/Stop at end of last text line. 

) 
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DIA PIA Peripheral Register A 

The functions of the peripheral register A outputs are further described 
below: 

P A 7 0 = Disable FA interpretation. (Does not affect interpretation 
of MLFA , FF{l6)') 
1 = Enable FA interpretation. 

P A6 0 = Enable CRTC. 

PA4 

1 = Reset CRTC. PA6 must be set during or set-reset after 
initial programming of the CRTC. 

o = Cuform 0 or covering cursor. 
1 = Cuform 1 or transparent cursor. 

DIA PIA Peripheral Register B 

The functions of the peripheral register B outputs are further described 
below: 

PB7 0 = No stop at end of last text line (message line excluded) if 
PBO = O. (Page wrap-around.) 
1 = Stop at end oflast text line, i.e. attributes do not wrap-around 
from the last text line (message line excluded) to the first line 
ofthe screen. 

PB6 0 = IBM mode. (Characterfiles contain 12 locations.) 
1 = N on-IBM mode. (Character files contain 16 locations .) 

PB4 0 = Inhibit video. The video signals to the cathode ray tube 
unit are blocked. 

PB2 

1 = Do not inhibit video. 

0= Base colour mode override, i.e. the Base colour mode flag 
(see Microcomputer PIA, MIC PIA; PB3) is ineffective and 
the colours are controlled by character attributes or extended 
field attributes. 
1 = Base colour mode flag (MIC PIAPB3) is effective. 

PBO 0 = No stop at end of line. A FA is valid until the next FA or 
to the stop at end of last text line (message line excluded) if 
PB7 = 1. (Line wrap-around.) 

E90003450E 

1 = Stop at end of line. A FA is valid until the next FA or until 
endofline. 
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Attribute Generator and On/Off Logics 

FA Decoder 

FCC'1 PSLD21 

High 
or 

or 

High 

High Low 
or 

Low 
or 

Low 

The character and field attribute codes (on CH7 - 0) from the display 
memory are decoded in an FA-decoder together with some other signals. 
See Fig. 13 and the table below. This decoder thus enables the logic to 
differentiate between character codes and field attribute codes. 

Activating input condition 
Activated Comments 

output 

Feed-back CH Signal signals 

Active 
DMG31 /-IS1 41 'T2 SR11 51 SV11 61 7 6 1 5.4.1.071 3.281 Name level 

High High High Low Low FAand not 
message line 

High High High Low Low ASV11 Low MLFA (FF( 1611 

High Video off 

High Low High High Low Low AT11 Low FAand not 
message line 

High High High Low Low SR Low MLFA (FF(1611 

Low Low SV High Videooffl' 

High Low High High Low Low FAand not 
message line 

High Low High High Low Low AREGCK Low MLFA (FF(1611 

High Low Horizontal sync. 

11 From DIA PIA PA7. High when FA interpretation is enabled. 21 High at character generator loading/reading. 
31 High at presentation. 41 Synchronized H SYNC. 51 Low at message line. 61 High at video off. 
71 I.e. all high gives low. 81 I.e. both high gives low. 9) From CH3 - 2 

The output signals are further explained together with the logic they 
control. The SR and SV signals, however, are explained below. 

The SR signal is generated by an MLFA (message line field attribute, 
FF(!6)) when presentation is on from the CRTC (DE has set DMG high). 
The signal is latched in an FA register (see below) and then called SRll. 
SRll is used to tell the logic that a message line is in progress. 

The SV signal is actually generated each time CH6 = 0 and CH3 - 2 = 
11(2) but is only latched in the FA register (see below) when the combination 
appears in a field attribute. (The FA register is also clocked by the MLF As 
but then CH6 = 1.) The SV signal is called SV11 after the FA register 
and is then used to turn off the video and will thus inhibit presentation. 

) 
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FA and EFA Registers 

Two registers, the FA and EF A registers, are provided to store information 
from the field attributes and the extended field attributes. See Fig. 26. 
They are clocked by the AREGCK signal froqI the fA decoqer. Note 
that the conditions for this signal actually state when the logic reacts on an 
attribute, i.e. when DIA PIA PA 7 enables field attribute interpretation, 
no character generator loading is in progress, presentation is on from 
the CRTC (DE has set DMG high), a message line has not started and 
an FA or an MLF A is encountered in the code (CH7 - 0) stream from 
the display memory. The AREGCK signal is also activated at each 
horizontal synchronization signal when no character generator loading 
IS gomg on. 

(From display memory) 

(From FA-decoder) 

y SR ISV11 SV ~A5 CH5 fFA3 CH3 

1 0 1 0 1 0 1 0 

HS1 (H SYNC) 
Select 

FA register 
AREGCK 

Clock (tl 
(From FA - decoder) 

SR11 SV11 FA5 FA3 
'\,. r-,. 

(From display memory) 

EF7-0 CA7-0 

1 0 

'-- Select 

EFA register 
'-- Clock (tl 

EF7-0 

-
I 

AME 1) 
Clock (fl 

Stop 1) 
Wrap around 

Clear memory 

EF7-0 I SV11, FA5, FA3 

1) See text, 

Fig. 26. FA and EFA registers with wrap-around memory 

E90003450E 



52 Display Ullit. DU 4113 ERICSSON ~ 

The inputs to the FA and EF A registers can be selected from one of two 
sources depending on the horizontal synchronization signal. At presentation 
the selected inputs to the FA register are fed from the FA decoder (SR 
and SV) and the display memory (CH5 and CH3). The source of the 
EF A register information is then the CA 7 - 0 lines from the display 
memory. When the horizontal synchronization signal is active the 
registers are fed from a wrap-around memory (see below). 

The outputs of the registers, corresponding to the CHS, CH3 and CA 7 -
o inputs, are called FAS, FA3 and EFA7 - 0 as the bits now certainly 
come from field attributes and extended field attributes. 

Wrap-Around 

The contents of the FA (except the SRII bit) and EF A registers can be 
stored in a wrap-around memory. See Fig. 26. The memory is loaded 
(clocked by an AME signal, see under Highlighting Decoder) when 
sweep B(16) has passed the last position of a text line in IBM mode or 
when sweep F(16) has done the same in non-IBM mode. This will, however, 
not occur after a message line or when the memory is reset by a Stop signal. 

The wrap-around memory will thus contain valid attribute information 
from the just-presented text line (not message line) or be reset, i.e. 
contain zeroes. This information is reloaded in the FA and EF A registers 
before the next line is started which will cause a "wrap-around" function 
of the attributes if the Stop signal is kept inactive. 

The Stop signal is always activated when DIA PIA PBO is set. That is, 
zeroes will be transferred from the wrap-around memory to the FA and 
EFA registers before each new line is started. The Stop signal is also 
activated coincidently with the vertical synchronization signal if DIA 
PIA PB7 is set and, as the horizontal synchronization signal runs during 
vertical retrace time, zeroes will be transferred from the wrap-around 
memory before the first line of the screen is presented. The A TIl signal 
from the FA decoder ensures that no page wrap-around occurs if no field 
attribute (MLFA excluded) existed on the just-presented page. 

CA and EF A Decoding 

The remaining circuitry of the attribute generator consists mainly of 
decoders of PAL type. Three are essentially used to decode the CA or 
EFA bits as follows. The highlighting decoder interprets bits 7 and 6, i.e. 
the extended highlighting bits. It also generates raster address dependent 
signals. The colour ATB decoder interprets bits 5 through 3, i.e. the 
colour bits. If these are all zeroes it also considers the FA bits 5 and 3. 
The character generator (Chargen) selector interprets bits 2 through 
0, i.e. the symbol store bits. It also generates three other control signals. 

Most of the outputs from the above mentioned decoders are then further 
decoded in a colour decoder which outputs are synchronized in a latch 
before they are fed to the on/off logics discussed later. 

The different decoders are described in detail below. 

) 
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Highlighting Decoder 

The highlighting decoder functions are summarized below: 

Activating input conditions 
Ajrtivatet! Comments 

output 

EF CA RA4 ) Signal 
Active 

IBMM') DMG DMG11 2) SR11 3) 7 6 7 6 3 2 1 0 Name level 

Low Low High High High Low High High Clocks wrap-around 
or AME High memory at 

High Low High High High High High High end of line 

Low High High DSW High Sweeps C116) - FI,6) 

inlBMmode 

. Low Low Low Low Low SWO High SweepOof 
message line 

High Low 
or InvF High Invert 

High Low Low Low 

Low High 
or Blink High Flash 

Low High Low Low 

Low High High High Low High High 
or 

Low High High Low Low High Low High High 
or USW High Underline 

High High High High High High High 
or 

High High High Low Low High High High High 

') From DIA PIA PB6. Low at IBM mode. 

2) Delayed DMG: DMG = Low and DMG11 = High will thus occur whenever display enable (DE) from the CRTC goes 
inactive. 

3) From the FA register. Low at message line presentation. 

4) Raster address originating from the CRTC. (The addresses generated by the raster address counter at character 
generator loading/reading are irrelevant as the presentation then is turned off.) 

The function of the AME signal was discussed under Wrap-Around. 
The DSW and SWO signals inform the colour decoder about dead sweeps 
in IBM mode and about the first sweep of a message line. 

The InvF signal states when a position or a field shall be inverted due to 
the fact that the CA bits 7 and 6 are 10(2) or EF7 - 6 are 10(2) when CA 7 - 6 
are 00(2)' 

The Blink and USW signals are generated in an analogous way when the 
mentioned bits are O1 (2) and 11(2) respectively. The Blink signal states 
when a position or field shall be flashing and the USW signal when it 
shall be underlined. Note, however, that the USW signal only is active 
during raster address B(16) in the IBM mode and F(16) in the non-IBM 
mode, i.e. during the sweep generating the actual underline. 

E90003450E 



54 Display Unit, DU 4113 ERICSSON === 

Character Generator Selector 

The character generator selector functions are summarized below: 

Activating input conditions 
Activated Comments 

output 

EF CA Signal 

Active 
PSLD" ASV11 2) CU·CUF3) BT4 ) InvF5) Blink5) 2 1 0 2 1 0 Name level 

High 
or G2 High 

Low High Low Low Low Store number 
High asin 

or G1 High extended field 
Low High Low Low Low or 

High 
character attribute 

or GO High 
Low High Low Low Low 

High Low Low Low 
or B2 High 

High Low Low Low 

High 
or 

High High High 
or B1 High Intermediate 

Low High control signals 
or 

High High 

Low High Low 
or S1 High 

Low High Low 

11 High at character generator loading/reading. 

2) From the FA decoder. 

3) Low for transparent cursor (DIA PIA PA4 = 1) and cursor address (from the CRTC). 

41 Always running clock from a blink timer. 

51 From the highlighting decoder. 

Note that the store number (G2 - 0) can only originate from the CA 
bits at character generator loading/reading (PSDL = High). 

The B2, B1 and S1 signals are intermediate control signals, used in the 
colour decoder described later. The B2 signal is high at a transparent 
cursor address if it is not in an FA, MLF A or inverted position or in a not 
displayed field (FA3 - 2 = 11(2)). If flashing is ordered, the B2 signal is 
only high at the beforementioned conditions when a blink timer generates 
a low output. 

The B1 signal is high: 

• At character generator loading/reading. 

• At blink timer high time when flashing is ordered; but not in a transparent 
cursor position. 

• At an FA or MLF A position or in a not displayed field (F A3 - 2 = 11(2)) 
except when it is in a transparent cursor position. 

• In inverted positions but not if it is in a transparent cursor position. 

) 
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The S 1 signal is never high at character generator loading/reading, FA or 
MLFA positions or in a not displayed field (FA3 - 2 = 11(2)) but other
wise activated if flashing is off or, if on, at blink timer low time. 

Colour ATB Decoder 

The colour A TB decoder functions are summarized below: 

Activating input conditions 
Activated Comments 

output 

FA EF CA Feed-back Signal 

Active 
SV11 l1 BAS2) Tp3 5 3 5 4 3 5 4 3 BA RA Name level 

Low High High High High Upto seven 
or NEUTRAL Low colours in the 

Low High High High High Low Low Low same position 

Low High 
or 

Low High Low Low Low 
or BA Low Bluecolour 

Low Low High Low Low Low Low Low Low 
or 

Low High High Low Low Low Low Low Low 

Low High 
or 

Low High Low Low Low RA Low Red colour 
or 

Low High Low Low Low Low Low Low 

High 
or 

High Low Low Low 
or GA Low Green colour 

Low Low Low Low Low Low Low Low 
or 

High High 

1) From the FA register. Low at video on. 

2) Low for Base colour flag effective (DIA PIA PB2 = 1) and base colour mode (MIC PIA PA3 = 1). 

3) From the raster address modification ROM. High at triple plane store addressing. 

The first two condition combinations for each signal are easy to understand 
if compared with what is said under Dynamic Attributes in the Brief 
Outline. The remaining condition combinations are relevant only when 
both the CA and the preceding EF A contains default values and will then 
function as said below: 

• The BA signal will be activated if F A5 = 1 in base colour mode (blue 
only) or ifFA3 = 1 in "monochrome" mode (blue component in white). 

• The RA signal will be activated if F A3 = 1 in "monochrome" mode 
(red component in white). 

• The GA signal will be activated when both the BA and RA signals 
are activated (green component in white) and when both BA and RA 
are deactivated (default green). 

E90003450E 



56 Display Unit. DU 4113 ERICSSON ~ 

Colour Decoder 

The colour decoder interprets the outputs from the three decoders described 
above to combined conditions for the on/off logics. The functions of the 
colour decoder are summarized below: 

Activating input conditions 
Activated Comments'l 

output 

From highlighting From character From colour Signal decoder generator selector ATBdecoder 

Active - - - -
DSW SWO USW B2 B1 S1 BA RA GA Displ" CU21 CUF31 Name level 

Low Low Low High Low Cov.curs. 
or 

Low High Low Binv Low Sweep 0 
or 

Low Low Low Low Low Low 

Low Low Low High Low Cov.curs. 
or Rinv Low 

Low Low Low Low Low Low 

Low Low Low High Low Cov. curs. 
or Ginv Low 

Low Low Low Low Low Low 

Low Low Low High Low Low Low 
or BON Low 

Low Low Low High Low Low High Tr. curs. 

Low Low Low High Low Low Low 
or RON Low 

Low Low Low High Low Low High Tr. curs. 

Low Low Low High Low Low Low 
or GON Low 

Low Low Low High Low Low High Tr.curs. 

11 Low at presentation on, i.e. when CRTC DE is high, DIA PIA PA6 = 0, DIA PIA PB4 = 1 and (VSB-synchronized) PSLD 
is low. 

21 High at cursor address. 

31 High at transparent cursor, i.e. when DIA PIA PA4 = 1. 

41 The rows marked with Cov. curs. (Covering cursor), Tr. curs. (Transparent cursor) and Sweep 0 (of message line) 
apply in the implied cases. The rest of the rows are otherwise valid. 

The functions of the outputs are described under On/Off Logics below. 
Trace the input conditions to their sources in order to find out the status 
of a certain output. An example is inserted after the section on the on/ 
off logics. 

OnlOff Logics 

The on/off logics are shown in Fig. 27. As the three groups function in 
similar ways the signals will, in this section, be called: Invert (Binv, 
Rinv, Ginv), On (BON, RON, GON), Video (BW, RW, GW) and 
Block (B, R, G) signals. The Block signals originate from the raster 
address modification ROM (then called BC, RC and GC and of the same 
polarity as B, R and G). BC, RC and GC can be found in Appendix 3. 

r . 
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BW 
B 
NEUTRAL 

Signal sources: 

Binv, Rinv, Ginv: Colour decoder 
BON, RON, GON: Colour decoder 
NEUTRAL: Colour ATB decoder 
BW, RW, GW: Character generator via video registers 
B, R, G: Raster address modification ROM 

Fig. 27. OnlOfflogics 
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The Invert signals will invert or not invert the output of gate 5 in Fig. 27. 
If an On signal is high the output of gate 5 is independent of the inputs 
from gate 2 - 4. The effect of On and Invert is summarized below: 

On Invert Comment 

Low Low Normal video 
Low High Inverted video 
High Low Forced video on 
High High Forced video off 

The norm~l and inverted video cases can, however, be handled in different 
ways depending on the NEUTRAL signal. If this signal is low gate 3 and 
4 are disabled and each colour channel will, via gate 2, be fed from its 
corresponding character generator block (blue block controls blue 
colour etc.). This alternative is used at presentation from triple plane 
stores. Note that all three Block signals are then high. 

If the NEUTRAL signal is high, gate 3 and 4 are enabled in addition to 
gate 2. This will feed the same video information to all three of the colour 
channels independent of from which block the information comes. A high 
Block signal denotes the working block. Note, however, that the channels 
can be turned on or off by the On and Invert signals and that these signals 
ate affected by the colour bits in the attributes. If e.g. a yellow character 
is to be presented on a not inverted screen RON, Rinv, GON and Ginv 
must be low to turn on the red and green channels, while BON and Binv 
must be high to turn off the blue channel. The NEUTRAL signal is high 
at presentation from single plane stores. 

Example on Attribute Generator Functions 

This example is included in order to make it possible to check a trace 
of conditions through the attribute generator and the onloff logics. 

Consider the presentation of an ordinary blue letter in an ordinary 
position on a display unit in IBM mode and with the full version of 
character generators. Say that character generator 0 is working, sweep 3 
is just presented and: 

Bit: 76543210 
FA = 1000 0000 

76543210 
EFA = 0000 1000 

76543210 
CA = 00000000 

FCC = High PSLD =Low DMG =High HS1 = Low 
CH7, 6,1 = not High, Low, Low or High, High, High 
TP = Low Displ = Low CU = Low CUF = High 

FA decoder result: Highlighting decoder result: 

SRll = High (inact.) AME = Low (inact.) 
SVll = Low (inact.) DSW = Low (inact. ) 
ASVll = High (inact.) SWO = Low (inact.) 
ATIT = High (inact.) InvF = Low (inact.) 
AREGCK = High (inact.) Blink = Low (in act. ) 

USW = Low (inact.) 

r) 

) 



( 

{ 

ERICSSON S IJislJ/m' Ullit. nU.f113 

Character generator set result: 

G2 - 0 = Low (inact.) 
B2 = Low (inact.) 
B I = Low (inact.) 
S I = High (act.) 

Colour decoder result: 

Billv 
Rinv 
Ginv 
BON 
RON 
GON 

= Low (act.) 
= High (inact.) 
= High (inact.) 
= Low (act.) 
= High (inact.) 
= High (inact.) 

Colour A TB decoder result: 

NEUTRAL = High (inact.) 
BA = Low (act.) 
RA = High (inact.) 
GA = High (im1Ct.) 

59 

The red and green colour channels of the on/off logics are forced off as 
Rinv, Ginv, RON and GON are all high. The blue channel is enabled 
for normal video as Binv and BON are low. RC and GC from the raster 
address modification ROM are low, i.e. Rand G are low which leaves 
only gate 2 open through the on/off logics as BC and B are high. The 
blue video (BW) will thus eontrol the blue gun of the CRT. 

Cathode Ray Tube Unit, CRU 

Please refer to circuit diagram E34112 2030 (TX-1404EFA). The diagram 
shows the circuitry, the cathode ray tube and the interconnections. 

Deflection Circuits 

The horizontal deflection is governed by an integrated circuit (IC 4(1), 
which contains an automatic frequency control circuit (AFC) a horizontal 
oscillator and an X-ray protection circuit. The H SYNC signal is fed to 
pin 17 and a feed-back pulse from a tlyback transformer (T551) to pin 15. 
The horizontal drive signal is output from pin 12 unless inhibited by the 
X-ray protection circuit, which is controlled via a shut down circuit by 
the heater voltage (from T551). The horizontal drive signal is amplified 
by a transistor (0502) and a transformer (T501) in order to generate a 
strong drive current for the switching horizontal output transistor (0551), 
which drives the primary winding of the flyback transformer and the 
horizontal deflection coil. The accelerating voltage of the anode (EHT) 
is stabilized by a circuit that affects the characteristics of the primary 
winding (ofT551) and its serial condensor (C564) circuit. The secondary 
windings of the flyback transformer supplies the internal voltages to 
the CRU. 

The V SYNC signal is inverted (in 0401) and fed to (pin 8 of) the vertical 
oscillator in the integrated circuit (IC 401). This circuit governs the 
vertical deflection and the output (pin 6) is amplified (in 0402, 0403, 
0404, 0406, 0407, 0408) and fed to the vertical deflection coil. 

The vertical deflection voltage is tapped for a pincushion correction 
signal, which via a transistor (0751) and a saturable reactor (TI51) 
affects the horizontal deflection. 
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Video Amplifiers and Brightness Control 

The video circuitry has three identical circuits for red, green and blue 
video. Each one of the three video signals is received by a nand gate 
(IC 1301) and is fed further to an open-collector nand gate (IC 1302), 
which output is fed with a variable voltage via a transistor (01311). The 
voltage level is a function of the external Brightness potentiometer 
position and a colour mixing circuitry (see below). The signal is then 
inverted (by Q301l0302/0303) and amplified (by 0304/0305/0306 and 
0308,031110309,0312/0310,0313) before it is fed to the cathode of 
the tube. Furthermore there is a clamping circuit (around 0307) for 
adjustments of the cut-off levels of the three different cathodes. 

The colou,r mixing circuitry (IC 1303, IC 1304 and surrounding components) 
is included for ergonomic reasons. It provides less saturated primary 
colours as a compensation for the fixed colour coordinates of the phosphors 
and the effect of the front glass. E.g. an addition of weak blue and green 
video signals to a normally powered red video signal generates a less 
saturated red (nearer to white) impression of the colour on the screen 
than without the addition. 

Adjustments 

There are six magnets on the neck of the tube and a number of trimming 
potentiometers for adjustments. These are described in the Installation 
and Maintenance Manual under Service Manuals Colour Cathode Ray 
Tube Units. 

Keyboard Asynchronous Communication Adapter, KB A CIA 

A CIA Functions 

For definitions and a general survey, see Asynchronous Communication 
Adapter, ACIA under Internal Communication with Printers in the 
Communication chapter. 

The MPU interfaces the ACIA by the 8-bit internal data bus, the Readl 
Write line, the address bus and one interrupt line. Address bit 0 is directly 
fed to the register select input of the ACIA and the inversion of bit 2 to 
one chip select input. The two other chip select inputs of the ACIA are 
supplied by the address decoder. The timing on the enable input is 
supplied by 02. The IRO line is fed to the interrupt register as interrupt 2. 

Both the transmitter and receiver clocks are derived from 02 in a divide
by-14 counter and the clock rate is thus 76.07 kHz. (The RTS output 
is not used nor are the CTS and DCD inputs which are hard-wired low.) 

The received and transmitted data lines are connected to each other on 
the outside of the line buffers, thus creating a bidirectional line. (The 
ACIA can thus receive the same data as it transmits.) 
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ACIA Programming 

The ACIA control register is usually programmed in the following way: 

7 6 5 4 3 210 
I III 1 o I I --

L 10(2) during operation. The external clock 
(76.07 kHz) is divided by 64 and the bit 
transfer rate is thus 1188 Hz. 
11(2) during reset periods (Master reset). 

'------The word length is eight bits of data, one 
even parity bit and one stop bit. 

'----------01(2) during transmitting. Interrupts at 
transmitted data register empty are enabled. 
XO(2) during reception from the keyboard or 
when not communicating with the keyboard. 

'------------0 when not communicating with the key
board. Receiver interrupts are disabled. 
1 during communication with the key
board. Interrupts at received data register 
full and overrun are enabled. (The receiver 
interrupt may be used to check when the 
last bit has been shifted out at transmission.) 

Two-wire Interface 

The two-wire interface can work in MPU mode or DMA (direct memory 
access) mode. The MPU mode is used when the direct memory access 
controller, DMAC, and the advanced data link controller, ADLC, 
circuits are initialized or supervised by the MPU. D MA mode is used at 
D MA transfers. 

The main circuits and signals of the two-wire interface are shown in 
Fig. 28. Please refer to the figure when reading the following text. 

Direct Memory Access Controller, DMAC 

The DMAC handles DMA transfers between the read/write memory 
and the ADLC (see below). For definitions and a general survey of the 
DMAC, see the Microcomputer chapter. 

The DMAC is in MPU mode addressed by the DMACS signal from the 
address decoder and five address bits. The RIW line is also fed to the 
DMAC. The bus buffers will allow the five address bits and RlW to pass 
in direction to the DMAC in the MPU mode. 

At a service request from the ADLC (RDSR or TDSR active) the DMAC 
will make a DMA request and when this is accepted (DMA grant active) 
go to the DMA mode (with TXSTB active at D MA cycle 2). The DMAC 
then provides a memory address from an internal address counter, a 
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Address bus,R/W 
AI 15-5 AI4-0, R/W 

Bus buffers 

~ tJ.\l t DMA 
mode 

Enable r Direction MPU 
DMA , mode 
mode 

fL A15-5 A4-0,R/Vl 

TXSTB 
DMA grant 

DGRNT DMAC 
) 

DMA request 
DRQT 

DMACS 
CS (Chip select) 

TXRQ TX 
07-0 1 0 AKA DEND 

+5V ~j;1 AO 
Internal data bus ( 8bits) t 

(DMA~MPU) 
Select --

+ 
07-0 RDSR TDSR R/W RS1 RSO 

ADLCCS -
CS ADLC 

Interu pt request 
IRQ 

- -
RXD TXD RTS CTS RXC TXC 

U ( ) 
/ 

RXD TXD RTS CTS BITCLK 
Retransmit 

9.585 MHz High speed --
modem. DEND 

Fixed delay -FS FS FS 
REC TR TR RTS 

The following 
signals are left 
out in order to 
simplify the Line Line 
diagram: receiver driver 
Reset I ~2 
DMA ~2 
Power supplies 

I 
Lin e transform er 

r:?l (oaxial 
wire cable 
conn. conn. 

Fig. 28. Principles of two-wire interface 
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R/W signal (to the ordinary R/W line) and control signals to the ADLC 
(TXAKA, producing a read/write signal to the ADLC and DEND, 
active when the last byte of a block is transferred). The bus buffers will 
allow all fifteen address bits and RJW to pass in direction from the DMAC 
in the DMA mode. 

The DMAC is connected for TSC steal mode and two channel mode. 
Channel 0 is used for transmitting and channell for receiving. 

Advanced Data Link Controller, ADLC 

The ADLC converts parallel data from the internal data bus to serial 
data (TXD) for the high speed modem or serial data from the high speed 
modem (RXD) to parallel data for the data bus. For definitions and a 
general survey of the ADLC, see the Communication chapter. 

The ADLC is programmed to generate a Request to send (RTS) signal 
to the high speed modem and to interrupt the MPU. The two-wire interrupt 
thus originate from the ADLC- not the DMAC. (The data carrier detect 
input, DCD, is hard-wired active. The DTRlLOC and FLAGDET outputs 
are not used.) 

It is possible to make transfers of two-wire data via the MPU but at present 
only DMA transfers are used. 

The ADLC is in MPU mode addressed by the ADLCCS signal from the 
address decoder and two address bits (AIl- 0). The R/W line is also fed 
to the ADLC. The ADLCCS signal from the address decoder is also 
activated at DMA cycle 2 but the RJW and RSO inputs are in DMA mode 
fed from the DMAC and the RSl is then fed from a hard-wired high. 
The addressing is summarized below: 

Address conditions 
Register addressed 

MPUmode DMAmode and read/write 
Address function 

R/W A1 AO TXAKA +5V DEND control 
(R/WI (RS1) (RSO) (R/W) (RS1) (RSO) bit'l 

0 0 0 21 X Write control register 1 

0 0 1 21 0 Write control register 2 
0 0 1 21 1 Write control register 3 

0 1 0 0 1 0 X Write transmitter FIF031 

0 1 1 0 1 1 0 Write transmitter FIF041 

0 1 1 0 1 1 1 Write control register 4 
1 0 0 21 X Read status register 1 

1 0 1 21 X Read status reg ister 2 

1 1 X 1 1 X X Read receiver FIFO 

11 Control register 1 bit O. 2) 0 is not possible. 3) Frame continue. 4) Frame terminate. 
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High Speed Modem 

+ 

+ 

The high speed digital modem consists of one chip, which contains a 
modulator, a demodulator, a frequency divide and phase correction 
logic, and a delay circuit for Clear to send. See Fig. 29. 

Fixed delay 1 
--
DEND 2 

~ CTS 3 
RTS-CTS 

RTS 4 delay 

r--... , 11 RTS 

1.../ 

9 FS tr data 

TXD 13 
Modulator 

h 10 FS tr data 

r, & 

? L Retransmit 14 
De- 5 FS rec data 

RXD 15 modulator 

600 kHz --
Reset 7 

t 

9.585 MHz 6 Frequency divide 
(";'2) and phase r---

correction H-16 ) 

Bit clock 12 300 kHz 

Fig. 29. High speed modem circuit 

Data to be transmitted (TXD, from the ADLC) is presented in serial 
format to the modulator. The modulator converts the signal to a frequency 
shifted signal (FS tr data) which then is fed to the two-wire if Request to 
send (RTS) is active. 

The frequency-shifted data transferred from the two-wire (FS fec data) 
is fed to the demodulator and to the frequency divide and phase correction 
logic. An internal strobe from the latter logic shifts the frequency shifted 
received data into the demodulator and generates a Bit clock fed to the 
ADLC. The demodulator converts the received data to demodulated 
valid data (RXD, fed to the ADLC). (Received data is not, as Retransmit 
is hard-wired high, fed to the modulator and retransmitted.) 

The modulation method, clock generation and phase correction are 
described in the Communication chapter. 

The Request to send output (RTS) follows (but inverted) the Request 
to send input (RTS). (It is also a function of received data in the not used 
retransmit mode. ) 
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Clear to send (crS) follows the Request to send input (RTS) with a delay 
of 32 (controlled by strapping ofthe fixed delay input) bit clock periods. 
This delay will enable the modem in the receiving unit (e.g. in a CPR) to 
synchronize before the transmission is started. A frequency corresponding 
t9 the state qfthe transmitted data input (TXD) will be sent on the FS tr 
data lines during the delay. An active DEND signal (at the end of a 
transmission sequence) from the DMAC will deactivate Clear to send. 

Frequency-shifted received data is validated, i.e. each bit must consist of 
an LH, HL, LL or HH and there must be a shift of polarity between the 
bits in order to be accepted: 

I 0 I o 
... 1 I... One bit time 

Received data (RXD) is always high when received data is invalid or 
before the modem has synchronized. 

Line Interface 

The high speed modem is connected to a line transformer via a line driver 
and a line receiver. The line transformer has separate windings for a 
two-wire and a coaxial cable connection. (See Fig. 28.) 

Transmitting 

To initiate a block transmission, using DMA, the program must prepare 
itself to answer an interrupt from the ADLC (interrupt 4) when the 
whole block (frame) is transmitted. The DMAC channel 0 address register, 
byte count register and control register should also be programmed with: 

• Start address of DMA, i.e. the memory address of the first byte (except 
flag) to be transmitted on the two-wire connection. 

• Number of memory bytes to be transmitted. 

• Order to count up or down when addressing the memory. 

• Order to produce the read state on the RIW line when addressing the 
memory. 

• TSC steal mode. 

• Set Enable TXRQ 0 in the DMAC priority control register in order 
to make the DMAC react to TDSR (Transmit data service request) 
from the ADLC. 

The ADLC must be programmed for: 

• Correct word length (8 bits). 

• NRZ data format. 

• Non-loop mode. 

• Transmitter DMA mode etc. 

E90003450E 
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Receiving 

Display Unit, DU 4113 ERICSSON ~ 

The transmitting section of the ADLC is released and the Request to 
send (RTS) control bit is set by the program. After a delay Clear to send 
(CTS) is signalled back to the ADLC, and thus the Transmitter data 
service request (TDSR) output from the ADLC is no longer inhibited. 

The following will happen as an answer to a TDSR signal: 

• A DMA request signal (DRQT) will be sent to the timing logic. 

• This logic will answer with a DMA grant signal (DGRNT), defining 
the DMA cycles 1 and 2. 

• The DMAC will then produce a low level on the transfer acknowledge 
A (TXAKA) output as channel a is used. This will ensure a write 
strobe for the ADLC when; 

• The DMA mode signal is activated by the Transfer strobe (TXSTB). 

At the same time the ADLC is enabled, its transmit data register is 
addressed and a memory cell is addressed by the DMAC as the drivers 
for the address lines from the DMAC are enabled. 

After a direct memory access the byte is shifted to the high speed modem. 
Thus it takes some time before the transmit data register is again available. 
The microcomputer is consequently undisturbed by any DMA request 
during this time. 

When the DMA transfers (consisting of the number of bytes defined in 
the DMAC byte count register) are being completed, i.e. when the last 
byte is being fetched from the memory, the DEND output of the DMAC 
is activated. This will result in: 

• A termination of the frame (write into the "transmit terminate FIFO" 
register; the ADLC adds CRCC and flag). 

• A deactivation of the Clear to send (CTS) signal. The ADLC will 
react by not signalling any more TDSR. 

The non-CTS signal causes an interrupt. As an answer, the program 
resets the RTS signal, clears status bits in the ADLC and prepares the 
DMAC and the ADLC for reception. 

Preparatory programming of the DMAC and the ADLC for receiving 
operations resembles the one described in the Transmitting paragraph. 
Furthermore, the program ensures that an interrupt will be answered 
by a program check of receiver status etc. 

When bytes following a leading flag are received, the ADLC sends 
receiver data service request (RDSR) to the DMAC. These bytes will then 
be stored in the memory according to DMAC channell programming. 
The DMA transfer is terminated as a response to an interrupt caused by 
error (framing error, abort received or receiver overrun) or by frame 
valid status. The program then resets the ADLC and takes care of the 
received data on interrupt a level. Note that Request to send must be 
reset during reception. 

) 

) 
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Appendix 1 

1/0 Addresses, F7FF(16) - F700(16) 

(The first two figures, F7(16), are omitted in the address column below. 
RlW = W means write, R/W = R means read and R/W = RlW means 
read or write as seen by the MPU.) 

Address R/W Other Addressed unit and register (Hex) condition 

MCP 
FF W STORE (bit 7), CCR, ACCB, ACCA, XHI, XLO, PCHI 

and PCLO switches 
FE W Data 7 - 0 switches 
FO W Address 15-8switches 
FC W Address 7 -0 switches 
FB R A, B, C, 0, NMI, IRQ, VMA and RIW LEOs 
FA R Data 7 - 0 LEOs 
F9 R Address 15-8 LEOs 
F8 R Address 7 -0 LEOs 
F7-FO R Interrupt register 
EF-E4 Not used 

Character generators 
E3 RIW See text PSAOR1 
E2 RIW See text PSAORO 
E1 RIW See text PSLOOFF 
EO RIW See text PSLOON 

CRTC 
OF ---7 ---7 = 09 
DE W = 08 
DO ---7 ---7 = 09 
DC W = 08 
DB ---7 ---7 = 09 
OA W =08 
09 W AR = 00(16) Character times per sweep 
09 W AR = 01(16) Characters per line 
09 W AR = 02(16) H SYNC position 
09 W AR = 03(16) H SYNC width 
09 W AR = 04(16) Lines total 
09 W AR = 05(16) Vertical total adjust 
09 W AR = 06(16) Li nes displayed 
09 W AR = 07(16) V SYNC position 
09 W AR = 08(16) Interlace control (00(16) used) 
09 W AR = 09(16) Maximum raster address 
09 W AR = OA(16) Cursor start and blink 
09 W AR=OB(16) Cursor end 
09 W AR =OC(16) Display start address (MSB) 
09 W AR=00(16) Display start address (LSB) 
09 RIW AR=OE(16) Cursor location (MSB) 
09 RIW AR = OF(16) Cursor location (LSB) 
09 R AR = 10(16) Light pen hit address (MSB, not used) 
09 R AR = 11(16) Light pen hit address (LSB, not used) 
08 W Address register (called AR above) 

DlAPIA 
07 RIW =03 
06 RIW ---7 =02 
05 RIW = 01 
04 RIW ---7 =00 
03 RIW Control register B (CRB) 
02 RIW CRB2= 0 Data direction register B 
02 RIW CRB2 = 1 Peripheral register B 
01 RIW Control register A (CRA) 
DO RIW CRA2 =0 Data direction register A 
DO RIW CRA2 = 1 Peripheral register A 
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Address R/W Other Addressed unit and register 
(Hex) condition 

CF-C8 Not used 
MICPIA 

C7 R/W Control register B (CRB) 
C6 R/W CRB2 = 0 Data direction register B 
C6 RIW CRB2 = 1 Peripheral register B 
C5 R/W Control register A (CRA) 
C4 R/W CRA2 =0 Data direction register A 
C4 RIW CRA2 = 1 Peripheral register A 

KBACIA 
C3 ---7 =C1 
C2 ---7 =CO 
C1 W Transmitted data register 
C1 R Received data register 
CO W Control register 
CO R Status register 
BF-48 Not used 
47-40 R SS3address 
3F-28 Not used 

ADlC 
(Can also be addressed by the DMAC at DMA) 

27 ---7 ---7 =23 
26 ---7 =22 
25 ---7 ---7 =21 
24 ---7 =20 
23 W CR1:0=0 Transmitter FIFO (terminate) 
23 W CR1:0=1 Control register4 
23 R Receiver FIFO 
22 W Transmitter FIFO (continue) 
22 R Receiver FIFO 
21 W CR1:0=0 Control register 2 
21 W CR1:0=1 Control register 3 
21 R Status register 2 
20 W Control register 1 (CR1) 
20 R Status register 1 

DMAC 
1F-17 Notused 
16 R/W Data chain ) 
15 RIW Interrupt control 
14 RIW Priority control 
13 RIW Channel3 control 
12 RIW Channel2 control 
11 RIW Channel 1 control 
10 RIW Channel 0 control 
OF R/W Byte count, channel3 (LSB) 
OE RIW Byte count, channel3 (MSB) 
00 RIW Address, channel3 (LSB) 
OC R/W Address, channel3 (MSB) 
OB RIW Byte count, channel2 (LSB) 
OA RIW Byte count, channel2 (MSB) 
09 RIW Address, channel 2 (LSB) 
08 RIW Address, channel2 (MSB) 
07 RIW Byte count, channel 1 (LSB) 
06 R/W Byte count, channel 1 (MSB) 
05 RIW Address, channel 1 (LSB) 
04 R/W Address, channel 1 (MSB) 
03 RIW Byte count, channel 0 (LSB) 
02 RIW Byte count, chc:nne! 0 (MSB) 
01 RIW Address, channel 0 (LSB) 
00 RIW Address, channel 0 (MSB) 

Mattis Lind
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Appendix 3 

Raster Address Modification ROM Program 

Explanations 

The program is split in four tables in order to give a better general idea 
of the structure. 

The involved signals are explained below: 

CGSEL 

IBMM 

PSLD 

SRll 

G2 

RA3-0 

TP 

GC 

o = Full version of character generators. 

0= IBM mode, i.e. DIA PIA PB6 = O. 

1 = Programmed symbol store loading/reading in progress. 

o = Message line presentation. 

In IBM mode: 
0= Single plane store (PS3-0). 
1 = Triple plane store (PS7 - 4). 

In non-IBM mode: 
1 = Presentation is moved 6 sweeps downward. 

Raster address originating from the cathode ray tube controller 
or the raster address counter. 

o = Single plane store. 
1 = Triple plane store. 

1 = Activate green block. 

RC 1 = Activate red block. 

BC 1 = Activate blue block. 

PP3 - 0 Modified raster address. 

The symbols in the tables have the following interpretations: 

o 

1 

x 

a,b,c,d 

E90003450E 

Low level. 

High level. 

Irrelevant (outputs are normally 0). 

Corresponding bits are equal. 

Etcetera. 

Blank position means same value as the above filled in 
position. 
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Program 

Full Version, IBM Mode 

Inputs Outputs Comments 

-I 

I~ 
w 0 

I~ en -I M N .... 0 M N ... 0 
C!l en N « « « « 0.. U () () 0.. 0.. 0.. 0.. 
() 0.. C!l a: a: a: a: I- C!l a: aJ 0.. 0.. 0.. 0.. 

0 0 0 0 0 0 0 0 0 0 0 0 0 X X X X Message line 
0 0 0 1 0 0 1 1 1 0 0 
0 0 1 0 1 1 0 1 ) 
0 0 1 1 1 1 1 0 
0 1 0 0 1 1 1 1 
0 1 0 1 0 1 0 1 1 0 0 
0 1 1 0 1 1 0 1 
0 1 1 1 1 1 1 0 
1 0 0 0 1 1 1 1 
1 0 0 1 1 0 0 1 1 0 0 
1 0 1 0 1 1 0 1 
1 0 1 1 1 1 1 0 
1 1 X X a 0 a X X X X 

a 0 1 a 0 0 a 1 a 0 0 X X X X 
0 0 0 1 1 1 1 0 a 0 0 
0 0 1 0 0 0 0 1 

1 0 1 1 1 0 1 0 
1 1 X X a 0 0 X X X X 

0 0 0 1 0 0 0 b a 0 a 0 1 1 1 b a Text line 
a 1 b a 0 1 0 1 1 b a 
1 0 b a 1 0 0 1 1 b a 
1 1 X X 0 0 0 X X X X 

0 1 1 0 0 b a 1 1 1 1 0 0 b a 
0 1 b a 0 1 b a 
1 0 b a 1 a b a 
1 1 X X 0 0 0 X X X X 

0 0 1 X a 0 0 b a 0 a 0 1 1 1 b a Loading () 
0 1 b a a 1 0 1 1 b a (or reading) 
1 0 b a 1 0 0 1 a b a of stores 0 - 3 
1 1 X X a 0 0 X X X X 

0 0 1 X 1 0 a b a 1 1 1 1 0 0 b a Loading 
0 1 b a 0 1 b a (or reading) 
1 0 b a 1 a b a of stores 4 - 7 

\ 
) 

1 1 X X 0 0 a X X X X 
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Reduced Version, IBM Mode 

Inputs Outputs Comments 

-I 

Ii w 0 

I~ 
(J) -I M N ... 0 M N ... 0 e!) (J) N ex: ex: ex: ex: Q. (,) (,) (,) Q. Q. Q. Q. 
(,) Q. e!) a:: a:: a:: a:: l- e!) a:: III Q. Q. Q. Q. 

1 0 0 0 0 0 0 0 0 0 0 0 0 X X X X Message line 
0 0 0 1 0 0 1 0 0 0 0 
0 0 1 0 0 0 0 1 

1 0 1 1 1 0 1 0 
1 1 X X 0 0 0 X X X X 

( 0 0 1 .X X X X 

1 0 0 1 0 0 0 b a 0 0 0 1 0 0 b a Text line 
0 1 b a 0 1 b a 
1 0 b a 1 0 b a 
1 1 X X 0 0 0 X X X X 

0 1 1 X X X X 

1 0 1 X 0 0 0 b a 0 0 0 1 0 0 b a Loading 
0 1 b a 0 1 b a (or reading) 
1 0 b a 1 0 b a of stores 0 - 3 
1 1 X X 0 0 0 X X X X 

1 X 1 X X X X 

Fill! Version, Non-IBM Mode 

Inputs Outputs Comments 

-I 

Ii w 0 

I~ 
CJ) -I M N .... 0 M N ... 0 e!) (J) N ex: ex: ex: ex: Q. (,) (,) (,) Q. Q. Q. Q. 
(,) Q. e!) a:: a:: a:: a:: l- e!) a:: III Q. Q. Q. tl.. 

0 1 0 0 0 0 0 0 0 1 0 0 0 X X X X Message line 
0 0 0 1 1 1 1 0 0 0 0 
0 0 1 0 0 0 0 1 

1 1 1 1 1 1 1 0 
0 0 1 0 0 0 0 0 0 0 X X X X 

0 0 0 1 

( 
0 1 1 0 
0 1 1 1 1 1 1 0 0 0 0 
1 0 0 0 0 0 0 1 

1 1 1 1 1 0 0 0 

0 1 0 1 0 d c b a 1 1 1 1 d c b a Text line 
0 1 1 0 0 0 0 0 0 0 X X X X 

0 0 0 1 

0 1 0 1 
0 1 1 0 1 1 1 0 0 0 0 
0 1 1 1 0 0 0 1 

1 1 1 1 1 0 0 1 

0 1 1 X 0 d c b a 1 1 1 1 d c b a Loading 
1 X 1 X X X X 0 0 0 X X X X (or reading) 

of stores 0 - 3 
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Reduced Version, Non-IBM Mode 

Inputs Outputs Comments 

...I 
w 

I~ 
0 

I~ 
U) ...I M N .... 0 M N .... 0 
C!:I U) N c:( c:( c:( c:( a.. () () () a.. a.. a.. a.. 
() a.. C!:I II: II: II: II: I- C!:I II: cc a.. a.. a.. a.. 

1 1 0 0 0 0 0 0 0 0 0 0 0 X X X X Message line 
0 0 0 1 0 0 1 0 0 0 0 
0 0 1 0 0 0 0 1 

1 1 1 1 1 1 1 0 
0 0 1 0 0 0 0 0 0 0 X X X X 

0 0 0 1 

0 1 1 0 
0 1 1 1 0 0 1 0 0 0 0 
1 0 0 0 0 0 0 1 

1 1 1 1 1 0 0 0 

1 1 0 1 0 d c b a 0 0 0 1 d c b a Text line 
0 1 1 0 0 0 0 0 0 0 X X X X 

0 0 0 1 

0 1 0 1 
0 1 1 0 0 0 1 0 0 0 0 
0 1 1 1 0 0 0 1 

1 1 1 1 1 0 0 1 

1 1 1 X 0 d c b a 0 0 0 1 d c b a Loading 
1 X 1 X X X X 0 0 0 X X X X (or reading) 

of stores 0 - 3 

r) 
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Appendix 4 

Character Sets 

Explanations 

This Appendix shows the resulting character on the screen as a function 
of the used character code. This depends on the character generator 
contents. Only the locally, from available diskettes, loaded character 
sets are considered here. 

There are five national groups: A (SE/FI, NO, DK, GB, US), B (BE, 
FR), C (CH), D (DElAT) and E (ES). Store 0 is normally used for the 
basic character sets (codes 00(16) - 70(16»)' Store 1 is primarily used for 
the APL character sets while running in IBM emulations. 

The message line symbols are included in all IBM and IBM! APL character 
sets. 

The table names, within brackets on the following pages, can be interpre
ted as shown in the following example: 

IBMCG1AO 

III Revision or subversion. 

. National group (X = Unspecified). 

o = 16 sweeps in character matrix. 
1 = 12 sweeps in character matrix. 

'-----CG = Character generator. 

'-------Type of character set. 

The following general signs are used: 

~ 
o 
D 
D 

E90003450E 

Illegal code, presented as - (hyphen). 

Message line symbols. 

Superscript. 

Subscript. 
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IBM Typewriter, National Group A (IBMCGIAO) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 
, ,-- X X X [X 0000 0 Ial 0 E p e p a '~I 

0001 1 A I ! 1 A a a q ~ III ~ " X X lX lX -, 
0010 2 § '- " 2 B R b r X X IX X X X X X 
001 1 3 

\ #: 3 C S c s X X [X X X X lX X 
01 00 4 £ -, $ 4 0 T d t A ~ E3 X X X X ex 
0101 5 ¢ % 5 E U e u • ~ • ~ X C>< X X 
01 10 6 ):{ } S. 6 F V f v X X IX X X [X ex ex ) 
o 1 1 1 7 s:2 lX , 

7 G W 9 w X X ex X X [X X [X 
1000 8 ¢ rfJ ( 8 H X h x 00 ~ ~ D [X X X X 
1001 9 C>< ) 9 I Y i y [] .. - ~ [X ex X !X 
1010 A lX { lie J Z j z X X X X X X X X 
101 1 B IE. re + ; K A k a X X IX X X X X X 
1100 C '* , < L b I 0 .:'a,-

... , .... A Z. ~ X X X X 
1 1 01 0 - = M A m is EI 11 - u IX X X X 
1 1 10 E if i > N U n jj X X ex X X X X [X 
1 1 1 1 F ~ - / ? 0 0 -

I X X ex X X C?< X I 

IBM Typewriter, Alternate, National Group A (IBMCGIAl) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

() 
3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 

~ , -- X X X X 0000 0 Ial 0 E p e p ~ '-' 
0001 1 A I ! 1 A a a q ~ III ~ " X X X X , , 

0010 2 § '-
.. 

2 B R b X X X ex IX X ex X r 

001 1 3 
, 

#: 3 C S c s X IX X X C>< X C>< IX 
0100 4 £ -, $ 4 0 T d t A ~ E3 X X X C>< X 
0101 5 ¢ % 5 E U e u • ~ • ~ X X C>< rx 
01 10 6 ~ IX a 6 F V f v X X rx IX X X X X 
01 1 1 7 ~ X , 

7 G W 9 w X X ex: X X lX X X 
1000 8 ¢ 1> ( 8 H X h x 00 ~ ~ D X C>< X rx 
1001 9 X ) 9 I Y i y [] .. - ~ X rx X X 
1010 A X C>< lie J Z j z X X IX X X IX X IX 
101 1 B IE. re + i K A k a X X IX X X X X lX 
1 100 C * , < L b I 0 .:'ii--"',." A Z. ~ C>< X X X 
1 1 0 1 0 - = M A m is m 11 - U C>< X X rx 
1 1 10 E -r ; > N U n jj X X IX X X X X C>< 
1 1 1 1 F ~ - / ? 0 0 

I X X X X X X X - I 
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IBM Typewriter, Non-diacritic/Diacritic, National Group B (IBMCGIBO) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 

0 fa) 0 e p e I -- X C>< X X 0000 p a '_I 
0001 1 A I ! 1 A Q a q ~ I § ': [X lX ~ [X , 

001 0 2 § "- " 2 B R b r X C>< X C>< X lX X X 
001 1 3 G , 

# 3 C S c s X rx >s:: [X X lX X 'X 
0100 4 £ -, $ 4 D T d t A X. B X X IX X X 

( 0101 5 ¢ % 5 E U e u I ~ II1II ~ C>< X X X 
01 10 6 ',' I s. 6 F V f v X C>< X C>< X lX X X 
o 1 1 1 7 " A I 7 G W X rx X C>< X C?< X X a I 9 w 

1000 8 0 ii ( 8 H X h 00 -? ~ 0 C>< lX lX X x 

1 001 9 X ~ ) 9 I Y i y [[] .. - ~ C>< X C>< X 
1 010 A I { * J Z j z X lX X IX X X rx X 
1 01 1 B [ ] + i K N k n X C>< X C>< X C2< rx )<:::: 
1 100 C *" I < L Pt I ~ 

.:'a':.. 
~# • ~ .. A z. Q k>< X ex X 

1 1 0 1 0 41111 - = M e m U m 11' - {J, C>< X rx X 
1 1 1 0 " > N 

... ,. 

X X X C>< lX X IX lX E e ; a n 

1 1 1 1 F 
,.. 

(, / 7 0 I X X X [X C>< LX [X 0 - 0 I 

IBM Typewriter, Diacritic, National Group C (IBMCGICO) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 

0 fa) 0 e p e I .- C>< X X ex 0000 p ~ '_I 

( 0001 1 A I ! 1 A Q a q ~ I § " ex X X X , . 
0010 2 § "- II 2 B R b r ex rx X X X X ex lX 
001 1 3 

,.. , u # 3 C S c s X X X X X X IX IX 
01 00 4 £ ...., $ 4 D T d t A X. B X X X X X 
0101 5 ¢ % 5 E U e u I ~ l1li ~ X 2< ~ ~ 
01 10 6 ... } S. 6 F V f v X X X X X X X lX 
o 1 1 1 7 " .. , 

7 G W 9 X X X X C>< X ex lX a w 

1000 8 I ii ( 8 H X h x ~ -? ~ 0 X X X ~ 
1001 9 X ~ ) 9 I Y i y [] .. - ~ X X X lX 
1010 A 0 { * J Z j z X X IX ,X C>< X X C>< 
1 01 1 B [ ] + i K a k 0 X X X X X X X IX 
1 100 C * I < L %0 I cy .:'a':.. 

'" ," A Z. ~ X X ~ )S 
1 1 0 1 0 ~ - = M e m U m 1f - {J, X X IX X 
1 1 1 0 E " > N a .. IX X [)( LX X X X X e ; n 

1111 F 
,.. - / 7 0 I lX X lX lX lX X lX 0 - 0 I 

E90003450E 
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IBM Typewriter, National Group D (IBMCGIDO) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 a 0 a 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 a 1 1 0 0 1 1 
4 0 1 0 1 a 1 0 1 0 1 0 1 a 1 0 1 

3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 ia) 0 E p e I 
0" lX X X lX 0000 p 2 '_I 

0001 1 A- I ! 1 A Q a q ~ II § " [X [X X [X . . 
0010 2 § " 

If 2 B R b r C>< X X X X IX X X 
001 1 3 

, 
# 3 C S C 5 l>< X X X X IX X X 

0100 4 £ -, $ 4 D T d t A ~ B X lX 'X X X 
0101 5 ¢ 0/0 5 E U e u I ~ III .. rx X X X 
01 1 a 6 ~ I a 6 F V f v C>< C>< X X X X C>< X 

) 

0111 7 ~ B I 7 G W 9 w IX IX X X X X ex X 
1000 8 X X ( 8 H X h x 00 -7 ~ 0 lX X lX X 
1001 9 X ) 9 I Y i Y [Z] .. - ~ ex: X C>< X 
1010 A X { * J Z j z lX lX X X lX C>< C>< X 
1011 B X X + ; K A k a IX IX X IX [X C>< C>< X 
1 100 C * I < l 6 I 0 ':"8'''-

--"," /It. z. ~ X [X X 2< 
1 1 01 0 - = M X m X m is - {J. l>< rx IX X 
1 110 E f' i > N U n U X IX X [)( lX ex lX: X 
1 1 1 1 F ~ - / ? 0 - 0 

I lX C>< X C>< C>< C>< C>< I 

IBM Typewriter, Alternate, National Group D (IBMCGIDl) 

Bits 7 0 0 a 0 0 a a a 1 1 1 1 1 1 1 1 
6 a 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 a a 1 1 0 0 1 1 0 a 1 1 0 0 1 1 
4 a 1 0 1 0 1 a 1 0 1 0 1 0 1 0 1 

3210 Hex a 1 2 3 4 5 6 7 8 9 A B C 0 E F 

0 
~ 

I 
o- X IX X X 0000 0 (cj) E P e p 2 '_I 

0001 1 A- I ! 1 A Q a q ~ II § " X X X X . . 
0010 2 § " 

II 2 B R b r X X IX X X X X X ) 

a a 11 3 
, 

# 3 C S C 5 X X IX X X X X X 
0100 4 £ --, $ 4 D T d t A ~ B X lX X X X 
0101 5 ¢ 0/0 5 E U e u I ~ • .. X X ex:: X 
01 1 0 6 l:i I a 6 F V f v X lX X X X X ex X 
01 1 1 7 R B I 7 G W 9 w [X rx X C>< [X X ex X 
1000 8 X X ( 8 H X h x 00 -7 ~ 0 X X lX: X 
1001 9 X ) 9 I Y i y [Z] .. - ~ ex: X ex X 
1010 A X { * J Z j z X X X X lX C>< C>< X 
1 0 1 1 B X X + ; K A k a lX rx X D< [X C>< C>< X 
1 100 C * I < l 6 I 0 .::a'-:. .. , .... /It. Z. ~ X [X X X 
1 1 a 1 0 - = M ex m rx m is - {J. X rx IX X 
1 1 1 0 E 'f i > N U n U X X X lX X X X X 
1 1 1 1 F -b - / ? 0 0 - I ex X X C>< X C>< ex I 
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IBM Typewriter, Non-diacritic/Diacritic, National Group E (IBMCGIEO) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 Ial 0 e p e , ,0 

C>< C>( ,X ex 0000 p a '_I 

0001 1 A I ! 1 A Q a q @ II § I, X lX X lX , . 
001 0 2 § " 

.. 
2 B R b r X lX X X X X ex C>< 

001 1 3 U ... :f:j: 3 C S c s X X X X X lX X X 
0100 4 £ -, $ 4 D T d t A J. B X X lX lX lX 

( 0101 5 ¢ 0/0 5 E U e u II IJ€> III ~ X X X ex 
01 1 0 6 

, 
} 8 6 F V f X X X X X lX lX lX I V 

01 1 1 
... ... , 

7 G W X X X X X IX X l>< 7 0 I 9 w 

1000 8 
a ii ( 00 ~ ~ 0 X C>< lX lX 8 H X h X 

1001 9 ... ~ ) 9 I Y i y [i] .. - ~ X lX X rx 
1 010 A i { * J Z j z X X X X X X X rx 
1 01 1 B [ ] + ; K N k n X X IX X X l>< l>< C>< 
1 100 C '* , < l Pt I ~ 

.:·ii .... 
"'".," A Z. CSJ C>< [X [X X 

1 1 0 1 D 4IIll - = M e m U m 1J - {J. C>< C>< l>< lX 
1 1 1 0 E 

.I' a ; > N a n 
.. 
~ lX X X X X X X 

1 1 1 1 F 
, 

(, / ? 0 I lX ex X X X lX ~ 0 0 I 

IBM Typewriter, Diacritic, National Group E (IBMCGIEl) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 

( 5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

>i. 3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0000 0 Ial 0 e p e , -- X X X A p a '_I 
0001 1 A I ! 1 A Q a q @ II § ;, X X lX E , . .. X lX X X X lX lX 

,. 
0010 2 § " 2 B R b r I 

( 

001 1 3 
, ... :f:j: 3 C S ~ rx X X ex X lX 6 u c s 

01 00 4 £ -, $ 4 D T d t A J. B X X X C>< 
, 
U 

01 01 5 ¢ % 5 E U e u II IJ€> II1II .. X X C>< A 
01 1 0 6 

, 
} 8 6 F V f X X X [X X X lX E I V 

01 1 1 
... ... , 

7 G W X X X X X X lX I 7 0 I 9 w 

1000 8 0 
U ( 8 H X h 00 ~ ~ 0 C>< X [X b x 

1 001 9 ... ~ ) 9 I Y i y [i] .. - ~ X X lX u 
101 0 A i { * J Z j z [X [X X X lX X lX u 
1 0 1 1 B [ ] + ; K N k n X X X lX ex X I Y 
1 100 C '* < l Pt I ~ 

.:·ii .... A Z. CSJ X X v , ""t'" 

1 1 0 1 D 4IIll - = M e m U m 1J - .0, X X [X C; 
1 1 1 0 E 

,. 
a ; > N a n 

o. X X IX rx X X lX X 
1 1 1 1 F 

,. 
(, / ? 0 I X lX lX lX C>< X C>< 0 - 0 I 

E90003450E 
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IBM APL/Text, Typewriter, National Group A (APLCGIAO) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C 0 E F 

0000 0 lX 0 ~ t:r= ~ ~ ~ 
," 
,_I .. f l 8 

1 X rx X 1 ( TIl IlX [1] I ~ ': 8. Q 0 0001 . P 
0010 2 X lX X 2 + IX lX [ ® t ~ B A W -
0011 3 

0 lX IX 3 I 21 - v ] 0 4- c § x 1 

0100 4 X X IX 4 L 
I • A ~ E3 X Q I n 3 

01 01 5 X -IX 5 r-[X I • ~ • ~ ~ !! T ± n 
0110 6 X } lX 6 t--6 ~ ~ "- "V I 83 E y. n ~ 

) 

01 1 1 7 X 0 IX 7 1--'--X IX IX ::;t= 6. ......, 6. § W u l6 "V 

1000 8 X lX IX 8 § 6 lX l6 00 ~ ~ 0 ti X 
,..., l6 A 

1001 9 X lX X 9 lX X lX lX [] .. - <E- ! y v lX 
1010 A X ( X X ) XI IX -i> ~ + cp J l (j) X 
1011 B X { X ,X X I { <1- ~ ~ ~ IS ::l '& lX 
1100 C lX lX lX H- lX I!IIIIIII lX ~·a'· A z. ~ b c I ~ ., .... 
1101 0 lX lX tx I-l 6 - } E1 1J {I- M J.. I lX -
1110 E IX IX IX X h lX I 0 r lX 'T' 0 ~ a CJ lX 
1 1 1 1 F lX 0 IX IX H ~ ~ ~ l C?< .¢. --- Q E R 

National digressions: 

I .1 
SEIFI 78 70 

OK 18 70 
NO 18 70 
G8 1A 16 
US 1A 16 

T) 

) 
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IBM APL/Text, Typewriter, Alternate, National Group A (APLCGIAl) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0000 0 X 0 R tT- ! X ~ 
," 
,_I .. P t 8 

0001 1 lX X 1 ( 'ITJ IX ~ II B " A IX 0 v , I P 
001 0 2 tj X y 2 + X IX [ ® t ~ B. A W -
001 1 3 0 2< H 3 III 2 II - v ] 0 ~ ~ §. x 1 

0100 4 X L( Q 4 L I " A ~ EI X D I 1:1 3 . 

( 01 01 5 X X 5 - X I I II€> .. ~ I; u T ± n 
01 1 0 6 9 } X 6 - X / lX '\. ~ I EB E Y. n l6 
o 1 1 1 7 X 0 X 7 1--X IX X ::;!= e:, ...., 

~ § w u X "V 

1 000 8 X X X 8 § X IX X 00 -7 ~ 0 lX ~ '" lX A 

1001 9 X X X 9 X X X C>< III .- - ~ ! y ~ IX 
1 010 A X { X X ) XI IX -i> ~ ~ <P J :X <!> IX 

B X ~ X X - IX IX 1 0 1 1 <l- 2! ~ .t IS :l '& L 
1 1 00 c X X X 0-X -C?< .; .. Ej .... A Z. ~ b c I C>< ',. " 
1 1 0 1 D X X r>< u X X EI 1J {J. M ..L 

, 
X - -

1 1 1 0 E X 2< X IX Ii X I ~ r X "T- O ~ a: 0 X 
1 1 1 1 F X X X X H X X X l X ¢. f"'J Q f. R 

National digressions: 

-} SEIFI DK/NO { 
t! 23 02 SE/FI \ 7B 70 
9 24 06 OK 1B 70 
} 16 16 NO 1B 7D 
{ 1A 1A 

21 83 
Y 22 22 

( B 40 02 
?; 7E 7E 
1 60 C9 

E90003450E 
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IBM APL/Text, Typewriter, National Group B (APLCGIBO) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 X 0 X Ii { X , .-
f B 0000 !! '-' 

.. ~ 

0001 1 X X X 1 ( TIl IX ~ I § " 8. Q 0 , , p 
0010 2 X X X 2 + !X X [ ® t ~ B A W 

0011 3 
0 X X 3 III 2 I - v ] 0 4- ~ § x 1 

0100 4 X X X 4 L 
3 I GIl A X. E3 X Q I II 

0101 5 X 'X 5 .-X I II ~ • ~ 5 u T ± n 

0110 6 X } X 6 l-X X IX " 'V' I EEl E Y. n X 
) 

011 1 7 X 0 X 7 -'---X X X ¢: L:::,. "'-' L:::,. G W U X 'V' 

1000 8 X X X 8 § X X X I!l ~ ~ 0 !:! K 
,..., X A 

1001 9 X X X 9 X X X X lil .. - ~ ! y ~ X 
1010 A X { X X ) XI X -i> S + cp J l <I> X 
1 01 1 B X X X X X I { <l- ~ ~ .t ~ :::l '& X 
1 100 C X X X ± X -IX ':'3'- A z. ~ b c I X .. , .... 
1101 D X X X f-1 } X III is {). M ...L I X I11III -
1110 E X X X X h X I 0 r X .". 0 ~ a CJ X 
1 1 1 1 F X 0 X IX H X X X L X ¢. ,..... Q € R 

IBM APL/Text, Typewriter, Diacritic, National Group B (APLCGIBl) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

(' ) 

3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0000 0 X 0 b n- { X !! 
,'-
,_I .. X ~ B 

0001 1 X X X 1 c TIl IX ~ I § " 8. Q 0 , . p 

0010 2 X X X 2 + X X [ ® X X B A W 

0011 3 I X X 3 III 2 I - v ] 0 4- c s x 1 

0100 4 X X X 4 L I It A ~ E3 X Q I II 3 . 
0101 5 X X 5 - X 1 II ~ • .... E U T ± n 
0110 6 e X ,X 6 - X X X " 'V' I EEl E Y. n X 
01 1 1 7 § Q X 7 --X X X ¢: L:::,. "'-' L:::,.. ~ w u X 'V' 

1000 8 X "f !X 8 § X X X I!l ~ ~ 0 H X 
,..., X A 

1001 9 X X IX 9 X X X X lil .. - ~ ! y X X 
1010 A X X X X ) XI X -i> S + cp J l <I> X 
1 0 1 1 B X X X X X IX <l- ~ ~ .t X :::l '& X 
1100 C X X X + X - !:! .:'ii'- A Z. ~ lX c I X --, .... 
1 1 01 D X X lX f-I } -X III is - {). M ...L X lX 
1 1 1 0 E K X X X h X II 0 r lX .". 0 ~ a CJ X 
1 1 1 1 F V X X X H X X X L IX ¢. r-oJ X € R 
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IBM APL/Text, Typewriter, Diacritic, National Group B (APLCGIB2) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0000 0 lX 0 b ~ { X ~ 
," 
,_I .. X l B 

0001 1 X ~ ~ 1 ( 

'IT I Ie?< ~ III § "', 8. Q 0 . , p 
0010 2 lX X X 2 + LX X [ ® X X B A W -
001 1 3 

, X IX 3 I 2 II - v ] 0 4- ~ § x 1 

0100 4 C>< X X 4 L 
3 I • A ~ E3 X Q I n 

( 0101 5 X X 5 r-~ I II ID€> II1II ~ E u T ± n 
01 1 0 6 e X IX 6 t-1)< IX ~ "- "V I 53 E Y. n IX 
01 1 1 7 § Q X 7 J--'--IX lX lX :;t: ,6 ...., A § W U C>< "V 

1000 8 IX ~ ~ 8 § ~ ~ ~ 00 ~ ~ 0 !:f X ~ l6 A 

1001 9 lX LX IX 9 lX ~ ~ l2< [i] .. - o4E- ! y. ex L 
1 01 0 A X LX X lX ) lXl lX -(> s ..,. cp J ~ <I> l6 

B IX X IX IX - I>< IX 1 0 1 1 <I- ~ ~ i lX ::> '& IX 
1100 C X X X H->< -lX .:"8'- A z: CsJ ~ c: I [2« ""I'''' 

1 1 0 1 D X rx >< ~ } • lX III 'lJ - D M -.l IX lX 
1 1 1 0 E IS X X >< h LX I 0 r lX 1- 0 ~ a- D lX 
1 1 1 1 F V ex IX IX H >< lX lX L lX -b ...w lX € R 

IBM APL/Text, Typewriter, National Group C (APLCGICO) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0000 0 X 0 b IT" J X ~ 
," .. X l B - ,_I 

( 
[X X [X 1 ( 'III Ie?< ~ III § "', 8. 6 0 0001 1 , . p 

001 0 2 rx X IX 2 + IX X [ ® X X B A W 

001 1 3 
, 25: ~ 3 I 2 1 - v X 0 LX X § x 1 

01 00 4 € 12« l>< 4 L 1 .. A ~ E3 X ~ I 0 3 . 
0101 5 lX X 5 r-IX I n II ID€> • ~ 5 u T ± 

01 1 0 6 e X [X 6 t-~ L L "- "V I 53 E Y. n ~ 
o 1 1 1 7 § Q X 7 1--1...-X IX lX :;t: ,6 ...., A § W u l6 "V 

1000 8 Q 't X 8 § X IX lX 00 ~ ~ 0 [X 2i 
~ L A 

1001 9 X X X 9 X l2S: X C?< [i] .. - o4E- ! y. ~ lX 
1 01 0 A <I> X X lX ) XI lX -(> s ..,. cp l6 ~ X lX 

IX IX X IX -
Q IlX <I- ~ ~ i X ::> '& L 1 0 1 1 B 

1 100 C IX X X H-X - !::! .:'a,- A Z. CsJ [>( c: I [>( .. I .... 

1 1 0 1 D 12« X .x ~ M • ~ m 'lJ - D lX -.l X lX 
1 1 1 0 E K [>« lX lX D Q I ] r { ,.. 0 N a- D IX 
1 1 1 1 F V 0 X lX H lX IX lX l } -b roJ lX X R 

E90003450E 
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IBM APL/Text, Typewriter, National Group D (APLCGIDO) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 X 0 X l!-X X I 
., 

p B 0000 a '-' " I 

0001 1 X X [X 1 ( TIl IX !1l II § "': A 0 , Q P 
0010 2 X IX IX 2 ;- IX X [ ® t f! R A W 

001 1 3 X lX lX 3 I 2 J - v ] 0 <} c s x 1 

0100 4 X IX X 4 L 
3 I • A ~ E3 X 12 T n 

01 01 5 X X 5 - lX I • ~ l1li ~ E U T ± n 
01 10 6 X IX ex 6 - X IX IX " 'V' I 53 f V n lX 

) 

01 1 1 7 X 0 X 7 --X X lX :pC D. ......, D. § W U X "V' 

1000 8 X IX IX 8 § X X X 00 -?> ~ 0 H X '" lX '" 
1 0 0 1 9 lX lX X 9 ~ X X X [1J .. - ~ ! 'i :v :X 
1010 A lX lX lX X ) XI X -t> S + ~ :J ~ <!> X 

B X lX X X - X I 101 1 { ~ ~ ~ ~ IS :;:) Q X 
1100 C IX lX X H-)< -X .;'a,- /\. Z. ~ b c I X ~I I'" 

1 1 0 1 D [X X X ~ X -X m '0' JJ M ...L 
, lX -

1110 E X lX X X h X I } r X l' 0 ~ a CJ X 
1 1 1 1 F lX 0 X X H X X X L X .¢. .-.J Q € R 

IBM APL/Text, Typewriter, Alternate, National Group D (APLCGIDl) 

Bits 7 0 0 0 0 0, 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 . 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

! ) 

3210 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0 X 0 X l!-X X I 
.- .. p B 0000 2 '-' I 

0001 1 X X X 1 ( 911 IX !1l II § "': , A Q P 0 
0010 2 X X lX 2 ;- lX lX [ ® t f! B A W -
001 1 3 0 lX lX 3 III 2 ,I - v ] 0 <} c § x 1 

0100 4 X C>< IX 4 L 
3 I ... A ~ E3 X D T n 

0101 5 X IX 5 - X I • ~ • ~ ~ y T ± n 

01 10 6 X lX X 6 f--X X X " 'V' I 53 f V n lX 
0111 7 X X X 7 -'--X X X :pC D. ......, D. § W U X "V' 

1000 8 { } lX 8 § X IX IX 00 -?> ~ 0 t:t X '" X A 

1 0 0 1 9 X lX X 9 X X X lX [1J .. - ~ ! 'i :v lX 
1 010 A X IX X X ) XI lX -t> S + ~ :J ~ <!> lX 

X 0 IX X - X IlX ~ ~ ~ ~ IS Q X 101 1 B :;:) 

1 1 00 c X X X + X -X .;~a'''- /\. z. q b c I X "'1'-

1101 D X lX X i-J [X X m '0' JJ M ...L 
, 

X - -
1 1 10 E X X X X h X I lX r lX l' 0 ~ a CJ X 
1 1 1 1 F X C>< IX X H X IX X L X .¢. .-.J Q € R 
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IBM APL/Text, Typewriter, National Group E (APLCGIEO) 

Bits 7 0 0 0 0 0 0 0 0 1 1 1 1 1 1 1 1 
6 0 0 0 0 1 1 1 1 0 0 0 0 1 1 1 1 
5 0 0 1 1 0 0 1 1 0 0 1 1 0 0 1 1 
4 0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1 

321 0 Hex 0 1 2 3 4 5 6 7 8 9 A B C D E F 

0000 0 lX 0 lX tr l2<: lX ~ 
," 
,_I .. ~ l 8 

0001 1 X rx 2« 1 ( TIl l~ I1l II ~ ': A a 0 , p 
001 0 2 X lX X 2 + ex: X [ ® ..p ~ IX A W -
001 1 3 X X X 3 I 2 II - v ] 0 4- c s x 1 

0100 4 X X X 4 L 
I • A ~ a x !2 I n 3 . 

0101 5 lX 'lX 5 
r-ex 1 • III€> II1II ~ E !! T ± n 

01 10 6 lX } IX 6 f- X I>< IX "- 'V I EI .E Y. n ~ 
o 1 1 1 7 lX lX lX 7 1-'-- lX X X =;I:: 6 ...., 6 § W U ~ ~ 

1000 8 lX X X 8 § C2S [6 ~ [!] ~ ~ 0 !:! 2i 
,.... ex A 

1001 9 lX lX lX 9 [)S: ~ 16 ~ [1J • - ~ ~ y. v ~ 
1010 A 1 { lX X ) [XI [Z( -i> S ."t- ip ::! l (j) ~ 

B IX X X I>< - lX II>< 1 01 1 <I- ~ ~ ~ ~ :;) '& ~ 
11 00 c lX: ~ IX f-t- lX -X ~·a"" A z. ~ b c: I ~ .'" ," 

1 1 0 1 D IX IX IX ~ lX -iX E1 if JJ M ..i 
, lX: -

1 1 1 0 E lX IX lX IX h lX I 0 r C><:: 1" 0 ~ a- CJ ~ 
1 1 1 1 F lX B lX IX H lX IX IX l lX ~ t"OJ Q E R 

E90003450E 
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General 

Keyboard 

The keyboard consists of the keyboard unit, KBU and, mostly, the keyboard 
expansion unit, KXU. 

The keyboard unit, KBU, contains a key matrix, a loudspeaker for certain 
audible signals, indicator lamps and connectors for magnetic identification 
device and keyboard expansion unit, KXU. Its logic contains a two-chip 
microprocessor. For maintenance purpose the logic is accessible with micro
processor control panel, MCP, via a 40 pin clip and a l2-pin connector (P4). 

The purpose of the keyboard logic is 

to scan the key matrix regarding depressed keys and to store the 
code number of such keys. 

.. to read ID data when interrupts are fed from the identification 
device and to check continuously if the ID card is in or out. 

.. to maintain communication with the display terminal controller, 
DTC. 

All measures taken by the keyboard logic are under supervision of the micro
processor and its firmware program. 
The expansion unit, KXU, is functionally only an extension of the key 
matrix and its scanning register. 

Fig. 1. Keyboard 

'000 0 00001 
~) 

Alarm tone volume 

..:.:.-.,...:.... -\ 

[)C".{',""-,,~, 

,'::'" - -, 

,.::.,.ri"':' ~ 
,LV-' -"I 

EE36 1-810 



2 Keyboard [~) 

Brief Outline 

DTC KB reset 

DTC Data 

ROM 
I/O 

Timer 

KBU KXU 

A·bus 

Read 

ID irpt 

{ 

IDdata 
Enable 

Set column 
tamp 
data 

MID "'CO-"'Sl""---~ 

Fig. 2. Keyboard block diagram 

Microcomputer 

Key 
matrix 

Key 
matrix 

The microprocessor is called 6802 and uses the same instruction repertoire 
as 6800. However, it contains a 128 bytes RWM area and a clock forming 
circuit. It is meant to be used together with 6846 and thus forming a two 
chip microcomputer. The 6846 contains 2 kbytes ROM, a timer circuit and 
an eight bit parallel I/O register. 

The register in 6846 interfaces the magnetic identification device, MID, the 
DTC and the discrete circuits controlling the alarm and click loudspeaker. 
The ROM contains the keyboard program. 

Address Decoding 

Four high order address bits from the MPU are fed to an address decoder. 
The output from this decoder provides control pulses for matrix scanning 
and lamp drivers and circuit enable for 6846 (ROM, I/O and timer). 
The eleven low order address bits address the program memory. 

Lamp Control 

The eight LED lamps are lit according to orders from DTC. A lamp used as 
"shift" lamp, may also be lit by KBC. Current lamp status is stored in a 
register in the microprocessor RWM area. The content of this register is 
duplicated in the lamp driving register every program loop. 

) 
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[~l Keyboard 3 

Scanning of the Key Matrix 

The key matrix is arranged in 16 columns by 8 rows (including the expansion 
unit). The eight rows are connected to the data bus via tri-state read gates, 
thus forming a byte output. The matrix is scanned from a 16 bits shift 
register, through which a zero is shifted every scan cycle. The 16 outputs of 
the shift register correspond to the 16 key columns. Thus the shifted zero 
indicates the columns one at a time, and the column is thereby activated. At 
every state of the zero the read gates are opened and the "row byte" is 
fetched by the microprocessor. 
Note that the keyboard expansion unit has its own column activating shift 
register, but shares the tri-state read gates with the KBU. 
As seen from the microprocessor the KBU key matrix and KXU key matrix 
only appear as one matrix. 
The result Of each scan cycle is compared with the results of the previous 
cycle. Should they differ, indicating depressed keys, the change in state is 
transferred to DTC as key numbers. 
The DTC program then converts these numbers into suitable information 
(e g ASCII characters). 

MID Interface 

The magnetic identification device, MID, feeds three signals to the keyboard. 
When drawing the ID card through the reader slit, ID interrupt and ID data 
are applied via two twisted pairs. 
The interrupt to the ROM-I/O-timer circuit will be distributed to the micro
processor, which thereby senses the state (one or zero) of the databit. Data 
is fed in series from MID and is applied to one of the I/O register inputs of 
6846. ID data is stored in the RWM area of the microprocessor, wherefrom 
it can be transferred to DTC if requested. 

When the ID card has reached the bottom of the reader, and thus all ID 
information is stored in the keyboard, the signal Card out sensor interface, 
COSI, indicates that the card remains in the reader. This signal is continuous
ly scanned by the program in the keyboard and as soon as the state changes, 
this is transmitted as status information to DTC. 

Power Distribution 

The keyboard unit is fed with +5 V /0 V from the terminal power supply via 
the cable from DTC. This voltage is also fed from KBU to MID and KXU. 

EE361-81O 
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Communication Procedures 

The keyboard logic continuously communicates with DTC according to a 
certain protocol. DTC transfers one order byte and one or more data bytes 
to the keyboard. The keyboard replies with one or more status bytes and 
sometimes one or more data bytes. 

DTC Order and Data byte(s) KBU 

Status and Data/l D bytes 

Fig. 3. Communication sequence 

The first data bit in a byte is defined as bit 0 and the last one as bit 7. A 
parity bit follows, making even parity. 
The communication is asynchronous with start and stop bits. 
The bit rate is 1200 Hz. 

Order Byte 

The first byte in the procedure is defined as the order byte transferred to 
the keyboard. If bit 7 in this byte is zero, it contains the following informa
tion. 

B7 6 5 4 3 2 1 0 

~ 
=1 Retransmit the last byte(s) 

=1 Stop transmitting and scanning 

=1 Loading of strapping bytes 

=1 Click 

=1 Alarm 

=1 Transmit ID-bytes 

=1 Ack. of ID card in/out status 

Bit 0 implies, when set, an order to the keyboard to retransmit the pre
viously transmitted data byte or data bytes e. g. if some kind of 
fault has been detected by DTC. 

Bit 1 The order byte from DTC is always considered as a poll, upon which 
a status byte should be answered. However, when bit 1 is set trans
mitting of status and data is stopped as well as scanning of the key 
matrix. 
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Bit 2 indicates that the succeeding byte(s) contains strapping data, see 
paragraph "Strapping Bytes". 

Bit 3 always orders the keyboard to induce a click sound via the loud
speaker, e.g. as a tellback of a key depression. The keyboard can be 
assigned to click by itself at the detection of a depressed key, see 
paragraph "S trapping Bytes". 

Bit 4 orders the keyboard to induce an alarm via the loudspeaker. 

Bit 5 orders the keyboard to transfer ID data which are stored in the ID 
buffer in the microprocessor RWM area. 

Bit 6 implies an acknowledgement that ID status (card in/card out) has 
been received. The keyboard keeps sending ID status until this bit is 
received as a one. 

5 

If bit 7 is a one, the keyboard system is set into test mode and thus the order 
byte contains the following information. 

B7 6 5 4 3 2 1 0 

I L::::1 
L::::l 

Retransmit following byte 

Dump RWM (according to 
following byte) 

~---::::1 Dump allRWM bytes 

'------::::1 Transmit ROM-ID 

Bit 0 indicates that the succeeding data byte from DTC shall be "echoed" 
back by the keyboard logic so that DTC can check that no trans
mission faults are at hand. 

Bit 1 implies that the succeeding data byte should be considered as an 
address to the RWM area and that the content of this memory cell 
shall be transferred to DTC. 

Bit 2 means that the content of the whole RWM area shall be sent to DTC 
and thus that the succeeding byte should be ignored. 

Bit 3 All firmware (stored in ROM) has an identification sequence of 30 
bytes programmed in a certain area. When bit 3 is set, this area is 
addressed by the microprocessor and valid ROM ID data is fed to 
DTC. This makes it possible to check if correct program is used in 
the keyboard. The succeeding byte is ignored. 

During test mode bits 4, 5 and 6 are not valid in the order byte. 

EE361-81O 
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Data Byte from DTC 

When the order byte bits 7 and 2 are equal to zero, the data byte is con
sidered as lamp data and the lamps are lit accordingly. A one in a bit position 
corresponds to a lit lamp. 
The meaning of the lamps are software dependent. 
Bit 7 corresponds to the leftmost lamp-position on the keyboard panel and 
bit 0 to the rightmost position. 

Test mode is defined by order byte bit 7 = 1. Depending on the states of 
bit 0 and 1 (see previous paragraph), the byte is either 

e a byte to be echoed 

.. an address to R WM 

e ignored 

Strapping Bytes 

In order to avoid designing with hardware strap pings to alter certain func
tions in the keyboard, "software strappings" are used. 
These strapping bytes are fed from DTC program mainly after a system reset. 
The strapping bytes are stored in the microprocessor RWM area. 

When the order byte bit 7 = 0 and bit 2 = 1 up to eight strapping bytes can 
be transferred from DTC to the keyboard logic. This string of strapping bytes 
ends with a stop byte with the hex code FF. Thus no strapping byte may use 
the code FF. 

Strapping byte I 

B7 6 5 4 3 2 o 

L:~1 
Not used 

DTC alone handles click 

=0 Shift l/shift 2 reset shiftlock 
'-----

= 1 Shift 1 resets shiftlock 

=0 Shift l/shift 2 have same status bit 1--____ _ 

= 1 Shift 2 has separate status bit 

=0 Shift lamp = upper case 
'--------

=1 Shift lamp = shift lock 

=0 MID 

=1 Keylock 

'-------------Notused 

L--____________ Not used 

i 
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Bit 0 decides if the DTC alone shall handle the click function or if the 
keyboard shall handle the tellback click function at the depression 
(not at repetition) of a key. 

Bit 1 Not used 

Bit 2 decides if both shift 1 function and shift 2 function or only shift I 
function shall reset shift lock (see further on). 

Bit 3 decides whether or not shift 1 and shift 2 shall have the same status 
bit (also see status byte from keyboard). 

Bit 4 decides if the shift lamp shall indicate upper case or shift lock. 

Bit 5 indicates if a magnetic identification device is used or if a keylock 
is mounted. 

Strapping byte 2 

Defines which lamp that shall be used as shift lamp. If this byte is 00 no 
lamp is handled by KBC. If bit 7 = I the leftmost lamp functions as shift 
lamp and may be handled by KBC etc. 

Strapping bytes 3-8 indicate key numbers, i.e. key positions on the key
board, which are assigned to certain functions such as shift lock. Thus it is 
possible to assign any key in the matrix to such a function. 

7 

There are four different "shift" possibilities that can be strapped in the key
board RWM. Shift 1 (which always releases the shift lock function) is usually 
used as an ordinary upper/lower case shift key similar to a typewriter key
board. 
Shift 2 can be used as a shift. However, it is possible to give shift 2 another 
function. In that case the shift 2 key puts the system into another mode. 
This could be used e.g. as a data entry ALPHA SHIFT key. If shift 1 and 
shift 2 are given different meanings, each key on the keyboard can have four 
different meanings i.e. normal upper, normal lower, shift 2 upper and shift 
2 lower. 
Shift 3 and shift 4 provide two more different shift modes. 

Strapping byte 3 

Bits 6-0 indicate the number of the key that shall handle the shift lock 
function (also see strapping byte 1 bits 2 and 4). 

Strapping byte 4 

Bits 6-0 indicate the key number for shift 1. 

Strapping byte 5 

Bits 6-0 indicate the key number for shift 2 (also see strapping byte I 
bits 2 and 3). 

EE361-810 



8 Keyboard 

Strapping byte 6 

Bits 6-0 indicate the key number for shift 3. 

Strapping byte 7 

Bits 6-0 indicate the key number for shift 4. 

Strapping byte 8 

Bits 6-0 indicate the key number for the repeat key. If this is used, the 
"typeamatic" function is omitted, i.e. the automatic repeat function that 
normally is activated when any key is depressed more than 0,5 seconds. 
The repetit~on frequency is about 25 Hz. 

Note that the keyboard only notes the key-number of the various shift and 
repeat functions. The measures to be taken when any of these keys is de
pressed is decided by the DTC program. 

Status Byte from Keyboard 

When order and data (or strapping data) have been received from DTC, the 
keyboard replies with status and data unless bit 1 (stop transmitting and 
scanning) was set in the rece'ived order byte. 

B7 6 5 4 3 2 1 0 

L:: Shift 1 + shiftlock 
Shift 2 (see strapping byte 1) 

Shift 2 (see strapping byte 1) 

'------ =1 Shift 3 

L-____ =1 Shift4 

'-------- = 1 Not used 

=1 ID-bytes in following bytes 

'----------- = 1 Extend status in following byte 

'------------ =0 No following byte 

Bit 0 indicates when shift lock, shift 1 or shift 2 has been depressed. Note 
that shift 2 in this case must have the same function as shift 1. 

Bit 1 indicates that shift 2 has been depressed. This status bit is only used 
when shift 1 and 2 have different meanings. 

Bits 2 and 3 indicate that keys assigned to shift 3 and 4 have been de
pressed. 

Bit 5 indicates that ID data succeeds the status byte. 

Bit 6 indicates that an extended status byte succeeds the status 
byte. 

) 
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Bit 7 = 0 implies that no data succeeds in this transfer. 

= 1 implies that key-number, ID data or extended status 
succeeds the status byte. 

Data Bytes from Keyboard 

When the status byte has bit 7 = 1 and bits 6-4 = 0 a data byte containing 
the number of a depressed key is transferred after the status byte. 

B7 6 5 4 3 2 o 
v,-------' 

I = Keynumber (OO-7FJ 

'-. ----------- = 1 Repeat 

ID Bytes from Keyboard 

When bits 5 and 7 = 1 and the rest = 0 in the status byte, ID data succeeds 
the status byte. 

B7 6 5 4 3 2 1 0 
'~--~vr---'~ 

II '----: 
Odd ID-nibble 

Even ID-nibb1e 

The ID bytes include start-, stop-, LRC-byte. The string of ID bytes ends 
with a stop byte (code "AA"). 

Extended Status from Keyboard 

When bits 7 and 6 = 1 and bits 5 -0 = 0 an extended status byte succeeds 
the status byte. 

EE361-81O 

B7 6 5 4 3 210 

~:: 
Overrun in keyboard 

ID read error 

Key with repeat function re
leased. 

'------ = Not used 

'-------- =1 ID card in 

'--------- =1 ID card out 

'---------------- Not used 
L-_________________ Not used 

9 
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Bit 0 indicates that the keyboard has lost one or more key depressions due 
to full FIFO buffer. This buffer is in the RWM area and can hold four 
key numbers before overrun. 

Bit 1 indicates that the keyboard has detected a parity fault or a fault at 
the longitudinal redundancy check while reading the ID data from 
the identification device. (Bit 5 is also set). 

Bit 2 indicates that a key with typeamatic repeat function or the repeat 
key (see strapping byte 8 above) has been released. 

Bit 3 Not used. 

Bit 4 is set if an ID card is inserted in the MID and the ID bytes have been 
correctly read by KBC. This bit is reset after KBC gets an acknowledge 
of ID card in/out status from DTC. 

Bit 5 is set when the ID card has been taken out of the MID or if a fault is 
detected during the reading (see bit I). Also reset at acknowledge. 
See below. 

Note that the keyboard transfers bit 4 or 5 until DTC acknowledges with 
bit 6 in the order byte. 

Detailed Description 

See keyboard logic diagram. 

Keyboard RWM Test 

At KB reset, the keyboard program begins with a test of the 128 byte RWM 
area in the microprocessor. This program is called KB RAMT. Thereby every 
two bytes are fed with AA (hex) and the other with the inversion, 55. This 
means that the memory contains AA, 55, AA, 55 etc. 
The program then waits for 4 ms and then reads the memory to check that 
the infonnation remains and is correctly stored in the memory. If no error 
is detected, the program stores the inverted infonnation, i.e. 55, AA, 55, 
AA etc. 
After another 4 ms delay, the memory is checked again and if no error is de
tected the program writes 00 into cell 7F, 0 I in to cell 7E etc. After another 
4 ms delay, the memory is checked again and if no error is detected the 
program proceeds with testing the program memory. 
Should, however, an error appear during the test, the program enters a loop 
which forces the eight lamps of the panel to blink simultaneously with a 
frequency of 5 Hz. At the same time the program sets pin 2 at connector PI 
to low level, indicating error and pin 4 in connector P4 to high level, indi
cating that the error is an RWM error. This loop can only be broken by a KB 
reset. 
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Keyboard Program Memory Test 

When no error is found in the RWM area, the program proceeds by checking 
the program memory. This test is called KB CRCT. 
The program thereby reads all 2 kbytes of the ROM and at the same time 
accumulates a 16 bit block check character, BCC. This character is generated 
according to the cyclic redundancy check, CRC-16 method. 
When all 2 kbytes have been examined in this way, and thus a 16 bit word 
has been accumulated, the word is compared with a previously calculated 
word. This previously calculated word is stored in two successive addresses 
in the ROM. 

Should the two words match, this means that the program memory is correct 
and without faults. 
However, it the patterns do not match, the program enters a loop which 
forces the eight lamps on the panel to blink sequentially from left to right 
with a "jump" frequency of 5 Hz. The program also sets pin 2 in connector 
PI to low level, indicating error and pin 4 at connector P4 to low level, indi
cating fault in the program memory. The loop can only be broken by a KB 
reset. 

Initiation after KB Reset 

If, after a KB reset, no RWM or ROM errors have been detected, the program 
proceeds with setting certain circuits into initial state. 
These circuits are 

Main Loop 

• The peripheral control register, data direction register and peripher
al data register in ROM-I/O-timer. 
(Also see section "Microcomputer" - paragraph "PIA"). 

The RWM area is cleared, FIFO pointers are set to start address and 
the "stop transmitting and scanning" bit in the order byte is set. 

• Presumed strapping bytes regarding shift and repeat are stored in 
RWM. 

The column activating shift register is cleared. 

When the memory tests and the initiation have been made, the keyboard is 
ready to receive order from DTC. 
When an order appears having the "stop transmitting and scanning" bit reset, 
the program enters the main loop or working loop, which is called KB scan. 
This part of the program has the succeeding main functions: 

EE36l-81O 

• to light the lamps on the panel according to lamp data from DTC. 
These data are stored in the R WM area. 

• to check whether or not an ID card remains in the reader and indi
cate this to the DTC the succeeding communication cycle. 
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• scan all keys of the keyboard and compare the present state of the 
keys with the state of the previous scanning. 

• decide if the code for a depressed key should be transferred repeat
ingly to DTC. 

• finally the program handles two interrupts. One appears at each bit 
serially fed from MID while reading an ID card. The other one ap
pears at the start bit at every byte fed from DTC. 

Thus the main loop begins with the microprocessor addressing the RWM cell 
containing current lamp data. If the keyboard handles the shift lamp, lamp 
data from DTC is OR :ed with the shift lamp bit. 
Lamp data is then applied to the data bus while address bits 15-11 affect 
the address decoder so that the lamp driving register is clocked whereby lamp 
data is set into this register. 

When lamp data is set, the program proceeds with testing the signal COSI 
from the MID. This signal tells whether there is an ID card resting in the 
reader or not. 
This part of the program checks if the signal has changed state regarding the 
previous scan. If so, DTC is informed of the change in the succeeding exten
ded status byte (bit 4 or 5) from the keyboard. The keyboard keeps on sen
ding this status until DTC acknowledges it with bit 6 in the order byte. 
However, if the state of the signal has changed to "ID card out" the program 
checks if MID presently reads a card before informing DTC. 

The keyboard matrix, defined by 16 columns and 8 rows, is scanned every 
main loop in the following manner. The program sets a zero in the first stage 
of the column activating shift register. This implies that the first key column 
of Hall switches i.e. the first eight keys, are activated. 

Then the program enables the eight tri-state buffers, whereby the state of 
the eight activated Hall switches are applied to the data bus. At this time the 
column activating shift register is clocked by the program and the zero pro
ceeds to the second stage of the register. 
The byte on the data bus is fetched and stored in a 16 byte RWM buffer 
called "new key values". The zero in the shift register now activates the 
second column of eight Hall switches, which are fetched in the same manner 
as the first. The zero is stepped again to indicate the third column and so on 
until all 16 columns are fetched by the program and stored successively in 
the "new key values" buffer. 

The program then starts to compare the 16 bytes, one by one, with the 
corresponding 16 bytes in another buffer called "old key values" which 
contains the states of the Hall switches from the previous scanning. 
Should a difference appear at the comparison, this means that a key has 
been depressed, or that a depressed key has been released. If a key has been 
depressed, the program starts to determine the number of the current key 
by comparing each bit until a difference is found. At this state the program 
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knows the number of the byte i.e. matrix column and also the number of 
the bit i.e. matrix row. Thus the key at hand is identified and the key num
ber, consisting of column nr (bits 6 through 3) and row nr (bits 2 through 0), 
is fed to the output FIFO buffer together with the status byte at hand. The 
status byte thereby indicates if shift is depressed, which also is deterrp.ined 
by the program. 

Key number: 

bit 7 6 5 4 3 2 o 

o I 
\~------~ r------~A~ ____ ~ V V 

I 

Column nr Row nr 

Fig. 4. Key code bit designation 

The FIFO buffer holds eight bytes, which means that four key numbers can 
be stored. In the improbable case of more than one hit at a scan cycle, all 
keys will be stored in the FIFO in the order they were found. 
Any byte in the "new key values" buffer differing from the corresponding 
one in the "old key values" buffer is transferred to the corresponding loca
tion in the "old key values" buffer. The matrix is scanned at least every 
2ms. 

, 00 I 01 '02 , 03 , 04 I 05 I.. I 29 I 2. I 2. '2C 120 I 50 I" 152 153 I 54 155 I 65 I 06 07 60 75 70 

OE 26 6E 76 7. 

70 7. 60 OF 27 6F 77 1F 

71 7. 61 16 2E 3E 4E 5E 

72 7. 62 17 2F 3F 4F 5F 

73 7. 63 lE 36 46 56 66 

74 7C 64 1F 37 47 57 67 

Fig. 5. Key codes 

When the program has finished the matrix scanning, it proceeds with the 
repeat function. 
Thereby the strapping bytes are checked to find if any key is assigned as re
peat key. If so, the program checks if this key is depressed. If it is depressed 
and the FIFO is empty, the number of the last depressed key is set into the 
output FIFO buffer once again. This is made until the repeat key is released. 
If no key is assigned as repetition key, the "typeamatic" function is valid. 
This means that when any key on the keyboard is depressed longer than 
0.5 s its number will be set into the output FIFO buffer as described above. 
The repetition ceases when the key is released. 
After the end of repetition, bit 2 of the extended status byte from KB is set. 

EE36l-81O 
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Interrupts from DTC 

The main loop can at any time be interrupted by the DTC having decided 
to start a communication sequence. The transfer is made asynchronous with 
one start (low) and one stop bit (high) for each byte. 
When the data line from DTC drops to low at the beginning of a communi
cation sequence, this is sensed by inputs CP2 and PO of the ROM, I/O, timer. 
PO is assigned as data input and CP2 causes an IRQ to the microprocessor. 
Thereby the program sets the timer to measure half the decided bit time, 
which is I /1200s. When this time has elapsed, the timer causes an IRQ. The 
state of the data line is tested and if it still is low, it is considered as a start 
bit. 

Stop bit 

1 :st I R Qc--___ -' 

from CP2 

~------------~I 

IRQ fro.-"..m'--,.,.--______ --' 
timer after 1/2 bit 

I RQ from timer in the middle of each bit 

time 

Fig. 6. Bit timing, received data 

The timer is then set to measure the whole bit time which means that the 
succeeding IRQ appears in the middle of each bit. Thus the program can 
strobe the databit at the most suitable time. When the whole message (at 
least two bytes) is received in this manner, the program changes to transmit 
mode. 
The first byte from DTC is always an order byte. Every bit in this byte must 
be examined by the program in order to find out what the keyboard is ex
pected to perform. 

Transmission to DTC 

The timer in the 6846 circuit is also used during transmission from the key
board to DTC. The program then applies a start bit to output PI and starts 
the timer to measure one bit time. When the time has elapsed, IRQ is fed to 
the microprocessor, whereby the program serially feeds the rest of the mes
sage. 
For each bit the timer measures its length. 
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Interrupt from MID 

When an ID card is drawn through the slit of the MID, a train of clock pulses 
and of data bits are fed to the 6846 circuit. Serial data is applied to input P2 
and clock pulses to CPl input. The clock pulse causes the ROM-I/O-timer 
to feed IRQ to the microprocessor. The program thereby fetches the current 
data bit and this is repeated until the stop code from the ID card is detected 
and the clock pulses cease. 

Program Summary . 

( KB reset ) 

+ 
KB RAMT 
(RWM-test) 

+ 
KB CRCT 

(ROM-test) 

+ 
KB INIT 

I 
Set lamp data 

I -
t 

Repeat ID-card IN or 
OUT 

f Scan KB ... I 

l'"~'N" from M' DiDTC 00,.11'" J 
Fig. 7. Coarse flowchart 
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General 

Functions 

This chapter describes the keyboard unit KBU 4143 and its auxiliary 
units the keyboard expansion unit KXU 4146 and the magnetic stripe 
reader MSR 4136. The KBU is intended for connection to a display 
unit but might be connected to other devices in some applications. When 
used, the KXU and MSR are connected to the KBU. 

The KBU and, if connected, the KXU and the MSR are controlled by 
the display unit via a serial interface. On command from the display 
unit, the KBU performs: 

• Scanning of the KBU and KXU key matrices. 

• Storing of key codes for pressed keys. 

• Processing of data from the MSR. 

• Storing of MSR data. 

• Sending of stored information to the display unit. 

• Control of a LED display. 

Mechanical Design 

The main parts of the KBU are, as shown in Fig. 1: 

• Case, formed by two parts. 

• Switchboard with key matrix and LED display. 

• Logic board with microprocessor (CPT), memory, interfacing circuitry 
and loudspeaker. The board also contains contact springs for a battery 
mounted through the case bottom and the board. 

The switchboard is connected to the logic board by means of a cable 
with connector. The logic board is equipped with two connectors for 
connecting of external equipment. The connectors are accessible at the 
rear side of the case. 

The main parts of the KXU are, as shown in Fig. 2: 

• Case, formed by two parts. 

• Switchboard, with key matrix and decoding logic. 

The KXU is equipped with a cable with connector intended for connection 
to the corresponding KBU connector. 

E90003341E 
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LED display 

Key matrix------:~~;Q 

Connectors -----79~'----~ 

Fig. I. Mechanicallayoul of KBU 

Fig. 2. Mechanicallayoulof KXU 

Case top 

ERICSSON ;:! 

Case top 

Switchboard 

Logic board 

Case bottom 

Connection cable 

Switchboard 

Case bottom 

The MSR is a unit intended for installation on the top of the KBD, see 
Fig. 3. The MSR is provided with a cable with connector for connection 
to the KBD logic board. 

E90003341E 
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KBU MSR 

Fig. 3. Placement of MSR 

Brief Outline 

Hardware Functions 

Main Parts 

The main parts of the keyboard are, according to function: 

• Microprocessor, CPT, with address decoder, ROM and RWM. 

• Key matrices of KBU and KXU with decoding logic and input gates. 

• LED display and loudspeaker. 

• MSR with logic. 

See block diagram, Appendix 5. 

The CPT has two outputs for address and data signals. One of the outputs 
is an address output, while the other output is a combined address output 
and data input/output. An address register captures the address signals 
to separate these from the data signals. 

The most significant bits of the address are fed to an address decoder 
which feeds enabling signals to: 

• Output gates. 

• ROM. 

• RWM. 

• Battery sense circuits. 

The least significant address bits are fed to the ROM and the RWM to 
point out the memory cells. The LED display and the loudspeaker are 
controlled by means of the output gates. Signals from these gates also 
control the keyboard scanning, input gates and an analog section of the 
logic. 

E90003341E 
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Interface 

Function 
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The scanning of the keyboard matrices is controlled by two signals from 
the output gates and a keyboard column activator. Information regarding 
pressed keys is fed to the CPT inputs via input gates, controlled by a signal 
from the output gates. 

The MS R signals are fed to the CPT via the analog section. If an external 
MSR is used (not used in S41), its signals are also fed to the CPT the same 
way. A battery sense circuit is also connected to this analog section. The 
analog section, which is controlled by the output gates, evaluates the 
analog signals and converts them into digital levels. The analog section 
output signals are fed to the CPT interrupt inputs. 

The keyboard is connected to the display unit via three signals: 

e SVK, on/off signal to the display unit controlled by the keyboard 
on/off switch (not used in S41) 

e KB-RESET, signal from the display unit for reset of the CPT and 
associated logic 

e KB-DATA, asynchronous bidirectional data line between the KBU 
and the display unit. 

Alternatively, a synchronous three line-connection can be used (not 
used in S41). In this case the KB-RESET and KB-DATA signals are 
replaced by the signals: 

e DO, data from the display unit to the KBU. 

e DI, data from the KBU to the display unit. 

e CPKB, clock signal from the display unit to the KBU. 

The CPT controls the function of the KBU according to a program in 
the ROM. The CPT fetches an instruction from the ROM, executes the 
instruction, fetches the next instruction etc. 

Addressing of memories and output gates takes place in two steps. First, 
part of the address is fed out via the AD output of the CPT. This part is 
saved in the address register. The rest of the address is then fed out via 
the A output of the CPT. The AD output/input is then used as data input/ 
output from or to the circuit pointed out by the address decoder. 

The sensing of the keyboard matrix is achieved by means of a shift register 
(column activator) activating one key column at a time. Each key connects, 
when pressed, one column to one row in the matrix. The CPT senses the 
keyboard rows via the input gates and evaluates which key is pressed 
from the column/row combination. The key codes are stored in a buffer 
area in the RWM while the KBU is waiting for transmission order from 
the display unit. 

The MSR signal is amplified, filtered and converted into digital levels 
in the analog section. From the analog section interrupt signals are fed 
to the CPT. The CPT evaluates the received information and stores the 
MSR code in a buffer area in the RWM. 

E90003341E 
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Data output is made via the output gates. The output signals control: 

• Keyboard matrix scanning. 

• Input gates. 

• LED display. 

• Loudspeaker. 

• Analog secti9f1. 
/ 

The loudspeaker control circuit consists of a three-bit digital-to-analog 
converter lith amplifier. The program performs frequency as well as 
amplitude/control of the acoustic signal. Two types of signals are used: 

I 
• Click signal, which is the acoustic feedback on a pressed key. 

• Alarm signal ,_\\'l1i~(;1LiS __ C!ILalert signal to the operator. 
~-""~"--'--"~ -"._"-, .. - -~--.".~.~---.~.--.-"-""-"."-.-.~.--~-.-. -~---~ -~.-~--~.~~--"---

.--".~--~-----
Power Supply 

The keyboard is fed with 5 V DC from the display unit. A battery is 
provided to keep the RWM powered when the 5 V supply is switched 
off. The battery voltage is sensed by a supervision circuit in the analog 
section. In case of low battery voltage, an interrupt signal is fed to the 
CPT. 

Firmware Program Functions 

See Fig. 4. 

Power On 

At power on, a test sequence is executed. The sequence consists of: 

• ROM test. 

• RWMtest. 

• CPT test. 

• Battery voltage test. 

If the test sequence results in an error, an error message is shown on the 
LED display. If the ROM-, the RWM- or the CPT test results in an error, 
the keyboard function is blocked. The LEDs and the alarm are also 
activated during the test sequence. 

If no blocking errors are found, an initiation procedure is executed. The 
procedure sets the circuits in their initial states. 

E90003341E 
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RESET 

T 
TEST 

SEQUENCE 

I 
INITIATION 

PROCEDURE 

.+ 
-I 

LED data 
output 

I 
MSR card 
checking 

I 
Keyboard 
scanning 

I 
Repeat 

1 

Fig. 4. Summary oj program sequence 

Main Sequence 

When the tests and the initiation have been made, the keyboard is ready 
to receive orders from the display unit. When an order is received where 
the "stop transmitting and scanning" bit is not set, the program enters the 
main sequence. This part of the program performs the following functions: 

• Lights the LEDs on the panel according to LED data from the display 
unit. 

• Checks whether or not a card is inserted in the MSR. 

• Scans all the keys of the keyboard. 

• Decides if the code for a pressed key should be transferred repeatingly 
to the display unit. 

• Handles two interrupts. One appears at each bit fed from the MSR. The 
other one appears at every byte fed from the display unit. 

The main loop begins with the microprocessor addressing the RWM 
cell containing current LED data. Data is applied to the LED driving 
register via the data bus. 

E90003341E 
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When LED data is set, the program proceeds with testing the signal 
COSI from the MSR. This signal tells whether there is a card in the 
reader or not. This part of the program checks if the signal has changed 
state since the previous scan. If so, the display unit is informed of the 
change. The keyboard matrix, defined by 16 columns and 8 rows, is 
scanned every main loop in the following manner. The program sets 
a zero in the first stage of the column activating shift register. Then the 
program enables the eight input gates, whereby the state of the eight 
activated switches are applied to the CPT. The column activating shift 
register is clocked by the program, the second column of the keyboard 
is enabled and the state of this is fetched in the same manner as the first. 
The zero is stepped again to indicate the third column and so on until 
all 16 columns are fetched and stored in the buffer. 

The program then starts to compare the 16 bytes, one by one, with the 
corresponding bytes from the previous scanning. Should a difference 
appear at the comparison, this means that a key has been depressed, or 
that a depressed key has been released. An additional scan is used to 
filter out contact bounces. If a key has been depressed, the program 
determines the number of the key consisting of column number (bits 6 
through 3) and row number (bits 2 through 0). 

Bit 7 in the code states whether the code comes from the keyboard or 
the expansion keyboard, see the figure below. 

765 4 321 0 
I I I I I I I I I 

I 

L--_ Row number 

Column number 

KBUorKXU 

The column/row numbers and the keyboard codes for the keys are shown 
in Appendix 2. 

The codes are translated according to certain tables before they are 
fed to the output buffer. Two tables are used, one for normal codes 
(Appendix 3) and one for extended codes (Appendix 4). When extended 
codes are used, the status byte states, whether the code comes from the 
keyboard or from the expansion keyboard. The keycode is fed to the 
output buffer together with the status byte at hand, thus each keycode 
occupies two bytes in the buffer. 

The output buffer holds 16 bytes, which means that 8 key numbers can 
be stored. The matrix is scanned at least every 2 ms. When the program 
has finished the matrix scanning, it proceeds with the repeat function. 
First, the strapping bytes are checked to find if any key is assigned as 
repeat key. If so, the program checks if this key is depressed. If it is 
depressed and the output buffer is empty, the number of the last depressed 
key is set into the buffer once again. This is made until the repeat key is 
released. If no key is assigned as repetition key, the "typematic" function 
is valid. This means that when any key on the keyboard is depressed 
longer than 0,5 s its number will be set into the buffer as described above. 
The repetition ceases when the key is released. 

R(}0003341E 



8 Keyboard, KBU 4143, KXU 4146, MSR 4136 ERICSSON :ae 

When repetition occurs, bit 7 in the keycode is set, see the figure below. 

76543210 
I I I I I I I I I 

I '----- Keycode from the table 

L. -------- 1 = Repeated key 

Communication 

Communication is handled by the interrupt routine according to Fig. 5. 
The display unit sends messages formed by order bytes and data bytes. 
The KBU answers with status bytes and data bytes. 

Order and data I;> 
DU KBU 

KI Status and data 

Fig. 5. DU - KBU transfers 

Each byte is built up according to Fig. 6. 

1J
1- - -r --;----:- --:- -- i--- :-- -~---1---;-:---
I I I I I I I I I I : 

\--- L uJ ___ ~-- -~I- --, --- L ___ L __ ;-r L::~p b;1(1') 

Parity bit 
(even parity) 

'------------Data bits 

'----------------------Start bit ("0") 

Fig. 6. Word format of D U - KB U transfers 
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Communication Procedures 

Display Unit Messages 

Message Format 

The five different types of messages sent from the display unit are shown 
in Fig. 7. Communication examples are found in Appendix 6. 

The first sent data bit in a byte is defined as bit 0 and the last one as bit 7. 

Bit No. 
/~ ______ ~A~ ____ ~\ 

Byte No. 7 6 5 4 3 2 1 0 

~ 10

11111
0

111 

~lo1l1111111 
I 
I 

Order 

LED data 

Order 

I Strapping information 
I 

n~ 111 11 11 11 11 11 11 /1 i Stop 

~ 111 I I / I I I / ~:~~o;~~;ess 
~ 11 / a I a 11 I t I a 1 a I Test order 

I I 

I I 
I I Programmable key data 
I I 

~~ j 1 11 /1 11 11 11 11 111 Stop 

1 11 I 0 11 11 I 0 I 0 1 0 1 0 1 Test ?rder s~tti ng the 
KBU In receive-only mode 

Fig. 7. DUto KBUmessageformats 

E90003341E 
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Order byte 

The first byte is defined as the order byte transferred to the keyboard. 
Bit 7 of the byte defines if it is an order byte or a test order byte. If bit 
7 = 0 the byte contain's the following information: 

7 6 S 4 3 2 1 0 

10 I I I I I 

[I 1 ~ Retransmitthe last byte(s). 

1 = Stop transmitting and scanning. 

'-----1 = Load strapping bytes. 

'------1 = Click. 

L------l = Alarm. 

L-------l = Transmit MSR bytes. 

'---------1 = Acknowledgement of MSR card in/out 
status. 

L...---------O = Order byte. 

The bits cause, with the values stated above, the following functions: 

Bit 7 defines order byte. 

Bit 6 implies an acknowledgement that MSR status (card in/card 
out) has been received. The keyboard keeps sending MSR 
status until this bit is received. 

BitS orders the keyboard to transfer MSR data which is stored in 
an RWM area. 

Bit 4 orders the keyboard to activate an alarm via the loudspeaker. 

Bit3 orders the keyboard to induce a click sound via the loud
speaker, e.g. as feedback from a key depression. The keyboard 
can be assigned to click by itself at the detection of a depressed 
key, see "Strapping Bytes". 

Bit 2 indicates that the subsequent byte(s) contain(s) strapping data, 
see "Strapping Bytes". If bit 2 = 0 the subsequent byte consists 
of LED data. 

Bit 1 The order byte from the display unit is always considered as 
a poll, upon which a status byte should be answered. However, 
when bit 1 is set transmission of status and data is stopped 
as well as scanning of the key matrix. 

Bit 0 orders the keyboard to retransmit the previously transmitted 
data byte(s), e.g. if some kind of fault has been detected by 
the display unit. 

) 
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If bit 7 = 1 the keyboard is set into test mode and then the order byte 
contains the following information: 

76543 2 1 0 

111xl I I I I I I 

II 1 ~ Retransmit following byte. 

1 = Dump RWM according to following byte. 

L-__ 1 = Dump all RWM bytes. 

'------ 1 = Transmit ROM-ID. 

'------- 1 = Extended address 1. 

'-------- 1 = Extended address 2. 

'--------- Not used 

L-________ 1 = Test order byte. 

The bits cause, with the values stated above, the following functions: 

Bit 7 Test mode is defined by order byte bit 7 = 1. Depending on 
the states of bit 0 and 1, the subsequent byte is either: 

• A byte to be echoed. 
• An address to the RWM. 

• Ignored. 

Bit6 Notused. 

Bit 5,4 These bits are used to address devices which may be connected 
to the communication link between the display unit and the 
keyboard. The bits are used for loading of programmable key 
data and to order IPL of the keyboard. 

Bit5 Bit4 Function 

0 0 Address 1 
1 0 Address 2 
0 1 Programmable key data 
1 1 IPL 

Bit 3 All firmware (stored in ROM) has an identification sequence 
programmed in a certain area. When bit 3 is set, this area is 
addressed by the microprocessor and valid ROM ID data is 
sent to the display unit. This makes it possible to automatically 
choose the keyboard table corresponding to the keyboard 
program. The subsequent byte is ignored. 

Bit 2 means that the contents of the whole RWM area will be sent 
to the display unit and thus that the subsequent byte should 
be ignored. 

E90003341E 



12 Keyboard, KBU 4143, KXU 4146, MSR 4136 ERICSSON :::: 

Bit 1 implies that the subsequent byte should be considered as an 
address to the RWM area and that the contents of this memory 
cell will be transferred to the display unit. 

Bit 0 indicates that the subsequent byte from the display unit shall 
be "echoed" back by the keyboard logic so that the display 
unit can check that no transmission faults have occurred. 

Programmable Key Data 

IPL 

Data Byte 

Programmable key data is sent in a block formed by 55 bytes. 

Byte 1 

Byte2 

Byte 
3-54 

Byte 55 

Order byte (90( 16))' 

Key value for the PF key in question. 

Key value and status for the keycodes in the string (2 bytes 
each). 

Stop code (FF( 16))' 

The IPL order byte (BO(16)) sets the keyboard to receive-only mode with 
the transmission speed 4 800 bits per second to receive program code. 

When the order byte bit 7 = 0 and bit 2 = 0, the subsequent data byte is 
considered as LED data and the LEDs are lit accordingly. A bit position 
set to one corresponds to a lit LED. 

The meaning of the LEDs is software-dependent. Bit 7 corresponds 
to the leftmost LED position on the keyboard panel and bit 0 to the 
rightmost position. 

Strapping Bytes 

In order to avoid hardware strappings for altering certain functions in 
the keyboard, "software strappings" are used. 

These strapping bytes are fed from the display unit program mainly 
after a system reset. 

The strapping bytes are stored in the microprocessor RWM area. 

When the order byte bit 7 = 0 and bit 2 = 1 up to 17 strapping bytes can 
be transferred from the display unit to the keyboard logic. This string 
of strapping bytes ends with a stop byte with the code FF(16)' Thus no 
strapping byte may use the code FF(16)' 

) 
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Strapping byte 1 

76543 2 1 a 
Ixl I I Ixlxl I I 

II 0 ~ Keyboard handles click. 
1 = Display unit handles click. 

0= MSR track 2. 
1 = MSR track 3. 

'----- Not used. 

'------ Not used. 

'--------- a = Shift LED = uppercase. 
1 = Shift LED = shift lock. 

l...-_____ 0 = MSR. 

1 = Keylock. 

'--------- 0 = Normal strapping. 
1 = Extended strapping. 

'------------ Not used. 

The bits are further explained below: 

Not used. 

13 

indicates if normal strapping (9 bytes) or extended strapping 
(17 bytes) is used. 

indicates if a magnetic stripe reader or a key lock is used. 

decides if the shift LED shall indicate upper case or shift lock. 

Not used. 

Not used. 

indicates if MSR track 2 or 3 is to be selected. 

decides if the display unit alone shall handle the click function 
or if the keyboard shall handle the feedback click function at 
the depression (not at repetition) of a key. 

Strapping byte 2 

Defines which LED is to be used as shift LED. If this byte is 00(16) no LED 
is handled by the KBU program. If bit 7 = 1 the leftmost LED functions 
as shift LED etc. 

Strapping bytes 3 -16 

Strapping bytes 3 - 16 indicate key numbers, i.e. key positions on the 
keyboard, which are assigned to certain functions such as shift lock See. 
Appendix 2. Thus it is possible to assign any key in the matrix to such 
a function. 

E90003341E 
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Strapping byte 13 

Strapping byte 13 indicates the key number for the repeat key. If this is 
used, the "typematic" function is omitted, i.e. the automatic repeat 
function that is normally activated when any key is depressed more than 
0.5 seconds. The repetition frequency is determined by the display unit 
program. 

Note that the keyboard only notes the keynumber of the various shift 
and repeat functions. The measures to be taken when any of these keys 
is depressed are decided by the display unit program. 

Normal Strapping 

Byte 

3 
4 
5 
6 
7 
8 
9 

Function 

Not used 
Not used 
Not used 
Shift 3 
Shift 4 
Repeat key 
SEMACkey 

Strapping bytes 3 - 5 are not used, as shift lock 1, shift 1 and shift 2 are 
assigned by the keyboard program. Shift 1 always releases the shift lock 
function and is used as an ordinary upper case/lower case shift key. 

Extended Strapping 

Byte 

3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 

Function 

Shift lock 1 
Shift 1a 
Shift 2 
Shift 3 
Shift 4 
Repeat key 
SEMACkey 
Shift Ib 
Shift lc 
Shift lock2 
Shift lock 3 
Shift lock 4 
Alarm volume 
Alarm tone 
Click volume 

Shift lock 1 is reset by shift la - c and shift lock 2 - 4 is reset by shift 2 - 4. 
80(16) in a strapping byte means "not used". 
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KBU messages 

Message format 

The four different types of messages sent from the KBU are shown in 
Fig. 8. Communication examples are found in Appendix 6. 

Bit No. 
/,.---~"~---,\ 

Byte No. 7 6 5 4 3 2 1 0 

1 @Jilo I I I I Status 

2 Wlolllll 
~ 11 1° 1

0

1 I I I 1 

I Status 
Extended status 

I Status 
Keyboard data 

~ pj 0 11 I 0 I a I a I a I ° I Status 

I I I 
I I I 
: I I MSR data 
I 1 I 

n~ 1 
ll1 11 11 11 11 11 11 I Stop 

Fig. 8. KB U to DU message formats 

Status byte 

When order and data (or strapping data) have been received from the 
display unit, the keyboard replies with status and data unless bit 1 (stop 
transmitting and scanning) was set in the received order byte. The status 
byte has the following format: 

765 432 1 0 

I I I I I I I I I 

II 1 = Shift lock lIshift 1 depressed. 

1 = Shift 2/shift lock 2 depressed. 

'----- 1 = Shift 3/shift lock 3 depressed. 

'------ 1 = Shift 4/shift lock 4 depressed. 

'------- 1 = KXU key depressed. 

L---_____ 1 = MSR data. 

'--------- 1 = Extended status in following byte. 

'---------- 0 = No following byte. 
1 = Byte follows. 

E90003341E 



16 Keyboard, KBU 4143, KXU 4146, MSR 4136 ERICSSON :::! 

The bits are further explained below: 

Bit 7 0 implies that no data follows in this transfer. 

1 implies that key-number, MSR data or extended status 
follow the status byte. 

Bit 6 indicates that an extended status byte follows the status byte. 

Bit 5 indicates that MSR data follows the status byte. 

Bit 4 indicates that a KXU key with extended code function has 
been depressed. 

Bits indicate that keys assigned to shift or shift lock have been 
3 - 0 depressed. 

Extended status 

When bits 7 and 6 = 1 and bits 5 - 0 = 0 in the status byte, an extended 
status byte, as below, follows: 

76543210 
Ixlxl Ixi I I 

\1 1 ~ Overrun in keyboard. 

1 = MSR data read error. 

-- 1 = Key with repeat function released. 
1--____ Not used. 

1--_____ 1 = MSR card in. 

'-------- 1 = MSRcardout. 
1--_______ Notused. 

'----------- Notused. 

The bits are further explained below: 

Bits 7,6 Not used. 

Bit 5 is set when the MSR card has been taken out of the MSR or if 
a fault is detected during reading (see bit 1). Also reset at 
acknowledge. See below. 

Bit 4 is set if a card is inserted in the MSR and the bytes have been 
correctly read by the KBU. This bit is reset after that the KBU 
has received an acknowledge of MSR card in/out status from 
the display unit. 

Bit3 Not used. 
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Bit 2 indicates that a key with "typematic" repeat function or the 
repeat key (see "strapping byte 8") has been released. 

Bit 1 indicates that the keyboard has detected a parity fault or a 
fault at the redundancy check while reading the MSR data. 
Bit 5 is also set. 

Bit 0 indicates that the keyboard has lost one or more key depressions 
due to full output buffer. This buffer can hold 8 key numbers 
before overrun. 

Note that the keyboard transfers extended status when bit 4 or 5 are set 
until the display unit acknowledges with bit 6 set in the order byte. 

Data bytes 

When the status byte bit 7 = 1 and bits 6 and 5 = 0 a data byte containing 
the number of a depressed key is transferred after the status byte: 

76 5 4 3 2 1 0 
I I I I I I I I I 

I '----- Key number (Appendix 3 and 4). 

'---------- 1 = Repeated key. 

When bits 7 and 5 = 1 and the rest = 0 in the status byte, data from the 
MSR follows the status byte. 

Detailed Description 

This section only describes more complicated circuits and components. 
Please refer to the block diagram in Appendix 5 when reading this text. 

Keyboard Decoding 

The shift registers forming the column activators are controlled by the 
SHIff COLUMN and SCANNING signals according to the timing 
diagram, Fig. 9. A logic 1 signal is applied to one column at a time. If 
a key is pressed, the corresponding ROW signal is active. The ROW 
signals are input to the CPT via the input gates when the SEL-EXT-Y 
signal is active. 

E90003341E 
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SCANNING 

SHIFT COLUMN 

SEL-EXT-Y 

Column a 

Column 1 

Column 15 

Row 2* 

SCANNING 

SHIFT 
COLUMN 

SEL-EXT-Y 

Column a 

Column 1 

Column 15 

Row 2* 

Fig. Y. Timing of key scanning 
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10 f.ls 

l 

I ... ~400f.ls ... 1 

~ 

*) If the corresponding key 
has been depressed 
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Address Decoding 

The used addresses are shown in the table below. Address decoding for 
ROM, battery supervision and output gates is made via an address 
decoder (IC9). 

Address (hex) Function 

0OOO-07FF RWM (lC11) enable 

1000-1FFF ROM (lC10) enable 

4XXX Battery supervision enable 

8XXX 
Battery supervision disable 
Output gate (lC4) enable 

CXXX Output gate (IC3) enable 

The output gates are used in the following way: 

Output gate Ica Output gate IC4 

Bit Used for Bit Used for 

0 LEDO 0 
} MSR track select 1 LED 1 1 

2 LED 2 2 Keyboard select 
3 LED3 3 SCANNING 
4 LED 4 4 SHIFTCOLUMN 
5 LED5 5 

} Loudspeaker control 6 LED6 6 
7 LED7 7 

The RWM is enabled when an S 180 sIgnal is at logic 0 level. The S 180 
signal is controlled by the address All signal via the transistor Q4, see 
Fig. 10. 

CR 17 
+5 V -------1 

A 11---'£ 

+2.5 V when the} 
5 V is on 
o V when the 
5 V is off 

_.-------,1...-.... 

Fig. ZO. RWM power and enable 
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RWM Power Supply 

4XXX 

8XXX 

The RWM power supply and enable signal (G2) control are shown in 
Fig. 10. When the 5 V power supply is on, the RWM is powered via the 
diode CR17. When the 5 V power supply is off, the RWM is instead 
powered by the battery via the diode CR9. The transistor 04 is cut-off, 
when the 5 V supply is off, to keep the RWM-enable signal deactivated. 

Battery supervision is made in the battery sense and analog sections, 
see Fig. 11. When the flip-flop, formed by the IC20:C and IC20:D gates, 
is set current flows via the diode CR14 to the battery and via the diodes 
CR15 and CRI6, the resistor R44 and the flip-flop to ground. The voltage 
at the CRI5/CR16 junction is 0.2 V lower than the battery voltage. The 
level sensing circuit, formed by the amplifier ICI5, outputs a logic 1 level 
(3.2 V) if the battery voltage is lower than 2.7 V. 

The reference voltage for the supervision circuit has a level of 2.5 V. 
The sensing circuit is switched off when the flip-flop is reset. 

"0" when the +5 V 
circuit is switched 
off 

IC20C 
IC20D 

S 

R41 

R43 

/ 
"0" at super-
vision 

"1" if the 
I----voltage is 

too low 

Fig. J J. Batlery supervision 

MSR Analog Circuit 

The signal from the MSR is processed in three stages, see Figs 12 and 13. 
The first stage is the amplifier ICI5:A-C which has a gain of 50. One 
amplifier per track is used. The selector IC17 connects the amplifier for 
the used track to the second stage. The second stage consists of C8, R45 
and the amplifier ICI5:D. The stage is, according to function: 

CD A derivating stage (C8/R45). 

CD A threshold detector (R32/R35). 

CD An LP filter (R33/R45/C13). 

CD An amplitude limiter (CR4-CR7). 

) 
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MSR 
inputs 

The third stage consists of the gate IC14 which feeds the CPT interrupt 
input. Each flank in the output signal from IC15:D induces a negative 
flank to the interrupt input. The CPT acknowledges the interrupt by 
changing the state of the INTERRUPT ACKNOWLEDGE signal, 
thereby resetting the interrupt signal. 

Signals from an external MSR are fed to the other CPT interrupt input 
in a similar manner. 

INTERRUPT 

INTERRUPT 
ACKNOWLEDGE 

Fig. 12. MSR interface 

~ 
--1 

I 
I 
I 
I 
I 

Ll 
J-

Fig. 13. MSR interface timing 
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I 
about 0.5 V 

card speed 
about 100mm/s 

1 about 0.2 V 

t about 1.5 V 
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Hardware Strappings 

Please refer to the keyboard adapter circuit diagrams. If a CPT with 
built-in ROM is used (not used in S41), the strapping WlO is cut-off. In 
this case, IClO can be changed to a RWM if the strappings W9, W13 and 
W20 are cut off while WI and W21 are strapped. 

The interface signal designations can be altered using strappings. When 
the bidirectional data line KB-DATA is used, the W3 strap is cut off 
and W4 is strapped. The KB-DATA signal is connected to the logic 
via the W2 strap. If two lines (DI and DO) are used, the strappings W2 
and W4 are cut off. The interface signal can be inverted by changing 
the W6/Wll strapping for the signal to the keyboard and the strappings 
W5/W12 for the signal from the keyboard. The normal strappings for 
S41 are shown in the diagrams. 

Microcomputer 

The microcomputer used is called CPT 8051. It combines CPU, memory, 
and serial as well as parallel I/O-ports. The microcomputer is also available 
in a version with built-in program memory (ROM). The oscillator (at 
XTAL inputs) is running at 12 MHz and the cycle time is thus 83.33 ns. 

The CPT has four 8-bit I/O ports. When external memories are used, 
three of the ports are used as address, data and control bus. See Fig. 14. 
The CPT connection pin functions are: 

GIl PO/D/A: 

GIl PI: 

GIl P2: 

GIl P3: 

GIl RST: 

GIl ALE: 

GIl PSEN: 

GIl EA: 

GIl XTAL: 

8-bit I/O port or multiplexed address/data bus. 

8-bit I/O port. 

8-bit I/O port or address bus. 

8-bit I/O port or control bus. 

Reset input. 

Strobe for output of the multiplexed address 
viaportO. 

Output for enabling of the external program 
memory. 

Input for selection of internal (if applicable) 
or external ROM. 

Connections for the oscillator crystal. 

The control bus signals are: 

GIl RXD/D: 

GIl TXD/CL: 

GIl INTO/INTI: 

Serial port input data (asynchronous) or bi
directional data (synchronous). 

Serial port output data (asynchronous) or 
clock output (synchronous). 

Interrupt input or gate control input for 
counter. 

) 

) 
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19 

18 

31 
9 

12) 
13) 

(10 
(11 
(12 
(13 
(14 
(15 
(16 
(17 

39 
38 
37 
36 
35 
34 
33 
32 

.. TO/Tl: 

.. WR: 

.. RD: 

Input to counter. 

Strobe for output of data via PO (write) . 

Strobe for input of data via PO (read) . 

The following is a brief description of the microcomputer in this application. 
Even more detailed information can be found in the INTEL MCS-51 
manual. 

CPT PROG 

'" ALE 
XTAL 1 . RD 

XTAL2 WR 
TO 

EA T1 
RST PSEN 
INTO RXO/O 

_0, INTi TXO/CL 
0 0 
1 1 
2 2 
3 P3 Pi 3 
4>- - 4 
5 5 
6 6 
7 7 

0 0/A8 
1 1/A9 
2 2/A10 
3 

P2 
3/A11 -< 

4 - 4/A12 
5 PO/O/A 5/A13 
6 6/A14 
7 7/A15 

h 30 
17) 

I'-" 16) 
14) 
15) 
29 
10) 
11 ) 

1 
2 
3 
4 
5 
6 
7 
8 

21 
22 
23 
24 
25 
26 
27 
28 

This figure might explain some 
of the outputs/inputs better 

ALE 30 
29 PSEN 
10 P30/0 

RXO 
11 P31 

TXO/CL 
12 P32 

INTO 
13 P33 

INTi 
14 

P34 
TO 

15 P35 
T1 

16 P36 
WR 

17 P37 
RO 

Fig. 14. CPT drawing symbol 

Hardware Structure 

The structure of the CPT is shown in Fig. 15. The main functional blocks 
are: 

.. CPU. 

.. Oscillator and timing circuit. 

.. 4k bytes ROM (optional). 

.. 128 bytes R WM . 

.. Two timers/counters . 

.. Serial I/O port (UART, Universal Asynchronous Receiver-Transmitter) . 

.. Parallel I/O ports. 

E90003341E 
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FREQUENCY 
REFERENCE 

OSCILLATOR 
& 

TIMING 

CPU 

INTERRUPTS 

Keyboard, KBU 4143, KXU 4146, MSR 4136 

4 K BYTES 
PROGRAM 
MEMORY 

(OPTIONAL) 

64 K BYTE BUS 
EXPANSION 
CONTROL 

128 BYTES 
DATA MEMORY 

PROGRAMMABLE I/O 

ERICSSON ;s: 

COUNTERS 

-1 
I 
I 

TWO 16-BIT 
TIMERS/EVENT 

COUNTERS 

PROGRAMMABLE 
SERIAL PORT 
(FULL DUPLEX 

UART) 

I 
I 
I 
I 
I 
I 
I 

_J 

INTERRUPTS CONTROL PARALLEL PORTS 
ADDRESS DATA BUS 

AND I/O PINS 

SERIAL SERIAL 
IN OUT 

Fig. 15. CPT block diagram 

The CPT can address up to 64k bytes of external program and/or data 
memory, see the timing diagram, Fig. 16. 

!---_-!I , , 
PSEN 

_ _ ____ +-______ ~-------L------~ , 
RD,WR L-__ -11 

po===>( AO-A? X INSTR. 
I 

, , , 
P2===>( A8-A15 

" v 

Instruction 
read 

Fig. 16. CPT timing 

X 
I 
I 

X 
/ 

I 

AO-A? X DATA 'x== , 
I 

A8-A15 x== 
" '------~ r-----~/ 

Data 
read/write 

The timers/counters can be used for measuring time intervals, measuring 
pulse widths, counting events and generating interrupts, see Fig. 17. 

J.f.:. ..;: 

In this application one of the timers/counters is divided into two 8-bit 
timers. One part controls the keyhoard scanning and the LED output 
while the other part controls the loudspeaker and the MSR input. In 
this case, the other timer/counter is used to control the UART transmission 
rate. 

) 

I ' ') 

) 
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• MODE 3 8-BIT TIMER/COUNTER 

CRYSTAL ~ 
OSCILLATOR ~ 

EXTERNAL 
SOURCE ~ 

Fig. 17. CPT timers/counters 

OVERFLOW 
(INTERRUPT 
REQUEST) 
FLAG 1 

L-------------~~OVERFLOW 

• MODE 3 4-BIT TIMER (INTERRUPT 
REQUEST) 
FLAG 0 

rr=il _ PULSE 

t.:!J:...r ~~RIAL 
PORT 

25 

The serial port can work in synchronous mode or, as in this application, 
as a full-duplex asynchronous UART, see Fig. 18. The timing can be 
controlled from the oscillator via one of the timers. The data byte can 
contain 10 - 11 bits. 

I--------------~RAN~~----l r---_ INTERRUPT 

XTAL 1 
(CRYSTAL 
OSCILLATOR) I 
1-- --

I (TIMER 1 . 2 r-t---i 
OVERFLOW) ..,.. RECEIVER 

TXD 
1------...,.- (TRANSMIT 

DATA) 

L ______ '-----------....J _______ IN~R~~ __ _ 
RXD 
(RECEIVE 
DATA) 

Fig. 18. CPTseriai port 

The interrupt system is a multiple source, two level system. The CPT 
acknowledges interrupts from five sources. Each of the five sources can 
be assigned to either of two levels and can be independently enabled. 
The interrupt system is shown in Fig. 19. 

E90003341E 
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INPUT LEVEL AND INTERRUPT ENABLE INTERRUPT 
INTERRUPT REQUEST REGISTER PRIORITY 
FLAG REGISTERS SOURCE GLOBAL REGISTER 

ENABLE ENABLE 

INT a 
EXTERNAL V 0-r-

-lo INTERRUPT 
REQUEST 0 

INTERNAL V 
TIMER 0 

EXTERNAL V 
INT 1 ...... INTERRUPT 

REQUEST 1 

INTERNAL ....-
TIMER 1 

INTERNAL~ v_ 
SERIAL 

~ PQRT R 

(EXTERNAL INTERRUPT REQUESTS CAN BE PRQGRAMMED TO BE LEVEL-
OR TRANSITION-ACTIVATED) 

POLLING 
HARDWARE 

ij 
- ---
SOURCE 

to 

~ 
- - ---
SOURCE 

J.D. 

ERICSSON ~ 

~ 

P 

I---

~ 

HIGH 
PRIORITY 
INTERRUPT 
REQUEST 

VECTOR 

LQW 
PRIQRITY 
INTERRUPT 
REQUEST 

VECTOR 

Fig. 19. CPT interrupt system 

Software Structure 

f 

The CPT can be used as a controller as well as an arithmetic processor. 
It works in three memory spaces, see Fig. 20. 

e The program memory. 

.. The internal data memory. 

.. The external data memory. 

The internal data memory is divided into the internal data RAM and 
the special function register (SFR). The data RAM contains four eight
register banks, 128 addressable bits and the stack. The SFR contains 
arithmetic registers, pointers, I/O ports, interrupt system registers, 
timers and the serial port. 128 bit locations in the SFR are addressable 
as bits. The instruction set consists of 49 one-byte, 45 two-byte and 17 
three-byte instructions. The instruction set is listed in Appendix 1. 

64 K 64 K 

EXTERNAL 

+-INTERNAL 

i 0 

------ -

'---v----/ 
PROGRAM 
MEMORY 

Fig. 20. Memory layout 

I 
255 I 

128 

01 1 
128 I~ 

"----v---/ 
INTERNAL 
DATA RAM 

'----v----/ 
SPECIAL 
FUNCTION 
REGISTERS 

~~--------~v~---------J/ 
INTERNAL DATA MEMORY 

'---v----/ 
EXTERNAL 
DATA 
MEMORY 

) 

,. 
) 

) 
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Appendix 1 

Instruction Set Summary 

Notes on Instruction Set and Addressing Modes 

Rn 

data 

@Ri 

#data 

#data 16 

addr16 

addrl1 

reI 

bit 

Interrupt Response Time 

Register R 7 - RO of the currently selected register 

bank. 

8-bit internal data location's address. This could 

be an internal data RAM location (0 - 127) or an 

SFR (i.e. 110 port control register, status register, 

etc. (128-225). 

8-bit internal data RAM location (0 - 225) addressed 

indirectly through register Rl or RO. 

8-bit constant included in instruction. 

16-bit constant included in instruction. 

16-bit destination address. Used by LCALL & 

LJMP. A branch can be anywhere within the 64k-

byte program memory address space. 

ll-bit destination address. Used by ACALL & 

AJMP. The branch will be within the same 2k-

byte page of program memory as the first byte of 

the following instruction. 

Signed (two's complement) 8-bit offset byte. Used 

by SJMP and all conditional jumps. The range is 

-128 to + 127 bytes relative to first byte of the 

following instruction. 

Direct addressed bit in internal data RAM or SFR. 

To finish execution of current instruction, respond to the interrupt 

request, push the PC and to vector to the first instruction of the interrupt 

service program requires 38 to 81 oscillator periods (3 to 7 f.Ls). 

E90003341E 
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Instructions that Affect Flag Settings 

Instruction Flag Instruction Flag 

C OV AC C OV AC 
ADD X X X CLRC 0 
ADDC X X X CPLC X 
SUBB X X X ANLC, bit X 
MUL 0 X ANLC,/bit X 
DIY 0 X ORLC, bit X 
DA X ORLC,/bit X 
RRC X MOVC,bit X 
RLC X CJNE X 
SETBC 1 

Note that operations on SFR byte address 208 or bit addresses 209 - 215 
(i.e. the PSW or bits in the PSW) will also affect flag settings. 

Arithmetic Instructions 

Mnemonic Description Bytes Cycles!) 

ADDA,Rn Add register to A. 1 12 

ADDA,data Add direct byte to A. 2 12 

ADDA,@Ri Add indirect RAM to A. 1 12 

ADDA,#data Add immediate data to A. 2 12 

ADDCA,Rn Add register and carry flag to A. 1 12 

ADDCA,data Add direct byte and carry flag to A. 2 12 

ADDCA,@Ri Add indirect RAM and carry 1 12 
flag to A. 

ADDC A, #data Add immediate data and carry 2 12 
flag to A. 

SUBBA,Rn Subtract register and carry flag 1 12 
fromA. 

SUBB A, data Subtract direct byte and carry 2 12 
flagfromA. 

SUBBA,@Ri Subtract indirect RAM and carry 1 12 
flag from A. 

SUBB A, #data Subtract immediate data and carry 2 12 
flagfromA. 

INCA IncrementA 1 12 

INCRn Increment register 1 12 

INC data Increment direct byte 2 12 

INC@Ri Increment indirect RAM 1 12 

DECA Decrement A 1 12 

DECRn Decrement register 1 12 

) 

r ) 
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Mnemonic Description Bytes Cycles l ) 

DECdata Decrement direct byte 2 12 

DEC@Ri Decrement indirect RAM 1 12 

INC DPTR Increment data pointer 1 24 

MULAB Multiply A times B 1 48 

DIVAB DivideAbyB 1 48 

DAA Decimal add adjust of A 1 12 

( 
Logic Instructions 

Mnemonic Description Bytes Cycles l ) 

( ANLA,Rn AND register to A. 1 12 

ANLA,data AND direct byte to A. 2 12 

ANLA,@Ri AND indirect RAM to A. 1 12 

ANLA,#data AND immediate data to A. 2 12 

ANLdata,A AND A to direct byte. 2 12 

ANLdata, #data AND immediate data to direct 3 24 

byte. 

ANLC,bit AND direct bit to carry. 2 24 

ANLC,ibit AND complement of direct bit 2 24 

to carry. 

ORLA,Rn OR register to A. 1 12 

( '\ ORLA,data OR direct byte to A. 2 12 

ORLA,@Ri OR indirect RAM to A. 1 12 

ORLA,#data OR immediate data to A. 2 12 

( ORLdata,A ORA to direct byte. 2 12 

ORLdata, #data OR immediate data to direct byte. 3 24 

ORLC,bit OR direct bit to carry. 2 24 

ORLC,ibit OR complement of direct bit 2 24 

to carry. 

XRLA,Rn Exclusive-OR register to A. 1 12 

XRLA,data Exclusive-OR direct byte to A. 2 12 

XRLA,@Ri Exclusive-OR indirect RAM to A. 1 12 

XRLA,#data Exclusive-O R immediate data 2 12 

toA. 

XRLdata,A Exclusive-OR A to direct byte. 2 12 

XRL data, #data Exclusive-OR immediate data to 3 24 

direct byte. 

E90003341E 
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Mnemonic Description Bytes Cycles l ) 

SETBC Set carry. 1 12 

SETB bit Set direct bit. 2 12 

CLRA Clear A. 1 12 

CLRC Clear carry. 1 12 

CLRbit Clear direct bit. 2 12 

CPLA Complement A. 1 12 

CPLC Complement carry. 1 12 

CPLbit Complement direct bit. 2 12 

RLA Rotate A Left. 1 12 ) 
RLCA Rotate A Left through carry. 1 12 

RRA Rotate A Right. 1 12 

RRCA Rotate A Right through carry. 1 12 
~) 

SWAP A Rotate A Left four (exchange 1 12 
nibbles within A). 

Data Transfer Instructions 

Mnemonic Description Bytes Cycles l ) 

MOVA,Rn Move register to A. 1 12 

MOVA,data Move direct byte to A. 2 12 

MOVA,@Ri Move indirect RAM to A. 1 12 

MOVA,#data Move immediate data to A. 2 12 ( 

MOVRn,A Move A to register. 1 12 

MOVRn,data Move direct byte to register. 2 24 

MOV Rn, #data Move immediate data to register. 2 12 
) 

MOVdata,A Move A to direct byte. 2 12 

MOVdata,Rn Move register to direct byte. 2 24 

MOV data, data Move direct byte to direct byte. 3 24 

MOV data, @Ri Move indirect RAM to direct byte. 2 24 

MOV data, #data Move immediate data to direct 3 24 
byte. 

MOV@Ri,A Move A to indirect RAM. 1 12 

MOV @Ri, data Move direct byte to indirect RAM. 2 24 

MOV @Ri, #data Move immediate data to indirect 2 12 
RAM. 

MOVDPTR Move 16-bit constant to data 3 24 
#data16 pointer. 
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Mnemonic Description Bytes Cycles!) 

MOYC,bit Move direct bit to carry. 2 12 

MOYbit,C Move carry to direct bit. 2 24 

MOYCA,@A+ Move program memory byte 1 24 
DPTR addressed by A + DPTR to A. 

MOYCA,@A+PC Move program memory byte 1 24 
addressed by A + PC to A.· 

MOVXA,@Ri Move external data (8-bit 1 24 
address) to A. 

MOVXA, @DPTR Move external data (16-bit 1 24 

( 
address) to A. 

MOVX@Ri,A Move A to external data (8-bit 1 24 
address). 

MOVX@DPTR,A Move A to external data (16-bit 1 24 

r address). 

PUSH data Move direct byte to stack and 2 24 
increment SP. 

POP data Move direct byte from stack and 2 24 
decrement SP. 

XCHA,Rn Exchange register with A. 1 12 

XCHA,data Exchange direct byte with A. 2 12 

XCHA,@Ri Exchange indirect RAM with A. 1 12 

XCHDA,@Ri Exchange indirect RAM's least 1 12 
significant nibble with A's least 
significant nibble. 

. '\ ( . 

Control Transfer (Subroutine) Instructions 

( Mnemonic Description Bytes Cycles1
) 

ACALL addr 11 Absolute subroutine call. 2 24 

LCALL addr 16 Long subroutine call. 3 24 

RET Return from subroutine call. 1 24 

RETI Return from interrupt call. 1 24 

E90003341E 
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Control Transfer (Branch) Instructions 

Mnemonic Description Bytes Cycles l ) 

AJMPaddrll Absolute jump. 2 24 

UMPaddr 16 Longjump. 3 24 

SJMPrel Short jump. 2 24 

JMP@A+DPTR Jump indirect relative to the 1 24 
DPTR. 

JZrel Jump if A is zero. 2 24 

JNZrel Jump if A is not zero. 2 24 

JCrel Jump if carry is set. 2 24 

JNCrel Jump if carry is not set. 2 24 

JB bit, reI Jump relative if direct bit is set. 3 24 

JNB bit, reI Jump relative if direct bit is not set. 3 24 
) 

JBCbit, reI Jump relative if direct bit is set, 3 24 
then clear bit. 

CJNE A, data, reI Compare direct byte to A and jump 3 24 
if not equal. See Note a). 

ONE A, #data, Compare immediate to A and jump 3 24 
reI if not equal. See Note a). 

CJNE Rn, #data, Compare immediate to register and 3 24 
rei jump if not equal. See Note a). 

CJNE @Ri, #data Compare immediate to indirect RAM 3 24 
reI and jump if not equal. See note a). 

DJNZRn, reI Decrement register and jump if not 2 24 
zero. 

DJNZ data, reI Decrement direct byte and jump if 3 24 r ) 
not zero. 

Note a) Set C if the first operand is less than the second operand. 
Else clear. 

) 

Other Instructions 

Mnemonic Description Bytes Cycles!) 

NOP No Operation. 1 12 

I) The cycle time is 83.33 ns. 
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Appendix 2 

Keyboard Codes and Column/RQw Nqmber~ 

1'"---- r----' 
: 55 I 65 I 

: A/5 l C/5 

78 60 
FlO C/O 

79 61 
F/1 C/1 

7A 62 
F/2 C/2 

e8): 63 
F/3 : C/3 

7C ' 64 
(F/4) i C/4 

r--- -

: 01 
1 0/1 
t-"----

: OE 
: 1/6 L. ___ _ 

= Key code (87 = 0) 

Column/row 

02 
0/2 

1E 
3/6 

E90003341E 

03 04 
0/3 0/4 

2E 3E 
5/6 7/6 

05 
0/5 

4E 
9/6 

K8U 

28 29 2A 28 2C 
SID 5/1 5/2 5/3 5/4 

5E 6E 7E OF 1F 
8/6 0/6 F/6 1/7 3/7 

KXU 

,- ---r- --T----r--- -7"-- --., 

: 86 ! 87 I ED : FS : FD : 
: 0/6 : 0/7 ! DIS : El5 : F/5 : 

8F A7 EF F7 FF 
1/7 4/7 0/7 El7 F/7 

(i/~) AE 8E CE (g/~) 5/S 7/6 9/S 
- --- ----
97 AF 8F CF OF 
2/7 5/7 7/7 9/7 8/7 

(~rs) 8S CS OS (g7s) SIS 8/S A/6 
-- -- ---
9F (87) : C7 07 E7 
3/7 6n : 8/7 A/7 C/7 

~KeYCOde(87=1) 

X/Y Column/row 

20 50 51 
SIS AIO A/1 

2F 3F 4F 
5/7 717 9/7 

- --. -". -- ---r- ----;---- -. ,- - --, 

52 ; 53 : 60 : 76 54: 
A/2 : A/3 \ DIS : E/6 I A/4 ! 
----+- ---/--+--+---1 

SF : 6F 
8/7 : 0/7 

_____ I ____ -'-_-L_-'-_--' 

26 36 70 
4/6 6/6 E/O 

46 56 71 
8/6 A/6 E/1 

07 17 72 
017 2/7 E/2 

27 37 73 
4/7 6/7 E/3 

47 57 74 
8/7 A/7 E/4 

33 
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Keyboard Code~ (normal code~) 

KBU 

r---- T----' 
: I 02 03 04 05 28 29 2A 2B 2C 20 50 
I , 
I , , 

EC:J 1E 2E 3E 4E 5E 6E 7E OF 1F 2F 3F 

78 60 

79 

7A 

: 63 
: 
, 64 , , 

For repetition. add 80 to the key code 

KXU 

r - ---r---T----'--- -;--- --.., 
I I I j I 

i"i·o!"i"i~1 
7B 6F 77 

53 54 55 
--- .. ----. 

62 65 7F 00 5F 

1B 20 61 

- --- - ---
I 

6C 
, 7C 10 67 : 

E90003341E 

35 

- ----r----T----- ,- - --, 
51 " I I, , 

4F 
__ m ~_:j 06 \16 I 75\ 

26 36 70 

46 56 71 

07 17 72 

27 37 73 

47 57 74 



) 

( ) 
j 

) 



( 

( 

( 

ERICSSON :s 

Appendix 4 

Keyboard Codes (extended codes) 

r---- T----' 
; 55 ; 65 ~ 
: I 1 

Et:j 
78 60 

79 61 

7A 62 

--1-
(78) ! 63 

(7C) : 64 

18 

r--- -

: 01 , , 
r----

l DE 
1..----

02 

1E 

E90003341E 

03 04 05 

2E 3E 4E 

K6U 

28 29 2A 26 2C 2D 50 

5E 6E 7E OF 1F 2F 3F 

KXU 

r - ---r- --T----'----r- ---, 

I::I:~I:I::I 
OA 06 OC OD OE 

(OF) 10 11 12 (13) 

- ___ H. - ----
14 15 16 17 18 

(19 ) 1A 16 1C (10) 

--- ---
1E (1F) : 20 21 22 

37 

- - .. - ~ - ----r----T--- -. -;-- - --, 

51 52 II 53 ; 60 . 76 ~ 54 : 

4F _~~~L~~J 06 1
16 i 751 

26 36 70 

46 56 71 

07 17 72 

27 37 73 

47 57 74 
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w 
w 
.j:::.. 
f-' 

tTl 

j'-. ~ ~-" 

~ 
u 

~ KBU ! 

9, r,;;-----------------------------, 
~ I KB logic board I 
;;; 'SHIFT COLUMN , 

:3 I SCANNING Power I ... I SEL-EXT-Y ~ SVK 

, ~ - , 

I 
CPT T1 CPKB/KB-RES.RETI 

RXD 1/0 strap- DI/KB DATA 
KXU , TXD pings 

~ 
Reset DO/KB RESET 

IKSSWlt-ciibOard] IKB~hbOa';dl IC 3 

I Column J=t 1/ Column 1-', IC13 IC 9 IC 4 I 
activator I- I' activator f-rt IC~,-- ) Output 

, Input Address gates 

I 
--- I --- ROW 0 gates decoder ' 

, , 'ROW1 I 
iii IRoL A "A-b" '.,.~ ~ LED 

I' i L ______ j i ROWO ~ ACE ~'~:d'." ~ ,e [ ROM rRWM' ! "r 
I ' ROW 1 register : j ': I 

, I ROW 2 -I[ I ..l 
I I I ROW 3 AD D-bus "if " I '0' 

L ____ J
1 

1,"----" " aQ1 LS1 , 

l~lii£F DIA I I " Analog converter I MSR (1 ~ "",'" >- ;;:~;". 
I ~i~nalw.NN".."'.nn ,4 ,INTO I 

I ______ ~ ,INT1 , 

II B"'"y I ~ I 
i se~e I ~ I 

L _____ -=-_-==--______________ -=-________ .J I 

> -C 
-C 
~ 

= =--. ~ 
til 

m 
:u 
n 
III 
III 
o 
z 
\\\ 

W 
\0 
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Examples of Exchange of Messages between 
the Keyboard and the Display Unit 

Normal Flow 

Display unit Code Keyboard unit 

I 
Order byte 00(16) 

I 
LED data 00(16) 

I 
I 

00(16) Status 
I 

I 
I 
I 
I 

Order byte 00(16) 
I 

LEDldata 00(16) 

I 
80(16) Status 

I 
08(16) Key code 

I 
I 

I 
I 
I 

Order byte 00(16) 
I 

LED data 80(16) 
I 

I 
80(16) Status 

I 
88(16) Key code 

I 
I 

I 
I 
I 
I 

Order byte 00(16) 
I 

LED data 80(16) 
I 

I 
C°(16) Status 

I 
04(16) Extended status 

I 

E90003341E 
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Note 

Poll 

No LED lit 

No key pressed 

Poll 

No LED lit 

Key pressed 

Space key 

Poll 

LED 7 lit 

Key pressed (repetition) 

Space key 

Poll 

LED 71it 

No key pressed 

End of repetition 
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Strapping Byte Receiving 

Display unit 

I 
Order byte 

I . 
Strapping byte 1 

I 
Strapping byte 2 

I 
I 
I 
I 
I 
I 

S I. trapping byte 17 

I 
Stop byte 

I 
I 
I 
I 
I 
I 
I 

Order byte 
I 

LED data 
I 

PROM ID Sending 

Display unit 

I 
Test order byte 

I 
Dummy byte 

I 

Echo Test 

Display unit 

Test order byte 

I 
Test byte 

I 

Code 

06(16) 

xx 

xx 

xx 

FF(16) 

00(16) 

00(16) 

00(16) 

Code 

88(16) 

00(16) 

xx 

xx 

Code 

83(16) 

AA(16) 

AA(16) 

Appendix 6 

Keyboard unit 

I 
Status 

I 

Keyboard unit 

I 
ROM ID 

I 
I 
I 
I 
I 

ROM ID 
I 

Keyboard unit 

I 
Test byte 

I 

ERICSSON ~ 

Note 

Stop transmitting and 
scanning, strapping 
byte loading 

Strapping bytes 

Poll 

No LED lit 

No key pressed 

Note 

Send ROM ID 

Ignored by KBU 

Byte 1 
I 
I 
I 
I 
I 
I 
I 

Byte 30 

Note 

Retransmit following 
byte 

Echo 

I ) 

) 
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[~l Magnetic Identification Device 

General 

The Magnetic Identification Device, MID 4131, is used together with 
Keyboard 4140, to check the identity of the person using the terminal. 
The MID is connected to the keyboard via a I-metre cable. The MID is made 
to read ID cards conforming to ISO 3554, with magnetically coded charac
ters in track 2. 

The MID consists of two main parts. One is the magnetic card sensing unit, 
MSU, which contains read head, amplifier, a clock pulse/data discriminator 
and a circuit which detects and indicates when a card passes the read head. 

MIA printed circuit 
board underneath 

MSU 

10 card 

.Fig. 1. Magnetic Identification Device, MID 4131 

The other part, MID interface adapter, MIA, provides the interface to the 
keyboard and contains an interrupt generating gate, a data bit buffer and 
a circuit which senses and indicates whether there is a card in the MID or 
not. See Fig:s 1 and 3. 

r t 5,5 '" 8,5 

I Magnetic J stripe Track 2 

69 7,4 

Last First 
data bit data bit 

The card is drawn 
through reader in 
th is direction 

Card seen from underneath. All measures in mm 

Fig. 2. Location of track 2 
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2 Magnetic Identification Device !~l 

The cards have a capacity of 40 characters including three control charac
ters. Each character contains four message bits and one odd parity bit as 
shown in the succeeding table. The characters are stored on the magnetic 
tape strip so that bit one is read first and bit four and the parity bit are 
read as last bits in each character. 

Character Binary Code 
P B4 3 2 1 

START 0 I 0 1 1 
0 1 0 0 0 0 
1 0 0 0 0 1 
2 0 0 0 1 0 
3 1 0 0 1 I 
4 0 0 1 0 0 
5 1 0 1 0 1 
6 1 0 1 1 0 
7 0 0 I 1 I 
8 0 I 0 0 0 
9 I I 0 0 I 

STOP 1 I 1 I 1 
LRC X X X X X 

(1 o o 1) 

Note: The LRC character is formed to make the total number of ones in 
each bit position (B4-B I) in the message even. The p bit of the LRC charac
ter is just a parity bit for that character. (The LRC character would thus 
be 10 10 I if the above list were a messageJ 

The magnetic encoding technique is known as two-frequency, coherent-phase 
recording. This method allows for serial recording of self-clocking data. 
The data comprise data and clocking bits together. A flux transition occuring 
between clocks signifies a one, the absence of a flux transition signifies a 
zero. The whole message on the card begins and ends with a number of zeros. 

Function 

The magnetic card is drawn through the MID slit towards the operator, the 
magnetic tape downwards and to the left (nearest the bottom of the slit), 
at a speed of 8 to 100 cm/s. 

When the magnetic tape passes the read head of the MID, its coded informa
tion as well as its clock signal is sensed by the head. 
The output signal from the head is amplified and fed to a discriminator, 
which separates the clock pulses from the data bits. 
The amplified signal is also applied to a circuit providing the internal signal 
CLS. This signal indicates that a card presently is read by the head. 
The discriminator thus provides serial data, RDD, and clock pulses, RCP. 
RCP and CLS are gated and fed to the keyboard as interrupt signals. The 
gated signal is also used to clock data into an output latch, the state of 
which is tested by the keyboard logic at each interrupt. 
Thus recorded data from the ID card are fetched by the keyboard logic, 
where the ID characters are stored in an RWM area. 
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Card 
slit 

Read 
amplifier 

Magnetic card sensing unit, MSU 

CLS 
generation 

Cp/data 

CLS 

RCP 

MID-interface adapter, MIA 

+5V 

Return 

I nterrupt to 
keyboard logic 

~ 
discriminator RDD 

Card sensor 
microswitch __ ' _____ ----1 

DF 
OV 

+5V 

iFig. 3. MID block diagram 

DF 

ID data to 

keyboard logic 

Card out sensor 
'-------------------iP interface 

When the card has fully passed the read head, it reaches the end of the 
reader's slit where it is stopped by an edge. At this position the card affects 
a microswitch, which in turn sets a latch. The output of this latch is applied 
to the keyboard logic, which continuously scans the state of it. Any change 
in state is indicated by the keyboard logic to the display unit as "ID card in" 
or "ID card out" in'the status byte. 
At power on "ID card out" is indicated by the keyboard logic. 

The MID is connected to the keyboard via a wire containing six twisted 
pairs of which four pairs are used. The MID logic is supplied with power 
(+5 V, 0 V) from the keyboard via one of the pairs. 

EE362-81O 



) 



( 

( 

( ) 

[~l 

Selector Pen Device 

Contents 

GENERAL 

FUNCTION 

Figure 

SPD, block diagram _____________ _ 

EE363-810 
1QR1-04-01 

1 

2 

1 



,) 



( 

( 

( , 

( 

(~l 1 

GENERAL 

Selector Pen Device 4130 can be connected to the Display Unit 

4110. It is used to select selector-pen-detectable fields on the 

screen, thus permitting the display unit to be used without a 

keyboard. When the selector pen is used together with a keyboard, 

selection operations can be carried out 'using either 

pen or the keyboard. 

the selector 

The selec~or pen is activated when the tip of the pen is pressed 

against the screen, whereupon horizontal lines are displayed t with 

high brightness. These lines are displayed from left to right in 

each text line and from the top line to the bottom line. 

When such a line hits the tip of the pen the horizontal lines 

disappear. If the corresponding character position belongs to a 

selector-pen-detectable field, the field is identified by the system . 

.--_._'--
, 
i 

in pen 

Optical fibres to : 
the se lec tor pen-1. - ... - ... 

1 Moveable mirror 

----Il00..'_ =:~ 

n ~ I U ..... ----,::!=-' , ~~ 

V-sync 

ENABLE 
LOGIC 

Selector pen i Display terminal 
adapter. SPA : controller. DTC 

I 
• : + 12V 

---+i- +5V 

-SV :s! -12V 

I 
I , 

...---+-------+-- SP active 

HIT ! PULSE 

I 

CONTROL : SHAPER I---+-- SP strobe °

1 

LOGIC I 

CRT reset _--i----~-----..J 

L. =. :_-_-_~~--------_-_-_-_-_-.-_--' ._. _.J 
Fig. 1 SPD block diagram 
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FUNCTION 

This section describes the design and construction of the selector 

pen device and explains how it operates. See Fig. 1. 

The Selector Pen Device 4130 can be divided into the following 

parts: 

Pen 

Fibre optic cable 

Printed circuit board 

o Pen and Fibre optic cable 

The pen contains an optical lens which detects light emanating 

from the screen and a mechanical/optical switch used to 

activate the pen. 

The Fibre optic cable contains three optical fibres. One is 

used for screen detection and the others for activation of the 

pen. 

When the pen is pressed against the screen I the tip of the 

pen is depressed. This depression moves a mirror inside the 

pen in such a way that the incoming light from one optical 

fibre is reflected out into a second optical fibre. Light in this 

second optical fibre is detected on the printed circuit board I 

and the selector pen device is activated. 

Light emanating from the screen is sent to a third optical 

fibre via a lens in the tip of the pen and is detected by a 

photodetector on the printed circuit board. 

) 
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Printed circuit board. 

The printed circuit board (selector pen adapter, SPA) is 

located at the rear of the display unit. This board contains 

circuits that detects light signals from the pen and circuts 

for hit signal processing and intensity control of the CRT 

during operation. 

Enable logic 

The enable logic is controlled by the "V-sync" signal. 

This signal clocks the circuit and also controls a light 

emitting diode (LED). Light from the LED Is sent via one 

of the optical fibres to the selector pen, and if the tip 

of the pen is depressed the light is reflected back via 

another optical fibre to a photodetector. The ampl ified 

signal from the photodetector then activates the enable 

logic. 

This means that the enable logic output signal liSP 

active" is generated. This signal is sent to the hit 

control logic which is activated. Moreover it is sent to 

the CRT control logic on the display terminal controller 

(DTC), which responds by presenting horizontal lines on 

the screen. These lines advance from left to right in 

each text line and from the top line to the bottom line 

(too fast for the eye to see). 

The enable logic can be reset in two ways: 

either by the "CRT reset ll signal (When power is switched 

on to the display unit) or by deactivating the pen (lifting 

the pen from the screen). The "V-sync ll signal in the 

next picture then resets the enable logic. 
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Hit control logic and pulse shaper 

The hit control logic, which is enabled by the liSP 

active ll signal, scans for horizontal lines on the screen. 

When the tip of the pen is illuminated (hit) by a horizontal 

high-brightness line, the light proceeds via an optical 

lens and an optical fibre to the photodetector. The rise 

in signal (light changing form low to high brightness) is I) 

fed via a bandpass amplifier to the hit control logic, 

where it is detected as a hit. The hit control logic is 

clocked by the CRT clock, so that when a hit is detected 

the liSP strobe ll pulse goes active for a certain number 

of IICRT clock ll pulses. This takes place in the pulse 

shapero 

The horizontal lines on the screen advance in response 

to the incrementation of the content of the character 

address counter in the DTC. When the liSP strobe ll 

signal becomes active after a hit, the character address 

counter contains the address of the character position in 

which the hit was made. 

This address is stored in a register in the CRT-controller, 

by means of the liSP strobe ll pulse, and an interrupt 

signal is sent to the MPU in the display unit. 

Power supply 

The selector pen device is supplied with +5 V, +12 V 

and -12 V from the DU. Some circuit on the printed 

circuit board requires -5 V which is obtained from a 

stabilizer on the board. 
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General 

Functions 

Subunits 

Peripheral Control Unit PCU 4171 connects a printer unit to a communica
tion processor. 

The microcomputer chapter ought to be understood before this chapter 
is studied. A good orientation on the Communication chapter is also 
recommended; especially the Hardware part under Internal Communication 
via Two-wire. 

This chapter will in principle only treat circumstances not discussed or 
solved differently in the two chapters mentioned above. 

The peripheral control unit communicates with a communication processor. 
It handles data transmission from the communication processor to the 
printer unit. 

Communication with the communication processor is synchronous and 
carried out via two-wire or coaxial cable. Communication with the 
printer unit is asynchronous and carried out via V24-bus. 

A display unit may be connected to the communication processor in 
chain with the peripheral control unit. 

The main parts of the peripheral control unit are: 

• PCM, peripheral control unit mechanics exclusive of power supply 
( see below). 

• FPS, flexible disk power supply. See chapter Power Supplies. 

• GPB, general processor board, containing a microcomputer and a 
two-wire interface. 

• ACA-A board, asynchronous communication adapter which provides a 
serial interface for printers. See chapter Asynchronous Communication 
Adapter. 

E90003284E 



2 Peripheral Control Unit, PCU 4171 ERICSSON ii! 

Mechanics 

The basic mechanics of the PCU is shown in Fig. 1. 

Two-wire and coaxial 
cable connectors 

Fig. 1. Basic mechanics of PCU 4]71 

At the back of the housing, there are connectors for printer cable, two
wire and coaxial cable. At the front, there are a reset button, a DIP-switch 
and three LED-indicators, which are all part of the GPB board. 

The ACA-A board has a LED-indicator, which is hidden inside the PCU. 

Brief Outline 

Two-wire Interface 

A general description of the two-wire interface is found in the Commu
nication chapter. The functions are therefore only summarized here. 
A comprehensive treatment is found in the Detailed Description in 
this chapter. 

By means of the two-wire interface, data can be transferred to or from 
a buffer in the basic read/write memory from or to equipment external to 
the peripheral control unit via a two-wire (or coaxial) line. The transmission 
on the two-wire is in serial format with a rate of 300 kbit/s. 
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A display unit may be connected in chain with the peripheral control 
unit. If not, a terminating resistor must be connected in order to avoid 
reflexions on the line. Two of the switches at the front are used for this 
purpose (one for the two-wire and the other for the coaxial line ). On the 
other 8 switches the SS3-address is indicated. 

The two-wire interface consists mainly of: 

• A direct memory access controller, DMAC, circuit which handles 
direct memory access, DMA. -

• An advanced data link controller, ADLC, which converts 8-bit parallel 
data to serial data'and vice versa. It also supervises the transmission. 

• A high speed modem which converts serial data from NRZ format to 
frequency shifted data and vice versa. It also generates a bit clock 
and a Clear to send signal. 

• A line interface which contains line drivers, line receivers and a line 
transformer. 

The DMAC is connected to work in two channel mode. Channel 0 is 
used for transmitting and channell for receiving. 

Printer Connection 

The printer is connected to the ACA-A-board (see that chapter). 
Communication with the printer unit is carried out via V24-bus, which 
consists of 8 lines out of which one is used for data transmission. 

The ACA-A board is connected to the microcomputer on the GPB board 
via the following signals: 

• Data bus 

• Low-order address bits (AO-A7) of the address bus. 

• RIW 

• Per 1/0 from the address decoder of the GPB board. Enables the 
. address decoder of the ACA-A board. 

• Reset 

• IRQ2 from the printer interface of the ACA-A board. 

• IRQ4 from the modem interface of the ACA-A board. (This interrupt 
is called I3 on the GPB board.) 

• 02 which is used to synchronize the ACA-A board with the micro
computer. 

E90003284E 
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Memory Map 

The memory map (see Fig. 2) differs somewhat from the description in 
the Microcomputer chapter. 

The total map is divided into an ordinary readlwrite memory (RWM) 
area, an input/output (I/O) area and an initial program load (IPL) area. 

The ordinary RWM area is located at the addresses 0000(16) - F6FF(16). 
The physical memory is actually 64 kbytes (0000(16) - FFFF(16)). 

No parity checking will occur in the RWM and battery backup is not 
available. 

The following circuits and units can be addressed within the 1/0 area: 

• PIA on the GPB board (microcomputer PIA) for several I/O-purposes 
(e.g. interrupt identifying), PTM for time interrupts and MCP for 
test purposes . 

• ACIA, PIA and PTM on the ACA-A board for printer (or modem) 
transfers and control. Addresses to printer- and modem-strapped 
ACA-A boards are separated . 

.. ADLC and DMAC for two-wire transfers and control. 

Detailed I/O addresses are listed in Appendix 1. 

The IPL area consists of 2 kbytes of read only memory and contains 
among other things four interrupt vectors at the addresses FFF8(16) -
FFFF(16). 

Interrupt Handling 

The principles of the interrupt system on the GPB board are quite different 
from those described in the Microcomputer chapter. They are therefore 
described below except for the internal MPU functions which of course 
are the same. 

The locations of the interrupt vectors (i.e. the addresses to the interrupt 
routines) are found in the memory map. 

No hardware interrupt prioritizing exists (the interrupt register, mask 
register and address modifier are thus left out). 

( ) 
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Hex 

ACA-A = Asynchronous communication adapter 

ACIA = Asynchronous communications 

interface adapter 

ADLC = Advanced data link controller 

DMAC = Direct memory access controller 

IPL = Initial program load 

Fig. 2. PCU 4171 memory map 
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FFFE,F 
FFFC,D 

FFFA, B 
FFF8,9 

F800 

F7FO 

F7EO 

F7DO 

F7CO 

F7BO 

F7AO 

F790 

F780 

F770 

F760 
(Printer) 

(Printer) F750 

F740 

~ __ ~ __________________ -4F730 

1---=:.::..:----------------1 F720 

TWA 

DMAC F710 

L-__ ~ __________________ ~F700 

c: 
o 
''::'~ 
u u 
c 0 
~:c 

MCP = Microprocessor control panel 

MIC = Microcomputer central part 

PI A = Peripheral interface adapter 

PTM = Programable timer module 

TWA = Two-wire adaption 
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Reset, Non-maskable and Software Interrupts 

The MPU and the microcomputer peripheral interface adapter, MIC 
PIA, are reset at power on. A general reset is also activated. 

The MPU is also reset at a depression of the Reset button. The signal 
from the Reset button resets only the MPU, but is also fed to the control 
line CB1 of the MIC PIA. The program can thus check the type of reset 
(by reading the MIC PIA control register B and testing bit 7, the IRQB1 
flag) and then, if suitable, generate a general reset (by setting and resetting 
bit 6 of MIC PIA peripheral register B). Note that the general reset signal 
does not reset the MPU or the MIC PIA. 

The MPU will after a reset fetch the contents of the memory cells FFFE(16) 
and FFFFt16) to the program counter and execute a reset program. 

NMI, non-maskable interrupt can only be activated by the microprocessor 
control panel, MCP, and causes the MPU to fetch the address of the 
interrupt routine from the cells FFFC(16) and FFFD(16)' 

SWI, software interrupt is generated by an MPU instruction and causes 
the MPU to fetch the address of the interrupt routine from the cells 
FFFA(16) and FFFB(16)' 

Interrupt Requests 

The interrupt request, IRQ, input of the MPU can be deactivated by the 
MCP or be activated by five interrupts, IO - 14. The five interrupts are 
or-ed together and each one is fed to a specific input of the MIC PIA. 
The address to the interrupt routine is located at FFF8(16) and FFF9(16)' 
The interrupt routine is able to identify the interrupt by reading the 
PIA PB-register (see Detailed Description). 

The interrupts are further explained below: 

14 originates from the ADLC (advanced data link controller) of 
the two-wire interface. 

I3 originates from the modem interface of the ACA-A board. 

12 originates from the printer interface of the ACA-A board. 

11 originates from the PTM (programmable timer module) on 
theGPB board. 

IO originates from the CA2 output of the MIC PIA. The program 
can thus make an interrupt by writing 110(2) in bits 5 - 3 of the 
MIC PIA control register A. 
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Detailed Description 

This section will in principle only cover more complicated circuits or 
special solutions. 

Microcomputer 

The microcomputer in PCD 4171 differs mainly from the one described 
in the Microcomputer chapter regarding the address decoder, the use 
of the MIC PIA and the interrupt- and DMA-handling. 

Basic Timing 

Q1 

Q2 

Q3 

Q4 

A 19.17 MHz clock signal is generated by a crystal clock. From this clock 
all timing signals, e.g. dynamic memory timing, two-wire transfer bit clock 
etc are derived. Four basic clocks are generated by means of frequency 
division and a clear signal (see Fig. 3). Combinations of these are used 
to define different points of time during each half of the system clock 
period. The system clock, 0, (microprocessor instruction clock) has 
a frequency of 1.065 MHz. It appears in several phases and with different 
pulse-pause ratios to compensate for propagation delays etc. 

0 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 2 3 
I I I I I I I I I I I I I I I I I I 

CLEAR~ 

Fig. 3. 

MPU 

01 ~ 

02~ 

I I I I I I I I I I I I I I I I I I I 
0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 0 2 3 

Basic timing signals 

The NMI input is only connected to the MCP. The DMA-request (and 
a MCP-signal) is fed to the HALT input, and the TSC (three-state control) 
is hardwired low. The inverted 01 clock is fed to the DBE (data bus 
enable) input, which takes the data bus to high impedance state during 
the address-set up period. The address and data buses as well as the 
R/W-line are taken to high impedance state when the processor is halted. 
VMA (valid memory address) is fed to the address decoder. BA (bus 
available) and a MCP-signal is fed to the DGRNT (DMA grant) of the 
DMAC via an and-gate. 

E90003284E 
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Address Decoding 

The address decoder consists of two PAL's (programmable array of 
logic gates). 

Input signals are the address bus. (8 address bits are fed to each PAL), 
the VMA- and R/W-signal from the MPU, TxSTB from DMAC and an 
MCP-signal (PV). 

Output signals are chip select signals to the following circuits: PIA, PTM, 
DMAC, ADLC, RWM, IPL on the GPB-board, and the address decoder 
of the ACA-A board. 

Direction of the data bus buffer is also controlled by an output signal. 

VMA RWM -
RFSH PAL 1 

--
TxSTB READ 

PV (MCP) 
-

A15-8,R/W .. IPL .. 
-

Address bus, R IW 110 
r----, 

L PIA .... 
PAL 2 TIM 1} 

DMAC -AlJIT ... 
MCP 

A7-0,R/W - PER 110 

REXT 

1) Chip select to the PTM 

Fig. 4. Address decoder 
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Note that some input combinations in the decoder table may not occur 
according to the functions of other circuits (for example TxSTB and 
VMA will not be high at the same time). 

High order de coda , PAL 1 

Activating input combinations Activated Comments 
A15- 8 (Hex) VMA PV TxSTB R/W RFSH outputs 

0- F6 H X X H H RWM,READ The accessible RWM-area 
X L X H H is 63232 bytes (address 
X X L H H 0- F6FF)whilethe 

H X X. X X RWM physical area is 65536 

X L X X X bytes (0 - FFFF) 

X X L X X 

F7 H X X X X 1;0 Enables PAL 2 (I'~-decoder) 
X L X X X The ADLC, however, may be 
X X L X X selected from the DMAC 

without this signal 

FS- FF H X X H X IPL 
X L X H X 

I/O decoder, PAL 2 

Activating input combinations Activated Comments 
A7-0(Hex) 1/0 TxSTB R/W outputs 

X L X X PER 110 Enables the ACA-A decoder 

o -1F L X X DMAC 

20-27 L X X ADLC Enables ADLC during MPU mode 
X L X andDMAmode 

C4-C7 L X X PIA 

CS-CF L X X TIM 

FS- FF L X X MCP 

2S-C3 L X H REXT Controls direction of ACA-A 
DO-FS L X H data bus buffer 

E90003284E 
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Microcomputer PIA, MIC PIA 

The MIC PIA serves as an interface between the MPU and several 1/0-
signals. See chapter Microcomputer; Peripheral Interface Adapter, 
PIA for definitions and a general survey. IROA, IROB, CAl and PB4, 
however, are not used. 

The PA-pins are programmed to be inputs and receive the SS3-address 
from the dip-switch. 

An interrupt flag (CRB7) is set if the Reset button is depressed (as CB 1 
is then taken low). 

CB2 is connected to one of the LED indicators. It is brought to alternate 
between high and low while the PCU is loaded, and when ready it goes 
low. 

The PB-pins are used in the following way: 

PB7 Input 14, interrupt from ADLC 

PB6 Output 1 = Activate general reset. The output must be set low 
after power on. The MPU and the MIC PIA are not 
reset by a general reset. 

PBS Input Used by the MCP. 

PB3 Input 13, interrupt from the modem interface of the ACA-A 
board. 

PB2 Input 12, interrupt from the printer interface of the ACA-A 
board. 

PBl Input I1, interrupt from the PTM, programmable timer 
module. 

PBO Input 10, interrupt from CA2 set by the MPU itself. 

Programmable Timer Module, PTM 

A PTM, programmable timer module is used in the peripheral control 
unit for time interrupt purposes. 

The PTM contains three timers. Two of them is used in the PCU. Timer 
1 is clocked by 02 and generates an interrupt and a pulse on its output 
pin every 20 ms. 

Timer 2 is clocked by the output pulse from timer 1 and generates interrupts 
during load only. The interval between interrupts are a second (before 
the first poll) or half a second (after the first poll). 

The interrupt from timer 1 makes the peu software compatible with 
a display unit (this interrupt corresponds to the vertical synchronization 
signal of the DU). 

The interrupt from timer 2 handles the flashing of LED-indicator "Ready" 
via PIA. 

) 
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02 E PAO 
R/W PA1 

Power on RESET PA2 
AO RSO PA3 SS 3 - address 
A1 RS1 PA4 

PA5 +5V CSO 
CS1 PA6 

PIA CS2 PA7 

CA2 
( PSO }O-3 P8i 

DO P82 
01 P83 
02 PS4 +5V 

( 03 PS5 PT (MCP) 
04 P86 Activate general reset 
05 PS7 14 
06 C81 Reset button pressed 
07 C82 Ready 

Fig. 5. 1'1.'\ inl'l/fS IImi OlUl'lUS 

02 E 
R/W 
RESET IRQ 11 

( ~ RSO G1 OV 
RS1 
RS2 01 
CSO 
CS1 C2 ( DO G2 OV 
01 
02 

Data bus 03 --- G3 OV 04 
05 
06 
07' 

Fig. b. PT.H inplUs lind O/llplifS 
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Read/Write Memory 

The read/write memory, being dynamic, has to be refreshed. Addressing 
and refreshing are handled by a DMC, dynamic memory controller. 
When RFSH is active the address originates from the refresh counter 
of the DMC. When RFSH is inactive the address originates from the 
MPU or the DMAC. 

The memory consists of 65536 X 8 bits and is organized in 256 rows and 
256 8-bit columns. The combined row and column address define one 
memory location. They are clocked into the memory by RAS- and CAS
signals respectively. 

Column Column Column 
a 1 2 

Row 255 

I Colum" I 255 

Row 2 

Row 1 8bits 

Row a 8 bits 8bits 

Data bus (8 bits) 

• READ 7) I Output I 1 buffer 

Address 15-0 

RWM II DMC 

RFSH 
COL 21 Address ( 8 bits) 

Ros I 3) Ros a 3) Read/Write 

Cos I 4) Cos a 41 memory 
WE (64 k x 8 bits) 5)B 

WE 6) • R/W 

1) Chip select signal from the addr~ss decoder, PAL 1 

2) Selects either high or low order addressbits 
3) Row address strobe ( input and output, respectively ) 
4) Column address strobe ( input and output, respectively ) 
5) WE-signal from timing circuits 
6) R/W-signal from the MPU 
7) Signal from the address decoder, PAL 1 

Fig. 7. Principles ofreadlwrite memory addressing 
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Whik RFSH is active the memory is refreshed, one row per cycle. The 
row address is the inverted contents of a counter in the DMC. This 
counter is advanced towards the end of the refresh period by a transition 
to the inactive state of RAS I. When RFSH is inactive, the memory may 
he accessed from either the MPU or the DMAC. 

The COL-signal determines whether the high- or low-order address-hits 
are connected to the DMC output address pins. RFSH active, however, 
disconnects the input address-hits from the outputs. The RAS and CAS 
outputs follow the inputs RAS I and CAS I. 

In the heginning of the non-refresh period (RFSH inactive) COL is 
inactive, which connects the low-order address-hits. The row address is 
then strohed hy RAS I, RAS. When COL goes active, the high-order 
address-hits arc connected. The column address is then strohed hy 
CAS I, CAS (see Fig. ~n. 

I 

It---------' 
02 I 

I 

RFSH 1lL-____ --' 
I 

RASI, RASa 
1 

) ~ I '--___ ...J 

COL 

CASI 2 ) 

I 
I 

-+J 
Address(8bits) ~ Refresh counte~ 

WE 3) 

1) Row address strobe 

2) Column address strobe 
3) WE from timing circuits 

Fig, 8, Address liming 
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Two-wire Interface 

The two-wire interface can work in MPU mode or DMA (direct memory 
access) mode. The MPU mode is used when the direct memory access 
controller, DMAC, and the advanced data link controller, ADLC, 
circuits are initialized or supervised by the MPU. DMA mode is used 
at DMA transfers. 

The main circuits and signals of the two-wire interface are shown in Fig. 
9. Please refer to the figure, when reading the following text. 

Direct Memory Access Controller, DMAC 

The DMAC handles DMA transfers between the basic read/write memory 
and the ADLC (see below). For definitions and a general survey of the 
DMAC, see the Microcomputer chapter. 

The DMAC is in MPU mode addressed by the DMAC signal from the 
address decoder and five address bits. The RIW line is also fed to the 
DMAC. The bus buffers will allow the five address bits and RIW to pass 
in direction to the DMAC in MPU mode. 

The DMAC will at a service request from the ADLC (RDSR or TDSR 
active) make a DMA request and when this is accepted (DMA grant 
active) go to DMA mode (with TXSTB active at DMA cycle 2). The 
D MA C then provides a memory address from an internal address counter, 
a RIW signal (to the ordinary RlW line) and control signals to the ADLC 
(TXAKA, producing a read/write signal to the ADLC and DEND at 
the last byte of a transferred block). 

The DMAC is connected for HALT steal mode and two channel mode. 
Channel 0 is used for transmitting and channell for receiving. 

Advanced Data Link Controller, ADLC 

The ADLC converts parallel data from the internal data bus to serial 
data (TXD) for the high speed modem or serial data from the high speed 
modem (RXD) to parallel data for the data bus. For definitions and a 
general survey of the ADLC, see the Communication chapter. 

The ADLC is programmed to generate a Request to send (RTS) signal 
to the high speed modem. It may also interrupt the MPU. The two-wire 
interrupt thus originate from the ADLC - not the DMAC. (The data 
carrier detect input, DCD, is hard-wired active. The DTR/LOC and 
FLAGDET outputs are not used). 

It is possible to make transfers of two-wire data via the MPU but up to 
now only DMA transfers are used because of the high speed. 

( ) 
,7 

) 
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Address bus 

~~5 A4-0,R/w 

TXSTB 
DMA grant 

DGRNT DMAC 
DMA request 

DRQT 
DMAC 

CS (Chip select) 

( 
TXRQ TX --

07-0 1 0 AKA DEND 

( 

+5V rr AO 
Data bus 1 

(DMA~(MPU) 
Select t--

j 
07-0 RDSR TDSR R/w RS1 RSO --

ADLC -
CS ADLC 

Interupt request 
IRQ 

-
RXD TXD RTS CTS RXC TXC 

W 
RXD TXD RTS CTS BITCLK 

Retransmit 

( 1 

9.585 MHz High speed 
DE NO modem 

Fixed delc!y' 

REC FS FS RTS 
The following 
signals are left 
oul in order to 

( simplify the Line Line 
diagram: receiver driver 
Reset I 02 
01 

I 
Line transformer 

r;l Coaxial 
wire coble 
conn. conn. 

Fig. 9. Principles of two-wire interface 
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The ADLC is in MPU mode addressed by the ADLC chip select signal 
from the address decoder and two address bits, A1 - O. The RIW line is 
also fed to the ADLC. The ADLC chip select signal from the address 
decoder is also activated at DMA cycle 2 but the RIW and RSO inputs 
are in DMA mode fed from the DMAC and the RS1 is then fed from 
a hard-wired high. The addressing is summarized below: 

Address conditions 
Register addressed 

MPUmode DMAmode and read/write 
Address function 

R/W A1 AO TXAKA +5V DEND control 
(R/W) (RS1) (RSO) (FI/W) (RS1) (RSO) bit1) 

0 0 0 2) X Write control register 1 

0 0 1 2) 0 Write control reg ister 2 

0 0 1 2) 1 Write control register 3 

0 1 0 0 1 0 X Write transmitter FIF03) 

0 1 1 0 1 1 0 Write transmitter FIF04) 

0 1 1 0 1 1 1 Write control register 4 
1 0 0 2) X Read status reg ister 1 

1 0 1 2) X Read status register 2 

1 1 X 1 1 X X Read receiver FIFO 

1) Control register 1 bit O. 2) 0 is not possible. 3) Frame continue. 4) Frame terminate. 

High Speed Modem 

The high speed digital modem consists of one chip, which contains a 
modulator, a demodulator, a frequency divide and phase correction 
logic, and a delay circuit for Clear to send. See Fig. 10. 

Data to be transmitted (TXD, from the ADLC) is presented in serial 
format to the modulator. The modulator converts the signal to a frequency 
shifted signal (FS), which then is fed to the two-wire if Request to send 
(RTS) is active. 

The frequency shifted data transferred from the two-wire (REC) is fed 
to the demodulator and to the frequency divide and phase correction 
logic. An internal strobe from the latter logic shifts the frequency shifted 
received data into the demodulator and generates a bit clock (BITCLK), 
fed to the ADLC. The demodulator converts the received data to 
demodulated valid data (RXD fed to the ADLC). (Received data is not, 
as Retransmit is hard-wired high, fed to the modulator and retransmitted). 

The modulation method, clock generation and phase correction are 
described in the Communication chapter. 

The Request to send output (RTS) follows (but inverted) the Request 
to send input (RTS). (It is also a function of received data in the not used 
retransmit mode) . 

) 

() 
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Clear to send (CIS) follows the Request to send input (RTS) with a delay 
of 32 (controlled by strapping of the fixed delay input) bit clock periods. 
This delay will enable the modem in the receiving unit (e.g. in a CPR) to 
synchronize before the transmission is started. A frequency corresponding 
to the state of the transmitted data. input (TXD) will be sent on the FS 
lines during the delay. An active D END signal (at the end of a transmission 
sequence) from the DMAC will deactivate Clear to send. 

Frequency shifted received data is validated, i.e. each bit must consist 
of an LH, HL, LL or HH and there must be a shift of polarity between 
the bits in order to be accepted: 

I 0 I 0 

.. I I ... One bit time 

Received data (RXD) is always high when received data is invalid or 
before the modem has synchronized. 

+ 
Fixed delay 1 

DEND 2 

CTS ~ 3 RTS-CTS 

RTS 4 delay 

,-..... 
11 TUA RTS V I } 

V 
9 Mod tr data 

Tr data 13 
Modulato 10 

N.C. 

l 

Retransmit 14 
De- S Mod rec data ov 

Rec data 15 modulator 

600 kHz 
Reset 7 , 
9.585 MHz 6 Frequency divide 

and phase - ( +2) 
correction (+16) 

Bit clock 12 300 kHz I 

Fig. 10. High speed modem circuit 
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Line Interface 

The high speed modem is connected to a line transformer via a line driver 
and a line receiver. The line transformer has separate windings for a 
two-wire and a coaxial cable connection. 

Transmitting 

To initiate a block transmission, using DMA, the program must prepare 
itself to answer an interrupt from the ADLC (interrupt 4) when the whole 
block (frame) has been transmitted. The DMAC channel 0 address register, 
byte count register and control register should also be programmed with: 

• Start address ofDMA, i.e. the memory address of the first byte (except 
flag) to'be transmitted on the two-wire connection. 

• Number of memory bytes to be transmitted. 

• Order to count up or down when addressing the memory. 

• Order to produce the read state on the R/W line when addressing the 
memory. 

• HALT steal mode. 

• Set Enable TXRQ 0 in the DMAC priority control register in order 
to make the DMAC react to TDSR (Transmit data service request) 
from the ADLC. 

The ADLC must be programmed for: 

• Correct word length (8 bits) 

• NRZ data format 

• Non-loop mode 

• Transmitter DMA mode etc. 

The transmitting section of the ADLC is released and the request to 
send (RTS) control bit is set by the program. After a delay Clear to send 
(CTS) is signalled back to the ADLC, and thus the Transmitter data 
service request (TDSR) output from the ADLC is no longer inhibited. 

) 
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Receiving 

The following will happen as an answer to a TDSR signal: 

• A DMA request signal (DRQT) will be sent to the HALT input of 
the MPU. 

• The MPU will finish the current instruction and then be halted and 
answer with a DMA grant signal (DGRNT) from the bus available 
(BA) output. 

• The DMAC will then produce a low level on the transfer acknowledge 
A (TXAKA) output as channel 0 is used. This will ensure a write 
strobe for the ADLC when; 

- The DMA mode signal is activated by the Transfer strobe (TXSTB). 

In the same time the ADLC is enabled, its transmit data register is addressed 
and a memory cell is addressed by the DMAC as the drivers for the address 
lines from the DMACare enabled. 

After a direct memory access the byte is shifted to the high speed modem. 
Thus it takes some time before the transmit data register is again available. 
The microcomputer is consequently undisturbed by any DMA request 
during this time. 

When the D MA transfers (consisting of the number of bytes defined in 
the DMAC byte count register) are being completed, i.e. when the last 
byte is being fetched from the memory, the DEND output of the DMAC 
is activated. This will result in: 

• A termination of the frame (write into the "transmit terminate FIFO" 
register; the ADLC adds CRCC and flag). 

• A deactivation of the Clear to send (crS) signal. The ADLC will react 
by not signalling any more TDSR. 

The non-CTS signal causes an interrupt. As an answer, the program 
resets the RTS signal, clears status bits in the ADLC and prepares the 
DMAC and the ADLC for reception. 

Preparatory programming of the DMAC and the ADLC for receiving 
operations resembles the one described in the Transmitting paragraph. 
Furthermore, the program sees to it that an interrupt will be answered 
by a program check of receiver status etc. 

When bytes following a leading flag are received, the ADLC sends 
receiver data service request (RDSR) to the DMAC. These bytes will 
then be stored in the memory according to DMAC channell programming. 
The DMA transfer is terminated as a response to an interrupt caused 
by error (framing error, abort received or receiver overrun) or b j frame 
valid status. The program then resets the ADLC and takes care of the 
received data on interrupt 0 level. Note that Request to send must of 
course be reset during reception. 

E90003284E 



) 

( 

) 



( 

( 

( 

( 

ERICSSON :!! 21 

Appendix! 

I/O Addresses, F7FF(16) - F700(16) 

(The first two figures, F7(16), are omitted in the address column below. 
R/W = W means write, R/W = R means read and R/W = R/W means 
read or write as seen from the MPU.) 

Address R/W Other Addressed unit and register (Hex) condition 

MCP 
FF W STORE (bit7), CCR, ACCB, ACCA, XHI,XLO, PCHI 

and PCLOswitches 
FE W Data 7 - 0 switches 
FD W Address 15-Sswitches 
FC W Address 7 - 0 switches 
FB R A, B, C, D, NMI, IRQ, VMA and RIW LEDs 
FA R Data 7 - 0 LEDs 
F9 R Address 15-S LEDs 
FS R Address 7 - 0 LEDs 
F7-DO Not used 

MICPTM 
CF W Timer3 LSB latches 
CF R LSB buffer (timer 3) 
CE W MSB buffer (timer3) 
CE R Timer3counterMSB 
CD W Timer 2 LSB latches 
CD R LSB buffer (timer 2) 
CC W MSB buffer (timer 2) 
CC R Timer 2 counter MSB 
CB W Timer 1 LSB latches 
CB R LSB buffer (timer 1) 
CA w MSB buffer (timer 1) 
CA R Timer 1 counter MSB 
C9 W Control register 2 (CR2) 
C9 R Status register 
CS W CR2:0=O Control register 3 
CS W CR2:0= 1 Control register 1 

MICPIA 
C7 RIW Control register B (CRB) 
C6 RIW CRB2=O Data direction register B 
C6 RIW CRB2= 1 Peripheral register B 
C5 RIW Control register A (CRA) 
C4 RIW CRA2=O Data direction register A 
C4 RIW CRA2= 1 Peripheral register A 
C3-AS Not used 

ACA-A ACIA (Modem interface) 
A7 -7 =A1 
A6 -7 =AO 
A5 -7 =A1 
A4 -7 =AO 
A3 -7 =A1 
A2 -7 =AO 
A1 W Transmitted data register 
A1 R Received data register 
AO W Control register 
AO R Status register 

E90003284E 
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Address R/W Other Addressed unit and register 
(Hex) condition 

ACA-A PTM (Modem interface) 
9F W Timer3 LSB latches 
9F R LSB buffer (timer 3) 
9E W MSB buffer (timer 3) 
9E R Timer 3 counter MSB 
9D W Timer 2 LSB latches 
9D R LSB buffer (timer 2) 
9C W MSB buffer (timer 2) 
9C R Timer 2 counter MSB 
9B W Timer 1 LSB latches 
9B R LSB buffer (timer 1) 
9A w MSB buffer (timer 1) 
9A R Timer 1 counter MSB 
99 W Control register 2 (CR2) ) 
99 R Status register 
98 W CR2:0 = 0 Control register 3 
98 W CR2:0 = 1 Control register 1 

ACA-A PIA (Modem interface) 
97 RIW =53 
96 RIW -;> =52 
95 RIW = 51 
94 RIW -;> =50 
93 RIW Control register B (CRB) 
92 RIW CRB2=0 Data direction register B 
92 RIW CRB2 = 1 Peripheral register B 
91 RIW Control register A 
90 RIW CRB2=0 Data direction register A 
90 RIW CRB2 = 1 Peripheral register A 
8F-68 Not used 

ACA-A ACIA (Printer interface) 
67 -;> =61 
66 -;> =60 
65 -;> =61 
64 -;> =60 
63 -;> = 61 
62 -;> =60 
61 W Transmitted data register 
61 R Received data register () 
60 W Control register 
60 R Status register 

ACA-A PTM (Printer interface) 
5F W Timer 3 LSB latches 
5F R LSB buffer (timer 3) 
5E W MSB buffer (timer 3) 

) 
5E R Timer 3 counter MSB 
5D W Timer 2 LSB latches 
5D R LSB buffer (timer 2) 
5C W MSB buffer (timer 2) 
5C R Timer2 counter MSB 
5B W Timer 1 LSB latches 
5B R LSB buffer (timer 1) 
5A w MSB buffer (timer 1) 
5A R Timer 1 counter MSB 
59 W Control register 2 (CR2) 
59 R Status register 
58 W CR2:0 = 0 Control register 3 
58 W CR2:0 = 1 Control register 1 
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Address R/W Other Addressed unit and register (Hex) condition 

ACA-A PIA (Printer interface) 
57 RIW =53 
56 RIW ---,> =52 
55 RIW = 51 
54 RIW ---,> =50 
53 RIW Control register B (CRB) 
52 RIW CRB2=0 Data direction register B 
52 RIW CRB2 = 1 Peripheral register B 
51 RIW Control register A 
50 RIW CRB2=0 Data direction register A 
50 RIW CRB.2 = 1 Peripheral register A 
4F-28 Not used 

{ ADLC 
(Can also be addressed by the DMAC at DMA) 

27 ---,> ---,> =23 
26 ---,> =22 
25 ---,> ---,> = 21 
24 ---,> =20 
23 W CR1:0=0 Transmitter FIFO (terminate) 
23 W CR1:0=1 Control register4 
23 R Receiver FIFO 
22 W Transmitter FIFO (continue) 
22 R Receiver FIFO 
21 W CR1:0=0 Control register 2 
21 W CR1:0=1 Control register 3 
21 R Status register 2 
20 W Control register 1 (CR1) 
20 R Status register 1 
1F-17 Not used 

DMAC 
16 RIW Data chain 
15 RIW Interrupt control 
14 RIW Priority control 
13 RIW Channel3 control 
12 RIW Channel2 control 
11 RIW Channel 1 control 
10 RIW Channel 0 control 
OF RIW Byte count, channel3 (LSB) ( 
OE RIW Byte count, channel3 (MSB) 
OD RIW Address, channel 3 (LSB) 
OC RIW Address, channel3 (MSB) 
OB RIW Byte count, channel2 (LSB) 
OA RIW Byte count, channel 2 (MSB) 
09 RIW Address, channel 2 (LSB) 

( 
08 RIW Address, channel2 (MSB) 
07 RIW Byte count, channel 1 (LSB) 
06 RIW Byte count, channel 1 (MSB) 
05 RIW Address, channel 1 (LSB) 
04 RIW Address, channel 1 (MSB) 
03 RIW Byte count, channel 0 (LSB) 
02 RIW Byte count, channel 0 (MSB) 
01 RIW Address, channel 0 (LSB) 
00 RIW Address, channel 0 (MSB) 
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Synchronous Communication Adapter 

General 

MICRO COMPUTER 
NTERFACE 

9.~85 MHz 

Per I/O 

IABUS 

I~ 
I~ 
I~ 

I 

! 

The synchronous communication adapter (SCA) board is used in a 
single display unit or in a Communication Processor, Remote 4101 
when synchronous serial communication with e.g. a host computer 
vja a mQdem (remote connection) is wanted. The SCA is connected 
to the external address and data buses of the microcomputer and 
its registers are located in the I/O address area of the memory map. 
It also provides one interrupt (IRQ) to the microcomputer interrupt 
logic, (IRQ 4 for DU 4110, IRQ 3 for CPR 4101) used to request 
byte transfers or to signal errors or changes in the state of the 
communication equipment. 

• 1 Reset 
Clock generotor I 

Addres. I !~DLA ~l~lr 0 g decoder freq 0 Ii! 0 0 0 
~N$:g$ 

.SCA·~7 
Clock rate .olec' '" 1 In'.rnal I W '''·1 ~~I~~tar V24/28 

+1. -r,v r INTERFACE 

Data terminal OTR 
reqdy logic 

R~T au' 

PIA Clock source select TSET au' 
Activate C RUT 

CTS cand ~ TSET 
~ 2 

~atian I ~ rr-r ~ _H .---- lnF--j Clock .ource I selector 

.--- I Receive clock 
Transmit clock 

_ ~CJ ~ 
r-D Tran.mi' do a TO 
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-
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Fig. 1. Block diagram of synchronous communication adapter 
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Communication may be made using the BSC or the SDLC protocol. 
BSC (Binary synchronous communication) is made via the SSDA 
(Synchronous serial data adapter) Ie. For SDLC (Synchronous data 
link control) tte circuit ADLC (Advanced data link controller) is used. 

As can be seen in the SCA block diagram (Fig. 1), SSDA and ADLC 
are interfacing the modem with common lines (serial receive and trans
mit data lines etc). 

The ADLC is described in the Microcomputer chapter, section Two
wire Communication. The most important parts of the SSDA will be 
described below. For a detailed description of the PIA, see "Micro
computer", section "PIA". 

Note that" the SCA may also be used for connection to the Nordic 
public data net (NPDN). In that case both SSDA and ADLC should 
be installed (X21/24/27 interface). 

Addressing 

The location of an SCA register in the microcomputer memory map is 
decided by 

" Address decoder on the basic logic board, providing the Per. I/O 
signal,:::::J F7XX

16 

@ Address decoder PROM on SCA. This PROM uses the Per. I/O 
signal and address bits 7 through 3 and provides circuit enables 
according to the table below. Note that the SCA signal is activat
ed for all SCA addresses (F768 - F77F). 

• The address lines tied to the actual integrated circuit. Address 
bits 1 and 0 or only bit 0 is used. 

Table 1. SeA register addressing 

Enabled 
circuit 

PIA 

SSDA 

ADLC 

Notes 1) 

2) 

Address (hexl Accessed register 

1 ) 2) 
F768 (F76CI PIAA: PIA A-side per reg. PIADDRA: Data direction reg. 

(Accessed if PIACRA: (PIACRA: 2 = 01 
2 = 1) 

F769 (F76DI PIACRA: PI A A-side control register 

F76A (F76E) PIAB (if PIACRB: 2 = 11 PIADDRB (if PIACRB: 2 = 0) 

F76B (F76F) PIACRB: PIA B-side control register 

Write (R/W = 0) Read (R/W = 1) 

F770 (2,4,6) Control reg. 1 Status reg. 
CR1:76 

{ Control reg. 2 0 0 

} F771 (3,5,7) Control reg. 3 0 1 Receive data 
Sync code reg. ~ ? register 
Transmit data reg. 

F778 (F77CI Co,,,.' ,,,. 1 Er:= Status reg. 1 
'0 

F779 (F77D) { Control reg. 2 0 Status reg. 2 Control reg. 3 1 
F77A (F77E) Transmit FIFO, cortr Receive FIFO 

F77B (F77F) { Transmit FIFO, ter '0 Receive FIFO Control reg. 4 1 

The Per. I/O signal is activated for addresses::::::' F7XX
16 

The double (or multiple) register addresses are caused by address bit 2 (and 
bit 1) not being decoded. 
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Synchronous Serial Data Adapter, SSDA 

EE364·810 

0 OE It. R/VI E 07 6 54! 2 0 

SSDA 
R 

9 

MC6852 

-DCO SM/OTR ORl( GRlt IRQ CTS TUF 

Fig. 2. SSDA drawing symbol 

The SSDA contains two read-only registers (Status register and Receive 
data FIFO) and five write-only registers (Three control registers, a sync. 
code register and a transmit data FIFO). The addressing of these is 
made with the Chip enable C£I:;) line, the E (<I> 2) line, also used to 
transfer data through the internal 3-byte receive and transmit data 
FIFO:s, the R/W line and the Address line (A). For the last four 
registers, the State of the two address control bits of CR l, together 
with the external addressing lines mentioned above, define which reg
ister that is accessed. Apart from these lines, the SSDA interface to 
the MPU consists of the eight bit data bus (D7 through 0), the 
Reset line, which will reset the SSDA by way of the two control bits 
Receiver reset and Transmitter reset, and the Interrupt request line 
(IRQ). 

The peripheral or modem interface consists of the following lines. 

Receiver section: 

DRx : Bit-serial receive data input 

GRx : Receiver bit clock input 

DCD: Data carrier detected input. A low to high transition on this 
input (e.g. indicating loss of data carrier) will be stored in the 
status register and may cause an interrupt (IRQ). It will result 
in an inhibition of the receiver section apart from the receive 
data FIFO and the RDA (Receive data available) status bit 

Transmitter section: 

DTx : Bit-serial transmit data output 

Grx : Transmitter bit clock 

CTS : Clear to send input. A positive edge on this input (indicating 
Clear-to-send) will be stored in the status register and may cause 
an IRQ. As a result, the transmitter section of the SSDA is 
inhibited. TDRA (Transmit data reg. available) status bit is how
ever not affected in the external sync. mode. 
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Table 2. SSDA programming model 

Control Address 
Register In uts Control Register Content 

A RIW AC2 IC1 B;, 7 R; " B;'_5 BiL4 R;,3 B;,2 R; R;, n 

Status (5) 0 X X Interrupt Receiver Receiver Transmitter Clear-to- Data Carrier Tlansmitter Receiver 
Request Parity Overrun Underflow Send "O"eleCt Oala Data 

IiRO) Error (Rx Ovrn) ITUF) ICTS) lOCO) Register Available 
IPE) Available IRDA) 

(TOBlIl 

Control 1 0 0 X X Address Address Receiver TIi.lnSmlllei Clear Strip Sync Tr<lnsmitler Receiver 
ICli 

Receive 
Data FIFD 

Control 2 
IC2) 

Control 3 
IC3) 

Sync Code 

Transmit 
Data FIFO 

X 

0 0 

0 0 

o 
o 

Control 2 
lAC]) 

X. D7 

0 Error 
Interrupt 
Enable 
IEIE) 

Not Used 

o 07 

D7 

Control 1 In!ernipi Interrupt 
lAC 11 Enahle Enilble 

IRIE) iTlE) 

D6 D5 04 

Transmit Word Word 
Sync Code Lenglh Length 

on Select 3 Select 2 
Underflow 
I ITx Svnel 

IWS3) IWS2) 

Not Used Not Used Not Used 

D6 D5 04 

06 D5 D4 

x == Don't care 

STATUS REGISTER 

I RQ Bit 7 The IRQ flag is cleared when the SOurce of the IRO IS 
cleared. The source is determined by the enables in the 
Control Registers: TIE, RIE, EIE. 

Bits 6-·0 indicate the SSDA status at a point In time, and Ciln be 
reset as follows: 

PE Bit 6 Read Rx Data FIFO, or a "1" into Rx Rs tel Bit OJ. 
Rx Ovrn Bit 5 Read Status and then Rx Data FIFO, or a "1" Into 

Rx Rs ICl B;t 01. 
TUF Bit 4 A "1" into CTUF {C3 Bit 31 or into Tx Rs (Cl elt 11 
CTS Bit 3 A "1" into Clear "CTS'(C3 Bit 2) or a "1" into Tx As 

IC1 Bit1)· 
OED Bit 2 Read Status and then R x Data FIFO or a " 1" into 

Rx Rs ICl B;t 0) 
TDRA Bit 1 Write into Tx Data FIFO. 
RDA Bit a Read Rx Data FI FO. 

CDNTROL REGISTER 1 

AC2, ACl 
RIE 
TIE 
Clear Sync 
Strip Sync 

Tx As 
Rx Rs 

Bits 7, 6 Used to access other registers, as shown above 
Bit 5 When "1", enables Interrupt on RDA (5 Bit 0). 
Bit 4 When "1", enables Interrupt on TDRA (S Bit 1\ 
Bit 3 When "1", clears receiver character synchronization. 
Bit 2 When "1", strips all sync codes from the received 

data stream. 
Bit 1 When "1", resets and inhibits the transmitter section. 
Bit 0 When ",", resets and inhibits the receiver section 

CONTROL REGISTER 3 

CTUF 
Clear CTS 
1 Sync/2 Sync 

Ell Sync 

Bit 3 When "1", clears TUF IS Bit 4), and IRQ if enabled. 
Bit 2 When "1", dearsCTS (S Bit 31, and IRO If enabled. 
Bit 1 When "1", selects the one-sync·charactcr mode; when 

"0'.', selects the two,sync,character mode, 
Bit a When "1", selects the external sync mode; when "0", 

selects the internal sync mode, 

Sync Charactels Reset Reset 
(Strip Sync) (Tx Rs) IRx Rs) 

D3 D2 Dl DO 

Word l-Byte/2·8yte Peripheral Peripheral 
Length 1 fCloster Control 2 Contrail 

Select 1 (l·By te/2·By tel IPC2) IPC1) 
IWS1) 

Clear ClCiJr CTS One·Sync- Ex ternall 
Transmitter Status Ch;;rac1er/ Internal 
Underflow (Clear CTSl Two,SYnc Sync Mode 

Status Chal aeter Control 
ICTUF) Moop. Control IEII Sync) 

t 1 Sync; 
2 Sync) 

D3 D2 01 DO 

03 D2 01 DO 

CONTROL REGISTER 2 

EIE Bit 7 

Tx Sync BlI 6 

WS3, 2,1 Bits 5-3 

Bit 5 Bit 4 Bit 3 
WS3 WS2 WSl 

0 0 0 
0 0 1 
0 0 
0 

0 0 
0 1 

0 

1 ·Byte/2·Byte Bit 2 

PC2, PCl Bits 1-0 

Bit 1 Bit 0 
PC2 PCl 

0 0 
0 1 

0 

When "1", enahles the PE, Rx Dvrn, 
TUF, CTS, and OCD Interrupt flags 
(S Bits 6 through 2l. 
When "1", allows sync code contents 
to he tran!:;ferred on underflow, and 
enables the TUF Status bit and out
put, When "0", an all mark character 
is transmitted on underflow, 
Word Length Select 

Word Length 

6 Bits t Even Parity 
6 Bits + Odd Panty 
7 Bits 

8 Bits 

7 Bus I Even Parity 
7 Bits i Odd Parity 
8 Bits 1 Even Parity 
8 Bits + Odd Pari!~ 

When "1", enables the TDRA and 
RDA bits to Indicate when a l-byle 
transfer can occur; when "0", the 
roRA {lnd RDA 111ts indicate when 
a 2·hyte transfer can occur. 
SM/1JfR Output Control 

SM/D"fR OutPUt at Pin 5 

o 
SM 1 nhlbltcd a 

NOTE: When the SSDA IS used 111 applicatIons requiring the MSB of data to 
be received and lransmitlcd first, the data bus inputs to the SSDA may be 
reversed (DO to 07, etc.1. Caution must be used when this is done since the 
bit positions in this table will be reversed. and the parity should not be selected. 

@ MOTOROLA Semiconductor Products Inc. 

) 

) 
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The SM/WR. (Sync. match/Data terminal ready) output may be used 
for several purposes. When CR2:0 is 0 it presents the inverse of what 
is written into CR2:1. This may be used to signal DTR or RTS (Re
quest to send). When CR2:0 = 1 and CR2:1 = 0 it will present a 
positive pulse when a sync. code equal to the one stored in the sync. 
code register is detected (see Table 2). 

V24/28 Interface 

Interface Signals 

The V24/28 interface contains: 

Receive data input (RD). This line is tied both to SSDA and 
ADLC. Which of these circuits that will take care of the in
coming data depends on programming. 

Transmit data output (TO), presenting serial data from SSDA or 
ADLC. 

Receive bit clock (RSET, Receiver signal element timing) and 
transmit bit clock (TSET) from external equipment. 

RSET out and TSET out: Bit clocks (from the same source) 
generated on SCA. 

Request to send (RTS). This signal is generated by ADLC (RTS 
output) or SSDA (SM/DTR output) to prepare the data circuit
terminating equipment, DCE (typically modem), for transmission 
to the line from SCA. 

Ready for sending (RFS) is the signal by which the DCE (modem) 
answers that it is ready to (modulate and) send what it gets on 
the transmit data line from SCA. This signal is tied to the CTS 
(Clear to send) inputs of SSDA and ADLC. 

• Data terminal ready (DTR) may e.g. be used as an enable signal 
for the modem, telling the modem that the data terminal equip
ment is operable. It is generated when all supply voltages for SCA 
are present and the program signals "ready" by writing a zero 
into PIA A-side peripheral reg. bit 7 (at address F768

16
). 

Oock Generation 

EE364-810 

For the V24/28 interface, the bit clock may be selected (by two PIA 
bits) to be external or internal. Internal clocks are provided by the 
clock generator on SCA. Via three PIA bits, the internal bit clock rate 
is selected; 1200, 2400, 4800, 9600 or 48.000 bits per second. For 
details, see ''pIA Programming'; paragraph below. 
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X21/24/27 Interface 

The X21/24/27 interface comprises balanced, two-wire connections. A 
positive differential voltage (V A - VB > 0.3 V) signifies the ON state 
of a control signal or, for data circuits, a logic 0; a negative differen
tial voltage ( VA - VB < - 0.3 V) signifies the OFF state or a logic I 
respectively. 

Interface Signals 

The bit dock always originates from the DCE (Data circuit-terminating 
equipment). It is caJled 

• S Signal ekment timing. The OFF to ON transition of this signal 
coincides with the transitions (bit limits) of data. Transmit data 
is thus shifted out from SSDA/ADLC at the OFF to ON tran
sitions. Receive data is shifted into SSDA/ ADLC at the ON to 
OFF transitions of S. in the middle of data bits. 

CD B Byte timing (from DCE). This signal is used to synchronize the 
setting of the C (Control) signal to a certain time in the byte 
and to start transmission from SSDA or ADLC byte-synchronously 
with the DCE. by setting the CTS (Clear to send) signal. 

• C Control is e.g. used to signal to the DCE 

that I) I want to establish a connection (make a call) 
2) I want to clear the connection 

or tila t I) I accept a call 
2) I confirm a clear connection indication 

from DCE 

C transition 
OFF -> ON 
ON -> OFF 
OFF -> ON 
ON -> OFF 

Control is generated by setting the Activate C signal (PIA B-bit 
7 = 0). At next OFF to ON transition of B, followed by an OFF 
to ON transition of S, C will go to the ON state. 
Control is deactivated at the OFF to ON transition of S following 
a setting of the PIA B-side bit 7. 

" I Indication is used for signalling from the DCE, e.g. 

that I) The connection I wanted is established 
2) DCE confirms my "clear connection" request 

or that I) Connection wanted by "other end" is 
established 

I transition 
OFF -> ON 
ON -> OFF 
OFF -> ON 

2) "Other end" wants to clear the connection ON -> OFF 

As the connection/ disconnection sequences take some time, the I 
signal tells the microcomputer software the changes in state by 
interrupting the MPU. (I is tied to CB 1 and CB2 inputs of PIA.) 

• R are the bit-serial receive data lines (R(A) and R(B)) 

• T are the bit-serial transmit data lines 

) 
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Note that both for Rand T, a positive differential voltage (e.g. between 
R(A) and R(B)) corresponds to a low level on SSDA or ADLC, where 
positive logic is at hand. 

Note that the CTS signal for SSDA and ADLC is not generated by the 
DCE, but is activated at the ON to OFF transition of B following an 
activation of the CTS condition signal (PIA B-bit 6 = 0). For PIA 
programming details, see below. 

Line Activity Indication 

The SCA contains logic to drive a light-emitting diode (LED) on top 
of the logic board. This LED indicates activity on the receive and 
transmit data lines in the following way. 

411 Extinguished when there is no activity on either line. 

Glowing steadily when data are transmitted from SCA with no 
longer pauses between transmissions than 17 s. 

• Blinking when the pauses between transmissions are longer than 
17 s and data are received. The blink frequency of about 7.5 Hz 
is provided by the clock generator. 

Detailed Description 

The line activity logic comprises two retriggerable monostable flip-flops, 
active during 275 ms after the last triggering (I to 0 transition on the 
respective data line). When the transmit data disappear, a timeout 
counter will be started, providing a reset for the TDLA (Transmit data 
line activity) signal after 17 s, unless new data have been transmitted 
within that time. In the latter case the timeout counter is reset etc. 

Note that the signal driving the line activity LED is distributed to the 
CPB (Communication processor board) when SCA is installed in CPR 
4101. 

Furthermore the TDLA signal is tied to a PIA input, thus accessible 
for the software. 

PIA Programming 

EE364-810 

Suppose that the PIA has been reset. 

1) Write 1 - - 1 1 1 I 1 into data direction register A (DDRA) at 
address F768. This means that the lines used for Data terminal 
ready, clock source selection (2 lines) and clock rate selection 
(3 lines) will function as outputs. 
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2) Write I I - - 0000 into DDRB at address F76A. Consequently 
Activate C and CTS condition lines (used for X2!) will function 
as outputs and the four least significant lines will work as test in
puts (for Receive clock, Transmit clock, TDLA and Internal clock 
respectively) . 

3) Write - - - - - 1 - - into control register A at address F769 to 
make the A-side peripheral register accessible for the MPU. 

4) Write e.g. 

Result: 

- - 0 O~l I into control register B at address F76B. IIIII I IRQ because of X21 signal I going ON. 

. 
B-side peripheral register accessible. 
IRQ via CB2 if X21 signal I goes OFF. 
PIA CB2 functions as interrupt input. 

Summary of Peripheral Register Bit Functions 

Output/Input If=O If = 1 

PA 7 Output Data terminal ready may DTR may not be signalled 
be signalled 

PA 6 Not used 
PA 5 Not used 
PA 4 Output X21 clock selected (if External RSET and TSET 

PA 3 = 1) selected (if PA 3 = 1)· 
PA 3 Output Internal clock selected External clock selected 

(See PA 4) 
PA 2 Output 000, 001 and 010: No internal clock rate selected 

Int. clock = high 
PA 1 Output 011: Int. clock rate 48,000 Hz 
PA 0 Output 100: Int. clock rate 9,600 Hz 

101: Int. clock rate 4,800 Hz 
110: Int. clock rate 2,400 Hz 
111: Int. clock rate 1,200 Hz 

Output/Input If = 0 I If = 1 

PB 7 Output Activate C signalled Activate C signal off 
PB 6 Output CTS condition Non-CTS condition 
PB 5 Not used 
PB 4 Not used 
PB 3 Input Rec. clock for SSDA/ Receive clock high 

ADLC low 
PB 2 Input Transm. clock for SSDA/ Transmit clock high 

ADLC low 
PB I Input No Transmit data line Transmit data line activity 

activity 
PB 0 Input Internal clock (RSET out Internal clock high 

and T,SET out) low 

) 

) 
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GENERAL 

The Synchronous Communication Controller (SCC) is an autonomous 

module in AlfCj~kop System 41. SCC is controlled by a parent 

(main) microprocessor in either the communication processor (control 

unit) or the display unit. SCC carries out all line protocol work 

needed for a serial, synchronous data connection. This means that 

SCC relieves the main microprocessor (when connected to systems 

where there are two host computers for example) of complicated 

message formatting. This is particularly useful at high transmission 

rates (greater than 9600 baud). 

SCC can be included in a display unit which operates in a single

display configuration. One communication processor can incorporate 

one or two SCC units. 

SCC communicates with the line via a V24/28 or X21/24/27 interface. 

Communication with the main microprocessor in the communication 

processor (CP) or the display unit (DU) proceeds via the CP/DU 

bus and also via a shared memory. 

IS((-"1 ..... -_ .................... , 
I I 

I 

~---------, I see - 2 I 
I I 

I 
I 
I 
I 
I 
I 
I 
I 

I 

Mle 

Interface 

see BUS 

I I 
I I 
I I 10 k I I RWM/PROM 
I I 
I I 

I 

Selector (P/OU logic 
I 
I 

16 k I 
RWM I 

I 
I 
I L ___ ~ ____ J L _________ J 

Line 

Fig. 1. see 
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SYSTEM OPERATION 

Design and Construction 

sec is arranged on two circuit boards designated SCe-1 and 

See-2. See Fig. 1. 

The seC-1 board contains a microprocessor I the I PL-PROM and 

circuits which control communication with the line or modem. 

The SeC-2 board contains a memory area consisting of two parts. 

The first part can be equipped with either ROM or RWM circuits 

(10 Kbytes). The second part (16 Kbytes) contains RWM circuits. 

Part of this RW memory (4 or 8 Kbytes) serves as a buffer 

memory. That is to say I it can be addressed by both the see

processor and the main processor in the communication processor 

(ep) or display unit (OU). The memory is addressed via the 

selector logic. 

General Operation 

Loading the program 

After the communication processor/display unit (ep /OU) which 

contains sec is started up I sec must be loaded with its 

system program unless the memory is equipped with ROM 

circuits in which the system program has been stored. The 

system program is loaded from the system diskette in the 

flexible disk unit (FO). It is loaded into the buffer area in 

the shared memory via the eP/OU-processor. This operation 

is concluded by having the See-processor store the system 

program in the RW memory. 

) 
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Sending a message to the host computer 

When CP/DU is to send information to the host computer, the 

message is first stored in the buffer memory by CP/DU. An 

interrupt signal is then sent to the SCC-processor and CP/DU 

returns to its regular task. 

SCC then processes the message and sends it to the host 

computer without any further intervention by CP/DU. 

Receiving a message from the host computer 

When a message arrives from the host computer, SCC handles 

the entire reception procedure without assistance. The message 

is stored in the buffer memory and SCC then sends an interrupt 

signal to the main processor in CP /DU. This signal notifies 

CP/DU-processor that a message is waiting to be fetched from 

the buffer memory. 

Interface with CP/DU 

The interface between SCC and CP/DU consists of the CP/DU bus 

and the part of the SCC memory which serves as a shared memory. 

Two types of signals are sent via the CP/DU bus, namely interrupts 

and flag control signals. 

EE365-810 

An interrupt can be sent out by SCC and also by CP /DU, 

each of which are provided with a conductor intended for 

interrupt signals. When an interrupt is issued f a flip-flop is 

set in the receiving unit. This flip-flop forwards the interrupt 

to the internal interrupt logic. It is then the responsibility of 

the receiving processor to reset the interrupt flip-flop. 

An interrupt indicates to SCC that a command is waiting to be 

fetched from the shared memory area. The interrupt indicates 

to CP/DU that a status message is waiting to be fetched from 

the shared memory' area. 
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The flag control signal is needed to ensure proper operation 

when two processors are working in the shared memory area. 

This function permits one processor to prevent the other 

processor from accessing the memory area while the first is 

carrying out an operation there. 

Interface with Line 

The interface with the line consists of communication circuits used 

for serial, synchronous transmission. The circuits have been 

adapted to SCC-microprocessor and include matching amplifiers for 

the line as well as clock logic and monitoring logic. 

Using this logic, SCC can handle all of the synchronization and 

control signals needed for the line, modem or data circuit terminat

ing equipment (DCE) used for line protocols of the following types: 

Binary Synchronous Communication (BSC) 

Synchronous Data Link Control (SDLC) 

High-Level Data Link Control (HDLC) 

The combination of protocols needed for the Nordic Public 

Data Network (NPDN) 

Moreover, the hardware can carry out the following 

CRC calculation for SDLC and HDLC protocols. 

The sending of extra characters needed in certain protocols. 

The generation of an internal clock pulse for the line. 

Time monitoring of certain signals in connection with sending 

or monitoring the number of bits sent (maximum of 4 Kbytes). 

) 

) 
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INTERNAL OPERATION 

General 

The block diagram shown in Fig. 2 presents an overview of SCC. 

The description of SCC is divided up on the basis of the following 

blocks 

SCC-MIC which contains the clock logic, the microprocessor, 

the address decoder, the timer, PIA and the interrupt logic 

The SCC memory which contains the memory and the selector 

logic 

The SCC line interface which contains SSDA, ADLC, part of 

PIA and the control logic used for the interface. 

Each block description discusses the circuits which operate within 

the block and also special block functions. For further information 

about the circuits that are used, see the manufacturers l data 

sheets. 

sec-rue 

SCC-MIC, see Fig. 3, contains the microprocessor (MPU). When 

start-up occurs, this microprocessor is controlled by the initialization 

program, after which it is controlled by the system program. MPU 

is clocked by the clock logic which makes a phase correction for 

the main processor system clock (¢2). MPU senses interrupt signals 

obtained from different SCC circuits and from CP/DU. MPU can 

generate an interrupt signal which is sent to CP/DU via the PIA 

circuit. Signals are also sent via the PIA circuit to and from the 

line interface and interrupt logic. MPU controls the programming of 

the timer and the line-interface circuits (SSDA and ADLC). 

) 

) 
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I n a system where two microprocessors operate in a shared memory, 

the phase relationships between the clock pulses in the two systems 

must be correct. Phase comparison in SCC is handled by the clock 

logic. 

The clock logic contains a phase detector and a voltage controlled 

oscillator (VCO) which sends a 4.26 MHz signal to MPU. This 

signal is divided by four in MPU and sent out as a clock signal 

called Enable (E = 1.065 MHz) to the bus-connected circuits in 

SCC. Signal E (the resultant phase) is compared with ¢2 (the 

reference phase obtained from CP IDU) in the phase detector which 

controls VCO so that the phase difference between E and ¢2 can 

be eliminated. See Fig. 4. 

MPU 6802 

MPU is an 8-bit parallel tri-state device. It has 16 address bits and 

is thus capable of adqressing 65536 memory locations. 

MPU 6802 is completely software-compatible with the 6800 MPU 

described under the Microcomputer thumb index. MPU 6802 contains 

all the registers and accumulators present in the 6800 plus a 

built-in 128 byte RWM. Moreover, MPU 6802 contains a clock oscillator 

and driver for the system clock signal (E). 

it Registers 

MPU contains the following registers 

Accumulator A and accumulator B (8 bits) used for storing 

operands and results from operations 

) 

) 
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.. I L.. SZ in CP/OU 

....J r E in SCC 

.. 939 ns .. 

Fig. 4. Clock signals E and 02 
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Index register (16 bits) which reduces program memory 

requirements since it can be loaded with a memory address 

different from those contained in the program counter and 

stack pointer 

Stack pointer (16 bits) should be initialized to point to the 

highest address in the RWM area to which the stack function 

has been assigned. 

When a Push (PSH) instruction is issued, the content of one 

of the accumulators (A or B) is stored in the memory location 

pointed to by the stack pointer, and the stack pointer is 

automatically decremented. 

When data is to be returned to an accumulator, the Pull 

(PU L) instruction is issued. This results in automatic incremen

tation of the stack pointer after which the content of the 

memory cell pointed to by the stack pointer is loaded into the 

specified accumulator. 

Program counter (16 bits). When a reset operation occurs or 

when an interrupt is obtained, this counter is loaded with the 

program address stored at a specific memory location in the 

highest part of the memory area. The content of the program 

counter is then stepped automatically through the program 

and changed for jump instructions. There is no other way to 

change or read the program counter contents. 
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Condition code register (CCR, 8 bits) contains 6 flag bits 

used to indicate the results of a previous operation. The CCR 

bits function as follows 

Processor control 
I~ ______ ~A~ ______ ~\ 

,,-_A_c c_u_m_u_l a_t_o_r _A __ ..JII Accumulator B 

Index Register 

Stack Po in ter 

Program Counter 

Condition Code Register 

7F 

.... - EX tal 
X tal 

MR 

128 x 8 

RWM 
~------------------------~-RE 

.... ----------------11- Vcc 
standby 

a..-__ ......... OO 

8 bit 
Data bus 

16 bit 
Address bus 

R/W VMA ':' +5V Enable Reset 
\~----------------~v~----------------~/ 

Bus control 

Fig. 5. MPU 6802, registers and signals 
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Bit Name 

o C (Carry) 

1 v (Overflow) 

2 . Z (Zero) 

3 N (Negative) 

4 I (I nterrupt) 

1 1 

Function 

Set if carry from or borrow to bit 7 

was needed for an operation 

Set if twos complement overflow occurs 

(result of operation greater than 127 or 

less than -128) 

Set if the result of the operation is 0 

Set if the result of the operation is 

negative. 

Set after an I nterrupt request (I RQ) 

thus hindering (masking) further inter

rupts. 

5 H (Half carry) Set if half-carry occurs from bit 3 to 

bit 4 in an operation. 

6 and 7 Not used (always set) 

MPU RWM 

MPU also contains a 128-byte RWM located at hex address 

0000-007F. 

• MPU-signals 

Apart from the 16 address bus lines and the eight bi-directional 

data bus lines there are several other timing and control signals in 

the system. 

EE365-810 



12 

EXtal and Xtal. The MPU has an internal oscillator that can 

be crystal-controlled (parallel fundamental crystal). EXtal can 

also be driven externally by a TTL input signal. Xtal is to be 

left open in this mode. 

E (Enable) is obtained by dividing the EXtal signal by four. 

E is a single phase TTL-compatible signal that serves as the 

clock for MPU and the rest of the system. 

MR (Memory Ready). When the MR input is low, E can be 

extended to integral multiples of half periods, thus permitting 

an interface to slow memories to be established. 

Normal program execution can be stopped by four external signals: 

Interrupt Request (IRQ), Non-Maskable Interrupt (NMI), Reset 

and Halt. 

When the I RQ input goes low, the microprocessor jumps to an 

interrupt routine having its address at memory locations FFF8 

and FFF9. This jump takes place after the MPU register 

contents are stored in the stack. However, this occurs only if 

the interrupt mask bit (I) in the MPU condition code register 

(CCR) is O-set. 

When NMI goes low, MPU jumps to an interrupt routine having 

its address at memory locations FFFC and FFFD. This occurs 

after the MPU register contents are stored in the stack. 

When Reset goes low, the microprocessor stops. When Reset 

goes high again, the microprocessor jumps to a restart sequence 

having its address at memory locations FFFE and FFFF. The 

interrupt mask bit in CCR will be set in connection with a 

Reset, and it must be cleared by the program before an IRQ 

can be carried out. 

) 
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When Halt goes low, all program execution stops. Any Reset 

or I nterrupt signals arriving while the Halt condition prevails 

will be preserved and serviced after Halt has gone high 

again. 

There are also three bus mode indication signals 

When the BA (Bus Available) signal goes high, it indicates 

that ·the microprocessor has been stopped by a Halt signal or 

by the Wait instruction (WAI). When this happens, both the 

address bus and the data bus are in the high-impedance 

(third) state. 

When the VMA (Valid Memory Address) signal goes high, it 

indicates to peripheral devices that there is a valid address 

on the address bus. 

When the R/W (Read/Write) signal goes high, it indicates to 

the peripheral and memory devices that MPU is in the Read 

state. When this signal goes low it indicates that MPU is in 

the Write state. 

Moreover, the following two signals are sent to the built-in RWM 

memory 

EE365-810 

The V Standby signal supplies DC voltage to the first cc 
32 bytes of RWM. 

When the RE (RWM Enable) signal is high, the RWM is enabled 

so that it can respond to MPU control signals. 
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Address Decoder ---------------

This unit consists of a PROM (see Fig. 6) and gating logic. The 

address decoder generates enable pulses which are sent to units 

connected to the SCC bus. Decoding takes place from the address 

bus (bits B to 15). 

Address 

decoder 

output 

o 
1 

2 

3 

4 

5 

6 

7 

Object 

ADLC/DMA (Unused) 

PIA and Timer 

SSDA 

ADLC 

MCP (testing unit) 

Flag 

IPL-PROM 

Data buffer to/from memory 

14 15 

6330 

Fig. 6. PROM 6330, symbol 

IPL-PROM 

Address 

FOXX 

F1XX 

F2XX 

F3XX 

F4XX 

F7XX 

FBXX-FFXX 

1BXX-7FXX 

The I PL-PROM (FBOO-FFFF) contains the start-up program and the 

start addresses that are fetched for the different interrupt routines. 
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The timer unit consists of a programmable timer module (PTM) 

circuit. See Fig. 7. 

0 
02 
RSO 

1 

2 

CSO 

1 

R/III 

R 
IRQ 9 

DO 
I 

2 

3 
6840 

4 
PTM 

5 
19 8 
16 7 

GI 
27 

C I (It 

GZ 

C2 til 3 

G3 
6 

C3 1ilJ3 

Fig. 7. PTM, symbol 
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The PTM circuit contains 

Three separate timers, each of which contains a 16-bit counter 

and a control register 

One status register 

Each timer unit has a clock input e (for external clock), a gate 

input G and a timer-out output "0. The counters and control registers 

are loaded via the data bus (00-°7) and the address bus (RSO-2) _) 

See section headed Addressing which follows. Via the control 

registers, the counters can be programmed to operate in different 

modes, to select clock inputs, to mask interrupts, to mask timer-out .) 

signals, etc. The status register indicates which of the counters 

issued an interrupt. 

For a detailed description of PTM, see the section headed PTM 

under the Microcomputer thumb index. 

Operations carried out in see 
Timers 1 and 2 are used by see to order interrupts in advance 

(time monitoring). Timer 1 is supplied with signals from the system 

clock (E). Timer 2 is supplied with signals from the output of 

timer 1 (01). This means that the two timers are linked (32-bit 

counter). The program can either order an interrupt from Timer 1 

(intervals of less than 61.5 ms) or from Timer 2 (longer intervals). 

The interrupt output on the PTM circuit is connected to level 1 in 

the interrupt logic. 

Timer 3 is used to generate an internal clock signal sent to the 

line interface. Timer 3 is supplied with signals from the system 

clock (E) and is programmed to send out a certain frequency 

(1200, 2400, 4800, 9600 or 48000 Hz for example) from the 913 
output which is connected to the interface circuits. 

) 
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Addressing 

The following table presents the addresses of the control registers 

and counters in PTM. Note that both PIA and the timer unit are 

connected to the same enable signal sent out from the address 

decoder (output having address F1XX, see section on Adress 

Decoder). The timer is assigned address F18X via the address bus 

(bit 7) which is connected to CE1. PIA is assigned address F10X 

via the ad-dress bus (bit 7) which is connected to m on PIA. 

Address -R/W CR2:0 Addressed register 

F180 

F180 

F181 

F181 

F182 

F183 

F184 

F185 

F186 

F187 

o 
o 
o 
1 

1/0 

1/0 

1/0 

1/0 

1/0 

1/0 

1 

o 
X 

X 

x 
X 

X 

X 

X 

X 

Write CR1 

Write CR3 

Write CR2 

Read status register 

Read/write counter 1 MSB (bits 15-8) 

Read/write counter 1 LSB (bits 7-0) 

Read/write counter 2 MSB 

Read/write counter 2 LSB 

Read/write counter 3 MSB 

Read/write counter 3 LSB 

The PIA circuit (see Fig. 8) contains two separate 8-bit I/O ports 

designated A and B. Each of these consists of 

EE365-810 

A data register used for incoming or outgoing data 

A data direction register used to control the data register. 

(When' bit X in the data direction register is 1, the correspond

ing bit in the data register functions as an output. When 

bit X in the data register is 0, the corresponding bit in the 

data register functions as an input.) 
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0 
25 

E 
21 R/W 
22 

CSO 
24 I 

2 

RSO 

R 

IRQ A 

IRQ B 

DO 

I 
I 2 

30 3 
29 

4 
28 5 
27 6 
26 7 

Fig. 8. PIA, symbol 

CA I 

2 

PAO 

6821 I 

PIA 
2 

3 

4 

5 
6 

7 

POO 

I 

2 

3 

4 
5 

6 

7 

CB I 

2 

40 
39 

3 
4 
5 
6 
7 
8 

13 
14 
15 
16 
17 
18 
19 

One control register used to control (among other things) 

interrupts obtained from the CA and CB inputs. 

For a detailed description of PIA, see the section headed PIA 

under the Microcomputer thumb index. 

The PIA circuit is used by SCC for 

Checking the interrupt level 

Masking interrupts 

I nterrupt generation/acknowledgement 

Sending control signals to the interface circuits 

I ndicating function by means of LED 

Parity error checking 

Controlling certain internal SCC signals. 

) 
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Addressing 

Address R/W CRA:2 CRB:2 Addressed register 

F100 1/0 1 X Read/write data register A 

F100 0 0 X Write data direction register A 

F101 1/0 X X Read/write control register A 

F102 1/0 X 1 Read/write data register B 

F102 0 X 0 Write data direction register B 

F103 1/0 X X Read/write control register B 

PIA data register A is used as follows 

When bit 0 output is 1 Interrupt level 0 is enabled 

When bit 1 output is 1 Interrupt level 1 is enabled 

When bit 2 output is 1 Interrupt level 2 is enabled 

When bit 3 output is 1 Interrupt level 3 is enabled 

These four outputs are connected to the interrupt logic in order to 

mask out certain interrupt levels. They can also be used as inputs 

for interrupts in order to determine the level from which the 

interrupt was issued. See also the section headed Interrupt Logic. 

When bit 4 output is 1 

When bit 5 output is 0 

When bit 6 output is 1 

When bit 7 input is 0 

When CA1 input changes 

from 1 to 0 

When CA2 output is 0 

EE365-810 

Interrupt is acknowledged from CP/DU 

I nterrupt is sent to CP /DU 

Function diode is lighted 

MCP (test unit) is in test mode 

Power-on/reset has occurred 

I nterrupt is sent from operating system 

(OS) to level 0 
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PIA data register B is used as follows 

When bit 0 input is 1 

When bit 1 output is 1 

Bit 2 is not used 

When bit 3 output is 1 

When bit 3 output is 0 

When bit 4 output is 0 

When bit 5 output is 0 

When bit 6 output is 1 

When bit 6 output is 0 

When bit 7 input is x) 

When CB1 input is x) 

When CB2 input is x) 

Parity error 

Parity error logic blocked 

I nternal clock pulse sent from timer to 

interface 

External clock pulse obtained from V24 

or X21 

Active DTR (V24) or Control (X21) 

Active CTS (X21) 

V24 interface is selected 

X21 interface is selected 

DSR (V24) or Indication (X21) 

Calling ind (V24) or Indication (X21) 

Indication 

x) Depends on programming. See also section on SCC Line 

Interface. 

The four following types of interrupts are available in SCC MPU 

A power-on/reset interrupt clears all MPU internal registers 

to 0 and causes the start address to be fetched from FFFE-FFFF 

in the memory. 

A power-on/reset interrupt is generated when power to the 

CP/DU is turned on or the CP/DU is reset (by depressing 

the RESET pushbutton on CP/DU). The signal obtained when 

power is turned on is sent to the reset input on MPU and to 

the bus-connected peripheral circuits in SCC. The signal 

obtained from the RESET pushbutton is sent to the reset 

input on MPU and to the CA1 input on PIA. 
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A non-maskable interrupt (NMI) causes the contents of the 

internal registers in MPU (except for the stack pointer) to be 

saved in the stack and causes the start address to be fetched 

from FFFC-FFFD in the memory. An NMI interrupt is generated 

in SCC by the parity error logic. Output from this logic can 

be inhibited by setting PIA B bit 1 so that an NMI interrupt 

will not be obtained in the event of a parity error. 

An NMI interrupt can also be generated in the microprocessor 

contr:-ol panel (MCP) when it is connected (for testing and 

fault tracing in SCC). 

A software interrupt (SWI) causes the same type of save 

operation to be carried out as an NMI interrupt. Here, however, 

the start address is fetched from FFFA-FFFB in the memory. 

An SWI interrupt can only be generated by the program by 

means of the SWI instruction (3F). 

An interrupt request (I RQ) is an interrupt which causes the 

contents of the internal registers in MPU to be saved in the 

stack (except for the stack pointer). Here, the start address 

is fetched from FFF8-FFF9 in the memory. I RQ can be masked 

by the program by means of instruction SEI (OF). I RQ is 

generated in SCC via the interrupt logic to which the four 

different types of interrupts are connected. 

IRQ always provides the same start address (FFF8-FFF9) for MPU, 

regardless of the source of the interrupt. The interrupt program 

must therefore ascertain which unit caused the interrupt in order 

to take the correct measures. 

This determination of the source of an interrupt is carried out by 

having MPU read PIA A bits 0-3. Each of the leads that indicate 

the states of these bits is connected directly to its own interrupt 

lead (when bit X is 1, an interrupt signal is obtained via lead X). 

See Fig. 3. 
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PIA A bits 0-3 can also be used by MPU to inhibit (mask) the 

signal on any desired interrupt lead by entering a 0 in the desired 

PIA A bit. Note that the PIA A output is of the open collector 

type and is connected to the interrupt lead by means of a WI RED 

OR connection. Using this masking function, MPU can assign 

internal priorities to the different interrupt leads (0-3) by masking 

out undesired interrupt levels. 

The four different interrupt levels are described below 

Level 0 (PIA A bit 0) comprises program-controlled interrupts ) 

obtained via PIA CA2. Acknowledgment of an interrupt on 

this level is controlled by the program, also via PIA CA2. 

Level 1 (PIA A bit 1) consists of timer IRQ interrupts. Here, 

an interrupt is ordered in advance by MPU by programming 

the timer. Acknowledgement can be carried out (for example) 

by means of a Read Timer Counter command sent to the timer 

after the timer status register has been read. 

Level 2 (PIA A bit 2) consists of interrupts received from 

CP IDU (or the two-wire interface). 

The interrupt signal received from CP IDU sets a flip-flop in 

the interrupt logic. An interrupt on this level is acknowledged 

by means of a reset pulse sent to the flip-flop via PIA A 

bit 4 (...l"1...-). 

Due to the fact that two SCCs can be included in a CP, a 

jumper has been provided which permits the desired interrupt 

lead from CP to be selected (I RQ to SCC X or I RQ to SCC Y ). 

Level 3 (PIA A bit 3) consists of interrupts received from an 

SSDA circuit, ADLC circuit or PIA circuit. After an interrupt, 

the program checks to see which of these circuits issued the 

interrupt. Acknowledgment of the interrupt is carried out by 

programming the circuit in question. 

( ) 
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The interrupt logic also sends an interrupt signal to the main 

processor in CP/DU. This is accomplished by setting PIA A bit 5 

to o. A jumper can be used to send the interrupt signal to either 

of two leads, one for sce X and the other for SCC y in CP. 

The interrupt logic also includes a flip-flop used for parity error 

checking. If a parity error occurs in SCC or on the CP /DU data 

bus (see section headed sce Memory), an interrupt signal is sent 

to the NMI input on SCC-MPU. This signal is also sent to PIA B 

bit 0 to indicate that a parity error has occurred. The parity 

error logic can be blocked by setting PIA B bit 1 to O. 

Power-On/Reset Function -----------------------

EE365-810 

Power on (Bus pin 81) 

When ep/DU commences to operate after power is turned on, 

a Power On signal which endures for about five seconds is 

sent to sec. This Power On signal causes a Reset signal to 

be sent to SCC-MPU and to circuits connected to the sec 

bus. After the Power On signal has been received, the main 

processor in CP/DU and SCC-MPU start their I PL programs. 

When CP /DU starts, a constant interrupt signal (I RQ 2) is 

sent to sce via bus pin 7 or 87. sce senses this interrupt 

signal until it vanishes, i.e. until CP/DU has initialized the 

PIA that was issuing the interrupt signal. The SCC I PL program 

then continues as far as the RWM test. This test is not 

started before see has received an interrupt and command 

from ep/DU. 

If sce does not establish contact with ep/DU within 

10 seconds after the Power On signal has been obtained, 

the green function LED on the printed circuit board 

flashes at a frequency of 1 Hz. 

If an error is detected in the RWM/ROM area, CP/DU 

responds to the command by issuing negative status and 

the green function LED flashes at a frequency of 8-10 Hz. 
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If the error is of such a type that there can be no 

response to the command, there is a time monitoring 

function in ep/DU which causes error status to be 

issued from see. 

If the I PL tests have been passed successfully, the 

command issued by ep/DU is answered with positive 

status and the green function LED glows steadily. 

Reset (Bus pin 82) 

The Reset signal is sent to the reset input on See-MPU and 

to eA1 on PIA, where bit 7 in control register A is set to 1. 

The I PL program then waits for an interrupt and command 

from ep/DU which can 

Request the dumping of the contents of the memory and 

peripheral circuits in see after which the Power On 

signal will be issued. 

I ssue the Power On signal immediately. 

The see memory I see Fig. 9, contains memory ci rcuits used for 

storing the system program and for buffer storage of messages 

to/from the host computer. The buffer memory can be addressed 

by both see and ep/DU via the selector logic which is controlled 

by the system clock (E). The see memory also contains logic used 

for parity bit generation and checking. The flag logic controls 

processor operations in the buffer memory. 
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Interrupt vectors 

FFFF IPL PROM Reset FFFE - FFFF F800 -------
FOOO NMI FFFC - FFFF 

SWI FFFA - FFFB 
IRQ. FFF8 - FFF9 

OFFF 

I/O Addresses 

FLAG F7XX ) --------Loading _~D.~!cL_ F6XX 
area Unused FSXX 
unused -- .... _----

MCP F4XX -------
AOLC F3XX -------
SSDA F2XX -------

PIA/Timer F1 XX --------
8000 Unused FOXX 
7FFF 

Buffer 
------ 16 Kbytes area 

RWM 
6000 ------
SFFF 

4000 
Program 3FFF area 

10 Kbytes 

) EPROM or 
RWM 

1800 

007F ) ------- Sera tehpad 0000 

Fig. 10. Memory map 
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The memory area in SCC, see Fig. 10, is arranged as follows 

Scratchpad area (address 0000-007F). 

This 128-byte memory area is built into the MPU circuit. 

Program area (address 1800-5FFF). 

The 18-Kbyte program area is arranged in such a way that 

the low part (10 Kbytes) can consist of either PROM or RWM 

circuits. The high part of the program area consists of 8 Kbytes 

of RWM. 

Buffer area (address 6000-7FFF). 

This 8-Kbyte RWM memory area can be addressed by both 

SCC and CP/DU. 

Loading area (address 8000-DFFF). This area is unused in see. 

I/O address area (address FOXX-F7XX). This area is used for 

registers in bus-connected circuits and units (MCP). 

I PL-PROM area (address F800-FFFF). 

This part of the memory contains the start-up program and 

jump addresses for different types of interrupts. 

This memory is arranged so that it can be equipped with either 

EPROM (2716) or RWM (6116). The Write signal is eliminated by 

means of a jumper when this memory is equipped with EPROM. 

EE365-810 
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This memory consists of dynamic RWM (4116) and an address 

multiplexer/refresh counter circuit. Eight Kbytes of this memory 

are used as a buffer memory which can be addressed by both the 

SCC-processor and the CP/OU-processor. The size of the buffer 

area and the CP/OU address to the memory are determined by 

means of a jumper in the CP /OU address decoder in the selecter 

logic as follows 

FUNCTION AREA SCC AOOR CP/OU AOOR 

scc X in CP 8 kB 6000-7FFF 6000-7FFF 

SCC '! in CP 4 kB 6000-6FFF EOOO-EFFF 

SCC " in DU 4 kB 6000-6FFF EOOO-EFFF .L 

The selector logic handles the switching of the data bus and 

address bus and the R/W signal that is needed to permit two 

processors to operate in a shared memory. This switching between 

buses is controlled by the E signal and the address decoders. 

The SCC bus and the CP /OU bus each have an address decoder 

which sends enable pulses to the data bus selector and flag logic. 

The CP/OU address decoder is provided with jumpers that can be 

used to select the size of the buffer memory, the address of the 

buffer memory and the address of the flag logic. (See sections 

headed 16 Kbytes of RWM and Flag Logic.) 
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This unit provides a parity bit obtained from the SCC data bus or 

CP/OU data bus. Thi$ parjty bit is entered tOQether with datCl intp 

the 16-Kbyte RWM, which contains 9-bit words (0
0
-07 + parity). 

The parity check unit also reads the data bus in connection with a 

read sequence and sends the Parity Error (PE) signal if a parity 

error is detected. The PE signal is sent to the parity error logic 

(see settion headed SCC-MIC). 

The flag logic indicates that a processor is operating in the shared 

memory area (processing the pointer queue, for example). If a 

processor seeks access to a buffer area, it must first test the 

flag. If a 0 is read, it indicates that the buffer area is being used 

by another MPU. The processor must then continue testing until 

the flag reads 1. After the processor has read this 1, the flag is 

reset to 0 automatically by the read pulse, thus indicating to the 

other MPU. that the memory is busy. After the operation is completed, 

the processor sets the flag to 1 by means of a write sequence sent 

to the flag address. The flag becomes 1 regardless of the contents 

of the data bus. The flag contains one byte in which only bit 7 is 

active (the states of the other bits are irrelevant). 

The address of the flag logic can be changed by means of a jumper 

in the CP IOU address decoder, which sends the enable pulse to 

the flag logic. 
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V24/V28 
INTERFACE 

_In_t __ cl_O_Ck ____________________________________________________ ~~~ oTSETout: 
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+ 12V ready 

OTR/Control - 12V OBUS logic 
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.... IRU 
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~ -r"') 
h ~ '- ..... 

.- -v' SSOA ,,\I-
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Reset 

~ r- X21 
y f---- Synchro -
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Indication ;:~ ~ 
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LED (red) 

Fig. 11. see line interface, block diagram 
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FUNCTION SCC ADDR CP/DU ADDR DATA BIT 7 

SCC X in CP F7XX F748-F74B 

F74C-F74F 

F74C-F74F 

o = Busy 
1 = Available SCC Y in CP F7XX 

SCC Y in DU F7XX 

see Line Interface 

This part of SCC controls the communication with a host computer. 

Communication proceeds via two interface circuits designated SSDA 

and ADLC. These circuits are designed to handle bi-directional 

synchronous data protocols. 

Binary Synchronous Communication (BSC) is established via 

SSDA. 

Synchronous Data Link Control (SDLC) and High-level Data 

Link Control (HDLC) are established via ADLC. 

Nordic Public Data Network (NPDN) communication is established 

via SSDA or a combination of SSDA and ADLC. 

Communication proceeds via one of two interfaces, the V24/28 or 

the X21/24/27. Each circuit can communicate via either of these 

interfaces. The circuit is selected by programming the current 

circuit. The interface is selected by programming PIA. PIA then 

controls the selector logic which selects the interface. 
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6852 

to cs SSDA DCD 
1I R5 CTS 

PIW 
14 

E RXO 
2 

9 
R Rxe '3 

7 
IRQ 

TXC 
4 

22 00 TXO 
6 

21 
20 2 SM/DTR 
19 

:!. 
18 
17 

4 

IS 
5 

15 
6 .., 

Fig. 12. SSDA, symbol 

Synchronous Serial Data Adaoter (SSDA) --------------------------------------
SSDA, see Fig. 12, contains two read-only registers (the status 

register and the receive data FI FO register) and five write-only 

registers (three control registers, a sync code register and a 

transmit data FI FO register). These are addressed by means of the 

Chip Select (CS),E, R/W, and Address (RS) signals. (The E 

signal is also used to transfer data through the internal 3-byte 

receive and transmit data FIFO registers.) The states of the two 

address control bits in CR1, together with the external address 

signals mentioned above, specify the register that is to be accessed. 

Apart from these signals the SSDA interface to MPU carries 8-bit 

data bus information (07 through DO)' the Reset signal and the 

I nterrupt Request (I RQ) signal. Note that the Reset signal is used 

to reset the SSDA by means of two control bits called receiver 

reset and transmitter reset. 
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SSDA communicates with the interface by means of the following 

signals 

Receiver section: 

RXD: 

RXG: 

Bit-serial receive data input 

Receive bit clock input. 

Transmitter section: 

TXD: 

TXC: 

CTS: 

Bit-serial transmit data output 

Transmitter bit clock input 

Clear to send input. A positive-going transition at 

this input will be stored in the status register and 

can cause an IRQ. 

SM/iS'TR: Sync match/Data terminal ready. (See RTS signal 

in section headed V24/28 Interface.) 

2(: 

ZO .. . 
·19 ... • ••. 

j~: ....... ' 
----.;.~ i".: .... 

Fig. 13. ADLC, symbol 
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Addressing 

Address R/W CR1 :7 CR1 :6 Addressed register 

F200 0 X X Write control reg. 1 (CR1 ) 

F200 1 X X Read status reg. 

F201 1 X X Read receive data FIFO reg. 

F201 0 0 0 Write control reg. 2 

F201 0 0 1 Write control reg. 3 

F201 0 1 0 Write sync code reg. 

F201 0 1 1 Write transmit data FIFO reg. 

ADLC, see Fig. 13, contains four read-only registers (two Status 

registers and two receive data registers) and six write-only registers 

(f-our control registers and two transmit data registers). These 

registers are addressed by means of R/W, CS, RSO, RS 1 arid bit 0 in 

control register 1. (See section headed Addressing.) The connection 

to MPU consists of a 8-bit data bus (D
O

-D7 ) I the Reset signal 

(R ) line and the I nterrupt request signal (I RQ). The system 

clock (E) is used to transfer data through the internal 3-byte 

receive and transmit registers. 

ADLC communicates with the interface by the following signals: 

Receiver section: 

RXD: 

RXC: 

Bit-serial receive data input. 

Receiver bit clock input. 

Transmitter section: 

TXD: 

TXC: 

CTS: 

RTS: 

Bit-serial transmit data output. 

Transmitter bit clock. 

Clear to send input. A positive-going transition of 

this input will be stored in the status register and 

can cause an IRQ. 

Request to send output. (See section headed V24/28 

Interface. ) 

) 
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Addressing 

Address R/W CR1 :0 Addressed register 

F300 1 X Read status register 1 

F301 1 X Read status register 2 

F302j 1 X Read receive data registers 

F303 

F300 0 X Write control reg. 1 (CR1 ) 

F301 0 0 Write control reg. 2 

F301 0 1 Write control reg. 3 

F303 0 1 Write control reg. 4 

F302 0 X Write transmitter data reg. (frame continue) 

F303 0 0 Write transmitter data reg. (frame terminate) 

The selector logic selects the interface (V24 or X21) that is to be 

used and the clock source (internal or external clock). The selector 

logic is controlled by PIA B bit 6 (selects V24 or X21 interface) 

and PIA B bit 3 (selects internal or external clock). 

The selected clock signal (Internal Clock, RSET and TSET (V24) 

or S (X21) are sent to SSDA and ADLC circuits inputs GR and x 
GT . x 

The selected interface signals are sent to PIA as follows if the V24 

interface is selected 

Calling Indicator 

DSR (Data Set Ready) 

PIA CB1. 

PIA B bit 7. 

If the X21 interface is selected, the selected interface signals are 

sent to P I A as follows 

Indication PIA B bit 7 and CB1. 

Note that I ndication is also connected 

to PIA CB2. 
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V24/28 Interface ----------------

The V24/28 interface contains the following signals 

RD (Receive Data Input). This signal is sent to both SSDA 

and ADLC. The program determines which of these circuits is 

to handle incoming data. 

TD (Transmit Data Output). This signal consists of serial 

data from SSDA or ADLC. 

RSET (Receive Bit Clock) and TSET (Transmit Bit Clock). 

These signals are received from external equipment. 

RSET Out and TSET Out. These signals consist of bit clock 

signals generated in SCC by the timer. 

RTS (Request To Send). This signal is generated either by 

SSDA (SM/DTR output) or ADLC (RTS output) to prepare the 

data circuit terminating equipment (typically a modem) for 

transmission to the line from SCC. 

RFS (Ready For Sending) is a signal issued by the modem to 

indicate that it is ready to send the information received via 

the transmit data line from SCC. This signal proceeds to the 

CTS (Clear To Send) inputs on SSDA and ADLC. 

DTR (Data Terminal Ready) is a signal that can be used 

(among other things) as an enable signal for the modem. This 

signal indicates that the data terminal equipment is operable. 

It is generated when the supply voltages (±12 V and +5 V) 

for SCC are present and the program has indicated that it is 

"ready" by entering a 0 in PIA B bit 4. 

The DSR (Data Set Ready) signal is sent to PIA via the 

selector logic. 

The Calling Indicator input signal is sent to PIA via the 

selector logic. 

) 

) 
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X21/24/27 Interface -------------------
The X21/24/27 interface contains the following signals 

R (Receive Data). This signal is sent to both SSDA and 

ADLC. The program determines which of these circuits is to 

handle incoming data. 

T (Transmit Data). This signal carries serial data obtained 

from SSDA or ALDC. 

S (Signal Element Timing). This signal originates at the data 

circuit terminating equipment (DCE). Transmitted data is 

shifted out of SSDA/ ADLC when signal S changes state (.-r-) 
Received data is shifted into SSDA/ADLC when signal S 

changes state ( """'L). 

B (Byte Timing). This input signal is used to synchronize 

the activating of the C signal synchronously with DCE (in 

connection with the transmission of bytes and start-up operations 

from SSDA/ ADLC). This is accomplished by activating the 

CTS (Clear To Send) signal. 

C (Control). This signal is used to indicate to DCE that 

( (among other things) 

( 

~ wish to establish a connection 

~ wish to clear the connection 

or 

--1 accept a call 

~ confirm a clear connection indiation from DCE 

The C (Control) signal is generated by activating the DTR/Control 

signal (PIA B bit 4 = 0). C will go high in response to the next 

positive-going transition of B which is followed by a positive-going 

transition of S. C is deactivated in response to the first negative

going transition of S followed by the setting of PIA B bit 4. 
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I (Indication). This signal is sent out from DCE to indicate 

that (among other things) 

~ The connection I wanted is established 

"l- DCE confirms my "c lear connection ll request 

or 

~ Connection wanted by "other end" is established 

--"L- IIOther end" wishes to clear the connection 

Due to the fact that the connection/disconnection sequences take 

some time, the I signal provides an indication of changes in state 

to the microprocessor software by interrupting MPU. I proceeds 

directly by CB1 in PIA, and also to CB2 and PIA B bit 7 via the 

selector logic. CB 1 and CB2 are used to generate I RQ on transitions 

and PIA B bit 7 is used to sense the level of I. 

The line activity logic, see Fig. 9, indicates activity on the RD 

and TD lines by issuing the Line Activity signal. This signal is 

sent to the CP bus. If there are two SCCs in a communication 

processor, the Line Activity signal can be connected via jumpers 

so that each SCC transmits it own signal indicating line activity on 

the CP bus. The line activity logic also controls a red LED which 

indicates activity on the receive and transmit data lines as follows 

Extinguished when there is no activity on either line 

Glows steadily when data is being transmitted from SCC 

without any pauses longer than 17 seconds between transmis

sions 

Flashes when data is being received and pauses between 

transmissions are longer than 17 seconds 

) 

) 



( 

39 

This logic makes certain that the supply voltages (±12 V and +5 V) 

are prfilSElnt. This t;;onc;:!i1;iOfl! together with thE;! DTR/Control signal 

received from PIA B bit 4, indicates to the modem (via signal DTR) 

that the data terminal equipment is operable. 

EE365-810 



) 

) 

) 



( 

( 

( 

( 

ERICSSON iii 

Asynchronous Communication Adapters, 

ACA 4185/4193/4199 

Contents 

General ______________________________________________ ___ 

Brief Outline _______________________________________ _ 
Common Circuits _______________________________ _ 
Line Activity Indication of ACA, ACA-A and -C ______ _ 
Printer Interface of ACA, ACA-A, -B and -D ____________ _ 
Fibre Optic Printer Interface of ACA-C ________________ _ 

Fibre Optic Link _________________________ ___ 
Fibre Optic Interface Functions _______________ _ 

Modern Interface of ACA and ACA-A _______________ _ 
Current Loop Interface of ACA-A _________________ _ 
Personal Computer Interface of ACA-D _____________ _ 

I 

1 

2 
2 
2 
3 
3 
3 
3 
4 
5 
6 

Detailed Description 6 
Microcomputer Interface 6 

Signals 6 
Addressing 7 

LSI Circuits 8 
Peripheral Interface Adapter, PIA 8 
Asynchronous Communication Interface Adapter, ACIA ____ 10 
Programmable Timer Module, PTM 11 
Interrupt Request Lines 11 
Programming Example 11 

Line Activity Logic of ACA, ACA-A and -C 12 
Printer Interface of ACA, ACA-A, -B and -D 12 
Fibre Optic Printer Interface of ACA-C 13 
Modern Interface of ACA and ACA-A 14 
Current Loop Interface of ACA-A 15 
Personal Computer Interface of ACA-D 15 

Appendix 1 
ACA 1/0 Addresses, F7A7(16) - F790(16)' F767(16) - F750(16) 17 

Appendix 2 
Block Diagram, ACA 19 

Appendix 3 
Block Diagram, ACA-A 21 

Appendix 4 
Block Diagram, ACA·B 23 

Appendix 5 
Block Diagram, ACA·C 25 

Appendix 6 
Block Diagram, ACA-D 27 

EE366-810B 
1984-02-15 



) 

) 



( 

( 

() 

( 
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General 

The Asynchronous Communication Adapters, ACA, ACA-A, -B, -C 
and -D, are used to adapt the parallel data bus of display processors to 
serial transmission lines using asynchronous communication (with start 
and stop bits). Occasionally they might be connected to other types of 
processors. The board exist in several versions with different serial 
interfaces: ' 

• ACA (4193-001) with: 
- V.24 printer interface. 
- V.24N.28 modem interface. 
- (Cun'ent loop interface. This interface shall not be used. Utilize 

instead the ACA-A.) 

• ACA-A (4193-002) with: 
- V.24 printer interface. 
- V.24N.28 modem interface. 
- Current loop interface. 

• ACA-B (4199-001) with V.24 printer interface. 

• ACA-C (4185-001) with fibre optic interface. The ACA-Cis used as a 
printer interface but is also prepared for modem communication. Only 
the printer interface functions are fully described in this document. 

• ACA-D (4199-002) with: 
- V.24 printer interface. 
- Personal computer interface. (A type of modem interface.) 

ACA, ACA-A and -C can only be used either as a printer or as a modem 
(or current loop in the case of ACA-A) interface and must be strapped 
accordingly. Strapping information can be found in the Installation and 
Maintenance manual. 

The reader needs understanding of a display processor as described 
in e.g. the Display Units, DU 4111 and 4112 chapter before this text is 
studied. 

Please refer to the block diagrams in Appendices 2 - 6 when reading this 
text. 
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Brief Outline 

Common Circuits 

All asynchronous communication adapters are built-up around three 
large scale integrated, LSI, circuits, which are connected to the micro
computer bus of - normally - a display processor and form a link between 
the microcomputer bus and the specific logic, line drivers and line receivers 
of the different interfaces mentioned under General. In the ACA-D, 
however, two of these circuits (the ACIA and PTM, see below) are 
doubled in order to enable software controlled switching between printer 
and personal computer operation. The LSI circuits are: 

.. ACIA, asynchronous communication adapter, which converts 8-bit 
parallel data to serial data for transmission and received serial data 
to 8-bit parallel data. Some control signals to and status signals from 
the specific interface are also handled by the ACIA. The ACIA is 
used in connection with all specific interfaces. 

.. PTM, programmable timer module which is used to generate internal 
transmitter and receiver bit clocks i.e. when the clocks are not provided 
by an external source as might be possible in the modem interfaces. 
The PTM can also be used to produce time dependent interrupts 
without any real connection to the asynchronous communication 
functions . 

.. PIA, peripheral interface adapter, which, via the data bus, can be 
ordered to generate control signals to the specific interfaces or be 
used for tests of status conditions in the interfaces. The status is then 
available on the microcomputer bus. 

All LSI circuits can make interrupt requests to the microcomputer under 
certain conditions. 

The microcomputer address bus bits 7 - 0 are decoded in address decoding 
logic and in the LSI circuits, when an enable signal (Per 02) from the 
microcomputer is active, making all reachable registers in the LSI circuits 
accessible to the microcomputer. 

Line Activity Indication of ACA, ACA-A and-C 

The ACA, ACA-A and -C are equipped with circuits, which drive a light 
emitting diode (LED) indicating line activity and function like this: 

.. Extinguished when data is neither received nor transmitted. 

.. Blinks when data is only received (= 8 Hz). 

.. Glows steadily when data is transmitted and for about 16 seconds 
after the last activity on the transmitted data line. 

) 
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Printer Interface of ACA, ACA-A, -B and -D 

As said above the ACA and ACA-A can be hardware-strapped to 
function as printer interfaces. The ACA-B contains only a printer 
interface and the ACA-D can concurrently be used as a printer interface 
and a personal computer interface. 

The interface transfers, via the Transmitted data output of the ACIA, 
data to a Data-to-printer line, which can be up to 600 m (1 970 feet). An 
Enable signal, which for example can be used to start a printer motor, 
can also be transmitted. 

The printer interface can also receive four status signals from the printer, 
i.e. Ready A, Ready B, Busy and Parity error. The Parity error line can 
alternatively be used to receive data from the printer in the ACA-A, -B 
and -D. 

Fibre Optic Printer Interface of ACA-C 

Fibre Optic Link 

The fibre optic interface is used when IPF (information protection 
feature) is wanted. The complete link system consists of: 

• ACA-C which converts parallel signals to serial data on a fibre optic 
cable and vice versa. 

• An up to 1 000 m (3 280 feet) long fibre optic cable with two optic 
fibres, one for each transfer direction. 

• FCU, fibre optic communication unit converting serial data on the 
fibre optic cable to parallel signals for a printer interface and vice 
versa. 

The system can handle four channels in each direction. Th~transmission 
speed is 0 to 19 200 baud depending on printer. 

The cable and the FCU are not described in this document. i ~ 

Fibre Optic Interface Functions 

The fibre optic interface consists of a transmitter part and a receiver 
part. 

The transmitter is strapped for two channels usage and transfers a Data
to-printer and an Enable signal. The signals are loaded in a parallel-in
serial-out register and then shifted out to a modulator. The modulator 
converts the signals to a frequency-shifted signal fed further to an optic 
transmitter, which drives the optic fibre. 

The above mentioned register is controlled by a timing logic and is 
synchronized with Data-to-printer (or transmitter clock if strapped 
accordingly) . 

. EE366-81OB 
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The receiver recognizes frequency-shifted serial data on an optic fibre. 
A demodulator demodulates the signal and generates a bitclock, which 
shifts the data into a serial-in-parallel-out register. 

A timing logic checks when four new bits are stored in the register. The 
register contents are then transferred to a latch. The four bits of the latch 
are interpreted as: 

• Parity error, PE, or Received data, RD. 

• Busy. 

• Ready A. 

• Ready B. 

In addition to the line activity indication mentioned above, a signal 
detector checks the quality of the received signal. 

The circuit resets the latch and turns on a LED if: 

• The optical input is overdriven by the use of not recommended fibre.· 

• The quality of the optical signal goes below a fixed limit. 

• The frequency-shifted signal concept is not correct, i.e. if the attenuation 
of the cable is increased due to damage or the transmitting unit is turned 
off. 

When the fault condition is ended all functions start again. No reset is 
necessary. 

The frequency-shifted signal denotes, in both directions, a 0 with 300 kHz 
and a 1 with 150 kHz. 

Modem Interlace of ACA and ACA-A 

As said above, the ACA and ACA-A can be hardware-strapped to 
function as a modem interface. This function is mainly used in TTY or 
VT 100 applications when a display processor communicates with a 
computer - with or without actual use of a modem. 

The interface can transmit and receive serial data. It can also generate 
timing, control and status signals to the data communication equipment, 
DCE. They are: Transmitter signal element timing (internal clock), 
Request to send, Data terminal ready and in the ACA-A also Data 
signalling rate selector. The interface can also receive timing and status 
signals from the DCE. They are: Transmitter signal element timing 
(external clock), Data set ready, Ready for sending, Receiver signal 
element timing (external clock), Data carrier detector and Calling 
indicator. The transfer distance can be up to 15 m (50 feet). 

) 



( 

( 

( 

( 

ERICSSON i!i! Asynchronous Communication Adapters, ACA 41851419314199 5 

Current Loop Interface of ACA-A 

As said above the ACA-A can be hardware-strapped to function as a 
current loop interface. (Actually with the same strapping as for modem 
operation.) The interface can transmit data on one line and receive data 
on another line. 

The interface can work in either of two modes, i.e. passive or active. 
Passive mode means that the needed currents are generated in an external 
source. See Fig. 1. The currents are generated on the ACA-A board in 
active mode. See Fig. 2. In passive mode the transfer distance depends 
on the equipment at the other side of the link (called Computer in the 
figures). In active mode the maximum distance is a function of the 
transfer speed: 

Speed 
9600baud 
4800baud 
2400baud 

::s1200baud 

Distance 
300 m ( 985 feet) 
600m(1970feet) 
900 m (2 955 feet) 

1 500 m (4 925 feet) 

Electrical isolation is obtained in passive mode but not in active mode. 

ACA-A Computer 

Passive received data PRO 

Receiver 

Passive transmitted data PTO 

Transmitter 

Fig. 1. Current loop, passive mode. 

ACA-A Computer 

Active received data, ARO 
Transm itter 

Receiver 

Active transmitted data ATO 

Receiver 

Fig. 2. Current loop, active mode. 
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Passive or active mode is selected by connecting the line to different pins 
in the connector. See Fig. 3. It is possible to mix passive and active 
mode, e.g. active transmitter and passive receiver, but not active and 
passive receIver. 

ACA-A Connector 

ARO 
...... ..... ARO/PRO > 

I ...... ",. 

I PRO ",.. ...... 

Receiver ++- > 
/" 

",.. 

ATD 
..... ..... 

'> ATO/PTD ,,,,. 
I PTD /" ..... 
1 __ + ..-> 

Trans m itter ",. 

Fig. 3. Current loop, mode selection. 

Personal Computer Interface of ACA-D 

The personal computer interface of the ACA-D can be used concurrently 
with the printer interface on the board. The interface can with some 
limitations also be used as a modem interface. 

The interface can transmit and receive serial data. It can also generate 
timing, control and status signals, i.e. Transmitter signal element timing 
(internal clock) Request to send and Data terminal ready. The interface 
can also receive timing and status signals, i.e. Transmitter signal element 
timing (external clock), Ready for sending and Receiver signal element 
timing (external clock). Internal or external clocks must be selected by 
hardware strapping. The transfer distance can be up to 15 m (50 feet). 

Detailed Description 

Microcomputer Interface 

Signals 

The microcomputer interface consists of the following logical signals: 

48 Data bus, DB7 - DBO. 

48 Address bus lines AB7 - ABO. 

) 
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4» Per I/O, decoded from the complete microcomputer address bus. 
(Activated by the addresses F700(l6) - F7BF(l6) and F7E0(l6) - F7EF(16) 
in the DU 4110 and by F700(16)-F7FF(l6) in the DU 4111 and DU 4112.) 

4» Read/Write, RIW . 

• Per 02, an 1.065 MHz clock signal synchronizing the ACA with the 
microcomputer. 

4» Interrupt requests, IRQ2 and IRQ4. One of these is selected by a 
jumper in the ACA, ACA-A and -c. Only IRQ2 is used in the ACA-B. 
Both are used in the ACA-D. (The numbers 2 and 4 above do not 
imply that the lines are connected to the corresponding interrupts 
in the microcomputer.) 

4» Reset, generated at power on of the microcomputer or by the micro
computer program. 

4» 9.585 MHz, generated by the microcomputer for timing purposes 
is only used in the ACA-C. 

An internal power on reset, POR, is also generated in the ACA-A, -B 
and -D. POR is or-ed together with Reset from the microcomputer. 

Power, -12 V, 0 V, + 5 V and + 12 V, is also supplied to the board. The 
-12 V and + 12 V are not used in the ACA-C. 

Addressing 

Address bus bits AB7 - AB3 are decoded in an address decoder (two 
decoders in ACA-D) to chip select signals as shown below: 

Type Inputs Outputs Comments3) 

of 
ACA Per Address bus bits Address 

1/0 7 6 5 4 3 
Signal 

(Hex) 
Selects 

ACA, L L1} H1) L H L CSP F750-7 PIA (Printer) 
ACA-A L L1) H1) L H H CST F758-F PTM (Printer) 
and L L1) H1) H L L CSA F760-7 ACIA (Printer) 
ACA-C L H2) L 2) L H L CSP F790-7 PIA (Modem) 

L H2) L2) L H H CST F798-F PTM(Modem) 
L H2) L2) H L L CSA F7AO-7 ACIA (Modem) 

ACA-8 L L H L H L CSP F750-7 PIA (Printer) 
L L H L H H CST F758-F PTM (Printer) 
L L H H L L CSA F760-7 ACIA (Printer) 

ACA-D L L H L H L CSP F750-7 Printer PIA 
L L H L H H CST F758-F Printer PTM 
L L H H L L CSA F760-7 Printer ACIA 
L H L L H H CST2 F798-F ModemPTM 
L H L H L L CSA2 F7AO-7 Modem ACIA 

1) If jumpered as printer interface. 
2) If jumpered as modem interface. 
3) Valid when connected to display processors. 
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When any of the chip select signals is active an ACA signal is activated, 
which enables a bidirectional data bus buffer. ReadiWrite, RIW, controls 
the direction of the transfer. 

Address bus bits AB2 - ABO are directly used for addressing of specific 
registers in the selected circuit. 

The specific use of each display processor I/O address is stated in 
Appendix 1. 

LSI Circuits 

The LSI circuits are discussed separately as they may have a function in 
all 110 interfaces of any ACA board. Some of the signals mentioned 
here will therefore be further explained in the context of each specific 
I/O interface described later. 

Peripheral Interface Adapter, PIA 

A general survey of, and definitions relating to, the peripheral interface 
adapter, PIA, can be found under Peripheral Interface Adapter, PIA 
in the microcomputer chapter. 

The PIA is connected to the microcomputer bus. One chip select signal, 
CSP, is fed from the address decoder (the one of the printer interface on 
the ACA-D board). 

The CA and CB control lines of the PIA are programmed as inputs and 
normally for interrupt generation at positive transitions of the following 
signals: 

CAl: Ready A. 

CA2: Ready B. 

CB1: Parity error, PE. In the ACA and ACA-A modem operation: 
Calling indicator, CI, instead of PE. 

CB2: Data set ready, DSR, but only in the ACA-A. 

The modem signals Data set ready, DSR and Data carrier detector, 
DCD are in the cabling presently connected to Ready A and Ready B 
respectively of the ACA and ACA-A boards. 

The interrupt request outputs, IRQ A and IRQ B, are treated under 
Interrupt Request Lines later on. 

The peripheral registers PA and PB are used in the following way: 

PA7 Input Ready A. (1 = low printer line level, printer off or not 
connected. ) 

) 
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P A6 Input Ready B. (1 = low printer line level, printer off or not 
connected.) 

PA5 Output 0 = Select internal clocks. 
1 = Select external clocks. 
(Only internal clocks exist in the ACA-B and the printer 
interface of the ACA-D. The clock source must be selected 
by strapping in the personal computer interface of the 
ACA-D.) 

P A4 Output 0 = Data terminal ready, DTR. This signal is used in the 
ACA and ACA-A and can be used in the ACA-C if 
strapped so. 

PA3 Input 

PA2 Input 

PAl Input 

Transmitted data. (Test input.) In the ACA, ACA-A 
and -C this signal is supplied by the line activity logic. 

Transmitter clock. (Test input.) In the ACA-A is only 
the internal clock supplied. 

Receiver clock. (Test input.) 

P AO Output 0 = Reset parity error flip-flop or parity logic is not used 
(but a parity error signal from the printer can be detected 
ifCBl is enabled). 
1 = Enable parity logic. (See also PB3.) This bit shall be 
o at modem operation. 

PB7 Input Printer operation: 

PB6 Input 

1 = Parity error, printer off or not connected. 

Modem operation: 
1 = Calling indicator active. 
This signal is only used in the ACA and ACA-A. 

o = Data set ready, DSR. This input is only connected 
in the ACA-A and-C. 

PB5 Output Not used. (Default value = 0.) 

PB4 Output Printer operation: 
o = High line level interpreted as Busy. (Default value.) 
1 = Low line level interpreted as Busy. This signal is not 
used in the ACA. The selection can also be made by 
strapping in the ACA-C. 

Modem operation: 
0= Data carrier detect, DCD, enabled to the DCD input 
ofthe ACIA. This signal is only used in the ACA-A. 

PB3 Output 0 = Parity error and Busy are used. 

EE366-810B 

1 = Receive data from printer and deactivate the parity 
flip-flop and the busy logic 1 and 2. This bit is not used 
in the ACA, can be strapped 0 in the ACA-A and -C and 
shall be 1 at modem operations. 
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PB2 Input 

PB1 Input 

In the ACA: 
External transmitter clock, TSET. (Test input.) 

In the ACA-A, -B, -C and -D: 
a = Transmitter clock is disabled by activated busy logic 1. 
(Test input.) 

IntheACA: 
External receiver clock, RSET. (Test input.) 

In the ACA-A, -B, -Cand-D: 
a = Transmitter clock is disabled by transmitted 
data = 1 and activated busy logic 1 or parity error. (Test 
input.) 

PBO Output Printer operation: 
a = Enable busy logic l. 
1 = Disable busy logic 1. 
(Busy logic 2 functions always unless when PB3 = 1 in 
the ACA-A, -B and-D.) 

Modem operation: 
a = Set Data signalling rate selector, DRS, to high rate. 
1 = Set DRS to low rate. This signal is only used in the 
ACA-A. 

When there has been a reaction to the Parity error signal (e.g. a reloading 
of the erroneous byte into the ACIA transmit data register) transmit bit 
clock for the ACIA must be enabled again. This may be done by sending 
the Reset signal but, preferably, PIA P AO is set to a a to enable the clock 
and afterwards to a 1, to enable further parity error detection. 

In the description above only the hardware is considered. Some functions 
are therefore not used in all applications. Note also that some inputs 
are only used for program controlled tests of the hardware, e.g. PA3-
PAl and PB2 - PBl. 

Asynchronous Communication Interface Adapter, ACIA 

A general survey of, and definitions relating to, the asynchronous commu
nication interface adapter, ACIA, can be found under Asynchronous 
Communication Interface Adapter, ACIA in the Communica~n 
chapter. " . 

J 
The ACIA is connected to the microcomputer bus. One Ch[', 'select 
signal, CSA, is fed from the address decoder on the ACA, AC -A,-B 
and -C boards and one chip select signal, CSA or CSA2, fr' each 
address decoder to each ACIA on the ACA-D board. The interrupt 
request output, IRQ, is treated under Interrupt Request Lines later on. 

All ACIA inputs and outputs of the serial interface side can be used 
except the Data carrier detect input, DCD, which only can be used in 
the ACA-A and if strapped so in the ACA-C. 

; ) 
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Programmable Timer Module, PTM 

A general survey of, and definitions relating to, the programmable timer 
module, PTM, can be found under Programmable Timer Module, PTM 
in the Microcomputer chapter. 

The PTM is connected to the microcomputer bus. One chip select line, 
CST, is fed from the address decoder on the ACA, ACA-A, -B and-C 
boards and one chip select signal, CST or CST2, from each address 
decoder to each ACIA on the ACA-D board. The interrupt request 
output, IRQ, is treated under Interrupt Request Lines below. 

The outputs of timer 1 and 2 can be used as internal transmitter and 
receiver cl.ocks respectively. The 03 output, C1- C3 and Gl- G3 inputs 
are not used but timer 3 may be used for interrupt generation. 

Interrupt Request Lines 

The interrupt request lines are tied to the microcomputer bus in different 
ways on the various boards. 

The two interrupt request outputs of the PIA (IRQ A and B) and the 
interrupt request outputs of the ACIA and the PTM (printer ACIA and 
PTM on the ACA-D board) are or-wired, thus generating a combined 
interrupt. This interrupt request can be strapped to IRQ 2 (printer 
interrupt) or IRQ 4 (modem interrupt) in the ACA, ACA-A and -C and 
is fed to IRQ 2 in the ACA-B and D. Another or-wired interrupt request 
is fed from the ACIA and the PTM of the personal computer interface 
to IRQ 4 in the ACA-D. 

Programming Example 

Assume that there is a need to produce a receive clock for Received data 
with a bit rate of 9 600 Hz. 

1. Internal clocks are selected by writing PIA PA5 to a O. 

2. Receive (and transmit) clock rate is selected to be 16 times the bit 
rate and internal synchronization is selected by writing ACIA control 
register bits 1 and 0 to 01(2). 

3. Timer 2 of the PTM is programmed to produce receive clock: Output 
T2 is enabled, interrupt disabled, continuous operation, dual 8-bit 
counting mode and clock on E input is selected. This may be accomplished 
by writing, say, 10000111 into control register 2 of the PTM. 

4. The clock rate is selected by writing 00(16) into the MSB buffer and 
06(16) into the timer 2 LSB latches. 

This programming will make the PTM produce a receiver clock on 
output T2 with a low time of one 0 cycle time and a high time of six 0 
cycles, i.e. with a rate of about one seventh of 1.065 MHz which is about 
equal to 16 times the Receive data bit rate (9 600 Hz). 

EE366-81OB 
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Line Activity Logic of ACA, ACA-A and-C 

The line activity logic in the ACA, ACA-A and -C contains two monostable 
flip-flops. These are triggered by 0 to 1 transitions on Received data and 
Transmitted data respectively. They are retriggerable and active during 
about 275 ms after the last triggering. The received data monostable 
flip-flop turns, when set, on an 8 Hz signal to a LED, which then will 
blink. 

A transmitted data latch is preset when the transmitted data monostable 
flip-flop is activated and is reset 16 s after the monostable flip-flop is 
deactivated. The LED will glow steadily as long as the transmitted data 
latch is set. The output of the latch can also be checked by the program 
via PIA PA3. 

Printer Interface of ACA, ACA-A, -:8 and -D 

It is, under this heading, assumed that the ACA and ACA-A are strapped 
for printer operation. 

The V.24 printer interface consists of the following logical signals: 

ED Data to printer (±12 V), originating from the Transmitted data out
put, TXD, of the ACIA . 

• Enable, originating from the Request to send, RTS, output of the 
ACIA. The signal is activated when the ACIA control register bits 
6 and 5 are set to 00(2), 01(2) or 11(2)' 

ED Ready A and B. A is fed to the PIA CAl and PA7 inputs, B to CA2 
and PA6 inputs. Printer status can be indicated via these two lines 
and the PIA can be programmed to react with an interrupt request. 
If the printer is turned off or not connected, the signals will be logical 
1 on the PIA inputs . 

• Busy. This signal functions in different ways on the ACA board and 
the ACA-A, -B and -D boards. 

The following is valid for the ACA. Busy is fed to the Clear to send, 
CTS, input of the ACIA, and will thus inhibit an interrupt request 
when the transmitted data register is empty. This path is called busy 
logic 2. Note that two bytes, one in the shift register and one in the 
transmitted data register may be transmitted after the activation of 
the Busy signal. An additional path for the Busy signal is therefore 
provided and enabled if PIA PBO = O. An active Busy will then inhibit 
the transmitter clock to reach the Transmitter clock, TXC, input of 
the ACIA as soon as the Transmitted data, TXD, output goes high, 
i.e. latest at the first stop bit of the byte just being shifted out. This 
path is called busy logic 1 and will of course override busy logic 2. 

The following is valid for the ACA-A, -B and -D. The active polarity 
of Busy can be selected by PIA PB4. If not inhibited by PIA PB3 = 1 
the Busy signal will then give the same functions as said above about 
the ACA. 

The transmission starts again when the Busy condition ends. 

) 
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• Parity error (or Received data, see below). A parity error shall be 
indicated by the printer with a positive transition in the middle of the 
parity bit of the erroneous character. This will set a parity error flip
flop and thereby inhibit the transmitter clock (to the TXC input of 
the ACIA) at the following stop bit. The flip-flop is reset by PIA 
PAO = 0 and, in the ACA-A, -B and ~D, also by PIA PB3 = 1. 

The Parity error signal is also directly fed to PIA CBl and PB7 and 
may thus lead to an interrupt request and an indication mark to the 
microcomputer. Note that interrupts from PIA CBl must be inhibited 
by the PIA programming if the parity error function is not used. 

• Received data (or Parity error, see above). This line can be used for 
receiving asynchronous serial data instead of parity error in the ACA-A, 
-Band -D if PIA PB3 = 1. (The data is then fed to the Received data, 
RXD, input of the ACIA.) 

Only internal clocks (from the PTM) are used in the printer interface. 

Fibre Optic Printer Interface of ACA-C 

It is, under this heading, assumed that the ACA-C is strapped for printer 
operation. 

The external interface contains an optical output for transmitting and 
an optical input for receiving. The following signals are transferred in 
time multiplex via the optical output: 

• Data to printer, originating from the Transmitted data output, TXD, 
of the ACIA. 

• Enable, originating from the Ready to send, RTS, output of the 
ACIA. The signal is activated when the ACIA control register bits 
6 and 5 are set to 00(2), 01(2) or 11(2)' Enable can for instance be used 
to start a printer motor. 

Note that the ACA-C shall be strapped for transmission on two channels. 

The following signals are transferred in time multiplex via the optical 
input: 

• Ready A and B. A is fed to the PIA CAl and PA7 inputs, B to CA2 
and P A6 inputs. Printer status can be indicated via these two lines 
and the PIA can be programmed to react with an interrupt request. 
If the printer is turned off or not connected, the signals will be logical 
o on the PIA inputs. 

• Busy. The active polarity can be selected by PIA PB4 or by strapping. 
(PB4 or strap shall be set to 0 if Busy is not used.) 

The Busy signal is fed to the Clear to send, CTS, input of the ACIA 
and will thus inhibit an interrupt request when the transmitted data 
register is empty. This path is called busy logic 2. Note that two bytes, 
one in the shift register and one in the transmitted data register may 

EE366-810B 
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be transmitted after the activation of the Busy signal. An additional 
path for the Busy signal is therefore provided and enabled if PIA 
PBO = O. PIA PB3 must also be 0 or disconnected in the strapping 
with the strap connected to 0 V. An active Busy will then inhibit the 
transmitter clock to reach the Transmitter clock, TXC, input of the 
ACIA as soon as the Transmitted data, TXD, output goes high, i.e. 
latest at the first stop bit of the byte just being shifted out. This path 
is called busy logic 1 and will of course override busy logic 2. 

The transmission starts again when the active Busy condition ends. 

• Parity error, PE (or Received data, see below). IfPIABP3 = 0 (and 
is strapped effective) or the parity error function is strapped constantly 
active an parity error indication will set a parity error flip-flop and 
thereby inhibit the transmitter clock (to the TXC input ofthe ACIA) 
at the following stop bit. The flip-flop is reset by PIA PAO = O. 

The Parity error signal is also (depending on PB3 and strapping) directly 
fed to PIA CBl and PB7 and may thus lead to an interrupt request 
and an indication mark to the microcomputer. 

• Received data (or Parity error, see above). This signal can be used 
for receiving asynchronous serial data instead of parity error if PIA 
PB3 = 1 (and is strapped effective) or the receiving function is strapped 
constantly active. The data is then fed to the Received data, RXD, 
input of the ACIA. 

An additional signal is generated in the signal detector (see Fibre Optic 
Interface Functions) and is fed to the Data carrier detect, DCD, input 
of the ACIA if strapped accordingly. Thus, the ACIA can be programmed 
to make an interrupt request on the same conditions as the indicator 
LED is lit. 

Modem Interface of ACA and ACA-A 

It is, under this heading, assumed that the ACA and ACA-A are strapped 
for modem/current loop operation. 

The CCITT V.24N.28 modem interface consists of the following signals: 

• Transmitted data, TD, output fed from the Transmitted data, TXD, 
output of the ACIA. 

• Transmitter signal element timing, TSET, input, i.e. the external 
transmitter clock fed to a clock selector. Either of the external or 
internal (see below) transmitter clocks must be selected. 

• Transmitter signal element timing, TSET out, output, i.e. the internal 
transmitter clock fed from the 01 output of the PTM. 

• Request to send, RTS, output fed from the Request to send, RTS, 
output of the ACIA. 

• Data set ready, DSR, input fed to the PB6 input of the PIA in the 
ACA-A. Not used in the ACA. 

• Ready for sending, RFS, input fed to the Clear to send input of the 
ACIA. 
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• Received data, RD, input fed to the Received data, RXD, input of 
the ACIA. 

• Receiver signal element timing, RSET, input, i.e. the external receiver 
clock fed to the clock selector. 

• Data carrier detector, DCD, input fed to the Data carrier detected, 
DCD, input ofthe ACIA if PIA PB4 = O. Only used in the ACA-A. 

• Data terminal ready, DTR, output fed from the P A4 output of the 
PIA. 

• Data signalling rate selector, DRS, output fed from the PBO output 
of the PIA in the ACA-A. Not used in the ACA. 

• Calling indicator, CI, input fed to the CBl and PB7 inputs of the PIA 
in the ACA-A. Not used in the ACA. 

Current Loop Interface of ACA-A 

It is, under this heading, assumed that the ACA-A is strapped for modem! 
current loop operation. 

The current loop interface consists of the following logical signals: 

• Passive transmitted data, PTD, output fed from the Transmitted data, 
TXD, output of the ACIA. 

• Passive received data, PRD, input fed to the Received data, RXD, 
input of the ACIA. 

• Active transmitted data, A TD, output fed from the Transmitted data, 
TXD, output of the ACIA. 

• Active received data, ARD, input fed to the Received data, RXD, 
input of the ACIA. 

Personal Computer Interface of ACA-D 

Note that there is a separate programmable timer module, PTM, 
asynchronous communication interface adapter, ACIA, and address 
decoder for the personal computer interface but there is no peripheral 
interface adapter PIA and no connections to the PIA of the printer 
interface of the board. 

The personal computer interface consists of the following logical signals: 

.. Transmitted data, TXD, output fed from the Transmitted data, TXD, 
output of the ACIA. 

• Transmitter signal element timing, TSET, input, i.e. the c;;ternai 
transmitter clock that (if strapped so) is fed to the Transmitter clock, 
TXC, input of the ACIA. 

• Transmitter signal element timing, TSET out, output, i.e. the internal 
transmitter clock that (if strapped so) is fed ffilm the 01 output of the 
PTM. 

EE366-810B 
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.. Request to send, RTS, and Data terminal ready, DTR, outputs, both 
fed from the Request to send, RTS, output of the ACIA . 

• Ready for sending, RFS, input fed to the Clear to send, CTS, input 
of the ACIA . 

.. Received data, RXD, input fed to the Received data, RXD, input 
of the ACIA . 

• Receiver signal element timing, RSET, input, i.e. the external receiver 
clock that (if strapped so) is fed to the Receiver clock, RXC, input of 
the ACIA. 

) 
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Appendix 1 

ACA I/O Addresses, F7 A 7(16) - F790(16), F767(16) - F750(16) 

This is only valid when the ACA boards are used in S41 display units. 

(The first two figures, F7(16), are omitted in the address column below. 
R/W = W means write, RIW = R means read and R/W = R/W means 
read or write as seen from the MPU.) 

Address R/W Other Addressed unit and register (Hex) condition 

ACA ACIA (Modem interface, not used in 
ACA-8 and -0) 

A7 . -,) =A1 
A6 -,) =AO 
A5 -,) =A1 
A4 -+ =AO 
A3 -+ =A1 
A2 -+ =AO 
A1 W Transmitted data register 
A1 R Received data register 
AO W Control register 
AO R Status register 

ACA PTM (Modem interface, not used in 
ACA-8 and -0) 

9F W Timer3 LSB latches 
9F R LSB buffer (timer 3) 
9E W MSB buffer (timer 3) 
9E R Timer 3 counter MSB 
90 W Timer2 LSB latches 
90 R LSB buffer (timer 2) 
9C W MSB buffer (timer 2) 
9C R Timer 2 counter MSB 
9B W Timer 1 LSB latches 
9B R LSB buffer (timer 1) 
9A W MSB buffer (timer 1) 
9A R Timer 1 counter MSB 
99 W Control register 2 (CR2) 
99 R Status register 
98 W CR2:0 = 0 Control register3 
98 W CR2:0 = 1 Control register 1 

ACA PIA (Modem interface, not used in 
ACA-8 and -0) 

97 RIW =93 
96 R/W -,) =92 
95 RIW =91 
94 RIW -,) =90 
93 RIW Control register B (CRB) 
92 RIW CRB2 =0 Data direction register B 
92 RIW CRB2 = 1 Peripheral register B 
91 RIW Control register A 
90 RIW CRB2= 0 Data direction register A 
90 RIW CRB2 = 1 Peripheral register A 

ACA ACIA (Printer interface) 
67 -,) = 61 
66 -,) =60 
65 -,) = 61 
64 -,) = 60 
63 -,) = 61 
62 -,) =60 
61 W Transmitted data register 
61 R Received data register 
60 W Control register 
60 R Status register 
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Address R/W Other Addressed unit and register 
(Hex) condition 

ACA PTM (Printer interface) 
5F W Timer3 LSB latches 
5F R LSB buffer (timer 3) 
5E w MSB buffer (timer 3) 
5E R Timer 3 counter MSB 
50 W Timer2 LSB latches 
50 R LSB buffer (timer 2) 
5C w MSB buffer (timer 2) 
5C R Timer 2 counter MSB 
5B W Timer 1 LSB latches 
5B R LSB buffer (timer 1) 
5A w MSB buffer (timer 1) 
5A R Timer 1 counter MSB 
59 W Control register 2 (CR2) 
59 R Status register 
58 W CR2:0 = 0 Control register3 
58 W CR2:0 = 1 Control register 1 

ACA PIA (Printer interface) 
57 RIW =53 
56 RIW ~ =52 
55 RIW = 51 
54 RIW ~ =50 
53 RIW Control register B (CRB) 
52 RIW CRB2 = 0 Data direction register B 
52 RIW CRB2 = 1 Peripheral register B 
51 RIW Control register A 
50 RIW CRB2 = 0 Data direction register A 
50 RIW CRB2 = 1 Peripheral register A 
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GENERAL 

The MRW, memory board, read/write memory, is used 

in the display unit or the communication processor 

when more RWM (read/w~ite memory) than 32 kbytes 

is needed. The board may be equipped with 16 or 32 

kbytes RWM. A strap is provided to make 28, 24 or 

20 kbytes of the memory available. (Four kbytes 

are used by each synchronous communication con

troller, SCC). See memory map of DU and CP for 

further information. 

The MRW is coupled to the external address and 

data buses of the microcomputer. 

DYNAMIC RWM AND ROW/COLUMN/REFRESH ADDRESS SELECTOR 

Addressing from Address Bus 

The RWM chips used contain 16 kbits organized in 

a 128 rows by 128 columns matrix. (To provide 16 

kbytes eight chips are coupled equally i.e. acti

vated by the same strobe signals.) The 16 kbits 

are organized as 128 rows by 128 columns. As can 

be seen in the block diagram, there are only seven 

address lines to the RWM. These lines are used 

both for row and column address. Thus, to select a 

specific byte, at first the row address is applied 

and strobed in by one of the two Row address stro

bes and then the column address is applied and 

strobed in by the Column address strobe. 
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Refresh Addressing 

The dynamic RWM that is used needs periodic ad

dressings if it is not to lose its contents. As 

one cannot be sure that the MPU or DMA logic ad

dresses the cells at regular intervals, a refresh 

logic is needed. The row/column/refresh address 

selector contains a divide by 128 refresh address 

counter which provides consecutive row addresses 

at periodic "intervals. Note that only the row ad

dressing is needed to refresh the memory. When the 

microprocessor is operating (Not Reset), one re

fresh address is provided every fourteenth clock 

cycle. During Reset, one refresh address is ap

plied every clock cycle, to prepare the memory for 

operation. The function of the Refresh signal is 

to 

• Select the row address from the refresh address 

counter. 

• Step the refresh address counter. 

• Make the strobe generator provide Row address 

strobes for both RWM blocks at the same time. 

The refresh addressing takes place during the ~l 

half of the system clock cycle and MPU or DMA ad

dressing takes place during the ~2 half of the 

clock cycle. Thus the periodic refresh addressing 

does not interfere with memory accesses from the 

bus. 

ADDRESS DECODER 

The address decoder contains a ROM. From the four 

most significant address bus bits, the R/W signal 

and the two lines defining the memory area stop 

address, the address decoder ROM judges which 

enable signals that should be provided. In short, 

Block 1 enable is generated if A15 = 1 and A14 = O. 

Block 2 enable is generated if A15 1 and A14 = 1. 

EE367-8l0 
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A13 and A12 are used together with the stop ad

dress lines to define whether Block 2 enable 

should be provided. E.g. when the stop address is 

CFFF only the combination A15 . A14 . A13 . A12 = 1100 

should activate the Block 2 enable. 

The Read pulse is in the same way generated for 

addresses between 8000 and the strapped stop ad

dress when the R/W signal is in the read state. 

All three enable signals are generated during ¢2 

(Bus time). 

STROBE GENERATOR 

• Write strobe is generated during the later part 

of the Per. ¢2 (Peripheral ¢2) period i.e. 

during the period when MPU or DMA is working on 

the buses. 

• During Refresh (¢l period) the Row address 

strobes 1 and 2 are both generated. One of them 

is generated during ¢2 if one of the Block 

enable signals is present, i.e. if a byte in 

the defined memory area of the MRW board is ad

dressed from the bus. 

• The Column address strobe is only generated 

during the ¢2 period and if one of the Block 

enable signals is present. 

Note that a Column address strobe alone does not 

affect the contents of the memory. Neither does a 

Write strobe without preceding Row address and 

Column address strobes. 

For further details of timing, see paragraph 

"Timing" in the "Microcomputer" chapter. 
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GENERAL 

The MRO (Memory board, read-only memory) is used 

in display unit or communication processor to add 

9rogr~ m~~Qry c.apactty to the b~sic m.emory of max 

32 kbytes and IPL ROM of 2 kbytes. The MRO may be 

equipped with a maximum of 24 kbytes read-only 

memory. 

/ABUS (16) 

1; li(4) 

iIIi~~ _______ A_J5~j}------------'~1-(2_)----~~----~)----~ _ Circuit ena ble 
_ VMA • generator 

Per 02 
R/W 
Bot mem 

WES 

Block enable 

generator 

po- - - - - - .PII 

B A IE ~ 2 x 8 bits I 
~--~r-~~R~O~M~ __ ~ 

I i .---4,.. ____ ~ 
I I 

..:.:R""A""-S ____ -t ..... RWM strobe..i!:!-

Reset 
generator .---4 I r------1 

II) 

I I .----f I/~ __ ~ r------K 

------, 
<~~>~D~B~US~(8~)~--~--------L-~ ~ 

([» 

Bot Latch Write 
mem RWM 

~_,J ~:-----~ 
r-----; 
i I 

,--------.,11- - - - - - -i 
I I 

"'-p-
7
---i - - - __ -I 
~ I _.... J 

"'--illlll-t-
L -l-~ --

Voltage sensor 1...-------. 

l Oltage IOW,..._ ..... 

256 x 8 bits _.> CE ~ 
DMA 02 L~R~W::M~_.J~:~V-c~c=:~=~~==~-I:!=r+:...:5:...:V1DC/DC +12V ...::..:..::..:..:..--=--='-------HIIIOI -t:.-.:J stab >---

-'-+ T 

..I 
-I 

Fig.l.:~O block diagram 
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Each memory chip contains 2 kbytes (2k x 8 bits) 

of memory, and the RO memory area is thus expand

able from 2 kbytes to 24 kbytes in steps of 2 

kbytes. Furthermore, the MRO holds 256 bytes of 

static R\%1, typically used for software strappings. 

The RvlM should not be used for program storage. 

Besides memory circuits and bus buffers, the MRO 

contains three groups of strobe generating cir

cui ts; 

• Block enable generator consisting of a ROM, pro

viding enable signals for the output buffers and 

the associated ROM circuit outputs. 

• Circuit enable generator, consisting of two de

coder circuits, providing different enable sig

nals for the twelve possible ROM circuits. 

• RVlH strobe generator, only activated at write 

R~'!M operations, causing data and address for the 

RvlM to be latched and then data to be written 

into the addressed RWM cell. 

DETAILED DESCRIPTION 

Addressing. Block Enable Signals 

The locations of the different memory circuits of 

MRO in the total microcomputer memory map is shown 

in Fig. 2. The occurence of some enable signals is 

also indicated. The block enable signal~A, B, C 

and Vl, are all generated during the Per. ~2 time. 

A, Band C are read strobes. Note that C is gene

rated for read from RWM operations (Bat. memo sig

nal active and R/W in the high (read) state). W is 

activated for write operations (R/Vl = low) into 

the RWM (Bat. memo signal active) . 

) 
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Fig. 2. Memory organization of basic controller and MRO 
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RvJM Hri te Timing 

The generation of the Latch and Write RWM signals 

is illustrated in Fig. 3. 

I@ 

x R/W and .~ ______ ~@, ________ ~ ____ ~ ________ ___ ABUS (fron;,.. )C 
MPU or DMA 
logic) 

°Per 1112 ~ 

°Write RWM 

I@ 

CD Write strobe 
to RWM 

L-

r--

L 

® 
New ;iaQi-ess 
let through 
buffers 

@ Address and data latched 

@ Block enable signal W present 

@ Correct RWM address on 
ABUS. Bat. mem., VMA and 
Write signals active. 

Fig. 3 .. RI®l wri te cycle 

As the needed data and address setup and hold 

times for write operations into the static RWM cir

cuits are quite long a write cycle (~) intrudes on 

next clock cycle. Consequently, the RWM should not 

be used so that it could be affected by a read 

cycle directly following a write cycle. This is be

cause the access time for read operations is longer 

than the time between point@ in Fig. 3 and next 

trailing edge of ~2. The sequence write-read may 

only occur if the RWH area is used both for regis

ter (e.g. stackJ purposes and to hold program. 

) 
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ERICSSON iii Power Supplies 1 

Brief Outline 

A power supply converts the mains AC voltage to a number of DC 
voltages which are r~quired in the units. 

The power supplies described here are of the type SMPS (Switch Mode 
Power Supply). 

Common for all switching power supplies is, that the incoming voltage 
is rectified and th~n chopped to a high frequency square wave voltage. 
The regulation of the final output voltage is made in the chopper by 
varying the pulse width, and thus the duty cycle, of the square wave 
pulses, see Fig. 1. The pulse width varied voltage is transformed to 
suitable levels and then rectified to get the required DC output voltages. 

- ----- duty cycle = + 
a pulse width = a 

b 

Fig. I. Definition of duty cycle 

There are a number of different power supplies. In some cases they 
contain the same circuit board but have different mechanical layouts to 
suit the units they are built into. In other cases they differ electrically, 
e.g. by means of input voltages, output voltages, internal frequency, or 
temperature requirements. See further under Technical Data. 

A complete list of the power supplies, their circuit boards and the units 
they are included in, is enclosed in Appendix 1. 

The description of the power supplies is divided into two sections, each 
one describing a group of power supplies with similar principle design 
and properties. 

E9000 2333E-l 
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Section 1 

220/ 
240 V 

Power Supplies ERICSSON ~ 

The power supplies with the following circuit diagrams can be regarded 
as one "family" with principally the same design and with the same 
numbering of components: 

E340682001 
E340682004 
E340682005 

E340682010 
E340682011 
E340682030 

E340682040 
E340682050 
E340682060 

These power supplies are described together, see the block diagram, 
Fig. 2. 

Mains 
filter 

Mains rectifier , 

-I»t-- =j= 1-...... --.... -----"'"-

~ d.c. 

] :: 
:~ "----'---' 

" OO----'"''---rr'''_-+----.... I: I 
" I n I 
II :outputs 
I~ I 

I 
, I 

, I 

~F-
36 kHz d.c. 

Fig. 2. Block diagram, Section 1 power supplies 

The mains voltage is rectified and smoothed in the mains rectifier. The 
rectified voltage is converted to a 36 or 40 kHz square wave voltage in 
a chopper (the frequency differs between the power supplies). 

The chopped frequency is applied to the primary side of a transformer. 
The output voltages are taken from the secondary windings of the trans
former. They are rectified and filtered before they are provided at the 
DC output terminals. 

The power supply also contains control circuits for voltage and current 
control. 

The voltage control is governed by a voltage from a separate winding of 
the transformer that gives a correction signal which varies the duty cycle 
and thus compensates for any change in input voltage. 

The current is controlled by a circuit that decreases the duty cycle if the 
current rises, and finally turns off the power supply if the current rises 
too much. 

A separate circuit is transforming and rectifying the mains voltage to 
the DC voltage needed for the circuits internally in the power supply. 

) 
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Section 2 

The power supplies ROA 117202/1 - 2, ROA 11720311 - 2, and BM] 
160003/1 (ROA 11720511) belong to another "family" of power supplies 
with the same design prin9iple. 

See the block diagrams, Fig. 3 for ROA 117202/1 - 2, Fig. 4 for ROA 
117203/1 - 2 and Fig. 5 for BM] 160003/1 (ROA 11720511). 

The mains voltage is filtered, rectified and smoothed in the mains filter 
and rectifier. The. rectified voltage is converted to an about 45 - 50 kHz 
square wave voltage by the main transistor. 

The chopped voltage is applied to the primary side of a transformer. The 
output voltages are taken from the secondary windings of the transformer. 
They are rectified and filtered before they are provided at the DC output 
terminals. 

A circuit senses the output voltages and gives a signal via an optocoupler 
to the control circuit, which adjusts the pulse width and thus the primary 
voltage. The control circuit also contains the oscillator that determines 
the switching frequency. 

The power supply ROA 117203/1- 2, see Fig. 4, has a monitoring circuit 
that gives a warning signal (PW) at first and then a reset signal (PR) if 
the mains voltage or the output voltages are too low. 

r-~---- +85 V 

~-~~--~---o 

• • • 220 V . 
alt" Mains Recti-
110 V tilter tier 

Fig. 3. Block diagram, ROA 117202/1 - 2 
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• 
• 
• 
• 
• 
• 

220 V • 
alt. Mains Recti- • 
110V filter fier • 

• 
• 
• 
• 
• 
• 
• 
• 
• 

Fig. 4. Block diagram, ROA 11720311 - 2 

220V • 
Mains Recti- • alt. 

110 V filter fier • 
• 
• 
• 
• 
• 
• 
• 
• 
• 
• 

Fig. 5. Block diagram, 8M] 16000311 (ROA 11720511) 

Sensing 
circuit 
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'-+-E::¥-+-+--+5 V 
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0 

• • • 
+12V 

+5V 

0 

-12V 
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ERICSSON ~ Power Supplies 5 

Detailed Description 

Section 1 

The following description refers to circuit diagrams: 

E340682001 
E340682004 
E340682005 

E340682010 
E340682011 
E340682030 

E340682040 
E340682050 
E340682060 

These circuit diagrams are designed with the same component denomina
tion, in general, and have, in principle, the same function. The differences 
are described under a separate heading. 

Input Rectifier and Filter Circuit 

The main voltage is first filtered by the inductor Ll (not included in all 
power supplies) and then rectified by the bridge rectifier Zl. The rectified 
current is filtered by the smoothing capacitor C5. 

The current is limited at the start-up. This is done with the NTC (negative 
temperature coefficient) resistor Rl and resistor R2. 

Internal DC Voltage 

The mains voltage is transformed to about 13 V RMS (Root-Me an
Square = effective voltage) in the transformer Tl. It is rectified in Z2 
and smoothed to about 15 V DC by C7 and then supplied as drive voltage 
to the circuits in the power supply. 

Depending on whether the mains voltage is 220 or 240 V this voltage 
should be connected to different points of the primary winding of Tl. 
This is done with contact P5. 

Power Switching and Output Stage 

The DC voltage from the mains rectifier circuit is chopped by the power 
transistors Y2 and Y3. These transistors are switching elements which 
are turned on and off together at a frequency determined by the oscillator 
in ICI via the driver circuit (Y3 is excluded in some of the power supplies, 
see further on). 

When the transistors are turned on, current flows through the primary 
winding of transformer T3. 

The output stages are connected for forward converter transformation, 
which means that when current flows through the primary winding, 
current will also flow through the secondary winding out to the load. 
When the switching transistors are off, the stored energy in the output 
choke will continue to deliver current. The transformer's magnetizing 
current is returned to the supply through Z7 and Z8 during the off period. 

E9000 2333E-l 
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Driver Circuit 

Transistor Yl, which is controlled by ICl, drives the tlyback transformer TI. 
The transformer has two windings which are driving the power transistor( s) 
Y2 (and Y3) that provide the chopped current for the primary winding 
of transformer T3. 

Control Circuits 

• Output voltage control. The voltage from the feed back winding of 
transformer T3 is rectified and used to regulate the output voltages. It 
gives a correction signal which varies the duty cycle and thus compensates 
for any change in the input voltage. The normal level of the correction 
signal i~ set with potentiometer R6. 

• Current limit. The primary current is sensed as a voltage over resistor 
R25 coupled in parallell with R26 and potentiometer R27. A level for 
IC1 pin 11 is set with potentiometer R27. If the current passes a certain 
level, the duty cycle will decrease. If the current passes another, 
higher, level the output transistors will be turned off immediately. 
Restart will occur in 0.3 seconds' intervals. When the current level is 
acceptable the power supply will start again. These functions are 
governed by IC1 pin 15 and the driver circuit. 

CD Maximum duty factor. The maximum duty factor is set to about 0.45 
by potentiometer R14. (If the duty factor exceeds 0.5 the transformer 
core will be DC magnetized.) 

CD Switching frequency. The frequency of the oscillator in IC1 is set by 
potentiometer R11. 

CD Soft start. At start of the power supply the duty factor begins at zero 
and increases slowly up to a level depending on the input voltage. 
The time constant depends on R12 and C13. 

Individual Differences from the Description 

.. Circuit diagrams E34068 2002, E34068 2004 and E34068 2005. 

These power supplies apply fully to the description. The switching 
frequency is 36 kHz . 

.. Circuit diagrams E34068 2010, E34068 2011 and E34068 2060. 

These power supplies have a switching frequency of 40 kHz. The 
drive circuit is changed (transistor Y3 is replaced by a new circuit) 
to make the power supply able to work with a higher frequency at 
a higher input voltage and a higher load. This in turn means that the 
different inputs for 2201240 V in the internal voltage circuit is no 
longer necessary. Also the inductor L1 at the input is excluded. 

At the outputs, a circuit (K1, Z22) is added to make sure that the 
-12 V voltage comes before the other voltages. 

) 
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ERICSSON iii Power Supplies 7 

Section 2 

• Circuit diagram E34068 2030 and E34068 2040. 

In these power supplies some components are changed to get a higher 
efficiency, a lower cost and a possibility to use them in a unit without 
a fan. The output power and the number of output voltages are reduced. 
An integrated circuit, IC2, provides the pre-start of -12 V. L1 and 
Y3 are excluded as above . 

• Circuit diagram E34068 2050. 

This power supply has a +85 V voltage instead of +24 V. The +85 V 
circuit contains an over voltage protection, Y 4, and a series regulator 
that consists of Y5, Y3 and IC3. L1 and Y3 are excluded as above. 

The following description refer to circuit diagrams: 

ROA 117203/1 - 2 
ROA 117202/1 - 2 
BM] 160003/1 (ROA 117205/1) 

The power supplies with these circuit diagrams are designed in principally 
the same way. Differences are pointed out in the text. 

Input Filter and Rectifier 

The mains voltage is filtered in the mains filter and rectified in the rectifier 
bridge. The input capacitor of 220 JLF or 330 JLF serves as an energy 
buffer whiCh allows a short power failure of about 20 ms. 

Internal DC Voltage 

The voltage needed internally for the circuits in the power supply is taken 
out over the diode 51 (58 in ROA 117203). 

Power Switching 

The DC voltage from the mains rectifier is chopped by the main transistor 
and applied to the transformer. The main transistor is a FET transistor. 
It has a high power gain and needs no special driving circuit, but is driven 
from the control circuit. 

Output Circuits 

The output voltages, except the -12 V voltage, are produced in circuits 
operating according to the fly-back converter principle. 

The -12 V voltage ciruit is working at the forward converter principle, 
which makes it come first at start-up. 

E9000 2333E-1 
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Control Circuits 

The voltage is controlled via a sensing circuit that senses the + 5 V output 
voltage. The sensing circuit gives a signal via the optocoupler to the 
voltage control input of the control circuit. The control circuit contains 
the oscillator that drives the main transistor. The pulse width of the 
oscillator is changed by the signal from the sensing circuit. 

A circuit that limits the maximum pulse width is also included in the 
control circuit. 

The + 12 V voltage is controlled together with the +5 V voltage. The 
-12 V voltage is series regulated by a fixed regulator. The +85/+58 V 
voltages are series regulated and insulated from other voltages. 

The current control is provided by sensing the small voltage over the 
series resistor 20 (13 in ROA 117203). 

The circuit diagram ROA 117202 contains an extra current control 
circuit, where the output currents are sensed by the transformer 253. 

The circuit diagram ROA 117203 contains a monitoring circuit that 
gives a warning and a reset signal when the mains or output voltages are 
too low. The mains voltage is sensed indirectly over the capacitor 187 
in the -12 V circuit. The reset signal appears about 20 ms after the 
warning signal. 

Degaussing Circuit 

The circuit diagram ROA 117202 also contains a degaussing circuit used 
to demagnetize the cathode ray tube. Its output terminals are 277 and 
276. At start-up, when the unit is cold, the PTe (positive temperature 
coefficient) resistors allow a high current from the degaussing circuit. 
At power on, the resistors rapidly increase their resistance and in about 
0.2 seconds the current has decreased to about 10% ofthe initial value. 

) 
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Technical Data 

Circuit Input Output voltages Output Efficiency 
diagram voltage Max. current power 

E340682001 198 - 264 V Appr.70% 
+5 V, 14 A 
+12 V, 1 A 
-12 V, 1 A 

E340682004 198 - 264 V Appr.70% 
+5 V,7 A 

( +12 V,0.5 A 
-12 V,0.3 A 
+24 V,2 A 
+24 V,2 A 

( E340682005 198 - 264 V Appr.70% 
+5 V, 14 A 
+12 V, 1 A 
-12 V,0.5 A 
+24 V,2 A 
+24 V,2 A 

E340682010 198 - 264 V >65% 
+5 V, 12 A 
+12 V, 1.3 A 
-12 V,l A 
+24 V,2 A 
+24 V,2 A 

E340682011 198 - 264 V Max. 120W >65% 

( +5 V, 12 A 
+12 V, 1.3 A 
-12 V,l A 
+24 V,2 A 
+24 V,2 A 

E340682030 198 - 264 V 70W >75% 
+5 V,4.5 A 
+12V,0.4A 
-12 V,O.l A 
+24 V, 1.5 A 

E340682040 99 -132V 70W >75% 
+5 V,4.5 A 
+12 V,O.4 A 
-12 V,O.l A 
+24 V, 1.5 A 

E340682050 198 - 264 V 90W >65% 
+5 V,4.5 A 
+12 V, 0.4 A 
-12 V,O.l A 
+85 V, 0.8 A, avo 

E9000 2333E-1 
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Circuit 
diagram 

Input 
voltages 

Power Supplies 

Output voltages Output 
Max. current power 

ERICSSON ~ 

Efficiency 

E340682060 99 - 132 V Max. 120W >65% 
+5 V, 12 A 
+12 V, 1.3 A 
-12 V, 1 A 
-24 V,2 A 
+24 V,2 A 

ROA 11720211 198 - 264 V 125 W 
+5 V,7.5 A 
+12 V,O.4 A 
-12 V,0.1 A 
+85 V,0.92 A 

ROA 117202/2 99 - 132 V 125 W 
+5 V,7.5 A 
+12V,0.4A 
-12 V,0.1 A 
+85 V,O.92 A 

ROAl1720311198-264V 55W 
+5 V,4.5 A 
+12 V,2.5 A 
-12V,0.lA 

ROA 117203/2 99 - 132 V 55 W 

BMJ 160003/1 198 - 264 V 
(ROA 117205/1) 

+5 V,4.5 A 
+12 V,2.5 A 
-12 V,0.1 A 

+5 V,4.5 A 
+12V,0.4A 
-12 V,0.25 A 
+58 V,0.7 A 

70W 

>76% 

>76% 

>75% 

>75% 

>80% 
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Appendix 1 

Table of Available Power Supplies 

(This table will not be updated for each new unit but may nevertheless 
be helpful and is therefore included. Current' information can be found 
in the S41 Product Catalogue.) 

E9000 2333E-l 
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Unit Part No. Circuit Diagram 

FPS E341200210 UPB E340682011 
EU220V 

FPS E341200211 UPB E340682060 
US 115 V 

FPS E34122 0200 ROA 117203/1 
EU 220 V 

FPS E34122 0210 ROA 11720312 
US 115 V 

DPPS E34173 0200 BMJ 160003/1 
EU 220 V (ROA 117205/1) 

ERICSSON i! 

Included in 

CPR 4101-102/103 
CPL 4102-001/002/003 
CPR 4103-001/002 
FD 4120-001/002/003 
CPR 4105-001 
CPL4106-001 

CPR 4101-013 
CPL4102-013 
CPR 4103-011/012 
FD4120-013 
CPR 4105-011 
CPL4106 011 

FD4122-002 
CPR 4105-001 
CPL 4106-001 
PCU 4171-001 

FD4122-012 
CPR4105-011 
CPL 4106-011 
PCU 4171-011 

DPU 4173-001 
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