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Preface

This 1s 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.

e 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.

e 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 E9000 3062E-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 Jirfilla, 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. My job:

3. I have used this document
O To acquire general information (for

O As a technical manual (reference book)

O As atextbook 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 Fuli coverage of the subject at hand
0O Poor coverage (essential parts are lacking)
Comments:




8. I think that this decument is
O Well adapted to my skills and knowledge
O Poorly adapted to my skills and knowledge
Comments:

ERICSSON Z

9. Other comments:

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

Ericsson Information Systems AB-
Alfaskop

Documentation Department

S-175 86  Jarfilla, Sweden
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ERICSSON 2 General Concepts 1

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.

Host _
computer §

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

Flexible Disk Unit 4120

Fig. 1. Example of single display unit configuration

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 i
computer {
Communication
Processor 4101

Flexible Disk Unit 4120

Max 3
peripherals

. ____ . __onsame . - —_— . —
2-wire connec-
. tion

Printer Unit 4154

Printer Unit 41563

(V.24/28)
Display Unit 4110

. Flexible Disk Unit 4120
with Keyboard Unit .
4140 and Keyboard Display Unit 4110 -
' Expansion Unit 4141 N with Keyboard Unit
4140 and Keyboard
Work station Expansion Unit 4141

Fig. 2. Example of 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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General Concepts
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 = Asynchronous communication adapter
BXM = Boardexpansion module
CCC = Channel communication controller
CIB = CCCinterconnection board
CP = Communication processor
CPB = CPboard
CPL = (CP,local
CPR = CP,remote
CPS = CPpowersupply
CRU = Cathode ray tube unit
CIF = CPandterminal fan
DPS = Display terminal power supply
DTC = Display terminal controller
DU = Display unit
FD = Flexible disk unit
FDA = Flexible disk adapter
FDD = Flexible disk drive
FDP = Flexible disk processor
FPS = Flexible disk power supply
KB = Keyboard
KBC = Keyboard controller
KBU = Keyboardunit
KXB = Keyboard expansion board
KXU = Keyboard expansion unit
MIA = MID adapter
MID = Magneticidentification device
MRO = Memoryboard, RO memory
MRW = Memoryboard, R/'W memory
PTC = Printer terminal controller
PU = Printer unit
SCA = Synchronouscommunication adapter
SCC = Synchronouscommunication controller
SPA = Selector pen adapter
SPD = Selector pen device
TAB = TUA interconnection board
TIA = Two-wireinterface adapter
TUA = Terminal unit adapter
UPS = Universal power supply

ERICSSON 2
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Microcomputer 1

General

All main units of Alfaskop System 41 include a microcomputer. The
purpose of this chapter is to describe the common attributes of the different
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.

4

interface
0870 >

External

>

> ABI5-0
Bus

buffer
Reod

MIC 170 |

L ¢

DMA T2

Bus
hluffer

=
iL @
@
E < - —~
<Yt 22 Tid> Hisi _2la
a0 T e =Y g e b=
p={- 2N o So
s = s
o3 _.|Fe
s gl.%2
.
% 28 |=E2
o w
2 w
- @
o
-
® ©u
< 3IM v
c o 0/
£ g 5
4 kel 2
@ O
- o 'g
= | ERRE
g c
£ £l
ol 12
: = %
- [ L
s | P
Co
2o
©
K Ec
.
z
) o
g
< £
a = £ N
2 o Lad ©
o ~ °
% c S °
= .- “
3 2. E 7 7L 25
e 2l5 = 5 63 5%
£ _|& < | c 0 Sesz €3
-~ = S o
Z HEIRERE 285 -3 i N
218 @ . <oe -3
c @ g ® T %3S
bl ] x ocy s 7
s 3
e
<o v
2
il
N g x
< s 2
= n 3 £ ¥
2 = > &
= & =
<
=3
>
&
£ =
B o 2
ose g
& i
~ A ;
]
2 o
o 2y »2
= —
= g2 £
] E g
FR £

Fig. 1.

EE356-810D

Microcomputer, basic block diagram
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These are:

® Microprocessing unit, MPU
® Timing logic
® Memory
®

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

® Interrupt control logic

e 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
Conirol

"DBE TSC BAFALTNMI Resat

&

Accumulator A | Accumulator B
Index register 01
Stack pointer

Program counter
cer: [H[1IN]zZ] V]C

A ] T | f

8 bit 6-bit RIW VMA d  +5Ve2 Reset,
data address Bus
bus bus contfrol

Fig. 2. MPU registers and signals

MPU Registers

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 1 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 = 0.

1 V A previous operation resulted in 2’s complement overflow,
i.e. a limit of the number area [— 128, 127] was passed.

0 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
or CMP).

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:

EE356-810D

Index register, which reduces program memory requirements as it
can be loaded with a different memory address 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 pomter 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 subroutlne 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.
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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 31gnals in the system. The
clock inputs to the MPU are:

@1 and @2, complementary, non-overlapping clocks. The cycle time
mentioned in this text is the clock cycle time. During (1 high time the
address is set up and during @2 high time data is set up and read or
written. (On @2 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 mask 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 interrupt (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 will 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 ;) and FFFF ;4),
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 must
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 R/'W
signal (see below) are then in high impedance state.

R/W, Read/Write, 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.

TSC, Three-state control, being high puts the R/W and address bus
lines into high impedance state. The clocks for the MPU, @1 and
@2, should be stopped to prevent false program execution. @1 should
be held high.

DBE, Data bus enable, which is generally tied to @2, low, puts the
data bus input/output in high impedance state (allowing DMA).

Nt

.
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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

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

EE356-810D

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 00006 through FFFF ;¢ but with direct addressing only cells
0 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.
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ACCUMULATOR AND MEMORY INSTRUCTIONS

ADODRESSING MODES BOOLEAN/ARITHMETIC OPERATION COND.CODE REG.
IMMED DIRECT INDEX EXTND IMPLIED (Al register iabels 5{4]3121110
OPERATIONS MNEMONIC| OP ~ =|OP ~ =|OP ~ ={Qp ~ =|QOP ~ = refer to contents) HIN]z|vE
Add ADDA 36 2 2|88 3 2{AB 5 2|BB 4 3 A+M A Sledt it
ADDE cB 2 2|0B 3 2|EB 5 2|FB 4 3 B+M -B - tledi |t ]!
Add Acmltrs ABA 1B 2 11 A+8 A tle |t t]!
Add with Carry ADCA 89 2 2799 3 2!A9 5 2|m3 4 3 A+M+C -A ettt
ADCB €9 2 2{09 3 2{E3 5 21F9 4 3 B+M+C -B ettt
And ANDA 8 2 2]194 3 2|A4 5 218B4 4 3 A-M A efe|!|liRie®
ANDB Ca 2 2|04 3 2]E4 &5 2|F4 4 3 B-M +B ole|l|}|R|e
Bit Test BITA 85 2 2195 3 2|A5 5 2!/B5 4 3 A-M ele|ijl|R|e
8ITB C5 2 2|D5 3 2|E 5 2|F5 4 3 B'M elo|!l]|R|e
Clear CLR 6F 7 2|7F & 3 00 -M e|e|RIS|RIR
CLRA 4F 2 1 00 :A ele|RISIR|R
CLRB 5F 2 1 00 -8 o8 RIS|R|R
Compare CMPA 81 2 2{91 3 2|At 2481 A M ele|t |ttt
CMPB ct 2 2901 3 2fE1 5 2(F1 4 3 B-M olofli|iji|}
Compare Acmltrs CBA 1 2 1 A-B DI IRE R RN
Compleiment, 1's com 63 7 2{713 6 3 Mm-M o|le|l|i|R]S
COMA 43 2 A A ee|!|l|RIS
comg 53 2 1 B -8 eje|! i [|R(S
Complement, 2's NEG 60 7 2|7 6 3 00-M M ool DD
{Negate) NEGA 40 2 1| 00-A-A ole|l|1DD
NEGB 5 2 1]|00-8 -8 ele|t|!1|D@
Oecimal Adpust, A DAA 19 2 1 Converts Binary Add. of BCD Characters |@je |1 (1! 11®
into BLD Format
Decrement DEC 6A 7 277A 6 3 M1 M sleil|ll4|e
DECA 4A 2 1 | A-1-A elellftidle
DECB 5A 2 1 8-1-8B ele|lltld|e
Exclusive OR EORA B8 2 2{98 3 21A8 5 2(BB 4 3 ADM-+A sle|l|[1[R|e
EORB cg 2 2{D8 3 2|E8 S5 2|F8 4 3 BOM B ofelfil|R|e
Increment INC sc 7 201 6 3 M+1-=M olel|i|1[®) e
INCA 4 2 1| A%l A ola|1|1|B)e
INCB 5C 2 1 [B+1 -8 ololl|t®e
Load Acmity LDAA 86 2 2|9 3 -2{A6 5 2(B6 4 3 M-A ofe{lt/R|®
LDAB €6 2 2{D6 3 2|E 5 2|F6 4 3 M -B ele|l|lIR|®
Or, Inclusive ORAA 8A 2 2|9A 3 2|AA 5 2|BA 4 3 A+M-A ele|!l|l|R|e
ORAB CA 2 2|DA 3 2]EA 5 2|FA 4 3 B+M-B eteoll|i|R|e
Push Data PSHA 36 4 1 A -»Mgp, SP ~ 1 ~SP olojo(o|e|o
PSHB 37 4 1| B-Mgp,SP-1-SP cje|e|o|o|e
Pyil Data PULA 32 4 1| 8P+1 -SP,Mgp—A ?lcle|o|o|e
PULB 33 4 1| SP+1--SP,Mgp -8B olololelo|e
Rotate Left ROL 639 7 2|19 6 3 M — ele|i[1|@®!
ROLA 49 2 1 A}I:D’—m]:f[g:] eleli[1®)!
ROLB 59 2 1|8 C b7 T n0 olefi|1[@t
Rotate Right ROR 66 7 2{76 6 3 M ele|t|1|®|1
RORA 46 2 11 A m ejoilit i
RORB 56 2 1|8 C b7 ™ b0 BOHGH
Shift Left, Arithmetic ASL 68 7 2|78 6 3 M - elo|t|tl !
ASLA 48 2 1 A 0 - OIIITTIs-—-0 ololt|1|@®)!
ASLB 58 2 1|8 C b7 b0 ololi1®!
Shift Right, Arithmetic ASR 6/ 1 2|17 6 3 M} — ofleft! |1 @ 1
ASRA @ 2 | ap o - o oleli 1@
ASRB 57 2 1 B b7 bo c sleft|1B)!
Shift Right, Logic LSR 66 7 2|7 6 3 M - elelrI1|®) !
LSRA 4 2 1|aA 0—-COIIIIl — g ejo|R!! !
LSRB 5 2 1|8 b7 M c elolr|1|@)]1
Store Acmiltr. STAA 97 4 2[A7 6 2|87 5 3 AN ofeiilliR|®
STAB 07 4 21E1 6 2{F/ &5 3 B--M sieil|l|R|@®
Subtract SUBA 80 2 2|9 3 2|A0 5 2|BO0O 4 3 A-M A ele|f i1}t
suss €0 2 2{Dp0 3 2(ED 5 2/FO0 4 3 B-M-—B eleftititit
Subtract Acmltrs. SBA 0 2 1} A-8B+A efejtltiift
Subtr, with Carry SBCA 82 2 2092 3 2(A2 5 2(B2 4 3 A-M-~-C-~A LICIRRRIRER:
SBCB €2 2 2|D2 3 2|€E 5 2|F2 4 3 B-M-C~B ele|tli|1]!
Transfer Acmitrs TAB 16 2 t}|A-8 eflofl|1R|@
TBA 17 2 1{8B-A elefl|!|R|e
Test, Zero or Minus TST 60 7 2|70 6 3 M - 00 elefl[1IRIR
TSTA 40 2 1| A-00 @je|i|l[R}R
TSTB 50 2 1 B - 00 efe|!|!|R|R
Hi1[N|Z|V|C
LEGEND: CONDITION CODE SYMBOLS:
OP  Operation Code {Hexadecimal); + Boolean fnclusive OR;
~ Number of MPU Cycles; Oj Boolean Exclusive OR; Half-carry from bit 3;
= Number of Program Bytes; W Complement of M; Interrupt mask
* Arithmetic Plus; . Transfer Into; Negative {sign bit)
Arithmetic Minus; 0 Bit = Zera; Zero {byte)
Boolean AND; 00  Byte = Zero; Overtlow, 2's comptement

Mgp Contents of memory location pointed to bé Stack Pointer;

Note - Accumulator addressing mode instructions are included in the column for IMPLIED addressing

Carry from bit 7
Reset Always
Set Always

@~ HDOINZ T I

Not Affected

Test and set if true, cleared otherwise

AA MOTOROLA Semiconductor Products Inc.

Fig. 4a Instruction set
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INDEX REGISTER AND STACK MANIPULATION INSTRUCTIONS

COND. CODE REG.

IMMED DIRECT INDEX EXTND IMPLIED 514/3{2[110
POINTER OPERATIONS MNEMONIC [ OP |~ | = [OP] ~! = [OP |~ | =|0P|~ | = 0P|~ | = BOOLEAN/ARITHMETIC OPERATION [H{IIN[ZIVIC
Compare Index Reg cPx sc 3| 3]sc]|alz2|ac|s]z2]ec|s]|3 XH-M XL = (M+1) ole® o
Decrement Index Reg DEX 09 4 |1 X-1-X eleo e llele
Decrement Stack Pntr DES 34141 SP - 1-SP e©le ele oo
Increment Index Reg INX 084 |1 X+1=X eloje|ijoje
Increment Stack Pntr INS 341 SP+1—8pP oo oo/
Load Index Reg LDX CE|3| 3|DE| 4| 2|EE| 6|2 |FE|5 |3 M—=Xy, (M+ 1) =X OIS
Load Stack Pntr LOS 8E | 3| 3|9E| 4| 2|AE|6 |2 |BE|5 |3 M - 8Py, (M + 1} = SP_ o|o[@®)|:|R|e
Store Index Reg §TX DF| 5| 2 |EF}7[2|FF|6 {3 XH—M X =~ (M+1) ® .@ iiR|e
Store Stack Pntr 87§ 9F | 5| 2|AF|7 | 2BF|6 {3 SPH M, SPL (M +1) DROHEIL
Indx Reg — Stack Patr TXS B4} X-1-~85P ®|o 06 o0,
Stack Pntr — Indx Reg TSX 041 SP+1—~X ele ooiole,
JUMP AND BRANCH INSTRUCTIONS
COND. CODE REG.
RELATIVE | INDEX EXTND IMPLIED 5/4(3}2|110
OPERATIONS MNEMONIC | OP |~ | #|oP|~| #|op| ~|#|opP|~ |# BRANCH TEST HI 1 [N[Z]VIC
i Branch Always BRA 2004 (2 None ej{o | o|o |80
(- Branch If Carry Clear BCC 24 (4|2 c=0 el e|ej o0 0
Branch It Carry Set  * BCS 2542 c=1 e/ o s 0 0|0
Branch If = Zero BEQ 27| 4|2 Z=1 e o ol 0e|ofe
Branch } = Zero BGE 2C| 4 (2 N®V=0 el o|e| ®|0}0
Branch if > Zero BGT 2614 |2 Z+IN@V)=0 e/ o/ e 0o
Branch H Higher ' BHI 224 (2 C+2=0 o/l e e|e|o|e
Branch It < Zero BLE F1 4|2 Z+(N@V)=1 o/ o|oje|le|e
Branch if Lower Or Same BLS 231412 C+2= ol o e/ 0|lo|e
Branch If < Zero BLT 20042 N@V= e o e/ o|leoje
Branch If Minus 1] 28|42 N= o/le/o|e|lole
Branch If Not Equal Zero BNE 26142 2=0 el ele|l e|e|e
Branch If Overflow Clear BVC 8|42 V=0 ejejo/ec|ole
Branch If Overflow Set BVS 29142 v=1 el oo/ 0jo|0
Branch If Plus BPL A 442 N=0 el elolo|e|o
Branch To Subroutine BSR 80| 8|2 el oo/ e|e|e
Jump JMP GE| 4] 217E| 3| 3 el e/l o0l e @
Jump, To Subroutine JSR AD| 8] 2|8BD; 9|3 R EEIEIERE]
No Operation NOP orfz |1 Advances Prog. Cntr, Only o]/ oo/ o|e|e
Return From Interrupt RT! V|10 1
Return From Subroutine RTS . 39 1 e! @ oo eol|e
Software Interrupt Swi F 11241 ol ool o|le|e
Wait for Interrupt* WAl 3E 1 e @ ol ol el|e

*WAI puts Address Bus, R/W, and Data Bus in the three-state mode while VMA is held low.

CONDITION CODE REGISTER MANIPULATION INSTRUCTIONS

" COND. CODE REG.

PN

{ IMPLIED s|al3]2]1]0
OPERATIONS MNEMONIC |OP| ~ | = | BOOLEANOPERATION| H| 1 IN[Z |V | C
Clear Carry CLC oci2 i1 0-¢C e(s|e (oo R
Clear Interrupt Mask cLl 0E+2 |1 [iEd] ©iR|®|o|e| e
Clear Overflow cLv 6Al 2 [ 1 0=V e|e|e (e Rie
Set Carry SEC 0|2 |1 1-¢ e|lolalo|els
Set Interrupt Mask SEl gF |21 11 @/ 5|e|eje|o
Set Overflow SEV 0B |21 1=V ejle|eioeiSie
Acmitr A~ CCR TAP 06|21 A-CCR — ()
CCR - Acmitr A TPA 07|21 CCR—A o|lo|oje|e]|o

CONDITION CODE REGISTER HOTES:  (Bit setif testis true and cleared otherwise)

1 (Bit V)  Test: Result = 100000007 7 (Bit N} Test: Sign bit of most significant (MS) byte = 1?
2 (Bit €}  Test: Result = 000000007 8 (Bit V)  Test: 2's overflow from sut ion of MS bytes?
3 {Bit C)  Test: Decimal value of most significant BCD Character greater than nine? 9 (Bit N}  Test: Result fess than zero? (Bit 15= 1)
(Not cleared if previously set.) . 10 (Al Load Condition Code Register from Stack. (See Special Operations)
4 (BitV) Test: Operand = 10000000 prior to execution? 11 (Bit))  Setwhen interrupt octurs. If previously set, a Non-Maskable
5  (BitV) Test: Operand = 01111111 prior to execution? Interrupt is required to exit the wait state.
[ (Bit V)  Test: Set equal to result of N@C after shift has occurred. 12 {AID Set according to the contents of Accumulator A.

. MOTOROLA Semiconductor Products Inc.

Fig. 4b  Instruction set

EE356-810D
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Example:
Contents Consecutive values (hex)
ofcells of program counter
«— 37F0
Branch instr. code 206y |« 37F1
Relative address 026 |« 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 (RTI, 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

0 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:
e Completing the execution of the present instruction and stepping the

program counter to point to the next instruction

e 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 ;5 and FFF9 ;¢

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



S

&=
ERICSSON =

Microcomputer

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
Wait Fgr Hardware Interrupt or
Software Interrupt Interrupt Non-Maskable Interrupt (NMI)
Main Program Main Program Main Program
n{ 3F=SwW n | 3E=WwWAl
n+1 | NextMain Instr. n+1 | Next Main Instr. n | Last Prog. Byte
. ) J A\ J - J
~~" —~"
Continue Main Prog.
n+1 | Next Main Instr
Stack
SP—> m -7
Stack MPU m Condition Code

Register Contents :$ m—5] Acmit.8

m — 4] Acmitr. A

m — 3| Index Register (Xy)

m — 2| lIndex Register {X})

m—-1} PCin+ 1)H

m} PCin+ 1)L
SWI HDWR WAL NMI < Restart >
INT
FFFA FFF8 FFFC | FFFE
§ Fres | Adidi FFFO § FFFF
Interrupt Memory Assignment! l
. Set Interrupt
FFFR | Constant, Hdware MS_ Mask (CCR &)
FFF9 Constant, Hdware LS {
FFFA | Software MS First Instr.
FFFB | Software Ls :> Adir- Formed Load Interrupt
- By Fetching Vector into
FFFC | Non-Maskable Int. | MS 2-Bytes From Program Counter
FFFD | Non-Maskable Int. | LS Per. Mem.
FEFE | Restart MS Assign. l
FFFF | Restart L3 A
r interrupt Program A
NOTE: MS = Most Significant Address Byte; f [ 1st interrupt Instr.
LS = Least Significent Address Byte;
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;5) —
FFF7 1) 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;¢, is
applied, the MPU will fetch the address to that specific interrupt routine
when addressing cells FFF8 ;) and FFE9;6). Note that address modification
only occurs for addresses FFF8,;¢) and FFF9 6 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 ;) to FFF7 44 is applied on the address bus from the
MPU. If the MPU e.g. reads cell FFES8 ¢, 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 @2 period except when cells FFF8, 9, A, or B(1) (IRQ or SWl 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 IR(Qs

As mentioned above, there are eight possible incoming IROs.

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 DU, 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:

Activatinginput combinations (pin 19 = 0V) Activated output
Internal | Al= | Mask Interrupts from Signals | Active Comments
address | FFEX | reg latch level
4321 FFFX|321]765 43210
Active level
( 1111 0 1717100000000
000111111 10%
oo011T11t1110X
01011 1110XX Only valid interrupts
01 1{11110XXX IRQ Low | aresignalledon
XXXX X 10011 10XXXX IRQline
1011 10XXXXX
1T10[1T0XXXXXX
1110 XXX XXXX
01XX| o0 . FFE8-F
10xxl o X X XX X X X X X X X| Setmask | High FEFO-7
110X/ 0 [XXX|XXXXXXXX| IRQ,SW High | FFF8-B
vector fetch**
0000 P4-1=0000
0001 0001 . .
0010 X IXXXIX XXX XXXX 0010 No modification
0011 0011
§ 0100] X | XXXXXXXXXXX 0100 No modification
{ 1 00 0 o0o00f1tT1T111110 0100 10 vector addr—FFES8, 9
0101 X [ XXXIXXXXXXXX 0101 No modification
1100 o 00™M™M1111110X 0101 11 vectoraddr—FFEA, B
0110 X [XXX|XXXXXXXX 0110 No modification
1100 0 01091111 10XX 0110 12 vector addr—FFEC,D
( 0111 X I XXXIXXXXXXXX 0111 No modification
1100 0 0111 1110XXX 0111 13 vector addr- FFEE, F
000 X XX XXX XX XXXX]| 1000 No modification
100 0 170001 110XXXX 1000 14 vector addr—FFFO, 1
1001 X IXXX[XXXXXXXX 1001 No modification
t100| O 10111 0XXXXX 1001 15 vector addr—-FFF2, 3
1010 X [ XXX[XXXXXXXX 1010 No modification
1100{ O 1101 0 X X X XXX 1010 I6 vector addr—FFF4,5
1011 X IXXXIXXXXXXXX 1011 No modification
1100 0 T1TP0 XX XXX XX 1011 17 vector addr—FFF6,7
1100} 1 XXXIX XX XX XXX 1100 No modification
1100 0 No one comb marked 10-17 1100} Default vector address
1101 1101
1110 X [ XXXXXXXXXXX 1110 No modification
111 1N

1=-+TTL 0=0V X = Don'tcare * or lower mask value * or higher interrupt
** Inhibits setting of the interrupt register

EE356-810D
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oV
Inputs l Outputs
17 CE
16
I5
14
I3 1RQ
12 Set mask
11 IRQ, SWI vector fatch
10 Pi
M1 ‘ P2
Mz | | P3
M3 P&
AI(15-5)
Al
Al2
AT3
Al4

I = Output from interrupt register
M = Output from mask register
Al = MPU internal address bus
® (15—5) = FFEXto FFFX
® 1,2, 3,4 = bitnumbers
P3 - 1: Input to mask register
P4 —1: Used for address decoding

Fig. 6. FPLA inputs and outputs

Peripheral Interface Adapter, PIA

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.

Signals

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 parallel 8-bit interfaces.
The peripheral pins (PA7-0 and PB7-0) can be individually programmed
to work as outputs or inputs. Each side (A and B) has two peripheral
control lines (CA1 and CA2/CB1 and CB2 respectively) with programmable
functions and an associated interrupt request lines (IRQA/IRQB). The
TRQ 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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MC 6820 MC 6821
RGA
PR Foee—57
L2 1c ca be—20
2l ir/y ca2 le>=2
_J.iq R (PAO o
=8 _1rso PAL
35 e PA2|
-33-2 fe0 <> PR3 5
Ligcse PAS |—7—
PAS F—a—
PA7 =
| GEB
33 1oey  |Peal—i2
i—a— 01| |PB3 __L_-—-l-f-
D2 PB4
..§.Q.‘_ 03 > PBS _.._..15..
29 _1p4 peg —Iib-
28 1ps P87 —ai1L
<2 1pg ce1 fe—if
o8 07 cB2 lea-12-

Fig. 7. PIA drawing symbol

Registers

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.

Control register (CR), containing interrupt flags, interrupt mask and
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
RS1 and RS0 and one bit (bit 2) of the control register (to choose between
DDR 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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Controf
RS1|RS0 Register Bit Location selected
CRA2 | CRB2

0|0 1 X Peripheral Register A
0O 0 X Data Direction Register A
0 1 X X Control Register A
1 ] X 1 Peripheral Register B
110 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 format is therefore only described for CRA with the exception
pointed out:

7654321|0
T

LT T[]

|

L— CA1 control
DDR access -
CAZ2 control
IRQA?2flag
IRQA 1flag

Bit(s) Comments

7 IRQA I, 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 CAZ2 is established as output (b5 = 1): IRQA 2 = 0, not
affected by CA2 transitions.

5-3 CA2(CB2)established as outputbyb5 =1

b5 b4 b3
1 0 - CA2

b3 = 0: Read strobe with CA1 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 CA1 transition.

b3 = 1: Read strobe with E 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 high-
to-low E transition.

S
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I—b CB2. The output functions of CB2 will not
be similar to the same of CA2 when the
control register B b5 —4 = 10;). They are
therefore inserted below:

b3 = 0: Write strobe with CB1 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 CB1 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 = Ointo the control register.

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

CAZ2 established asinput by b5 =0

b5 b4 b3

0 X 0 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.

1 CA2 interrupt enable. Enables TRQA
MPU interrupt by CA2 active transition.
b5 b4 b3
0 0 X Active CA2 transition. IRQA 2 set by
high-to-low transition on CA2.
1 Active CA2 transition. IRQA 2 set by
low-to-high transition on CA2.
Determines whether the data direction register or the peripheral
register is addressed
0 = Data direction register is selected.
1 = Peripheral register is selected.
Determine active transition on CAl input for setting interrupt
flagIRQA 1 (CRAbit7)
0 =IRQA issetby high-to-low transitionon CA1.
1 =IRQA isset by low-to-high transition on CA1l.
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0 CAlinterrupt request enable/disable

0 = Disable IRQA MPU interrupt by CA1 active transition.
IRQA will occur on the next (MPU generated) positive
transition of b0 if CA1 active transition occurred while
interrupt was disabled.

1 = Enable IRQA MPU interrupt by CA1l 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-T5). Combinations of these are used to define different points of
time during each half of the system clock period. The system clock, &,
(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. The relations between the basic timing signals
are shown in Fig. 8. Of the signals in Fig. 8; 9.585 MHz, {J 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 @1 and MPU 2. 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
@ signals in that they may be frozen (in the @1 state) by a stretch signal.
This signal is generated under certain conditions during a direct memory
access (see Direct Memory Access).

Bus Timing Example

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

® During @1 MPU puts out the new address and read level on the R/'W
line.

@ DMA (92 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 will 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. '

e The internal and external data buses will be connected during @2.
At the falling edge of 2 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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Fig. 8. Basic timing signals
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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 O1, O2, and O3
and also interrupts on an IRQ output. See Fig. 9. The clock signal for
a specific counter may be selected to be either the 2 signal or a unique
clock signal (C1, C2, and C3 respectively).

MC 6840
=582 PTM=
TR/V g
—Lakr RQ 02—
—drso o012
TRSI Cl'ﬁe—s-
i€ 1rse c1 B
~12dcso 3
3 o2 b—=—
csi oo el
os | 3
0o o el —
550! 03 —E—
D2 v
—£2_1p3 <> o3 <5
£l 154 <<
GJ.%_ADS
lﬁuﬂﬂ?l

Fig. 9. PTM drawing symbol

RS2, RS1, and RSO are used together with the R/W 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 will be restarted (if the PTM
is not reset).

A low level on the reset (R) input will stop all counters and reset the O1,
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
the PTM.
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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:

Addressinputs Accessed register

RS2 RS1 RSO | Write (R'W =0) Read (R/'W =1)
o o0 o {gontrol register 3 (ifCRZEO i 0) | No reg‘ister

ontrol register 1 (if CR2:0 = 1) | Noregister

0 0 1 Controi register 2 (CR2) Status register (SR)
0 1 0 MSB buffer (timer 1) Timer 1 counter MSB
0 1 1 Timer1 LSBIatcheé* LSB buffer (timer 1)**
1 0 o MSB buffer {timer 2) Timer 2 counter MSB
1 0 1 Timer 2LSBlatches* LSB buffer (timer 2)**
1 1 0 MSB buffer (timer 3) Timer 3counter MSB
1 1 1 Timer 3LSB 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:

7 6
0

L

3210
0

| [ 1]

L Timer 1 timeout

5 4
00

Timer 2 timeout

Timer 3 timeout

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 thatis 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)

BitNo. |Bitname Functionif=1 Functionif=0

CRX:7 |Output Output(01,02,0r03) |Output masked
enable enabled

CRX:6 |interrupt SR:7andIRQ No indications on SR:7
enable enabled oriRQ output

CRX:5 |Mode Single shot operation Continuous (cyclic)

(if CRX: |control (Reinitialization needed |countoperation

3=0) for repetitive operation)

CRX:4 |Initialization |GXinputgoinglow Awrite operationinto

(if CRX: |select restarts counter the timer Xlatches

3=0) (SeealsoCR1:0=1) (orGX | orCR1:0=1)

will initialize timer

CRX:3 |Mode Frequency/pulsewidth |Continuous/single shot
control comparison mode mode

CRX:2 |Counting Dual 8-bit counting 16-bit counting mode*
mode mode*

CRX:1 |[Clock Timer X counter uses Timer X counter uses
select clockon @2 input clock on CXinput

CR3:0 |Timer3clock |Timer3clockisdivided |Timer3clockfunctions
control by 8 before applied to asthe otherclocks

the counter

CR2:0 |Controlreg. |CR1may be written CR3 may be written
address

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

transferred to counters)

* The output waveforms and timeout positions (T0) for the two modes are
shown below:

- b (N*1) (T N4INT) == (N+I(T) =
16 bi
mode E I l
]
to T0 TO T0
=TCEATTT ——f=— (M) ——]
Dual !
8 bit
mode | —= (LT = —] ()
ta T0 T0
N = 16-bit number in counter latch.
L = 8-bit number in LSB counter latch.
M = 8-bit number in MSB counter latch.
T = Clockinput negative transitions to counter.
t, = 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 (MRW 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 of 9 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 CPB/DTC and connected boards. For communication
processors and display units some of these are associated with circuits
on the internal buses (MIC I/O) 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 I/O 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

(O 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
ADDR
FFFF

F800
F700
F600

F 000

E 000

D000

6000

4000

2000

0000

110 addresses

Max
ROM
on MRO
(24k)

Battery RWM

(onMRO)

Max

RWM

on DTC/

P8/

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,andDU. ~

ADLC = Advanced data link controller

CPB = Communication processor board

CS = Crosspoint selection

DIA = Display adaption part {on DTC)

DMAC = Direct memory access controller

DTC = Display terminal controller

FDP = Flexible disk processor

IPL = |nitial program load

MCP = Microprocessor control panel

* MPU reading FFF8 — FFF9 will transfer the contents of two 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 disabie
interrupts of priority < 3.

*** Not present during the three DMA cycles DMAT1 -T3.

INTERRUPT VECTORS
Reset FFFE, F

Non maskable interrupt (o))
Software interrupt AB
Defautt interrupt 8, 9%
7 6,7
45
2,3

FFEE F [ ¥

D
A B

|

|6

1 5

|4 FFFO, 1
13

|2

[

|

0 FFES, 9
I=peripherat IRQ  7=high priority

F800

MIC
i/0
(MCP)
(MCP)
1

FTF0

PER
1/0

F7E0

F706

PTM F7¢8
PIA F7C4-7 F7C0

MIC 110
MIC
MIC

F78B0

4F1A0

F790

F780

4F770

PERI/O

drr60

F750

cs

PlA F740

JF730

| _ ] | =|ADic F720-3 4-7)  [F720

TW!

JFno
DMAC F700-16

F700

Enable
signal
Enable
signal
Euncﬁon
lock

MIC (I/0) = Microcomputer, central part
(input/output)

MRO = Memory board, read only memory

MRW = Memory board, read/write memory

PER /O = Peripheral input/output

PIA = Peripheral interface adapter
PTM = Programmable timer module
TWI = Two-wire interface

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. aregister 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
DMA 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 MPU
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 cutput |Comments
A15-4 |, °DMA |DMA | .. Active
Hex VMA |2 [T1-3 [Siandl Jievel
000-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
Fe0—F6F Low High |X BAT MEM | High Battery RWM enable
F70-F71 Low X Low Low -
F72—F7B Low |High |X PERIO  |Low Smﬁc ﬂg"é&”ﬁi"iﬂf
) F7E Low |High |X Low g ¥
(‘ F7C-F7D Low X X High External data bus
F7F Low |X X MICKO  |High read disable
F80—FFF Low |X X High || <(IPLROM addressed)
F80~FFF tow |X X IPL High |IPLROM 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 Multiplexing

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

EE356-810D



24 Microcomputer ‘ ERICSSON 2

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 R/W 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 controller 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.

DMA logic
Addvess Stop
counter ol addr reg MPU
I % Accumulator
) 65(05 register
3
N
DMA ! Non-DMA Interrupt |[DMA Enable
Selector e A— request [service |[register,
request |R/W
0 Non-DMA Non-DMA Communication —
interface
> DMA data flow < > ———

Fig. 11. DMA principle
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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 transferred.
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 — A0, the CS line and the R/W line. For addressing and pro-
gramming of the DMAC registers, see Fig. 12 and Table 1.

MC 6844
DMAC = i -
IRQ/DEND
37
r DRQT S5
| DRGH—52-
DGRNT 22
TXRGO -e%f—f—
TXRG 1"6?33—
TXRG2 4'é-§-
TXRG3 -63-4—
40 TXSTElo=2-
N LG TXRKA F—=2-
36 <RV rxpkgl-E—
33 gres p
£ _dcs RO—5
G=Zp Qa --7-——=
| a3 24—
{ ' 4 ,.._8;._
as| --—-fo
ag —S-
| a7 | 11
(" L8 _lpoy Ag |—&-
57 |50 13
D1 ag b2
56 | 14
D2 a10 p—2-
g5 ___1p3 a1 -
4 < 6
D4 A1z e
53 17
£2__ps| a13 —L-
£8__Ipg A14 m}%—
21 lp7, a1s -2

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
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Register
Register address
A4 3210
Address Hi 00000
channel 0 Lo 00001
Byte count Hi 00010
channel 0 Lo 00011
Address Hi 00100
channel1 Lo 00101
Byte count Hi 00110
channei 1 Lo 00111
Address Hi 01000
channel 2 Lo 01001
Bytecount " Hi 601010
channei 2 Lo 01011
Address Hi 01100
channel 3 Lo 01101
Byte count Hi 01110
channel 3 Lo 01111
b7 b6 *b3 b2 b1 b0
Channel 0 control | Status bit | Status bit Address |TSC/Halt. |Burst/ R/W. 10000
Channel 1control | DMA end. ' | Busy. up/down. |1 =TSC |Steal. 1=Read 10001
Channel 2control | Reset by Setduring| |1 =Decre-jmode. 1=Burst |from 10010
Channel 3control{ MPUread |transfer. ment, 0=Halt |mode. memory 10011
of CCR. Reset 0=Incre- |modes. |0 =Steal [(to ADLC).
after DMA ment, modes. [0 = Write
end. address in memory
counter (Read
ADLC).
Priority control Rotate pri. |N.u. Enable Enable Enable Enable 170100
1= Served TXRQ3 [TXRQ2 [TXRQ1 TXRQO
channel from from from from
has lowest channel 3. |channel 2.|channel 1.|channel 0.
pri. 0= 0= 0= 0= 0=
Fixed pri Disable. |Disable. |Disable. [Disable.
ch0123.
Interruptcontrol | Statusbit [N.u IRQ/DEND{IRQ/DEND{IRQ/DEND/|IRQ/DEND| 1 0 1 0 1
IRQ/DEND enable3. |enable2. lenable1. |enableO.
=CCRO, IRQ at IRQat IRQ at IRQ at
1,2,3bit7 ch3DMA |ch2DMA |ch 1DMA |chODMA
ifinterrupt end. end. end. end.
enabled 0=Dis- |0=Dis- |0=Dis- |0=Dis-
for ablelRQ |ablelRQ |ablelRQ [ablelRQ
channel.
Reset by
MPU read
CCR
Data chain N.u. N.u. 4/2¢ch DCB. DCA. DCE. 10110
select. 00ch0 uses 1 =Data
1=4-ch- |01ch1 Hvalues function
mode; 10ch2 inch3 enabled.
Pin2 11 (llegal) addr.and [0=No
used as byte countjdata ch.
CS/TXAKB regsto
0 =2-ch- update
mode;
Pin2
only CS

Hi (high) = bits 158, Lo (low) = bits 7—0, N. u. = Not used, CCR = Channel control register
* Bit5and 4 are not used.

R
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accesses may be signalled (e.g. to the MPU) on an IRQ/DEND 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 inputis
thus activated when e.g. an ADLC s 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 R/W 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 @1 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 @2 input of the DMAC.

When the above actions are taken, on MPU @2 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 select/Transfer 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, 0= Channel0
4-channel mode: CS/TXAKB TXAKA  Channel

0 0 0
0 1 1
1 0 2
1 1 3

DMAC Programming Example

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 0. The channel control register 0
must also be programmed for:

® Address counting upwards

@ TSC mode

® 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.
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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 us, 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/
DEND line.

DMA Timing

Though a direct memory access only takes one MPU clock cycle time,
a full DMA period consists of four clock cycles, DMA T1 - T4.

DMATI T2 T3 T4
| [ DMA_ | [ mPU ]

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

During T1 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 T1 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.)
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General

This chapter is compiled in order to give a survey of Alfaskop System 41
external and internal communications and to describe line procedures
and communication circuitry common for two or more units.

Remote Host Computer Communication

A single display 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 IBM 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.

Py

E90002331E-1



Lo =
Communication ERICSSON =

Internal Communication via Two-wire

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

® Communication processor — display unit

e 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

Software

e 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

Sessions

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 1/O supervisor, PU /O supervisor, IPL supervisor, Console mode
supervisor and Ultility 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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FD
r— """ ~"~"/"¥""¥"7/"¥7/¥/-/ /- /- 1
| 110 '
| / manager |
L'l comm. Supervisor [ FD |
| handler selector 0S |
| Utility |
I supervisor |
I I
I |
I I
0S request handler
: Task management :
e e e e e e — —— e — — —— — — — —— — — — —— — —t
I S e
r )
. User
(: interface
Two-wire Comm. ‘ FD 110 sup. System
connection handler module
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| ‘ \ Utility sup.
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|
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_____________________ .
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{ | interface |
‘ | | Comm. A FD 110 sup. System | |
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I |
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| 0S regest handler |
I Task management |
I
e o e 4

Fig. 1 Internal communication software

ES0002331E-1



4 Communication ERICSSON Z

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 SUpEervisor.

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 j
sequences, is inserted in 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 polied 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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Configuration

pu master, CP System FD
PAo(l
| R t
Load reqest foerqli:csld
(1 want progr.) session
Any other Request
pending regest? queued

]

No!
_L Disconnection
Reguest now first
You are connected] in queue for program
I loading: Connect DU and FD
| got it!
( 5
\ 0 are you
( I want this
* program
| |
Lef me
handle that
You will
handle it FD new session master FD

1 fetches program from disc to
' _J_ its read/write memory

Fig. 2a Session example
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Configuration

ou master, CP System FD
Poll
|
Continue
session lam ready to
request transfer pgm to DU
|
[
Any other request?
I
|
No !
|
L
DU -FD request again
first in queue and FD
You are connected | or DU not connected
T to any unit
r
[ got it!
I
|
So are you
|
|
Now you'll get
this amount of data
put it there. .. ..
l |
DU able
I got the message | 45 receive
l
|
Data (pgm)
|
I
0K, that's what Close
I wanted session
L

Hopefully yougot
session | what you wanted

]

-L- Session information deletfed

Fig. 2b  Session example
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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

Flag | Todev| Dsa |Frdev Q:EHEI Message contents CRCC | Flag

Fig. 3 General message format

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

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

e 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.

® 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).

® 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.

@ 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 (7Ey)): Defines the end of the rhessage. Added/stripped by the
hardware logic.

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. 1f
01111110, 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.

ES0002331E-1
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Todev and Frdev Layout
Todev and Frdev have the following format:
76543210

L |

L—— Terminal type

Port number
The fields means:

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

® Terminal type:

00 =DU

01 = PU-V.24/V .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:

76543210
| ]

L Supervisor number

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.24/V.28 PU.

— A PU registers up to 10 sessions.

— An FD registers up to eight sessions.

— If session number = Fy4), 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 FDI/Osupervisor DU CP

3 Printer /O supervisor DU

4  Console mode supervisor DU

5 IPL supervisor Cp

E  Host 1supervisor (User interface) DU CP

F  Host2supervisor (User interface) DU CP

Dsa is FF ;6 or defines the drop address on a two-wire in poll messages.
See Appendix 2. Dsa is FF;6) in Answer to poll messages.
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Msgtyp/Status 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:

76543210 Meaning in:
1l [ 1T [T 1] Pol Answer to poll

l— Host communication Emulation program
possible loaded
Spare Spare
Delete all SCBs Icannot open any
more sessions now
Odd poll (second, Response to odd
fourth, etc.) poll
Leading poll Request for initial
' program loading
. Pollretransmission I carry the system
r diskette

Status 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 poll 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:

7[615’413 210
0 1
L

Message type

Oddmessage

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.

Info Dh 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- j}
ledgement from the session slave to the con- \
figuration master.

Deng 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. y
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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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. whether 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 again and then the next one 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 from 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 emulatwn data
(initiated by the configuration master) no disconnection is made.

E90002331E-1



12

" &2
Communication ERICSSON =

Transmission of More than 64 Bytes

At a transmission in a data frame (Msgtyp = X2(;5), 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. 0D00y¢, 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 byte 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
1s 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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Transmitter | Receiver
|
Standard User | Standard User
transmit defined | receive defined
buffer buffer | buffer buffer
(64 bytes) | (6kbytes)
Todev Byte1-& Todev
Dsa Dsa
Frdev Frdev
Msgtyp | Q) Msgtyp
Byte 1-4 Byf.e 5 Byte 1-4
i [
i i
8 i
Length Length

® |

Todev
Dsa
Frdev
Msgtyp

Byte 5

Set up

@ DMA. @Wri’re over

Ack to
trans -
mitter

o é

Fig. 4 Data block transfer (more than 60 bytes of data)

Poll and Answer to Poll

In the example below 4 display units in a cluster configuration are polled.
For the different units the following assumptions are made:

CP
DU1

DU2
DU3

DU4

E90002331E-1

Host communication is possible.

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

wants to communicate with the host.

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

wants to continue a print session.
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P DUl DUz Du3 DU4
Poll
!
Negative
Answer to poll
i Jd
Pall

|
Answer to poll
with emulation

req?es’r
Poll
| | )
- Negative
Answer to poll
| ]
Poll
1
Answer to poll
with open
session request
|
Poll
| g J
Negative
Answer to poll
i
4
| )
Poll
" Answer to poll
with continue
session request
]
Poll

Negative
Answer to poll
il
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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.

CP IPL

Poll

FD

l

Info Dh
(CP IPL response)

|
Rtrd

( Confirmation,

ready to receive data)

1
Data
(First 3,25k of
CP 0S)
J

F

Ack

(Confirmation)

]

Info Dh

( Dh for next
3,25k of CP 0S)

Rird

Du’r1a

(Next 3,25k of
CP0S)

]

Ack

(A number of 3,25k blocks
of CP 0S are transmitted)

Info Dh

1
Data

(Last part of
CP 0S)

_J

E90002331E-1



16

Communication

ERICSSON Z

P FD
Ack
|
I
Eos
(Master session
close CP 0S loaded)
e '

Poll to DU with IPLrequest
cP
Poll

DU

Answer to poll
with IPL request

4

DU IPL session initiation
cpP
Connect slave

|

FD

Connect slave

response
Info
|
Break
{Masterchip change)
|
A
DU IPL session continue request
P DU
Poll
I i
Answer to poll
with continue
ses?on request
Poll

Negative
Answer to poll

",
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Program load
CP DU FD

Connect master

L

!
Info Dh
(DU IPL

response)
]

i
Data
(First 3,25k
of DU 0S)
J

*

Ack

1

Info Dh

(A number of 3,25k
blocks of DU QS
are transmitfed)

Info Dh

.
Data
. {Last part
(~ . of lljU 0S)
s I
Eos
{ Slave session
clols,e)

-
Eos

(Master session
clo?e)
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The following example shows the communication between a DU1 without
a printer and a DU2 with printer in the case of a combined print queue

and printout request.

cP DU

Poll

|
Answer to poll

with open session

reqyesf
Poll
I
Negative
Answer to poll
Sconn

DU2

Sconn response

Mconn
...................... I
Info
(Print queue
reqyesf
1
info
(Print queue response;
ﬁrﬁfin gueue )
I
Info Dh

(Printout regest)

Rird

(Ready fo receive
pN?f data)

‘)
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DU

Data
( Print Data)

19

bu2

I
Info
{ Printing started)

Break

Poll

|
Answer to poll
with continue
session request

Poll

I

Negative
Answer to poll

Sconn

Sconn response

|

Mconn

"Mconn

l

info
{ Printing completed )

Eos

Eos

E90002331E-1
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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 HDLC 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 J
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 circuitry 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.



ERICSSON 2 Communication 21

szsoOkHz
DMAC
interface Clock generator
with phase
correction Mod. rec.
j 600kHz  |dafa
Rec data
Data carr
300 kHz bit ClOCk defecfor
ADLC | ' ,
MPU Two wire
: Tr. data De- : 2 iI :
m&mi Modulator |modulatorf>—° cennection
IRQ ' ¥ _ ] B
- IMod. fr -IMod. | Retransmit e
. , fdata  'rec. !condition - —
*du’ra :
Clear to ~ |
send > )
i N :
DMA ‘
i and Mod tr. du’ru.: o
¢ .
|
Req. L
1o
: send |4 RTS out
Delay
TSI

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 ADLC 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 150 kHz square wave, 0 = full period
of 300 kHz. ‘

— -
i
|
]

/
\s

( Clock Generation and Phase Correction

The clock generator contains a divide by 16 counter. See Figs 5 and 6.
In case no incoming data is detected, a 600 kHz ( '1 65 MHz) signal is

‘ i 1 l A i 600 kHz clock

Fregquency shiffed
0 1 00 110 1 0 0 1 1 1 1 signal

W Corresponding demodulated

signal

UTUHTUT U U U U UL s00 ke it ctock for

ADLC

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 180° 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 Transmitter section

Flag detection, synchronization Flag appending (opening and

and stripping closing flags of a message)

Cyclicredundancy check, Calculation and appending of 3’
CRC CRCC

Deletion of (inserted) zeros 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 (RS1, RS0) and a R/W line, used for addressing internal \
registers together with an address control bit, an enable line (E, typically }
@2, 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
{CRby)

Write control register 1 0 0 0 X
Write control register 2 0 1 0 0
Write control register 3 0 1 0 1
Write transmitter FIFO 1 0 0 X
(Frame continue)
Write transmitter FIFO 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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MC 6854
13 3
12 ADLCa*
8 v RQ Jo—2=
QI R ‘ 23
10 ROSRI—34
T RSO ~ TDSR p———
RS1 27
.9 OCoO<€==
o> |°°  OTR/LOC—SS
=4 D0) CTS o€
o mil RTS jo—8—
18 19%%| RXC re—fm
18 D4 <> TXCre——
2 _1ps RXD he——
| 16 102 o —&_
C 15 25
~' —==—07) FLAGDETIO—=
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),¢ 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 asa 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.

® DTR/LOC, 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 (DTR/LOC bit). For the loop mode,
DTR/LOC set will make the terminal go on the loop and activate the
DTR/LOC output after receiving 7 ones. When the control bitis reset
and 8 successive ones have been received from up the loop, DTR/LOC
output is deactivated (goes high).

e TDSR, Transmit data service request output, may be used as a DMA
request from the transmitter section. TDSR reflects the value of status
register bit Transmitter data register available/Frame 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:

® CRI1,2, 3, and 4 stands for control register 1, 2, 3, and 4.
e SR1 and 2 stands for status register 1 and 2.

® AC, address control, is an internal address bit found in CR1:0 (bit 0
of CR1).

The following format definitions are used for the ADLC circuit:

Frame format:

’ Logical
Flag A?;;ZSS C?ig}:jol control Information field CRCC Flag
field

7E 1) 1s 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.

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;¢) 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 ), called marks) be transferred. More than 6 ones
within a frame is interpreted as an abort pattern.

N
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Control register 1. Address 000X, (= RS1, RS0, R/'W, AC)

76 543210

LI T T]

L AC, address control

RIE, receiver interrupt enable

TIE, transmitter interrupt enable
RDSR, receiver DMA mode
TDSR, transmitter DM A mode

Dis, discontinue received frame

RXRS, receiver reset

TXRS, transmitter reset

A set bit will give the following function:

b7

b6

b5

b4 -

b3

b2

bl

b0

E90002331E-1

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.

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.

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.

TDSR. Transmitter data register available (SR1:6), will not
interrupt the MPU but set the TDSR output.

RDSR. Receiver data available (SR1:0), will not interrupt the
MPU but set the RDSR output.

TIE. The IRQ status (SR1:7) and the IRQ output will be activated
by transmitter status.

RIE. The IRQ status (SR1:7) and the IRQ output will be activated
by receiver status.

AC. Control register 3 or 4 is selected.
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Control register 2. Address 0100, (= RS1, RS0, R/W, AC)

76 543210

LT[ 1]

L PSE, prioritized status enable
2/1 byte, 2 or 1 byte transfer
F/M, flag or mark

FC/TDRA, frame complete or transmitter
dataregister available

TX last, transmit last data byte

Clr RXST, clear receiver status

Clr TXST, clear transmitter status

RTS, request to send control

The bits are further explained below:

b7

b6

b5

b4

b3

b2

bl

b0

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

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

Clr RXST. 1 = reset receiver status bits set before last read except
receiver data available (SR1:0 and SR2:7) and address present
(SR2:0). This control bit is then automatically reset.

TXlast. 1 = the data byte, loaded in the FIFO register immediately
before this bit is set, is the last one in the frame.

FC/TDRA. 1 = SR1:6 indicates when the last bit of a frame is
transmitted. No IRQ or TDSR on transmitter data register available
(SR1:6) condition. 0 = SR1:6 indicates when the transmitter
FIFO register is available.

F/M. 1 = flags (7E ) are transmitted between frames. 0 = marks
(FF 1)) are transmitted between frames.

2/1 byte. 1 = transmitter data register available (SR1:6) or receiver
data available (SR1:0 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.

PSE. 1 = status priority: CTS > TXU > TDRA/FC and FD >
S2RQ > RDA and (for SR2) others > RX idle > AP > RDA.
0 = no status suppresses another, but CTS which always suppresses
TDRA bit.

)
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Control register 3. Address 0101, (= RS1, RS0, R/'W, AC)

76543210

| |

L— LFC, logical control field select
CEX, extended control field select
AEX, auto/address extend mode
01/11idle, mark startOor1

FDSE, flag detect status enable

Loop, loop/non-loop mode

GAP/TST, go active on poll/test

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

The bits are further explained below:

b7

b6

b5
b4

b3
b2

bl

b0

E90002331E-1

LOC/DTR. 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 ADLC
goes to the off-line state after 8 consecutive ones at the RXD

input.

GAP/TST. 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
ADILC then returns to the "loop-on-line” state.

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

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.

01/11 idle. (If flag or mark (CR2:2) = 0.) 1 = inactive idling (marks)
starts with 0, i.e. 7FFF...(;5). 0 = all ones are transmitted when

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;y¢). 0 = only
one address byte exists.

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

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.
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Control register 4. Address 1101, (= RS1, RS0, R'W, AC)

76543210

| T[]

L ”FF”/”F”,2or l intervening flags
TXWLS, transmitter word length select
RXWLS, receiver word length select
ABT, transmit abort

ABTEX, extend abort

NRZI/NRZ, select

The bits are further explained below:

b7

b6

b5

b4
b3

b2
bl

b0

NRZI/NRZ. 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.

1 1 0 1 0 o] 1

NRZI—) e —
NRZ ] L I

0 1 1 0 1 0 0 1

ABTEX. 1 = abort pattern is transmitted (due to transmitter
underflow (SR1:5) or transmit abort (CR4:5) 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).

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.

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

00 = 5bits Ol = 6bits 10, = 7 bits 11, = 8 bits

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

00(2) = 5 bits 01(2) = 6 bits 10(2) = 7 bits 11(2) = § bits

"FF”/”F”. 1 = the end flag is followed by a start flag if the next
frame is transmitted immediately after the first. 0 = the end flag
of a frame works as the start flag of an immediately following
frame.

SN
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ADLC Status Registers

Status register 1. Address 001X, (= RS1, RS0, R/'W, AC)

76 543210

L

|

|

- RDA, receiver data available
S2RQ, SR2 read request

On loop, loop status

FD, flag detect

CTS, clearto send

TXU, transmitter underflow

TDRA/FC, transmitter data available/frame
complete

IRQ, interrupt request

The bits are further explained below:

b7

b6

b5

b4

b3

b2

bl

b0

E90002331E-1

IRQ. This bit is set and the IRQ output is activated if any status
bit except loop (SR1:2) is set depending on the following conditions:

- Reset input, transmitter reset (CR1:7), and receiver reset (CR1:6).

— Transmitter interrupt enable (CR1:2) and receiver interrupt
enable (CR1:1).

— Discontinue received frame (CR1:5), transmitter DMA mode
(CR1:4), receiver DMA mode (CR1:3), 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 1 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 (CR1:7).

TXU indicates an aborted frame. This bit is reset by transmitter
reset (CR1:7) or clear transmitter status (CR2:6).

CTS is set if the CTS input becomes inactive. After this bit is reset
by transmitter reset (CR1:7) or clear transmitter status (CR2:5)
it reflects the state of the CTS input.

FD indicates that a flag has been received if flag detect status
enable (CR3:4) is set. This bit is reset by receiver reset (CR1:6)
or clear receiver status (CR2:5).

On loop is set when on loop in loop mode (CR3:5 = 1) but does
not activate IRQ. Otherwise this bit is always 0.

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 bit(s) is (are) reset.

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).
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Status register 2. Address 011X, (= RS1, RS0, R/'W, AC)

765432180

L1 ]

|

L AP, address present

FV, frame valid

RXdle, 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
b6

b5

b4

b3

b2

bl

b0

RDA. Same as SR1:0.

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 (CR1:6) or clear receiver status (CR2:5).

DCD is set if the DCD input becomes inactive. After this bit is
reset by receiver reset (CR1:6) or clear receiver status (CR2:5)
it reflects the state of the DCD input.

ERR is set at CRC error or if the address or control fields are

incomplete. It is set at the same time but instead of frame valid
(SR2:1).

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 (CR1:6) or clear receiver status (CR2:5).

RX idle is set when 15 or more consecutive ones are received.
This bit is reset by receiver reset (CR1:6) or clear receiver status
(CR2:5) if idling has stopped.

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 (CR1:6) or clear receiver status (CR2:5).

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 (CR1:6).

{ )
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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 ADLC 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 MPU. 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 DM A 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 ADLC 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-1
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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.24/V .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 communication 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
@2, which enables the output or input data buffers if the chip is selected,
a R/W 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.

4 MC 6850
13 18 ACIA*
13 e
A _irs 7
o  Roj—Z—
B by
O e
RTS lo—2—
20
-E-l_— DO
£l _1nj
20 455
-8 o3 3
_18 | 04' <> RXC ‘-<-——4
BTN TXC be2d—
-—-}-%——Ds RXD -é—%—
= e L

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.

e 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).

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

L Character ! | ) Character 2

Variable

Start
Stop
Start
Stop

!dle | | i

1 Tobiz[s]a]sel7] I fo1]l2i34ls5le7

t

Fig. 9 Asynchronous transmission, character structure

ES0002331E-1
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Registers

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

R/W = 0 (write only) R/W = 1 (read only)
RS=0 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:
76543210

I N

L Counterdivide select
Word select

Transmitter control

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.
0 = receiver interrupt disabled.

( J gg Transmitter control:
b6 b5 |Function
0 0 |RTSoutputislow. Transmitterinterruptis disabled.
0 1 |RTSoutputislow. Transmitterinterruptis enabled.
1 0 |RTSoutputishigh. Transmitter interrupt s disabled.
1 1 |RTSoutputislow. Transmitter interruptis disabled.
Alow level istransmitted on the TXD output.
b4
b3 Word select:
b2
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
bl

b0 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 |Divideclockby1.
0 1 |Divideclock by 16.
1 0 |Divideclockby 64.
1 1 |Master reset.

E90002331E-1
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The status register has the following format:

76543210

L1

L RDREF, receiver data register full
TDRE, transmitter data register empty
DCD, data carrier detect

CTS, clear to send

FE, framing error

Ovrn, receiver overrun

PE, parity error

IRQ, interrupt request

The bits are further explained below:

b7

b6

b5

b4

b3

b2

bl

b0

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

PE is set as long as a data character with parity error is resident

in the receiver data register and master reset is inactive.

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.

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.

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

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

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

RDRF. 1 = received data may be read from the receiver data
register. RDRF is reset by areading of the register, by the master
reset or if the DCD input is inactive.

L,

{ /3
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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 device are, when used, conngcted 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.

E90002331E-1
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Appendix 1

Alfaskop System 41 Physical Device Addresses

Bits 7 0 0 0 0 0 0 0 0
6 0 0 0 0 1 1 1 1
5 0 0 1 1 0 0 1 1
4 0 1 0 1 0 1 0 1
3210 | Hex 0 1 2 3 4 5 6 7
SINGLE
0000 0 | DUor | DU4 8 12 16 20 24 28
DUO
SINGLE
0001 1 PUor PU4
PUO
SINGLE
0010 2 | FDbor | FD4
FDO
0011 3 - -
0100 4 | DU1 | DUB 9 13 17 21 25 29
0101 5 PU1 PUS
0110 6 FD1 FD5
0111 7 - -
1000 8 | DU2 6 10 14 18 22 26 30
1001 9 PU2
1010 A FD2
1011 B
1100 c DU3 7 11 15 19 23 27 31
1101 D PU3
1110 E FD3
1111 F

C01¢ = Communication processor address (old versions)

FE(;sy = Communication processor address (late versions)

(COy1g OF FE 1 is also used by the configuration master functions of a single DU)
FDy16) = System FD address

E90002331E-1
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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
Message header

Todev Dsa Frdev Status|
Poll [ | [corre[z80 !
1

When Frdev=C0:Dsa =FF
when Frdev=FE:Dsa =00 for DU
=01 for PU
=02for FD
~ (COorFE depends on version of operating system)

Answer to Poll Messages

Message header Message contents
Answer
Negative Todev Dsa Frdev Statusjtype
answer to poll  (CO/FE| FF_| [=80 | FF |
‘ | answer
Answer to poll ltype Emstatl Emulation status
with emulation [CO/FE[ FF | |80 TED | | _<S8bytes _ |
request |
|Answer Slave
Answer to poll type adress Prio  Msa  Ssa
with open [corre[ FF T T=e0 poors] | | | ]
session request '
|Answer .
Answer fo poll type Smsa Pric

with continue  [co/ee] FE | [=zsc jcorre] | |
session regest |

E90002331E-1
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Communication Control Messages

Message header Message contents
s Todev Dsa Frdev Msgtyp, Smsa Msa
conn, :
connect slave I I |corre] x8 : | | )
Scenn  Smsa Msa Status
response [corFe] | | X8 | i [=s0]
I
Abort | | | EN
I
presk [ T8
Mconn ISmsu Msa
» |
connect maéferI I |corFe] Xc | I |
|
Eot L [ [ [Xxe|
I
Eos i | | L XF

I} Same interpretation as Statds in Answer to poll messages

Data Messages

ERICSSON 2

Message header Message contents
Todev Dsa Frdev Msgtyp,
Ack | | ] [ X0 |
} User _i_nf_o_I_I_
nfo [ 1 T X1, <60 bytes |
| User data byte5and following
bate [ ][ X2 <u0%ibyles |
I User data bytes 1-4 Data length
oh | | | [xu! | 2 bytes |
I User info_User data bytes1-& Data length
infobh[ [ T [ X5 IS4 bytes | Ab_y’r_gs__
I
rRid | | | | X7 :
Denq | I I [ x9 :
Reject| | | | x|
I

'} May be data

A
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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 ;¢ 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 ;4. In an answer to poll with open session
request the Answer type value may be 00, or 80(y¢), thereby marking
the address type of the following slave address byte. 00(;5) means physical
device address. 80(;5) means logical device address, where the logical
C address has a layout as presented below.

76543210
L IR

T—— Terminal type (asin Todev and Frdev)

Logical device number (00-31,())

In an answer to poll with continue session request the Answer type value
is C0(16) o1 FE 46, (depending on early or late version of operating system

Emstat]l and Emulation Status

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

Msa and Ssa

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

Smsa

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 005y and 20,56).
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-1
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Prio
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 Usedin
OE Host request or line monitor request cP
orabort handler request
0C Stressed device request FD
0A Load request CcpP DU
08 Locate volume request CP DU
06 FD /0 supervisor request CcP DU
04 Printrequest DU
02 Utility request DU
00 IPLrequest cpP 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.

ERICSSON Z
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Communication Processor, Remote
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General

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.

Functions

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.

e 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.

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

@ CPM, CPR mechanics assembly, i.e. cabinet including front panel.

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

e 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.

e TUA, terminal unit adapter, providing eight two-wire connections.
The TUA 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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e TAB, TUA interconnection board, connecting the CPB and up to five
TUA boards. The TAB contains modulators/demodulators, clock
generators with phase correction, delay logics and off switches.

e CTF, 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 R/W.

® MRO, memory board, read only. An MRO can be mounted if additional

24 kbytes of read only memory are wanted. See chapter Memory
Board RO.

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

e 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 TUA, and six optional boards.

® Power supply.

e Fan unit.

The TUA 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 TUA and the optional
boards:

e Eight two-wire or coax connectors for each inserted TUA.
e Connector for V.24/V.28 (25 pins).
e Connector for X21 (15 pins).
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Fig. 1. CPR assembly.

-
{
\

Brief Outline

Monitoring

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

e 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.

e Line 1 lamp is governed by a line activity signal from the SCA (or
SCCQC). 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.)

e Line 2 lamp is not used today.

e 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 R/W 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
(I/O addresses) on the CPB:

e PTM for producing timer interrupts (IRQ 1).

e MIC PIA for interrupt control etc.

@ One CSPIA, 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 3
addresses F76815) — F77F ¢).-

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 SCC. The
addresses 60005, — 7FFF y¢) 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 Lis generated when b5 is set in the peripheral register A of the MIC
PIA. Interrupt slave I1 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 ;) and FFFF 45
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.)
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HEX
ADDR
FEFF INTERRUPT VECTORS
Reset FFFE, F
‘Non maskable interrupt )
Software interrupt AB
Defauit interrupt 8 9%
{ 7 ADLC channel 0 6.7
| 6 ADLC channel? 45
I -5 ADLC channel 2 23
| & ADLC channel 3
110 addresses z FFFO. 1 'y
| 3 SCAISCC FFEE F
2 o
| | {1 pTH A
| 0 Operating system '
| ! Battery RWM FRES, 9 |
| : t=peripheral IRQ. 7=high priority
: | {on MRO) F800
| ' wolg|§ _
=i E
l : =IEE E7F0
| | xo E
| I il FIE0
| 1
I | 4
2112 F700
L2 | EEpE
e F7C8
| i =|E[F| Pla FTCu-7 £7C0
|- MRW (MRO} |
’ {’ 8000 Max -1 . -
( T RWM {F80
on B
CcPB 4
32k . JF7A0
May be 4
on SCC F7%90
F780
6800  _ _ _ Q
=8 I s F178
May be blacked ] | _SSDA F770
6000 | _ __ _____ | ) by stropping o PiA £ 768
rr JF760
24k 4
F 750
3| scc Fr48-8
El Pa , F740
ADLCch 3 F738
ADLC ch 2 F730
ADLC ch 1 F728
4000 | ] | 3 ADLCch O F720
[ : W30 -
JF710
{\‘ 16k DMAC F700-16
F700
o S g
o 8o 2
Wy we o
e
4 2000 ____T____
|
(8k) ADLC = Advanced data link controller MRW = Memory board, read/write
CPB = Communication processor board - PERI/O = Peripheral input/output
cs = Crosspoint selection PIA = Peripheral interface adapter
DMAC = Direct memory access controller PTM = Programmable timer module
IPL - = Initial program load SCA = Synchronous communication adapter
MCP = Microprocessor control panel SCC: = Synchronous communication
MIC (I/0) = Microcomputer, central part controller
{input/output) SSDA = Synchronous serial data adapter
0000 MRO = Memory board, read only TWI = Two-wire interface
* MPU reading FFF8— FFF9 will transfer the contents of two cells within FFE8 —FFF3, 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 DMAT1-T3.

Fig. 2. CPR memory map.

EE358-810B
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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 MICPIA 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 present value of the mask register in order to be valid. The interrupt
vector is fetched from the cells FFF8 ;¢ and FFF9,4) (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. I7 — 0 originate from the
following sources:

17 originates from the ADLC (advanced data link controller) of channel 0.
16 originates from the ADLC of channel 1.
I5 originates from the ADLC of channel 2.
I4 originates from the ADLC of channel 3.

I3 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
I3 line to the interrupt register will be equal to the state of the in-
coming interrupt line if bit 4 is reset. The I3 line is used for instance
by an SCA or an SCC.

I2 functions as I3 but is controlled by bit 6 of the MIC PIA peripheral
register A.

I1 originates from the PTM.

I0 originates from the CA2 output of the MIC PIA. The program can
thus make an interrupt by writing 110, in bits 5 — 3 of the MIC PTIA
control register A.

Programmable timer module, PTIV

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 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 (42) by 21 300 and thus make an
interrupt (I1) 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 wili thus
make an interrupt (I1) 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 terminals in the cluster via four 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 ADLCs forms a part of one of four channels. Each channel
can by a crosspoint system on each used TUA board be connected to
eight two-wires. See Fig. 3. Each two-wire may be chained to a display
unit (and a printer unit) or/and 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.

0

Channel CPB:mTAB | TUA 1ya 3

2 11
[
|

3 AV VAN NN |: TN NN <N\
I

Two-wire 0 17 2 3 & 5 6 7 | 2425 26 27 28 29 30 31

i

I

I

[

[

|

: !
I |
|

!

|

|

I

|

I

I

I |
b
b
{ .
| |
l
: I VI VA B VA A S A VI I VA VI VI VIR VAR
| i
i }
| !
L
I !

Fig. 3. Crosspoint system principles.

A certain channel may be connected to any one 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 ADLC:s are controlled by the MPU 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 (inchuding
DMAC), 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, R/W and address lines for register selection provided
by the MPU. All ADLC registers can be accessed.

® Addressed by the DMAC during DMA T2 (DMA mode); CE ADLC
provided as DMAC encoded channel address (TXAKA and TXAKB)
directed DMA mode signal to the proper ADLC, R/W and one address
line provided by the DMAC. Receiver and transmitter FIFOs can
only be accessed as the other address line (A1) is tied high.

Channel Usage

The four channels are used in the following way:

@ Channel 0is 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 1is 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 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 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 TUA 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

)
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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 terminal(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 TUA) 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

ERICSSON Z

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

Receive mode

Modulator /

Crosspoint
system

demodulator

Transmit mode

Modulator /

Terminal

Crosspoint
system

demodulator

Retransmit mode

Modulator/

Terminal

Crosspoint
system

demodulator,

NN

VAR

Terminal Terminal

Fig. 4. Communication modes.

Fig. 5, an excerpt from the block diagram, exemplifies a data transfer

situation in the crosspoint system:

® One byteis transferred from the memory of the CPR 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.

® Data is transferred from a terminal connected to two-wire 0 to another

terminal on two-wire 3. Note that:

— Channel 1 is used.

— Data proceeds via the modulator/demodulator.
— Data is accessible for the microcomputer of the CPR (in ADLC1).
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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, CA1, IROB, 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
(CRADS, 4 = 11,)).

The MIC PIA interrupt flag (CRB b7) is set if the Reset button is depressed
(as CB1is then taken low). This must be checked by the program as IRQB
is not connected. (This paragraph is not valid for CPB E34060 0000. The
state of the Reset button is here fed to PA7 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

PAS5S Output 1 = interrupt slave I

PA4 Output 1 = latch interrupt 3

PA3 Output 1 = interrupt slave II

PA2 Input 0= MCP connected and in test mode

PA1 Output 0 = 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.)

N
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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 TUA 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:

76543210

L

- Two-wire address (Tw addr) decoded to one
of eight two-wire enable (Tw en) signals when
applicable TUA enable is present. 000, =
Twen0. 111, =Twen7.

TUA select. When On is active these bits are
decoded to one of five TUA enable signals.
TUA enable 0 (TUA select = 000(,)) enables
the decoding of Tw en 7 — 0 on the TUA 0,
TUA enable 1 (TUA select = 001,)) enables
the decoding of Twen7—-0onthe TUA 1, etc.

Channel select (00, = channel 0, 11, =
channel 3). These bits are used to control the
distribution of On (called Ch sel 3 — 0 when
fed to the TUAs and En [able] curr [ent] on the
TAB and TUA logic diagrams) and Ch off to
applicable channel.
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Crosspoint Selection PIA Control
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In order to get the above mentioned functions the control register A
(CRA) of the crosspoint selection PIA must be set as follows:

76543210

L e [ 7]

CAZ2 output (Ch off) follows what is written
into this bit (if bits 54 are ones). 0 = selected
channel is turned off. 1 = connections may
be made on all channels.

CA2follows CRA b3. )
CAZ2 functions as output.

Control register B (CRB) should contain:

76543210

L [ofa] Ja] "]

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).

CB2 follows CRB b3.

CB2 functions as output.

)
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TAB Functions

15

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 off switch. The off switches are treated under TUA 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.
P8 TAB TUA
( _—
V Clock
9.585 MHz generator
with phase
correction
( JKMS Carry
clock 600 kHz
600 kHz
Bit clock
Rec data Mod rec data
Modulator/
Tr data demodulator Mod tr dcn‘a_;
RTS RTS out o
Delay
TS
(4' 9
DEND

Fig. 6. ADLC/Crosspoint system interface.
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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 a D
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.

(PB ' TuA
Mod rec data
Data
Carry Shift register
Clock
Tr data
RTS
ROM
=)
cl x
o (=)
Yl e
E [w)
> S oy iy
5 P 5 5
w ™ (W] w
DF JKMS DF DF
1 | o 1 1o 1 1o 1 ] o
Rec data
Bit clock
RTS out
Mod #r data

Fig. 7. Modulator/demodulator.

R
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Carry, 600 kHz 1T 1T 1T 17 17 17 1T 171

Bit clock

Tr data

Tr data cond
JKMS clock

Mod fr data

Bit value I o 1 o I 1 | o | 1 |

Fig. 8. Modulation timing diagram.

The Request to send output (TUA 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.

Receiving

[o ]

Ol

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 Y16. 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.
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9 585 MHz

Hex counter value 6§789ABCDEF 2D h§7B9ABCDE2
lock,

JKMS clock, 600 kHz (7/7)"

Carry, 600 k Hz & ]

Mod rec data (ones)

Correction condition (13/9) /

Pos Ineg correction (13/6) [ \

Load counter (4/16) . L \ L]
Reset correction logic (4/19) LJ ‘\ L

If no positive fransition has occurred on Mod rec data during @ (600 kHz ) period the
counter will count : DEF0123,5etc.

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

Fig. 9. Phase correction timing diagram.

The modulator/demodulator (see Fig. 7) works as follows. The Carry
signal (600 kHz), mentioned above, clocks 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 clock (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:

L L rr

o1 ]1]|1]0]

—=t——=- 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 middie of each bit time (which may require a 180° 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 clocked into the shift register
until it is clocked out of the Received data flip-flop.

N

€)



ERICSSON 2 19

TUA Functions

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

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. 10is
turned on (if Channel off [Ch off] is inactive). The SCRs will then be
kept on by the holding current between the ~ +10 Vto RC1 and RC2in
the current to voltage converter and the —12 V of the current sources in
the voltage to current converter. The SCRs are turned off when the bases
of the transistors T1 and T2 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
of T3), SCR1, T1 and RC1 (if the SCR1 is on). This creates a signal voltage
across RC1 Wthh is converted to a TTL 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 T1 and T2. 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
SCR1, SCR2, T1, and T2 are not affected by the different voltage outputs
from T1 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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Crosspoint switch

Mod rec data

RTS out

Mod tr data

I current

-1y ‘ I to voltage SCR2
Off switch _ _ _ _ _ _ _ _ _ _ _ _ Converter o | | ____.
l
Mod tr data 4
ov |

RTS out

Mod rec data

|
! oV
]
Receive |
gate |
| | |
Data |
carrier | Th T3
detector |
RTS
gate ! :
Line \ Line I }
driver receiver | _5y s
I
|
I

— L 3—s5v Lipv []J D { }

Line transformer | Voltage to current
Line i_fl*?_ffs_ce__[ 'Yy ] ___________ lconverter

Two-wire line

Fig. 10. 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 CPL mechanics (see Mechanics below)

CCC1,CCC2 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.

CIB 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 CPB CCC Power supply

Board position A
Board position B CCC1
Board position C CCC2

} __— CIB board
+5V

 — 0V

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 CCC that
is to say out from the channel.

Fig. 1. CPL 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 interfacg and the CPB
interface. -

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 I/O
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 muitiplexing between blocks.

IBM 0: Byte multiplexer channel
1,2: Can be switched to block|
_"'I_-l_'l'a;s_o! multiplexer channel or to
0 11 12 PR selector channel
] i i !
CPL 4102
"CPB TUA TUA
| O | _ 3
CPB R
bus
ccc ]
0..... 7 0..... 7
/| ]
FD DU FD DU PU
4120 4110 4120 4110 4154
N
1
CPL 4102
CPB TUA TUA
—— 0 — 3
CPB —
bus
cce
0..... 70 1o..... 7
The total number of terminals is
i Terminators I limited to 256 per 1/O channel.

Fig. 2. Principles of connection to IBM channels

E90002332E
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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 I/O 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 any one 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.

‘



R

ERICSSON g Communication Processor, Local 5

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 /O interface lines and their uses are:

Name of line Abbreviation Uses

Bus out position P BusoutP Bus out, used to transmit
Bus out position 0 Busout 0MSB information (data, /O
Bus out position 1 Busout1 device addresses,

Bus out position 2 Busout?2 commands, control

Bus out position 3 Busout3 orders) from the channel
Bus out position 4 Busout4 to the control unit.

Bus out position 5 Busout$5

Bus out position 6 Busout6

Bus out position 7 Busout7LSB

BusinpositionP . BusinP Busin, used to transmit
Bus in position 0 Busin 0MSB information (data,
Busin position 1 Businl selected I/O device
Busin position 2 Busin?2 identifications, status
Busin position 3 Busin3 information, sense data)
Bus in position 4 Busin4 from the control unit to
Bus in position 5 Busin5 the channel.

Busin position 6 Busin6 *

Bus in position 7 Busin7LSB

Address ouit Adrout Tags, used for inter-
Addressin Adrin locking and controlling
Command out Cmd out information on the bus,
Statusin Stain and for special sequences.
Service out Srvout

Service in Srvin

Operational out Oplout Selection controls, used
Operational in Oplin for the scanning of, or the
Hold out Hid out selection of, attached I/O
Select out Selout devices.

Selectin Selin

Suppress out Sup out

Requestin Reqin

Clock out Clk out 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.

E90002332E
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IBM System
{10 channel
01,2,3 etc.

Tag Bus

HH

Q Connector with light grey top

L@  Connector with dark grey top

Y ey s

Af A7/

Tag Bus Bus Tag
in in  out out

Communication
Processor 4102

~ELB_AE_

Tag Bus Bus Tag
in in  ouf oufl

Communication !
Processor 4102 _Jl

mllm| FiFI

Tag Bus Bus Tag
in in  out out

Communication
Processor 4102

Fig. 3. Connections to IBM channel

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 ]ust 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.

Address

Command

Status

Sense

Data

CPU

Control unit

A

A

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.

W

()
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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 a 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

Out lines.

Priority 1 Priority 3
{10 Control 110 Control
unit unit

Priority 2

{/0 Control
unit

In lines

Select out]

Select

D

Strapped for
low pr‘uom’ry

SelemL
logic

Sfruppgd for
h'lgh priority

: Select
logic logic
Strapped for
lect i i iori
Selectin I)&;gh pmorn;y
D = Driver
R = Receiver

T = Terminator

Fig. 5. Interconnections to the IBM I/ O interface
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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, Hld 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:

@ 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.

Busline 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 Low order
6 2
7 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 channe