
MAD COI"IF'UTER SYSTEM OVERVIEW 

-----------------------------------------------------------------

Chapter 1 

SYSTEM OVERVIEW 

!.t.!-!!:!J:!lQ!l!Jg:.!Q~pJ. 

~e I"IAD-l (TI"DA WOl~kg;:t:ation is c\ cOl'\pact: I'lodul al~ stc\t:e-of-the-ar"t: 
Machine that: reflects the I'\ost advanced COMputer techno lo9Y 
possible. The "IAD-l -O#-e~ a pOI"el"'ful pl"'ocessing capabi 1 ity 
(:ol'lpa'tib 1 e 1,1i 'th 'th~'1 PC (TI").--"") 

The t'IAD-l, shol,1\1 i ~t<;Jur"€-~-"l ~'i ;-::uns 'the j, ndt.lstr"~y st'cmclc\l"'d I'IS-DOS 
2.0 and Concurrent' CP/M 86 opera'tin9 systeMS as well as a vast 
varie'ty of applicat'ion prograMs that are available" in the I'\arket 
today. In addition, the MAD-l' can be networked using the 
field-proven EtherNet or PCNet Local Area Networks ~LANs). 

+----------------------------------------~-----------------------+ 

MAD - 1 Pic tLu"'e 

+----------------------------------------------------------------+ 
Fiqure 1-1: t1AD-l SysteM 
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I'IAD COI'lF'UTER SYS'rEM OVERVIEW 

-----------------------------------------------------------------

1.1.1 St"andar'd Conf iqlu~at"ion /' 
/ 

/ 

!the MAD-l i s CLll"l~€mt: 1 avai 1 ab 1 e in t:I,JO basic Plode 1 s; one 
~ainin~ two floppy units and the other cont:ainin~ one 
floppy disk and one 1 lli hard disk. The standard configuration 
for each Model is ~iven in the following list: 

MAD-l : 
With TI,lo 
Floppy Disks 

MAD-l : 
With Hard Disk 
Option 

o An Intel 80186 Microprocessor 
o 128K bytes of RAM and 16K bytes of EPROM 
o Two RS-232C Serial Interface Port:s 
o One Parallel Interface Port. 
o One Video Controller with color and 

MonochrOME' capabilit:ie~ 
o One .w:mochl"'oMe Video Disp 1 ay (gl"'een ()l"' 

aPlb€) ,,\nd Keyboar'd 
o Two 360K bytes Floppy Disk Drives 
oDDS 2.0 Operat:ing SysteM 

o An Intel 80186 Microprocessor 
o 256K bytes of RAM and 16K bytes of EPROM 
o Two RS-232C Serial Interface Ports 
o One Parallel Interface Port 
o One Video Controller with color and 

MonochroMe capabilities 
o One MonochroMe Video Display (green or 

aMber) and Keyboard 
o One 360K bytes Floppy Disk Drive 
o One 10M bytes Hard Disk Drive 
o DOS 2.0 Operating SysteM 
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MAD COI'1PUTER SYS'rEI1 OVERVIEW 

-----------------------------------------------------------------

1.1.2 Optional FeatUl"es ..--"---
--~~ CIne !"IAD-l ~ offers a Yal"iety of both hal"cll,JcH'e and softl,Jal"e 

features tha :cn be easily field-installed. The following list 
contains the optional features currently available: 

HARDWARE a E~p.allsi.on--Mocttne (4 slo'ts) ~f? 
, o' ~81< Merlory Expansion I<i t (!"Iax. of 3) _./ 

(',) AbIl'T't:y"'-t'o Llse32rbY'Ces EPROI1\1.'S1 lig --"27128 ) 
a 10 y Hard Disk 

SOFTWARE 0 OperatinQ steMS 

/ ~= 2~!O 3 2.8 
/I /" 17 (Y\ - VE IX 
L.l.A . 0 Languages 

- GW;9asic 
- Pascal 

d-'O 

- Cobol 
- C 

Note:: Addi tion of f 1 op~ and/or ~l"l"cl disks> 
will require an~xpansion~ctule. 
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MAD COMPUTER SYSTEM OVERVIEW 

!~~_§X§I~~_~Q~EQ~~~I§ 

feYg;f)~\ 
[ihe trIAD-lf\ Wod\stc\tion i s dE~signf.·~d and i,,)p 1 e,,)ented using advanced 
and proven technology and built around the concept of Modular 
ar'ch i tectltl~e. 

High-speed TTL technology is utilized on Multi-layered boards in 
the ir)ple,,)entation of the logical co")ponents. The tl,JO il!JU~O;;;::--
layers of each printed circuit board are connected to the S VDC 
power supply and grow1d, which provides a contiguous 
voltage plane for the logical cOMponents on ~he board. 
two layers of the printed circuit board provide discrete 
connections or bus lines between the various logic cOMponents on 
the board. External connections to other PC boards and 
asseMblies are Made via ribbon cables. 

The logic portion of the systeM is partitioned into three 
separate Modules, the COMputing Module, the data Module, and the 
expansion Module. In addition, there is the video display and 
keyboard Modules that are used for operator interface. Each 
Module May be configured with additional optional features to 
give today's sophisticated users an exact and powerful 
configuration tailored to specific operation. 

The overall block diagraM of the MAD-i showing the following five 
priMary COMponents is shewn in Figure 1-2. 

1. COMputing Module 
2. Data I'ledu 1 ('.? 

3. Video Display Module 
4. Keyboard Module 
5. Expansion Module 
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I'IAD COI'lPUTER SYSTEI'I OVERI) I EW 

+----------------------------------------------------------------+ 

MAD-l Block DiagraM 

+----------------------------------------------------------------+ 
Fiqure 1-2: MAD-1 Block DiaqraM 
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MAD COI'1F'UTER SYSTEI'1 OVERVIEW 

1.2.1 COMputinq Module 

~e cOl\lputing ~odule iS~~ 12.5" X 15.S" X 2.5" hc\l""d plastic 
enclosure containing up t~hree F'C boards, eight: external 
interface connectors, and two sets of internal JUMper 
connections, as shown in the following list: 

PC BOARDS: 
o CPU boa r"d 
o Vide() boal~d 
o Expansion board (optional) 

EXTERNAL CONNECTORS: 
o 

o 

C) 

o 
o 

Two 37-pin connectors: 
- One for floppy disk connection 
- Om:~ fo\~ fixed hc\l~d disk conn€-~ction <m'pt'ional) 
Thl~ee 25~in cormectol'S: r' 
- TI,JC) fOl~ ser"ia 1 COl\ll\ll~lnicat'ion 
- One for parallel print'er interface. 
One 10-Fin connector" fOl~ DC pOIIJe\~ ,zl1. 
One 9-1in connect'Ol~ fOl~ video disp 1 ay signa 1 s. 
One 6-?i n I\lodu 1 a\~ te 1 ephm"'f..~-sty 'I e connect'o\~ 
for the keyboard interface. 

INTERNAL .JUI'1PER SETS: 
o 22-All\lPf"'\~ set: fO\~ t'hE~ CPU 
() :Ll.:/tU>\Pel~ se't fOl~ the video boa\~d 

Each of these iteMS is further described in subsequent chapters 
of 'this I\lanual. 

1.2.1.1 CPU Board 

Th e CPU boa r"d is a I\ll.l 1 t i - 1 ayer"ed 11" x 14" P r" i nted c i r"c Ll i t bocw'd 
containing all the processing, co~~unication, ti~ing logic, and 
all the neccessary interface for the syste~. It is ~ounted in 
the botto~ of the co~puting ~odule and contains the integrated 
floppy disk controller and a progra~~able peripheral int rface. 
The physica 1 10catiol'lS'of the COl\lpOnerrt<= on the CF'U boar' ShOI,Jl'l 
in Figure 2-3. .4 ?---

. .,. ,. .~ . ", .. ~ ...... 



I'IAD COI'lF'UTER SYSTEM OVERVIEW 

+----------------------------------------------------------------.~ 

Show drawing of CPU Board Jayout 

+---------------------------~------------------------------------+ 

FiqLu"'e 1-3: F'hysica 1 Layout of CPU Boar'd 

,.,.--. 
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MAD COtrlF'UTER SYSl'Etrl OVEF:VIEW 

-------------~---------------------------------------------------

The logical cOMponents contained on the CPU board, as shown in 
Figure 1-3, are given in the following list: 

o Intel 80186 operating in MiniMuM Mode. 
- Two internal DMA channels. 
- Three internal tiMer channels. 

o Four DMA channels (Intel 8237A-5). 
o Three tiMer channels (Intel 8254). 
o Eight interrupts (Intel 8259A-2). 
o Serial/Parallel COMMunication interface 

- One sel~ia 1 Tel~ti<:\l~y channel USART (Intel 8274). 
- One serial priMary channel UART (Intel 8250) 
- One serial secondary channel UART (Intel 8250) 
- One parallel printer interface 

o MeMory control and MeMory 
- Up to 32K EF'Fo:OM (using tl,J('> 2764 or" 2:t:128 type EPF:OMs) 
- Up to 512K RAI'"! 

o PrograMMable peripheral interface (Intel 8255) 
o Floppy disk controller (Intel 8272-A) 
o Clock/Calendar chip with battery back-up (58321) 
o I/O )tonnector"s 

- One 37-pin connector (floppy interface), 
- Three 25-pin connectors (two for serial port and one for 

pal"'allel pOl~t) 

o Speaker circuitry 
o 8-Bit dip-switch for indicating disk, display type, and 

Mel'lol~y size. 
o Expansion slot for a third partv pel"'ipheral card Ol'" for 

an addi tiona 1 128K of 1'1el')0l~y <f) 'tiona 1 ) 

'l'nr' h n ; r"":) 1 j::'rd' ,., ,,' .. , ." ,"" t-rl·- , .. 



MAD COMPUTER SYSTEI'1 OVERV I EW 

1.2.1.2 Video Con~rol Board 

The video bom'd is a 14" X 5-3/ 4" 'f('")Lll~ 1 ayel~ pl~i rrtecl c i rcui ~ 
board ~ha~ is Mounted COMponent side do~m directly above ~he CPU 
board in ~he cOMputing Module. It is controlled by the Mo~orola 
6845 CRT con~r'o I .. ch.ip and __ ts capab I e of pel~fol"""'li nq the 'fllnc~i(.")ns 
of both the ~M"'lonochl""o~!e/disp I ay adap~el"" and the co I Ol""/gl""aphic 
adap~(-?l~ (noot lncTLldil",q cOMposiote COlOl~ video). Selec~ion of 
either MonochroMe display or color/graphics is Made via JUMper 
assiqnMen~s, described in Appendix C of ~his Manual (one channel 
is opera~ed a~ a tiMe). 

The video board i~self, shown in Figure 1-4, contains ~he 
'following connec~ors and logical circuitry: 

o 64-pin in~erface connec~or ~o the 16-bit expansion bus. 
o Special 16-pin connector providing the upper byte of 

the 16-bit data bus. 
o 9-pin D-shaped interface connector to the CRT display. 
o CRT control chip <Motorola 8645) 
o MonochrOMe and color video circuits 

+----------------------------------------------------------------+ 

Show drawing of Video Board layout 

+----------------------------------------------------------------+ 
Figure 1-4: Physica 1 Layout of Video Boar'd 

hi,. 



MAD CO/,IPUTER SYSTEM OVERVIEW 

1.2.1.3 MeMory Expansion Board 

The MeMory expansion board is used ~o expand Main MeMory frOM 
512K bytes to 640K bytes. It is an optional four-layered·printed 
circui~ board that contains the necessary control logic and 
MeMory for an additional 128K bytes of DynaMic RandOM Access 
~.!2M01~Y (DRA~ • Th e PlePlol~y ex pans i on boa l~d ( ',Ih en ins ta 1 1 ed in th e 
~~Mputing ~Iodule) is Mounted on a SMall bracke~ above the CPU 
board. CODnection between this optional MeMory board and the CPU 
board is via one 62-connector and one 16-connec~or ribbon cable. 

1.2.2 Data Module 

me data I'lodule is identical in size (12.S"·X 15.5" X 2.5") and 
shape ~o the cOMputing Module and con~ains the following lis~ of 
cOPlponents: 

o Up 1:0 1:'dO yl op Bl" cl i ",Y cl rives, or one flop P y cl i s1<. "ncl ~ 
opt10nal ~rdP1sk~~1ve. ~ne 

o SysteM'S DC power supply. 
o Ex~ernal connector for connection to rest of the systeM. 

Two 37-pin connectors; one for the floppy, and one 
for (optional) fixed hard disk. 
One 10-Pin connector for DC power out. 

o RESET bu t·ton 
o One 2-pin connector for video Monitor DC power out. 

1.2.3 Video Display Module 

~ vid€"o Plodu 1 e ccmsi sts crf ~\ s~C\nd~\l""d 1 ight"If.~ight 12" 
MonochrOMe CRT, or an optional IBM COMpatible color CRT. This 
Module operates in conjunction with the COMputing Module which 
contains video control logic, and the data Module that supplies 
all ~he necessary voltage. 

1.2.4 Keyboard Module 

rThe /'IAD-1 keyboal~d i s ch:~sigm:·~d t:o I'l€~et all EIH"opean el~gonol'lic 
~IN standards. It utilizes the Intel 8048 Microprocessor and 
a 64 byte input data buffer. The keyboard contains the standard 
alphanUMeric typewriter keyboard and additional furiction keys for 
a total of 85 keys. These keys are arranged to provide optiMUM 
usage and l~each. 

The keyboard interface is located in the COMputing Module with 
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MAD COt'IF'UTER SYSTEM OVERVIEW 

the connection Made via a 6-connector coiled cable. 

1.2.5 Expansion Module 

[ihe expansion Plc)dule is a 12.5" X 15.5" X 2.5" -ept:i'6)n'#tl) har"d 
plastic optional enclosure which provides housing for an 
additional IBM cOMpatible expansion board. This Module is shown 
in Figul'''e 1-5. 

Photo of Expansion Module with 
open cover, showing slots for 
different expansion board. 

Fiqure 1-5: Expansion Module 



MAD COI"IF'lJTER SYSTEI"I OVERV I EW 

-----------------------------------------------------------------

1 .2.6 Connec tor's And Cab 1 es 

[ihe nUl"lber' of connectors and cab 1 es is dependent 
configuration of the systeM. Figure 1-6 shows the various 
of connectors and cables that May be used in the systeM: 

on the 
types 

--------------------------------------------------------------------

DiagraM of the J connectors 
and 

Sys terl Cab 1 €~S 

Figure 1-6: SysteM Connectors and Cables 

1 -1 ~ 



I'IAD COMPUTER CENTRAL PROCESSING UNIT 

Chapte," 2 

CENTRAL PROCESSING UHIT 

Gbis section contains c\ functionc\ 1 and oper"ationa 1 descr"iption 
of the Centr"al P,~ocessin9 Unit (CPU) in the l'IAD-1 ~OPlI3L\'!:'~.II.. - Lj..; 

1U"~()~ workS1WlIDI\ 
The MAD-1 CPU utilizes the Intel 80186 Microprocessor chip 
operating in MiniMuM Mode. Its operation is such that it 
Maintains cOMplete COMpatibility with the Intel 8088 and 8086 

/"'-'. pl"oces~;Ol"S even ·though i't pl"ovide~; a rll..lch rlOl"e extt-?nsive and 
faster instruction set. The 80186 has added Many new 
instructions as well as optiMizing several current instructions 
in order to iMprove the overall throughput of "the processor. 

~ 

The CPU will support up to one Megabyte of dynaMic RAM (DRAM) 
MeMory. However, to stay COMpatible with the IBM PC the MAD-1 
CPU currently supports only 640K bytes of DRAM MeMory. The 640K 
bytes are distributed be'tween the CPU board C512K bytes) and the 
expansion board (128K by'tes). In addi'tion to the dynaMic RAM 
MeMory support, the CFV card contains 16K bytes of ROM (Read Only 
''Iel\lOl''Y) • 

The CPU interface, shown in Figure 2-1, contains the following 
logical COMponents: 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Microprocessor, Intel 80186 chip 
MeMory and MeMory Control 
Direct MeMory Access, Intel 8237A-5 chip 
Interrupt Controller, Intel 8259A-2 
Interval TiMer, Intel 8254 
PrograMMable Peripheral Interface, Intel 8255 chip 
Serial COMMunication Interface, Intel 8274/8250 chips 
Parallel Printer Interface. 
Floppy Dis~'Controller, Intel 8272 chip 
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MAD COMPUTER CENTRAL PROCESSING UNIT 

-----------------------------------------------------------------

2.2.1 80186 Processor I/O Pin Descl~iption 

Table 2-1: Processor Pin Descriptions 

-----------~---------------------------------------------------------I 
I 

ISIGNAL NAME PIN NO. DrRI DESCRIPTION 
1===::::::==::== 

AD15··ADOO 

~ ---_ ... _-----
ALE/QSO 

---'.-'----.-.----

10-17 
01-08 

61 

===1===========================================1 
1/01 Address/Data bus (0-15), tiMe Multiplexed 
1/01 MeMory or I/O address and data bus. 

The signals on this bus are active high. 
- - - I - - - - - - - - - - - - - - - - - - - .. - - - - - - -- - - - - - - - - - - - - - - - - -
o I Address Latch Enabl~/Queue Status 0 is an 

active high signal provided by the 80186 
to latch the bus address bits in the 
adcll~ess 1 a·tchE~s. 

----------- ------- ---1-------------------------------------------
AF:DY I I Asynchronous Ready is an active high sig

nal used to inforM the 80186 that the 
addressed MeMory space, or I/O device, 
will COMplete the on-going data transfer. 

-----------1------- ---:-------------------------------------------
A:L9/S6.t 
A18/S:> , 
f~17 /S4, 
A:l.6/S3 

-BHE, 87 

65 
6·!-o 
67 
68 

64 

o 
o 
o 
o 

o 

Address Bus Output (16-19) and Bus Cycle 
status (83-86) are high active signal that 
represent the four Most significant bits 
of the address bus lines. 
S6 = 0, indicates Processor Cycle 
86 = :I., indicates DMA Cycle 

Bus High Enable is an active low signal 
that is used for strobing the eight Most 
significant bits of the data (D15-8) onto 
the data bus. 87 is an active high signal 
that represents bit 7 of the status. 

-BHE AO ------_ ... _--_0 ______ ----

o 
o 
1 
:I. 

o 
:I. 
o 
1 

, Function 
========================== 
WOl~d Tran~;f el~ 

Byte Transfer bits D15-D08 
Byte Transfer bits D07-DOO 
Resel~vE~d 

__________________________________________ (Continued) __________ _ 
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MAD COI"IPUTER CENTRAL PROCESSING UNIT 

-----------------------------------------------------------------

Table 2-1 continued: 

---------------------------------------------------------------------I I I 
I I 

ISIGNAL NAI"IE I PIN 1'10. DIR 
1_ •• __ •••• _ •••••• _ 

::::==::::= - -- ... . _. __ ... _------
I CLOCI<OLJT 56 0 I 

----------- -------
-DEN 39 0 

----------- -------
DRQO 18 I 
DRQ1 19 I 

-------,---
DT, -R 40 : 0 

DEseF.: I PTI 01'1 
=========================================== 
Clock Out is an active high signal that 
provides the systeM with a 50X duty cycle 
clock. 

Data Enable is an active low signal used 
I to enable the data bus transceivers. 
----------------------~--------------------

DMA Request 0/1 are active high signals 
raised by an external 1/0 device request
ing a DMA transfer operation. 

Data Tr'an~;l'lit, Rec.eive is used to contr'ol 
the direction of the data flow. 

----------- -------:---f------------------------------~------------
HOLD 50 I I : Hold is an active high signal sent to the 

HLDA 

---_ ..... __ ... _--
INTO 
INT1 
IN1'2 

-INTAO 
INT3 

-INTAl 

-----------
-l.CS 

-LOCK 

-1'lCSO 
-I"ICS 1. 
-1'lCS2 
-I"ICS:-l 

51 

-------
45 
44 
42 
42 
41 
41 

-------
:i4 

48 

38 
37 
36 
35 

o 

I 
I 
I 
0 
I 
0 

0 

o 

o 
I 0 

o 
o 

80186 processor to indicate another bus 
Master is requesting the use of the bus. 

Ho~d Acknowledge is an active high signal 
issued by the 80186 processor in response 
to the HOLD signal. 

Interrupt Requests 0-3 are active high 
signals. INT2 and INT3 May be configured 
via software to provide an active low 
Interrupt Acknowledge signal on each of 
corresponding pins. 
All interrupt request lines Must reMain 
active until acknowledged. 

Lower MeMory Chip Select is an active low 
signal issued whenever a MeMory reference 
is Made to a defined portion of MeMory 
(11<-256K). 

LOCI< is an active low signal issued by the 
processor to prevent bus access by other 
bus I'lasters. 

Mid Range Chip Selects 0-3 are active low 
signals issued when a MeMory reference is 
Made to a defined Midrange portion of the 
MeMory (8~-5121<). Signals are software 
pr"ogl~al'lMab 1 f? __________________________________________ CContinued) __________ _ 
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MAD COMPUTER CENTRAL PROCESSING UNIT 

Table 2-1 con~inued: 

SIGNAL NAMElPIN NO. DIR DESCRIF'TION 
=========:::: 

NMI 

-PCSO,-PCSI 
- PCS2, - F'CS3 
-PCS4 

, - PCS!5 , A 1 

-F'CS6, A2 

-RES 

RESET 

-_ .. _---------- === 
I 

~==~===~=====~====~=~=~===~===~~=========== 

Non-Maskable In~errupt is an ac~ive high 
signal ~hat triggers the NMI interrupt 
~hen a MeMory parity error or channel 
er'r'(Jl" OCCU1"S. 

25,27 0 
28,29 ' 0 
30 0 

Peripheral Chip Selects 0-4 are active lo~ 
signa 1 s issued ',Jhen a l"efert,ce is Placle to 
a defined peripheral area (~4K I/O space) 

31 

32 

24 

57 

o 
o 
o 
o 

Peripheral Chip Select 5 is an active low 
signal that May be prograMMed to provide 
a sixth peripheral. chip select, or to 
pl"ovide an inter'ni:\l"ly latched Al signal. 

o Peripheral Chip Selec~ 6 is an active lo~ 
o signal that May be prograMMed to provide 
o a seventh peripheral chip select, or to 
o provide an internally latched Al signal. 

I 

o 

Reset is an active lo~ signal that is 
issued by the operator. This signal, 
~hen active, causes the 80186 processor 
to terMinate all ongoing activities. 

RESET is an active high signal issued by 
the 80186 to indicate it is being reset. 
RESET May be used to reset the systeM. 

SRDY , 49 I I Synchronous Ready is an active high signal 
I that Must be synchronized externally to 
I th€~ 80186. 

----------- ------- ---1-------------------------------------------
80-3 52-54 o 80-3 are active high signals that provide 

bus cycle status, as encoded belo~: 

SO SI S2 BUS CYCLE INITIATED 

o 0 0 Interrupt Acknowledged 
o 0 1 Read I/O 
o 1 0 Write I/O 
o 1 1 Halt 
1 0 0 Instruction Fetch 
1 0 1 Read Data frOM MeMory 
1 1 0 Write Data to MeMory 

I 1 1 1 Bus inactive 
I (Continued) ----------- ------- --- --------------------- . -----------
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MAD COMPUTER CENTRAL PROCESSING UNIT 

Table 2-1 continued: 

SIGNAL NAME PIN NO. DIR DESCF<IF'TION 
=========== ======= 
-TEST 47 

TMR IN 0 20 
TI"'F~ IN 1 21 

T'"1R OUT 0 22 
TJ'1R OUT 1 23 

-ues 

-----------, 
VCC 

----_._-----
VSS 

-----------
-WR, 

Xl 
X2 

QSI 

34 

_ ... _----
9,43 

-------
26,,$0 

-------
63 

59 
58 

I 

I 
I 

=========================================== 
TEST is an active low signal exaMined by 
the WAIT instruction. If TEST is active, 
it will cause the execution of the WAIT 
instruction to be suspended. The WAIT in-" 
struction will re-exaMine TEST, and if not 
active, it will reSUMe execution. Other
wise WAIT will continue to exaMine the 
TEST signal. 

TiMer Input 0 and TiMe~ Input 1 are active 
high signals that are used as either a 

, clock or' con"tr'ol s.igna l, dependin<J on the 
I prograMMed tiMer Mbcle. 

---1-------------------------------------------a I TiMer Output 0 and TiMer Output 1 are 
active high signals that provide single o 

a 

I 

I 

0 

I 
I 

, pulse or continous waveforM, depending on 
prograMMed tiMer Mode. 

Upper MeMory Chip Select is an active low 
signal that is issued whenever a MeMory 
reference is Made to the defined portion 
of the MeMory (256K-512K). 

-~~~~~;,- ;'~I~'~\~ ~ -~~~~;.~~~ -:;~") ~~ -~~~ ------ V D:: 
internal logics of the 80~rocessor. 

Write Strobe is an active low signal that 
is used to strobe data on the bus into 
MeMory or an I/O device. QS! is an active 
high signal that repres.nts Queue Status 1 
-------------------------~-----------------
Crystal Inputs Xl, and X2 are active high I 

signa I s that pr'~vides an exter'na 1 connec
tion for a fun~Ment~l Mode parallel 
resonant crystal for the internal crystal 
oscillator. The Xl input May be connected 
to the output of an external clock instead 
of a crystal. 
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I'IAD COI'lF'UTER CENTRAL PROCESSING UNIT 

2.2.2 80186 Internal Re~ister Map 

CiMe Inte I 80186 1'1icl~Opr'()Cess())~ pl~oYid(·?s 14 i l,.te)~na I l~f?gi s·tel~S as 
clesl-cr'ibed be 101,1: 

X'FE' RELOCATION REGISTER 

X'DA'-X'DO' DMA DESCRIPTION CHANNEL 1 

X'CA'-X'CO' DMA DESCRIPTION CHANNEL 0 

X'AO'-X'A8' CHIP SELECT CONTROL REGISTER 

X'66'-X60' TIMER 2 CONTROL REGISTER 

X'SE'-XSB' TIMER 1 CONTROL REGISTER 

X'56'-XSO' TIMER 0 CONTROL REGISTER 

X'3E'-X'20' INTERRUPT CONTROL REGISTER 

Fi~ure 2-3: 80186 Inter'na 1 Re~i ster" Map 
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MAD COI'1F'UTER CENTRAL PROCESSING UNIT 

C!.asica 1 1 y~ ther'e ar'e thr'ee types of 
desiqn of ~he l'1AD-1A Wor'k.stat'ion. They 

MeMory eleMents used in the 
ar'e: 

i) 

fb'S6YlaA 

DynaMic RandoM Access MeMory (DRAM) 
High-speed volat'i le l"eCWi',n"ite rlef'llory for" irlplerlenting 
the Main MeMory used b~rocessor and I/O operat'ions. 
DRAM requires a periodic refresh cycle to retain its 
contents. 

2) Static RandoM Access MeMory (RAM) 
RAM is a high-speed volatile read/write MeMory used 
for buffering display and k.eyboard data. 

3) Prog,"aMMab 1 e Read On 1 y MeMor'y (PROM) 
PROM is a non-volatile type of Mef'llory used for storing 
systeM control and systeM operational instructions that 
are coded specifically for the MAD-i. 

Figure 2-4 shows the physical location of each f'IleMory type on the 
CPU and vide3( boar'd. A rlOl"e i ndep~·h discussion of each one 
follows t'he~igure. 
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----------------------------------------------------------------

Line Drawing of CPU & Video Board 
shown the MeMory outline 

Figure 2-4: CPU/Video MeMory Locations 

I 
I 

Main MeMory in the MAD-l is viewed as a contiguous string of 
9-bit bytes (8 data bits plus one parity bit) beginning at MeMory 
address x'OO'. It utilizes 64K DRAM chips to support a MaxiMuM 
of 640K bytes in increMents of 128K bytes. The first 512K bytes 
of DRAM reside on the CPU board in the cOMputing Module and begin 
with address x'OO' through x'7FFFF'. The reMaining 128K bytes 
are located on the MeMory expansion card, Mounted above the CPU 
card in the cOMputing Module, and contain MeMory addresses 
x'SOOOO' through x'9FPPP'. An address Map of Main MeMory is 
shown in Figure 2-5. The connection between the MeMory expansion 
card and the CPU board is through a 62-pin and a 16-pin I/O 
extension cable. The DRAM chips in Main MeMory are arranged to 
provide a 16-bit read-out for a 16-bit CPU transfer operations. 
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MAD COt'IF'UTER 

X'OOOOO' 

X'BOOOO' 

X'AOOOO' 

X'BOOOO' 

X'BBOOO' 

X'BCOOO' 

X'FCOOO' 

X'FFFFF' 

CENTRAL F'ROCESSING UNIT 

5121< Mc\ i n t'lel'lCH"'Y 
on CPU Boa l~d 

1281< Expansion MeMory 
On MeMory Expansion Board 

Reser'ved 

J'1onochl~Ol'le (161<). 

Color/ Graphics (161<) 

Systel'l ROt'1 (161<) 

Figure 2-5: MeMory Addr'ess Map 
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-----------------------------------------------------------------

2.3.1.1 Main MeMory Cycle TiMe 

[ib.e dynarli -<A/"Is ( DRA/'ls) U s('?d in rla i n M(~rlol~y have an ac cess 1: i Me 
of 150 1 c:;,ec Th e p l~OC es SOl~ l~e~1 U i l~es f ou 1"" CF'U c y<;= 1 7'5 (167 ~') 
per cycle) to access data froM Maln MeMory, and a MInIMUM of 1 

CPU cycles for I/O operations. When I/O access occurs, one wait 
state is autoMatically inserted and the READY signal is saMpled. 
If the READY signal is false, another wait state May be added. 
The Merlo1"'y tirling di<.,gl~arl is shol,m in FigLll~e 2-6: 

----------------------------------------------------------------

Show MeMory TiMing DiagraM 

--------------------------------------------------------------
Fiqure 2-6: MeMory TiMinq DiaqraM 
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-----------------------------------------------------------------

2.3.1.2 Parity Bit 

[:EjftD-l I'lel'lory pl~ovidE-~s onf.~ pal~i t~1 bit I,d th each byte of 
lnfol~l'lati(Jn I ~. Pl rlaj 11 mSPlOl~~'.,t. a~:; s/"lol,m in FigU\~e 
2- - parity bits are transparent to the user and the' 
pl~ogl~al'lgp anct-{~ftt.e I,n~i ·t1:en dU\~i n9 I,Jl~i ·te 0 el~a·tions and al~e checked./ 

L\l~j. n9 r'ead opel~ations. a pal~i ty check occur's, ·t e opel~at1on 
is ha te. Jy a level 0' interrupt, referred to as a Non-Maskable 
Interrupt (NMI). This type of interrupt has the highest priority 
in the systeM. For More inforMation on interrupts, see section 
2.6, I ntel~l~up t Contl~o I, j. n th i s P' ap tel~ • 

NOTE: Parity bits May be enabled by jUMpering W-09 
on the CPU board (see Appendix C fo~ all JUMper 
I oC<'i\·tion~;;). 

: P I 17: 6 : 5 : 4 : 3 : 2 : 1 : 0 : 

Figure 2-7: MeMory Byte with Parity 

2.3.1.3 Main MeMory Refresh 

The dynaMic RAMs used by Main MeMory require a periodic refresh 
(every 2 Milliseconds) to sustain the recorded data in the MeMory 
cells. The refresh operation is perforMed by DMA Channel 0 
issuing periodic read requests to Main MeMory. The DACK 0 signal 
is used to enable RAS on all MeMory chips and inhibit CAS. 

2.3.2 Video Display Buffer MeMory 
\/exsondl 

Uhe l'1AD·-1J,Wod",sta1:ion uti I izes s·tatic Rr~I'1 rlel'HJry.t located on the 
video display board (see Figure 2-4), for its 16K byte video 
display buffer (a-bit bytes with no parity). This MeMory space 
is used to buffer the display inforMation and its attributes. 
For More inforMation, see Chapter 3 in this Manual. 

2.3.3 PrograMMable Read Only MeMory (PROM) 

C"Ql,1 ike I'lcli n 1'1E.'l'lory, F'ROt'ls al~~~ ~;tat:i.c: and do not· r'equi \~e a 
refresh operation. This type MeMory consists of either a pair of 
2764 chips for 16K bytes, Dr 27128 chips for 32K bytes. The 
current PROM MeMory address assignMent for 16K bytes begins at 
location X'FCOOO' and at X'FSOOO' for 32K bytes. 
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The access tiMe of PROM MeMory is 350 . anoseconds. The processor 
accesses PROM inforMation the saMe as Main MeMory inforMation. 
HO',JeYE'~r", f 0)" <:\boye-~ l'lf£lI'H:)i~y aclCli~~:~~>sr' FBFFF', t·"JO I,Ja i t ~> t:a tes al~e 
i nS('?l~t(·?d • I 

'7 
--\\~~ I 

\})(}}\ 7, 
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-----------------------------------------------------------------

~e I/O channe lis a cle-'rlU I tip I execl buffer"ed extention of the 
80186 Microprocessor bus ~ith added interrupts, DMA channels, 
po~ert and control signals. The I/O channel itself is an 86-pin 
connector consisting of: 

o 20-bit Address Bus 
o 16-bit Si-directional Data Bus 
o Six levels of Interrupts 
o Three DMA Channels 
o Po~er and Ground for Adapters. 
a Control Lines for MeMory and I/O Read/Write, Clock, 

"mcl Tird n<:l. Z\ ~ 
o Four voltage lines, +/-5~ancl +/-1~ for expansion 

c al~ds • 
o READY Line for operation of slo~ I/O or MeMory Devices 

(). 

Each I/O opel~ation 1""~?quil""esVl'liniMul'l of five CPU cycles. This 
inclucles one autOMatically inserted wait cycle that is used for 
saMpling the READY line. If the READY signal is not a~~ivated 
clur-i ng the !:;.arlp Ie, anothel"" I,Jai t st'at€iI (1 eyc I e at 167 ~ is 
added to allow it to becoMe activated. The READY line ~ill be 
l""esaMpled dm-'ing thf:~ added I,Ja1t: cycle. If the l"f'adu line is not 
ac·tivated af·ter" ·tl,JO I,H.'l.i"t sta"tes, ·the I,Jatchd()q tf~l'" 'JJi II til'leOU"t, 
thus preventing the systeM frOM perManently being hung. 

I/O devices that are configur-ed to the MAD-l ar-e addr-essed via 
the I/O Mapped address spaces. 

Parity er-r-or-s fr-oM the MeMor-y expansion cards are reported by the 
channel check line, ~hich is connected to the NMI input of the 
80Hl6 pl""()Cf?SSOI"". 

The I/O ehanne I dh\<;J\-'arl a~ n assignr~ 
descriptions are sho~n in Figur-~and Table~ 

Technical Reference Manual 840707:20.07 

'JJi th signal 

2-29 
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-----------------------------------------------------------------

2.4.1 I/O Channel DiagraP'l 

--------------------------------------------------------------
Figure 2-8: I/O Channe 1 Diag,"aP'l 
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2.4.2 I/O Expansion Bus 

[fbe expc\l1sion bus r'f.",fe)~s to . that . pQ}~t"ion c)f. t"he. liD channe 1 bus 
that" is extended beyond "th<-t::!BI'1. I/O Channel Bus. -r-t1s shol,J\l in the 
I/O Channe 1 Diagl~arl (Figu)~e -Z=S)-; -t'he--expc\ns)icm bus contai m-i. 22 
1 ines CO"SiS~i "9 of the fo 11 0','; "9' 

I 
L/~" Eight ~ta 

o ~:)igna 1 s 

2.4.3 I/O Channel Signal Description 

Clhe t'tAD-l I/O ..lanne lis) an 86-p i n connec:tOl~ nLlI\lbel~ecl AOl 
through A42 and Bo~~~roUgh B42. The first 31 lines on both sides 
of the connector are fully cOMpatible with the IBM PC liD channel 
bus. Table 2-2 lists all the pin assignMents and their functions 
b~) pin nUMber: 

PIN II -_ ... _--_ ... _-
AOl 

A02 
Thl~U, 

A09 

Al0 

Table 

SIGNAL 
============ 
-1/0 CH CI< 

+D7 - ... DO 

+1/0 CH RDY 

continued 

2-2: 

DIR. 
---

0 

I/O Channel Signals 

DESCRIPTION 
======================================== 
Channel Check: Active low signal that 
indicates parity error in MeMory or 
devices in the 1/0 channel. 

I/O D#;r'~ 7 - 0: Act'ive high signa 1 s. 

I 

Low eight bits of the 16-bit data bus 
used to transfer data between the 80186 
processor, MeMory, and I/O. 

liD Channel Ready: ~ctive high signal 
indicating readiness of the bus. It is 
pulled low to increase the MeMory cycle 
for slow devices attached to the liD 
channel to operate properly. 
Slow device should drive this signal low 
iMMediately upon detecting valid address 
and a read or write COMMand. This line 
should never be held low longer than 10 
c 1 o<:l~ <:yc 1 es. 
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Table 2-2 con~inued: 
PIN ~ SIGNAL DIR. DESCRIPTION 
===== 
All 

A12 
Thl""u 
A31 

=======:::==== 

... AEN 

+A19 - +AO 

o 
========================================= 
Address Enable: Active high signal used 
to de-gate processor or other attached 
device froM the 110 channel to allow DMA 
transfer to take place. When +AEN is high 
~he DMA controller has control of the 
address bus, data bus, read or write and 
COMMand lines for both MeMory and I/O. 

o Address Bits 19 - 0: These 20-bit address 
lines are used by the processor or I/O to 
address Main MeMory with up to 1M byte 

__ ----------------------~o~f~d~j~)~ ... e~c~t~r~~e~r~lOL) ... ~y~a~c~c~e-s=~s~.~ ____ ~r_--

I Used fm'" the optio"ria I ~~t /2.... ---. A32 .. 19-3 

A33 RESERVED 

A34 RESERVED 

A35 ... D8 - +D15 
Thl""u 
A42 

BOl GND 

B02 +RESET DRV 

B03 +5(0 
B04 i·IR02 

Reser've. 

Reserved for future use. 

I/O D,i# Iffi 8 - 15: Ac·tive h:i.~~h signa 1 s. 

o 

I 

High order eight bits of the 16-bit data 
bus used to transfer data between the 
80186 processor, MeMory, and I/O. 

Grollnd 

Reset Drive: 'Active high signal used to 
reset or initialize systeM hardware logic 
during power-up. This synchronizes the 
operation with the falling edge of the 
systE.>1'1 c I ocl~. 

+5~ 
Interrupt Request Line 2: An active high 
signal used by an attached device to 
request attention frOM the processor. 
The MAD-l carries IR02, IRQ3, and IRQ5 on 
the bus for use by the expansion card. 
IRQO, IRQ1, IRQ4, IRQ6, and IRQ7 are 
assigned to the systeM clock tick, key
board, priMary serial port, floppy disk 
controller, and printer en"" secondary 
serial port, respectively. 
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-----------------------------------------------------------------

Table 2-2 continued: 
PIN" SIGNAL DIR. 
===== ============ 

B05 -8 
B06 +DRQ2 o 

B07 

BOB - CAF:D SLCTD I 

B09 

Bl0 

+1£) 
GND 

Bll -I'IEI'I~J o 

B12 -MEI'IR o 

B:L3 -lOW o 

B14 -lOR o 

DESCRIPTION 
========================================= -sg 
DMA Request Line 2: Active high signal. 
One of the four asynchronous channel re
quests used by the peripheral devices to 
gain DI'IA access. 

-126) 
Card Select: Active high signal driven 
by an open collector device and used to 
signal the CPU board that the expansion 
ct'\r'd has bec-:m se I e-cted. The app}~opr'iate 
drivers on the CPU board Must read frOM, 
or write to expansion slot J8. Connectors 
Jl-J8 are tied together at this pin, how
ever, it is used only for J8. 

+12& 
G}~ound 

MeMory Write COMMand: Active low signal 
driven by processor or I/O to instruct 
the MeMory to store data present on the 
datoa bus. 

MeMory Read COMMand: Active low signal 
driven by the processor or the I/O to 
instruct MeMory to drive data onto the 
datoa bus. 

I/O Write COMMand: Active low signal 
driven by processor or DMA instructing 
the selected I/O device to read the data 
present on the data bus. 

I/O Read COMMand: Active 
by the processor or the 
the selected I/O device 
onto the data bus. 

low signal driven 
DMA, instructing 

to ~n~ite its data 

Technical Reference Manual 840707:20.07 2-33 



MAD COMPUTER CENTRAL PROCESSING UNIT 

-----------------------------------------------------------------

Table 2-2 continued: 
PIN " SIGNAL DIR. DESCRIF'TION -_ ... _.- __ 0_-

B15 

B16 

B:L7 

B1B 

B19 

B20 

B21 

B22 

B23 

:: :: = :: :: :: :: :: :: :: :: :: ========================================= 
-DACI<3 o 

+DR03 o 

-DACI<l o 

+DROl I 

DMA Acknowledge line 3: Active low signal. 
-DACI<3 is one of the four lines used to 
acknowledge DNA request. 

DMA Request Line 3: Active high 'signal 
functioning as an asynchronous channel 
request used by peripheral deVices to 
gai n Dt'IA access. 

DMA Acknowledge line 1: Active low signal. 
-DACKl is one of the four lines used to 
acknowledge DMA request • 

. 
DMA Request Line Ii Active high signal. 
+DRQl is one of four asynchronous channel 
requests used by peripheral devices to 
gai n DI'1A access. 

-DACKO 0 DMA Acknowledge line 0: Active low signal. 
This is one of the four lines used to 
acknowledge DMA requests. This signal is 
also used in MeMory refresh operations. 

Cl.OCK 0 Syst(;~I\l C loci",: ' D:i. vi de~Y-'tl'Jt")' output: t')f 4f the 12 I;!-t sc ill a'tOl~k~I'1HZ) I/Ji'th a. per'iod 
-----s.f, 167 Q~,sec and a duty cyc I e of 507.. 

RESERVED Reserve tor future use. 

RESEI:::VED 

+IRQ~5 I 

Reserved for future use. 

Interrupt Request Line 5: Active high 
signal. One of eight: interrupt request 
lines used to signal the processor that 
an attached I/O device on the expansion 
bus requires attention. , 
The MAD-l carries IRQ2, IR03, and IRQ5 on 
the bus for use by the expansion bus. 
IRQO, IR(U, IRQ4" IRQ6, c\l1d IR07 ar'e 
assigned to the systeM clock tick, key
board, priMary serial port, floppy disk 
controller, and printer or secondary 
serial port, respectively. 
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-----------------------------------------------------------------

Table 
PIN It 

... ----_ ... _ ... -

B24 

B25 

B26 

B27 

B28 

B29 

B30 

B31 
B32 
B33 
B34 
B34 
B36 
B37 
B38 
B39 
B40 
B41 
B42 

2-2 ccmt·i nued:: 
SIGNAL 

::===::==::==:== 

RESEr~VED 

... IRQ3 

-DACI<2 

... TC 

+ALE 

+s~ 
+osc 

GND 

DIR. 
_ .... o. 

I 

o 

o 

DESCRIPTION 
========================================= 
Reserved for future use. 

Interrupt Request Line 3: Active high 
signal. One of eight interrupt request 
lines used to signal the processor that 
an attached I/O device on the expansion 
bus requires attention. 
The MAD-l carries IRQ3 on the bus for use 
by an expansion card. 

DMA Acknowledge line 2: Active low signal. 
-DACK2 is one of the four lines used to 
acl-<..no',Jledge DI'IA r'e.quest. 

TerMinal Count:: Active high signal 
to indicate that the terMinal count 
any DMA channal is reached. 

used 
for' 

o Address Latch Enable: Active high signal 
provided by "the Intel 8288 bus controller 
chip to latch valid addresses frOM the 

/\~oc e'::;':;()l"" • 

F(:\"" !-~O. :~~nn:-l;~:. c:~I\lb~~at!~l:s ... of A:E.:: a~·~cl 
AEr4 111dl(_~ te ... "'\ .;a 1 ld/'\ aCE. _.,SO\ )ttldl e.:ts • 

+S~UPPlY volta~Je. 
o Oscillator:: Active high clock signal with 

a 14.31818 MHz frequency and SOX duty 
cycle. 

o Latched Address High Enable 
Reserved for future use. 

+ 
+5 
Gl""ound 
Gl""()und 
Gr'ound 
Gl~ound 

~ for future use. 
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-----------------------------------------------------------------

Irhe DtrlA capabi 1 i t·y is pr'ovided 0)1 t-h€" I'IAD-l t·o all OI,J access by 
~h-speed cOMMunication with peripherals attached to the 
systeM. DMA enhances systeM throughput by handling data 
transfers between Main MeMory and the peripheral devices without 
int-ervention frOM the 80186 Microprocessor. 

This feature utilizes the Intel 8237A-5 DMA controller with four 
channels (CHO - CH3) operating with 4.0 MHz clock, and these four 
channels are used for the following functions: 

CHO MeMory refresh operation 
CHI Available on the I/O channel 
CH2 Assigned to floppy disk controller 
CH3 Available on the I/O channel (norMally assigned 

to the ha~d disk) 

In the norMal operation of the 8237 controller, a 16-bit MeMory 
address is used. However, since the MAD-l I/O operation uses a 
20-bit address for MeMory operations, additional circuitry is 
provided for the extra four bits. This additional circuitry 
includes four DMA page registers used to handle the upper four 
bits of the 20-bit I/O address. 

2.5.1 DMA Registers 

r Ttl e I nte I 82~:37 DtrlA 
~resses X'OOO' thru 
DMA operation. The 
these 16 registers: 

controller provides 16 registers, with 
X'OOF', that are used for prograMMing the 
of 0 I I ol,d ng 1 i st exp I aj. l1!!j. 1;t'-!·hh€'e--+.brri..,!l':'1~ccti(kkdd'tlortr.I"".I .... --4E~)f:t:-.Y--

o Eight 16-bit Read/Write registers (two register for each 
DMA channel) used for base and current addresses during 
)~ead op e)~a t i on. 

o One 8-bit COMMand Register. 
o One 8-bit Status Register. 
o One 8-bit Mark Set/Reset Register. 
o One a-bit- Mode Register. 
o One a-bit Clear Byte Pointer Register. 
o One a-bit- TeMporary Regist-er. 
o One a-bit Clear Mask Register. 
o One 8-bit Write All Mask Regist-er. 

In addition to these 16 registers, the MAD-l circuitry provides a 

Technical Reference Manual 840707:20.07 2-36 

------ ... _ .... - ... -



I ' 
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-----------------------------------------------------------------
group of four 4-bit DMA page registers used to assist the 8237 
controller with the 20-bit I/O address. 

2.5.2 DMA PrograMMing Considerations 

rDMA Base & Current Addr'ess Registers: Thel~t~ al~e a, "tota I of eigh"t 
Ii=bi"t registers that are Llsed to addl~ess the IOI,Jer' ol";del; 16 bits 
of the I/O MeMory address during a read operation. Two registers 
are assigned to each DMA channel and addressed as foll'6w~: 

o X'OOO' and X'001' for DMA Channel 0 eCHO) 
o X'002' and X'003' for DMA Channel 1 (CH1) 
o X'004' and X'OOS' for,DMA Channel 2 (CH2) 
o X'006' and X'007' for DMA Channel 3 (CH3) 
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-----------------------------------------------------------------
DMA COMMand Register: This S-bit register is used as both a DMA 
cOMMand register and a DMA status register. As a COMMand 

I ' register, it is used by the prograMMer to write the COMMand' 
inforMation into the register with I/O address X'OOS', as shown 
be I 01,,: 

x'OOS' 

7 6 4 3 2 1 o 
---------------------------------

-+- -+- -+- -+- -+- -+- -+- -+-
1 
1 

I, 

+---) MeMory Disable 
o :: Disabled 
1 :: Enabled 

+-~-) Address Hold Reg. 
, 1 = E11abl ed 

+---) Controller 
o :: Enabled 
1 :: Disabl €~d 

+---) Til'ling 
o :: NOl~l'l<:\ I 
1 := COl'lpal~'? 

+- - -) Pried. t:y 
o :: Fixed 
1 ::: F:c)'tati ng 

+---) Write Select 
() _. I.,a t:e 
1 :: Ex ·tended 

+- - - > DF~EQ 

+- --) DI~CK 

o - DNA Request Lew 
1 ::: DNA Request High 

o - DMA Acknowledge Low 
1 :: DNA Acknowledge High 
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-----------------------------------------------------------------
DMA Status Reqister: The status register is physically the saMe 
register as the control register, described on the previous page, 
but is used to r'ead 'the status ,.c~rland. The for'rla't and sta'tus 
bits are shown in the fOIIOWin~igUre: 

X'0()8' 

7 .~ 5 4 3 2 1 o 
---------------------------------

+---) Channel 0 T/C 
+---) Channel 1 T/C 

+---) Channel 2 T/C 
+---) Channel 3 T/C 

+---) Channel 0 DREQ 
---) Channel 1 DREd 

+---) Channel 2 DREQ 
+---) Channel 3 DREQ 

DMA Request Reqister: 

7 6 5 4 3 2 :J. o 
---------------------------------I x I x I x : x I x : 

X'009' 
-+- ---+, ... -

+---) 00 - Channel 0 
01 - Channel j, 

10 - Chanm?l 2 
11 = ChanrH,?1 3 

+ .• _-) DI'1A I:;:eques't 
() = F~eset 
1 - Se't 

\ 
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-----------------------------------------------------------------
DMA Mask SET/RESET Reqister: 

7 s 3 ':) 
~oo 1 o 

---------------------------------: x : x I x I x : x I 
X'OOA' --- --- --- --- --- --- ----+- ---+---

+---) 00 
01 
10 
11 

+---) I"ask 
0 = Reset 
1 = Seot 

DMA Mode Reqister: 

X'OOB' 

7 6 s 4 3 2 1. o 
---------------------------------

+---) 00 
01 

+---) 00 
01 
10 
11 

o~ Vel~i "Fy 
= Wl~i te 

10 .. Read 

= 
~o 

= 
= 

= 
~o 

= 
-

11 .. · III egi:\ 1 

+---) 

+---) Auto Initiate 
1 :: Enabled 

+---) Address Inc/Dec 
o :: I nc l~E-~rlent 
1 = Dec l~(o:?rl(~l,.t 

00 = Dermnd 
01 = Sinqle 
10 = B 1 c)cI .... 
11 - Ct"\s<:ade 
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-----------------------------------------------------------------
DMA Byte Pointer Reqister: This is a Wr'i·te Only fl ip-f'lop us~?cl ·to 
clear the byte pointer bits. 
i !. 

7 6 5 4 3 '".) .... 1. o 

X'OOC' 

DMA TeMporary Reqister: This is a Read On) y a-bi t r'eqister' used 
during a MeMory-to-MeMory transfer to hold one byte of data. 

X'OOD' 

7 6 5 4 3 2 1 o 
, , . , 

--- --- --- --- --- --- --- ---' 
DMA Clear Mask Reqister: This is a Write Onl~ register used to 
clear the Mask bits. 

7 6 ·4 3 

X'OOE' 

2 

. , , 

:1. o 

DMA Write All Mask Reqister: This is a Write Only register used 
to clear all the Mask bits. 

7 6 5 4 3 2 1 o 

X'OOF' 
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-----------------------------------------------------------------

f~noJ 
[int:er')~uPt Cont:)~ol on "the t'IAD-l" WOl~kst"ati('n consists of tl/JO 
classes of interrupts. The first class contains the Non-Maskable 
Interrupt (NMI) which is triggered by the occurence of a MeMory 
parity error or channel error. The second class contains eight 
levels of Maskable int:errupts, 0 thru 7, ~hich are provided by 
the Intel 8259A PrograMMable Interrupt Controller (PIC) chip. 

2.6. 1 Non -l'1a skab 1 e I ntel~rup t 

80186 Microprocessor, and is 
in Main MeMory or in the I/O 

felfsorJ 01 
There are two JUMpers provided bn the MAD-1A Workstation (W-6 and 
W-9 on CPU board) to enable/disable NMI via hard~are. The NMI 
can be enabled/disabled under prograM control by writing X'BO' 
(enable) and X'OO' (disable) to I/O address X'OAx'. During the 
power-up sequence, the NMI interrupt is Masked off regardless of 
the bit settings in the NMI register. The forMat: of NMI register 
is shown below: NMI Register: 

7 6 5 4 3 2 o 

X' OAx' : x : x : x : x : x : x : x : 

-+-

+---) 0= Disable NMI 
1 = Enab 1 e NI'"!I 

2.6.2 Interrupt Level 0 Through 7 

rThe l~f~rlaining class of contl~ol int(~l"l~upts in "the l'IAD-IIev.:cn~ 
~station contains eight levels of interrupts, INTO-7. 1~ese 
eight lines are provided by the Intel 8259A PIC chip, where level 
INTO has the highest priority and level INT7 has the lowest 
priority. The interrupt: requests (IRQO-7) are queued by priority 
and autoMatically transfer control of the prograM to a designated 
routine. The interrupt request and interrupt vector are sent to 
the processor giving the location of the routine to process the 
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-----------------------------------------------------------------
interrupt vector. In the event that there is More than one 
device requesting an interrupt, the interrupt requests are queued , 
in the order of priority listed below: 

IRQO = SysteM Clock Tick 
IRCU = Keybom"d 
IRQ2 - Expansion Bus 
IRQ3 = Expansion Bus 
IRQ4 = PriMary Serial Port 
IRQ5 = Expansion Bus (Optional Fixed Disk) 
IRQ6 - Floppy Disk Controller 
IRQ7 - Printer or Secondary Serial Port 

2.6.2.1 Initialization COMMand Word 

The interrupt controller provides four ~-bit Initialization 
COMMand Word (rCW) Registers which are used in prograMMing the 
8259A PIC chip. The ICW registers are addressable by the prograM 
as I/O addresses X'020' and X'021'. The I/O address and forMat of 
the ICW registers are shown below: 

Initialization COMMand Wordl (ICW1)~ 

7 

X'020' : x : 

6 5 4 

: 1 : 

---+---

3 2 1 o 

: :l : 

-+- -+- -+-

+---) 0= W/O ICW4 
1 = With ICW4 

+---) 0= 8 byte interval 
1= 4 byte interval 

+---) 0= Edge Sense 
1 = LeVf? 1 Sense 

+---) 00 = Interrupt Address Bits AS-A7 
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-----------------------------------------------------------------
Initailization Co~~and Word2 (ICW2): 

7 6 4 3 1 o 

X' 021 ' IT7 IT6 ITS IT4 IT3 IAI0lA9 IA8 I 

---------+--------- -----+-----

+---) Interrupt Address 
Bits A8-AlO 

+---) Interrupt Vector Address 
Bits T3-T7 

Ini tia 1 iza1:"ion CO~l'land WOl"'d3 (ICW3): 

:7 6 5 4 3 2 :l o 

X'022' : 0 : 0 : 0 : 0 : 0 : 0 : 0 I 0 : 

MAD-l does n01:" support Slave PICs 

Initialization CO~Mand Word4 (ICW4): 

7 6 5 

X'023' : 0 : 0 : 0 : 

4 3 2 o 

I 1 : : 1 : 

-+- -+- -+-

+- - -) 0= NC)Pl'la 1 
1= Auto 

+---) 0= Not Buffered 
1:: Bu of f er'(o?d 

+---) 0= Nested Full 
1 = N(Jt Fu 1 1 
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~.6.2.2 Operation COMMand Word 

In addition to the four leW registers, there are three Operaticn 
COMMand Word (OCW) registers containing the operation control 
words issued after initialization. The I/O address and forMat of 
each OCW register are shown below: 

Operation COMMand Wordl (OCW1): This l~egistf:~r- is used as an 
inter-r-upt Mask r-egist"er-. 

X'021' 

7 5 4 3 2 1 o 

+---) Mask Bit for- INTO: 
o :: F!eset" I"Iask 
1 :: Se"t I'la 51 .... 

+---) Mask Bit for- INT1: 
o :: R<-?t:;e"t 1'1 as I .... 
1 ::: Se"t ITIask 

+---) Mask Bit for- INT2: 
o ::: RE~!:1et ITlc'!!>I .... 
1 :: Set" Mask 

+---) Mask Bit for- INT3: 
o :: Res(-?"t 1'1a sl .... 
:I. ::: Se"t ITlask 

+---) Mask Bit for- INT4: 
o ::: ResE.\t I"Iask 
1 :: S(-?"t 1'1 a 51 .... 

+---) Mask Bit for INT5: 
o :: R(o?se"t I'Iasl .... 
1 ::: Set ITlasJ.c. 

+---) Mask Bit for- INT6: 
o :: Re!!~f.~t I"lask 
1 :: Se"t 1'1 a ~51 .... 

+---) Mask Bit for- INT7: 
o = Res(-?"t l'Iasl .... 
1 = Set I"Iask 
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-----------------------------------------------------------------
Operation COMMand Word2 (OCW2): This regis~er is used for the end 
of an interrupt cOMMand and priority rotate. 

7 6 5 4 3 2. :L o 

X'02.0· IxlxlOIOIOI 

-----+---_.-

+---) 000 - INTO 
001 = INTl 
010 = INT2-
011 = INT3 
100 = INT4 
101 = INT5 
110 = INT6 
111 = INT7 

Operation COMMand WOl~d3 (OCW3): 

X' 021' 

7 6 !5 4 3 2 1 o 

I 0 : : 0 : 1 : 
I 

.... _-_ ... ! ---...... - -_ .... -
---+--- -+- -_._+.---

+- - - > 10= IRF~ 
l:L= ISR 

+---) 1= Poll Enabled 
+- - -) 10= Rese·t 

11= Set Special Mask 
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-----------------------------------------------------------------

2 ill.> • 3 I nt:errup t: ProqraP'lP'l i nq Cons i der'a t: i on 

[YO acldr'esses, X'20' and X'21', al~€? used fl")l"" pr'o<;Jl~c'rlrlinq It-ITO 
thl""ough INT7, as shown on the previous pages. Each level, as 
inclica·ted in ·the follo',d.n<;J ~ble, is c:ontl""ollect by ·the pl"'r.>gl"'art 
and May be enabled or disabled by the Mask bit undel"" pl""ogl""aM 
control. The Non-Maskable Intel""rupt (NMI) is enabledat: all tiMes 
except dUl""ing powel"" up. However, NMI's May beA enabled Ol"" 
disabled by the pl""ogl""aM, providing that jurtper W-6 is installed. 
If the JUMper is installed, the NMI can be disabled by ~~iting 
X'OO' to I/O location X'OAx'; and enabled by wl""iting X'BO' to I/O 
add l"'(·?~i)S X' Of~ X ' • 

I nt€~r'l"'up t 
Pl" i eH' i ·ty 

===::=:::==== 
NI'II 
It-ITO 
INT1 
IJ~1'2 

Irfr3 
11'11'4 
HrrS 
11'11'6 
INT7 

Device 
Assignrlent 

=================================== 
MeMOl""Y Pal""ity El""rol"" 
SysteM Clock Tick 
I«~yboal~d 

Expansion Bus 
Expansion Bus 
Pl""iP'lal""Y Serial Port 
Expansion Bus (Optional Fixed Disk) 
Floppy Disk Contl""ollel"" 
Pl""intel"" or Secondal""Y Serial F~l""t 
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X'OAx' 
X'20-21' 
X' 20-21' 
X'20-21' 
X' 20-21 ' 
X'20-21' 
X' 20-21 ' 
X'20-21' 
X' 20-21' 
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2.7 INTERVAL TIMER CHANNELS ._._----------_._-_ ......... _ ...... _ ......................... _._-_ .. _- ~~ 

[ihe tiNer' faci 1 ity of the trIAD-l1\Wcn ... l .... stat:i.(,')n consists of thl~ee 
in·tel~nal tiNel~ channels (intel~nal ·to the 80186 and no·t cUl~n·tly 
used) and three external tiMed interval channels (CTO, CTI, and 
CT2) using the Intel 8254 TiNer chip operating at 1.19 MHz. 

CTO is connected to INTO of the Intel 8259A-2 Interrupt Control 
chip in order to generate a clock tick. CTl is used to generate 
the baud clock for the Intel 8274 U8ART. CT2 is.connected to the 
speaker circuitry to generate audio signals for the speaker under 
p l~ogr<:\l'l c ontl~O 1 • 

2.7.1 PrograMMing Consideration 

The Intel 8254 TiMer chip is a prograMMable device which allows 
each of the three tiMed interval channels to be prograNMed to a 
specific need. There are four a-bit registers, with I/O 
addresses of X'040' through X'043', that are used in conjunction 
with the 8254 tiMer chip for prograMMing the tiMer channel. A 
specific control word is first written into control register (I/O 
address X'043') to select a specified tiNer channel, and then 
data is written into the data register of the selected tiMer 
Ch;;\nnEl I • 

TiMer Channel 0 Data Register: 

7 6 C" .. > 4 3 1 o 

X'040' 

TiMer Channel 1 Data Register: 

7 6 5 ·4 3 1 o 

X'041' 
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-----------------------------------------------------------------
TiMer Channel 2 Da'ta Reqis'tel"": 

7 6 5 4 3 2 1 o 

X'042' 

TiMer Channe 1 Contro 1 Reqi s'tel"": 

X'043' 

7 6 !5 4 3 2 1 o 

---+--- ---+--- -----+----- -+-
f 

.. ,II 

... ---) 0= Binar"y 
1= BCD 

+---) 000= Mode 0 
001= I'lode 1 

• 
10:L = l"lode 5 

+---) 00= Control Latch 
O:l = R/\,J LSB 
3. 0:: F:/W ITISB 
11= R/W LSB & MS8 

+---) 00= Sel ChO 
01= Sel Chi 
10=: Sel Ch2 
11:: Read Bacl ... 
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-----------------------------------------------------------------

!'The Intel 8255 Pl"ogl"al'll'lable Periphel"al Inter"face (F'PI) chip is 
~d for control and interfacing on the CPU board via its three 
ports, Port A, Port a, and Port C. The following paragraphs 
describe the MAD-l PPI port connections: 

PORT A: 

PORT B: 

PORT C: 

This port is used for reading the keyboard 
scan code or the configuration switch read 
Ollot. 

This P01"t is used to €mf":\bloe the keyboal"d,"to 
enable parity circuitry, force floppy disk 
drive Motor on, and to prograM the speaker 
c i rcui 1:-0,,,y. 

This port is used for returning systeM status 
and errors, such aso MeMory parity error. 

Data, control, and status inforMation are transfered to/froM the 
systeM bus via an a-bit' buffer provided by PPI. Access to each 
individual port and its operation is described in the following 
P.,\ l"agl"c\p h~;: 

I 1 2.8.1 PPI P01"t: Opel"ation 

7 5 4 3 1 o 
---------------------------------: 1 : 0 : 1 : 1 : 1 : 0 : 0 : 1 : 

X' 06~3' 
, _0_;_' 

Technical Reference Manual 840707:20.07 2-50 



I ; 

I'IAD COMPUTER CENTRAL PROCESSING UNIT 

-----------------------------------------------------------------
PPI Por"t A Reqis't'er: This is a ~ad p(,l y l""('?qi~;'t~?l"" and, depending 
on bit' 7 of Port' B (Enable biT), cbntains keyboard scan code, or 
configura't'ion switch read OUt'. 

7 

X'060' 

7 

X'060' 

6 5 4 3 2 1 o 

: Keyboard Scan Codel F'c>r"t B 
bi't7 ::: 0 

6 

.j-.- _.- > 

5 4 

+._._-) 

00= One 
01 :: '1' I,Je> 

3 2 1 o 

P01~'t E~ 

bi't7 ::: 1 

+---) 0= Boot' frOM HDD 
t::: Bo(".)'t' :f l~orl FDD 

... - - - > "'o·t Us(\?d 
+---) 00= t28K MeMory 

01:: 25.$1< 1'I~?rlOl""y 

to= 38·41< 1'lerlC)l"Y 
00= No I'km i ·t()l" 
01= Co 1 c)}"" Display 80 x 2~) 

10= Col 01"" Display 40 x 25 
:1.1= l'loni'tor Di!,;p 1 ay 

Floppy Disl" Dl""iv~? Installed 
F'lc)PPV Di51·\ Dl"":i.ve I ns;.t' a 11 eel 

10= Thr~?e Floppy Di ':51" Dl""ive Installed 
11.= FOUl"" Fle>ppy Dis.k Dl""iv€-~ :r ns.'t'C\ 1 1 €-~el 
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PPI Port B 

X' 061 ' 

7 6 5 4 3 2 :I. o 

I x : 

-+- -+-

+---) eTC Ch2 Gate 
Speaker' 

+---) Speaker Data 
+---) 0= FDD Motor ON 

1~ FDD Motor OFF 
+---) 0= RAM Parity Enabled 

1= RAM Parity Disabled 
+---) 0= I/O parity Enabled 

1 = I/O Ial~i ·ty 'Diab 1 ed 
+---) 0= Keyboal"cr-:--Clock High 

1~ Keyboard Clock Low 
+---) 0= Read Scan Code 

1= Read Config. Switch 

PPI Port' C Regist'er: This is a~cl ~y l~egj,s;.t:€'n~. 

X'O,S2' 

7 -4 3 1 o 

I x : x I 

+---) 0= Standard Floppy 
1= IYlini Floppy 

+---) O~ 
1:: F..:eset .. I:'loppy 

+- - -) 0= C 1 o~"/C 1 <.,nda, Busy 
'1= ~I I r .... U-

+---) 0= *" Ii: eeL entJ. v 
1= Spea ~er Clock Out 

+---) 0= Keyboarc Clock low 
1= Keyboard Clock High 

+---) 0= No RAM Parity Error Detected 
1= RAM Parity Error Detected 
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rThe J'IAD-l pr'ovid('?s tl,JO ser'ia 1 cOl'lMLmication pOl~·t1l). suppol~"ti ng 
~ee serial cOMMunication interfaces: 

Pri",ary Seria 1 Co"' .... unica "i on (COM 0) \ 
This is an asynchronous serial cOMMunication I 
~~~~~~~n:r~~~C~~~el 8250 prograMMable UART with (! 
Secondary Serial COMMunication (COM L) 

To operate COM 1 serial channel, the serial \ 
port address is sent out on the 1/0 bus for an 
.:}WI Ol~. c\ n LEWI c C)l'lP at i b 1 .:~ .lel".:i. a 1 jfc:ll'll'lU n :i. r.: (":\ t· j. cm 

/xpanSl(;)n boal~d. 

Terti~y Serial COMMunication (COM 2J 
The ~ertiary serial channel is a high speed 
Multl-protocol serial channel which supports 
synchronous, IBM BSC, SDLC, and HDLC protocols. 
Tertiarv serial cOMMunication utilizes the Intel / 
I'H.l Ii; i p l~C)t·C:OC: 0 I 8274 P l-'Ogl"'i":\I'll'lc\b 1 r::.~ USAF'~T c h:i. P , and / 
provides either RS-232C or RS-422 interface. -

unll'l 
/~ S-BYI (Jj 

pov-rs ~_ 
hffW to~lf 
~~e::; ? 
~re lls+ed./ 

The MAD-l is equipped with a prograMMable baud rate generator 
that facilitates operation with a desired baud rate ranging frOM 
50 baud to 9600 baud. The interface logic for the priMary and 
tertiary serial COMMunication interfaces are located on the CPU 
board in the COMputing Module. 1/0 signals for the priMary and 
tertiary interfaces are Made available at the 25-pin 'D' "type 
connectors J15 and J14, respectively, located on the rear panel 
of the COMputing Module (shown in Figure 2-9). 

wha.t httppened. +0 ~. q, I flseVI'cJ (()wkce 

~V\(}d e of- 0 peroJ-io h ? 
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------------------------------------------------------------_. 

Rear View Of the cOMputing Module 
Shol,m the "0" Shell Connecto,~s 
for priMary and tertiary interface 

, 
------------------------------------------------------------, 

Fiqln-'e 2-9: Back of COMputinq Modu 1 e 

Tabl e 2-3: I/O Addl"ess Assiqnrlent:s/ 
PriMary & Secondal"Y Port: 

----------------------------------------------------------------I/O Aclcln~~;s <H<':,'x) I ' 
Corresponding Register 

I PriMary ISeconclaryl 
I - - - - - - - - - + .. - - - - - - - - + ;---:>--.::-.":, •• - - - - •• - - - - - ..: - - - - - - - - - - - - - - •••• - - - - - •• - '. -

I 3FB : 2FB (f ~F.Juffe,... Dl.AF.{=:O (W,"'it€-~) 
3F8 I 2F8 \: I'(XSfel~ OL(~B::O (I~ead) 
3F8 : 2F8 14:i;~ iScn I..at:ch LSB DI..AB=::J. 
3F9 I 2F9 / Oi:: r Latch MSe OLAB==l 
::'. p'':' I 2.F·::' ,I I t E' ~ 1 r: . -=, ; ,I. n":el","upt =.nC\J:) e r·:egl st€H' 
3FA 2FA I Interrupt Identification Register 
3FB 2FB Line Control Register 
3FC 2FC I Irlodel'} ContTo I I:;:eg:i s 'te,~ 
3FD 2PD! Line Status Register 
3FE 2FE/ ModeM Status Register 

! -·-.... -·· .. ···r .. --· -., ... -'-........... .":-::~ .. \-.--...... -.. --.---.. -.. -.. -.. -- .... -...... -.. --.. -.. ------.----.. ----. 

~I~ 
\f<y< 

\, 
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2.9.2 PriMary Serial COMMtmica'tion, UART 
"·4 "'1 :~J Ghe . pl~ir.lal~y. i n·tel~fa(:e i~s. a ful 1 y Pl~091~aNrl~b 1 e :;,-\~sYl~(:hl"on()Us 
i ~un1ca~10n In'terface ~ha't 1S capable of addIng/deletIng star~ 
ibi~, s'top bites), and the parity bi~ to/froM charact~rs for 

.. J transMission. It features a prograMMable baud rate generator 
'f that supports variable baud ra'te operations ranging frOM 50 to 
.~ 9600 baud. PriMary interface logic is controlled by an Intel 
~ 8250 prograMMable UART which supports; 

o 

C) 

o 

Five, six, seven, or eight bi't characters with 1 start 
bit, and 1, 1-1/2, or 2 stop bits. 
Fully prioritized interrupts; 
- TransMit Interrupt 
- Receive Interrupt 
- Error Interrupt 
- Line Status Interrupt 
- Data Set Interrupt 
Diagnostic capability which provides loopback functions 
of transNit/receive and input/output signals. 
Full double buffering which eliMinates the need for precise 
~s~ .. mchl~oni:_l:..?·ti(:m • 

o 
o 

C) 

o 

Independent receiver clock input. 
ModeN control functions: 
- CTS, Clear To Send 
- RTS, Request To Send 
- DSR, Da'ta Set Ready 
- DTR, Data TerMinal Ready 
- RI,Ring Indicator 
- Cal~l~i('?l~ De'tec·t 
False-start bit detection. 
Line-break generation and detection. 

Tl~c\ nS1'1 i·t 
Data 

: S·tC':\I .... t· 
: Bi·t 

ITIC':\l .... kj. ng --- --- --- --- --- --- --- --- ------
Data Transfer ForMat DiagraM 
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----.-.:---.----.----.. -----.. ----.---.-rs-.t;:-yYrlwa-y:el-oadfct-~·------·------
~ Act:lIa I c OMMLmi c ati on - p ,'01:0':0 r '-f or -. th e .pi-! Mary _. "e" 1a I-·oj ~ 
'.{ COl1"tl~O 1 1 ect .!J.:i_c: .. (Jl'lrllmica"':..~(~!~ .. -?-~:rf1::.,Jal~-~-L._-_The ~,.of·t',Jal~e is op~:?l~ated""" 
.! by syst:el'l il~l'l',Jape ',Jh:tch _!_?_lQj~ct pl~iol~-'t"o--:-.any sepial 'intel~face \ 

I -- - .... .----.-.... 
. !opepat"ion A block diagpaM of the priMary cOMMunication channel 
iusing an Intel 8250 ppogpaMMable UART is shown in Figupe 2-10. 

--------------------------------------------------------------

Asynchl"'onous C()rlrlUnic~3tion Intel~face 
Block Dii:\gl~i:\l'l 

------------------------------------------------------------
Fi~ure 2-10: PriMapy COMMunication Block Dia~raM 

/ 

, 
i 
I 

J 
I 
I 
/ 

/ 
/ 

r 1 .• ~ . . 
!.. '. : 

" I 
!/--

( ~ ... ~ . 

. ,"J.":" . I, iii:t.t'.1 ;. ::-..' ' iii 

I 

, 
. ',. .-'1' :,) ~ .~- ,",0 i : J' ) i~ 
I r - " t· , .... " .. ' . 
I '- .. '.' 

, 
! I I 
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'4 2.9.2.1 Intel 8250 I/O DE-?scl~ipt'ion 

I ' 

The following table describes the logical state and function of 
the signals assigned to the 8250 I/O pins: 

Table 2-5: 8250 I/O Pin Description 

SIGNAL NAME:PIN NO.'DIR: DESCRIPTION 
----------- ------------------ -------

+D7 - DO 

+RCI..I< 

+S1I" 

·t-SOUT 

... CSO 
+CS:1. 
-CS2 

-BAUDOUT 

+Xl'AI..l. 
+X'fAL2 

-DOSTF, 
+DOSTR 

1 -8 

9 

10 

11 

12 
13 
14 

j "'. .::> 

16 
17 

18 
19 

, 

===:============================~===============: 
I/O: Data bus bit 7 through bit 0 are used 

for bidirectional data transfer. 

I 

I 

o 

I 
I 
I 

o 

I/O 
I/O 

:c 
I 

Receiver Clock is 16 tiMes the baud rate. 
c: I oel .... fOl~ t'he l~ece.iver' secticm c)f the chj.p. 

This pin is assigned to serial input 
data frOM the COMMunication link. 

COMposite Serial Output to COMMunication 
link. Set to Marking (logical 1) state 
upon Master ~eset operation. 

bJIH?n Ch ipSe I ect 0 and 1 <:I,}~e high '- ~ld CIl i p 
Select 2 is low, the chip is sele~rd+ 
Chip select signals CSO - CS2 are latched 
with the address strobe (-ADS). When chip 
is selected, COMMunication between the 
processor and the 8250 is enabled. 

BAUDOUT is 16 tiMes the clock signal used 
for tranSMitter section of the 8250. Clock 
rate equal to Main reference oscillator 
frequency divided by th, specified divisor 
in the baud generator dtvisor latches. 

External Clock Input/Output used to 
connect the crystal oscillator to the 8250. 

When -DOSTR is low or +DOSTR is high (while, 
chip is selected), the processor is allowed 
to write data or control inforMation into a 
selected register of the 8250 chip. 
Note: Only a high +DOSTR or a low -DOSTR 

is required to allow data transfer 
frOM the 8250 during a write. 

___________________________ Continued _______ _ 
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Table 2-5 continued: 

----------------------------------------------------------------------, " , 
SIGNAL NAME:PIN NO. DIR' DESCRIPTION 
--_ .......... _._--_ .......... _ ... ---_.-

IJSS 

-DISTR 
+DISTR 

+DDIS 

+CSOUT 

-(~DS 

+AO 
+Al 
+A2 

+INTF~PT 

.' , 

::====== 
20 

21 
22 

23 

24 

26 
27 
28 

I 
I 

o 

o 

I 

I 
I 
I 

:: :: :: :: :: :: :: :: ~'::a.:: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: :: 

Gt-ID (0 6)) l~ef el~E~nc: ~~ • 

When -DISTR is low or +DISTR, is high (while 
chip is selected), the processor is allowed 
to read status or data inforMation froM the 
registers of the selected chip. 
Note: Only a high +DISTR Dr a low -DISTR 

is required to allow data transfer 
froM the 8250 during a read. 

Driver Disable; used to disable external 
'tl~an~~i V('?l~ excr.,?p't .!.~lll~:i. ng a processol~ l~ead. 

C, 
Chip Select Out, when high, indicates that 
the chip has been selected by active +CSO, 
+CS1, and -CS2 inputs. No data transfer 
can be initiated until the CSOUT signal is 
ac'tiv(,? high. 

When this signal is low, it allows CSO-CS2 
and AO - A2 signals to be latched. 

These three high active input signals are 
used during a read or write operation to 
select one of the 8250 registers: 
DLAB A2 Al AO REGISTER 
====:::===:=:::::::: ~::~~~::::~~::=~::::::::======= 

0 0 0 0 Rec fluff/Xl'li't holding 
0 0 0 1 Inpu't €~nab 1 E~ 
X 0 :L 0 I \'l'l;er'l~up 'I; IO (Read on 1 ~J) 
x 0 1 1 l.ine Cont:rc) 1 
x 1 0 0 1'lodi:?I'l Con'tl~o 1 
x 1 () 1 l.i nE~ !:,ti:\ t:u S 
x 1 :l 0 1'1 od f? 1'1 S'ta'tl.ts 
0 1, 1 1 "Icm~~ 
1 0 0 0 DivisOl~ La'tch (LSB) 
1 0 0 1 Divi!:;'OI~ I..i:\'tch (I~ISB ) 

30 I/O: In'tel~l"upt ~1iqrH:\1 i!:;. used t'C) indi~e t:hc\t 
eithel" a receive el"l"or flag, received dat'a, 
available, tranSMitter helding register 
eMpty, Ol" ModeM status interrupt is active. 
INTRPT is set low upon Master reset'. _______ ___ _ __________________________ Continued _______ _ 
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Table 2-5 continued: 

------------7--------------------------------------r -----------------7 , , 
SIGNAL NAMElPIN NO. DrR DESCF::IPTION • • 

-OUT2 31 

-R'I'S 32 

-DTR 33 

--OUT:l 

-CTS 

37 

-------------------------------------------_. --------------------------------------------, o Output 2 is user-designated and can be set 
to an active state by setting M6deM control 
regi!:.;.tel~, bit 3, to "1" 

o · Request To Send inforMs the ModeM, or data 
set, that the 8250 is ready to transMit 
data. RTS output signal can be set to 
active state by setting ModeM control reg., 
bit 1., to "1". -RTS sign;:\l is set high 
upon a Master reset. 

o Dat-:,:" Tel~rlinal Ready.t I,)h'?n 101,), infQ)~r)~:; the 
ModeM or data set that the 8250 is ready 

• to COMMunicate. The DTR output signal can 
be set to an active low by software setting: 
bit 0 of the ModeM control register to a : 
high level. The -DTR signal is set high 
upon a Master reset operation. • . . 

o Output 1 is user-designated and can be set 
: ~\c t i ··,1E~ f,;:t;:\ t.,€,~ bV s~,~'t"t: i n9 (')Oder) c: cnHTO ) 

quf C~ bi't2, -to "1" I .. r.nd(:?l~ pl~ogl~a(') con-t)~ol. 

: I Clear To Send is a ModeM control input sig
nal tested when the processor reads bit 4 
(CTS) of the ModeM control register. NEW 
CTS, (bit 0), indicates whether CTS input 
has changed state since the previous read
ing of the ModeM status register. 

Data Set Ready signal, when low, indicates 
the ModeM or data set is ready to establish: 
a cOMMuniation link/data transfer with 8250: 
DSR is a ModeM control input signal tested : 
I,JhEn ·':-e. CPU )~€~;:\cl~. bi't 5 of t-h€~ (')Od~?(') s'te\"\:"-: 
us ~eg. N.W CTS (bit 1) indicates whether 
th~ S~ "nput has changed since the last 
last rea ing of the ModeM status register. 

___ _ _________________________ Continued _______ _ 
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Table 2-5 con~inued: 
, 

--~-----------------7---7---------------------------------------------
1 1 

SIGNAL NAME PIN NO. lDIRl DESCRIPTIO'" 
=========== =======1===1============================================ 

-RLSD 

-RI 

38 I Receiver Line Signal Detect sig~al, ~hen 

3'7 

low, indicates that data carri~r had been 
detected by the ModeM or data set. The ml -RLSD is a I'lodel'l-ccmtr'o 1 function input 

. signal whose ' -ion can be tested by 
~}..). 1 °th €-~ CF'U vi i:\ l~ad i nq ~:> i t 7 of th e I'lodeM {e9.1 staotLls l~egiso 0- EI,J I::':LSD (bit 3) indicaotes 
: I ~hether the RLSD has changed since the last 
: reading of the ModeM status register. 

I Ri 1'1g Indicatol~, I,'hen 101" indicates 'that a 
telephone ringing iignal has been received 
by the ModeM or data set. The RI signal is 
a ModeM-control input whose logical 
condition can be read by the host CPU by 
reading bit: 6 of the ModeM status register. 
Signal NEW RI (bit 4) of the ModeM status 
register indicates whether the state of 
the RI signal has changed since the last 
reading of the ModeM status register. 

+5 ()dr.:/ supp 1 y 
' ...... / 

--------------------------------------------
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-----------------------------------------------------------------

2~9.2.2 PriMary Interface, Baud Generator 
~.: i 

The Intel 8250 UART contains its own 1.8432 MHz clock and is used 
for the priMary channel. The baud rate for this channel is 
selected under prograM control by setting the appropriate clock 
divisor' value, l"<.':mging fl"ol'l "1" to "65535", in-to the.'divi~~ol" 
:latches. The output frequency of the baud generator is 16 X'baud 

: rate resulting frOM the division. The divisor value is two 8-bit 
{bytes that al~e loaded in'to the divisor·~'tch (l.SB) in I/O addl"ess 
!X'3F8'and divisor latch (MSB) in I/O addresses X·3F9. These 
:values Must be loaded during the initialization prior to any 
(serial COMMunication operation. To prevent a long count, the 
16-bit baud counter is iMl'lectiately loaded and begins counting 
upon loading any of the divi~9r latches. Since the I/O addresses 
o-...... .J,;.!.,.. and X'3F9' ar'e sh,,\red l"egis'ter'~;, and t'hey al"e also used as 
TX/F<X and intel"l"up·t <-:Hl .. -\ble .... egis·ter·s, to I.."s(-?d ·theM as a LSB and 

'jMSB of the divisor latches, the bit 7 CDl.AB, Divisor l.atch 
,:.J A l"es~~ B i 't) ()f th e c on·t1"o 1 l"eg i~:; 'tel" ,..,us·t be se·t ·to "1" + 

The different divisor values used 
are listed in Table 2-6 along with 
a clock frequency of 1.8432 MHz: 

'to obtain a desired baud rate 
the percentage of error using 

Table 2-6: Divisor Values 

~~-----------------------------. ------------
I DIVISOR VALUE 

:: BAUD I:::ATE : (H(-?x) (Dec) 
~~ :: ::=::==;~=::=::: ::::;~~::::::::::::::;;~~:: =::::::::::::::=::=: 

"0 ~¥f 75 600 1536 
. ~\. ilO 1 ~o c- 4!? 10~.~ 
,0 (Y 1· 1 ~A + -> 3..>'1' 8.:>/ 

'" ,.PI I 150 300 768 
kYO J{t(,X\v\ 300 180 3~4 

tjJ. ~ {VJ'~ :7 600 OCO 1:2 
. y t> ~t; '" n f ~.200 060 '1'6 
,'\ . Y ';}7: 1800 040 64 

\ 0 i0 ( 2000 03A ~:;8 
tr{O 0\' 2400 030 48 
,\ 3600 020 32 

4800 018 24 

0.026 
o. O~>8 

0.69 

7200 010 16 
9600 OOC 12 

----------- ----------------- -----------
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Divisor LSB Latches: This l"'egist€H' is tirle-'shc\l"'ed c,s("X/R~ 1ft.rffer 
when DLAB:: 0, and as an LSB of the divisor when D~-AS a 

'_ .. _ d~visOl"' LSB l"'(-?(Jis·ter', i·t is used fm"' loadinq the Least 
Significant Byte (bits 0 - 7) of the divisor value during systeM 
initialization. 

7 6 5 4 3 2 1 o 
---------------------------------: 7 : 6 : 5 : 4 : 3 : 2 : 1 : 0: DLAB':: 1 

X'3F8' --- --- --- --- --- --- --- ---
Divisor MSB Latch: This register" is tirH?rShal"'ed as an Intel"'l"'upt: 
Enable Register when DLAB :: 0" and as a MSB of the divisor when 
DLAB :: :L. As a divisOl"' ''18B 1"'egiS1.7el"'l i 1; is ~(,~d for', j)?adi ng the 
Most Significant Byte Cbits.8 - 15) of the~ivisor~lue during 
systeM initialization. 

7 6 5 4 2 1. o 
---------------------------------11.5 114 113 112 III :10 I 9 : 8: DLAB - 1 

X' 3F'7' , --- --- --- --- --- --- ---
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2.9.2.3 PriMary Port In~erface Connec~or 
! 

I/O signals for the priMary serial COMMunication interface are 
J:)l~ol.lgl,.t ·to ·tIH? .Jl~5 2~:5-pin "0" shell connect(Jl~ loca·ted on the JJacl-l. 
of the cOMputing Module. The connection between the sys~eM and 
the external device is Made via a standard serial COMMunication 
cable (interface signals are shown in Figure 2-11). The interface 
circuitry on the CPU board converts the signals frOM TTL levels 
on the CPU board, to EIA voltage level on the cable side, and 
vice versa. The voltage level for the line should Meet the line 
voltc\<;.J€~ specification descl··ibecl in sf.?ctim"'Y..9.1.:> ti·tled Se\"ial 
Interface Line Voltage Specifi~ation in this~hapter. 

SERH~L 

EXTEF'NAl. 
DEVICE 

****** C AUT ION ****** 

To pr'event;/o 1 t:age ~rge on t:he si"gna 1 drivers 
circuit:ry, t:he output signals MllSt not be llsed t:o 
drive an inductive device, such as l"elay. 

******************************* 

(Standard RS-232C Levels) 

01:--------------(GROUND)------------- 01 
02:(------------(DATA OUT)------------ 02 
03:-------------(DATA IN)------------) 03 
04 (--------------(RTS)--------------- 04 
05 ---------------(CTS)--------------) 05 
06 ---------------CDSR)--------------) 06 
07 ----------(Signal Ground)---------- 07 
08 ----------(CARRIER OETECT)--------) 08 
09 ----------(Not Connected)---------- 09 
10 ----------(Not Connected)---------- 10 
11 ----------(Not Connectecl)---------- 11 
12 ----------CNot Connected)---------- 12 
13 ----------C,,~t Connectecl)---------- 13 
14 ----------CNot Connected)----------.14 
15 ----------(Nct Connectect)---------- 15 
16 ----------CNot Connected)---------- 16 
17 ----------(Not Connected)---------- 17 
lS:----------(Not Connected)---------- 18 
19:----------CNot Connected)---------- 19 
20:<--------------(DTR)--------------- 20 
21:----------CNot Connectect)----------121 
22:----------CRING INDICATOR)--------):22 
23:----------CNot Connected)----------:23 
24:----------(Not Connected)----------:24 
2S:----------(Not Connectecl)----------:25 

ASYNCHRONOUS 
COt'It'IU"1 I CA 1'101" 
INTERFACE 
I--;:S-232C 

------------- -------------
Figure 2-11: PriMary Serial Intel"face (UART)cc:mnect:cn" .. T14Y 
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-----------------------------------------------------------------

I 

~.9.2.4 PriMary Interface Registers and PrograMMing 

There are several data, control, and status registers to prograM 
the operation of the Intel 8250 UART. These registers are 
addressable by the prograM using the assigned I/O addresses shown 
in the following list: 

F:EGISTER 
/r~;~;;.;~ = ~ ~~,~;.~:~; = = =:: = =:: =:: = 

L&>.JBUFFEF, (DLAB=:l) 
DIVISOR LATCH,LSB (DLAB=l) 
DIVISOR LATCH,MSB (DLAB=l) 
I NTERRUF'T ENABl..E REG I STEFX6> "" ,"",1\ 
INTERRUPT IDENTIFICATION 'EG. ~~ 
LINE CONTROL REGISTER 001 
MODEM CONTROL REGISTER 
LINE STATUS REGISTER 
MODEM STATUS REGISTER 

7 6 :; 4 2 :1. 

I/O ADDRESS 
============= 

o 

X'3F8' 
X'3F8' 
X'3F8' 

.x' 3F';" 
X'3F9' 
X'3FA' 
X'3FB' 
X'3FC' 
X'3FD' 
X'3FE' 

---------------------------------TransMit/Received Data DI.,AB .. 0 

--- --- --- --- --- --- --- ---
Bit 0 is the least significant bit and is the 
fir'st b:i·t Sf?l"':i.::d ly ·tl"'ansMi·t·tf?d and l"'ecej.v(eocl. 
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11 1 Interrupt Enable Register: This register is used for loading the 
I 2C)st Siqnific:ant' Byte of the divi!:;.~~ vc\lue-~ I'lhen DLAB=l, and as . 
.I ap in'tel~l~up·t (~nable l~(:?gis·t(~l~ I,)h(-?n DLAB=O. As an il .... t(·?l~r'Llp·t enable:· 
1 l";~qist:el~, bits 0-3 al~e uSf:'~cl t'o S€~t/l~e!l;et' t'hf'~ indivich.lc\ 1 :i.ntel~l~l.~ 

.. ~ enab~' ~ts for' .the~Lll" ·tyP('?~:; (;)f i n·tm"l~upt~; <j'fc:>d('?"l j!tatus, ~ 
.~ "t.'ine 'X ;(old, and RX ?-\tc\) l~eq\.lil~ed fOl~ 8;?'~50 OPf'~l~.:\t'ion. Each 
1 bi't c ··:>e sep<:\l~a't(~ly .:>e't to "0" Ol~ "1" 1,lhich enables Ol~ disables 
i the corresponding interrupt. All four interrupts can be' enabled 
ij or disabled without affecting the rest of the systeM. :When all 

.. ~ f OLll~ i nter"l"upts have the enab Ie bi t se-~t to "0", t:he' i ntel"l"upt: 
1 identification register is not loaded with any interrupt 
j i nf o l"'''l ,,\ t, J.' on. l 
.'~ 

X'3F9' 

X'3F9' 

7 6 5 4 3 2 1 o 
---------------------------------
--- --- --- --- --- --- --- ---

7 6 4 3 2 :I. o 
---------------------------------: 0 : 0 : 0 : 0 : 

. I 
I 

-+- -+- -+- -+-

DLAB = 1 

DLAB = 0 

+---) l=RX Data Enable 
+---) l=TX Hold RE'q Enable 

+---) l=RX Line Enable 
+---) :I.=ModeM Status Enable 

Interrupt Identification Register: To MiniMize the software 
overhead during data transfer operations, the 8250 provides the 
logic: facility for prioritizing the interrupts into four levels, 
as sh(JI,m be 101,1: 

II'ITEF,F:UPT TYPE PRIOF,ITY l.EVEl. 
~=~=~======================== ========================== 
Receiver Line Status 
Receive Data Ready 
TranSMitter Holding Reg. EMpty 
l'lode"l S·t.:" tLl s 

:1. 
2 
3 
4 

(Highest Priority) 

<Lowest Priority) 

The content of the Interrupt Identification Register indicates 
that a prioritized interrupt is pending. The type of the pending 
i ntel"'l"'upt i s det:el~l'd. neel by hi t:~ 0, t, and 2 of t:11 i s pegi ste-~l"'. 
The bit description of the _nterrupt ID register and the 
interrupt controls are given in Table 2-7+ 
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7 6 5 4 3 2 1 o 
---------------------------------101 0 : 0 : 0 : 0 : 

--- --- --- --- --- --- ---

Table 2-7: 

---+--- -+-

+---) 0 =Interrupt 
Pending 

1 =No Inter'l""up't: 
Pend i n<;) 

+---) Interrupt ID Bit 0,1 
00 ~ leM Status 
01 TX 
10 RX Data Available 
11 RX Line Status 

? 

Intel""l"upt Contra 1 s ? 

------------------------------------------------------------------I NTEF..:F:UPT 
:m BIT 

2 1 0 ILEVELI 
INTERRUPT 

TYPE 
II..JTERRUF'T 

Source & Reset Control 

o o 1 "lone SOUl""ce: l'if,me. 
I 

• + • • + • t • • • + I + • + •• •••••• + • + • • • • • • •• ••••••••• + • • • • • • • • • • • + • • • • • • 

o I 1 Rec€~ivm"" Linf:.' 
S'tatl.ls. 

SOUl"ce: OVf:,~rl"tm, F'c\ri 't~" 
FraMing, or Break 
El"l"m" • 
R('~ad tl1~? Line 
St:<:\'tus Rsgi stEH'. 

• • • • • • • • • •• • + • +. ••••••• + • + • • • • • •• ••• + • + • • • • • • • + • • • • • • • • • • • • • • 

1 o o 2 Received Data 
Avai 1 ~.!\b 1 e. 

Data Available on I 

Rec~?iver" • 
Read the Receiver 
BLlff~?l"" Reg i S 't(,? 1'" • 

I 
I 

• + • • • • • + • • • . . • +. . + • • • + • • • • + + • • • • • 
I 

• • • • • • • • • • • • • • • • • • • • • • + • • • • • , 

o :L o 3 Tl"ansMitter SOI.ll"ce: 
Holding Register 
EMpty. Reset : 

TransMitter Hold 
Regi stel"" El'lpty + 

Read Intel"rupt ID 
Register+ Or Wri~e 
TransMitter Hold 
t":EHJi S~f:.'l"". 

I 

• • • • • t • • • •• ••••• ••••••• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • o o o 4 trlode!'l Sta 'tLt s CTS, DSR, RI, or 
Received Line 
Signa 1 Di l""ect. 

----------- ----- ----------------- ----------------------------
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I Line Con~rol Re9is~er: This register is used by the systeM 
i ptograMMer to specify the forMat of the asynchronous data 

COMMunication. The specified data forMat is stored in this, 
) • register at I/O address X'3FB'. This register can be read by the 
, systeM prograMMer to check its content for use by the prograM. 
I The forMat and the bit definition of This regis~er are shown 
t be I O',J: 

l , 
~ 

~ 

\ 
I 
~ r, 
i.: 

X'3FB' 

i. 

~ 
! 

7 6 5 4 3 :2 1 o 

---------------------------------
---+---

+---) 00 -- S Bit Wor'd 
01 = 6 Bit WOl"'d 
10 = 7 Bit Wor--ct 
:J.:J. = B Bit- WOl~d 

... ----) S'tl::>P Bi-t: 
0 .- One Bi-t 
1 _. M()l~f~ 'than One Bit 

+---} 0 == Parity Bit Disabled 
1 == Parity Bit Enabled 

+---) 0 == Odd Parity 
1 == Even P<:\ r' i ty 

+---) 1 = Include Parity Bit in each byte 
-r - - - ) SOUT: 

o == Ih sab I eel 
1 = La." 

+---) 1 - Data Latch Enabled 
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-----------------------------------------------------------------
ModePl Control Register: This l~f~qist"t;~H" i~) used by t"he sys-terl 
~rograMMer to control the operation of ModeMs, or devices 
flj~ulatinq Moder~ The c:on-tent ()f -r:hii" registc~l~, dep(~ndirlq on its 
.~ttinq in I/O address X'3FC', will force the ModeM signals to a 
specified state (as shown in the diagraM below>. Bits 2 and 3 
are auxiliary user-designated output. Bit 4 is used to enable 
the loopback feature for testing the 8250 controller chip! When 
set to "0", bit 4 f or"ce!:.;. th€~ tl~ansrli t"ter" seria I outptrt signa I 
-SOUT (Active LOI,,) to a I ogica I "1" s"ta"te and causes the :l""eceivel"" 
siqnal input, -SIN, to be disconnected. The output of the 
tranSMitter shift register is looped back into the receiver shift 
register input. By activating the -SOUT bit, the ModeM input 
control signals -CTS, -DRS, -RLSD, and -RI are disconnected frOM 
external lines and are intern~lly connected to the ModeM output 
control siqnals -DTR, -RTS, -OUT1, and -OUT2. These internal 
connections cause the tranSMitted data to be received 
iMMediately. This feature is used to verify the tranSMitter and 
r"ec:eivel"" paths. DU1 .... i ng the 10opbacJ.c. di.a<;Jnostj"c t"est, both 
receiver and tranSMitter interrupts are f~lly operational, and 
the lower four bits of the ModeM control register are used as an 
interrupt source under control of the interrupt enable reqister. 

7 6 5 

: 0 : 0 : 0 : 
X'3FC' 

4 3 2 1 o 

.... - - - > "- DTF..: 
o - Logicc\ I high 
1 = Logica I 101" 

+- - -- > -F:TS 
o - Logical high 
1 = LC)(;Jical 101" 

+----) -OUTl 
o -- Logical h:i.gh 
1 :: Log i C'.!\ I 1 01" 

+---) -OU'I'2 
o = Logical high 
1 = Logic,,\ I 101" 

+---) -SOUT: 
o - Logical high 
1 = Loqic:<:-\ I 101" 
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-----------------------------------------------------------------
Line Status Register: This register is used by the 
prqgraMMer to retrieve status inforMation on the 8250 

,coPlp1unica'tion COl")'t1~O I I el~ 'th:'.;tt, (:onC(-?l~ns d<."\t<~ 't1~ansP1ission. 

status is stored, in I/O address X'3FD' and contains 
inforMation as shown in the fol lowing diagraM: 

7 6 5 4 2 1 o 

: 0 : 
X'3FD' 

systeM 
S<-?l" i a I 

L i n('~ 
the 

+---) 1= Data Ready (DR) 
+---) 1 :: Overrun Error <OE) 

+ - .. - > 1 =, F'a l~ i ty E1~1~()1~ (PE) 
+---) 1 ::: FraMe Error (FE) 

: +- - - > ~- B)~eak In'terl~up't (BI) 
: +---) 1 :: TX ~old Register EMpty 
+---) :l ::: @S11f't t=\:egis'tm~ EPlp'ty 

1:< ~ 
Bit' () of I:i,ne s'ta'tus r'eg:i.st:el~" I,Jhen ~.;.€.;>t: to "1", indicates t:hat 
the input data is received and has been transferred into the 
l~ece:iv€-~'I~ bl.l'fff'!.'l~ 1~e9:i~;.t'€~1~. Th:i.s bit· :i.!:;' l~€-~set' t·o "0" €-~ith€-~l~ by 
I,Jl~i 'ti ng <:\ "0" i r)'l.:'o 'th i ';:;. bi ,t po~:;i tion,' Ol~ b~,... 'thf? pl~ocessOl~ l~eadi ng 
the data into the receiver buffer register, which in effect 
indicates buffer eMpty. 

Bi't 1 of I inE- s~t:atus; l~€.;>gist€-~l~" I,Jh€-m S€.;>t: to "1", indicat.:e!l; t'hat 
data i11 the receiver buffer was not read by the processor before 
the next character was stored in the receiver buffer" thus 
destroying the previously received data. This bit will be reset 
to "0" I,JhF.:'n the pl~OC:(7.'~~sor r'ec\(:\~:; the contEHlts; of th€-~ I :i,ne st,,\tus 
l~f?g i!:; t(-?l~ • 

I~it 2 of I inf~' S;1:',:\tW:;. r'€';>9i~:,t:f.;>l~, I,Jhf.,m set: to "j,".t inclic;;\t'es thc\t 
the receiver data did not have a correct parity bit. This bit 
will reMain set until the processor reacts the contents of the 
line status register. 

Bi t" 3 of 1 i r)€·~ s;tc:\t'llS; l"'e<;Ji s:tel""".' ... ,tle11 Sf~·t to "1 It I 
the receiver data did not have a valid stop bit. 
reMain set until the processor reads the content 
s'tat'llS l~egis'teJ~. 

i ncticatf'i's th<l\t 
Th is b i ,t I,d 1 I 

of t'he line 

Bit 4 of line s:,tat'us;. l~!-:~qist<::~r, I,Jh€,~n !.:;et: tC) "j,"" indicates that' 
the input data signal was held in 'spacing' state longer than a 
full wo~c tranSMission tiMe, which includes start bit, data bit 

----'-',8..J i'e I ax. , pal~i'ty bi't, and ';;,'top bit(s). This hit I,Ji I I l"('?l'lain 
set llnt', 'hf.-~ p'l~oce!:;.sC)l~ l"f.,'acts thE';> cont:ent· of 'th€" I ine st;;\tll~> 

l"egi~:;'tel~ • 

Technical Reference Manual 840707:20.07 2-70 



I , 

l'1AD COI'1PUTER CENTRAL PROCESSING UNIT 
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Ri't 5 ()f 1 ine status re~~iste1~, Illhen f,H,?'t 'to "1", indicates that 
,.:he dat'a f1"Ol'l toMe t:1~ansl'li t .. te1~ he) 'I eli ng r'~~9i s'te1~ is 't)"ansf e-~l~l~ed 
i,lTtO tlH? 't1~anSl'li 't'I;(~l~ ~;h if 'I; 1~(~<J i s'te1~, <"nd 'th(-l' se1~ i a 1 COl'll'lltl1 ica tion, 
con'troller (8250)' is ready 'to accept: a new character for 
transMission. It also causes t:he 8250 to issue an interrupt to 
'the processor, signaling that the 'transMit holding ~egis'ter is 
eMpty (providing the interrupt' is enabled). This bit'will be 
l"ese't 'to "0" 1.lhen the pl"ocessor 1 oads 'the 't1"anSl'li't't~?r': hol cling 
register with data. 

Bi't 6 of line s'ta'tus l"eq i s tel~, 1.lhen se't 'to "lit, indicates 'tha't 
the t1"a nsr1 i toter' shifot l~eg i s 'te1~ is el'lpoty. This biot I.d 1 1 r'eseot 'to 
1'0" I/lhen data f'''Ol'l t:1"'a nsl'\ i 't'tel ... · holding l"f~g is tel" is loaded into 
the tr'ansl'li t't(-?l~ !:;hifot r'eg i s 't(~l" • 

ModeM Status Reqister: This register is used to provide the 
current s'tatus of 'the line connecting t:h~ ModeM, or devices 
eMulating ModeMS, to the processor. This register is accessed by 
reading I/O address X'3FE'. The high order four bits (bits 4-7) 
contain the state of Clear To Send (CTS), Data Set Ready (DSR), 
Ring Indictor (RI), anel Received Line Signal De'tect (RLSD). The 
10111 ol"d~?l" fOUl" biots (0-~3), .,)hen se't 'to "1", indica'te a change in 
the state of the corresponding signals stored in bits 4-7, and 
are designated by prefix New. 

X'3FE' 

7 6 3 2 1 o 
---------------------------------

+---) 1= New CTS 
+---) 1 = New DSR 

+---) 1 = New RI 
+---) 1 = New RLSD 

+---) CTS 
-I - - -) Dsr~ 

+---) I~I 

+---) FU.SD 
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Secondary"perial COPlPlunica"tion? UART 
feYoonttX . 

~e t'IAD-1AWol~ks'ta"tion suppor""ts "thf'~ fae i 1 i'ty for" an op'tiona 1 
seeondal~Y asynchl~onous sel~ia 1 p(Jl~"t. This op'tion consists of an 
IBM cOMpatible serial asynchronous expansion board, or'any IBM 
cOMpatib 1 e, that p 1 uqs i n'to the s 1 o't 1 ocated in 'the ::corlputinc;;l 
Module above the CPU board. The opening for the secondary port 
external in'terface connector is in the back of the cOMputing 
Module and is level with the serial expansion board (when 
install ed) • 

" . 

2.9.3.1 Secondary Port, Functional Description 

The functions of 'the se(:ondal~y s('?l~ia 1 pOl~'t aTe idel1'ti<::, 1 to 'those 
of the priMary serial port: described earlier 'in this~ction. The 
di ff(o?l~E-?nCes in usage al~e rlOl~f? fl~orl a pl~oql~arlrli nq p(Ji not of viel,J. 
The prograM now addresses all "the data, con'trcl, and ."tatus 
registers in I/O address spaces X'2FS' through X'2FF' instead of 
address spaces X'3F8 through X'3PP' • 

. , ~-.--
- 0 UT'e 2 -12 sh ()I,IS 

I' expansion board 
I serial port. 

the layout of the 0 IBM serial 
that: is used for the secondary 

_ .... --_. 
----~ -

~--- .-.-.,. 
- --- ---------.. ..• -' .----.... --.--~ ... ~ .... -.. _--

--------------------------------------------------------------

Layout of IBM serial COMMunication expansion 
hoal~d 

, 

------------------------------------------------------------
Figure 2-12: IBM Serial COMMunication Expansion Board 
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-----------------------------------------------------------------
The operation of the secondary serial port is also defined by the 
cqntents of the registers selected by the decode of bits AO, Al,' 

I a n'd 'A3 of I/O add l"e~;ses X' 2F 8', 1:h l"ouqh X' 2FF ' f 0\" 'I:h e ,sec onda l"y 
po~t, and X'3F8'- ~'3FF' for the priMary portt 

Tab} e 2-8: I/O Addr'ess Assiqnrlent' F01" " 
PriMary & Secondal"Y P01"t: 

--I/o-Add;::ess.--('He-;')-'T-.-.---7--.-.-.------_.-.-----.... _________ .0 __ .... ______ _ 

--- ------+- --------+ 11 r COl"l"esporldi ng Registel" 
F'l" i Pla l"y : Sec onda l"y : fi- ' 
---;~~-- -+-- - ;~~ ---'~Tx-:t;;~~- -- -------------~~.~~:~ -~~~~~~; --

3F8 2F8 I RX uffel" DLAB=O (Read) 
3F8 2F8 iSQ~ Latch LSB DLAB=l 
3F9 2F9 Divisor Latch MSB D~AB=l 
3F9 2F? I ntel"l"up t Ene\b 1 e F~eg i ~ ten" 
3FA 2FA Interrupt Identification Register 
3FB 2FB Line Control Register 
3FC 2FC ModeM Control Register 
3FD 2FD Line Status Register 
3FE 2FE ModeM Status Register 

--------- --------- ------------------------------------------

Tab} e 2-9: I/O Adch"ess Decode 

----------------------------------------------------------------I/O Address Bits : State 
-------------------: Of : Function of the Selected Register 
9.8.7.6.5.4.3.2.1.0: DLAB : 
-------------------+------+-----------------------------------
1 * 1 111 1 x x x 

000 
001 
010 
01.1 
100 
1 0 :I, 
110 
1 :I. :I. 
000 
001 

o 
o 
x 
x 
x 
x 
x 
x 
1 
1 

Receive Buf (Read)/Holding 
Interrupt Enable 
In·tel"l"up·r: Iden·ti f ication 
Line Control Register 
I'loderl Con·tl"o 1 
1 .• i n€-~ S1:.:\t'us 
IrlociE-?rl Statu'S 
Ho'\:: Used 
Di vi SOl" ta'tch 
DivisOl" l.a·tch 

LSB 
,",ISB 

------------------- ------ -----------------------------------
. *: Bit· e. is all,mys "1" for' thf.~ t.<":i.l'lCH'y irl'tm"face 

Bit ~ i'!l> a II,Jays "0" fOl" ti1(o? S(·?<:()nd~"'l"Y i lyter-face 
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-----------------------------------------------------------------

j 

2l~'~ 3. 2 Secondal~y Sel~ i .. '\ I F'Ol~ot :rnotel~l~up 01: Opel~aotion 
1 ~ : \ 

.,' 
Interrupt Request line 3 (IRQ3) is norMally used for secondary 
cOMMunication operations. This line requires that the serial 
cOMMunication be enabled for interrupt, which is accoMplished by 
setting bit 3 of the ModeM control register (I/O ad~ressoX'2FC') 
to a value of "1". 

2.9.3.3 Secondal~y Sf?ria I .Q.91~to RegistEH"s and F'l~<:)gr'aJ'lJ'lin<;J 

= 
There are several data, contro~, and status registers that are 
Llsed fOl~ pl~ogl~~lin<:J the opE~l"'at"ion of °the Intel 8250 UART. These 
registers are ~~dressable by, ~he prograM Llsing t~e assigned I/O 
addl~ess of each l~e<;Ji stel~, as listed in the f 0 I I OI,Ji ngfiob Ie: 

REGISTER 

"k-1, rrri~~~:~=~gt~EE========== 
.~ ~sor Latch, LSB (DLAB=l) 

I ' Divisor Latch, MSB (DLAB=l) 
Interrupt Enable Register 
Interrupt Identification Register 
Line Control Register 
ModeM Control Register 
Line Status Register 
ModeM Status Register 

2.9.3.4 Secondary Port Interface Description 

I/O ADDRESS 
::======:::==:=== 

X'2F8' 
X'2F8' 
X'2F8' 
X'2F9' 
X'2F9' 
X'2FA' 
X'2FB' 
X'2FC' 
X'2FD' 
X'2FE' 

The secondary serial port" supports the saMe interface protocols 
that are used on the priMary serial port. Connector J8, located 
on the back of the COMputing Module (see Figure 2-13), is used as 
°the ~;(~(:ondal~y ~;el~ia I pOl~°1: exot(-:?l~na I inot(~l~face. lot isr:-:25-~F!..i+1 "~~.-_, ? 
sh e I I c: onm~c tor t"h a to i ~ .. _. __ llsed 'to. i nt ~l~f ac: E~ "tC) °t~ I BM ~er"; a-l---' 
ol')rlun:tEa-tToll-eXIJali~5i()1~- boal~cl (OptiOl - I,Jh(~n i °t is i m;ta 1 I eel in 

t" e COl'lpU o~ _ M€~ pOl~t. The i )..,.t:el~fac:e 
~;:i<Jna 1 I i ne~~ al~(-:? shol,Jrl in Figul""e II DUY1ciS 
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-----------------------------------------------------------------

1"'1" :', :-.--_.-.-.-.. - ----.. --- .. - --.- -.- - ---.- .-.. - --- - .------.-.- .. - - .. _- --.- ----.--.--- - - "---'--'-"---"-"--
,·1'" ' 
~ " ! 

SERIAL 
EXTERNAL 
DEVICE 

Rear View of the COMputing 
Module shown the reserved 
Slot for the Secondary serial 
COMMunication F'o~t. 

'~ . . 

Fiqure 2-13: Back of COMput'inq Module 

(Standard RS-232C Levels) 

01 --------------(GROUND)--~---------- 01 
02 (------------(DATA OUT)------------ 02 
03 -------------(DATA IN)------------) 03 
04 (--------------(RTS)--------------- 04 
05 ---------------(CTS)--------------) 05 
06 ---------------(DSR)--------------) 06 
07 ----------(Signal Ground)---------- 07 
08 ----------(CARRIER DETECT)--------) 08 
09 ----------(Not Connected)---------- 09 
10 ----------<Not Connected)---------- 10 
11 ----------(Not Connectect)---------- 11 
12 ----------(Not Connected)---------- 12 
13 ----------(Not Connectect)---------- 13 
14 ----------(Not Connected)---------- 14 
15 ----------(Not Connectect)---------- 15 
16 ----------(Not Connected)---------- 16 
17 ----------(Not Connected)---------- 17 
18 ----------(Not Connected)---------- 18 
19 ----------CNot Connectect)-------~-- 19 
20 (--------------(DTR)---------------.20 
21 ----------(Nct Connected)----------121 
221----------(RING INDICATOR)--------) 122 
231----------(Nct Connected)----------123 
241----------(Not Connected)----------124 
251----------(Nct Crn1nected)----------125 

I~S'x'NCHRONOUS 
COITII"IUNICATION 
INTERFACE 
RS'-232C 

Figure 2-14: Secondary Serial Interface (UART)connecto,' ,114~ 
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-----------------------------------------------------------------

·,·t 
;. ~ . ,j, . 

'2.9.4 Tertiary Ser~al COl'lMt.mication, USART 

0~e MAD-l ~Vides a Srlart sed .. I co",,,,mication port, 
l"e er~d to as .;rEor'ti<:H'Y ~l"'i a 1 j6'l'll'lt.mication. Th is ; COI'IMUl.1ic:ation 
in-tel ... face SUppOI ... ·ts ~yn(:hl ... onous, IBI'I _ is~mc ( C), and SDLe/HDLe 
Pl"'OtocO 1 sand utl. 1 izes t:he Inte 1" 8". rlul 1:i -Pl"'OtocO r ser'ia 1 
controller chip to provide a variety of serial cOMMunication 
functions. The Multi-protocol serial controller is capable of 
intel"'facing high-speed corlrlLmication 1 ine~;) I,'ith the l'1AD-l~ 
~ 1'he~ fl.mct:ir.H"J<,'\ 1 bl oc~ diagr'c\1'1 is shc)l,m in Fiqt.tre 2-15. CI 

The operation of the tertiar~ serial port: is not cOMpatible with 
IBM. It uses IIO address' spaces X'2ES' through X'2EF' for 
l"'efel"'(.:mcing data, cqn.:t;). ... oJ· d s·taotus r'egistco:?l"'S. These addl"'esses 
are not used by th. IBM PC/X nd therefore ~o not interfere with 
other IBM cOMpatib . 

The tertiary serial COMMunication port provides two independent 
sm"'ia 1 channc'? 1 s <)iI1<.~nrHo:? 1 I~ and B). Each channe 1 cc:mtai ns eigh·t 
internal write, and three internal read registers. Both sets of 
registers May be accessed by either ch~nnel. 

FOI'" nen"'I'I,:\) op€~l"'aticm, ~\nne 1 A is ojuPlpf~'l~e~cl t:o SUPP01 ... t RS-232C eno' 
RS-422 ~l,.tf:?l~f<~(:('~ Pl~ootocol and ?arm~?l B i·s d(-?~;:i.gnaoted °tCJ SllPpOl~ot 
the optlona) Internal ModeM. 
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,:;~~,. i "i", • __ • _______ . __ • ____ • ____ •• __ •• H_ •• _____ ••• _ •• _ •••••••• _ ••• _ ........ _ ••••••• _____ .. _ ...... _____ •• _._._._._. __ .. _______ • __ 

Ter~iary Func~ional Block DiagraM 
shows its relationship to the systeM 

------------------------------------------------------------
Pi9ure 2-15: Tertiary Block Dia9raM 
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.t,l 
" 

I/O addresses X'2EB' ~hrough X'2EF' have been assigned ~o opera~e 
the °tel"otial"y sel"i<."'\ 1· (:ol'll'llmication por''t. As.~oned ear'l iel", 
'these adch"esses a1"e no't used in the(IBt'1 ~~'c/~~systel'ls and 
'th e1"e"f Ol"e do 110t i n'tel""f el"e ',1 i °th oth et" c ~'t: i b 1 e o-p e1"a °t i o'ns • 'rh e 
descriptions of the registers used by the tertiary: ~port are 
listed be 10',1: 

Tertiary Channel A Data: 

" . 

7 6 5 4 3 2 1 o 
------------~--------------------, X'2E8' , 
--- --- --- --- --- --- ---'---

Tertiary Channel A Status: This register is used to read the 
contents of anyone of the three internal read registers pointed 
to by the register pointer value set in the COMMand register. 

7 6 5 4 3 2 1 o 

X'2EA' 
--- --- --- --- ---:~-- --- ---

Tertiary Channel A COMMand: 

7 6 5 4 

X'2EA' 

2 1 o 

-----+-----

+-) Internal Register 
Poinotel": 
000 = Regis~er 0 
001 - Register 1 
010 = Register 2 
011 = Register 3 
100 = Register 4 
101 = Register 5 
110 = Register 6 
111 - Register 7 
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-----------------------------------------------------------------
Tertiary Channel B Data: 

I~l 

7 6 s 4 3 :2 1 o 

---------------------------------X'2E9' 

Tertiary Channel B Status: This register is used to read the 
contents of anyone of the three internal read registel1pointed 
at by the register pointer value set in the cOMMand register. . 

., . 

7 6 5 4 3 2 1 o 
--------------------------------_. X'2EB' 

I --- --- --- --- --- --- ___ '~_-

Tertiary Channel B COMMand: 

7 6 :> 3 :2 1 o 
---------------------------------X'2EB' 

--- --- --- --- --- --- --- -----.----+.- ... _--

+-) Inter"na 1 Regi stel~ 
Poi n·tel~: 
000 = r-:e<;Jis"tf~l~ 0 
001 = Reg i s'ter' 1 
010 = Reg:istel~ 2 
011 .- Re<Jistel~ 3 
100 -. Registf:l~ 4 
10l. .- Reg i s ter' 5 
l:LO = Reqist:::'r 1.. ... 
111 .- Reg i s 't(~l'" 7 
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I 

~~9.4.2 Tertiary Interface Conn~ctor 
'Ii' 

Connec'tor' .J14 i~; a' 2~5-pin "D" sh~:?ll c(:mne(:·t()l~ in thf? bad'" of the 
cOMputing Module and is connected to the tertiary port interface 
logic. The location of the connector and its pin assignMent are 
shown in the Figure 2-16 and the interface signals are. shown in 
Fig"'ll~e 2-17. 

-------------------------------------------------------------

, 
" 

Rear View of the COMputing 
Module shown the J14 connector 
Slot for the Tertiary serial 
COMMunication Port. 

-----------------------------------------------------------
Figur'e 2-16: Back of COMpu~ing Module Showing \ . .J14 
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SERIAL 
EXTERNAl. 
DEVICE 

. (Standard RS-232C Levels) 

01 ----------CNot Connected)---------- 01 
02 (---------CTransMit Data)----~----- 02. 
03 -----------CReceive Data)---------) 03 
04 (----~---------CRTS)--------------- 04 
OS ---------------(CTS)--------------) 05 
06 ---------------CDSR)--------------) 06 
07 ----------CSignal Grounct)---------- 07 
08 ----------CCARRIER DETECT)--------) 08 
09 - - - - - - - - - - (Nc)ot' Connecoted) - - - - - - - - - - 09 
10 ----------(Not,Connected)---------~ 10 
11 (--------CSelect Standby*)--------- 11 
12 - - - - - - - - - - (No"/; Connec °ted ) - - - - -.- - - - - 12 
13 ----------(Not Connected)-----~---- 13 
14 ----------(Not Connected)---------- 14 
15 ----(TransMitter Signal TiMer)----) 15 
16 ----------(Not Connected)---------- 16 
17 ------(Receiver Signal TiMer)-----) 17 
18 ----------(Not Connected)---------- 18 
19 ----------(Not Connec"ted)---------- 19 
20 (--------------CDTR)--------------- 20 
21 ----------(Not Connected)---------- 21 
22 ----------CRING INDICATOR)--------) 22 
23,(---(Data Signal Rate Selector)---- 23 
241----------CNot Connected)---------- 24 
2SI----------(Not Connected)---------- 25 

.. ;. 

BINAF:Y 
SYNCHRO"IOUS 
COMI'1UNICATION 
INTERFACE 
RS-232C 

0)f Not EIA 
Sota neta l"'et 

Figure 2-17: Tertiary Serial Interface (USART)connecotor' ,J1 04r9-
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2.9.5 Serial Interjace Line Voltage Specificat~on 

rTh is section descr'ib(~~; the signa 1 vo 1 tage 1 eve 1 s 'c. for' da'ta 
~hange over the interface cable between the serial port'and the 
external device. Depending on the 'type of serial int~~face and 
protocol, signal voltage levels May be different for the receiver 
and tr'ansMi tter' logic. 

As shown in Figure 2-18, data transMission consi~ts of two 
states: 'l'1ar'l~i ng'} I,'h ich denot(.?s bi nar'y "1"; and . Spac i ng', I,'h ich 
denote!:.;. b i na ry "0" • Dep encli ng on th e p r'otoc 01, ec\c h end of th e 
cable May have different voltage levels assigned. Figure 2-19 
describes both the valid and invalid voltage levels and the 
loqical state of 'the line in r'epr'esenting "0." or' "1". 

1'l"'ansl'd t 
Da'ta 
I"lar'kj. n<;) 

: Stal"t 
: Bi't 

DO D1 D2 D3 D4 D5 D6 D7 pdJ'1fq 

" , 
:S'top 
: Bi't 
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DRIVER END 

+15~------:::::------: 
LEVEL 

Active state 
Da"ta Bit = 0 

rT\ +3~ -----------------+ , 

RECEIVER E~ID-

+-----------------
VALID 
LEVEL 

+-----------------

+lS(y 

- - - - - - - - - - - - ZERO VOLTAGE LINE - - - - - - - - - - - --36 ------------ -- -- -., 
VALID Inactive State 

+~----------------

VALID 
') LEVEL : Data Bit = 1 LEVEL -15D -----------------~ +----------------- -15 
Fiqure 2-19: Voltaqe Levels For Asynchronous Serial 

COMMunication Interface Siqnals 
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2.9.5.2 Interface Signal Level For Tertiary Serial Port 

The Tertiary Interface confor~s to EIA RS-232C/CCITT V.24 
inter'face signal 1 ev€" 1 5, c\s '.l>hc)I,Jn in 'th&~ fOllC)"Jingfigl.ll~e: 

DRIVER END 
-----I J /~ 'r 

+15 ~ -----------------; 
, LEVEL t;.J VI~LID 

+5 Vdc -----------------+ 
Ac"tive S'tate 
,Da't<.-\ Bit::: 0 

F!ECEIVER' END 
+------------------

VALID 
l.Et)EL 

+-----------------
- - - - - - - - - - - - ZERO VOLTAGE LINE - - - - - - - - - - - -

-5 Vdc , 
'-..-// 

-----------------+ 
VALID 
LEt,.'EL 

-1~5 0~_k -'-------------"---+ 

Inac:t"ive State 
Da1:a Bi"t ':: 1 

+-----------------
'')ALID 
LEVEL 

-3(9 

--.../1 +-- -- - - - -- - - ----- - -25 r9 
Fi<;JLn~e 2-20: VA 1 ta<;Je Leve 1 S Fol"" Synchr'onoLls Ser'ia 1 

COMMunication Interface Si<;Jnals 

T~:?chnica 1 Ref ~:?l~~:?nC~? ITI<":\nua 1 840707: 20 + 07 
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------------~----------------------------------------------------

2.10 PARALLEL PRINTER INTERFACE -------------------------------
. fei£;O~ / .---.- -------'. "',. 
1 Dhe MAD-1 A t,JOl~I'\s'ta~~ion SUppOl~'ts a (F'c\l~a 1 1 e 1 'j (~nt'l"'onics I cOl'lpat:ib 1 e) F'ri nt:el~ In'tel~fa2e that' is spec:1frcaH-y--desiijned to be 
~ at't'ached t'o-print'e\"'s I,Ji'th pal~allel pOl~t intel"'face. HOIIJeVel'", t:his 
t.l P01"'t I'lay be used as a genel"'a 1 Input/Output port J01'" any device 01'" 
p applica'tion that suppor'ts its protocol. The~terface consist:s 
, of 12 TTL-buffer output point:s, which can be writ:'ten or read 

l< nder l< nde,' p roq,'a.. con 1;r.o 1 l< 1; ili:z: i nq 1;h e p roc es so,' ";;:~U'r..~. 
1 nstl"uctlons. . ,. .. pvt' ~f-

Intel"l~upt Request' 1 ine 7 (IR(~7) is used by t.:.his P01"t to intel"'l"upt 
the processor when the ACKNOWLEDGE signal is~asserted. IRQ7 is 
jUMpered 'to the PrograMMable Interrupt Controll~r <Int:el 8259A-2) 
via JUMper W-25, and can be enabled or disabled under prograM 
control. The Reset line frOM the Power-On circuit'ry is ORed with 
t:he prograM output point which allows 'the device att'ached to 'this 
port to receive a Power-On reset: when t:he processor is reset. 

2.10.1 Parallel Interface Operation 

rTil is POl"'t, I,Jhf?n (.')p(~l~a'ti ng I,Ji'th an a't'tachf.~d pl~i n'tel~, loads 'the 
~a or the prirrter COMMand int:o its 8-bit output: latches and 
then writes the latched data onto the printer with the strobe 
line generated by the processor. At this tiMe, 'the prograM May 
read the input port for prin'ter status to deterMine when 'the next 
character is to be strobed onto the printer, or it May interrupt' 
'to infor!,l the pr'ogl~a!'l that 'the pl~intel~ is "NOT BUSY". Since 'the 
print' data are latched onto the oUt'put lat'ches prior to actual 
print, the output May be looped and read back for diagnostic 
purposes, which allows the fault to be isolated between the 
interface and the attached device. The printer interface block 
diagraM is shown in Figure 2-21. 
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-----------------------------------------------------------------

Printer Interface Block DiagraM 

I ' 

I 

~ 

f f 
f f ------------------------------------------------------------

Fi<;JUl"'e 2-21: Printer Interface Block Dia<;JraM 
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-----------------------------------------------------------------

2 .10.2 Para 1 1 e 1 Intel~face Connectol" 

cn1e InpLl"t/Ou'tpu"t si9na I s ar'f~ 1'}(.'\(.,1(o? avai I ab Ie a·t ·th(o~ 25-p in "D" 
shell connector J13 located on the back of the cOMputing Module. 
The signals are standard TTL capable of sourcing2~~ MA and 
sinking 24 MA. The location of J13 is shown in Figure,: :2-22 and 
the interface signals are shown in Figure 2-23. 

****** C A UT I ON ****** 

Care Must be taken t,o, ensure that no extE;?rna 1 
device pu 1 1 s any of these 1 i nes 101" to qrollnd. 

***************************~*** 

--------------------------------------------------------------

Rear View Of the cOMputing Module 
ShC)I,lll ·the "D" She I I . ..Tl~3 COl1llf.i?c·tor' 

I I 
I I ------------------------------------------------------------

Figure 2-22: Back of COMputi nq Modu 1 e Shol.Ji ng .. T13 
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I'IAD COI'IPUTER CENTRAL PROCESSING UNIT 

-----------------------------------------------------------------

PRINTER 
DEVICE 

(Standard TTL Levels) 

-------------(-STROBE)------------- 01 
-----------(+DATA BIT 0)----------- 02 
-----------(+DATA BIT 1)----------- O~ 
-----------C+DATA BIT 2)----------- 04 
-----------(+DATA BIT 3)----------- 05 
-----------(+DATA BIT 4)----------- 06 
-----------(+DATA BIT 5)----------- 07 
-----------(+DATA BIT 6)----------- 08 PRINTER' 
-----------(+DAT~ BIT 7)----------- 09 INTERFACE 
-----------(-AC~NOWLEDGE)---------- 10 
--------------~+BUSY)-------------- 11 
--------(+P.END~ Paper Encl)-------- 12 
-------------(+SELECT)------------- 13 
-----------(-AUTO FEED)------~----- 14 
-------------(-ERROR)-------------- 15 
-------(-INITIALIZE PRINTER)------- 16 
----------(-SELECT INPUT)---------- 17 
--------------CGROUND)------------- 18-25 

Fiqure 2-23: F'l"i nter & Pri nter Interface 
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MAD COI'1F'UTER CENTRAL F'ROCESSING UNIT 

-----------------------------------------------------------------

, I ' , 
2. 10.3 PrograMM i ng Cons i del~a t ions 

'9 Q.hel~e al~e five Input/OLl'tput i ns'tl"'Llctions ",h icll 'the pal~a I I e I 
I':l~ J,ntel~fact" l~esponds to: t',10 of 'the five1J/O ins:t:ruc,tions are used 
~ for output operations and the reMail~ three are used f6r input G operations. The output instructions are used for transferring 
8 data into the bus buffer and data latches, whose outputs are 
I present on pins 18-25 of the parallel interface connector (J13). 
DTwo of the three input instructions ~re used by the processor to 
~ read the contents of the bus buffer and the data latches. The 
\\ thil"'ct input instl~Llc'tion is used b~1 'the pl~ocessor' to l"'ead 'the l~eal 
: tiMe state of the signals ~on the parallel printer interface 

.. conneC'tol"'. For' Pl"'(J<,Wal'll'ling :t.his pOl~'t, 'the l'1AD-l SUppOl~t1; liD 
',addresses X'3SC', D', and X'3BE'. liD addresses X'378 
. X' 37F' LlSf?d by I l"'e l1()'t suppol"'ted •. 

Status Register: '~~~gister is used to read status frOM, and 
write initialization status to the printer interface. 

7 6 

: x : x : 
X' ::mF.:' 

5 3 1 o 

WRITE 
3:ni t'le\ I LZc\t:ion 
S'ta'tu'!; 

+---) State of Pin 1 
"-STROBE" 

+---) State of pin 14 
"-AUTO FEED" 

+---) State of pin 16 
"INITIALIZE PRINTER" 

+---) State of pin 17 
"-SELECT INPUT" 

+---) Interrupt Enable Status 
o :: Disah h?d 
1 :: Em:\b 1 fN:l 

+---) Data Latch Enable Status 
o = f.:11ab 1 ect 
1 :: Disabled 
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-----------------------------------------------------------------

rTI,e l'1AD-1 pr"ovides a r"eal-t'il'le and date (:alendar facil~t'y using 
~ MSM 58321 chip with back-up battery. This chip c6ntinues to 
operate when the systeM is powered off using the battery back-up 
systeM to Maintain DC power. DC pOWer will be supplied to the 
chip for up to five years with no other power supplied. 

An a-bit control and an a-bit data register are used for handling 
the COMMunication between t'he MSM 58321 and rest' of the systeM. 
Since the clock/calendar facility shares the saMe I/O address 
space (X'3BC,3BD-~,*-'agsiqned"to-·the--,pa~~el. pr"inter'-, the data 
1 c\tch€-?!!j. in t!l7 !ar'a 1 1 e 1 Pl:~.nt~~)::J.n.!~I"L~\~~,. 1 o<;1i c "lust be enab led 
WITHOUT S 'tl~O~ d a:l-~. '1-0 'the--" P)~ i l,.tel~ us i ng th e In i t i ali :z:a 1.:' i on 
Register at I/O address X'3BE' 

------------------------------------------------------------I 

Clock/calendar Logic Drawing 

----------------------------------------------------------Figure 2-24: C) ock/Ca 1 endar Logic Diagr"al'1 

Technical Reference Manual 840707:20.07 2-91 



I'IAD COI'lF'UTER CENTRAL F'ROCESSING UNIT 

2. 11 • 1 C 1 oc k/Ca 1 end a r Req is tel'''s 

Cf~ c 1 oc 1.,/ cal enda l~ MSI'1 ~58321 chi p p l'()V i des an 8 - b i"t c m1"tl~o 1 
register and an 8-bit data register to allow the user to set the 
internal counter of the chip under prograM control; 

Clock/Calendar Cont:"rol Reqist:"er: This registf-"l' is used' by the 
systeM to write six bits of control inforMation to I/O address 
area X'3BD' as shown below: 

X'3BD' 

7 

x 

5 

,. , 

3 2 1. o 

+ - - - > Wl~ i "te 
.... "- - - > F:e;;\d 

+---) Chip Select 
+- - - >. S"\:op 

+---) Address Write 
+---) l'f:.'st 

+---) Data Direction Bit 
0=: Data In 
:L::: Da"ta OU"t 

Cl ock/Ca 1 endal'" Data Reqist'el"': 

X'3BC' 

7 I~ 4 2 :L o 
---------------------------------x x x x : 

-------+-------
, , 

+- - - > Date\ bi t"S 
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-----------------------------------------------------------------

2.11.2 Clock/Calendar ProqraMMinq Considerations 

dhe foll ol,Jing /~bl e pr'oviclf?s 
wri~~en into ~~e data register 
o (Write) and bit 4 (Address 
s.~t to "1". 

VALUE IN DATA REG. 
==================== 

X'OO' 
X'Ol' 
X'02' 
X'03' 
X'04' 
X'OS' 
X'06' 
X'07' 
X'OB' 
X'09' 
X'OA' 
X'OB' 
x'oe' 

the translation for the values 
and the internal counter, ~hen bit 
Write) of the control regi~~er are 

INTERNAL COUNTER 
==================== 

Ser.:ond l' 5 

S(~cond 10 ~ s 
I"linute 1'5 
''1inL~·t..e 10' s 
Houl'" l' S 
1-!()Ul"'S 10' So 

Da~y of W~H?k. 
Day :L's 
De\Y :I.O's 
l'Ion'eh l' s 
Month lO's 
Yeal'" 1 ' So 

Ye<:' ..... 1.0's 
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-----------------------------------------------------------------

~e configur'a'tion SIJJ:i"tch is an 8-bi"t dip SI.o,i't(:h loc;,a't:ed on, 'the 
boal"d in 'the corlpl.lt:;Xl<;J._"rl(?g~\le. This sl,Ji'tc:h corlbines 'the 

func'tions of ~'Brr PC sys·terl cmlfi.fJlu"a'ti(Jn sl/Ji'tches as shol/Jl1 in 
'the following able: ~ 

. ----------
'. ' 

Drawing of Switch posi'tion on 
the CPU board and the Swit:ch 

position for On/Off 

----------------------------------------------------------Piqure 2-25: S',Ji 1:ch Posi t'ions 
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l'lAD COI'1PUTER CENTRAL PROCESSING UNIT 

SW 1: 
MAD-l - Off PDsi~ion - Boo~ froM Floppy Disk Drive 

On Position - Boot froM Hard Disk (if ins~alled) 
IBM PC- Off Position = Floppy Disk not installect. 

SW 2: 

SW 3 

SW 5 

I"'IAD-l 
IBI'l PC-

and 4: 
I'IAD-l -

IBrl PC-

and 6: 
I'IAD-·j. -

IBITI PC-

SW 7 and 8: 
rIAD·-j. _. 

IBITI F'C-

On Position - Floppy Disk installed, 

Not Used (Set to On Position) 
Off Position - Co-Processor 8087 installed. 
On Position = Co-Processor 8087 not installed. 

SW 3 Off, 4 Off .. 1"el'lOl~y size 1.281< 
SW 3 On, 4 Off = l'le1'10 r'y si:z:e 25.$1< . 
SW ':> Off, 4 011 - I"'lel'lol~Y size 3841< '-' 

~3W 3 On, 4 On - l'lel'lOl~y si:z:e 5121< 

SW :i Off, 4 On = 1"" !::~ I') C)l~ ~!r) size L281< 
SW 3 On, 4 Off = 1'1~?l'lOl~y si:z:e 1'1'21< 
SW 3 Off, 4 Off .. "'el'lory size 2~>61< 

SW 5 Off, , Off 1'loncH:: h l~Ol'lE~ 1)i sp 1 ':'~:h 1'1Ol~€~ than :l. .;:. -
S~J ~5 Off, .$ On .. Co 1 O)~ Display, 40 x 25 Co 1 Ol~ l'lode 
SW 5 On, 6 Off = Co 1 Ol~ Di!!"pla~,1, eo x 25 Co \ C)l~ I'lode 
51'" ~5 On, 6 O-n = US(;~ COI'1 :l devi<:~? ~.~; con'::;oi e 

sw ::; Off, 6 Off -. l'lonc>c: h 1~OP1e Di sp 1 "\~h I')Ol~((~ thCi,n 1 
Sl/J ~5 Off, 6 On .- Co I Ol~ Di':;;'p 1 :ay, 40 x 2~5 Co I 01~ ''lode 
SW :5 On, 6 Off = Co 1 CH' Disp I "'Y, 80 x 2:-> Co 1 Ol~ "lode 
S~J 5 On, .6 On .. No Moni·tQ)~ i ns·ta 1 1 (~d 

SW 7 Off .f 8 Off - OnE:' Floppy Dl~i V€~ i n~~·ta 1 1 eel. 
SW 7 Off, 8 On = TI/IO Fl opp~; D1~ives i 11';:; '1;';:.'\ 1 1 ed • 
f:::W 7 On.t 8 Off -. Thi"ee FlopPV Ikives i n~;:ta 1 1 €,'c\ • 
SlJ) 7 On, .g On .. FOLl1~ Floppy D1~iv.:~s i n~;; '1.:" a 1 led. 

SW 7 Off, B Off ... Onf.-~ Floppy Iki v~:·~ i m;ta 1 1 ed. 
SW 7 Off, 8 On = TI,IO Floppy Dl~i V(':?5 in1;;ta 11 ed. 
SW 7 On, 8 Off = Th)~ee Floppy Dl~i V€"S i nl,;'ti:\ 1 1 eel. 
SI,) 7 On, 8 On = FOLl1~ Floppy D1'iy(~s installed. 
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-----------------------------------------------------------------

Index 

80186 Internal Register Map 22 
C 1 oc k/ £:,;:\ I enda 1"' Contl"'O I Reg is tel"' 92 
Cl oclo\~a I endar' Data Registf~l"' '72 
Clock/Calendar Registers 92 
Clock/Calendar, MSM 58321 chip 91 
CTO-2 48 
Direct MeMory Access CDMA) 36" 
Divisor LSB Latch 63 
Divisor MSB Latch 63 
DMA Base & Current Address R~~isters 37 
DMA Byte Pointer Regsister 41 
DMA Clear Mask Register 41 
Dt'IA COl'll'lancl Req1i stel"' 38 
DI1A 11<.".\sI0\ S~~·t/I~(-~·t I:;:eq~istel"' 40 
Dt'IA ITlode F~ea~i.!:j. t'el" 4(;0 
DI'1A Pl"()ql"'<:\I11liIT'ng Cons:i d(~l"'a °t i on 37 
DMA Registers 36 
DMA Request Re< ister 39 
DMA Status Re~ 'lster 39 
DMA TeMpOral"' Register 41 
Dt'IA ~~r'i ·te A 1 I I'"lasl.c, RE\<;ri.r-fZ01", 41 
I/O Channel Diagl"'aM 30 
I/O Channel Signal Descl"'iption 31 
I/O Expansion Bus 31 
Initialization COMMand WOl"'d 43 
Initialization COMMand Wordl(ICW1) 
Initialization COMMand WOl"'d2(ICW2) 
Initialization COMMand Word3 (ICW3) 
Initialization COMMand WOl"'d4 (ICW4) 
Input/Output (I/O) Channel 29 

43 
44 

44 
44 

-'"-> 

I ntE~ 1 82~>O I /() DE~SC: d. p t: i em 58 h a.J-~ u -r 
Intel"'"face Signa I Leve 1 Fm"' Pl"'il'lal"'Y Setrl"':.li!JaUl-t:P£(J!Ir~·!::.~ -,8~'3----""'" LV 1\ 7 
Intel"'face Signa 1 Levf.~ 1 For' Tel"'tial"'Y Sf.H'ie\ 1 F'0l"""t 84 seconcxtJ.V'lf ... 
Interl"'upt Control, Intel 8259A 42 
Interrupt Enabled Registel"' 66 
Interrupt Identification 66 
Interrupt Level 0 thl"'ough 7 42 
Interl"'upt Progl"'aMMing Consideration 47 
Interval TiMel"' Channel, Intel 8254 48 
IROO-7 43 
Line Control Registel"' 68 
Line Status Register 70 
I'"la i n t"el'lC)l"'Y 24 
Main MeMory Cycle TiMe 26 
Main MeMory Refresh 27 
MeMOl"'Y SubsysteM 23 
Microprocessol"', Intel 80186 16 
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-----------------------------------------------------------------
ModeM Control Register 69 
ModeM Status Register 71 
NITII r~eg:i.st·E'l"' 42 
~~n-Maskable Interrupt 42 
Operaticm CC)MMand WOl"'cl 4~~ 

Operation COMMand Word (OCW1) 45 
Operation COMMand Word (OCW3) 46 
Operation COMMand Worct2 (OCW2) 46 
Parallel Interface Connector 87 
Parallel Interface Data Register 90 
Parallel Interface Initialization Status Register 
Parallel Interface Operation 85 
Parallel Printer Interface 85 
F'al"'i·ty Bit 27 
PPI Mode Register 50, 50, 51 
PPI Port B Register 52 
PPI Port C Register 52 
PPI Port Operation 50 
PriMary Interface Registers and PrograMMing 65 
Prif'lal"'y I nt'(;:ol""f<:'\Cf? I Baud G(~n(-?r<:"\tor' 62 
PriMary Port Interface Connector 64 
PriMary Serial COMMunication, UART 56 
Processor I/O Pin Description 18 
PrograMMable Peripheral Interface, Intel 8255 50 
F'l"'D<;.n"":"tl'll'lC\.b 1 e Rec\d On I V ITI c'I'ID I"'!>' (pr~()M) "27 
Pl"'ogl"'aMMing Consictel"'ations 89 
PROM Cycle TiMe 27 
Secondal"'Y Port Interface Descl"'iption 74 
Secondal"'Y Port, Functional Descl"'iption 72 
Secondary Serial COMMunication, UART 72 
Secondal"'Y Serial Port Intel"'l"'upt Opel"'ation 74 
Seconctal"'y Sel"'ia I -E;()l ... ·t Regi~~tel"'s and F'rogl"'af'll'ling 74 
Ser'j.a I CC)Ml'lUnicaffon Int:el"'face 53 
Sel"'ial COMMunication Interl"'upt 55 
Serial Interface Line Voltage Specification 82 
Status Registel"' 89 
SysteM Configul"'atio~ Switch 94 
Tel"'tial"'Y Channel A COMMand 78 
Tel"'tial"'Y Channel A Data 78 
Tel"'tial"'Y Channel A Status 78 
Tertiary Channel B COMMand 79 
Tel"'tial"'Y Channel B Data 79 
Tel"'tial"'Y Channel B Status 79 
Tel"'tial"'Y Intel"'face Connectol"' 80 
Tel"'tial"'Y Port Pl"'ograMMing 78 
Tel"'tiary Sel"'ial COMMunication, USART 76 
TiMel"' Channel 0 Data Register 48 
TiMer channel 0-2 Data Registel"' 48 
TiMel"' Channel 1 Data Registel"' 48 
TiMel"' Channel 2 Data Regis~el"' 49 
TiMer Channel Control Register 49 
'I'i~el~ COl'ltl"'O I Req i s t(-?l" 48 
V/VF~egi stel"' '-,5 
Video Display Buffer MeMory 27 
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-----------------------------------------------------------------

'Tab 1 e of Con·t(~nts 

Chapter 1 blank 1 

Chapter 2 CENTRAL PROCESSING UNIT 

2.1 INTRODUCTION 
2.2 80186 MICROPROCESSOR 

2.2.1 80186 Processor I/O Pin Description 
2.2.2 80186 Internal R~9ister Map 

2.3 MEMORY SUBSYSTEMS 

2.3.1 Main MeMory 

2.3.1.1 Main MeMory Cycle TiMe 
2.3.1.2 Parity Bit 
2.3.1.3 Main MeMory Refresh 

2.3.2 Video Display Buffer MeMory 
2.3.3 PrograMMable React Only MeMory (PROM) 

2.4 INPUT/OUTPUT (I/O) CHANNEL) 

2.4.1 I/O Channel DiagraM 
2.4.2 I/O Expansion Bus 
2.4.3 I/O Channel Signal Description 

2.5 DIRECT MEMORY ACCESS (DMA) 

2.5.1 DMA Registers 
2.5.2 DMA PrograMMing Considerations 

2.6 INTERRUPT CONTROL 

2.6.1 Non-Maskable Interrupt 
2.6.2 Interrupt Level 0 Through 7 

2.6.2.1 Initialization COMMand Word 
2.6.2.2 Operation COMMand Word 

2.6.3 Interrupt PrograMMing Consideration 

2.7 INTERVAL TIMER CHANNELS 

2.7.1 PrograMMing Consideration 

2.8 PROGRAMMABLE PERIPHERAL INTERFACE 
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MAD COMPUTER VIDEO CONTROL AND DISPLAY 

rTh i s chapt"el~ c<:mtai ns the physica 1, fum:tiona l, and (.)pel~a1:iona 1 
~criptions for the video control and video display used in the 
MAD-1. ' 

O: .. h€~ vid0m c:ontTol bC)<:'l~d is u~;ed :i.n cCHljunc:tion 
board to provide video control signals and 
~nC)c h l"'OPle and c: 0 I Ol~ / <;_Il~c'p hi c s cl i sp ", ay " Plodul e • 

I/}:i_ 1:: h 
data 

CPU 
-the 

I-t is a 5 1/4" by 14" fO::)Ul~ laY~?l~ pl~:i.n-tf?d c:Ll~cui-t boal~d (see 
Figure 3-1) which Mounts on a short bracket above the CPU board 
in the cOMputing Module. Power supply voltages and control 
signals are supplied through two connectors: the Main bus 
connector and an auxiliary connector used for expanding the I/O 
bus data to 16-bit data bus. 

video controller Board diag. 

Fiqure 3-1: Video Cont:l"'o 1 1 er Boal"'d 
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MAD COMPUTER VIDEO CONTROL AND DISPLAY 

-----------------------------------------------------------------

._-----------------------------------------------------------------

diagraM of back end of the cOMputing Module· 

" ' 

, ' -----------------------------------------------------------------

Output: 
'to the 
f'i <JI.I l"'€~ 
1'1(;)(.i u 1 (~ 

Figure 3-2: 'Back of COMputing Modulp b ,I' "thIS" 
~' whfcn a:lra /6 yete.Yrirla 

viclf:~O cont'l"ol signa 1 f:;' <;,Ien(~H'at€~d em "h:i."· boar"d c\l'''€~ Cc\l""l""iecl L? .:J 
vid(~o J:>()(~l"'d uni't via ·thf? 9-pin "D" '51"\/)(0: C01-.rl(~c'tor' ( .. J:LO). TO _ 
:-3-2 ShOl/JS 1.':he cemnE~ctr.)l""~;;' on t:h~' back of ·the.'·· CtorlPllti ng 
and TaJ:>le 3-1 provides the pin list: ~-

Table 3-1: Pin List and Signal NaMe 

Video Signal Connectol'" (J10) : 
Pin ~ : Signal NaMS 

= = =: ~ = = =:.~=(~~; =_:.~~:~:: s=p:ef) =~=uf-='l~~U(id 1/ 
'---~ ... * 2 : Vertical Sync : 

3 Red 
4 Gl"'e.'E-m 
5 Blue 
.:- In'tEmf:i-i'ty 
7 Monochl"'oMe Signal 
a Hor"izemtc\ 1 
9 Ver,,·t i c ::,~. 1 Sync 

*: Switch selectable: 
a) COI\lPos>i~Sync: via s;.elec'tin<;,l jUl'lPEH" W-9 
b) Gl"'ound via selecting JUMper W-l0 

Note: The signals are driven wi'th low-power-schot'tkey, 
and support one load at the output. Certain address 
lines May have up to a MaxiMUM of two loads. 
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-----------------------------------------------------------------

(the video disp I ay con'tl"'oll el'" c:ol'lbin€~s 'the fW1c:tions Of :both 'the 
MonochroMe and color/graphics display adapters, exc~pt that it 
does,~pl"'ovide COl'lpc)site COlOl'" video. 

NO,\, 

Note: SiMultaneous MonochroMaand color/graphicS 
are not supported. ' A 

Five Modes of operation are ~upported by the video board. They 
inc 1 ude the I'lonoch1"'Ol'le a I phamou'le1"'ic sUPPo1"'ti.n<1 an 80 col lll'll'l by 25 
line display screen, two color alphanUMeric ~odes, one at 80 x25 
and the other at 40 x 25, a MediuM resolution graphic screen a't 
320 x 200 , and a high resolution screen at 640 x 200. The 
I'lOnOC h l"'()l'le and col r.)1'" / <.;I1"'ap h i ~ I'l()des a 1"'9 S(-? 1 ec °tr.o?d v i a d iff el"'(~not I/O 
address spaces (MonochroMe'by X'3B4' thru X'3BF', color/graphi(~· 
by X'3D4' thru X'3DF'). Both address spaces are supported on the 
bus and dec:oded by the video disp·lay board. For a quick 
reference, the SUMMary of the video display Modes is listed 
.b€~ 1 OI,J: 

MODE CHARACTER CELL COLUMNS X LINES 
========================= ============== =============== 

MonochrOMe AlphanUMeric 
Color AlphanuMeric 
Color AlphanuM,ric 
MediuM Resolution Graphics 
High Resolution Graphics 

'7' x :1.4 
8 x 8 
8 x 8 

Figure 3-3 shows the functional block diagraM 
displc'y boc\l"'d. A cOl"'lph:rte dE~scriPtjoo~of t:hf:~ 
MeMory layout are shown in the followingFigure. 
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MAD COI'lF'UTER VIDEO CONTROL AND DISF'LAY 

-------------------------------------------------------------------

video control)er Board block Diag. 

-----------------------------------------------------------------
Pigure 3-3: Punctional Block DiagraM 
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MAD COMPU'rER VIDEO CONTROL AND DISPLAY 

3.2.1 Video MeMory Map 

Q~e video contl'''oll er' boal~d is design6.'d al~ouncl 'the 1"101:01''''01 a 6845 
RT con'tl~O 1 1 el~ I,d'th 161< by1:es of s'ta"tic I:;:AI'I (no pal~i "ty bit) used 

for buffering alphanuMeric data and as a bit-Map ~fo~~ g~aphics 
data. Two consecutive bytes, character and its attribu't~" can be 
I,H"i't'ten to the display buffer" in 835 .1:'ls;~1' pl~ovid:i.ng ii\' data r"ate 
of 1.2 Mega bytes/second. Figure 3-4 shows 'the MeMory Map of the 

, Yiyte static RAM. 

? 4f 

Note: The Merlol .... y Map used fOl~ Monochr"'orle clisp 1 ay is 
loca'ted i nAdi ff el~ent: addl .... €~SS t"han the rl€-~rlol~y 
Map used for the color display. 
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MAD COJ'1F'UTER VIDEO CONTROL AND DISPLAY 

----------------------------------------------------------------~ 

7 6 4 3 1 o 

7 5 4 2 :l o 

:BL : R : G : B : I : R : G : B : 

-+- -----+----- -+- -----+-----

Ch a l~ac ·tel~ Code 
Even Addl .... E~ss (1"1) 

At"tribut'<-? Code 
Odd Address (M+l) 

+---) Foreground Color 
+ - - - > Il'l'tens i t'~; 

+---) Background Color 
+---) Blink 

Fiqure 3-4: MeP'lor-y Map 
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MAD COMPUTER VIDEO CONTROL AND DISPLAY 

-----------------------------------------------------------------

3.2.2 Re<;Jisters 'I i 

IThe MO"t:Ol~ol <:0\ 684:~' CRT contTC) 1 1 €H' Pl~(".)v:i.des tl,IC) 8-hiot l~e<;}istm~s 
~Ch are used for external interface logic <external to the chip 
iotself). On€-~ of th€-~ l~e<;Jist€-n~s, the index r'egist€-H',<is.used to 
select one of the eighteen internal registers in the 6845 
controller chip. The index register is also addressable: by the 
pr'o<.wal'l, addl~ess X' 3D4', fOl~ corlpa1:ibi 1 i ty I,Ji th pr'ogr'ar'X I,JI1 ich 
address the IBM PC color/graphic display. The second register is 
used as a data register. The data register is also addressable 
by prograM with an addres~ X'3DS' (for cOMpatibility with 
~:;of tl,}a l~e) • 

In addition to the two registers provided by the CRT controller 
chip, the video display controller provides ~hree More registers; 
the Mode control register, the color select· re<;Jister, and the 
status register. These three registers are addressable with 
addresses X'3DS', X'3D9', X'3DA' (for COMpatibility with prograMS 
addressing the IBM PC MonochrOMe display). 

7 

X' 31)·4' x 

6 

x 

co 

-' 

x 

4 1 o 

, -----,----- ----- ----- ----(-------------+-------------) 
V 

This 5-bit field is used 
for addressing one of the 
eighteen internal registers 
in the 6845 chip. 

6845 Data Re<;Jistel~; This addl~(-?~:;~:' is Lls(:?d fOl~ I'H)nochl~()l'le 

di:splay. 

7 5 4 3 2 1 o 

X'3DS' 
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MAD COI'lF'UTER VIDEO CONTROL AND DISPLAY 

-----------------------------------------------------------------
Video Mode Re9ister Control: 

7 6 5 3 2 1. o 

X' 3D8' x x : 
I I • • I • I :. I .... -. -. ' _____ ' _____ ' _____ ' _____ ' _____ ' _____ ' _____ '_~~ __ 1 

" . 

-+- -+
··1. : • 1 

+--)0=80x25 
1=40x25 

+--)0= Graphic Disab. 
1 = Gr'aph ie Enab. 

+--)0= Black and White 
:L = Co 1 01" 

+---)0= Vide6 Disabled 
1 = .V ideo EnaJJ 1 ed 

+---)0= Low Resolution 
1= High Resolution 

+---)0= Blink Off 
1 = B 1 i nlo\ On 

Address X'3B8' for MonochroMe Display 

Co lor Se 1 ect: Re9i s'tel": 

X'3D9' 

7 6 

x x 

5 ·4 

-+-

3 

-+-

2 o 

+--)l=Blue Colo~ 
+--)1= Green Color 

+--)1= Red Color 
+---)1= Intensity 

+ - - - > 1. = A) "tel" 
+---)1= Ac"tive Color Se"t 

Address X'3B9' for MonochroMe Display 
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triAD COI"'PUTER VIDEO CONTROL AND DISPLAY 

-----------------------------------------------------------------

Status Re9ister~ This addr~s~,used for MonochrOME' 
disph,Y·i 

7 6 4 3 2 1 o 
-------------------------------------------------X ' 3DA ' " I . ',~ . I' 

Hote~ 

----- :' .. ---.-:" : 

: +->1=Display 
I Enable 
: +-)1= l.igh1:"(t~~ : dab1e-::: 
+-)1= Ligh p., Switch 
Vertical Re e Mode +-)1= 

.---' _ •• _--_ •• --- -------- •• - -- __ A _____ • 

.--~ 

The ,l:~{ght fo; 1'1""igger' Flip-Flop 
cleared by writing any data 1:"0 
X' 3DA' • 

-- ...... ---~ 
" 

1,1i 1 1 be -"-
location 

... -..... . -~-.. -.---~ 
_.-. ---_._ ..... _--_ ........ __ .. 

No i~ht f'eAI 
'._' 
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J'IAD COJ'IPUTER VIDEO CONTROL AND DISPLAY 

3.2 • 3 Pro<}raMM i n<} Cons i der'a 't i on 

[Jhe par':aI'H~t'er's sh~'/m in "the fc)110',Jin9 "table al"'(~ fOl"' "the in"tel"'nal 
regis'ters of 'the Motorola 6845 CRT controller chip when used to 
operat'e the MonochroMe display. When "the 6845 inte~nal~re9ist'ers 
are used to operate the MonochrOMe display, certain paraMeters 
MUSt' be followed. Table 3-2 list's the MonochroMe paraM~t~rs: 

Table 3-2: MonochroPie Progral'lPlinq ParaPle'ters 

------------------------------------------------------------------_. I 
I , . 

Register : Funet"ion . 
=========='================~~==== 

F<O 
Rl 
F..:2 

R3 
R4 
R5 
R6 
R7 

F:8 
R9 
F-:l0 
R:ll 
FH2 
R13 
R:l.4 
Rl~5 

FU6 
F-:17 

Hor'izont:c\ I Tota 1 
Horizontal Display 
Hor' i :4}nt:a I Sync 
Posi"tion 
HOl"'ij.Qn"ta I S~Il1C Width 
V(~l"'"tica I To"ta I 
Ve~tical Total Adjust: 
Vertical Displayed 
Vel"'tj"ca I Sync 
PC)S i "t i ()n 

Intel"' jar.: e ITlode 
Max. Scan Line Addr. 
CUl"'Scn"' Star .. "t 
eu l"'sor End 
Start Address (H) 
Start Address (L) 
Cur'sol"' (H) 

Cu l"'SOl'" (I.. ) 

F-:~-:osel ... vecl 
R(~s(O?l ... ved 

_. __ .. ----- - - - ._--._---------_ ... _---
char'act"eTS 
character's 
chl:\r'actel"'s 

c h e\ r'."c tel"'~; 
ch.":\ractel"'s 
Scan l.i n€~ 
ch <;\l"'ac "ter 
che\l"'ac t:el"' 

Scan Line 
Scan Line 
Scan Line 

Disp I ay Addl"'. 
============== 

X' ,~l ' 
X'SO' 
X'52' 

X'OF' 
X'l'r' 
X'06' 
X'19' 
X'19' 

X'02' 
X'OD' 
X'OB' 
x'oe' 
X'OO' 
X'OO' 
X'OO' 
X'OO' 

To properly initialize the COMputer, the first COMMand Must set 
bit 4 of "the Mode control register (address X'8D8') "to a value of 

I . '1'. This value selects the high resolution Mode, and if not set, 
causes the processor not to operate, resulting in the processor 
not accessing the MonochrOMe Plode. 
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MAD COMPUTER VIDEO CONTROL AND DISPLAY 

-----------------------O-O-""---"-"-----d°;;;..~"d«-~;;)i\------------"----------

Til e v i d(o~o d i sp I ay conotl"'O ~ I er' b()al"'4..:a 1 (j9- ~:;up POl",ot< c;hal"'ac t"el"'~:;,. 
..<i\11,1 the~~l' 1!\~!!!.CK1.:\te<.t at tJ IbclL~!!!-~ The 1'1erlOl"'y bytes €I 

chaol"'acoter's al"'e locaotf?d in the even addl"'(~SSf?S ()f" ,. °the disp lay 
I chJI(1cttr J;)Mff~p and the attl"'ibl.rte bytes in toh€-~ odd addr'E~s!:;,' as shol'oln in 

Figure 3-4. The 'attribute code is shown in Figure 3-5 and Table 
3-3 contains the MonochroMe attribute Map. 

7 6 5 4 3 2 1 o 

:BL : R : G : B : I : R : G : B : Aot1:1"' i bu te Code 
Odd Address (M+1) 

-+- -----+-----~-+- -----+-----

+---) ~oreground Color 
+ ---> Il1"t(o?nsi ty 

+---) Background Color 
+0_--) Bl inl«. 

Fiqure 3-5: Attribute Code 

Tab} e 3-3: MonochroMe Attr'ibute Map 

[-Ca c 1«. q )"'ou nd 
I~: G B 

F01"'(-?gl"'Ol..l ncl 
R G B F'u nc t" i Co))") 

:==============:============== 
o 
o 
o 
1 

o 
o 
o 
:L 

o 
o 
o 
1 

I 
I o 

o 
1-
o 

o 
o 
1 
o 

o 
1 
1. 
o 

======================== 
l'i()n€-~- Di sp I ':loY 
Und(o?l"' I :i ne 
White Char/Black Bkgnd 
Rev(o?rs(o? Video 
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MAD COMPUTER VIDEO CONTROL AND DISPLAY, 

-----------------------------------------------------------------

.~ .. .' ' 

.. ,,',!',', 

@€~ ttIAD-1 PlonochroMe display ter"Mil,al is a high r"esolL~tion CRT 
suppor"ting gr"een 01'" an optiona I aPlbel'" screen. The dislih:\y SC1"'een 
is capable of displaying 25 lines of inforMation with each line 
containing up to 80 characters. The electronics of 'the terPlinal aY'e @'packa<;jed ina lOl,J pl"'of i 1 e, COMpact enc losLll"'e that all OI.JS the 
PlonochroPle terMinal to be st.cked on top of the data and/or 
cOMputin<;j Module, or to sit separately. The angle of the display 
screen can be adjusted via a sliding lever attached to the back 
of the CRT enclosure. 

I • 

3.3.1 Physical Description 

Qhe ttiAD-i Plonor~hl"'oPle display irdo a lOl,J pl"'ofi le, 1 ighOeight, 
ergonOMically designed CRT. Its control logic is received via a 
9-pin 'D' type connector (Jl0) frOM the video controller board in 
the COMputing Module. Power and ground signals are sent frOM 'the 
data Module, connector J4, and received at 'the J21 connector on 
the display Module (located on the back end of the display 
unit). Figure 3-6 shows the interface control signals frOM the 
COMputing Module: 

1 ---------------GROUND------------------ 1 

* 2 --------COMPOSITE SYNC/GROUND--------) 2 

" 

I'IAD - :J. Video 
Cont"l"'() I I er' 
l:.coCH'ct ( ,H 0) 

3 -----------------Red------------------) 3 
4 ----------------Green-----------------) 4 
5 ~----------------Blue-----------------) 5 
6 ---------------INTENSITY--------------) 6 
7 -----------MONOCHROME SIGNAL----------) 7 
8 --------------HORIZONTAL--------------) 8 
9 ------------VERTICAL SYNC-------------) 9 

ITIAD-l. 
Monochl"'OI')(~ 

Displ<:\y Unit 
(.J20) 

*: Used as a COMposite sync, when selecting JUMper W-9 
Used as a Ground signal, when selecting JUMper W-l0 

Figure 3-6: Video Control Interface Signals 
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trIAD COI'1F'UTER VIDEO CONTROL AND DISPLAY 

3.3.2 Functional and Operational Description 

[]-.e c\ctuc":\ I chal"C":\~'ter code and i'ts ai":ibute al"€;' qem.?l"a'ted by 'the 
video board located in the cOMputing Module and ar. d~~ven over a 
cable to 'the CRT terMinal for display. Characters~ oh'~h. screen 
are displayed by 'the proper forMa'tion of picture eleMert~ (dot's) 
in a character box Measuring 14 dots high by 9 dot~ wide. The 
screen is refreshed with tha frequency of 50 Hz at' the rate of 
350 lines of vertical resolution and 720 lines horizontal 
resolution. The display in'tensity can be adjusted by a thUMb 
swi'tch loca'ted at 'the back of,the CRT, next 'to connectors J20 and 
J21. ' 

The 120 AC and 60 Hz power ~6r 'the MonochroMe CRT, and the analog 
el (-?ctl"(Jni(:s al"e supp I ied by 'the da'ta Plodu 1 e tl1l:0ugh connec'tor' 
J21. The MonochroMe display is selected by s~ware when I/O 
addresses X'3BE' - X'3BF' are used in addressing the display 
PleMor'y I'lap. 

Functional and operational characteristics of 'the MonochrOMe 
display are given in the following list: 

t SCREEN: 
o 
o 
o 
o 
o 

High-Persistence green phosphor. 
Etched surface to reduce qlare. 
Screen size of 80 by 25 characters. 

\ 
t 

VIDEO SIGNAL: 

Chal"act:el~' :*', of 14 by 9 .M)t:s. 
Chc\l"ac'tGH' ~~i x bf 'y by 7 ,;:.rc>ts. 

7 ? / Of:.. 
o MaxiMUM Bandwidth of 16.257 MHz. 

VERTICAL DRIVE: 
o Screen refresh at" 50 Hz wi'th 350 

lines of vert'ical resolution and 
720 lines of horizontal resol~t"ion. 

HORIZONTAL RESOLUTION: 
o Pos:i ,t i VE~ I €~v~? l, TTL C C)P1P a:s.,i.b iIi t'y 

c\t' c\ fl"equenq,l c)f lS.'43U 'l?-

~ 
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I"IAD COt'IPUTER VIDEO CONTROL AND DISPLAY 

-----------------------------------------------------------------

3.4 COLOR DISPLAY ._._ .. _-_ .... _-_ .... _----.. __ .. ---.. _- .'. ~~ 

/In addition t·o rlonochl~orH~ disp I ay SUppOl~t, the I'IAD-1A ~ol"~k.station 
~o supports the attachMent of color display/graphic terMinals. 
Since the MeMory Map addresses used for the color 
tiisp 1 ay/<.waph iC5 al~e iden·tica 1 !O ._ Ilsed by rBI'l, a 11 co 1 Ol~ 
ter'l'li na I s suppol~ted by the r-fBI'1 PC/Xl' e a 1 so suppol~"ted by the 
l'1AD·-l~vJOl~I,stati()n (S(·?€? Appen~ ~ rleMol~y I'lap). 

IbWfXll ',. 
The color display op"tion on ,the MAD-l is selected via sof"tware, 
using I/O addresses X'3DE' and X'3DF. Connec"tion for the color 
CRT is Made through the saMe ports us~l for the MonochrOMe 
display. 

T~.i' oP~,)l~<:\·tiona I chal~actf:n~ist'ics 
terMinals supported by the MAD-l 

of the color display/graphics 
are given in the following list: 

SCREEN: 
0 

0 

0 

VIDEO SIGNAL: 
0 

0 

VERTICAl. DRIVE: 

High con"trast black screen. 
Displays up to 16 colors. 
Characters defined in an 8 by 8 Matrix. 

MaxiMUM Video Bandwidth of 14 MHz. 
Red, Green, and Blue video signals and 
intensity are independent. 

o Screen refresh at 60 Hz with 200 lines 
of vertical resolution. 

HORIZONTAL DRIVE: 
o 
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MAD COMPUTER KEYBOARD MODULE 

-----------------------------------------------------------------

KEYBOARD MODULE ---------7---------------·---·-·-··-·----·-----·---
•. ! ,0 ..' 

I 
v 

[Both the ITIAD-1. disp 1 ay and keyboal~d I'lc)du 1 es ar'e d~~sigr"rf:"d to "leE~t 
EuroRean ergonoMic and DIN standards. The keyboard itself is a 
lightweight design built" with approxiMately a 15 degree angle 
palM rest for COMfort and convenience. Figure 4-1 provides a 
graphic layout of the as-key keyboard:· 

------------------------------------------------I I 

F'ict:ur··e c)f the 
l'IAD-1 Keyboal"d 

----------------------------------------------
Figlu"'e 4-1: MAD-1 Keyboard 
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MAD COITIF'UTER KEYBOARD I"IODUI..E 

-----------------------------------------------------------------

4.1.1 Physical Key Location 

U'he IYJAD-1 keYb~~1."":..~.......co+"l~S ~ keys as cOMpar'ed 'to 'the 83 keys 
suppor"ed O~~~M PC/~~e "'.0 "ddi "iona 1 keys. ""1', locations 
31, (BREAK] ,- .l--S4-, C, :I. Each k~~y is coded I,Ji 'tha_ -loca'tion 
nUMber 'to provide an easy reference point: and i~ a~sQ used in 
referencing 'the scan codes. Figure 4-2 shows 'the keyboard wi'th 
'the assigned loca'tion nUMbers: 

-----------------------------------
---------------- --------------

------------------------------------------------- ------------------------------------
Fi<.;jure 4-2: Keyboard Dia<.;jraM Shol,Jin<.;j Location NUMbers 
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I'IAD COI'lPUTER KEYBOARD MODULE 

-----------------------------------------------------------------

4.1.2 Keyboard Connector Inte\"'face 

~le I~eybo<::\l~d in-ter'fac(-:.> logic is locat(-:.>ct on the CPU boal~d in the 
cOMputing Module. Signals are received over a six foot. coiled 
flexible cable frOM connector J7 on the cOMputing ModuJ~ to a 
te) ephcme type connec-tOl"' on ttle back (.,f the ke~yboar'd. :: f'i<;Jl.ll"'e 4-3 
shows the J7 connection on the cOMputing Module and Figure 4-4 
provides the pin assignMents of the coiled cable: . 

Front View of cOMputing Module 
Shown Keyboard Modular Jack 

Rear View of keyboard Module 
Shown Keyboard Modular Jack 

Figure 4-3: Interface Connectors 
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I'IAD COMPUTER I<E,(~OARD I'IODULE 

-----------------------------------------------------------------

, ________ ._ _ ::l: 'II(!, : I, I ________ .. _____ _ 

, I 

"~I' I 

1 -------------Keyboard Clock------------
2 ----~--------I<eyboarct Data------------) 
3 -------------I<eyboard Reset'-----------) MAD-l 

I<eyboar'ct 
I nt'er'f ac e 

4 ------------I<eyboar'ct Gr'(a' --------- .. ,) 
5 ------------Keyboarct +5 ---------~> 

. '.; I'IAP -1 I<eyboa r'ct 

(.J7) 6 ----------------Shielct- ~.----------) 

--------- ------------
Figure 4-4: F'i n AssignMent's 

'I: 
,1:, 

! : 
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MAD COI"IPUTEr~ I<EYBOAf::D I"IODlJLE 

-----------------------------------------------------------------

'[the 85 keys on the t'IAD-1 keyboard can be func·tion,:\ l:;ly: divided 
1nto the following four groups: 

1) Standard typewriter keys. 
2) NUMeric key pad arranged in standard calculator fashion. 
3) Fixed function keys. ',' 
4) PrograMMable function. keys. 

The desi<;Jn of the keyboar'd inte,"'face p,"'ovi..cles fo,"' thf.~ l"'etul"n of 
scan codes l"ath(-?l" than ASCII codes. The abi l'ity ·to l"'eceive scan 
codes rather than ASCII cocles provides greater flexibility in 
defining keyboard operations. When a scan code is received, an 
IRQ1 interrupt is generated and the keyboard circuitry converts 
the serial data to parallel data. The parallel data is then sent 
onto port 'A' of the Intel 8255 prograMMable peripheral interface 
chip located on the CPU board. The keyboard interface diagraM is 
shown in Figure 4-5. 

Keyboard Interface DiagraM 
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I,,\AD COMPUTER KEYBOARD MODULE 

-----------------------------------------------------------------
The design of the keyboard is based on the Intel 8048 
Microprocessor. Supported functions include: 

o 
o 
o 

o 

o 

Keyboard scanning. 
Buffering up to 16 scan-codes. 
Maintaining bi-directional serial cOMMunica~ion 
I,Ji t'h Cent'l~a 1 F'l~~essi ng Uni·t. . .. \~ 
Executing~andt6h,,\ke Pl~(:>tocol on each 
scan-code t'ransfer. 
F'olIJerx=>n sel f test', checks keyboal~cl ROt'1 

The logic diagraM of the keyboard Module is sho~m in Figure 4-6. 

----------------------------------------------------------------, . . 

MAD-l keybaord Logic 
Dia~W<'''~M 

--------------------------------------------------------------
Fi<;Jure 4-6: I<eyboal'''d LO<;Jic Dia<;Jr"aM 
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I"'IAD COI~IF'UTER I<E'fBOAF:D I"'IODUI..E 

-----------------------------------------------------------------

4.2.1 Keyboard Buffer 

'tIhe keyboa)~d I'lodl\ 1 e h<.\s 
of ill ed I,Jhen the oper'a't(J)~ 

is interrupted to attend 
finished the other task, 
stored in the type-ahead 

4.2.2 Keyboa\~d Scan Code 

a 64-byte type-ahead buffer that is 
is entering data and the,Main processor 
to another task. Once the p~oces50r has 
it I,Ji 1 1 )~etLll~n to pl~ocess 'tl~,e :chal~a.t'G?l~s 

buffer'. 2, 

Dh~~ design of 'the I"'IAD-1 ke~ ... )r~~d i ~> bc,sed on 'the concept of scan 
codes rather than ASCII codes. This provides the user with the 
MaxiMUM flexibility for d~~ining the functional operation of 
certain keys. All keys on the keyboard generate a unique pair of 
scan codes r'athel~ the,n conventiona'i ASCI I CC)ctE:\s. l'h~?se codes al~e 
returned to the keyboard interface logic located on the CPU board 
in the cOMputing Module: 

Cocle~;. <:Iene~r'atecl bv each I.c..E~"" <:\)~f'" clef i ned <:\!:. "I"'IAKE" or" "BF~EAI<" 
code'::;.. ,. F(J)~ (.? X aMp 1 e ~ ',Jh ('m i~(.?y m.ll')b~?l~ 64 (RETUI:;:r~ ~y ) is p )~ess(~d, 
it is considered a MAKE and generates a X'le' code. When 
released, it 1S considered a BREAK and generates a X'9C' code. 
The hex value of the BREAK code is X'BO' plus the hex value 
generated by the MAKE code of the saMe key. 

The following figure shows the key location nUMbers followed by 
the scan code of each key in Table 4-1. 

Figure 4-7: Keyboard DiagraM 5ho ... i\1g Key Location NUMber"s 
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I"IAD COI"IF'UTER KEYBOARD MODULE 

Table 4-1: Keyboard Scan Codes 

----ii~-----~E~~-E6Ei-7~;i~--------------------------------------

LOCATION BREAK: MAKE KEY FUNCTIONCS) 
========== =======+======= ==========================:========= 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 

11 
1.2 
:l ~3 
1.4 
1~5 
16 
17 
:1.8 
19 
20 
2:L 
22 
23 
24 
2~5 
2,$ 

27 

28 

3B 
3C 
3D 
3E 
3F 
40 
41 
42 
43 
44 

01 
2B 
02 
03 
04 
05 
06 
07 
08 
0$' 
OA 
OB 
OC 
OD 
2'7' 
OE 
47 

48 

4'7' 

4A 

... .. 
: BB 
: BC 
::: BD 
: BE 
::: BF 
::: CO 
: Cl 
: C2 
: C3 
:: C4 
... 
" 
: 81 
:: AB 
::: 82 
::: 83 
::: 84 
::: 85 
: 8.~ 

:: 87 
::: 88 
;: 89 
:: SA 
:: l1B 
::: 8C 
;: 8D 
::: A9 
; e.:t: 
::: C7 

... .. 
:: C8 
... ... 
:: C9 
... .. 
:: CA 
:: 

Function Key Pl 
Function Key F2 
Function I<ey F3 
Function Ke~1 F4 
Function I<ey F5 
F~lnc·tion Key F"$ 

,Function Key F7 
Function Key P8 

'Function I<ey F9 
Function Key Pl0 

"ESC" Escape Key 

: .... ~~. .; . 

"'" LOI,I€H" Case and ":" Upper" Case 
"1" LOI,Jf?'" C:..:\se and "!" Upper" Case 
"2" LOI,I€H" C,,\se ",ncl "@" Upper' Case 
"3" L(JI,J(~l" C<.,se and " .. " Uppel" Case 
"4" LOI,ler". Case c\nd "$" Upper" Case 
"~5" I. ° I,J-:? 1" C<.'i:;e al1d "X" UPP(O?l" C<''tse 
"6" I..OI,I€~\'" Cc\~~e c\l1d "A" UPP€H" Casf:~ 

"7" LOI/H~l" Cas(o? ::':\nd "S" Upper" Case 
"8" LOIIJel'" Cas~? c\nd "*" Uppel'" Case 
"9" LOI,lel" Cai:;e <.,net "C" UpP~?l'" Case 
"0" I..OI,J€·H" Cc\se and ")" Upp~n'" Case 
"-" LOI,lel" Case and ._ UpP(~l'" Case 
" :::" 1. C) I,J EH' Ccu:.;e a ncl " + " Up p en'" Case-~ 

Lc.")IJJ(~l'" Ca1;(~ all'::! "N" Upp~-?r'" Case 
"Bi~CI< SPACE" p~) 
"HO/,lE" Wh(-?n "NUl.., LOCK" I~(~y Pl"ess(o?d 
On 

vJh(~n ""IUI'1 LOCK" I~ey F'l"'e~:;sed 

Off 
Up f~I"'I~Ol,.t! vJh~m ""IUI'I LOCK" Pl"'(-?ssed On 
"8" Whf .. m ""IUM I..OCI<" ke~1 F'l"essed Off 
"PGUP" Wh~?n "NUI'1 LOCK" F'l~(~ssed On 
"F'GUP" Whf~n "NUt<1 LOCK" F',"esse-~d ~~ 
" -" With 01" I,Ji ·th ou·t "NUI1 LOCK" r y 

_________________ : _______________________________ CContinued) 
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MAD COMPUTER KEYBOARD MODULE 

-----------------------------------------------------------------

Table 4-1 continued: 

J----------------------------------------------------------------'.' KEY SCAN CODE (Hex): 
LOCATION BREAK: MAKE KEY FUNCTION(S) --_ .... __ .... _._- =======+=======:==================================== ---_ ..... _--_ ... 

.. 
". --:~ .. 

"BRI<" Br'eal-4. kY .;. 

31 5"- .. D"-. :> .. .:> 
32 OF .. 8F ""AB" ~~! . .. 
33 10 .. ';;00 "q " LOI,J(O?l~ Ca se and "U" Uppel~ Case .. 
~14 11 .. 91 • 'Ill I. l.ol,Jer' Case and ·'W'· Upper' Case .. 
3"- 12 .. 92 I'e" LOI,J(O?l~ Case and "E" Upper' Case , ::> .. 
36 13 .. 93 · '} ... I. I.,ol,Jer' Case and "R" Uppel~ Case .. 
37 14 .. 94 ','·t" LOIIJel~ Case and "'r" UPP(O?l~ Case .. 
38 15 .. 95 '1' 'I y " l.OI,JEH~ Case and t.y .. Upper' Case .. '1 

~3', 16 .. 96 I "Ll' , LOI,J~?l~ Case and "l..ltt UpPel~ Case .. I 

40 17 .. 97 I. j. ,t l.ol,Jel~ C(':\se c\nd "I" Uppel~ Case .. 
41 18 .. 98 " 0 " J...ol,Jel~ Case '<:l.nd "0" Uppm~ Case .. 
42 :1.9 .. 99 "p" I..ol,Je\~ Cc\SE:' (':\nc! "F'" Uppel~ Case .. 
4~3 l.el : 9A "[It LQI,.I(:?l~ Case and .I·C I ' UpP(:?l~ Cas('? 
44 :l.B .. 9B " J" I..ol,Je\~ C;;\ ~ and "-' • I UPPE-~P Cc\se .. J' 

4r.- 46 .. C6 "SCJ:;:OL/LOCK" (.?~) .:> .. .. .. 
46 4B .. CB Lef·t f~l~l~OI,J , Wh(·?n "NUl'! LOCK" F'l~essf:?d .. .. On .. .. "i'~" When " r4Ulrl LOCIC F'l~es,:;('?d Off .. 
47 4C .. CC "SHCH" Whf.~n "1-.jUrl LOCK" Pl~~?!::.s~~d On .. 

: "~5" l,Jhen "NUlrl LOCK" ppessed Off 
48 ~m .. CD F:iqh't r.ll~r'OI,J , When "1"'IUt'l LOCK" ... .. P\~(:?,:;,:;ed On .. .... "I~" WI'H?n "1'IUt'1 LOCK" F'l~essecl Off .. 
4';;0 4~5 .. C'::i "r~Ulrl LOCK" ~~y .. 
50 4E .. CE ... +. " W:i. 't:h Ol~ Wi ·th m.l't ' 'l'Il.JI~1 LOCK" .. .. Pr'e':;s(:?d .. 

~':/ ~H 3A .. BA "CAPS LOCK" .. 
~5:2 1D .. ,·tD "C'I'RL" Cont'l~o 1 !«,?y ... 
:'';~3 :I.E .. 9E "a" 1. () I,) €.~ l- Ca!:.;.e i:\net "A" Upper" Ca!:;f~' .. 
54 iF : 9F · ',_ .. 

::> LOI,)(:?l~ Cas(:? and ··S·· Uppel~ Case 
c.,co 20 .. AO I. ct.1 I.,ol,JE')~ C,,\se (':\ncl 'ID" UpPt~l~ Case ->-> , 

~56 21 , A:1. "of II J...OI,J(;?l~ Case and "F" Uppel~ Ca~;e ... 
~>7 22 .. A2 "g" LC)I,)ep Ca!:;f,,, ,,\\'ld "C;" UPPE~l'" Casf:~ ... 
58 23 .. A~3 • '1·1 ., LQIIJ(:?l~ Case <!\nd "1-1" Uppel~ Case .. 
~>9 24 ... A4 .1 j" 1.. 0 I,) f:~ r' C"\!:.f,i' (':\ncl ",..1" Uppm~ Cc\se ... 
60 2"'. ... A"- "I~ .. LOI,Jel~ Case and "KI' Uppel~ Cas(o? _::> ... • .:> 

61. 26 ... A6 .. 1 •• LOI,m\~ Cc\se ,,\nd "I .. " Uppep Ca~':>f'~' ... 
62 27 A7 It .. II LOI,Jel~ Case and .. :" Uppel~ Case : ~ 

63 28 .. AS l.OIIJ(i·~l- CasE-~ and ( .. ) UPPt~l~ Case .. .. ... .. ( Ccnl't i nu eel ) .. -_ .. __ ........ _ .... _ .... ......... _ ....... _ .. _- _ .. _ .. __ ......... - -----------------------
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MAD COt'IF'UTER KEYBOARD I'IODULE 

-----------------------------------------------------------------

7---i~~-----§E~~-E65~-I~;ii--------------------------------------

LOCATION BREAK· I MAKE KEY FUNCTIONCS) 
========== =======+======= ==================================== 

64 

66 

67 

68 
69 
70 
71 
72 
73 
7·4 
7~5 
76 
77 
78 
7'1' 
80 
81 

82 

84 

1C 

4F 

50 

51 

38 
2A 
2C 
2D 
2E 
2F 
30 
~31 

32 
33 
:~4 

3~5 
36 
37 

54 

39 

.. .. 
:: 9C .. .. 
:: CF .. .. 
:: DO .. .. .. .. 
:: Dl .. .. 
:: B8 
:: AA 
:: AC 
:: AD 
:: AE 
:: AF 
:: BO 
:: Bl 
:: B2 
:: 83 
:: B4 
:: 85 
: B6 
:: B7 

:: D2 .. .. 
: D3 .. .. 
:: D4 .. .. 
.. .. 
'" .. 
'" 

"RETURN"/ey' 

"END" When "NUITI LOCK" F'r'essed On 
"1" When "1'iUM l.OCK" F'r'essed Off 
DOI,J)1 Ar'r'o',J, When "NUl'! LOCK" F'r'essed 
On 
"2" Wh(-?n "NUl'! LOCI<" F'r'essed Off 

,,"F'GDN" WhEm "NUt'1 LOCK" F'l"'essed O~ 
"3" Wh(o?n "NUl'! LOCK" Pr'ess(-?d Off 
"ALT" ~y 
"SHIFT" )<f?y 
"z" LOI,Jer' Ci:\se -ctncl "Z" 

, II X II LOI,Jer' [;ase c\11C.-( "X" 
"c" l.ol,Jel" Ca~;e and "C" 
"v" I.. 0 I,J er' Cas(~ a11d "V" 
I'b" 
• ·1 .... •• 

"1'1" 
II II 

I 

LOI,Jel"' Cc\se c\nd 
LOI,J~?l" Case and 
l.ol,Jer' . C<:\Sfl' and 
L()I,J('.?l" Case and 

II + II 1.ol,Jer' Ca,sf.o~ 

" /" L()I,Jer' Ca i;& 

"SHIFT" Ay 
i:\nd 
<:o\nd 

"B" 
"N" 
"t'I" 
II < II 

II?" 

Upper' 
Upper' 
Upper' 
Upper' 
Upper' 
Upp('.?r' 
L1ppel" 
Uppel" 
Uppel" 
Uppel" 

Ci:\s€-~ 
C<.~se 

Case 
Case 
Case 
Cas('.? 
Case 
Case 
Case 
Case 

"*" LOI,Jel" Casc'.? 
Case 

and "PRINT" Upper' 

"INS" Whf?l1 "NUt'1 LOCK" F'l"f?SS€-~d On 
"0" Wh(o:m "I'-IUI., LOCK" F'l"e~;sed. Off 
"DEI.." When "NUt'1 LOCK" Pr~f.o~~;secl On 
" • " Wh('.?n "NUI'I LOCK" F'l"essi:d Off 
"," With Ol" Without: "NUM 1.0CK" 
Pl"('.?ss~?d 

SpaCf:1 Bal" A"?y 

---------- --------------- ------------------------------------

Technical Reference Manual 840707::20.07 4-119 



( ': 

I ' 

I 

J"IAD COMPUTER KEYBOARD I"IODULE 

-----------------------------------------------------------------

~ Standc\l~cl I«,eys consj.st!r~f upper" and IOI,Jel" case a I phanurleric, 
nUMbers, punctuation Marl~ and sYMbols, and standard control 
chal""acter" such as, "TAB", "SHIFT", "CAPS l.OCK", "BACKSPACE", and 
"RETURN". Key al""1""anger1ent i;Lsir1i I a1"". /0 a s'J:a1;da1""d ·typel,)!""i tel" 
keyboard, however, certain~ontrol ~ys will operate differently 
depf:mdi ng on the sof·tl,Jar'e. Th(~ fo II ol,Ji ng . 'des(:r"ip":ion of the 
standard function keys May differ depending on the software being 
Ll ~;f?d: 

RETURN KEy .... · 'X'I' 1 .' I . 0 f.r:: t.... -, - .. E .. JTT...·.F:·.. 01"" "C:=-. 1"'1""1' ;.' 1'1. e 115 ~ey 15 a s re e~ec ~o~. '" ~ , ~ ~~ 

R€~t'ur'n" (CF~). lJhen P1""€~ss;.edt a I I data en't:e1""e~d si nce th~~ 
I \:\s·t RETURN I,Ji I I be ~;ent ·to ·the sy~;ter1 r1eMol"'Y and I,Ji I') 
op f:~n a n€'!I/'p i n€~ • 

:JIF 
Backspaces the cursor one character at a tiMe, erasing BACI< SPACE: 
ec\ch chal""actEH'. 

CAPS LOCI<: Locks the alpha keys only into the uppercase Mode. 
F'l""e!..:;si ng the CAPS LOCK key a~n I,d II r"e l€'!ase this 
Mode. Note that when in the LOCI< Mode, any alpha key 
pressed while the SHIFT key is pressed will result in 
a lowercase letter being typed~ 
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Mt~D COI'1PUTER KEYBOARD t"ODULE 

4.3.2 NUMer'ic Keypad 

GhE::~ rlUMf.H'ic keVPc~d is located on "th€-~ l"'iqht: s~icle of t:he J.<.eyboal"'cl 
and consists of 11 double function keys and thr~e SyMbol keys. 
The nUMeric keys, 0 through 9, are arranged: iri~ :~tandard 
calculator fashion and are activated when the NU'1LOC~. key is 
pressed. To disable the NUM LOCK function, SiMply p~~s~ the NUM 
LOCI< ' .... ey <-'gain. 

The nUl'lel"'ic \;('Pad c\ 1 so centai ns punctuation I'lal"'ks and sYl'lbo 1 s, 
cursor control keys, and fUDction keys. The punctuation and 
SYMbol keys include the plus (+) and Minus (-) signs, and the 
COMMa (,) and period (.). The function keys and the cursor 
control keys are invoked wh~~ NOT in the nUMeric lock function. 
An exaMple of the use of each function key in a typical prograM 
follol,JS: 

HOME: 

END: 

F'GUF': 

PGDN: 

INS: 

SRCH: 

DEL: 

Moves t:he cursor to begining of line, file, or dOCUMent • 

Moves the cursor to t:he end of line, file, or dOCUMent. 

Scrolls the display up one screen. 

Scrolls the display down one screen. 

Switches between insert Mode and overtype Mode. 

Initiates a search for a specified character, word, 
sent:ence, or pattern. 

Deletes data to the right of the cursor in a line. 
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J"IAD COJ"IF'UTER KEYBOARD I"IODULE 

-----------------------------------------------------------------

(---: 

--->: 

,/ ; 

~(J/ 
l"IOVes~s()l", om'? chal"'act(~l"' 'to the left I,li thout 
erasing any data or adding any spaces. 

1"I(JVf?l;~"'l;;()l"' one chal"'ac:'tel"' to the·? l"'igh·t I,d thOl..t·t 
erasing any data or adding any spaces. 

Moves the cursor up one line. When the top of ~he·~cr~en 
is reached it will cause the screen to scroll ~p~ 

Moves the cursor down one line. When the bOttOM of the 
screen is reached, it will cause the to screen scroll down. 

4.3.3 Fixed Function Keys 

Fixed function keys are those keys that ar~-non-prograMMable. 

ESC; 

SRK; 

CTRI .. ; 

ALT; 

PRINT: 

HUM LOCK; 

Causes the operation to cancel or stop. 

Pressed in conjunction with the CTRL key 
(siMultaneously), it will cause the execution of 
the current prograM to stop-

Used to invoke the functions of other keys (alone 
it has no function) • 

Used to invoke an alternate function of other keys. 

Causes data on the display screen to be printed 
on the printer assigned to the console. 

CaUSf?S the nurH'?I"'ic ~d ·t(J en·tel"' 
allow only the nUMbers, 0 through 
release the nUMeric Mode and use 
press the NUM LOCK key again. 

the nUMeric Mode and 
9, to be typed. To 
the cursor controls, 

SCROL LOCI<: I..ocl~s the SCI"'een in SC1"'0 1 1 ,..,ode. 
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-----------------------------------------------------------------

4 .3. 4 Pro~rar'l,.lab 1 e Fu nc 1:' ion I<eys 

nhe p,"'o<:;n"'ar,rlab 1 e 
1.5e'i ng p ,"'og,"'arlr,ed, 
allows siMple, as 
single keystroke. 

function keys, F1 through FlO, are capable of 
via software, for any desired fupctions. This 

well as COMplex, functions to be invciked'with a 

4.3.5 Special I<ey cOr'lbina:t'ion 
~ 

nhe,"'e a,"'e cm ... ·tai n ·flmc·tioms ()f the 1'I(::'D-1 ·th:a·t )"'eql..li ,"'e a spec ia 1 
~y COMbination to be perforMed. These function are: 
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,. :- ... ~ 

n'he l'IAD-1 dat'e\ I'lodul e conta:i ns enhanced doub 1 e-headed, 
~-profile 5-1/4 inch Shugart' SA455 MiniFloppy Disk Drives. 
These drives are capable of perforMing Read/Write operations in 
single and double density forMats on both sides of a standard 
5-1/4 inch diskett'e. SOMe of the highlights and features 
provided by the SA455 include: 

~ b~tes. 
o :>00I4f.r- (Llnf Ol~l'le\ott:ed) s:t::or"age capac i"ty. 
o Low power (12.5 watts) 
o 125/250 W"Ji ts/seconct tl~ansf el'" ,"'ate. 
o DC dr"iv(~'"'i'l()ot()l'" ',Ji1:h pl"'ecisicJl1 S(~l"'VO speed conotr"ol 

and integral tachoMeter. 
o Band positioner 
o Glass bounded ferrite/ceraMic read/write head. 
o I notm"'na 1 ',Il'" i °te p 1"'01;(~C: t c: i l"'C:U i tl"'Y • 
o Activity light 
o S()l id die cast c:ha~;sis. ~r7aJ ~ 

The standard conf igw"'atiem of the triAD-ll\ WC.'l"'kstoc\otiol~cmtai ns t',IO 
SA455 FDDs Mounted side-by-side in the data Module. Each unit is 
1. .62" H X 5.75" W X 7.96" D in size, '"eighs 3.3 pot.mds, and has a 
heat dissipation of approxiMately 9.6 watts. 
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I'IAD COI'IPUTER FLOPPY DISK DRIVE 

-----------------------------------------------------------------

(1!le SA455 he\ I f -height corlpact floppy disk ch"ive contai:,"'ls: a 11 the 
necessal~y Mechanica I and e 1 ectl~onic c il~cui tl~~ tQ~.ltte.cla ' 
t'lle disk ch~ive contl~oll el~ logic and per-fG>rJ'f;feek, j41~i'te, and ,react' 
opel~a'tions. ~~~-'f'!!"''V 

5.2.1 Read/Wri te and Contra I ',L09ic 

Q'he sing I e rlicl~opl~OCeSSc»~ corlt'l~o 1 led c :i.l~CLli t cal:"'d located in the 
15k drives provide Read/Write, head positioning, stepper Motor 

drive, interface control, index detection;·track zero detect, 
spin speed control, and dynaMic braking functions. Logic for 
head selection between Head 1 and Head 2, read pre-aMplification, 
and write drive are Mounted within the sealed enclosure in 
proxiMity to read/write heads. 

Two read/write heads are supported· by a carriage MechanisM 
coupled to the stepper Motor through a rack-and-pinion Motion 
translator. This translator allows for an increased nUMber of 
data tracks while retaining the characteristics of the stepper 
Motor. Data is recorded on one 130 MM diaMeter disk through two 
101" fOl~Cet 101" !'l,:\ss> W:indlest'el~ type fel~l~i'te heads. The 1'1~a('.:k 0 
detector resides on the stepper Motor and consists of a light 
source and a reciever. When this optical sensor is blocked by an 
interrupter on the !'lotor shaft, it indicates one of several track 
zel~O pos.i'tions0 :i,r'H;l:i C'ljd:r.zs '':W'e' of ~$e .... e.·. ,,( 1 1 oqicl:( 1 tTt1e1... JMel '0 

<::~.l~tQs.i.:tJ m11 Til.:? "liCl~Opl~()Ces~:;Ol~ d(~'tf?l~l'li n(o?~:; 'tile ph~/sica 1 location of 
~ track 0 frOM redundant logical track O. ' 
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LIhis ~:;('?ction de~:;c\"'ib('?s 'the FDD ~iv(,? opel~ation sta\~:ti'1g I,lith 
pOI"el~ seqLH-:,mc i ng, dl~i ve se 1 ec-tio 1, I'~~JO\"' 011, track. accessing, 
s'tep ..,..in/-oU"'C""J")side ~:;e 1 ec'ti(:m, an ead7J4"r'Tte-crp~?l~ations. 
,.,r ...- ,., 

~. ~--.-

5.3. 1 FDD POlder' Sequenc i n9 

(f:ift.:n~ t:he sy!:;:tel'l is pOI,J(::~l~~d up, +5 and +12 DC supply voltages 
~ applied (in any order) to the disk drive uriit. During this 
til'le, t'he -WRITE GATE (~Ictive 1.01" Siqnal) line I'lU!:.t bE:~ -
inactive to prevent possible glitching of the Media. The + 
is. used f()l~ logic <:\net +12 (VdC)to POI,'E"l"' the .spindle dl~ive 1'1 

(~ft~?l"' POI,)('?l"' i~:;. <~pplied, t"h'-el~e is <.'\ 10o&ec idelay befol~f,,? 
opel~a'tion is PEH'f Ol~I'\E-~et. ~-' 

After powering on, the initial position of the heads with respect 
to the data tracks on the Media ~s indeterMinate. It is 
necessary that the heads are positioned by perforMing the STEP 
OUT operation until the Track 00 line is activated. 

5.3.2 FDD Drive Selection 

U'"'ive !:;E~)ectic»1 OC:CLll"'~; 1"h0~rl on€~ of thE~ -DF:J:t)E SELECT siqn<:\ls is 
true. Only the selected drive will respond to control input 
signals and only control output signal froM that drive will be 
gated to the interface. 

. -\~~: . 2?" 
5.3.3 FDD MO~Ol~ On 

~e FDD Mo'em"' is;. idlf.~ I"hf,m there i:::. no\ .. se~::-I.c./rE~<:\cl/"Jl~itt~Jf'· 
Op(·?l~a·tion. To p(~l"'fm~l'l an).' of th(;?~:;e functi(:m 'the I'lo:to\~ I'lus't--fil"'S't 
be turned on. This is accoMplished by siqnal -MOTOR ON which is 
'tied 'to bi't 3 ()f the POl"'t B l~e<Jistel"' in tI1(o? 825~5 Pl~091~H":\ble 
peripheral interface chip loca~ed on the CPU board. 500 lS Must 
be introduced after the -MOTOR ON line is activated to al ~ the 
Motor to reach its proper speed before any opera~ion. The Mo~or 
will stay on as long as the -MOTOR ON signal is active. It is 
the responsibility of the host systeM to deac~ivate the -MOTOR ON 
line to stop the Motor, which will continue to rotate for three 

/{-3) !:;E-~c:onds c\ftE~I~ t:tH,'~ -M()l'OF~ at-' !!.j,(jl1C:\ 1 ha$ bef~n cl~~ac~i vat:ed. 

Technical Reference Manual 840707:20.07 !5-1.26 



MAD COMPUTER FLOPPY DISK DRIVE 

5.3.4 PDD Track Accessinq 

is accoMplished by the following: 

o Setting -WRITE gate false 
o Setting the appropriate -DRIVE SELECT true. 
o Selected drive having -READY and -SEEK COMPLETE true. 
o Setting the appropriate state of -DIRECTION IN 
o Pulsing the -STEP 

Each -STEP pulse will cause 
track in, or one track aut 
IN. When tl"'ue it causes th. '-: 
355, and when false it 
'tl"'c\ck o. 

5.3.5 PDD Step Out 

'the ~ heads to Move either one 
pen :ng on the state of -DIRECTION 

W heal to Move inw~rd, 'toward track 
t1e head to MOV rd toward 

[Eb.i Ie 'the -DIRECTION SE1.ECT is inactivf?, a pu"se em the STEP 
line will cause the read/write heads to Move one track away frOM 
::~v~~:t~::n~~: 1 ~he dis,",.. FOl'" df~tai leJ 'til'lj. n<~X l"'efer' ~o the Shugc\rt 

A i )lto Y rntJJ1 0 (\ 

5.3.6 FDD Step In 

flJh:i. I E~ th e - D I 1:;:EC1 I ON SELECT is act i Vf~ , c\ P u I f:.e on 
I~ cause the read/write heads to Move one track 
ce,'r)"tE:'l~ e)f t:h~' disk. Fen'" clet<. .. ·d.led 'tirlin<;.lJf l"'efE',l'" to 
~:;(~l"'vic(,? rlanua 1 • A (~.fv'(fl\1Jlon 

t"l'H:~ STEP line 
c I (Jsm'" ·to 'the 

'the Shuqal ... t 

5.3.7 PDD Side Selection 

C2~ sidf.~ f:;~~ I €-~c:~:iem f':tl1ct:icm is l"'equi l~ed to pel"'f en'rl an Opf.'~l"'atj,on 
Wl- a double slded dlskette. This 1S controlled by the I/O 
Signal SIDE SELECTION which selects the read/write head on the 
side 0 surface of the diskette when -SIDE SELECTION is false, and 
selects the read/write head on the side 1 surface when the -SIDE 
SELECTION is tl"'ue. Af'tel'" cha J.<Je of sta·te in -SIDE SELECTION 
signal, a I'linirlllrl of 100 rlicr'o-second ~l€-~ delay is l"'equired 
befOl'e any I'ead or WI'; te OJLI a1:TIiTothat disk".,>:". e....... 

M~COhJ ? 

MeC? 
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-----------------------------------------------------------------

5.3.8 FDD Read Operation 

Uhe sequence of signa 1 tirli ng for' 1 ...... 1adi ng da'ta f1""orl the floppy 
disk drive is listed below: : .... ~. 

o Setting -WRITE gate false 
o Setting the appropriate -DRIVE SELECT true. 
o Sel ecting 'the appr'opr'ia'te -HEAD SELECT 

5.3.9 FDD Wri'te Opel"'ation 

Qollc)',ling is 'the sequence of signal 'tirling for' ',w'i'ting da'ti:\ to 
'the floppy disk drive: 

o Assuring -WRITE FAULT is false 
o Setting the appropriate -DRIVE SELECT true. 
o Selecting the appropriate -HEAD SELECT binary address. 
o Setting -WRITE GATE true and placing the data 'to be 

wri't'ten on the MFM WRITE DATA lines. 
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-----------------------------------------------------------------

5.3.10 Sequence of Events 

-------------------------------------------------------~~+------

POWER ON 

DFUVE SELECT 

DIRECTION 

STEP 

- - >: 100 1'15 : ( - -

• • • • • • • • 

.. .. 

... .. 
'\ / 

-------------------_/,--~--------------------.. .. 
-->: 1 us :(-- Min • 

:'\_---_/ 
--): 1. LtS 

.. .. 
/ .. .. 
:(-- I'li n. 

--------------------------------------------------------------
Figur-e 5-1: Sequence of Events Tirdn9 
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-----------------------------------------------------------------

~ . . -. "- ... 

[ihe NEC 76S floppy disk contr'oll er' locatecl on the CPU ',boal"'d in 
the cOMputing Module provides two registers in I/d' 'locations 
X'3F4' and X'3FS'. These registers are used by the prograMMer for 
perforMing read, write, and status check operations using the 
SA4S~) floppy disk dl"'ive. FOe Status Register: 

X'3F4' 

7 6 5 . 4 3 2 1 o 
----_._-_ .. -----------------------.. ---

.. I 
I 

I 
I 

+--) PDD A busy 
+------) FDD B Busy 

+~---------) PDD C Busy +--------------) FDD D Busy +------------------) FDC Busy 
~----------------------) Non-DMA Mode +--------------------------) Data Direction: 

o :: Da·ta In 
1 :: Data Out 

+------------------------------) Request for Master 

FDC Data/CoMMand Register: 

X'3FS' 

7 6 5 4 3 2 1 o 
---------------------------------I 

I 

I I 1 I I I I I " 
I I • I I • I , I --- --- --- --- --- --- --- ---
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I'IAD COI'1PUTER FLOPPY DISK DRIVE 

dr"ive 
'\;hl~ee 

D-he i nter'face sig)1<:\\ S betl,J€~en the SAASS ITli niF 1 r.>ppydi.sk 
and the floppy interface logic May be divided 'in~o 
categories: control lines, data lines, and power lines. 
signal naMes and the line assignMents are shown in Figure 5-2. 

The 

FDD/Host Interface connection 

--------------------------------------------------------------
Figure 5-2: FDD Interface 
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I'IAD COI'1PUTER FLOPPY. DISK DRIVE 

-----------------------------------------------------------------

PERFORMANCE SPECIFICATIONS 

SINGLE DENSITY 
(FM) 

DOU8LE DENSITY 
(MFM) 

================= =============== 
By"te Cap ac i "ty (40 Tr'ac 1-6 : 

Per Disk(unforMatte~) 
Per SurfaceCunforMatted) 
Per TrackCunforMat"ted) 

Per DiskCforMa"ttect l6R/T) 
Per TrackCforMatted l6R/T) 
Per Sect"orCforMatt"ed 16R/T) 
Per DiskCforMatted lOR/T) 
Per Track(forMat"t"ed 10R/!) 
Per Sect"or(forMatted lOR/T) 

La tenc y ( ?o\ vg .. ) 

Acc,,?~;~:; TiNe: 
Tr'ac:k too 'l'l~acl ... 
Avel~<:\9\~ 

SE~17t i nq '1' i l\lE~ 

FUNCTIONAL SPECIFICATIONS 

2~50,000 
125,000 

3,:1.25 

163,840 
2,048 

128 
204,800 

2,560 
256 

12!5 Kh i "tsl sec 

100frlS 

! 
611'lS 

9311'\s 
15\ I'lS 

\ 

SINGLE DENSITY 
(FM) 

================= 

trlot:cn' St"a l~t l' i l'lE:~ 50°3) 
R'.J"ta tiona 1 Sp e(i?d 300 r'pM 

Recording Density 2938 bpi 

48 tpi 

Technical Reference Manual 840707:20.07 

500,000 
250,000 

6,250 

327,680 
4,096 

25,$ 
409,600 

!5,120 
512 

2!50 Kh i "ts/ sea::: 
/~ .\ 

100 "'lSi 

VI 
/ ....... 

6j 1'1S 
'7'3: I'lS : 
1S·.l'lSo ! 

) 
,j 

DOUBLE DENSITY 
(MFM) 

=============== 

5876 bpi 

48 "tpi 
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MAD COI'lPUTER FLOPPY DISK DRIVE 

-----------------------------------------------------------------
ELECTRICAL SPECIFICATION 

:, 
+12(Vdc)+/- 10% at 1.2 A (Max.) 
+ ~~/ +/- 5% c\t: 0.9 A (I'lax.) 

ENVIRONMENTAL SPECIFICATION 

Terlp m"'~.l t:lIl"'e: 
Operat:ing 
Shippinq 
St:ol"'c\ge 

.:t 
Re 1 At" i ve I~llrl i cl i 'ty: 

"Op el"'a t: J. ng 
Shipping 
S'to\"'age 

SO'F (lO.O'C) 
-40'F (-40'C) 
- 8 ' P C:-22 • 2C ) 

20%' t:C) 80% 
1% 'to 95% 
17. 'to 95% 

PHYSICAL SPECIFICATION 

Dil'\e~_ )sions: 
!- ',<;J ,yt 

l.d'th 
Dep'th 

Weigh't 

1.62 inches ( 41.1 MM) 

5.75 inches (146.1 Mrl) 

7.96 inches (202.0 Mrl) 

3.3 lbs (1.5 kg.) 

t:o 11S'P (46.1'C) 
to 144'F (62.2'C) 
t:o 117'P (47.2'C) 
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MAD CO/'1PUTER· FLOPPY DISK DRIVE 

':'" 

~[J:ne PDD uses 5-1/4" , 
'.'~ doub 1 e-densi ,ty disl", - - ~ vr 
~l For' P 1-'0 <;J l"'a 1'1 I'li n<;J considera'tions, t"he l"'ecOl-'di I'led:i,ur1 is a ~ f17~ 
:J flexible I'lagn<-?1:ic, dis/", enclosed in·a pe1"'l'lanen't pl"'o~ec't~ve Jacke't rJi' B '. 
~ 'that" allows t"he d1sk 'to freely rotate. The prot"ect"1ve Jacket" has 
'·1 sevel"'a 1 opf?n.Jin~ and s 1 o't~s for' Read/I,Jl"i te Opf?1"'a'tio11 (see Figur'~ 

.~ 5-3). DU1"ingopE.~ation (l"eact/I,Jl"ite), t"h€~ sL\l-.f;:\ce of the disk~ 
~ are constantly being cleane~.by a soft" fabric lqca'ted inside t"he y p rot:ec 1:i ve j ac ket: • 

~\ 
!,', 

S ----------------------------------------------------,. 

Floppy Diskette Diagra~ 

I I 
I I ---------------------------------------------------

Pigur'e 5-3: Disket"te DiagraM 

Refe,' t:o Shugart: servi:h()~~~L;al I :1N~:2:9. -Z)('n':;'"' ~455 
. Minifloppy Dl'ive. .7 vlCY 10«-- ::::tIl/It: f-' VI or 

\hife ',J-f) utO he/0 
WV/Jv 'f 
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MAD COMPUTER HARD DISK INTERFACE AND DISK DRIVE 

-----------------------------------------------------------------

[Jlle ITIAJ)-l optiom\l har"d disk dr"ive.\ is a 5-1/.(~" half-height l""igid 
Pledia ePlploying Winche~5·tel~ ·technology. This (:orlpac·t dis! ... dl~ive 
is 1.69" H X 5.50" W X 8.00" D in sj,ze and occupies the sal'\e 
space as a single unit Mini-disk floppy drive in the data 
Plodule. It pl~ovides the user I,}'" l~elj,ahle high per"fOl~rlanCe data 
transfer at the rate of 5.0 bits second with an unforrlatted 
capacity of 12,749,184 bytesoJ ol'\e of the key features on the 
J'1AD-l~: : hard gi~s!"'Aal~(-? gi t-:m in the follol/Jing 1 i-;."t: 

~ -:::- . " 
Ver£lOfl / c,ons,-sfeY'CAj 

o Microprocessor control ! I 
o Open loop stepper head,~ositioning. 
o Head shipping zone . 
o Bu f f el~(,?d see! ... 
o Power up ctiagnos~ic a 
(J :L2,749 ~l"rl<."t'ted ca!1[-i"ty 
o ~> • Jega - b i 9/ sec ond t1'''a ns fer" l"'a te 
o PhY"!i: r--sj5ace l~eql..lirt-?rlen't saPle as a 

l'\in1 floppy disk drive. 
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MAD COI"IPUTER HARD DISK INTERFACE AND DISK DRIVE 

-----------------------------------------------------------------

Uhe MAD-l ha 1 f -heigh't COl'lpac't har'd 
necessary Mechanical and electronic 
I,Jith Yhe disk dl"'ive contl"'ollel"' logic 
andfead operation. 

6.2.1 Read/Write and Cont:rol.Loqic 

" . .,.-, 

disk drive contajns all the 
c i l"'C U i tr'y f Ol"'~ 'i l1t:el"'"!.2c i ng 

and perforMing~eek, ~"'ite, 

c:fhe sing I e I'liCl"'OP1"'OC~:JS01"' ("'On-tl"'O 1 1 ed c il"'cui t car'd located in 'the 
disk ch"'ivE-~ pl"'c)vides rec\d/Jl..i te, head posi tioni ng, stepper' !'lOtOl'" 
drive, interface contro~" index detection," ,track zero detect, 
spin speed control, and dynaMic braking functions. Logic for 
head selection between Head 1 and Head 2, read preaMplification, 
and write drive are Mounted within the sealed enclosure in 
proxiMity to read/write heads. 

Two read/write heads are supporteel by a carriage MechaniSM 
coup I (~d to the s'tepp~?l"' p)o'tor' ~_"'ough a l"'aclo\-and-pinion I'lotion 
translator. This allows for an"qncreased nUP)ber of data tracks 
while retaining the characteristics of the stepper Motor. Data 
is recorded on one 130 MM diaMeter disk through two low force, 
low Mass Winchester type ferrite heads. The track 0 detector 
l"'esides on the s'teppel'" I'lotOl'" cU1d consists of alight SC)Lll"'ce and a 
receiver. This optical sensor, when blocked by an interrupter on 
the Motor shaft, indicates one of several logical track zero 
positions. The Microprocessor deterMines the physical location 
of track 0 frop) redundant logical track O. 
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MAD COMPUTER HARD DISK INTERFACE AND DISK DRIVE 

-----------------------------------------------------------------

[iniS section descr-ibes the har-d disk dr-ive oper-ation": sta)"tinq 
.,Jith pol,Jer se~,el~~.~g, dl"ive selection, tl"ack accessinq, head 
selection, and~ea~rite operations. 

6.3.1 Hard Disk Pot,ler Sequencin.g Q 
[Aftel" the syste/"l i s po',Jere,c!-~-! +5 and +1 Vdc ,supp 1 Y ~/ <;Jes 
are applied (in any order) ~;th disk drive lit. The + Vdc s 
used for' logic and the + Vdc s used to p0.l,Jel" the spindl ve 
Motor. The /"licroprocesso _rifies the spindle rotation for 3600 
rp/"l, then activates the auto/"latic track 0 positioning. Upon 
COMpletion of Track 0 Positioning, signals -TRACK ZERO, -SEEK 
COMPLETE, and -READY beco/"les true. 

POWER ON 

-TRACK 00 

" " 

-------~------------------.. 
" 
" " .. 
" 

.. .. 
" .. -------"----------------_ .. _-.. .. .. 

" 
-SEEK COMPLETE : .. , 

.. ,-------------------

-READY 

.. .. " " 
" .. -------,,-----------------"------.. 
" .. 
" 

.. 
" ... 
" .. 
" 

.. .. .. .. -->: :(-- 1 Sec. typical 

Figure 6-1: 

" .. .. .. 
:<-- 20 Sec. typical --): 

Hard Disk Power-On TiMin.g DiaqraM 
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MAD COMPUTER HARD DISK INTERFACE AND DISK DRIVE 

----------------------------------------------------------------~ 

C!niS sec'tion descl'''ibes 'the hc\l~d disk dr"ive opel~a'tion s'tar'ting 
'~Ji'th pO~Jer se~te~~,~g, dr"ive selection, track accessing, head 
selection, and~ea~~i'te operations. 

6.3.1 Hard Disk Power Sequencin9 ~ 

rAfter" the systerl is po',Jered .u , +S and +1 Vdc . supp 1 y ~.' ges 
ar"e app 1 ied (in any or"del~) 0 /'t'h disk dl~ive 1i t. The + Vdc s 
used f01 .... logic al1d the + s used to po.'"er" the spinetl ve 
Motor. The Microprocesso .rifies the spindle rotation for 3600 
rpM, then activates the autoMatic track 0 positioning. Upon 
COMpletion of Track 0 Positioninq, signals -TRACK ZERO, -SEEK 
COMPLETE, and -READY beCOMes true. 

POWER ON 

-TRACI< 00 

, , 

-------:------------------, , 

.. .. , , 
, , -------,----------------_ .. _-, .. 

-SEEI< COt'IPLETE .. , : 1 ______ -------------

-READY 

.. , ------_'O_---------------_ .. _-----, · · · .. .. .. , --): :<-~ 1 Sec. typical .. , .. .. 
:<-- 20 Sec. typical -->: 

--------------------------------------------------------------
Figure 6-1: Hard Disk POI~er-On Tirtin9 Diagrart 
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MAD COMPUTER HARD DISK INTERFACE AND DISK DRIVE 

6.3.2 Hard Disk Drive Selection 

Drive selection occurs when one of the -DRIVE SELECT siqnals is 
true. Only the selected drive will respond to control input 
siqnals and only contr6l output siqnals froM that drive will be 
~ated to the interface. 

6.3.3 Hard Disk Track Accessin9 

/eadf~ite head positioninq' is accorlpl ished by: 

o Settin~ -WRITE gate false 
o Setting the appropriate -DRIVE SELECT true; 
o Selected drive having -READY and -SEE~ COMPLETE true. 
o Se"tting the appl~opl~iate state of -DIRE~CtION IN 
o F'u lsi ng the -STEP ~ Ol1t 

Each -STEP pu 1 se I,Ji 11 cause the ~ hec\ds to !'love ei thel~ on track 
in or one track out, depen i~n the state of -DIRECTION IN, 
I,Jhen tl~ue it causes the R/ head to Move i nl,Jar'd, tOI,Jar'd tr'ack 
355, and when it is false 1 causes head to Move outward toward 
tl~ack O. 

6.3.4 Hard Disk Head Selection 

Either of the two heads May be selected by placin~ the heads 
binary address on the -HEAD SELECT 2 to the power of 0 C2eO) 
input line. 

6.3.5 Hard Disk Read Operation 

The sequence of signal tiMing for reacting data frOM the hard disk 
drive is as follows: 

o Setting -WRITE gate false 
o Setting the appropriate -DRIVE SELECT true. 
o Selecting drive having -READY and -SEE~ COMPLETE true. 
o Selecting the appropriate -HEAD SELECT 
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MAD COMPUTER HARD DISK INTERFACE AND DISI< DRIVE 

-----------------------------------------------------------------

6.3.6 Hard Disk Write Operation 

-rr;-/0 1 1 01,1 i ng ~?Q\SLth e seq uenc e of signa 1 t i 1'1 i ng for I,n"' i t i ng data to 
~the hard disk drive: 

o Asslu"'ing -WRITE FAULT is false 
o Setting the appropriate -DRIVE SELECT true. 
o Selecting drive having -READY and -SEEI< COMPLETE true. 
o Sel ecting the appropriate -HEAD SELECT bina1"'Y address. 
o Setting -WRITE GA'rE true and placing the data to be 

written on the MFM WRITE DATA lines. 

-.. 
I ' .. 

Technical Refe1"'ence Manual 840707:20.07 6-139 



MAD COMPUTER HARD DISK INTERFACE AND DISK DRIVE 

----------------------------------------------~------------------

Ohe intel~face to the hard disk "lay be divided into thl"ee 
categories: control signals, data signals, and DC power signals. 
All control signals are digital and are driven by an open 
collector source. They are terMinated by a 220/330 OhM resistor 
network in the driver. The control" signals are gated into the 
drive by activating the appropriate -DRIVE SELECT line. The 
physical connection between the hard disk and the systeM involves 
four connectors (pin listing is given in Table 6-1): J1/Pl 
c onnec t i on c a l~l"y i ng c ontl~o 1 1 i nes I ",T2/P2 c onnec t- i on hand . l<J..-_..!:.h e 
dat~esl ",T3/P3 connection fOl'" the DC ppl,Jel'" lines <+ Vdc alld 
+12~, and the J4/P4 connection which provides fraMe gr n 

I 

1 

CONTROL SIGNAL DRIVER/RECEIVER DIAGRAM 

' ______ --------------------------------------------------------
Figure 6-2: Control Siqnal Driver/Receiver Diaqra~ 
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MAD COMF'UTER HARD DISK INTERFACE AND DISK DRIVE 

Table 6-1: Hard Disk Drive Interface Pin Assiqnmen1: 

CONNECTOR PIN NUMBER 
Ground: Signal SIGNAL NAME 

==========+=========== ========================= 
Pi-0i 
Pi-03 
Pi-OS 
Pi-07 
Pi-09 
Pi-i1 
F'1-i3 
Pi-1S 
F'1-17 
F'l-19 
F'l-21 
Pl-23 
F'l-25 
F'l-27 
Pl-29 
Pl-31 
Pl-33 

P2-01 
P2-03 
F'2-05 
P2-07 
F'2-0'" 
P2-10 
P2-11 
P2-13 
P2-14 
P2-:J.5 
F'2-17 
P2-18 
P2-19 

P3-01 
F'3-02 
P3-03 
P3-04 
F'4 

.. .. .. .. 
: .. .. .. .. .. .. .. .. .. .. 
.. .. .. .. .. .. .. .. .. .. 
: .. .. 
: .. .. 

.. .. .. .. .. ... 
... .. 
.. .. 
.. .. .. .. 

.. .. .. .. .. .. 

P1-02 
F'l-04 
P1-06 
Pi-08 
F'l-i0 
Pl-12 
F'l-14 
Pl-i6 
Pl-18 
F'l-20 
F'l-22 
F'l-24 
Pl-26 
Pl-28 
Pl-20 
Pl-32 
Pl-34 

P2-02 
P2-04 
P2-06 
P2-08 

P2-12 

P2-i6 

P2-20 

Rese1"'ved 
Rese1"'ved 
- W1"'i te Gate 
- Seek COMplete 
- Tl"'ac k Ze1"O 
- W1"'ite Fault 
- Head Select 2' 
Rese1"'vecl 
Resel"'ved 
-Index 
-Ready 
-Step 
-D1"'ive Select 1 
- D1"' i ve Se 1 ec t 2 
- D1"'i ve Se 1 ect 3 
- D1"'i ve Se 1 ect: 4 
-Di1"'ection In 

-Selected 
Reser'vecl 
+Spar'e 
Rese1"'v€-~cl 
+Spal"'e 
+Spa1"'e 
G1"'Olll1d 

, +MFM Write Data 
-MFI'I W1"'i te Data 
G1"'ound 
+MFI'I Read Data 
+MFM Read Data 
G1"'olmd 

t:u1"'n 
, 'tl.u"'n 

----------- :- ----------- ------::::~ .. -----------------
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MAD COtrlPUTER HARD DIS~'INTERFACE AND DIS~D~IVE 

-----------------------------------------------------------------

PERFORMANCE SPECIFICATION 

Storage Capacity: 
( Unf Ol"'rla tted ) 

Pel"' Dl"'i ve 
Pel"' Tr"ack 

Storage Capacity: 
( F Ol"'Na tted ) 

Pel"' Dl"' i ve 
Pel"' 'fr"ack 
Pel"' Sec t'Ol"" 
Sectors per Track 

Recol""di ng Heads 
Cy 1 i nder"s 
Data Tl"'acks 

Recording Density: 
Al"'ea 1 
Li neal"' (MFI'1) 
Radial 

Reliability: 
I'ITBF 
1'1 'f 'fR 

Rotational Rate 

Data Transfer Rate 

Access Tirle: 
Avel"'aqe Latency 
Set·tl ing TiNe 
Seek TiNe 

Star"t Tirle 
Stop l' i rle 

12,749, 184 ~es 
10,416 jYtes 

1 0 • 0 trlegabytes 
8,192 ~ 
256 
32 

2 Heads 
306 
612 

4.87 X 10e6 bits/~q. inch 
8290 bpi r 
588 tpi 

8,000 hours, continuous operation 
30 rlinu'tes 

3600 l""PM +/- 17. 

5.0 Mbits/second 

8.33 
15.0 
3.0 rack to Track 

* 85.0 Average 
* 205 MaxiNuM 

20 seconds fl"'ON POl,Jel" On to Ready 
15 seconds froN Power Off tiMe 

*: Buffered including settling tiNe. 
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MAD COMPUTER HARD DISK INTERFACE AND DISK DRIVE 
------------------------------------------------------------------

ELECTRICAL SPECIFICATION 

DC Voltage Input + 12fv:;)/- 5", 
+ Sv +/- 57., 

1.1 aMPS~. 
1.5 aPlpsl~(ax. 

AC Voltage Input Not Required 

F'ol.ler" ConsuPlption 17/atts typica I 
ENVIRONMENTAL SPECIFICATION 

TePlper"ature: 
Operating 
Stor'age 

Relative HUMidity: 
Oper"ating 
Stor"age 
Mi:\ x. Wet Bu 1 b 

PHYSICAL SPECIFICATION 

D iPlens ions: 
Height 

~id'th 

7.. "D~Pth 
Weigh"t 

40'F (4.4'C) to 11S'F (46'C) 
-40'F(-40'C) to 135~F (57'C) 

S7. to SO% 
87. to S07. 
7S'P (26'C) 

-.' 

non-condensing 
non-condensing 

1.69 inches +/- 0.017. 
5.76 inches +/- 0.027. 
S.OO inches +/- 0.027. 

3.5 pounds 
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MAD COMPUTER Glossar'y Of Ter"Ms 

-----------------------------------------------------------------

Appendix A 

Glossary Of Ter'l'ls 

. ---------------------------------------------------------------------
TERMS 

========== 
A/N 
AND 
APA 
ASCII 

BCC 

:,iW 
Byte 
BPS 
BSC 

CAS 
CCITT 

CPS 
CPU 
CRC 
CRT 
CTS 

DLAB 
DIN 
DIP 
DtrlA 
DSR 
DTR 

DEFINI'rION 
========================================================= 
Alp h a nUl'ler' i c 
Logical Operator 
All Points Addressable 
AMerican Standard Code for InforMation Interchange 

Unit of TransMission, In asynchronous transMission, 
the unit of Modulation rate corresponding to one 
unit of interval per second; that is , if the duration 
of unit interval is 20 Milliseconds, the Modulation 
r'ate equa 1 s 50 ~aud. 
Block-Check Ch~~acter. 
Basic Input/Output SysteM 
SMallest Unit of InforMation 
8 bit 
Bi t Per' Second 
Binary Synchronous COMMunication 

" 
ColuMri~Address Strobe 
COMit'e Consultatif International Telegraphique et 
1'e'l ephonique (Eur'opean Standar'~ COMrli tte;t 
Character Per Second A e 
Central Processing Unit 
Cyclic Redundancy Check 
Cathode Ray Tube 
Clear' To Send 

Divisor Latch Address Bit 
Deutsche Industrie NorM (GerMan Industrial Standards) 
Dual In-line Package 
Direct MeMory Access 
Data Set Ready 
Data TerMinal Ready 

-_._------- ---------------------------------------------------------
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MAD COMPUTER Glossary Of TerMs 

------------------------------------------------------------------

-------------------------_._-------------------------------------------
TERMS 

========== 
EBCDIC 
ECC 
EIA 
EDT 
EPROM 
E1'X 

H~ 
~H~ 
LED 

I'l 

I'lt 
1"1 ~te 
MFM 
I"loderl 

nsec 
NRZI 

OR 

PEL 
I PIXEl. 

PROI'l 

RAS 
RGBI 
ROI'l 
RTS 
RS-232C 

RS-422 

RLSD 

(; R~ f)..tzl. SDLC 
serdes 

I I 55 
\ I 
\ I 

\ I TTL '~ 
VJ)a'ta I 

----------

DEFINITION 
========================================================= 
Ex'tended Binary-Coded DeciMal In'terchange Code 
Error Checking and Correction 
Elec'tronic Industries Associa'tion 
End-of-TransMission character 
Erasable Progral'lMable Read Only MeMory 
End-of-Text character 

Her'tz, unit of frequency 
Kiloby'tes; 1000 Bytes 
Kilohertz, 1000 hertz 

l.ight El'litting Diode 

'One thousand'th part 
I'lega (1,000,000 ) 
Megaby'te; 1 Million bytes 

-.' .. 

I'lodi f ied Fr'equency Modul ation ( .. 
trlodul ator'/DeModu 1 ator de-n'Y1e.., I &p at (\ 
Nanosecond (one billionth of second) 
None-Retul"n-to-Zer'o Inver''ted " ? 
Logica 1 oper'ation Ot- wha..::i ~ nd , w wW- .. 
Pic'tur'e E 1 erlen·t 
F'ic'tw"'e El erlen't 
Progral'lMable Read Only MeMory 

Row Address Strobe 
Red-Green-Blue-Intensi'ty 
Read Only MeMory 
Reques't 1'0 Send 
The s'tandard set of EIA signals for cOMMunica'tion wi'th 
ex'ternal equipMen't 
The standard set of EIA signals for COMMunication with 
ex'ternal equipl'lent 
Receiver Line Signal Detett. 
p!.ece"ve D()..iz? 
Synchronous Data Link Control 
Serializer/Deserializer 
Star't-Stop tranSMission 

Transis'tor-Transis'tor-Logic 
1'r'ansrli't Data 

---------------------------------------------------------
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MAD COMPUTER I/O ADDRESS MAP 

-----------------------------------------------------------------

Appendix B 

I/O ADDRESS MAP 

--ADDRESS--------------·--------------------~-------------------------

(Hex) FUNCTION ASSIGNMENT 
========== ========================================================= 

OOO-OOF 
020-021 
040-043 
060-063 
080-083 
OAx * 
OCx 
OEx 
200-24F 
278-27F 
2E8-2EF 
2F8-2FF 
300-31F 
320-31F 
378-37F 
380-38C** 
380-389** 
3AO-3A9 
3BO-3BF 
3CO-3CF 
3DO-3DF 
3EO-3E7 
3FO-3F7 
3F8-3FF 

Used for" 
Used for" 
Used for" 
Used for 
Used as 
Used as 
Reser"ved 
Reserved 
Reser"ved 
Reser"ved 

DMA con~rol (In~el 8237A-5) 
in~errupt con~rol (Intel 82S9A) 
tiMer control (Intel 8254) 
prograMMable peripheral chip (Intel 
DMA page regis~er 
NMI Mask register 

Asynchronous cOMMunica~ion (Tertiary) 
Asynchl""onous COl'll'lunica~ion (Secondar"y) 
Used as a pr"o~otype car"d 
Used for fixed disk 
Used for printer 
Used for the SDLe cOMMunica~ions 
Binary synchronous cOMMunica~ion (Secondary) 
Binary ~ynchronous cOMMunica~icH' (Secondary) 
Used for MonochroMe display 
Reserved 
Used for color graphics 
Reserved 
Used for" floppy disk~t'e .e
Asynchronous COMMunications (PriMary) 

825SA-S) 

*: A~ power-on, NMI to ~he 80186 is Masked off and ~he Mask is 
con~rolled as follows: 
ENABLE NMI = Write x'80' ~o I/O Address x'AO' 
DISABLE NMI= Write x'OO' ~o I/O address x'AO' 

**: Since the adch~esses of ~hese ~',J() functions over"lap, they 
cannot: be used together. 
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MAD COI'!F'UTER SYSTEI'! I'!EMORY MAP 

-----------------------------------------------------------------

Appendix C 

SYSTEM MEMORY MAP 

------.-------------------------------------~---------------------I STARTING ADDRESS 
D(~c • Hex. 

:=================== 
1 0 00000 1 

161< 04000 
321< 08000 
481< OCOOO 

-------------------. 
641< 10000 
801< 14000 
961< 18000 

1121< 1COOO 
-----------------_. 

1281< 20000 
1441< 24000 
1601< 28000 
1761< 2COOO 

-------------------
1921< 30000 
2081< 34000 
2241< 38000 
2401< 3COOO 

-------------------. 
2561< 40000 
2721< 44000 
2881< 48000 
3041< 4COOO 

-------------------
3201< 50000 
3361< 54000 
3521< 58000 
3681< 5COOO 

-------------------
3841< 60000 
4001< 64000 
4161< 68000 
4321< 6COOO 

1 

FUNCTION 
============================================ 

512 I< BYTES 

triA I N MEMORY 
ON 

CPU BOARD 

-------------______ 1 ______ ----------------------------_________ _ 
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MAD COMPUTER 'SYSTEM MEMORY MAP 

--sTARTING-ADDREss-----------------------------------~------------

Dec. Hex. 
=================== 

448K 70000 
464K 74000 
480K 78000 
496K 7COOO 

-------------------
512K 80000 
528K 84000 
544K 88000 
560K 8COOO 

-------------------
576K 90000 
592K 94000 
608K 98000 
624K 9COOO 

-------------------
640K AOOOO 
656K A4000 
672K ABOOO 
688K ACOOO 

-------------------
704K BOOOO 
720K B4000 
7~36K B8000 
752K BCOOO 

-------------------
768K COOOO 
784K C4000 
800K C8000 
816K CCOOO 

FUNCTION 
============================================ 

--------------------------------------------

128 ~ BYTES EXPANSION 

ON 
MEMORY EXPANSION BOARD 

--------------------------------------------
RESERVED ADDRESS SPACE 

(-- ADDRESS SPACE ASSIGNED TO ''IONOCHRO''IE --) I 

(----------- RESERVED -----------) 
(-ADDRESS SPACE ASSIGNED TO COLOR/GRA~~ICS-> 
(----------- RESERVED -----------) 
--------------------------------------------

:------------------- 192 K BYTES 
MEMORY ADDRESS SPACE 

RESERVED 

, , , 832K DOOOO 
848K D4000 
864K D8000 
880K DCOOO 

-------------------
896K EOOOO 
912K E4000 
928K E8000 
944K ECOOO 

------------------- --------------------------------------------
960K 
976K 
992K 

1008K 

FOOOO 
F4000 
F8000 
FCOOO 

32K ADDRESSING SPACE ASSIGNED TO BIOS 

--------------------------------------------
RESERVED 

------------------- --------------------------------------------
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MAD COI'1PUTER \-JUMPER SELECT OPTION 
.... -----------------------------------------------------------------

MAD-l pr'ovides 25 jumper's on the CPU boar'd 1,lh iCh all 01" the user' 
to se 1 ect various systel'l conf igur'ation's. Th€t~.e jurlper connections 
are shown in Table C-l: fi-

-----------------------------------------------------------------

Diagr'arl of CPU Boar'ct shol,m 
25 jurlpel"s. 

----------------------------------------------------------------



I ' MAD COMPUTER "JUMPER SELECT OPTION 

--------------------------------~--------------------------------

Tab 1 e C-l: .. JuMper Se 1 ec't on CPU BOC\l"d 

-----------------------------------------------------------------
============ 
W-Ol 
W-02 
W-03 
W-04 
W-05 
W-06 

W-07 
W-08 
W-09 
W-l0 
W-l1 

W-12 
W-13 

, W-1.4 
W-15 
W-16 
W-17 
W-18 
W-19 
W-20 
W-21 

W-22 
W-23 
W-24 

W-25 

JUMPER CONNECTION & FUNCTION 
================================================== 

No't Used 
Tertiary Serial Port Configuration 
Tertiary Serial Port Configuration 
Tertiary Serial Port Configuration 
Selects TransMit C\nd R~ceiver Clock into 8274 
Connects 80186 NMI input to Ground or to Parity 
c i l""CU i tl""y. 
Not Used 
Not' Used 
Parity Circuit Test JUMper 
Not' Used 
A to B connects 8274 Channel A's tranSMitter 
Data Ready to 80186 Channel O's DMA request Line. 
C to D connects 8274 Channel A's receiver Data 
Ready to 80186 Channell's DMA l'-eques't)"ine. 
Floppy Write PrecoMpensation 
Floppy Write PrecoMpensation 
Tertiary Serial Port Configuration 
Tertiary Serial Port Configuration 
Tertiary Serial Port Configuration 
Tertiary Serial Port Configuration 
Tertiary Serial Port Configuration 
Floppy Writ'e PrecoMpensation 
Fl""ont Pane 1 LED 
A to C connects speaker clock to 8255 pin (P) C5 
B to C connects Data Set' Ready frOM Tertiary 
Serial Port (8274) to pin (P) C5 of 8255. 
Interrupt Control AEN frOM 8237 or pin 5 of J-l1. 
Connects I/O CH RDY to 8237 RDY 
Selects 4 MHz clock to 8237 and DMA clock frOM 
pin 3 of .J -11 • 
A to C connects INT7 of 8259 t'o the parallel 
(Centronics) port circuitry. 
A to B connects INT7 of 8259 to the 8274 USART. 

--------------------------------------------------*: JUMper W-2 --) W-4 and W-14 --) W-18 to configure the 
Tertiary Serial Port as either an RS-422 or RS-232C port. 

**: JUMper W-12 ,W-13, and W19 for different values to select 
the floppy's write pre-coMpensation on 9229 chip. 
See Floppy Write Pre-coMpensation table next page. 
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MAD COI'lF'UTER JUMPER SELECT OPTION 
----_._-----------------------------------------------------------

Table C-2: Floppy Write Pre-CoMpensation Table 

JUMPER CONNECTION 
(0 = Shor~1 1 = Open) 
W-19 W-13 W-12 

======================== 
o 
o 
o 
o 
1 
1 
1 
1 

o 
o 
1 
1 
o 
o 
1 
1 

o 
1 
o 
1 
o 
1 
o 
1 

FLOPPY WRITE 
PRE-COtrlF'ENSATION TIME 

Nanoseconds 

625 
625 
500 
500 
375 
250 n • 
125 J1 • 
000 1'1 • 

MAD-1 provides 12 JUMpers on the video board ~1ich allow the user 
~he flexiblity of configuring ~he video for MonochrOMe or 
color/graphics clock and color cOMposition. The JUMper 
connections are given in Table C-3: 

Diagrarl of Video Boar'd sho',Jing 
12 jurlpers. 

---------------------------------------------------------------
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MAD COMPUTER JUMPER SELECT OPTION 

-----------------------------------------------------------------

Tab 1 e C-3: JUMper Se 1 ect' on Video BOc\\"'d 

----------------------------------------------------------_._-----I , 
JUMPER It ~.rUI'1PER CONNECTION oS. FUNCTION 

============ ================================================== 
W-l 
W-2 

W-3 

W-4 

W-5 
W-6 
W-7 

W-B 
W-9 
W-l0 

W-ll 

W-12 

Not Used 
When connected to ground, selects Monochrol'le 
clocks. 
When connected to g\ .... ound, selects S/W of color" 
01.... I'lOnOC h l"'Ol'le • 
When. connected t:o ground, selects clock fOl'" the 
col 0\'" t:er"l'l i na 1 • 
When connect:ed t:o gl"'ound, for:ces RGB off. 
When connect:ed "to gl"'ound, fOl"'ces RGB on. 
When connect:ed t:o gl"'OU nd, allol"s S/W cont:l"'ol of 
intensity. 7 
When connect:ed to <;Jl"'olmd, for"ces intensity .,. f 
When connected t:o gl"'otmd, enab 1 es cOl'lposi te S;;O:y:":'l::r..._ ...... htl . 
When connected to ground, short:s pin 2 of video 
display jack (coMposit sync signal). 
When connected to ground, enables norMa} 
vertical sync signal. 
When connected t:o ground, inverts vertical sync. 

------------ --------------------------------------------------
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MAD COMPUTER REMOTE COMMUNICATION 

-----------------------------------------------------------------

Appendix F 

REMOTE COMMUNICATION 

ReMote COMMunication between Data TerMinal Equi~Ment (DTE) and a 
host pr'ocessor' can be establ ished ltsing voice qua 1 ity 
cOMMunication lines (standard telephone~ line) and Data 
COMMunication EquipMent (DCE), as shown in the following figure: 

--------------------------------------------------------------------

DiagraM shown DTE, DCE, and COMMunication 
line, siMilar to IBM diagraM F-l 

------------------------------------------------------------------
Connection between the data terMinal equipMent and data 
cOMMunication equipMent is Made through a cable conforMing to the 
EIA or CClTT standard, using ElA/CCITT adapter which interfaces 
to the data terMinal equipMent. 

Note: All ElA standal"ds ar'e 1 a~ ed I,d th RS-nnn-r' notation, 
and CCITT standa."'ds are 1 ag ea I,d th V. nn or X. nn. 
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MAD COI'IPUTER REMOTE COMMUNICATION 

-----------------------------------------------------------------

The standardized interface defines the connector type, signal 
naMe, signal levels, and the pin assignMents which are used to 
connect Many different types of data terMinal equipMent to Many 
types of data cOMMunication equipMent. One of the Most COMMonly 
used EIA interface is the RS-232C, which is equivalent to the 
CelTT V.24 interface. The connector used for this interface is a 
25-p in "D" she 1 1, as sho',H1 be 1 O',J: 

--------------------------------------------------------------------

DiagraM shown DTE, DCE, and the interface 
connector and the line nUMbers. 
siMilar to IBM diagraM F-2 

------------------------------------------------------------------
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MAD COMPUTER REMOTE COMMUNICATION 

-----------------------------------------------------------------
The relative tiMing of each signal is shown in the· following 
tiMing diagraM. It describes the sequence of operation for 
establishing COMMunication between the data terMinal equipMent 
and a data COMMunication equipMent using EIA RS-232C or CClTT 
V.24 i l1'ter'fa<:e. 

--------------------------------------------------------------------

DiagraM shown tiMing sequence 
siMilar to IBM diagraM F-3 

-------------------------------------------------------------------
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I'IAD COI'lF'UTER SYSTEM COMPATIBILITY DELTA 

Table G-l: SysteM COMpatibility Delta SUMMary 

FEATURES/FUNCTION I fTIAl)-l 
~===~~=====~~======l==~=~~~===~=~~~~~======== 
Processor I Intel 80186 
Co - Pr'oc e!;;!;;Ol~ 
Cl ock Fl~eqU€omcy 

I CPU C~/c 1 e 
!)aota Bus Wicl°th 
MeMory Cycle TiMe • 
Interrupt Request 

DI'1A Ch a nne 1 

I'-I(yt pr'(Jvis1ed 
6 • 0 ITIH:7~ ~CL,....-< 
167 nSf?C"....r-

16-bit Internal/External 
667 nsec~ 
IRQ2,3,5 are provided on 
the I/O Bus, IRQ4 is as
signed to priMary serial 
port,IRQ6 is assigned to 
the on board(CPU) floppy. 
controller, and IRQ7 May 
be connected to the 8274 
USART interrupt on the 
parallel printer port. 
DMA Channel 0, 1, and 3 
are carried on the bus, 
and CH2 is assigned to 
the on board floppy 
contro 1 1 e)~. 

IBM-PC/XT 
===================~==l 

I rrte 1 e.088 
Il1"t(~ 1 8087 
4 • 77 ITIH:z Y--' 
210 nsecJ---
8-b:ioto Exter'nc\l 
840 nsec~ 

Ca l"'d Se 1 ec-V 
C 1 ()c I",/Ca 1 .ri1del~ e. 

NrJ"t c\vc\i lable 
: 1'181'1-~5832:L 

I Pr'ovided 
I Noto pr'ovided 

I 
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MAD COI'1F'UTER SYSTEM COMPATIBILITY DELTA 

o Intel 8274 Multi-Protocol Serial COMMunication 
* Synchronous Serial COMMunication 
* IBM Bisync Serial COMMunication 
* HDLC/SOLe 

r.-1C:;9 



I"IAD COMPUTER SYSTEM COMPATIBILITY DELTA 

The ~~-1 I/O channel consists of 86 lines ',Jhich al~e a supe\'set 
of t _ I/O channel set used by Most of the PC cOMpatible 
cOMputers. These 86 lines include 62 signal lines (IBM I/O bus), 
with the exception of interrupt request lines IRQ4, IRQ6, and 
IRQ7, which are not used on the MAD-l bus. The additional 24 
lines are part of the MAD-l bus expansion which is used for the 
addition of eight data bits CDe - D1S), power/ground lines, and 
six lines that are reserved for future use •. 

l'~e I/~) f.annE~ I d~~ 1 ta b~-:>·t',JEH-:"n t·he I'IAD-l and thE~ IBt'I-F'C/XT is 
glven 1n rable G-2. 

Table G-2: I/O Channel Delta 

I/O Channel Signal AssignMent 

F'in " MAD-l IBM-PC 

B2:1. 

B22 

B24 

A32 & 832 
1~33 & A34 
833 & 834 
A35 - 1~42 
835 
B36 - B38 
839 - 842 

.. 19<"3& .. 19-1 
F'f:?S(-=l~ved 

F..: Eo' ~·H? 1"' V €"d 
OS - 015 

LB~.' ~ 
+5 tioc 
GI'O 

IF..:C~7 

IR(~6 

IRQ4 

N/A 
N/A 
I'I/f~ 
~VA 
N/A 
N/A 
N/A 

, 

Used for printer or aux
ilary serial port. 
Used for floppy disk 
c m,-tr'o 1 1 (.:0\"' • 

Used for priMary serial 
pOl ... ·t. 
F'E.'Se1"'V€"d 

Additional S data bits 
Latched Byte High Enable 
Additional voltage lines 
Additional ground lines 

------------,--------------------------
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-----------------------------------------------------------------

- Digital Output Register 

Integrated MonochroMe, and Color/Graphics 

I ' 

The keyboar'ct 1 ay-out, and t:I,JO addition l<eys "BRK" and .. I ". 



• 
To: 
FI~ elm: 
~:;ubj : 
Dat(2: 

Prom Users 
Hy",n f~uqust.i n 
PD~\lE'r" On [:oJ. ,3Q 1"1 C'::; t. i. c~::, 

Oct.. 2LI·~ t98L~ 

pnEL. I 1'1 I NARY PHFL. I ,-1 I Nm;:y , (/ F'FEI...II'I I I\j(~;~\f 
prJt'JEF: UN D T n(3!\m~3T I CE3 (FUD) ~ .... 

--'--~ 

This document describes the POD sequence for thE MAD - t 
in reI e.;:{ ~::,c:::.' t?41 0:1. 0 0+ t h C;2 F'r:':DI'1. Th ~.? t..;:{ ~,. k to bE' ac c: D:TlP 1 i ~::,h f?d 

.is to t.est. various hardware and make sure the hardware is 
properly initialized. Once t.his is done, the MAD - 1 will beep 
(JncE'~, i::hF.!n .:" Buet: i::; ;;:It.t.(:::·~fTlpt(::,,ci (u~:;,ing INT 1<:;'h)" J·f thE! l::loDt. 
fails, the PROM moniter is invoked. 

F'!··I I L.m3DPHY: 

. ,,'; ',~ ~:.' .. ,:.:. ~ . 
. ..... ""'''''.,'' 

The testing philosophy is to depend on as lit.tle untested hardware 
as possible. For this reason, no RAM is used until the first 64KB 
hE;!.!5 bE"(~n tef::;tE!cI 
1")/.-:> !'··PP,,·t"Pci (";n' . 
f'"·~" , .. ;' ." r:' ". ·t· r->'= .... :"'. '. .' 

.t r .,., ."" '.J .". ='\~,_, • t 
h ';:1.1 t. Er"l'"" C:)I~~; 'tn· SLI 

T e s; t.;i,:,nfJ . V·J 

as the n~mber eeps) 

some of t.he early errors cannot 
If an error is detected in the 

flag tests, the system will 
beep an error code on the 

Thc:;.) I D nUflll:Jel~ 

eel to t.he monito~ (provided the syst Cl ~.;,ick) ~'·Jith 

rning message. This means that some syst 
ear to work flawlessly even though an err 

Ivl(-iD -- 1. dE~tr::!ct~s a faul t: in the F'OD:·seqLlen 
1 service representative. 

tE!ctE'c! • 
onti::~ct YOLW 

., ....•. 

> 

~ , 

.~ ia 
T 

.... J 

• 



, ... 

. ~ 
FIRS~ STAGE: No RAM is required for these tests to run 

*h T 1-:'5 t CPU r ("?(] i st. E~I~ '::. ~'J.i. t. h [)r~I(.)(:I(.:)!l ,:~ II d n~-j:~5~'i~5h p <:,t t E!r n, hal t:. i·f m i !"rna t c h . 
*h T~?!5t CPU flc~q 1···E!qi!:::.tE!I···~5 '-li. t:h :;(::t did 1,··t~~:'E~t~ !-le1.lt j,·fE'I'TDI'-. 

In it. i ",,1 i Z f2 on b Oalr' cI Ej::~.5/I· T I j'-IFF;: f: ClI'" t:i mE:!r" ·f unc: t i Clrl 3 ,::,nel t:. DnE:! gE~n E~r <:1 t. D:~ .. 

Initialize on board 8255 parallel IIO chip and d~pendent tircuit5~ 
floppy disk controllc~ 
keyboard circuit 
lID check circuit (held disabled) 
parity circuit (held disabled) 

Read and write PC comp~tible soft reset flag in RAM to set its parity. 
En,,:\!:Jle the !~:(.\11··1 p2;.I'·i.ty ,3ncl I/D cl"l(':'cl:: ci.I'"c:uitr:;:.. 

*t Perform a checksum test on each PROM. 
:t: t T (~?!:3 t the E:12:~;"?r::')'"":::' Di"'IP1:' ~:. I'" e';J 1. <;;; t ~',\I'" ~:" ... 

*t startup and test refresh circuitry and r~fresh DMA. 
*t Test the first 64KD of RAM. 
*t Test the parity error flag. 

Initialize stack segment (SS) and stack pcinter (SP) to use tested RAM 

SECOND STAGE: Working RAM is requir~d for these tests to run. 

:::)('2t: up illPu;nm··,..i ". 
Init.ia~E' .;,\nd:'·t.es 
s~tup the interrup 

e dipswi,:t:ch< 
i cleo RAI'-1 ;:~<~}!:n, 

alizl?? 66'l~5 vj.deo· 
mine memory size: 

RAM to test the interrupt controller. 
controller internal registers. 

~!' ..... , 

on 
c)'ff 
on 
C)-f of 

software and unused interrupts. 

o·ff 
cd:f * 

ssage indicating memory size. 
parity check circuits again. 

*t ,above the first 64KB up to the top 
*t ty e~ror flag again. 

In:i.tializ£.? ~ .. !-'!>. ';:'1 ('1"113 " ('Ii c:i.~ cnr'l+'Y"")llF:"~ ("hi '"I ""-ld flCll'1!::J v par-am<.,t-'I'-·- ... 

U='::GL:::~ND : 

\. '_~C,f .. _1"_ r ..... . oJ'. _~_I ,... ... -' - 10 • C I. -1"-," T c: C ~ ~- :;::>. 

Initialize the (Ceritronics compatable) parallel printer port. 
Initialize hard disk and controller (if present). 
P,~i nt the <LClr-~DEn:' In(~!!::;SiC1I:J"" .:';\nd dt~tf:! COdE! .. 

T(,:?st switch 2 of dipswitch; 
If' OFF;' :' 

CDr-lt.in!Je .. 
Be[~p on C E·? 

'r,'- .. ::In ~:;f f2r' c Cln t.I'· 0 1 to boot interrupt 

manufacturing loop mode. 
f i rsi: stage. 

( J NT :I. 9H) • 

* Auto sizing writes and chpcks fo~ a AA55H pattern on 16KB 
houndries above the first 64KB. The first failing test 
determines memory size. 

*h System will halt if an error is detected. 

*t Tests that will generate a beep sequence and error riu~tier, 
described belo~J. 



.. 
" ... ~ 

DFT(-lIL. DF n::ST~3~ 

6 beeps: PROM CHECKSUM 
The value in each PROM address is added to the next. 
sum for each PROM must be zero. 

Thf2 I~E!sul t i ng 

9 beeps: DMA Test 
The 8237A-5 DMA's 8 addr~ss and count registers are written and 
checked with OAAAAh and 05555h patterns. 

7 beeps: Refresh Initializdtion Test 
Ch drrne 1. 0 c,f the ~3:.::::;71:~-::i DI"!{~ i ~s pl-'Cl<;:~ 1'- amrned of 01'- c:c,n t i. n uou:; mod (;.~. 
The address register must change within approximatley 50 microsec. 

4 beeps: Memory test of first 64KB 
The POD RAM tests use the REP LODSW and REP SCASB instructions to 
rapidly write and read test values in blocks of 16KB using the 
patterns OAAh. O~5M~ 080h and DOh. The 080h pattern is used to 

~:~:; ",,~ ~.~te· i n"i;;L.~ and the 00 p aU er- n 1 ea ves 

F' c:tr" i t Y T est .':,<,., ': ,,.., ,r 
arity status bit~is 
it will be set if a 

Interrupt Controller Test. 
and OAAh patterns are written 
clIlE!r chip.. The data 

iphm-al chip. 

, ' . , 
.. ~' ~. : 

" 



:2 b(;.:>~p"s: 

, A Th:t!:-; 
Memory test above the first 64KB. 

( 
\ 

641<B 
test functions the same as the memory tests for the first 
of RAM. If an error is detected in this test, an encrypted 

numeric message is printed 
contains the failing bits, 

to the monitor. The 16 bit message 
b.::.rlk and f'::'\/£"n/oc:ld addr-~·?s:,; ,:;t,~\tu", .. 

r:~···/E'I"1./ Clc.i d aLi d r' f?':::· ,,; '," t.· .::t t. U <:'i :; 

Tho first and leftmost nibble will be either a 1 or O. 
If it's a 1 the failure was detected on an odd address, 
o t 1'-; c·'~ 1'" Vol:i. '::j c:·~ I:. i", E'~ E~ Y- r- CJ r" E\ cl r.:! r" Eo' ~"; '5:· :i~;; C '/ c'? n • 

The second nibble is the bank number, with values 
o throu~h 3. This translates to the rows of RAM 
chips for hoth even and odd, Using the bank number 
!.:: c) L\ ::) ] ',', c:i I,:) i t: Ii t h (.? e \l ',:' n / Ci c:1 dE., (1 cj r- E' ,; so .". t. a. t U:,,3 i\1 i 1 J. 5 h u w 
t h c:' " C !,.) CJ f r~: PI ">1 c.. <:: ... u·;:'; :i. ;": (:.: t. h (:~ pI" CJ b 1 f2 :~1 • 

Di·~.'5: 

The last two nibbles should be taken as 8 bits. 
Any bit set in this byte indicates the bit position 
(J·t the.' ' .. ·:·'r-Ir·c:~. I\;utc ·t.hi::lt it :i.~::; PD~::;!::::Lbl(".~ felt'· mDrE! 
!::.h·;).n c)n',·:' b·.i.t tC) be ,;r'·.":·t (+c)r- (=:'>~c:\rnplt"~~1 i.f thE, memDI~'l 

f.:i:i zer·;·'S;!.·J i t. c h =;(:Oct t :i. 11 q :i ':~; q i~ CEI. t (::'I~ t h Etn ":'. h c: E:\ '.j i? i 1 c\b 1 E! 
m£2muI'·";I",·'··th WDUJ. d mo",.t l:i. k~~l '/ h;? , 55' ) .. 

to CHl(;? chip or 
are causing a p~oblem. 

ibbl<='~3 INil1 bE' :z(·,'r·D.. Thi~.:i :l !;; Urll-CpE'.:3t,:tb 1 e 
~he bit location within the row 

T~e memory layout guides below show the 
RAM chip that the memory test above the first 

f.:".':ulty. 

:: b(·;:.!c'p SE:quE!nC::E~, , 120·<1·' i~::; pr·:Lnt:(·;:.!cl tel t.h~2 mon', 

.. 
Bits, both nibbles taken as 8 bits 

SAMF'LE (~Nr!'- Y:'=;; 1:'3: 
E VE'n / [lei d <:lei d ~ E' =; ~:i !::; t. ," t. U '3 :i. ~"; ~,;E't t n s t h t? E'r' r i:l ... , 

':1 C)C:CLtr-E~d f.Jn ,':Jr! ()dd b~'::in k. <,;:i';,. i.r1li i ca.t i ' 
t !"" F-' E:'Y" r lJ"- (""\ , ... (. 't .... ";"'J ,-, .-) 1-) ::: 1"1 I.:' '/' "!"1-1 C':·, I") 'l' ·t c \! ,-,'1 I" f'" "l ~';!' ('~:I!.. b I~"'~' k; n [I ,,~. -" , ., . . f ~-. -' ••.• ,_. ,. , •• ~! •.. , .. ~ ,. . ..... " I..... -) ,.~\ .. ,_\ -- t .-~, ~r~_:,<~ ,",4~-'¥"'" ... =1 

this dm-,In tD bi.t~:; vmulc.i bp t.he ~::;;)rne c~5 OO'oOq0010(j":(binary>. 
-r'! I' t . 'I- 't '") ',-'. t·.' : .. ,. _.,']' I.~ 1- '.; -~ \ I' \ . -, - H'" '1 PI:) 1" :1. n c· t' :r. U I" 1 '"; ,.J 1 '. .,,-.. ._, C.l m .J J. n .L I , lJ ;::1 .1.. L 1 t' C. (':. ,) 1 (~. C E. .~J 

!Sh DVJ::; t h ;::1 l: ;; 

Bit 2, bank ~~ odd bank is failing. 

U"d.ng the rnE~mor-y layout ~juicJe belotrJ for a CPU 'fc~b:!t 310002, 
the location of the failing chip is determined to be 4J. 

:".i"~~_~.#"'~' J 

'::~!:'>:"+.: 

.. --:~, .. -,-"-:-.-,,.-,--"-.-... 

I 
! 
I 

.~ 



.,. _0 

Br~NK 

[O .. -:~; J 
DDD 

(p Hlt~ . 
~. BITS [0'-'7:11 

:=0=:=1=:=2=:=3=:=4=:=5=:=6= =7=:PARITY 
<I:::EF. Dr::!:3lC:l): (2) : (:3) : (4) : (~» : U<· ~ (7) (E3) (9): (1 I) 
_. __ .. _ .. _ ....... _ ...... _._ ............ I __ .......... I ..... _ ... _ .. I ..... _ .... _ .......... ~ ..... ·I~ ............... I .... , ........ .. 
._. " .. , ._ .. - -_. -- ... " ..... -.. ..... ..... ..... .. ... _... ..... I ..... ,-- ..... I ,.... ..... ..... . ........ \ .... 1 ..... ..... ..... I ." ........ _-

0000-1. FFF: (1_) 
B?)NI< 0 ODD 

I 
• I 

------------ ---:---:--- ---:---:---
200(i-3FFF: (1< l 
BAM::: 1. DDD 

4-000-5FFF' (J ) 

B{-iN~: 2 ODD 

.-.... -"'" ~ -- _.- _.. : _ ...... ---
yyy 
" ,\ " 
xxx 

._ ......... _ I ..... _,._ .............. _ 

.-........... I .. _M ............ _ •• _-

------------:--- ---1--- --- --- --- ------
6000-7FFF (!--j) : 

BAr·H::: :;:. ODD 
~====================:=== 

__ ... _ ..... t __ ._ t ._ .. _ ....... t ._ ..... __ _ 
--- '-'-'- I _._ ....... ; .. __ ._-

_ .. _00 .. _ 1 _._"._ 
- .---- i --. __ .- ====::=::::= 

0000--1.FFF (G) : 
B?iNI< 0 EVE:!'··.I I 

. I 

--_.- : . __ .. _- ~ ._-_ .... - • ___ 00- : _._._. __ ... __ ....... _ •• _ 

B(.')I\IK 
[0-3J 
EVEN 

2000·_·3FFF (F) 

Bf~I\IK 1. Et..JEI'.1 
------------ ---1--- ---1---
4000--5FFF (E) 

B('~!\II< 2 EVEN 

6000--7FFF .; D) 
B('4N~< 3 EVEN 
====:==::::===:::=:::::::: --

. ,.' ~ 

: --- : .-.-.. ~~ 
I <: 
I ,f." 
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_ ... _- -- :. -- --' ... -

_._ .. _; '---

--_.- ; _. __ .. 
I 
I --e---

____ 1 _ •• _._ I _ .. ___ I __ _ 
- ._- _. I ._ .. _. '-' I - - '-' I -- - ._ . ======== 

Silkscreened reference designations are shown in parentheses!). 

the X's mark the failing~RAM chip for the sample error given above. 

:'-'.' 

>'~~~~7. 
"':.: .. : .... 

:;'--:'.:1'. • ... 

I 

: . .:.... ' ..... :, ... '='.c~.:.:.:...:·:r .~, ~l;"~~J~·.·_"~! :.~: ~ _ ;-:'-'.::-__ 



·~ .: 
·r .. 

B{:lhll< 
[0-·:::] 
ODD 

BITS [0--,7] 
:~0~:=1=:=~=:~3=:=4=:~5=:=6= =7=:PARITY 

( h roo: F . r> F~!~ T i~;:' : (1 :' : U) : c:~) : I ,,) : i ~C;) : (h) : (7) (En: ( <] ) 
::= ::':.:: ::-..:::::::.::: :.::.: :::::: ::.::-: :::: ~-. 

I ." .. '~ .. _ f ..••• _"M ••• I ._~ ._. _._ I .. _ ... _ .. I .. ~ _'". _.M I ..... _ .. __ I ___ _ :::.:::::::.: : ::: ::::."':':: ::-:::::..: =:.; I - .. -- ..• I .-. '-'- 'M_ I -. ,.- .. - I .- '.,.... I .. , ... " _., I ... -...... - I -', •.• --. 

0000-·1, Frr:' (1_:
B(~"W: 0 ODD 
____ - __ - .'_ •• _ ••• _ •• M •• _ ._ ...... , : _ •• _ •• _ •• : ____ ._ : _ •• _ •• _ : •• _ ••• _ ,,_, 

2000·-3FFF· 0' ~.') 

[{('d\W: 1. DDD 

------------1---:---:---:---
40r)O-·~jFFF (,J) 

BAI\II::: 2 eJD!) 

------------:---:---:---:---
6000-"7FFF 0: H) : 
B~ltlk 3 mm 

---:--- ---:------

---:---:---:------

---:---:---'------

---------------------,---,---,---,---,--- ===::::::::::::==: ---------------------,---,---,---,---,---

Br'i!\II< 
[0-,3 J 
EI)l=::N 

0000-,1 FFF (r3) : 
.B(.)hIV 0 E')!:::I'I 
------------:---:---:---:---:--- --- --- --- ------
~20·00--3FF r=- .. : r-- ) 
fJ?2ll\lK\\J E\,'E!'~ 

, ' ,- " . 

, , . 

.-.. ----~~,~t" '--'- : ----- : .-.. ---.. : ---- ; ._._-- : ----- : .---

4000-5FF'F(E 
B ()I"H::: 2 ;'!EVEN ;: 
--.----~:'-!~~~:~, I :~-;-7'-: 
6000--7FFF (D) : 
B(~ihIK 3 E~/f.::N 

------------,---,---,---,---,---, ------------,---,---,---,---,---, 

layout guide, CPU Fab# 310016 

are in parE:>nthe~;es () . 

10 beeps: Video RAM test 
The video memory test is identical to the tests for the memory 
above the first 64KB. The first nibble of the 16 bit word will 
b e ali f the E'I'T CJ roo :i. '0; cm r:\rl 0 cI d i? d d r e Si Si C? t t rib u -;,: e ) 0 roO (I i~' 
the el~r-or- i,,; cm cHl C','(,,'rl addl~e:;s:, (dc~ti:~). The second ni.bble w.ll 
always be 5 and the last two nibbles can be ignored. Use t 2 

follo\.'Jin(,;) tc:1.ble to det.err.llne locatiC)n~; of F\f.111 E!lements. .' 

\,Iicleo BOC:\Id 
F=- i:\b :I!: 260005 

r· c:\b:U 170001 

Ev(:n /Odd 
Evcn 
CJdcl 

Dcld 

F~yal ?lugust i n ~ 
So+ t t .. JC:'I~ c LEtI) 

l_ocat.ion 
6B 
6D 

LJ9 
U7 

. : i ".~ . 

, 

, . 
----,\.-
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