MAD COMFUTER SYSTEM OVERVIEW
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Chapter 1

SYSTEM OVERVIEW

1.1 INTRODUCTION
1)

The MAD- 1(TN)Aworketat10n is a compnct modular state-of -the-art
machine that reflects the most advanced computer  technology
possible, The PMAD-1 _offers powerful processing capability

compatible with thz:ig' FC (FN). j) . .
The MAD-1, shown in Figure 1- J, runs the indﬁﬁtry stancdard MS-DOS

2.0 and Concurrent CF/IM 84 operating systems as well as  a vast
variety of application programs that are available in the market
today. In addition, the MAD-1 can he networked using the
field-proven EtherNet or FCMet Local Area NMetworks (LANs).
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Figure 1-1: MAD-1 System
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1.1.1 Standard Configuration -~
[ The MAD-1 is current) availahle in two basic modelss one
comtaining two floppy disk units and the other containing one
floppy disk and one 1 hard disk. The standard configuration
for each model is given in the following list:

MAD-1 =

With Two
Floppy Disks

A Intel £0184 microprocessor

128K bytes of RAM and 14K bytes of EFROM
Two RS-232C Serial Interface Forts

One Farallel Interface Fort.

One Video Controller with color and
monochrome capabilities

One monochrome Video Display (green or
amher) and Keyboard

Two 340K hytes Floppy Disk Drives

o DOS 2.0 Operating System

0goggogocgC

G

a]

MAD-1 = o M Intel 80184 microprocessor
With Hard Disk o 254K hytes of RAM and 14K bytes of EFROM
Option o Tuya RS-232C Serial Interface Forts

o One Farallel Interface Fort

o One Video Controller with color and
monochrome capabilities

o One Monochrome Video Display (green or

ambent) and Kevbozud

One 340K bytes Floppy Disk Drive

ne 10I bytes Hard Disk Drive

pPOS 2.0 Operating System

(s BN s RS
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1.1.2 Optional Features Pt
/

[jhe MAD-1 g%gggﬂ/offeve a variety of both hardware and software

features tha -®n he easily field-installed. The following list
contains the optional featwres cuwrrently available:

HARDWARE o Expansion-tlodute (4 slots) (2?
\lg§¥*ﬂemory Expansion Kit (PMax. of 3)
i

B Ab Ty to useé 32K hytes ROMCUBing 27128)
o 10 @QO:&R

SOFTWARE 0 ep;gatlgfliifiii:) “-~§\\\\\\\’ﬁh k) %TE;
corlin i \1

Languagea
- waﬁﬂglc
Fﬂscal
Cobhol

- G

Note: Addition of floppy and/or hard disks
will reguire an uxpansinnlwgdule.
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[Ehe MAD-14 Workstation is designed and implemented using advanced
and proven technology and built around the concept of modular
architecture.

High-speed TTL technology is utilized on multi-layerecd bhoards in
the implementation of the logical components. The two i

layers of each printed circuit hoard are comected to the

power supply and ground, which provides a contiguous power an

voltage plane for the logical components on the board. The outer
two layers of the printed circuit hboard provide discrete
comections or bus lines bhetween the various logic components on
the board. External comections to other FPC  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

kevhoard modules that are used for operator interface. Each
module may he configuwred with additional optional  featwres to
give today’ s sophisticated users an eexacr and powerful

configuration tailored to specific operation.

The overall block diagram of the PMAD-1 showing the following five
primary components is shown in Figure 1-2. :

1. Computing Module

2+ Data HModule

3 Video Display PModuwle
4. Keyhoard Module

3. Expansion Module

wal 840707:20.,07 o -5
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MAD COMFUTER
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1.2.1 Computing Module

[fpe computing module is \a 12,3" X 15.5" X 2,3" haurd plastic
encloswre  containing up tAFhr@e PC  hoards, eight external
interface comectors, and Two sets of internal  jumper
comections, as shown in the following list:

FC ROARDS:
o CFU hoard
o Video bhoard
o Expansion board (optional)

EXTERMNAL CONNECTORS: .
o Two 37-pin comectors:
- One for floppy disk comection
- One for fixed hard disk comection Sﬁgtiona\)
0o Three 25-Fin comectors
- Two for serial comminication
- One for parallel printer interface.
o One 10-Fin comector for DC power Zh.
o One 9~F&n comector for video display signals.
o One 63V1n mocdular telephone-style connector
for the keyhoard interface.

INTERMAL JUMFER SETS:
Q 223Jﬁmper set for the CFPU
Q lii}ﬁmper set fTor the video board

Each of these items is further described in  subsequent chapters
of this manual.

1.2+1+1 CFU Board

The CFU board is a multi-layered 11"x14" printed circuit board
containing all the processing, communication, timing logic, and

all the neccessary interface for the system. It is mounted in
the bottom of the computing module and containsg the integrated

floppy disk controller and a programmable peripheral interface.
The physical locationgof the components_on the CFU boar shomn
in Figure 2-3, A —

vl




MAD COMFUTER SYSTEM OVERVIEW

5000 srus suve oo bove wees mes sace sese Hies ems sebe mess Less sice ise Ea0e Se0d Seee HISE S00e mee S60S Sees w04e FesS SHOO FIES HEEE SISO SE00 HEE Ses Co0s H4Sd Sere sene 00s F0SS Sese SHms Sees SUES S500 OO SO0t Sees S0e Se0s S0ed eas et Seve S00s SeSS Sese Sese Gese Serw SreS Seee 484 TSN 2004 Sese

Show drawing of CFU Board Jayout
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Figure 1-3: Fhysical Layout of CFU Roard
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The logical components contained on the CFU board, as shown in
Figure 1-3, are given in the following list:

0000

0

000290

00

Intel 80184 operating in minimum mode.,

- Two internal DMA chamwmels.

- Three internal timer chamels.

Fowr DMA chammels (Intel 8237A-5).

Three timer chamels (Intel 8254).

Eight interrupts (Intel 825%¥A-2).

Serial/Farallel commpunication interface

- One serial/?értiary chammel USART (Intel 8274).

- One serial primary chamel UART (Inte)l 8250)

- One serial secondary chamel UART (Intel 8250)

- One paraliel printer interface

Memory control and memory

- Up to 32K EFROM (using two 2744 or 27128 type EFROMs)

- Up to 512K RaAM

Frogrammable peripheral interface (Inte)l 8233)

Floppy disk controller (Intel 8272-A)

Clock/Calendar chip with battery back-up (58321)

1/0 gomectors

- One 37-pin comector (floppy interface),

- Three 25-pin comectors (two for serial port and one for
parallel port)

Speaker circuitry

8-Rit dip-switch for indicating disk, display type, and

memory size.

Expansion slot for a third party peripheral card or for

an additional 128K of memory sgﬁtinnal)
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1.2:.1.2 Video Control BRoard

The wvideo bhoard is a 14" X 5-3/4" fouwr layer printed circuit
board that is mounted comporent side dowm directly above the CFU
board in the computing mocduwle., It is controlled by the PMMotorola
4845 CRT control chip and_is capable of performing the functions
of hoth the(%BM'monochroqe/aisp]ay adapter and the color/graphic
adapter (not™ including composite color video). Selection of
either monochrome display or color/graphics is made via jumper
assignments, described in Appendix C of this manual (one chamel

is operated at a time).

The video board itself, shown in Figure 1-4, contains the
following comectors and logical circuitry:

0 Ad4-pin interface comector to the 14-hit expansion hus,.

0 Special lé-pin comector providing the upper byte of
the 1l4-bhit data hus.

0 ?-pin D-shaped interface comector to the CRT display.

o CRT control chip (FMotorola 8445)

0 Monochrome and color video circuits

Show drawing of Video Board layout
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Figure 1-4: Physical Layout of Video Roard
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1.2.1.3 Memory Expansion Roaond

The memory expansion hoard is used to expand main memory from
512K hytes to 440K hytes., It is an optional fowr-layered printed
circuit hoard that contains the necessary control  logic and
memory for an additional 128K hytes of Dynamic Random Access
Memory (DRAM). The memory expansion board (when installed in the
omputing ocdule) is mounted on a small bracket above the CFU
hoard., Coihmection hetween this optional memory hoard and the CFU
board is via one 4Z2-commector and one lé-comector ribbon cable.

R

1.2,2 Data Module

The data mocdule is identical in size (12.3" X 15.53" X 2.5") and
shape to the computing module and contains the following list of
components:

optional Hard Pisk Prive.

o System’s DC power supply.

o External comector for commection to rest of the system.
- Two 37-pin comectorssy one for the floppy, and one

for (optional) fizxed hard disk.

- e 10-Fin comector for DC power out,.

o  RESET button

o One Z-pin comector for video monitor DC power out.

o Up to twfwfﬂopp di;&fdviveﬁ, or one floppy disk and ghne

1.2.3 Video Display Module

The video module consiste of a standard lightweight 127
monochrome CRT, or an optional IRM compatible color CRT. This
module operates in conjunction with the computing module which
contains video control logic, and the data module that supplies
all the necessary voltage.

1.2.4 Keyhoard rModule

[ The MAD-1 keyboard is designed to meet all Ewropean ergonomic
an IN standards., It utilizes the Intel 8048 microprocessor and
a 44 hyte input data buffer. The keyboard contains the standard
alphanumeric typewriter keyhoard and additional function keys for
a total of 85 kevs., These keys are arranged to provide optimum
usage and reach.

The keyhoard interface is located in the computing moduwle with

Technica)l Reference Manual 840707:20.,07
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the comection made via a A-comector coiled cahle.

1.2.5 Expansion Module -
[Ebe expansion module is a 12.53" X 15.53" X 2,.3" -epxianaL) hanrd
plastic optional encloswre which provides housing for an

additional IBM compatihle expansion board. This module is shown
in Figure 1-5,

ove ovoe cmes coe ancane asoe aoes sase meme -

Fhoto of Expansion Module with
open cover, showing slots Tor
different expansion board.
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Figure 1-5: Expansion Module
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1.2.,464 Conmectors And Cables

—

L’Ihe number of commectors and cables is dependent on the
configuration of the system. Figure 1-4 shows the various types
of comectors and cables that may be used in the system:

Diagram of the J comectors
and
System Cables
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Figure 1-4: System Commectors and Cables

Tochnical Feferevice MMaroas) 24070720 .07 1-17




MAD COMFUTER CENTRAL FROCESSING UNIT

oves owe 0ve 4100 test wae 40e sece sses ess 144 Se0e sees 4es Ses F4eS aEe ees 4D 48 S00S 006 S00e S00 Sese SETe sees wees G048 00O SUOS TSt Sese Pe0s Fece Sess eves Fese S4 Pese HEGS 2000 S50 SISO SES 40 Ses S04 Sees Seve G40t Rese 4008 SeE Pese oee Seve Mes Teee Feee HOOS Seee Sev Fewe mmve

Chapter 2

CENTRAL FROCESSING UNIT

2.1 INTRODUCTION

Eibis section contains a functional and operational description
of the Central Processing Unit (CFU)Y in the MAD-1 computers— .
forong] Workstation

“The PMAD-1 CPU uwtilizes the Intel 80184 microprocessor chip

operating in minimum  mode. Its operation is such that it
maintains complete compatibility with the Intel 8088 and 8084
processors even though it provides =a much more extensive and
faster instruction set. The 80184 has added many ney
instructions as well as oprimizing several cuwmrtent  instructions
in order to improve the overall throughput of the processor.

The CFU will support up to one megabyte of dynamic RAM (DRAM)
memory . However, to stay compatible with the IEBM FC the PMAD-1
CFU currently supports only 440K bytes of DRAM  memory. The 440K
bytes are distributed hetween the CFU hoard (512K bytes) and the
expansion board (128K hytes). In addition to the dynamic RANM
memnory support, the CFU card contains 14K hytes of ROM (Read Only
Memory) .

The CFU interface, shown in Figure 2-1, contains the following
logical componantss:

Microprocessor, Intel 80184 chip

Memory and Memory Control

Direct Memory Access, Intel 8237A4-5 chip

Interrupt Controller, Intel 823¥vhA-2

Interval Timer, Intel 82354

Frogrammahle Peripheral Interface, Intel 8255 chip
Serial Communication Interface, Inte)l 8274/8250 chips
Farallel Frinter Interface.

Floppy Disk Controller, Intel 8272 chip

0009000000 D
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2:.2.1 80184 Frocessor 1/0

Table 2-1:2

Fin Description

Frocessor Fin Descriptions
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SIGNAL NAMEIFIN NO, !

i AD15-ADOC | 10-17 1I/01
i i 01-08 11I/0!
f o mmm R
i ALE/QS0 i Al I S
i ARDY P55 I
i ALY/S4, i A5 L O
i ALA/SS, iAA LI O
i AL7/54, VA7 V0
i ALL/S3 i A8 0
-BHE, &7 44 0
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Address/Data bus (0-135), time multiplexed
memory o I/70 address and data bus.

The signals on this bus are active high.
Address Latch Enable/Queue Status 0 is an
active high signal provided by the 80184
to latch the hus address bits in the
address latches,

Asynchronous Ready is an active high sig-
nal used to inform the 80184 that the
adcdressed memory space, or 1/0 device,
will complete the on-qQoing data transfer.
Address Bus Outpur (14-17) and Bus Cycle
status (§3-54) are high active signal that
represent the fowr most significant bits
of the address bus lines.

34 = 0, indicates Frocessor Cycle

G646 = 1, indicates DMA Cycle

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

-BHE A0 . Function
o) o) Word Transfer
0 1 Byte Transfer hits D15-DO8
1 0 Byte Transfer hits DO7-DOO
1 1 Reserved
_(Continuwedd___
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1 SIGMAL NAMEIFIM NO. !DIR!
i CLOCKOUT | 34 LI
i -DEM 3% P 0
i DRQO i 18 I
i DRQ1 L I
i DT, -R i 40 P00
i HOLD i 30 I
i HLDA i 51 I 0
i INTO i 45 VoI
i INT1 i 44 I A
1 INT2 142 I
{ =INTAO i 42 L 0 I
i INT3 i 41 LI
i -INTAL P41 i 0

-LCS i 34 P 0
i -LOCK i 48 I 0 I
1 ~=MCS0 i 38 i 0
R (=) ] 1 37 I Y B
1 -MCs2 1 34 10
1 ~FMCS3 i 35 i 0
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ignal that
uty cycle

lock OUt is an active high s
provides the system with a 50X%
clock.

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

=8

DMA Request 0/1 are active high signals
raised by an external I1/0 device request-
ing a DMA transfer operation.
Data Transmit, Receive is used to control
the direction of the data flow.
Hold is an active high signal sent to the
80184 processor to indicate another bus
master is requesting the use of the bus,
Hord Acknowledge is an active high signa)
issued by the 80184 processor in response
to the HOLD signal.,
Interrupt Requests 0-3 are active high
signals. INT2 and INT3 may be configuired
via softyare to provide an active low
Interrupt Acknowledge sianal on each of
corvresponding pins.
A1l interrupt request lines must remain
active until acknowledgecd.
Lowenr Memory Chip Select is an active low
signal issued whenever a memory reference
ig macde to a defined portion of memory
(1K-2546K) .
LOCK is an active low signal issued by the
processor to prevent hus access by other
bus masters.
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 (BK-512K), Signals are software
programmahbl e,

(Continued)
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Mon-Maskable Interrupt is an active high
signal that triggers the MAI interrupt
when a memory parity error or chamel
error occurs.

Feripheral Chip Selects 0-4 are active low
signals issued when a 1*efe-r@,2c:e is made to
a defined peripheral area (44K 1I/0 space)
Feripheral Chip Select 5 is an active low
signal that may be programmecd to provide
a sixth peripheral. chip select, or to
provide an internally latched AL signal,

1 -FCS0, ~-FCS1
| -FCS2, -FCS3
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i Feripheral Chip Select 4 is an active low
0 1 signal that may hbe programmed o provide

)

1

!

a seventh peripheral chip select, or to
“provide an internally latched Al signal.

]
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i Reset is an active low signa) that is

i dsasued by the operator,. This signal,

i when active, causes the 80184 processor
1 to terminate all ongoing acrivities.
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i RESET is an active high signal issued by
I the 80184 to indicate it is being reset.
1]
:'
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RESET may be used to reset the system,
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i Sunchronous Ready is an active high signal
i that must he synchronized externally to

I the 80184,

]
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G0-3 are active high signals that provide
bus cycle status, as encoded below:

80 81 B2 BUS CYCLE INMITIATED

0 Interrupt Acknowledged
1 Read I/0

0 Write I/0

1 Halt

0 Instruction Fetch

b Read Data from memory
0 Write Data to memory

1 1 Bus inactive
_(Continued)
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1-ucs i 34 10
H ! ! H
RV ! 9,43 I |
1 V58S 1 26,450 1 I 1
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X1 59 I
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DESQFIPTION
‘EST is an active low 51gnal 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 wil) re-examine TEST, ancd if not
active, it will resume execution. Other-
wise WAIT will continue to examine the
TEST signal.

Timer Inmput O and Timer Input 1 are active
high signals that are used as either a
clock or control signal, depending on the
programmed timer mode,

Timer Qutput O ancd Timer Qutput 1 are
active high signals that provide single
pulse or continous waveform, depending on
programmed timer mode.

Upper PMemory Chip Select is an active low
signal that is issued whenever a memory
reference is made to the defined portion
of the memory (254K-512K).
_____________________________ e o e o
Syastem Fower, provides +5(§29)t0 the
internal logics of the 80 processor.
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Write Strobe is an active low signal that
is used to strobe data on the hus into
memory or an I/0 device. Q%1 is an active
high signal that represents Queue Status 1
Crystal Inputs X1, and X2 are active high
signals that prgvides an external commec-
tion for a fundgmental mode paralle)
resonant crystal for the internal crystal
oscillator. The X1 input may he comected
to the output of an external clock instead
of a crystal.
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2.2.2 80184 Internal Register Map

E}he Inte)l 80184 microprocessor provides 14 internal registers as
described belowu:

X'FE* | RELOCATIONM REGISTER i
X’DA’-X'DO" | DMA DESCRIFTION CHANMEL 1 :
X'CA'-X'CO" | DrA DESCRIFTION CHAMMEL O :
X" A0 ~-X"A8" | CHIF SELECT CONTROL REGISTER '
X AL =-X&0" | TIMER 2 CONTROL REGISTER :
X'5E’ -X58 : TIMER 1 CONMTROL REGISTER :
X 5467 -X50" TIFER O CONTROL REGISTER H
X'3E -X"20° | INTERRUFT COMTROL REGISTER H

Figure 2-3: 80184 Internal Register Map
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2.3 MEMORY SUBSYSTEMS

P
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ﬂ Basically) there are three types of memory elements used in the
design of the MAD-1, Workstation. They are:

1)

2)

3)

/@\(ersonal

Dynamic Random Access PMemory (DRAM)

High-speed volatile read/unrite memory for implementing
the main memory used b}iﬁrocessor and I/0 operations.
DRAM requires a periodic refresh cycle to retain its
contents,

~
-

Static Random Access Memory (RAM)
RAM is a high-speed volatile read/write memory used
for buffering display and keyhoard data.

Programmable Read Only Memory (FROM)
FROM is a non-volatile type of memory used for storing
system control and system operational instructions that
are coded specifically for the PMaAD-1.,

Figure 2-4 shows the physical location of each memory type on the
CPU and vidig/ hoanrd. A more indepth discussion of each one

follows the

iguire.
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Line Drawing of CFU & Video Roard
shoum the memory outline
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Figure 2-4: CPU/Video Memory Locations

2:3.1 Fain PMemory

Main memory in the MAD-1 is viewed as a contiguous string of
¥Y-bit bytes (8 data hbits plus one parity hit) bhegiming at memory
address x°00°, It utilizes 44K DRAM chips to support a maximum
of 440K hytes in increments of 128K bytes. The first 512K hbytes
of DRAM reside on the CFU hoard in the computing module and hegin
with address x 00’ through x’7FFFF’. The remaining 128K hytes
are located on the memory expansion card, mounted abhove the CFU
card in  the computing module, and contain memory addresses
x 80000 through x’YFFFF'. AMAn address map of main memory is
shoum in Figure 2-5. The commection between the memory expansion
card and the CFU board is through a 4A2-pin and a 14-pin I/0
extension cable, The DRAM chips in main memory are armranged to
provide a 14-bit read-out for a 14-bit CFU transfer operations.

Technical Reference Manual 840707:20.07 2-24




MAD COMFUTER CENTRAL FROCESSIMNG UNIT

00ee 028 0008 4000 saet Sous Sosn G640 S0 G0% G240 Seut seve S0mm +000 SEES Pees Set Sece S608 G000 OTO $OS SIS SUP S0 SO Sete S00 Sues Gome 000 G40l oce 008 S40e 4000 S0us PEID S04 G648 $400 0000 S0P SE0S SN HEUE $04P FTUE $400 FUEE Geme S0ee Seve See0 Sars S6S SesS He C00S S448 $000 0ms swee vae

X 00000 + TTTTTmmmmmmmmmmmmmmmy
: 312K Main Memory i
i on CFU Eoard i
H H
X 80000 J-=---mmrmm e - H
i 128K Expansion Memory b
: On Memory Expansion Roard H
i :
X A0D00D’ - mm e '
H Reserved i
X"ROO00’ j----cmmmmm e r e e H
H Monochrome (14K). i
X RBBOOO’" - mmmmmmm e - H
: Color/ Graphics (14K) i
X BCOOOQ’ | mmmmmmm i o e i e ot e e e e e 4
i Reserved i
X FCOOQ0Q® Jemmmmmmm e m e e e e m e e e o !
: System ROM (1LAK)D :
X’ FFFFF* | H

€000 4000 4000 S00n 4000 00 000w $00e S0ae Sere G0 0400 sur S0us S0ee S0et $000 Goes 006 Ose SO0e Sece $400 Sou 0008 00w sase S00e 40s Soss sees

Figure 2-5: Memory Address Map
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2.3.1.1 Main Memory Cycle Time

the dynamic_RarMs (DRAMs) used in main memory have an access time
of 1380 (ﬁgeczs The processor requires fouwr CPFU cycles (167g§§§§;>
per cycle) to access data from main memory, and a minimum of T3
CFU cycles for I/0 operations. When I/0 access occurs, one wyait
state is automatically inserted and the READY signal is sampled.
If the READY si¢gnal is false, another wait state may he added.
The memory timing diagram is showun in Figure 2-4:

TS TIRS IR ST00 557 5000 SHSS 950 S0 500 £000 0900 €100 £000 908 £000 S200 Hes Sees Geee See Sese Te0e e0s Sees SHes Sres 1oss £904 Tee 400 Sees S6ee YOS G000 SeS Sees $000 5es HeEe 0400 bete Gees Sres Heee Sese Sees FESe ees S40e SO0E Se0e H00E S0ss S088 HEee Seme Seee Seve Sess Seme ecs sess Sese.

Show Memory Timing Diagram

TT S ST mm TS om0 ee t% ke Rt an mn e S ke T el me e me e e ae R - == me me e -
T mm W® ce mE em T we TE em T e TN ee B e B® e B e e me = mw = me % mm == me -
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Figure 2-4: Memory Timing Diagram
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2.3.1.2 Farity Rit

[:EQD~1 memory provides one parity  bit with each byte of
mmformation wnsi ~op_main memory, as  shown in Figure
parity bhits are trangparent to the user and the
programd:>aﬂd7ate pritten during write operations and are checked
wing read operations. f a parity check occurs, the operation
is halted By a level 0O interrupt, referred to as a Non-Maskahbhle
Interrupt (NMId, This type of interrupt has the highest priority
in the system. For more informpation on interrupts, see section
2.4, Interrupt Control, in thig/zhaptar.

NOTE: Farity bits may be enahled by jumpering W-0y
on the CFU  board (see Appendix C fon all jumper
locations) . !

Figwre 2-73: HMemory Ryte with Parity

2:3.1.3 Main HMemory 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 Chamel 0
issuing periodic read requests to main memory. The DACK O signal
ig used to enable RAS on all memory chips and inhihbit CAS.

2.3.2 Video Display Buffer Memory
Perconal

[jihe MAD-1AWorkstation utilizes static RAM memory, located on the

video display board (see Figure 2-4), for idits 14K hyte video
display buffer (8-hit hytes 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 FProgrammable Read Only Memory (FROM)

| Unlike main memory, FPROMs are static and do not require a

refresh operation. This type memory consists of either a pair of
2744 chips for 146K bytes, or 27128 chips for 32K hytes, The
current FROM memory address assignment for 14K hytes hegins at
location X 'FCOOO " and at X 'F&000° for 32K hytes,.
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The access time of FROM memory is 350 panoseconds., /The processor
accesses FPROM information the same, as  main memory information.
However, for ahove memmry address x FRFFF, two wait states are
inserted.

9
Kl
WOM ™
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The I/0 chamel is a de-multiplexed huffered extention of the
80184 microprocessor  hus with added intermrupts, DMA  chammels,
power, and control si¢gnals. The I/0 chamel itself is an 84-pin
comector consisting ofs

o 20-hit Address Bus
0 1lé-hit RBi-directional Data Bus
o Six levels of Intermrupts
o Three DMA Chamels .
o Fower and Ground for Adapters. '
o Control Lines for Memory and I/0 Read/Write, Clock,
and Timing.
o Fouwr voltage lines, +/~-E$ and +/~1 for expansion

cards.
o READY Line for operation of slow I/0 or Memory Devices

A
Each I/0 operation requireévminimum of five CFU cycles. This
includes one automatically inserted wait cycle that is used for

sampling the READY Jine. If the READY signal is not activated
during the sample, another wait state (1 cycle at 147 (Msec. is
added to allow it to become activated. The READY line will he
resampled during the added wait cycle. If  the » line is not

activated after two wait states, the watchdog tirer will timeout,
thus preventing the system from permanently heing hung.

1/0 devices that are confiqgured to the MAD-1 are addressed via
the I/0 mapped address spaces.

Farity errors from the memory expansion cards are reported by the

chame) check line, which is comected to the NPMI  input of the
80184 Processor.

The I/0 chamwmel diagram an pin  assignments with  signal
descriptions are showm in Fiqumand Tabhle

ja¥}
t

N

G
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2.4,1 1/0 Chanmel Diagram
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I/0 Chanmmel Diagram

Figqure 2-8:
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2:4.,2 1/0 Expansion Rus
‘ The expansion bhus refers to that portion of the I/0 chawmel bus
that is extended beyond the=IEBM. I/0 Chamel Bus. As shown in the

1/0 Chamel Diagram (Figure Z2-87, the expansion bus contains 22
lines consiiﬂiing of the following: -
nes for

: thru D15 . [
; imes Tor Kight Fen signals AJC’ ng i

] Kl @
o Fouwr reserved lings
o Eight lines for Fower and Sround signals

2.4.3 1I/0 Chammel Signal Description

The MAD-1 I/0 fLhamel is an 84-pin comector numbered AOL
through A42 and ROl through B42. The first 31 lines on both sides
of the comector are fully compatible with the IEBM FC I/0 chammel
bus. Table 2-2 lists all the pin assignments and their functions
by pin numbhera

Table 2-2: I/0 Chammel Signals

PIN s SIGNAL DIR. DESCRIFTION

A0l -I/0 CH CK Q0 Chamwmel Checks: Active 1o si¢gnal that
indicates parity error  in  memory or
devices in the I/0 chamel.

AO2 +D7 - +DO I/0 Qﬁ?§<§i§§ 7 - 0: Active high signals.

Thruw Low eight hits of the 1l4-bit data bus

AOY used to transfer data between the 80184
processor, memnory, and 1/0.

ALO +I/0 CH RDY I I/0 Chamwmel Ready: Active high signa)
indicating readiness of the hbus. It is
pulled low to increase the memory cycle
for slow devices attached to the 170
chamel 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 he held l1ow longer than 10
clock cycles.

continued
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Table 2-2 continued:
PIM & SIGMAL DIK. DESCRIFPTIONM

All +AEN 8] Address Enable: Active high signal used
to de-~gate processor or other attached
device from the I1/0 chammel to allow DMA
transfer to take place. When +AEN is high
the DMA controller has control of the
address bus, data hus, read or write and
command lines for both memory and I/0.

Al2 +AlY - +A0 0 Address Rits 1Y - 0 These 20-bhit address

Thru lines are used by the processor or I/0 to

A31 address main  memory with up to 1M byte
of direct memory access,

A32 J9-3 I Used for the optio’ﬁalms

A33 RESERVED Reserved e — UG

A34 RESERVED Regerved for futwre use,

H35 +D8 - +D15 I/0 Dﬂﬁﬁ/ﬂiﬂg 8 - 1% Active high signals.

Thru High order eight hits of the 14-bit data
o~ A42 hus used to transfer data between the

80184 processor, memory, and I/0.

RO1 GND Ground

RO2 +RESET DRV 0 Reset Drive: Active high signal used to
reselt or initialize system hardwuare l1ogic
cduring power-up. This synchronizes the

operation with the falling edge of the
system clock.

BO3 45 +5@

EO4 +IRQZ I Interrupt Request Line 23 An active high

signal used by an attached device to
request attention from the processor,
The MAD-1 carmries IRQ2, IRQ3, and IRQS5 on
the bus for use by the expansion card.
IRQRO, IRQ1, IRQR4, IRQs, and IRQ7 are
assigned to the system clock tick, key-
hoard, primary serial port, floppy dishk
controller, and printer or secondary
serial port, respectively.
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DMA Request Line 23 Active high signal.
One of the fowr asynchronous chammel re-
quests used by the peripheral devices to
gain DMA access.

-12 MDC,

Card Select = Active high signal driven
hy an open collector device and used to
signal  the CFU board that the expansion
card has been selected. The appropriate
cdrivers on the CFU . bhoard must read from,
oy write to expansion slot J8. Comectors
J1-J8 are tied together at this pin, how-
ever, it is used only for J8.

+12
Ground

Memory Write Commands: Active low signal
cdiriven by processor or I/0 to instruct
the memory to store data present on the
data bus,

Memory Read Commands: Active low signal
diriven by the processor or the I/0 to
instruct  memory to drive data onto the
data bus,

I/0 Write Commands: Active low signal
driven by processor or DMA instructing
the selected I/0 device to read tho data
present on the data bus.

I/0 Read Command: Active low signal driven
by the processor or the DNMA, instructing
the selected I/0 device to write its data
onto the data bus.
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Tahle 2-2 continueds:
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DIR. DESCRIFTION
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R15 -DACK3 0 DMA Acknowledge line 3: Active low signal.,
-DACK3 is one of the fowr lines used to
acknouwlecdge DMA request.

Bl4 +DRQ3 ] DMA Request Line 3: Active high signal
functioning as an  asynchronous chame)
request used by peripheral devices to
gain DMA access,

Bl7 -DACK1 0 DMA Acknouwledge line 1: Active low signal.,
-DACK1 is one of the fouwr lines used to
acknowledge DMA request.

DMA Request Line 13 Active high signal,
+DRAL is one of fouwr asynchronous chamel

requests uzsed hy peripheral devices to
gain DMA access.

R1é +DRQ1

=

Ely -DACKO 0 DMA Acknowledge 1ine O Active l1ow signal.,
This is one of the fow lines used to
acknowl edge DMA requests,  This signal is
also used in memory refresh operations.

R20 CLOCK Q0 Svstem Clock: ’Dividefiy*twm’ output of
the 12 MHz oscillatorf4MHz) with a period

\\\~§‘_%f‘167<§339)and a duty cycle of 30%.
B21 RESERVED Reserved Tor future use.

R22 RESERVED Reserved for futire use.,

B232 +IRQYS I Interrupt Request Line 5@ Active high
signal. One of eight interrupt request
lines used to signal the processor that
an attached I/0 device on the expansion
bus requires attention. A
The PMAD-1 carmries IRQZ, TRQA3, and IRA3 on
the bus for use by the expansion bus.
IRQO, IRQ1, IRG4, IRQ4, and IRQA7 are
assigned to the system clock tick, key-
board, primpary serial port, floppy disk
controller, and printer or secondary
serial port, respectively,
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k24 RESERVED

R25 +IRQ3 I
R24 -DACK?Z2 0
R27 +TC Q
EZ28 +ALE Q0
k29 +5<§jii>

R30 +0S0C 0
E31 GHND

r32 Jy-1

B33 ~-LAHE 0
R34 RESERVED

R34 RESERVED

R34 +5 DN

R37 +5{VDC

R34 +5\UDC

R3Y% GND

B40 GND

R4 GND

R42 GND
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Resarved for future use.

Intermrupt Request Line 32 Active high
signal. One of eight interrupt request
lines used to signal the processor  that

an  attached I/0 device on the expansion
bus requires attentiomn. _

The MAD-1 carries IRQ3 on the bus for use
by an expansion card.

DMA Acknowledge Tine Z: Active low signal.,
-DACK2 is one of the fowr lines used to
acknouwledge DMA request.

used
for

Terminal Count: Active high signal
to indicate that the terminal count
any DMA chamel is reached.

Active high signal
8288 hus controller
addresses from the

Acdress Latch Enahles
provided by the Intel
chip to latch valid
OCREE0 .

For I/0 chamels, combipations of ALE and
AEM indicate a “wvalid 'roceﬁsor/ﬁﬂdress".

+5<:::i§upply voltage.,

Active high clock signal with
PMiHz frequency and 50X duty

Oscillators
a 14.31818
cycle,

Ground
Latched Address High Enable

Reserved forr furtuwre use.
Fese d for futwre use.

Ground
Ground
Ground
Ground
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The DMA capability is provided on the MAD-1 to allow access hy

1ah-speed communication with peripherals attached to the
system. DMA  enhances system throughput by handling data
transfers between main memory and the peripheral devices without
intervention from the 80184 microprocessor,

This featuwre utilizes the Intel 82374-5 DMA contreller with four
chamels (CHO -~ CHR) operating with 4,0 MHz clock, and these four
chamels are used for the following functions:

CHO Memory refresh opevration

CH1L Available on the I/0 chamel

CHZ Assigned to floppy disk controller

CH3 Availahble on the I/0 chammel (mormally assignecd
to rhe hard disk)

In the normal operation of the 8237 controller, a 14-hit memory
address is used., However, since the MAD-1 I/0 cperation uses a
20-hit address for memory operations, additional circuitry is
provided for  the extra fouwr bits. This additional circultry
includes four DA page registers used to handle the upper fouwr
hits of the 20-hit I[/0 address.

2.5.,1 DMA Registers

—

The Intel 8237 DA controller provides 146 registers, with
addresses X 000" thru X 00F’, that are used for programming the
DMA  operation. The following list explainsg
these 145 registers:

o Eight 14-bit Read/Write registers (two register for each
DA chammel) used for base and current addresses duwring
read operation,

One 8-hit Command Register.

e 8-bhit Status Register.,

One 8-bit Mark Set/Reset Register.

One 8-bit PMode Register.

One 8-hit Clear RByte Fointer Register.

One 8-hit Temporary Register.

One 8-hbit Clear Mask Register,

One 8-hit Write A1) IMask Register.

0000 00QC0C

In addition to these 14 reqgisters, the MAD-1 circuitry provides a

0
i
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aroup of fouwr 4-bit DIMA page registers used to assist the 8237
controller with the 20-hit I/0 address.

2.5.2 DMA Frogramming Considerations

DA Base & Current Address Registers: There are a _total of eight
Té&-hit registers that are used to address the lower ordeyr 14 bits
of the I/0 memory address during a read operation. “Two registers
are assigned to each DIMA chamel and addressed as follows:

0o X000 and X001’ for DMA Chaymel O (CHO)
o X002 and X 003" for DMA Chamel 1 (CHL)
o X004 and X' 005" for DMA Chammel 2 (CH2)
0o X004 and X'007° for DMA Chamel 3 (CH3)

N
i
i
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DMA Command Register: This 8-hit register is used as hoth a DInA
| command register ancd a DMA  status register. As  a command
P reqgister, it is used by the programmer TO write the command

information into the register with 1/0 address X°008°, as shown

helow:

7 4 S 4 3 2 1 0

cetn cos tece sean soss semm sowe eme sve Sese Hees Sore Sase Se PO S500 Sree Sems Sees Seve SESe G008 SO0t B0e CreS 00 Secw 4008 Seve Fess Sess Sose beve

O = Enabled
1 = Disabled
4===3 Timing

0 = Normal

1 = Comparsa
e =) Frdority
0 = Fixed
1 = Rotating

H i H ' : : H H i
X 0087 R SRS DU SV RS DU DU B
Rl R S N S s Tl e
] 1) ] ] ] ]
: T
i ! i H +===> Memory Disable
| H i ; . 0 = Disabled
H ! : 1 = Enabled
! H +=-==> Address Hold Req.
' ! "1 = Enabled
H +=--=> Controller
[]
+

4 mm omm me em m= em == e == em == am ==

1
]
!
'
1
1
1]
(]
1
1]
1
1
1
1
'
i
1
1
1)
1
1
1]
]
]
1
1]
]
1]
1
1
+

--=) Write Select
O = Late
1 = Extended

4 mm omm m= e mm am mm o == mm == me == ee == mm == ae =e

---> DREQ
0 = DIMA Request Low
1 = DMA Request High

F e = ee == e == oo

+=---> DACK
0 = DMA Acknowledge Low
1 = DMA Acknowledge High
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DMA Status Register: The status register is physically the same
register as the control reqister, described on the previous page,
but is used to read the status copmand. The formar and status
hits are shown in the followina,quure:

o500 000 saes s00e seet S00e sess Sese Sees S40e S48 case Sese Sss S00s HH0s S400 MEee Sude SHae Seed Gent SO0 SENs S4SS 100 S04 $00 Sees Seas Ses FOe Sess

X 008° i i :

oeeesess e | seas sees ese | tessvesawass | sase case sase | sees sete mes | seve msesees  act beee vese  sesa ase sese

H +===> Chamel 0 T/C
4===> Chamel 1 T/C
+===> Chamel 2 T/C
+===> Chamel 3 T/C
+-=-> Chammel O DREQ
=== Chamamel 1 DREQ
+===> Chammel 2 DREQR
-==3 Chamme) 3 DREQ

e = m mm e == e F
U 5
I S
LI

o= .- - ¢

DMA Request Register:

X007’ SN DU DUNNS ISR DUVRNER DU DU

H === 00 = Chamel O
i 01 = Chamel 1
H 10 = Chamel 2
! 11 = Chammel 3
=== DFA Regquest

0 = Reset
1 = Set
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DMA Mask SET/RESET Register:

Px obox b ox b ox b ox H ) H
X" 00A° S DS B B S D B B H
] '
] )
1 ]
1 1]
H e
]
1
1]
1
1
[
+===> Mask

0 = Reset

00
01
10

11

1 = Set

DMA Mocde Register:

7 & 3 4 3 2 1 O

a0on saes seus sues s0ss sesu 40s8 Haie ees sase 0450 Sess Sece 4008 S00e eme dose Sese Seam Sesa S0ce Boen Sate Pee 184S TI6e Sone Beee Seen S0ve Sbes o

-- ==
== =i

=== Auto Initiate
1 = Enabhled

+--=> Address Inc/Dec

O = Increment

1 = Decrement

X Q0R’ [ SRR BT DURE BN BT RS B
----- T il Tl e S B
: H H ! +===2 00
! H H H 01
H H H : 10
H H H H 11
H ! H gm==> 00 = Verify
H H ! 01 = Write
H ! : 10 = Read
! H : 11 =
H H +
4+===> 00 = Demandc
01 = Single
10 = RBloclk
11 = Cascade
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DMA Byte Fointer Register: This iz a Write Only flip-flop usad to
clear the byte pointer hits.

X 0oC”

DMA Temporary Register: This is a Read Only 8-hit register used
duwring a Memory-to-fMemory transfer to hold one hyte of data.

7 4 3 4 3 2 1 0

sees 400 0208 cose sass Gese Sese Gas aes suss cess seas sess Se0s Sess S0SS S4ce SOMH Sees Socs Ats S008 $400 Sest S4E S1eE aeew 2000 bere SH0 Suse Sese Sere

1)
] [ [ ' ]
] ! ] 1 t )
1 ] 1 1 ' 1

esscaes sess | aeesses seas | sces sesscese | sese ssce sase - o——. -

X 00D’

DMA Clear Mask Register: This is a Write Only register used to
clear the mask bits.

40 seve st Gecesees eeee | 4sss seresese | seeseersceee  sems sess sese | becesess dess  Sieeseeesese | seme bese sese

X Q0E"
DA Write A1l Mask Register: This is a Write nly register used
to clear all the mazk bits,

7 4 5 4 3 2 1 o)

X" DOF”’

41
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[interrupt Control on the MAD-1 A Workstation consists of two
classes of interrupts. The first class contains the Non-Maskable
Interrupt (NMI) which is triggered by the occwrence of a memory
parity error or chammel error. The second class contains eight
levels of maskable interrupts, O thru 7, which are provided by
the Intel 82574 Frogrammable Interrupt Controller (FIC) chip.

2+4,1 Non-Maskable Interrupt

The MMI logic is provided by the 80184 m{croproceaﬁmr, and is
;zed to  indicate parity error  in main memory o in the I/0

amel , @bygondﬁ

There are two jumpers provided on the MAD-1 j Workstation (W-4 and
W-7 on CFU  board) to enahles/dizable NMI via hardware, The NMI
can he enabled/disabled under program contral by writing X807
(enable) and X 00’ (disahble) to I[/0 address X ' 0Ax’. Duwring the
power-up sequence, the HNMI intervrupt is masked off regardless of
the bhit settings in the MMI regizter. The format of MM register
is shown below: NMI Registers:

+===> 0= Disable HNMI
1= Enable NMI

2:4:2 Interrupt Level O Through 7

The remaining class of control intermrupts in  the MAD-1 enbnaj
orkstation contains eight levels of interrupts, INMNT0-7, These
eight lines are provided by the Intel 82574 FIC chip, where level
INTO has the highest priority and level INT7 has the lowest
priority. The intermrupt requests ([RQRO-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 intemupt requests are queued
in the order of priority listed helow:

IRQO = System Clock Tick

IRQ1 = Keyhoard

IRQ2 = Expansion Rus

IRQ3 = Expansion Rus

IRQ4 = Primary Serial Fort

IRQS = Expansion Bus (Optional Fixed Disk)
IRQA = Floppy Disk Controller '
IRQ7 = Frinter or Secondary Serial Fort

2:4.2:1 Imitialization Command Word

The dinterrupt controller provides four &-bit Initialization
Command Word (ICW) Registers which are used 'in  programming the
8239A FIC chip. The ICW registers are addressable by the program
as [/70 addresses X' 020° and X'021°, The I/0 address and format of
the ICW registers are shown below: ‘

Initialization Command Wordl (ICW1):

+-==> 0= W/0 ICW4
1 = With ICW4
4+=-==> 0= 8 hyte interval
L= 4 byre interval
-=-=-> 0= Edge Sense
1= Level Sense
cmm=3 00 = Interrupt Address Rits AS-A7

d = e e ee = e
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Command Word2Z (ICW2):

7 & 5 4 3 2 1 0

TT7 T4 ITS T4 T3 iA101AY (A8 |

1 1 ] ’ ] ] ) 1 ]

'»-n-nn‘ ves 0500 seee ' --—-—o——' ad J o sees sove So0e s00e soee ' Somm sace soen J u-.--—-.
————————— +—--o-~-—-w—-- u¢-.~-.-+—-«~-t-

H +=-==> Interrupt Address
H Rits AB8-A10
+-=-=> Interrupt Vector Address

Rits T3-T7 .

Command Word3 (ICW3):

7 &4 5 4 3 2 1 0
0t o0toto oo

(] ] ] [
1 1 ] l 1 i 1

MAD-1 does not ﬁupport'Slavemﬁsz

Command Wordd4 (ICW4):

oV oYY T Ty
e b b e b b e R

H H !
H H +===3 0= Normal
H : 1= Auto
H 4+=-~=3» 0= Not Buffered
H 1= Buffered
=== 0= Measted Ful)l

1= Not Full
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2+4:2:2 Operation Command Word

In addition to the fowr ICW registers, there

Command Word (0CW) registers containing the
words issued after initialization., The

each OCW register are showunm helow:

are three Operation
operation control
I/70 address and format of

Operation Command Wordl (OCW1): This register is used as an
interrupt mask register,
7 & 3 4 3 2 1 o)
X’ 021" : Ty T YT
H ' ! H ! ! ! ! !
e N Tt et i TE R SR P A
H H : ! H H H 1
! : ! ! ! H ! !
H H i H H i H +==-=> Mask Bit for INTOz
H | ! H H ' H 0 = Reset Mask
: ! : H ! H H 1 = Set Mashk
H H H H H ! +-=-=> PMask Rit for INTI1z
b H H : ' 5 0 = Reset IMask
: H H } H H 1 = Set Mask
| ' ] : ' === Mask Bit for INTZ2:2
H H H H H 0 = Reset Mask
| H ' ! H L = Bet Mask
! ! ! H +===3 Mask Rit for INT3:
b i H H 0 = Resest Mask
H : ' H 1 = Set PMask
H i H === Maslk Bit for INT4:
H H H 0 = Reset PMask
i H H 1 = Bet Mask
H H +-==> Plask Rit for INTS:
i H Q = Reset PMask
H : 1 = Set PMask
H === Mask Bit for INTAS:
H 0 = Reset PMask
H 1 = Set Mask
+===> Mask Rit for INT7:2
0 = Reset Mask
1 = Set Mask
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Operation Command Word2 (OCW2): This reqgister is used for the end
of an interrupt command and priority rotate.

+-==> 000
001

010

011

100

101

. 110
o111

INTO
INT1
INTZ2
INT3
INT4
INTS
INTA
INTZ

oo o8 oiou oo

Operation Command Word3 (OCW3):

NE T
] ) [ 1] 1 1] 1 ) ]
T LTI T T TR TTLLTIT

H i

H H +===> 10= ITRR
! H 1l= ISR
H +===> 1= Foll Enabhled
=== 10= Resel

1l= Set Special Maszk
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ﬁ2i6.3 Interrupt Programming Consideration

I/0 addresses, X' '20° and X'21°, are used for programming INTO
through IMT7, as shoun on the previous pages. Each level, as
indicated in the following Pable, is controlled by the program
and may hbe enabled or disabled hy the mask hbit wnder program
control, The NMon-Maskable Interrupt (NMI) is enabledat all times
except dwring power  up. However, HNMI‘s may he® enabled or
disabled by the program, providing that jumper W-4 is instalied.
If the jumper is installed, the NMI can be disabled hy writing
X 00" to I/0 location X '0Ax’ 3 and enabled by writing X 80" to I/0
address X 0Ax " .

Interrupt Device ’ 170

Friority Assignment Address
MNIMT : Memory Farity Error X 0Ax
INTO System Clock Tick X20-21°
INT1 Keyboard X*20~-21°
INT2 Expansion Rus : X" 20-21"
INT2 Expansion Bus X 20-21°
INT4 Frimary Serial Fort X 20-21°
IMTS Expansion Bus (Optional Fixed Disk) X '20-21°
INTA Floppy Dizsk Controller X 20-21°
INTZ Frinter or Secondary Serial Fort X" 20-21°
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2.7 INTERVAL TIMER CHANNELS

The timer facility of the MAD-1j Workstation consists of three
internal timer chamels (internal to the 80184 and not curently
used) and three external timed interval chamels (CTO, CT1i, and
CT2) using the Intel 8254 Timer chip operating at 1.1% MHz.

CTO is comected to INTO of the Intel B825YA-2 Interrupt Control
chip in order to generate a clock tick, CTl is used to generate
the baud clock for the Intel 8274 USART. CTZ is commected to the
speaker circuitry to generate audio signals for the speaker under
proaram control ., -

2.7+.1 Programming Consideration

The Intel 82534 Timer chip is a programmable device which al)lows
2ach of  the three timed interval chamels to he programmed to a
specific need, There are fowr B8-bit registers, with 1/0
addresses of X 0407 through X 0437, that are used in  conjunction
with the 8234 tvimer chip for programming the timer chammel. A
specific control word is first written into control reqgister (170
addraess X'043°) to select a specified timer chamel, and then
data is written into the data register of +the selected timer
chamel,

Timer Chamnel O Data Registers:

X 040"

0900 seme sem | dese eses oo besasemasm  eess sees bees | sees sess sess | seve seve tves  sesessessies | sess seet sese

Timer Channel 1 Data Register:

X 041"
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X 042"

: +===> 0= Rinary
! 1= BCD
4+===> 000= mMode O
001= NMode 1
101l= PMode 5
~==% 00= Control Latch
Ol= R/W L5SE
10= R/W PMSRK
Ll= R/W LER & MSE
=y 00= Sel ChO
Ol= Sel Chl
10= Sel ChZ2
11= Read Baclk
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The Intel 82553 Frogrammable Feripheral Interface (FFI) chip is
TBed for control  and interfacing on the CFU hoard via its three
ports, Fort A, Fort R, and Fort C. The following paragraphs
describe the MAD-1 PFI port commections:

PORT A: This port is used for reading the keyboanrd
scan code or the configuration switch read
our.

PORT B: This port is used to enable the keyboard, to

enable parity circuitry, force floppy disk
drive motor on, and to program the speaker
Circuitiry,

FORT C:z This port iz used for returning system status
and errors, such as memory parity error.

Data, contrel, and status information are transfered to/from the
system buzs via zn 8-hit buffer provided by FFI, Access to each

individua)l port and its operation is described in  the following
paragraphs:

2.8.1 FFI Fort Operatiom

FPI Mode Register: This is alwgitg/ﬁﬁfy register.

H

Technical Feference Manual 840707:20.07 2-50




MAD COMFUTER CEMTRAL FROCESSING UNIT

caet seee Hoe Sees G404 $Hee 1403 00s Hie8 et 004 Sans Sees Sese S0se Sese nese Wed Sers es PEGS Sees AS NS SENE SE0s Sves Heee Swes Sess Gese 00s Soee Gre Seet 6104 Fies Sese Sees Sess SeNe SS00 THGS TETO SIe G600 LEPE IS TSt 10e Seeh $00e Face Bees See SIS S0 Cae FOPE SND TS 0e0 0se Sass sere

PFI Fort A Reqgister: This is a ead/ﬁély register and, depending
on bhit 7 of Fort B (Enable bit), contains keyboard scan code, or
configuration switch read out,

7 b 3 4 3 2 1 0

sase ame semm s20s S100 seem $0as Seve S0 seis sesm Sest Sess Gore 430 H00e 4008 0cs Mice Sacm Sove Sase Sess $8ee S0es Sass 6800 Sevs Sass Tace G0ee Seas Gese

: v Kevboard Scan Cocde : Vo Fort R
X 040" ) H H H H H H : hit7 = 0

bows cess sere | sevs sesm sess | sess sewscem | becs seve som sevessse cems | eves sose asee | seee Gece cess | bawe cees aee

e T et SN
X’ 040 b A pitr o= 1
S bt b it Sl St

+=-==> O= Root from HDD
1= Root from FDD
+==-2 Mot Used
=== 00= 128K Memory
- 0l= 254K Memory
10= 384K PMemory
===y 00= No FMonitor
O1= Color Display 80 x 25
10= Color Display 40 x 25
11= FMonitor Display
=== Q0= ne Floppy Disk Drive Installed
Ol= Twao Floppy Disk Drive Installed
10= Three Floppy Disk Drive Installed
11= Fowr Floppy Disk Drive Installed

1
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!

T . T
FPI Fort E Register/\'fh% is ol 'W% Vé%ljﬁ@//) Wh,df hw[py)e_/: &/
— IR 7 i3 lin

1= FDD Motor OFF

-==> 0= RAM Farity Enabled

1= RAM Farity Disahled
=== 0= I/0 parity Enabled

1= I/0 Parity Diahled
~==) 0= Keyhoard®Clock High

L= Kevboard Clock Low
-==> 0= Read Scan Code

1= Read Config. Switch

7 4 5 4 3 2 1 0 |5 i+ incorvect
[ e R N ]
X 041" SRR BNV RNTE DUUEUE DU DU SRS DA
g g mgm mgem —g =
P b
H ! | +-=-=> CTC ChZ2 Gate
! H i Speaker
i ! +==-=> Speaker Data
' +===> 0= FDD rMotor ON
]
+

d mm me e e e an == an = e ==

+ - - W e EE - T e W e W e e

PFI Port C Registrer: This is alﬁg;d/pﬁqy register,

! +===> 0= Srancdard Floppy
' 1= Mini Floppy
+

: 1= Reset. Floppy
#--=> 0= Clodk/Clanda); Busy

1= T
4mm=> O= . Calenald
1= Speaghker Clock Out
+-==> 0= Keyhoard Clock 1ow
1= Keyboard Clock High
--=> 0= No RAM Farity Error Detected
1= RAM Parity Error Detected

I e

fo 2.8.2 — jnfo rgfj@yd/'ﬂg audd O

Uhat hwp@,ned
f§ﬂﬁ71&>£’2
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2.7 SERIAL_COMMUNICATION INTERFACE

The MAD-1 provides two serial communication ports  supporting
hree serial communication interfaces:

1. Primary Serial Communication (COM O)

This is =zn  asynchronous serial communication |
wtilizing the Intel 82350 programmable UART with /
RS-232C protocol.

2+ Secondary Serial Communication (COM 1) 177/L4
To operate COM 1 serial chamel, the serial \ ¢/ |

port address is sent out on, the I/0 bus for an

/y&tr‘l or an IBM compatible f/ev:i.al }Z/c::mmm:i.c::».tt'icm Q gJé,V (e

Zxpansion board. —
POV’?’$

3, Tertiapy Serial Communication (COM 2] (ypnﬂf
The evtiary  serial  chammel dis a high  speed h[ﬂl) o
multi-protocol  serial  chamel which  supports 65{1 2 )

sunchronous, TEM BSC, SDLC, and HDLC protocois.

Tertiary serial communication urilizes the Intel / 6LV€ ILS

mutiprotocol 8274 programmable USART chip, and
provides either RS-232C or RS5-422 interface. -

The MAD-1 is equipped with a programmable baud rate  generator
that facilitartes operation with a desired baud rate ranging from
50 baud to 7400 bhaud. The interface logic for  the primary and
rertiary serial communication interfaces are located on the CFu
board in the computing module, I/0 signals for the primary and
tertiary interfaces are made available at  The 25-pin DT type
commectors J1% and J14, respectively, located on the rear panel
of the computing module (showm in Figure 2-7).

what heppened o .91 ‘sorial interface
Nod ¢ of Operadtdn”.
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Rear View 0Of the computing module
Shawn the D"  Shel) Comectors
for primary and tertiary interface

Figure 2-9: Back of Computing Module

Table 2-3: I/0 Address Assignménts,
Primary & Secondary Fort

Corresponding Register

Frimary 1 Secondary:

' '12/ Buf fer DLAR=0 (Write)

\f;{( aE DLAR=0 (Read)
NDiCi9oy Latch LSK DLAR=1,

Divisor Latch MSE DLAR=1
Interrupt Enable Reqgister
Interrupt Identification Reqister
Line Control Register

Modem Control Register

Line Status FRegister

Madem Status Register
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2.%.2 Primary Serial Communication, UART

o A
] » . . - . o
d} ] The primary interface is a fully programmable  asynchronous
| communication interface that is capahle of adding/deleting start

V - hit, stop hit(s), and the parity hbit to/from characters for
Q) 4 transmission. It featuwres a programmable baud rate generator
<A% i that supports variable bhaud rate operations ranging from 30  to
i 9400 baud. Frimary interface logic iz controlled by an Intel

,j 8250 programmahble UART which supports:

. o Five, six, seven, or eight bit characters with 1 start
hit, and 1, 1-1/2, or 2 stop bhits.
o Fully prioritized interrupte:
- Transmit Intermrupt .
- Receive Interrupt ’
- Error Intermupt
- Line Status Intermrupt
- Data Set Intermrupt
o  Diagnostic capability which provides loopback functions
of transmit/receive and input/output signals.
Mo Ful) double hbuffering which eliminates the need for precise
: synchronization.
o Independent receiver clock inpui.
o Modem control functions:
v - CTS, Clear To Send
' ' - RTS, Requast To Send
- DSK, Data Sat Ready
= DTR, Data Terminal Ready
- RI,Ring Indicator
- Carrier Detect
o False-start hit detection,
o Line-hreak generation and detection.

/
DO DI D2 D3 D4 DS D& D7 '
B e T
' Data tRit : : oo . b tRit BRIt
Marking e e e e L—

Data Transfer Format Diagram
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Qg 'W Actual communication’pﬁotocol for the primary serial-interface is

%control]ed by _communication software, The software 1is oporatpd&
;gby system({firmware which 7is loagpd prlor “To—any serial interface
b( o operation A hlock diagram of the primary commpunication channe)
é@ ‘u51ng an Intel 8250 programmablie UART is shown in Figuwre 2-10.
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Figure 2-10: Frimary Communication Elock Diagram
: . LN -t
. . . r ‘v' o |
P 1
—_/«\ , ~ .,’"} e { . 1o 2
| r ~ , , e [‘ PRI
. 1 PRRN § { e
. N » i) - " ! il A} lf, . ,
Nt B - '
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2:7:2.1 Intel 8250 I/0 Description

The faollowing table describes the logica)l stare and function of
the signals assigned o the 8250 I/0 pins:

Table 2-5: 8250 I/0 Fin Description

to wmrite data or control information into al

selected register of the 8250 chip.

Note: Only a high +DOSTR or & low -DOSTR
is required to allow data transfer
from the 8250 dring a write.

LComtinued

] ) ] 1 1]
' ) t 1 1
1SIGNAL NAFMEIFIN MO.IDIR DESCRIFTION :
:'-:'»:.‘::1::2:'-‘::’::::::’::::::::1.::::.'_'..‘.::.:.:!:&7::::’.::2::::.2:'.:2.'.:.'.'.::::-'-’2.2:.:.:'::::2:::::::2::‘-‘-‘:::&:
i +D7 - DO 1 1 -8 1I/00 Data bhus bit 7 through hbit 0 are used H
i i i i for bhidirvectional data transfer. i
H i : i o , 1
i +RCLK i 4 i I | Receiver Clock is 14 times the bhaud rate . |
: H i i clock for the receiver section of the chip.!
' 1 ] 1 : !
1 ) 1 ] ]
1 +5IN i 10 ¢ I3 This pin is assigned to serial input i
i i ' i dara from the communication lTink. :
1] ] ] ] 1]
' 1] 1 ] Ll
T+50UT H 11 P01 Composite Serial OQutput to compunication '
i : ; olinks Set to marking (logical 1) state !
i i i Ioupon master reset operation. H
' i ' ! g
i +C50 I VL When Chip Select O and 1 are high and Chip |
o +CEl HI Bt VI Belect 2 is low, the chip is zeleftpd. ;
P -Cs2 N P T Chip select signals C50 - C52 are latched |
H H H I with the address strobe (-aDS),  When chip |
i ] : i is selected, communication between the H
i H i i processzor and the 8250 is enabled. }
: i ' i H
o =RALIDOUT 18 PO 0 RAUDOUT dis 146 times the clock signal used |
: d : Pofor transmitter section of the 8250, Clock |
i H H Torate equal to main reference oscillator H
' i i i frequency divided by thg specified divisor |
: g : Poin the baud generator dgvisor latches. ]
: : ' i !
P+ XTALL T1A VI/700 External Clock Input/Output used to i
! +XTALZ HE 4 VIL/700 comect the crystal oscillator to the 8250,
: : H ' :
i -DOSTR i 18 VLV When -DOSTR is low or +DOSTR is high (whiled
i +DOSTR Poly TV chip is selected), the processor is allowed)
! H : H

: H ' i

i : H i

: : i i

: : H H

: i ' i

oot teue bavs sass sess oees ess becs So0s sere sebe  Sees Sa0 S00s +eck ese 0s fesd | tehe cese 4868 900 Sace Gess Sess ese Se0s S30s Sese Sees Sess S4ss 1454 Sate S40e SEES S64D Sese Sees S0sn S4Es Suse Saes sese sees sess seve 4008 suce aree ooe cmss sese saes seve
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Table 2-3 continueds
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NAME PIN NGO

DLSCRIFTIDN

i
C it ’_)
i

'mu

i
i
i
it
i
i
i
i
i

i
i

R R

c) reference.,

i
i

i
ii
ii
i
ii

N i
o

i
i
¥
i

o
ra
Lo/
o~ ii
O i
<N\A
a

.

(

-DISTR
+DISTR

N
jy

When -DISTR is low or +DISTR is high (while]
chip is selected), the processor is allowed)
to read status or data information from the!l
registers of the selected chip.
Motex Only a high +DISTR or a low -DISTR
; is reguired to allow data transfer
from the 8250 dwring a read.

N
N

Driver Disables used to disable external
tranqgiver except during a processor read.

N
3]

+DDIS

Chip Select Dut, when high, indicates that
the chip has heen selected by active +(0S0,
+C81, and -C52 inputs. No data transfer
can he initviated wntil the CS50UT signal is
active high.

+C50UT

When this signal is low, it allows C50-CH52
and A0 - A2 zignals to be latched.

-ADS

+A0
+A1
+A2

24
27
28

These three high active input signales are
used during a read or write operation o
select one of the 8230 reqisters:

DLAR A2 Al AO REGISTER

Smrmorosimrmomroooal s mmmroimTomosromionlouoooaln

0 Rec Buff/s/Xmit holding
0 Input enalile
Interrupt ID (Read only)
Line Control

Modem Control

Line status

Modem Status

Mone

Divisor Latch (LSED
Divisor Latch (MSR)

= pt it

oo.ua—*.ui-*oooo:
H OO ORO =D

OO~ SO =

Interrupt signal is used to indi@f¥e that
either a receive error flaqg, received data,
availahle, transmitter holding register
ampty, or modem status interrupt is active.
INTRFT de set low upon master resev,
Continued

+INTRFT

3
<

- e W m- W= me " mm e me M me W e W me WE e " me EE me Wm e e mem WE me m e ME me mm mm mE em e me R® - =% me W= m- == me- =
e e mm mem T® me e wm " e W me T me W® e e e " me e me mE e e me S e e me W e wE e W wa W mw w-

- - - - e m- mm e M e " e R mem W e mE e M mm " me e e " e R me " me R me ®e e mw - -

wons seom c0n otw s0se 2000 suve sees seee seue seen e voss ause sere ssae | sees deen sewn | eos eese Sees Rese 84se Grbe Sese Sess bese Sase S0se G0se 300 PGS S0RS SO0 LMW S6ss S6SH $006 Eue Sose 040n Tous sees cevs seee e uee s000 sore sove sove sose ssse
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H
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Tahle 2-5 continued:

DESCRIFTION

1 SIGNAL MAME! PIN NO..DIR'

D oo oo oo e oo sew ver s e o se b o e o vee v sm s b e e oo
: : = =

31

PR R R
bR g - R R S I R R S R IR - BRI - R - S - I

- e we W® M EE w mm W mm we e e we M e W me e W e M e T mm W mm C® me S me e ow e me m m- S ae -

i
i
¥
i
t
i
i
L}
i
i
ii
i
§
li
1§
¥
¥
i
i
i

Output 2 is user-desi¢gnated and can bhe set
to an active state by »ettlng modem control
register, bit 3, to 1" .

-RTS 32

O

)

:

1

'

:

1]

'

1

!

i Request To Send informs the modem, or data

i set, that the 8250 is ready to transmit

i data, RTS output signal can bhe set to

i active state by setting modem control req.,

i bit 1, to 1", -RTS signal is set high

T upon a master reset,

1

'
-DTR 33 ! Data Terminal Ready, when low, informs the
1omadem or data set that the 8250 is ready
Voo communicatse,  The DTR output signal can
i he set Tto an active low by softuware setting
Vohit O of the modem control vegister Lo a
i ohigh level.s The -DTR signal is set high
Poupon a master reset operation.
;
!
1

Output 1 is user-designated and can be set

: active state by setting modem contro)l
Uff//fgﬁi} bBit2, to "1 under program control.
Clear To Sand is & madem control input sig-
nal tested when the processor reads hit 4
(CTSY of the modem control register. NEW
CTS, (hit O), indicates whether CTS input
has changed state since The previous read-
ing of the modem status register,

34

-D&R Data Set Ready signal, when low, indicates
the modem or datza set is ready to estab)ish
a communiation link/data transfer with 8230
PSR is a modem control input signal tested
whenEhe CFU reads bit 5 of the modem stat-
EW CTS (hit 1) indicates whether
fnput has changed since the last
last reafling of the modem status register.
Continued
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Table 2-3 continuecds:

SIGNAL NAPE FIN NO.

; :
! -RLSD t 38
! ]
: :
; !
I -RI 37
: ;
1 '
P vee P40
: ]

Technical Reference

Receiver Line Signal Detect signal, when

1o, incdicates that data camrier had bheen

detected hy the modem or data set. The
modem-control function input

~RLSD is a
H ~(6>signa] whose condjition can he tested by
be} “the CFU via s;ue.ﬁioit 7 of the modem
{ 1 status registm IEW RLSD (hit 3) indicates

whether the RLSD has

reading of the modem status

changed since the last
register,

indicates that a
has heen received

1

=

:

:

1

1

i Ring Indicator, when low
i telephone ringing signal
! by the maodem or data set. The RI signal is
Va modem-control  input whose logical
Vcondition can be read by the host CFU by
Voreading hit 46 of the modem status register,
P Signal NEW RI (hit 4) of the modem status
oregister indicates whether the state of

I the RI signa) has changed since the last
ioreading of the modem status register,

H O

1

1]

1

1

+5 Vde supply
N
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'2{9.2.2 Frimary Interface, Baud Generator

The Intel 8250 UART contains its own 1.8432 MHz clock and is used
for the primary chamel. The haud rate for this chamel is
selected under program control  hy setting the appropriate clock
divisor value, ranging from "1 to "45535", into the divisor
Jdatches. The output frequency of the baud generator is 14 X baud

é\ “rate resulting from the division. The divisor value is two 8-bhit
/} ibytes that are loaded into the dlvlaor/kﬁtch (LSE) in I/0 address

‘X3F8 and divisor latch (MSE)  in I/0 addresses X 3F7. These
‘values must be loacded dwring the initialization prior to any
;Serial communication operations To prevent a long count, the

S 14-bit baud counter is immediately Jloaded and begins counting
upon loading any of the divisor latches. Since the I[/0 addresses

©and X'3FY° are shared registers, and they are also used as

TX/RX and  interrupt enable registers, to used them as a LSE and
of the divisor latches, the hit 7 (DLAR, Divisor Latch

The different divisor values used to obtain a desired baud rate
are listed in Table 2-4 along with the percentage of error using
a clock frequency of 1.8432 PMHz:

. and R)(? Table 2-4: Divisor Values
e e
¥ muo mrx* : (Hex) (Dec) : % ERROR !

' \€/ ': 50 100 2304 | - '

M ! 7 LADO 1534 - !

)9(\\5 0 : 110 L4l 1047 | 0,024 |
o)ﬂ ! 134,5% ! 359 a5y | 0,058 !
{0@ ! 150 ! 300 748 - !
U-X : 300 180 384 | - !

! 400 ' 0Co 192 ! - !

5\( © 20 1200 040 g4 | - :
770 ! 1800 ! 040 Py - !

N7 ! 2000 f03A e ) 0.4 !
(o({\ -\ : 2400 ' 030 48 | - :
& Q . 3400 L 020 32 - !
, o 4800 1 018 24 - :
- 7200 1 010 14 - '

T F400 I 00C 12 ! - '
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Divisor LSB Latches: This register is time-shared as(jzgﬁg%}ﬁﬁfer
when DLAE = 0, and as an LSKR of the divisor when DLAR = I, As &
divisor LSE register, it is used for loading the Least
Significant Byte (hits O - 7) of the divisor value during system
initialization.

S ——
1
1
X'3F8°
'

Divisor MSE Latch: This register is timed shared as an Interrupt
Enable Register when DLAER = O,  and as a PMSE of the divisor when
DLAE = 1. As a divisor MSE register, it is uged for lpading the
Most Significant EByte <(bits & - 13) of the ivisor/yﬁﬁua during
system initialization.

7 & 05 4 3 2 1 0
TIETTIATTIATTIZTTI1110 19 T & 1 DLAR = 1

X' 3F7° SRS SRS SN BUIRG DTUES DUNUUIE DU DU

A3

N
i

Technical Reference Manual 840707:20.07

R RS




MAD COMFUTER CEMTRAL FROCESSING UNIT

et save sees soee +eet 000 S0es Gore S004 S4se Sees eew es Sess S0es 00t H00s Sesn Hees ess S4SE FOLS S6S HeSe SH0 Mece Sees SHoe S840 Sess G000 S00S Gass Soe cess ees S4es S0es 00s SO0 SEE Sece 000 Seee S0et G400 Sees fead sese sese seis sest Sees sese Sess Feed 4008 0se Sees A0S Sees Teas cere Seee sece

2v7e2.3 Frimary Fort Interface Connector
|

cerial  communication interface are
shell comector located on the back
of the computing module. The commection between the system and
the externa)l device is made via a standard serial communication
cahle (interface signals are shown in Figuwre 2-11). The interface
circuitry on the CFU board converts the signals from TTL levels
on the CFU board, to EIA voltage level on the cable side, and
vice versa. The voltage level for the line should meet the line
voltage specification described in  section P44 titled Serial
Interface Line Voltage Specification in thiﬁlﬁgapter.

I/0 signals for the primary
brought to the J15 2%5-pin "D

I 36 36 3 36 % CAUTTIOHN 3636 3 36 3 3¢

To prevent,wgltagelﬁarge on the sidnal drivers
circuitry, the outputr signals must not be used to
drive an inductive device, such as relay.

636 3636 36 36 36 36 36 I 36 36 36 36 I 3 36 36 36 I6 36 I 36 36 36 36 36 36 36 26 36

(Standard RS-232C Levels)

o R I (GROUND ) == = e e e e e 101

QP 1 mmmmmmmmmm e - (DATA QT = m e e e e 102

QB e (DATA IN)=-w o m e e >103

04:(-—»-.-...-.....-......-.........~(].’(’I’S)........._..._...........................:O,q

QO | m et e e (CTE )~ e e e e 105

Qb mm e i m e e (DERY == e v e 7104

O R (Signal Grownd)------=--==- 107
SERIAL QB o m o e = (CARRIER DETECTY-==-===== >i08 ASYNCHRONQUS
EXTERNAIL QP =m e mm e e == (Mot Commected)~-===ae=== 0% COMMUNICATION
DEVICE 10w mmm (Mot Conmnected)-===--==-=-110 INTERFACE

Il e e (Not Comected)--=======- H i RGS-2320

121 === =em=={Not Comected)-~r-~--~--===- 112

G (Mot Comected) ~~=-mm==-- 113

1) - e wm e (Mot Conmected) ~---mee- - P14

Lo m e e e (Mot Comecrted) ~=--=—-=-~- H

1Al === e (Mot Comected) ~~~=--==-==- 114

17 = mm (Mot Comected)—-~======- 117

181 -~-mmmme e (Not Comected) ---~=====- 118

1P = (Mot Comected)-—-===m=-=- 4

RO imm e (DTR) === m i mom em 120

o R e (Not Comectead) ~~-==-==-- 121

Rl = m (RING INDICATOR)==-==~==~- 122

2R e e e m e = (Mot Comected)—-~--====- 123

24t e e (Mot ComMmected) ~c---e---- 124

ods IR (Mot Comeacted)-=--====-=- 125

Figure 2-11:
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2724 Frimary Interface Registers and Frogramming

There are several data, control, and status reqgisters to program
the operation of the Intel 8250 UART. These registers are
addressable hy the program using the assigned I/0 addresses showun
in the following list: ' ’

REGISTER 1/0 ADDRESS
T © TXBUFFER (DLAR-= X’ 3F8°
Py 7 (fg/BurFrR (DIAB~l) ., X’ 3F8°
‘ DIVISOR LATCH,LSE (DLAR=1) X' 3F8°
DIVISOR LATCH,MSE (DLAE=1) X 3F5°
INTERRUFT EMAELE REGISTER spal X’ 3F’
INTERRUFT [DEMTIFICATION REG. oo X 3FA’
LINE CONTROL REGISTER 00 © X' EFB
MODEM CONTROL REGISTER X' BFC’
LINE STATUS REGISTER X' BFD’
‘ MODEM STATUS REGISTER X' BFE’

Register: This register is time-shared as an LSE of the
7isor Yatches when DLAR = 1 (hit 7 of the Control Registerd,
and as a ¢ TX /%tFF@L/A(I$1n‘m1LPor Ao ding Heqister) duwring

transmission,  ant an EEL))QFFPP He ﬁ1J&P Fhff@gf:ﬁ *1nq receive

when DLAR = 0. The ZAansmiftter Molding FQJJVPP uffers holds
A-hits of the data~rhat are +to he serially trEnhsmitted. The
}?&-ce:’wer U fer iz used for collecting the eight serially
transmitted hites.,

7 & 5 4 3 z2 1 0

v Irancmwt/hw(@1vod Data "1 DLAER = 0
1
1

-

X 3F8-’

Bit O is the least significart bit and is the
first bit "orlally transmitted and receivead,
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post Significant RByte of the divisf%? value when DLAR=1, and as
an interrupt enable register when DLAE=0. As an interrupt enable
4 register, bits 0-3 are used to set/reset the individual jinterm~u ‘
* "1 enahlg its  for  the W types of intemrupts gﬂbdem‘ﬂ%atus,(gg::>
: ,bév f %imwe,&@){o]d, and @'fata) required for 8230 operation. Each
e 'hit canvhe separately wet to 0" or 1" which enables or disables
\ i the corresponding interrupt. A1) fowr interrupts can he enabled

T or disabled without affecting the rest of the system. .When all
4 fowr  interrupts have the enable bit set to "0, the intermrupt

5

? . . . .

ﬁ Interrupt Enable Register: This register iz used for loading the
i

i

|

3 identification register is not loaded with any interrupt
7 information.

} 7 4 35 4 3 2 1 0

e ———————
X" 3F7’ e e e e

DLAR

i
<

X 3Fy"

H H H === 1=RX Dara Enahle
H H g===> 1=TX Hold Reqg Enabhle
! f===3 1=RX Line Enable

+===% I=Pflodem Status Enable

S Interrupt Identification Register: To minimize the sof tuare
overhead during data transfer operations, the 82350 provides the
logic facility for priovitizing the interrupts into fouwr levels,

o as shown helow:

=

INMTERRUFT

i

TYFE

F

—t
Ql-
[

o
A
it =
=
=
—
—bn»—{‘

Receiver Line Status 1 (Highest Friority)
' Eb Receive Data Ready 2
éb Transmitter Holding Reg. Empty 3
4 (Lowast Friority)

\/
2 Moulem Status

The content of the Interrupt Identification Register indicates
that a prioritized intermrupt is pending. The type of the pending
interrupt is determined hy hitz, O, 1, and 2 of this registenr,

oo The hit description of the nterrupt  ID register and  the
interrupt controls are given in Table 2-7,
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eoe socn eree $40 Ser Se6 Semw 050 0308 0906 Se0e bews S506 Sem Sesn 0se G60e bese Fse Soce Seen S0M SO0 SN FOAE Seck G0te Sose Geas

Lo
! ;" % 7 & 5 4 3 2 1 0
i ' 4 v sacs soes sess soms seme 4088 4000 S50 Sese ase 4508 S1e S04 10s8 SUME Sobe 0se Tiew 10w seem Gere SEee Seee Suse 4500 S00s bese S0e Pase S0e® Sen Sat
! R0 T R S A O T A ¢ B A O I 1 : '
,9?77) IXCBFAT Lt
\ i ————pm = g
13 ' 1
? H === O minrerrupt
: H Fending
g H 1 =Moo Interrupt
¥ : Fending
B +-=-=3 Interrupt ID Rit 0,1

00 = lem Status
01 =/TX
10 =5 RX Data Available
11 oA RX Livne Status

‘ >

Table 2-7: Interrupt Controls f%i b

IMNTERRUFT
ID RIT
2 1 0
0 0

1 1

INMNTERRLUFT

TYFE
Mone

¢ P EEEErEE e

Receiver Line

Status.

 and
3
tr

i
ii
ii

ii

= i

i

i

T R R I I I I Y R N
Received Data
Availahle.

AR SR EE R N B AR A A 2 2k 2R 2R 2R 2N
Transmitter
Holding Register
Empty.

[ A Y B S R I I B A

Mocdem Status

(o]
O
O .

. - WE me " me W mm W e m e W s M e ME e M e M me T e ST mem = -

]
T
1
]
1
t
1
1
1
1
1]
1
t
]
1
1
)
L]
1
]
]
!
1
I
1
1
]
1
1
1
1
'
]
1
]
]
]
'
]
'
1]
1
1
!
]
1
!
1
]
1
t
1
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]
1
: INTERRUPT
| Sowrce & Reset Control
Sowrces Mone
0000000000000000000"000’000
Sowrces Overrun, Farity,
Framing, or Break
Error. :
Reset @ Read the Line
Srarus Reqgister.
00000‘0}00000000000000000'06
Sowrce:  Data Availahle on
Receiver,
Reset 3 Read the Receiver
Buffer Reqister.
EEEREEEENEEIIEI N B BTN I BE LI IR K I 2 2 4
Sowrce: Transmitter Hold
Register Empty.
Reset @ Read Interrupt ID
' Register, Or Write
CTransmitter Hold
Register,
R EEEE IR N SRR B R I I I I 4
Sowrce: CTS, DSR, RI, or
Received Line
Signal Direct.

" wm W me W e W e W me " mem W me S e M ma SR mw W me WY me T - " e

- m mE ww m" me BT e W mew M e BE e S me B e W s W e W e e

eoes 2o sess 450 S0en Sere Sse Sese S60e 68 SAse S0es Sems Ees St 4808 G008 GG SATS S0e0 SEee Lese 000 $00F F300 Sese Se Seun
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Line Control Register: This register is wused by the system

ppogrammer to specify the format of the asynchronous data
communication. The specified data format is stored in  this.

register at I/0 address X 2FR’. This register can be read hy the
system programmer  to check its content for wse hy the program.
The format and the bhit definition of this register are shown
helow: : - :

g = mgem mgm S mgem g
1

#m==> 00

= 5 Rit Word

. 01 = A& Rit Word
’ 10 = 7 Rit Word
11 = 8 Bit Word

G oo mmme mm e me

-==> Stop Bits:
0O = One Rit
1 = More than One Rit
4+===> 0O = Farity Rit Disabled
1 o= Parity Bit Enablad
== 0 = Odd Parity
1 = EBEven Parity

b e e o am e me . mm we ww -

b omm e am mm mm mm oo mm e o= mm == e ==

'
]
1
]
1
]
1
]
'
]
1
]
!
1
)
1
1
]
!
!
1
]
]
1
t
-+
>

1 Low
Data Latch Enakhled

ES
i
i
H
~
—
i
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Modem Control Register: This register is used hy the system
programmer  to control the operation of modems, or devices .

o @ulatinglmxuwﬁ5 The content of this reqgister, depending on 1its
getting in I/0 address X '3FC, will force the modem signals to a

specified state (as shown in the diagram helow). Bits 2 and 3
are auxiliary user-designated output, Rit 4 is used to enable
the loophack feature for testing the 823530 controller chipe. When

set to 0", hit 4 forces the transmitter serial  output signal
-S0UT (Active Low) to a logical "1 state and causes the ‘receiver
signal input, -SIM, to bhe discomected. The output of the
transmitter shift register is looped back into the receiver shift
register input. By activating the -S0UT bit, the modem input
: control signals -CTS, -DRS, -RLSD, and -RI are discomected from
extarnal lines and are internally comected to the modem output
control  signals -DTR, -RTS, -0UT1, and -0UT2. These internal

comections cause the transmitted data to he received
| immediately, This featuwre is used to verify the transmitter and
receiver paths. During the loophack diagnostic test, hoth

receiver and transmitter interrupts are fully operational, and
the lower fowr hits of the modem control register are used as an
interrupt sowrce under control of the interrupt enable register,

RN O T S O I A ¢ | : : g :
X*3FC SR DU SRS SRR SRR SN NS B
s el S o s

d H i ' :
H : ] H ;
i H ! i +#=--=> -DTR
H H ; H 0 = Logical high
! : i ! L = Logical low
} ' : === =RTH
H H H 0 = Logical high
H } 1 1 = Logical low
H ! +=-=-=> -0UT1
H : 0 = Logical high
i ; 1 = Logical low
i +=-==> -QUT2
: 0 = Logical high
| 1 = Logical low
+

-=-=> -S0UTz2
0 = Logical high
1 = Logical low
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Line Status Register: Thisz reqgister 1is used by the system
praogrammer to  retrieve status information on the 8250 serial

communication controller that concerns data  transmission. Line
status  is stored in I/0 address X 3FD” and contains the

information as shown in the following diagram:

HE OB : ' : H ' H H
X"3FD”’ R DT R T RUSTUUNE DU DN B
T T Tt Tk T T e
H i e H i H +--->» 1= Data Ready (DR)
H H H : H +--=> 1 = Overrun Error (0E)
| : H i +-=-=-> 1 = Farity Error (FE)
i i : +-=--> 1 = Frame Error (FE)
i ' +-==2 L Break Intervupt (BRI
H +=-=> 1_= Hold Register Empty
-==> 1 =<::>811ft Register Empty

Tx 7

Rit O of line status register, when get to "1, indicates that
the input data is received and has  hbeen transferred into  the
receiver  buffer reqgister, This bit is reset to "0V  either by
writing a "0 into this bit position, or hy the processor reading
the datxn into the receiver huffer register, which in effect
indicates huffer emplty.

Rit 1 of line status register, when set to 1", indicates that
data in the receiver buffer was not read by the processor before
the next character was stored in the receiver bhuffer, thus
destroying the previously received data. This bit wil)l be reset
to 0" when the processor reads the contents of the line status
register,

Rit 2 of line status register, when set to 17, indicates vhat
the receiver data did not have a correct parity bit. This bit
will  remain set until the processor reads the contents of the
line status register.

Eit 3 of line status register, when set to 1", indicates that
the receiver data did not have a valid stop bit. This hit wil)
remain set wuntil the processor reads the content of the line
status register. \

Rit 4 of line status register, when set to 17, indicates that
the input data signal was held in ‘spacing’ state longer than a
transmission time, which includes start bhit, data hbit
] » parity bhir, and stop bit(s)., This hit will remain
set unty ‘he processor reads the content of the line status
register.

Y
i
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Bit 5 of line status register, when set to 1", indicates that
the data from the transmitter holding register is  transferred
Cinto the transmitter shift register, and the serial compunication:
controller (8250 is ready to accept a new character for
ransmission. It also causes the 8250 to issue an intermrupt to
the processor, signaling that the transmit holding register is
empty (providing the interrupt is 2nabled). This hit wil) he
reset to "0 when the processor loads the transmitter: holding
register with data.

Rit & of line status register, when set to 1", indicates that
the transmitter shift register is empty. This bhit will reset to
"0 when data from transmitter holding register is Joaded into
the transmitter shift register.

Modem Status Register: This register idis used to provide the
current status of the line commecting the modem, or devices
emularing modems, to the processor. Thisz register is accessed by
reading I/0 address X' 3FE’. The high order fowr hits (hits 4-7)
contain the state of Clear To Send (CTS), Data Set Ready (DSR),
Ring Indictor (RI), and Received Line Signal Detect (RLBD). The
low order fowr bits (0-3), when set to 17, indicate a change in
the state of the corresponding signals stored in bhits 4-7, and
are designated by prefix New,

#===) RI
-==> RL3D

: | H ' H H ! === 1= Mew CTS
H H | H : H +===2 1 = HMew DSR

H H H ! : 4===> 1 = Mew RI

H ; 1 : 4===3 1 = MNew RLSD

' H ; ===y TS

H H 4===2 DR

+
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2.%.3 Secondary Serial Communication, UART

Yevson
The MAD-1AWorkstation supports the facility for an optional
secondary asynchronous serial  port. This option consists of an

IBM compatible serial asynchronous expansion board, or any IEM
compatible, that plugs into the slot located in the!: computing
module above the CFL bhoard. The opening for the secondary port
external interface comector is in the back of the computing
module and is level with the serial expansion board (uwhen
installed). ‘

2,9.3.1 Secondary Fort, Functional Description

The functions of the secondary serial port are identicgl to those
of the primary serial port described earlier 'in thiﬁnﬁ%ction’ The
differences in usage are more from a programming point of view.
The program now addresses all  the data, control, and status
registers in I[/0 address spaces X' 2F8° through X 2FF° instead of
address spaces X 3F8 through X'3FF . ‘

“tgure 2-12 shows the layout of the " I[BY  serial  compunication
expansion  hoard that is used for the secondary asynchronous
sErial port.

;
!

eses tese eee seve sese sees sase Sees sase Sees Seee Biss S50s $006 ees S48 S644 S48 028 Gees Sr0e 0406 SHPE S208 S00e Sess S6ee 006 404 S0se TSP SaLE G404 Mese S00F SR S0T SeaT S0F S0AT 0P €909 Suse £908 Sate bet G0t 0as bu

Lavout af IEM serial communication expansion
hoard

Yo

e mm e me B an me a. mE mo E me = me . oo m. s = |
e e mm - = me - —m = e = m- = o == mm v e =]

vt etem 4450 suee sesm 2508 S0 Sose Sese S4ss Sa0s 1500 POV SIS S4se Sece S4sE 408 Sel S06e $0en 4508 Sesm See $0ce S008 SUGS $OSS CUer SONS S4s0 Siue Time S0 SE0e SONS SEES GO S0se SO0R SOCT $0e0 SGe Seek SOSY SOSS OST G008 4E S00H PEm Sees Soms Soam Lews SeMe Gees Beus 0es sevs

Figure 2-12: IBM Seria) Communication Expansion Eoard

N
i
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The operation of the secondary serial port is also defined by the

contents of the registers selected by the decocde of bits A0, Al,
;and A3 of I/0 addresses X 2F8° through X 2FF’ for the secondary !

poft, and X°3F8°' - X' 3FF° for the primary port,

Table 2-8: I/0 Address Assignment For
Frimary & Secondary Fort

[ Baiadiediaddbeibeiiiiend [ JBadiedieiiadiedbediadienliendt N e e Rttt di sl edbadiodbadbndheiiesiiesdbeibesiesibeel e endhedae e H
3Fé 2F8 %X uf fer DLAR=0 (Write)
3F8 uffer DLAR=0 (Read)
3F8 Divisor Latch LSR DLAR=1

H H ] i
i H J H
: : ] H
i 3F7 i 2FY ! Divisor Latch MSE DLAR=1 :
H 3FYy i 2F7% { Interrupt Enable Register :
: 3FA i 2F A o Intermrupt Identification Register ;
: 3FEk i 2FR i Line Control Register H
i 3FC i 2FC ! Modem Control Register H
i 3FD : 2FD ! Line Status Register H
: 3FE H 2FE i Modem Starus Registenr d
1) 1 L] 1}
Tahle 2-%Y: I/0 Address Decode
17170 Address Bits  State | B
R VOOf 1 Function of the Selected Register |
19:68.7:46:.5,4,:3,2,1.01 DLAE | i
S oo o om foom e e e o !
i1 1 11 1 1 x x xi - ! H
i o 00 O | Receive Buf (Read)/Holding (Write):
H O 0 17 O VoInterrupt Enable H
i O 1 0F x boIntermrupt Identification H
i 01 17 x i Line Control Register H
i 1 0 0} x i Modem Control i
: 1 01 x T Line Status !
: 110 x i Modem Status :
: 11 17 x i Mot Usecd H
: 00 07 1 ! Divisor Latch LSE H
H 00 1 1 i Divisor Latch FMSR i
H : H i

000s 4000 $400 sast 4000 40se S40e S044 1oas S0em S0te 4000 4000 G004 0000 G000 S00e sece Sien | Seee 48as SeEm Svee Sees beme | 405% S044 S5es Sese beve ece Sees S040 0018 4008 $EaS See S0oe 4509 SSM S0GH G6ed SOCS G00F SRMD SN0 Seas Seae CON ST GOSN G40S ek Seus FESS 003 4008 40w Soce sose

- ¥y Ritv & is always 1Y for the‘f$imary interface
Bit 8 is always "0 for the secondary interface
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i
2{&4\.2 Secondary Serial Fort Interrupt Operation
Bl
Interrupt Request line 3 (IRQA3) is normally used for secondary
commpunication  operations. This line requires that the serial
communication be enabled for interrupt, which is accomplishecd hy
setting hbit 3 of the modem control register (I/0 address X 2FC7)
to a value of "1, . Toe

2.9.3.3 Secondary Serial port Registers and Frogramming
— .

There are several data, control, and status registers that are
used for progrggming the operation of the Intel 8250 UART. These
registers are addressable by rthe program using the assigned I/0
address of each register, as listed in the following/ZEDIQ:

.

/\747
Q!

REGISTER I/0 ADDRESS

uffer (DLAR=0O) X' 2F8°

RX /Ruf fer (DLAER=1) X' 2F8’
fvisor Latch, LSRR (DPLAR=1) X 2F&-
Divisor Latch, MSE (DLAR=L) X 2Fy’
Interrupt Enable Register X 2F7°
Interrupt Identification Register X 2FA7
Line Contral Register X' 2FR’
Moderm Control Register X 2FCT
Line Status Register X 2FD’
Modem Status Register X' 2FE’

2:7¢3¢4 Secondary Fort Interface Description

The secondary serial  port  supports the same interface protocols

that are wused on Tthe primary serial port. Comnector J8, located

on the back of the computing modwle (see Figure 2-13), is used as

the secondary serial port external interface. It is 25-Fin D" ;)
ul A

shell comector that is  used to _interface to €
oMMITIERT1oN expansion  board (option:s when it is installed in

the computig—meca NS 5 ary serial port. The interface
signal lines are shown in Figure 2-14., i 1 DUV’d'B

h
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Rear View of the Computing
Modwle shoun the reserved
Slot for the Secondary serial
Communication Fort.
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Figure 2-13: Back of Computing PModule

(Strandard R5-232C Levels)

Qli-=mmrm e = (GROUND ) == e e e 101
Q21 mmmmmmm e e e e (DATA DUT )Y mm e e e e e e 102
I R (DATA TH) = w e e e e >103
O {mmmmm e e e (RTS) e e e e e = 1 Q4L
Q5 ) o o e e e I e R >103
DA mmm i e e e (DER) == m e e e e Y1048
Q07 == (Signal Grourd) —--- === 107
SERIAL 0Bl - mmmmm e e (CARRIER DETECT) ========>108 ASYNCHRONQUS
EXTERNAL QF | e e (Mot Comectad) —-===-m=-- 1 0% COPIMUNTCATION
DEVICE 10l - e e (Mot Comected)—~=-==----- 110 INTERFACE
I R il (Mot Comecteadd)—=-==w-=-- HN RG-2320C
121 = mmmm (Not Comechted) —~~-==-=~--- 112
13— (Mot Comected) -—==--m===- 113
R R i (Mot Comected)-~===w—-~- HE
, R e ki (Mot Comected)-—~--=wmm-- 115
' lAlmm e e (Mot Comected)-—===-==m=-- H
17 e m e (Mot Comected) ~====——--- 117
18l wmmmm e e (Not Comected) ~-=-=-—==w-- 118
1G e (Mot Comected)~-==-=~-= ~=--119
PO e (DTR) == e e 1 20
2 (Mot Comeacted)-=~==m===- 21
221 == e m e = (RIMG INDICATOR) ~ === = ==~ >i22
2R = (Mot Comected) == mmm==- 123
2l - e e (Mot Comected)—====m=--- 1 24
2D (Mot Comected)-===m=w--- 125

9000 0000 100% 200t 10em S00m ca0s seve s000 seas caue suee Seem Sro 1e0e Shre 000t soce 2400 bums Soes beme a0se 400¢ 40m Bete

Figure 2-14: Secondary Serial Interface (UAR?)Connactor Jlﬂrfl_“
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2.9.4 Tertiary Serial Communication, USART

‘The‘DﬁD-l : provides a smart serial communication port,

re eg@d to as Jertiary Feria)l Rompunication. This *communication
interface supportsﬁéynchronous, IBM (Fisync (BSC), and SDLC/HDLC
protocols and utilizes the Intel 82 mul ti-protocol  serial
controller chip to provide a variety of serial commpunication
functions. The multi-protocol serial controller is capable of
interfacing high-speed communication lines with the MAD-1

2ﬂﬁpu%¢29\ The functional hblock diagram is shown in Figure 2-13.

The operation of the rertiary serial port is  not compatible with
IEM. It uses I/0 address @ spaces X 2E8° through X 2EF’ for
referencing data, contvrol d status registers. These addresses
are not used by thé IEM FC/XT and therefore do not interfere with
other IBM compatib 2 ALEITS o '

The tertiary serial communication port provides two incdependent
serial chamels gzﬁannel A and BY)., Each channel contains eight
internal write, and three internal read registers. Both sets of
registers may he accessed by either channel.

For normal mp@ration,,ﬁﬁ;nnel A is jumpered to support RE-232C or
RE-422 interface protocol and Zhamel B is designared to  support
the optional internal modem.
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Tertiary Functional Rlock Diagram
shows its relationship to the system

e e == m- mE e mm e e e = e . e = e B e e e me e = e == o = —- m= e —- - - §

- e T e e e e e " me W% e WS me ®E me S me W mm e ew m® m- T m- W v W M- = aw ==

0000 4000 s0se +00s Soca s4ee 4408 Suve SE4S 4008 $008 S0n 4008 4004 006 4E0E PAES $40e S4se $4S8 S408 S04 S4eR 14N S04 430s S906 So0 S50 PEGE S04 SE4E S000 SO0E B00e S0es Seae Siem S00u S0Es SN0 FOGH G000 SIS 0000 SR Sese T80 G000 008 S0 £408 F008 S0s BIee 08 P00¢ Beam bee Sees

Figure 2-15: Tertiary Rlock Diaéram
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2:7v4.,1 Tertiary Fort Frogramming

{

1/0 addresses X' 2E8° through X’2EF’ have heen assigned to operate
the tertiary serial communication port. As ioned earlier,

these addresses are not used in the( IEM FC/XT Hsystems and
therefore do not interfere with other co Hhteoperations. The

descriptions of the registers uwsed by the tertiary: port are
listed below:

Tertiary Chanmmel A Data:z

Tertiary Chanmmel A Status: This register is uwsed to read the
contents of any one of the three internal read registers pointed
to by the register pointer value set in the command register.

XCPEAT 1 T R

O e e e

,,,,, R

+=> Internal Register
Fointers:
000 = Register O
001 = Register 1
010 = Register 2
011 = Register 3
100 = Register 4
101 = Register 5
110 = Register &
111 = Register 7
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Tertiary Channmel R Data:
oo
7 4 5 4 3 2 1 0]
et e e S
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Tertiary Chanmmel E Status: This register is used to read the
contents of any one of the three internal read register?pointed
at by the register pointer value set in the command register.

0000 t0me svce beve snse

7 A4 5 4 3 2 1 0

H
1]
!
+=-> Internal Register

Fointers:

000 = Register O
001 = Register 1
010 = Register 2
011 = Register 3
100 = Register 4
101 = Register 35
110 = Reqgistor &
111 = Register 7

Technical Reference Manual 840707:20.07 2-7Y




MAD COMFUTER CEMTRAL FROCESSING UNIT

sewe se0e tows $40n 4000 000 S0en e Seve SSee Suet Ses8 S0E Seet 4000 Seme S0ee SS0 SF08 Sast $0eS 004 SN $000 0<8 CI0 04 400m 008 Sese S2e0 $00E Seve Coce Lee 00e Soem Sese 6oee $5ES SORY FPSR $00P $OTS SES G0N SRS SOUT TOTS SO SUSS 005 CHGS S40e 08 Somm 0 S 0SS £000 000 COID RS eum cuoe

|
BT eda? Tertiary Interface Conmnector
i ) Sty

Comector J14 is a 25-pin "D shel) comector in the back of the
computing module and is commected to the rertiary port interface
logic. The location of the commector and its pin assignment are
shown in  the Figure 2-14 ancd the interface signals are shown in
Figure 2-17. . . o

1
{
!

——e cvae Swe w0t c0ss ts 500 Seas Sere THee 2000 SO0e S00a S008 SE0e SO0 Sees B06e M0e0 440e 000 Hee G00e 000 Fa0s CEee Sece SSer ~ver oove seee seve eee

Rear View of the Computing
Modwle zhouwn the Ji4 comector
Slot for the Tertiary sarial
Communication Fort,

- - " e " mm ™ e WEm wm "™ e "% me W mw S ew ==
- T m- M me e mm " e mE e W mm " mw " me " e

sees 500t sase sese sees 0es 2004 S4Ee Seae Sees S000 0406 Sees Se0e Sees SAs Sese sE0s Bece S300 Feew Seee Seas

a0t 0200 sues s0es swes S0s seas Saee Sevs Sres sess sase Sbe sees Sese cens Seas Sese Sece v ot sece sese seve

Figure 2-14: Back of Computing Module Showing Ji4
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SERIAL 081
EXTERNAL 071
DEVICE 101

143
153
141
173

221
231
241

Gece s0ee 10ee sase seue 000 sove beue soee sore srse Some smem

CENTRAL PROCESSING UNIT
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T (Standard RS-2320 Levels)

---------- (Mot Comected)-=-===-==--=10]
(e (Transmit Datra)---==-=--- 102
----------- (Receive Datal~--=----=-->103
(mmmm e (RTS) mmrmm e m e 104
~~~~~~~~~~~~~~~ (CTS) == mmmm e == == 105
e il (DER) ~ = mmm e e e = - Y104
~~~~~~~~~~ (Signal Ground)---======={0Q7
---------- (CARRIER DETECT)========>108
—————————— (Not' Comected)-—~===w====10Y
---------- (Mot Comected)--~~=---~~--110
{rmmmmmm (Select Standby®)-==-=-w=== 111
—————————— (Not Comected)--~---~-~~--112
~~~~~~~~~~ (Mot Comected)-=-=====-==-113
----------- (Mot Comected)-=--=-----~--114
~===(Transmitter Signal Timer)---->113
e e e = (MOt Comected) ~~-==x==--- 1145
~~~~~~ (Receiver Signal Timer)~---->117
----------- (Mot Comected)--~---~-----118
~~~~~~~~~~ (Mot Comected)-=--====-=11%
(e e e e (DTR) ~ == mmm e ee e e - 120
~~~~~~~~~~ (Mot Comected)--========121]
----------- (RIMG IMDICATOR) =====-==) 122
{(-=--(Data Signal Rate Selector)----123
e e = (M COMeCctRd) mmm e 124
~~~~~~~~~~ (Mot Comected)----~-----125

- RINARY

SYNCHRONOUS
COMMUNICATION
INTERFACE
RS-232C

#® Not EIA
Standard

Figure 2-17: Tertiary Serial Interface (USAR#)Connector J14>j2"
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2.9.5 Serial Interface Line Voltage Specification

This section describes the signal voltage levels:. for data
=xchange over the interface cable between the serial port and the
external device., Depending on the type of serial interface and
protocol, signal voltage levels may be different for the receiver
and transmitter logic. ‘

As shown in  Figuwre 2-18, data transmission consists of two
states: ‘Marking ', which denotes binary "1"3; and "Spacing’, which
denotes binary 0", Depending on the protocol, each end of the
cahble may have different wvoltage levels assigned. Figure 2-1Y
describes bhoth the valid and invalid voltage levels and the
logical state of the line in representing 0" or 17,

DO DI DZ D3 D4 D5 D& D7 Fu/”q

o0 cous seme s00e soce sase sate seen sese sece 4000 2000 2020 oot 200e S0ea 4400 bese Same S4ee S40e S00e S0t F40e S00s 40 $00e $008 4006 Sess S0es 04Re SEsE S40e SN G000 0400 00% $400 TRAS SEIS 000 S4se CEES OGS B0se 00m ETe Sees Seat Sese Soee

Tranemit | Start | ; ; : ! ! : : ! 'Stop |
Data TRit ! ! ! ! 1 ; ! : 'Rit !
Marking ' b4 4444 v

Figure 2-18: Data Transfer Format Diagram
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S 2i9.5.1 Interface Signal LeveTﬁFor Frimary Serial Fort

DRIVER END

+15 Vdeg )==memm e e m
VALID
LEVEL
VALID
> LEVEL
13| Vda Jrmmmm s

Figure 2-1%:

:
RECEIVER END -

VALID
LEVEL

Active State
Data Bit = O

—— e - -
-t —- -

- - ZERO VOLTAGE LIME = - = = = = = = = = = =

VALID

LEVEL

1

1

{ Imactive State
H Data Rit = 1
]
1

i
i
i
i
+
————
i
i
i
i
i
i
i

H
i
i
i
i
i

i

i

i

i
i

; w

Voltage Levels For Asynchronous Serial
Communication Interface Signals
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2:7+.5.2 Interface Signal Level For Tertiary Serial Fort .
The Tertiary Interface conforms ro EIa RS-232C/CCITT V.24
interface signal levels, as shown in the following JFigure:s
DRIVER END RECEIVER END -~
e 20 o +25 Vdc
/ : N
+15 Vdg ) mmmm e e e e - + !
VALID I Active State H VALID
LEVEL i Data Rit = O H LEVEL
—————————————————— + H '
nAnini +3 @
- = = = e e e e = = = TERO VOLTAGE LINE - = = = = = = = = - - -
~. o -3 Ydc
=5 Vde | mememmemmmsemme - + i
4 VALID Vo Inactive State | YALID
LEVEL i Data Bit = 1 | LEVEL l
15 YHE L mrmm e F !
/" ' -
\/ R R -725 @

Figure 2-20:

Voltage Levels For Synchronous Serial

Communication Interface Signals
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The MAD-1 A Workstation supports a C'Paralle) ﬁ (centronics
compatible) Frinter Interface that is specificatiyv-desimned to be
attached to—-printegis with parallel port interface. However, this
port may he used as a general Input/Output port for any device or
application that supports its protocol. The,Pﬁ{erface consists
of 12 TTL-buffer output points, which c¢an be written or read
under  wundear program contrel  utilizing the processor *TN7UU{M’)
instructions,

input fodpot

Intermrupt Request line 7 (IRA7) is used by this port to intermrupt
the processor when the ACKNOWLEDGE si¢gnal is ‘asserted. IRQ7 is
jumpered to the Frogrammable Interrupt Controller (Intel 823%A-2)
via jumper W-25, and can be enabled or disabled under program
control. The Reset line from the Fower-0n circuitry is ORed with
the program output point which allows the device attached to this
port to receive a Fower-0n reset when the processor is reset.

2,10.1 Farallel Interface Operation

Efbis port, when operating with an attached printer, loads the
data or  the printer command into its &-hbit output latches and
then writes The latched data onte the printer with the strobe
Tine generated hy the processor. At  this time, the program may
read the input port for printer status to determine when the next
character is to he strobed onto the printer, or it may intermrupt
to inform  the program that the printer is "NOT BUSY". Since the
print data are latched onto the output latches prior to actual
print, the output may he looped and read hback for diagnostic
purposes, which allows the fault to hbe isolated hetween the
interface and rthe atrtached device., The printer interface hlock
diagram is shown in Figure 2-21.
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2.10.2 FParallel Interface Comector

The Input/Qutput signals are made available at the 25-pin D"
shell comector J13 lacated on the hack of the computing module.
The signals are standard TTL capable of sourcing 2.4 mA and
sinking 24 mA. The location of J13 is shown in Fiqure: 2-22 and
the interface signals are shown in Figure 2-23.

Care must be taken to ensure that no external

device pulls any of these lines low to ground.
€ 36 36 IE 6 IE IE IE IE I I6 IE I IE IE I I I I IE 6 I I I I€ I I IE I I ¢

evos v000 400 et 100 Seve Pess sere Sens sese Suas Seed PEES SIES S48 SasE S44S SESS SIS S00e FIES IEH FEST SESS Se08 Fese 6590 Sese Sese ast Sees S008 Sese S0ss Seas c0se S20s 6400 G400 PEas SSS0 SO FEST S0ee Seet HOES $50S SOV Se0U SI0e BT S4e Sees Sa0 Gee Mees Sass S50s S0l Fees sess Sess

Fewar View OFf the computing module
Shown Tthe "D Shell J13 Comector
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Figure 2-22: Eack of Computing Module Showing J13
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MAD COMFUTER CENTRAL FROCESSING UNIT

2,10,3 Programming Considerations

There are five Input/Output instructions which the parallel
interface responds to: two of the five:l/0 instructions are used
for output operations and the remairkg three are used for input
operations. The output instructions ‘are used for transferring
data into the bus buffer and data ]?tChPS; whose outputs are
present on pins 18-2% of the pavallel interface comector (J13).
i1 Two of the three input instructions are used by the processor to
“~read the contents of the bus buffer and the data latches, The
.;thlrd input instruction is used hy ths processor to read the real
“time state of the signals ‘on  the parallel printer interface
Ccomector,.  For prngrammlng this port, rthe HMAD-1 supports I/0
L addresses X' 3BC’, D, and X'3RE’,., I/0 addresses X '378 -
X 37F° used hy I re Not supported.,

A

Status Register: agister is  uwsed To read status from, and
urite initialization status to the printer interface.

ok obox { | H ! H i WRITE
X’ 3BE’ R BN BN B S R B B Initialization
T I i Sratus

+~=~=3 State of Fin 1
" -53TRORBE"
~=7 State of pin 14
"-AUTO FEED™
~==2 State of pin 1A
“INITIALIZE FRINTER"
--=> State of pin 17
"-QELECT IMFPUT™
=== ITrnterrupt BEnahle Status
O = Disahled
1 = Enabhled
+~-=-=» Data Latch Enable Status
O = Enabled
1 = Disahled

o e e e

1
]
t
1}
1
[
]
]
]
]
|
4

4 e e e =% e = e = e == e == e

G
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[Ebe MAD-1 provides a real-time and date calendar facility using
the MSM 58321 chip with back-up battery. This chip continues to
operate when the system is powered off using the bhattery back-up
system to maintain DC power. DC power will he supplied to the
chip for up to five years with no other power supplied.

AN 8-hit comtrol and an 8-hit data register are used for handling
the communication hetween the MSM 58321 and rest of the system,
Since the clock/calendar facility shares the same I/0 address
:pwgo (X’'3EC, 3RD:)-assigned to-the-parallel printer, the data
latches in the EaLa_l*J Frinter _Jnterface. lonc must he enabled
WITHOUT strol the. printer wsing the Initialization
Register at I/U “address X'3BF’
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Clock/calendar Logic Drawing
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Figure 2-24: Clock/Calendar Logic Diagram
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2.11.1 Clock/Calendar Registers

lThe clock/calendar MSM 58321 chip provides an 8-hit control
register and an 8-bit data register to allow the user to set the
internal counter of the chip wder program control. T :

Clock/Calendar Control Register: This register is used by the
system to write six hits of control information to I/0 address
area X'3BD’ as shown helow:

7 4 5 .4 3 2 1 0

eoee 0000 200 $000 400s 2000 Sose S0as Beve 2908 So0e Secs ses S60S So0e 0ee $406 S6u0 Sese $60s S0se beve S50 Sest Face G006 S000 a0ee S0es soce S00e S0ve Seee

. v ' '
X" 3BD’ LIRS SUVUNG UV DU NS DU U ST
-4 oE L A it L

1
1

!
:
H +=-=-=-2 Write
: +=-=-=> Read
H === Chip 5Select
+===> Grtop
H +===> Address Write
+=-==3 Test

=== Data Direction Bit

0= Data In

1= Data Qut

]
]
1
]
]
]
Ll
1
1
]
1
]

]
1
1
1
1]
1
1
1
:
]
1]
]
1
1)
1
+

Clock/Calendar Data Register:

.-=-=> Data hits

$ = ea
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2,11.2 Clock/Calendar Frogramming Considerations

(The followlng Tﬁble provides the translation for the values

wiritten into the data register and the internal counter, when bit
0 (Write) and bhit 4 (Address Write) of the contro)l register are
set to 1", : Do

UALUE IN DATA REG. INTERNAL COUNTER
X 00" Second 1°s
X0o1L- o Second 10°s
X 02° Flinute 1°'s
X 03" Minute 10°s
X 04’ How 1's
X 05 Howrs 107 s
X 047 Day of Week
X 07" Day 1°'s
X 0e’ Day 10's
X 09’ A Month 1's
X O0A° - Plonth 10°s
X' OB’ Year 1's
X oe” Yezr 10's
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‘The configuration switch is an 8-bit dip switch located on the
hoard in the computing module. This switch comhines the

functions of IBM FC system comfiguration switches as showm in
the following\@ahle: '

e
e
"

—

5004 4001 00s Saet se0s 200e 6400 sase S00e 4004 4908 4980 F0R0 4000 Te0e SEEE S0E0 Suts Seee 044 H0eF ROse S00s G00e Geee Sose Sest G008 G000 S0 SOE0 Gels SE0E Cuse Sect SS0e 00 Cess S04s ees Soet S0P 4008 S000 $200 Sese 1000 SIS G000 C0S G006 S00e S440 FE00 S400 Seee Sese e Seee bene

Draming of Switch position on
the CFU board and the Switch
position fTor On/0fT
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Figure 2-25: Switch Positions
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SW 1=z
MAD-1 -

IEM FC-

SW 23
MAD-1 -
IBM FC-

SW 3 and 4=

MaD-1 -

IEM FC-

SW 5 and 43

MAD-1 -

IEM FC-

SW 7 and 8:
MAD-1 -

IEM FC-

Technical

Qff Foeition
On Fosition
Off Fosition

Boot from Floppy Disk Drive
Boot from Hard Disk (if installed)

On FPosition

Mot Used

Qff Fosition =
n Fosition =

= Floppy Disk not installed.

Floppy Disk installed,

(Set to On Fosition)
Co-

Frocessor 8087 instal led.

Co-Frocessor 8087 not installed.

SW 3 Off, 4 Off = Memory size 128K

SW 3 On, 4 OFf = Memory size 255K

SW 2 0Off, 4 On = Plemory size 384K

SW 3 On, 4 On = Memory size 512K

SW 3 0ff, 4 On = Mamory size 128K

SW 3 On, 4 Off = Memory size 172K

SW 3 Off, 4 Off = Plemory size 254K

GW S5 Off, & Off = Monochrome Display, more than 1
SW S5 0ff, & Dn = Color Display, 40 x 25 Color Mode
SW 5 On, & OFf = Color Display, 20 x 23 Color Mode
SW S Dn, 4 On = Use COM 1 device as console

SW S Qff, & Qff = PMonochrome Display, more than 1
SW 5 0ff, & On = Color Display, 40 x 25 Color Mode
W 5 n, & Off = Color Digplay, 80 x 25 Color PMode
5W 5 On, 4 On = Mo monitor installed

SW 7 Qff, & Off = One Floppy Drive installed.

SW 7 Off, 8 On = Two Floppy Drives installed.

SW 7 On, & Off = Three Floppy Drives installed.

SW 7 Ony, 8 On = Fouwr Floppy Drives installed.

SW 7 Off, &8 Off = One Floppy Drive installed.

SW 7 Off, 8 On = Two Floppy Drives installed.

SW 7 n, & Off = Three Floppy Drives installed,

SW 7 On, 8 On = Four Floppy Drives installed.

Souldn'F 4NiS me in e

BN el
MAD cwitch
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MAD COMFUTER VIDEO COMTROL AND DISFLAY
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This chapter contains the physical, functional, and operational
escriptions for the video control and video display used in the
MAD-1.

{ The wvideo control board is used in conjunction with the CFU
hoard  to provide video controeol signals  and data  for the
onochrome and color/araphics display module,

It is a 5 174" by 14" fowr layer printed circuit board (see
Figure 3-1) which mounts on a short bhracket above the CFU board
in  the computing  modula, Fower supply voltages and control
signals  are supplied through Twe comectors: the main bus
comector and an auxiliary commector used for expanding the I/70
bus data to lé-hit data bus.
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video controller Roard diag.
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Figure 3-1: Video Controller Roard
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diagram of back end of the computing modu]ewl
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Figure 3-2: Eack of Computing Modu +h

bard /s yacemng
Output video control signals generated on bowrd are carried 7%>;>
to the video board unit via the Z-pin "D shape comector (J10).
Figure 3-2 zhows the comectors on  the hack of the omputing
module and Tabhle 3-1 provides the pin list:

Table 3-1x Fin List and Signal Mame

i Video Signm1 Fonnwctow (J10% 1

i Fin & o anal Mame H )
lomsooroogamoas .-.:::m::::::::::::::::::-"::: [
Pl WGND TSP (] o 'f"nguﬁa
P2 U UBrtical Sync :

: 3 1 Red ]

: 4 i Green H

i 53 i Blue 1

i & o Intensity i

i 7 ! Monochrome Signal H

: & i Horid zonta) i

H 7 1 Vertical Syna '

1] 1] 1

1) 1 1]

%*: Suwitch selectahle:s
al CompoginSync via selecting jumper W-9
h) Ground via selecting jumper W-10

Note: The si¢gnals @ore  driven with Jow-power-schotthkey,
anc support one load at the output. Certain address
lTines may have up to a maximum of two loads.
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3.2 FUNCTIONAL DESCRIFTION

[The video display controller combines the functions of .both the
monochrome and color/graphics display adaprers, except that it
doesyprovide composite color video.

NOY

Mote: Simultaneous monochrome and color/graphicsS
are not supported. ' A

Five modes of operation are supported by the video bhoard., They
inciude the monochrome alphanumeric supporting an 80 column hy 235
line display screen, two color alphanumeric modes, one at 80 x25
and the other at 40 x 2%, a medium resolution graphic  soreen at
320 x 200 , and @ high resolution scoreen at 440 x 200, The
monochrome and color/graphic modes are selected via different 170
adchress spaces (monochrome hy X3R4 chru X 3RF’, color/graphic
by X 3D4° thru X' 3DF’ ). Both address spaces are supported on the
bus and decocded hy the video display  board. Forr a quick
reference, the summary of the video display modes is listed
helow:

MODE CHARACTER CELL COLUMNS X LIMES
Fonochrome &l phanumeric 7 % 14 &0 x 25
Cator Alphanumeric 8 x 8 40 x 25
Coleon Alphanumeric & x & 80 x 23
Medium Resolution Graphics 320 x 200
High Resolution Graphics 440 x 200

Figure 3-3 shows the functional block diagram for  the video
display board. A complete description, of the registers and
memory layout are shown in the fo\)owinngﬁguref
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Figure 3-3: Functional Rlock Diagram
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3.2.1 Video Memory Map 4 V,”

The video controller board is designed around the FMotorola 4845
RT controller with 14K hytes of static RAIM (no parity bit) used
for buffering alphanumeric data and as a hit-map - for araphics
data. Two consecutive hytes, character and its attribute can he
viritten to the display buffer in 835 nsec, providing a data rate
of 1.2 mega bytes/second. Figuwre 3-4 shows the memory map of the

/}ﬁj/7byte static RAM.

Note: The memory N3P used for monochrome display is
located Jn\dlffﬁrent address  than the memory
map used for the color display.
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Graphic
' Color
E8000 T““~"M_““m*“”“~mwT j2fYelel0]
i H R80O01
/7 Even Scans /7 Rra8002
i 8000 BRytes i '
b e e e o e 4
BYF3F | A
Vo4d Not Used Vo4
gAGOG T
' Odd Scans H
o 8000 Bytes 7/
REF3F T
Yo Mot Used Va4
REFFF BRFFF
7 A 3 4 3 2 1 0
7 4 5 4 3 2 L Q
'R ' R ! G ! B+ I IR G 1RG
P
H : i F===)
: i +-==> Intensity
i +===> Backgrouncd Color
=== Blink

Figure 3-4: HMemory HMap
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3.2.2 Registers

[gﬁe Motorola 4845 CRT controller provides two 8-hit registers
which are used for external interface logic (external to the chip
itself)s, One of the registers, the index register,: is:used to
select one of the eighteen internal registers in the 4845
controller chip, The index register is also addressable by the
program, address X'3D4°, for compatibility with prograﬂg which
address the IEM FC color/graphic display. The second register is
used as a data reqgister. The data register is also addressable
hy  program wmith an address X' 3D5° (for compatibility with
softuware) . '

In addition to the two registers provided by the CRT controller
chip, the video display controller provides three more registerss
the mode control register, the color select  register, and the
stratus register, These three registers are addressable with
addresses X'3D87, X '3DY , X '3DA° (for compatilility with proarams
addressing the IBM FC monochrome display).

;;945 Index Register: This address is used for,ﬂénochrom@
Leplay.

7 A 3 4 3 2 1 0
X'apar U x 1 x4 x 14 o T
’ ] 1 1] ] 1 1] ] 1
'u--—.——‘....-.—.—..—.._'......_.._..-..-l -M-.‘“l_-“‘__“|~_»_“.“_*ln“‘”“"l"‘_mm_.l
(o e e e L L >

1]

L]

v

This S~hit Tield is used
for addressing one of the
eighteen internal registers
in the 4843 chip.

4845 Datra Register: This address is used for monochrome
display.
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Video Mode Register Control:

X'3D8° 1 x ot x ! ; : ' ; ! :
1] ] 1} 1 ] 1 ] ] -8
LI L L, L LR L LR LI eV
e O It

] i |
! !
; +==20=80x25
]
]

1=40x25
+-->0= Graphic Disab.
= Graphic Enab.
+-=->0= Rlack and White
_ 1= Color
-=-=3>0= Video Disahbled
1= Video Enabled
-==>0= Low Resolution
1= High Resolution
4+===20= Rlink Off
1= Blink On

. m— T . N m. W e W e - +
$ mo e m= mm mm e =-

Address X 3R&" for Monochrome Display

Color Select Register:

: +==>1=Rlue Color
H +==>1= Green Colonr
H +=-=>1= Red Color

H +===>1= Intensity

H +===>1l= Alter

$-==>1= Active Color Het

- w- m- e
- w= e =

Address X 3RY" for Monochrome Display
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Status Register: This address used for monochrome
display. BooLi

7 4 5 4 3 2 1 0

Sren sase s0ms sats 4200 4200 21 serm astm suce 20 0o sa0a Seen Smve F00n S00m Sasn S0as Savt Shes 4000 b0aw a0es socm S0r0 oot so0e snee so0m 4200 00 00s co0m 2000 sa0n cous oueh sese socm ssen sree
x"‘.‘gD . ] ' ' [l ] [} H o DE h
3DA ' ' 1 ' ) 1 ) ] : o
] ] ] ] ] ] ] i -
[ i ) ' ' ' 1 ' '
e doem some dree doem 4o tose semm tocm ssem | ovee 0400 care sucn com | teen arce oem eare sems | verm voss srem sr0e sees | soum suse sosn s0ss sbte | camm vese sous sove seen | sosa sese soce sove sese

+=>1=Display

H H . quble
: +->1= Light F'ilD-Eﬂb-}"

: ahlé
! +->1= Ligh @ Switch
+=-21= Yertical Re e Mode

Note: The,K{th )ﬁéw Trigger Flip-Flop wil) bhe N
cleared by writing any data to location
X" 30A° .
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3.2.3 Programming Consideration

[Ebe parameters shown in the following table are for the internal
registers of the Motorola 4843 CRT controller chip when used to
operate the monochrome display. When the 4845 internal registers
are used to operate the monochrome display, certain parameters
must he followed. Tahle 3-2 lists the monochrome parameters:

Table 3-2: mMonochrome Programming Farameters

e e o e e e e e o s e e e e ' ———
] 1 J ] [

! Register | Furction i Frogram Unit | Display Addr,
B oes ous oov 0os om o ben 00 ses s | 0w e ses oo sen 490 ooe oo s0e e See vew 0w v see s sbe odo 0 oo ser see | 0o sov Ses see Ger G ow Gew ver Ses Sum S 000 ves S ses T o o s oos o0 Se see 200 see sus sus oo e bes
lmmmmesesss lsommmoomsmesmocokssess ) sososeeeneREsas lzzmmessssseses
i RO i Horizontal Total i characters H X461’

i R1 i Horizontal Display I characters i X 50"

P R2 b Horix@nta) Sync i characters ' X327

H i FPosition H H

i R3 P Horiz@ntal Sync Width! characters : X' QF’

i R4 i Vertical Total i characters : X 17

i RS i Vertical Total Adjust! Scan Line ' X" 04"

i RA i Vertical Displayed i charactenr ,K(w i X' 17’

i R7 i Vertical Sunc i character Row | X 19’

H i Fosition H H

RS Vo Interiace Mode L I T T { X 02°

T RY P Max. Scan Line aAddr. | Scan Line H X on’
7RO v Cuwrsor Start 1 Scan Line H X" OR’

t R11 i Cuwrsor End t Scan Line H X Qe

i OR1Z 1 Start Address (M) e H X 00"

T OR13 oSrart address (L) R H X Q0"

i RL4 P Cursor (M) R 1 X 00’

i R1B t Cursor (L) A ' X 00"

i Rla 1 Reserved I H - -

i R17 i Reserved I T ! - -

1 ] 1 ]

] ) ] )

Se0e 400t seus sese 0806 0000 4040 sass b0se Sos | 64se beet 0046 4000 S40s Fese 5008 904 buss ess S208 S40s 4000 400E Goce eas Sest SAew Sets Semw S00s Mebe 0460 Sese Seee 00 Bews Sses Sese 5004 G0se Sass Sees Sade 4030 Ses 1000 seee

To properly initialize the computer, Tthe first command mMust set
hit 4 of the mode control register (address X 3D8°) to a value of
‘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 mode.
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The video display controller hoard/atso- supports

w7~ The memory hytes T : .
char ters are locwt@d in the | even addresses of "/ the display ;.

ghyadﬂ’buiian and the attribute hytes in the odd address, as shown in '
Figure 3-4., The attribute code is shown in Figure 3-5 and Tahle
3-3 contains the monochrome attribute map.

characters,

!

eee tae 1050 tase soet sane seee mmes Sess Sres Sess 000 Fes S40e S90s S90S S000 Se0s Sems Sees Sees Feee sees Sere 0400 S0ss Sese Eee 0s8 Sees Seve Fees Seee

BL VR I GV BYVI VR TG VR I Attribute Code
NS B N B DT U B i 0dd Address (M+1)
e R — P

1]
1
1)
; +=-==7 Foreground Color
' +=-==) Intensity

! . +===2 Rackground Color

+=-==> RBlink

Figure 3-52 Attribute Code

Table 3-3: PMonochrome Attribute Map

@ 7050 0000 teut se sens sees tase 4000 +904 Suss Sess Seas Seve Sers ace S00e Ses S4se Sets ess eas Seve S00e Fess Sese Ses Sns S0Y SH0S FUSE S0P SH0S Sees %900 G004 SRer Seee ead S0e 00 Sess 0008 ere Sess Seas Sees 9EE Seas FOCe S00s Seas SOUE Sece Seee ol

' Backaround 1§ Foreground H
H R G R H R G R i Function !
l.-.-..........‘-.-.-._._.-....-|......-.-.......-....-.-...-.....l.-.........--.-...-u---.-,-.-.-.-..................-.::
i 0 0 O i 6 0 0 i Mone-Display i
: o 0 O d 0O 0 1 i Undertine !
i 0 0O 0 | 1 1 1 i White Char/Black Rkgne |
i 1 1 1 : o o 0 i Reverse Video H
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l The MAD-1 monochrome display terminal is a high resql@tion CRT
supporting green or an optional amber screen. The display screen
is capable of displaying 25 lines of information with each line
containing up to 80 characters. The electronics of the terminal

(1Yfl4g§fpackaged in a low profile, compact encloswre that allows the
monochrome terminal to he stacked on top of the data and/or
computing module, or to sit separately. The angle of the display
screen can  bhe adjusted via a sliding lever attached to the back
of the CRT enclosure. \ o

3.3.1 Physical Description VleUO{a'

The MAD-1 monochrome display is a low profile, 1igh{::;eight,
grgonomically desianed CRT. Its control logic is received via a
Y-pin ‘D’ type comector (J10) from the video controller board in
the computing madule, Fower and ¢ground signals are sent from the
data modute, comector J4, and received at the J21 commector on
the display module Qocated on the back end of the display
unitlr. Figure 3-4 shows the interface control signals from  the
computing modules:

0200 4a0e s0ne sose sass sene ore sees mese ssen o0n 200s 6500 cove ess wecs suss S0es ares seee sten Seee

Licemmmmmr e e GROUND =~ == - mm s s e e e il
L-A R COMPOSITE  SYMC/GROUND= === ===~ >z

Blrmmr e e Redem=em e m e e e e >3
MAab-1 Video 4l-w-=-mmmmommm e Green~----=~--==--—--———- >4 HMAD-1
Controller Sl ---ceemememeeme—— Blug == m i e e >15%  Monochrome
Board (J10Q) &l---mmmmwmm- === INTEMGITY -~ === o= - Y14 Display Unit

Flmmmm e MOMOCHROME SIGNAL = === === = 17 (J20)

Bl e HORIZONTAL - === mm e »i8

R VERTICAL SYMC--=-==~mmm——— bR

w200 suse saes s0se ens tese ese soes seve 0200 0000 seve sves sase 1000 mee Sere swee Se0e sees Feae

*¥: Used as a composite sync, when selecting jumper W-7?
Used as a Ground signal, when selecting jumper W-10

Figure 3-4: Video Control Interface Signals
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3.3.2 Functional and Operational Description

[iba actual character code and its a?pibuta are generated by the
video hoard located in the computing module and are driven over a
cahble to the CRT terminal for display. Characters on the screen
are displayed by the proper formation of pictwre elements (dots)
in a character box measwring 14 dots high by ¥ dots wide. The
screen is refreshed with the frequency of 50 Hz at the rate of
350 lines of wvertical rescolution and 720 Jlines horizontal
resolution. The display intensity can be adjusted by a thumb
switch located at the back of . the CRT, next to comectors J20 and
J21. ‘ o :

The 120 AC and &0 Hz pouwer for the monochrome CRT, and the analog
electronics are supplied hy the data module thyough comector
J21 ., The monochrome display is selected by ggkware when 1/0
addresses X 3BE’ - X'3BF’ are used in addressing the display
MEMOTY MAP »

Functional and aperationa)l characteristics of the monochrome
digplay are given in the following list:

SCREEM:

High-Fersistence qreen phosphor,
stched swface to reduce glare.
Soreen size of 20 hy 25 characters.
Character/?’x\af 14 by % PoOts.
Character/ six of ¥ by 7 _boOts,

go0Q0Q0Q

VIDEO SIGNAL: oK~
o Maximum Bandwidth of 14.257 PMHz,

VERTICAL DRIVE:
o Screen refresh at 50 Hz  with 330
lines of vertical resolution and
720 lines of horizontal resolution.

HORIZONTAL RESOLUTION:
o Fositive level, TTL compagibility

at a frequency of 18.432 KHz..QL
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3.4 COLOR DISFLAY

forsof ol
gip addition to monochrome display support, the MAD-1 Workstation
50 supports the attachment of color display/graphic terminals.

Since the Mmemory map Caddresses used for the color

display/graphics are identical to ase used hy IBM, all color
terminals supported by tha;:iBM FC/XT aye also supported by the
MAD~1 Workstation (See Appenddix foar 2 system memory map)d.

The color display option on  the HMAD-1 is selected via software,
using I/0 addresses X' 3DE’ and X 3DF. Comection for the color
CRT is macde through the same ports used for the monochrome
display.

1Hé operational characteristics of the color display/graphics
terminals supported by the MAD-1 are given in rthe following list:

SCREENz

High contrast hlack screen.

Digsplays up to 146 colors.

Characters defined in an & hy & matrix.

000

VIDEO SIGNAL:
o Maximum Video Randwiclth of 14 PMHx,
o Red, Green, and Blue video signals and
intensity are independent,

o Screen refresh at &0 Hz wuith 200 lines
of vertical resolutior.

HORIZONTAL DRIVE:

o Fositive level, TTL campatible at a

frequency of 15.7%"KH2.
" Iv

Techwical Reference Manual 840707:20.07 3-107




MAD COMFUTER KEYROARD MODULE

4.1 FHYSICAL DESCRIETION
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Cﬁoth the MAD-1 display and keyhoard modules are designed to meet
Ewropean ergonomic and DIM standards. The keyhoard itself is a
lTightweight design built with approximately =& 15 degree angle
palm rest for comfort and convenience. Figure 4-1 provides a
graphic layour of the 83-key keyhoard:.
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Fictwre of the
MAD-1 Keyhboard
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Figure 4-1: HMAD-1 Keyhoard
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4,1.,1 FPhysical Key Location

C}he MAD-1 keyboggm_uohfaiqﬁﬂg§ kevs as compared to the 83 keys
supported on the IEM FC/XT+The two additional keys are locations
31, L[ERREAKI] Saul—e4;7 [,1. Each key is coded with a location
number to provide an  easy reference point and is also used in
referencing the scan codes. Figure 4-2 shows the kevhoard with
the assigned location numbers: o

- == e = me ==}

-—— " —- "= - =--
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Figure 4-2: Keyboard Diagram Showing Location Mumbers
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4.1.2 Keyboard Comector Interface

The keyhoard interface logic is located on the CFU hoard in the
computing module. Signals are received over a six foot coiled
flexible cahle from comector J7 on the computing_mddu]é to a
telephone type comector on the back of the keyhoard, Figure 4-3
shows the J7 comection on the computing module and Figure 4 4
provides the pin assignments of the coiled cable:
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Rear View of keyboard module
Shown Keyboard Modular  Jack
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Figure 4-3: Interface Comectors
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Figuwre 4-4: Fin Assignments
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4.2 FUNCTIONAL DESCRIPTION

t The 85 keys on the MAD-1 keyhoard can  be functionally divided
into the following fowr groups:

1) Standard typewriter keys,. ‘

2)  HNumeric key pad arrangsd in standard calculator fashion.
'~ 3) Fixed function keys.

4)  PFrogrammable function, keys.

The design of the keyhoard interface provides for the return of
scan codes rather than ASCII codes., The ability to receive scan
codes rather than ASCII codes provides g@reater flexibility in
defining keyhoard operations. When a scan code is received, an
IRQL interrupt is generated and the keyhoard circuitry converts
rthe serial data to parallel data. The parallel data is then sent
onto port ‘A7 of the Intel 8235 programmable peripheral interface
chip located on the CFU hoard. The keyboard interface diagram is
shoun in Figuwre 4-5,
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Figure 4-5: Keyhoard Interface Diagram
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The design of the kewvhoard is based on the Intel 8048
microprocessor.  Supported functions include:z

o Kevboard scaming.
Buffering up to 14 scan-codes.
o Plaintaining hi-directional serial communication,
with Central Frogessing Unit, CT
Q Bxecuting/ﬂénd~ hake protocol on each

scan-code transfer.
(o} Fowere-=on self test, checks keyboard ROM

A

The logic diagram of the keyhoard module is showun in Figure 4-4.

O

MAD-1 kevbaord Logic
Diagram
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Figure 4-4: Keyhoard Logic Diagram
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4.2.1 Keyhoard Buffer

tﬁhe keyhoard module has a  4&4-hyte type-ahead buffer that is
filled when the operator is entering data and the.main processor
s interrupted to attend to another task, Once the processor has
finished the other task, it will retuwrn to process‘the;;haraﬁers
stored in the type-ahead buffer, .

4.2.2 Keyhoard Scan Code

[}he design of the MAD-1 keyb@éfd is based on the concept of scan
codes rather than ASCII codes. This provides the user with the
maximum flexibility for defining the functional operation of
certain keys., All keys on the keyhoard generate a unigque pair of
scan codes rather than conventional ASCII codes. These codes are
returned to the keyhboard interface logic located on the CFU hoard
in the computing module.

Codes generated by each key are defined as “MAKE" or’ "BREAKY
codes.  For example; when key number 44 (RETURM Xéy) is pressad,
it is  considered a PMAKE and generates a X'1C°  code. When
released, it is considered a BREAK and generates a X'YC° code.
The hex value of the BREAK code is X80 plus the hex value
genarated hy the MAKE code of the same key.

The following figuwre shows the key location numbers followed hy
the scan code of each key in Table 4-1.
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Figure 4-7: Keyhoard Diagram Showing Key Location Numbers
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Table 4-1: Keyboard Scan Codes

0008 2000 s0se sone ose ose saas Sems S0m bove S400 Sesn suse Tess Sace et sare Sare Sued Se4e S4ew S0 $50s S4ie Soie Sed Seve 208 SEeS 40en G040 Suce S0re Sowe Sees Soss S0es Aies ove Sass suse Seee Aied See 40 Sase 4004 S0ae 40rs Haee Seme Sese 0e Seee G004 Sose Seee sate Saee baas eem Gaes hoas Sems

TTTTKEY 'SCAN CODE  (Hex) ! - !
! LOCATION ! BREAK ! MAKE ! KEY FUNCTION(S)

::.‘:::23«':-“‘.::‘.:3:::::::: 22"'3:::;=:=‘.:=33:!=:::3:::==2==:!!==2::::===:!=====23=’.“—':
: H 2 : H
i 1 i 3R : RR i Function Key F1 :
H 2 1 3C r RC i Function Key F2 H
H 3 HERC) ) r ERD i Function Key F3 H
: 4 1 3E : BE i Function Key F4 H
: 5 i 3F T RF i Function Key FS :
H A HE 10) r CO i Function Key F& H
H 7 i 41 : C1 1 Function Key F7 H
! 8 V42 : C2 ! Function Key F8 '
: 4 143 : C2 iV "Function Key F9 |
i 10 144 : C4 i Function Key F10 H
: : 2 H T ;
: 11 i 01 81 i UESCY Escape Key i
H 12 1 2R T AR VN Lower Case znd 1Y Upper Case |
H i3 TN ¢ ) : 82 V1" Lower Case and ! lUpper Case |
: 14 i 03 x A3 12" Lower Case and @ Upper Case |

i 1= 7 04 x84 1 "3" Lower Case and s Upper Case |
: 14 7 05 : &5 Vo4 Lower  Case and 4" Upper Case |
i 17 i DA x B84 VU Lower Case and XY Upper Case |
H 18 HE ¢ 87 U4 Lowenr Case and " Upper Case |
i 1y HE 1 r 88 V7Y Lower Case and TR Upper Case |
: 20 N V3 : AY Vet Lower Case and "% Upper Case |
H 21 i OA : 8aA P9 Lower Case and Y Upper Case |
: 22 v OR : &R PO 0Y Lower Case and )" Upper Case
: 23 N 01 : 8C Pt Lower Case and U0 Upper Case |
H 24 )b z  an V=" Lower Case and "+ Upper Case |
i 25 -3 T AY VU Lower Case and YUY Upper Case
H 24 i OE x BE T URACK SPACET Key }
i 27 L Y x (7 bOUHOME”  When UNUM LOCK" key Fressed)
: : 2 PO :
i ' : VA When MM LOCK™ key FPressed |
H ' 3 TQff i
i 28 148 : Ca VoUp Arrow,When UHUM LOCKY Fressed Ond
: ; 2 PUar” When UNUM LOCKY key Fressed OFf)
i 27 R X4 r (v OUFGURT When UNUM LOCKY Pressed On o
] 1 3 VOUPGURY Wheny UNUM LOCKY Pressed OFFf
: 30 I P2 T CA P =" With or withouwr “NUM LOCK"/kéi !
i : ® H H
: ! 2 1 _(Continued) |

4000 5300 4000 000 sn ase oues bene seen base | Sase 1e0e Bece Sse 400s 8006 S0se | Geet 6000 Sse 40e 006 Seem Ses  $400 £004 G001 €GN G040 $40% 4NN 4008 G0se 0UE FOSG G00e BANS GU0e SSNN $000 FND BOse G0se FEN S90S S0
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"Table 4-1 continued:

el e s s v e e cns e 10 e e e s st e s s b s e 55 2 45 Gt S b 5 S50 590 5 5 S 0 e S0 450 48 n v s e s S - s sne e wnn

KEY 'SCAN CODE (Hex) ! !
LOCATION | RREAK ! MAKE ! KEY FUNCTION(S) !

: :.’:.:-:.'—'::.::.{.:':'::::‘:‘i:'-‘-'::'.::'.:::::.::.‘.::=:=‘-==:==::::::::S:::::::::.
H 31 i 55 : D5 ! "BRK" Breaszéy '
y 32 i OF = 8F | "TABR" Kéy K =
: 33 ' 10 : 70 i "gq" Lower Case and Q" Upper Case |
: 34 711 : 91 v "y Lower Case and W' Upper Case |
: 35 P12 : 2 i "e" Lower Case and "E" Upper Case . |
H 34 i 13 T 93 i " Lower Case and "R Upper Case |
H 37 i 14 T 74 P Yr" Lower Case and T Upper Case |
: 38 I B : Y5 VoYY Lower Case and Y Upper Case |
H 3Y T 1A T YA }."w" Lower Case and U Upper Case |
H 40 P17 97 1 i Lower Case and "I Upper Case |
! 41 i 18 r 98 I 0" Lower Case and 0" Upper Case |
: 42 I Y 1 Up" Lower Case ancd P Upper Case |
H 43 N N = T 7A UUEY Lowery Case and "{ Upper Case |
i 44 1l : YR 1" Lower Case and "3 Upper Case |
H 45 R ¥ :r LA 1 UBCROL/LOCK: Key :
: 4 T 4R : CRr i Left Arvow, When “NUM LOCK" FPressed!
H : 3 i On ' !
: : 3 Vo4t When UMUNM LOCK” Pressed OffF '
H 47 y 40 x GO vOUSRCHY When UNUM LOCK" Pressed On )
! : 3 VS When UHUM LDCKY Pressed OFF H
H 48 i 4D . D i Right Avrow, When UNMUM LOCKY :
H ! S i Pressed On H
: : x AT When o UNUM LOCKT Pressed OfF :
! 4 a5 x5 POUMUM LOCK' KBy ]
H =0 I3 & : CE VU Whith or Without UNUM LOCK™ H
: : 3 I Fressed H
: 51 HEC  ERA iU RAFS LOCK™ Key !
; 52 i 1D 7D i "CTRLY Control Key H
H 33 i 1E : YE Pora” Lower Case and A LUpper Case )
H 54 H 1F + 9F Vs Lowsry Case and VS Upper Case |
H 35 P20 T A bt Lower Case and DY Upper Case |
H 34 P21 . Al VO Lower Case and UFY Upper Case |
! 57 122 : A2 Vgt Lower Case and UG Upper Case |
i 58 i 23 AR 'R Lower Case and T"HY Upper Case |
H 59 24 S A ) VU Lower Case and “J" Upper Case |
i &0 25 : A5 ! "k Lower Case and "K" Upper Case |
: ! 124 T AL P Lower Case and LY Upper Case |
i &2 i 27 S -V 3" Lower Case and " Upper Case |
' A3 V28 T A8 bt Lower Case and () Upper Case |
: H S : i
L S E. SIS SN € 7 < L § N C-TH D S
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:Téble 4-1 continueds:

aea mmee cove cvsn sa0e sees s00s Seas se wess Seee mate Sase sece o506 Sess Seve Sees sens sees Sese ous soes cesa oo soee voes mse

.: KEY 1SCAN CODE (Hex) ! 1
i LOCATION | BREAK | MAKE | KEY FUMCTIONC(S) i
; ; : ; ;
Y ! 1C o+ $C ! "RETURM" ,l(.y :
H A5 i\ 4F :+ CF ! “END” When NUM LOCK" Pressed On H
H i 2 VU1t When UNUM LOCK" Fressed Off !
H oY) i 50 : DO ! Dowmn Arrouw, When “NUM LOCK" Fressedi
} | 3 ! On - |
H i 3 P2 When NUM LOCK" Pressed Off }
H &7 i 51 : Di VoUPGDNY When UNMUM LOCK" Pressed QQ H
H H 3 PU3" When UNUM LOCK" Fressed Off !
P 48 P38 @ B8 1 CALTT ey - :
' &y 24 T AA ! OUSHIFT Key . '
: 70 v 2C r AC Pz Lower Case amcd "Z" Upper Case |
H 7l v 2D : AD ! "x" Lomer Case and "X Upper Case |
H 72 1 2E r  AE !ote” Lower Case and UCY Upper Case |
i 73 i 2F : AF Py Lower Case and VY Upper Case |
i 74 1 30 x RO ! k" Lower Case and "B Upper Case |
: 75 i 31 : Rl ! '"n” Lower Case and "N Upper Case |
i 74 P32 r R2 P'm” Lower - Case ancd "M Upper Case |
i 77 P33 x R3 by Lower Case and V< Upper Case
i 78 134 : R4 VUL Lower Case ancd > Upper Case |
i 77 i35 + RE P/ Lower Case and U7 Upper Case
i 80 i34 x  BRA H "SHIFT",Kéy i
¢ ail T az x R7 Povx" Lower Case and CFRINTY Upper H
| ; 2 i Case :
H H : : :
H &z LY : D2 POUINGT When UNUM O LOCKT Pressed On i
i i H POt When UNUM LOCKT FPressed OFT :
H aa VB3 : DB POUDELY When UHUM LOCKY Fressed On
H H : Pt When UNUM LOCKY Fressed OfFF !
: &4 T B4 : D4 Py With or Without "NUM LOCK"™ !
' H H i FPressed i
! 85 N 4 xRy i Space Bar _Key i
] 1 - : :
1 ] - : :
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‘ 4.3.1 Standard Keys

numbers,  punctuation marks and symhols, and standard control

character such as, "TAR", "'SHIFT", "“CAFS LOCK", "RACKSFACE"™, and

"RETURN" + Key arrangement is similar o a standard typewriter

keyboard, however, certain Zomtrol eys will operate differently

depending  on  the software. The following description of the

standard function keys may differ depending on the software bheing
0 naeds

CEDQ Srandard keys consistiggf upper ancd lower case alphanumeric,

% 5200 004 cree 010s Sere 000t 0000 Sese Sese Sase Sese msos Sess ase se0s Sbss Sees Seat Si0s Saes S400 S40e Sees Sess bess seas Suas sues Semd Sese Seee Sase sess sess o

- -

4450 400 saus eese seae sess soss seos sese saes soes Sa0s Suse aren aese sose sene

H
3
H
H
H

U |
. e we = e =--
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4000 sons sass Seas seae sees cre tats tres sesn sads Sems Sees suss Sese ses G506 mse S0es Suse Sees Sass sess sese Sere seve saee coue suse s50e beas snes s00s sess sase sove sr0s beus vebe
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RETURM KEY: This key iz also refe#éd to as  TENTER” or "Carriage
Return® (CRY . When pressed, all data entered since the
last RETURM will be sent to the system memory and will
open a ne-.*wllince.

BACK SPACE: Eachkgpaces the cuwrsor one character at a time, erasing
each character,

CAPS LOCK: Locks the alpha keys only into the uppercass mode.
L Fressing the CAFS LOCK  key aq@Qn will release this
R mace, Note that when in the LOCK mode, any alpha key
preseed while the SHIFT key is pressed will result in

a lowercase letter being typed.
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4.3.2 Numeric Keypad

Cj}e numeric keypad is located on the right side of the keybhoard
and consists of 11 double function keys and three symhol keys.
The numeric keys, O +through %, are arranged. in  standard
calculator fashion and are activated when the NUM LOCK key is
pressed, To disable the NUM LOCK function, simply press the NUM
LOCK key again.

The numern:ﬁﬁnmlalso contains punctuation marks and symbols,
cursor control keys, and function keys. The punctuation and
symbol keys include the plus () and minus (-) signs, and the
comma  (,) and period (), The function keys and the cuwrsor
control keys are invoked whén HNOT  in the numeric lock function.
An example of the use of each function key in typical program
follows? .

o000 0000 4008 s0ss seas s00e sass tose sese sese sues seee sess Suse sess Se0s sese 2508 2208 be0s saee cose sevt Se0e $0ve Sese sove S00s S50 cent sene sare

P
—— W . m —- -

HOME 2 Moves the cuwrsor to begining of line, file, or document.
END Moves the cursor to the end of line, file, or document.
FGUF2 Scrolls the display up one scareen.

PGDM 2 Scrolls the display doun one screan.

INS:z Switches hetween insert mode and overtype mocde.

SRCH=z Initiates a search for a specified character, word,

sentence, or pattern.

DEL: Deletes data to the right of the cwsor in a line.
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---3 Movegmpﬁﬁsor one character to the left without
erasing any data or adding any spaces.

--=>: MovesApﬁ;ﬁor one character to the right without
erasing any data or adding any spaces.

VAR Moves the cursor up one line. When the top of the- screen
is reached it will cause the screen to scroll up.

Moves the cursor doun one line. When the hottom of the
screen is reached, it wil) cause the to screen scroll down.

\N/

4

4.,3,3 Fixed Function Keys

Fixed function keys are those keys that are -non-programmable.
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ESC: Causes The operation to cancel or stop.

BRK: Fressed in conjunction with the CTRL key
(gimu) taneousliy), it will cause the execution of
the cuwmrent program to stop.

CTRLz: Used to invoke the functions of other keys (alone
it has no function).

ALT: Used to involke an alternate function of other keys.
PRINT: Causes data on the display screen to be printed

on the printer assigned to the console.
NUM LOCK: Causes the numeric B%gd to enter the numeric mode and
allow only the numbers, O through ¥, to he typed, To

release the numeric mode and use the cwrsor controls,
press the hNUM LOCK key again.

SCROIL. LOCK: Locks the screen in scroll mode.
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4,3.4 Frogrammabhle Function Keys

he programmable funcrtion keys, Fl through Fl0, are capable of

eing proarammed, via software, for any desired functions. This
allows simple, as well as complex, functions to bhe invoked with a
single keystroke. ‘
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e R e " aw . -

4.3.5 Special Key combination

here are certain functions of the MAD-1 That reguire a special
«ey combination to be performed. These function are:s

CLEAR SCREEM: Fressing HOFME while holding down the CTRL key
clears the soreen and moves the cursor to the
pper most(right)of the scoreen.

I 4 CTRL

HALT EXECUTION: Fressing BRK while holding doun the &FE key

stops the cuwrrent command executions ci |
‘ [nstead of Slag
o o dnsert nypnen CTRL—ALT—REL

SYSTEM RESET: Fressing CTRL ALT&pEL keys simul taneously
will caused a system reset.
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=s1 GENERAL DESCRIFTIO

F:ihe MAD- 1 data modul e contains  enhanced double-headed,
ow-profile 5-1/4 inch Shugart 5A455 HMiniFloppy Disk Drives.
These drives are capable of performing Read/Write operations in
single and double density formats on both sides of a standard
5-1/74 inch diskette. Some of the highlights and featwres
provided by the SA455 include:s

g byte=
o B300KE—~Junformatted) storage capacity.
0 Low power (1l2.5 watts)
o 1257250 khita/second transfer rate.
o DC drive ™ motor with precision servo speed contro)l
and integral tachometer.,
0o Band positioner ‘
g Glass bownded ferrite/ceramic read/wmite heacd.
0o  Internal write protect circuitry.
0 Activity light

o Solid die cast chassis. ﬁb%onaﬁ 4

The standard configuration of the FMAD-1 workstatMmimmwtaina TWo
SA45S FDDs mounted side-hy-side in the data module, Each unit is
LaA2" H X 3.75" W X 7.94" D in size, weighs 3.3 pounds, and has a
heat dissipation of approximately 7.4 watts.
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2_FDD_FUNCTIONAL DESCRIFTION

[j}e SA433 half-height compact floppy disk drive contains.al) the
necessary mechanical and electronic circuit tgwlntaLia

the disk drive controller logic and pet*fq)rm jée’ek, /11:9, and i/er\cl
operations.

5.2:1 Read/Write and Control{Ldgic

The single microprocessor controlled circuit card located in the

1k drives provide Read/Write, head positioning, stepper motor
cdrive, interface control, index detection, track zero detect,
spin speed contreol, 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 encloswre in
proximity to read/urite heads.

Two  readZunrite heads are supported - by a carriage mechanism
coupled to the stepper motor through a rack-and-pinion motion
translator.  This translator allows for an increasa2d number of
data tracks while retaining rthe chmracteristices of the stepper
motor,. Data is recorded on one 130 mm diameter disk through two
Tow forcea low mass Winchester type ferrite heads. The Track ©
detector “resides on The stepper motor and consists of a  light
source mnd a reciever. When this optical sensor is blocked by an
interrupter on *hm mator %harr, it indicares one of several track
TETO positiongs S art ot %?aﬂh——zerﬁ‘”szi~
rositican. The NILPODPOCQ%GOP determineﬁ the physical location of
track O from redundant logical track 0.
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2.3 _FDD_OFERATIOMAL DESCRIFTION

inhis section describes the FDD "ive operation starting with
power sequencing, drive selection, mojor on, track accessing,
step insout;side selection, an?Kéﬁd/ rite operations.

T
5.3.1 FDD Power Sequencing

C:Zﬁer the system is powered up, +5 and +12 DC supply voltages
7 applied (in any order) to the disk drive unit. Duwring
time, the -~WRITE GATE (Active Low Signal) line must be
inactive to prevent possible glitching of the media. The +
is used for logic and +12 (Vde o powenr the spindle drive m
ATter power is applied, Tthere is a 100 6;ec ;delay before
aperation is performed. (\;:;’

After powering on, the initial position of the heads with respect
to the data trackszs on the media iz indsterminate. It is
necessary that the heads are positioned by performing the STEF
OUT operation until the Track 00 line is activated.

5¢3+2 FDD Drive Selection

Ei&ive selection cccuwrs when one of the -~-DRIVE SELECT signals is
True. Inly the selected drive will  respond to control  input
signals and  only control  output signal from that drive wil) be
gated to the interface.

5+3.3 FDD Motor On : 2L <

N\ ?‘511%
The FDID motor is ididle when there is noﬁ\gggk/read/write/;v”

operation. To perform any of these function Tthe motor must first

be tuwrned on. This is accomplished by signal -PMOTOR OM which is

tied to hit 3 of the port B reqgister in the 8255 programpable

peripheral interface chip locatecd on the CFU hozord. 500(§s)mu$t

he introduced after the -MOTOR ON line is activated to altats the

motor to reach its proper speed before any operation. The motor

will  stay on as long as the -MOTOR ON signal is active. It is

the responsibility of the host system to deactivatve the -MOTOR ON

line to stop the motor, which will continue to rotate for three

A37 gseconds after the -PMOTOR ONM signal has bheen deactivated.
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5.3.4 FDD Track Accessing

'@adawkite,haad positioning is accomplished by the following:

Setting -WRITE gate false

Setting the appropriate -DRIVE SELECT true.

Selected drive having -READY and -3EEK COMFLETE true.
Setting the appropriate state of -DIRECTION IM
Fulsing the -5TEF

00800

heads to move either one
ing on the state of -DIRECTION
heafl to move imwward, toward track
the head to mov . ~cd toward

| l ovt
fg@d/an@

While the ~DIRECTION SELECT is inactive, a puise on the STEF
line will cause Tthe read/wnite heads to move one track away from
the center of the disk. For detail&itiming refer to the Shugart

ﬁ@i“fic@ manual . A .
informatt1oNn

Each -STEF pulse will cause the
mrack in, or one track out
IM, When true it causes thed
355, and when false it
track O,

CAauBRe

535 FDD Step Qut

5.3+.46 FDD Step In

!whi]e the -DIRECTIONM SELECT is active, a pulse on the STEF line
il cause The read/umrite heads to move one track closer to the
center of the disk, For detail&ﬁtimian refer to the Shugart

service manual . A informationN

5.3.7 FDD Side Selection

l The side selection function is required to perform an operation
Uith a double sided diskette. This is controlled by the I1/0
signal SIDE SELECTION which selects the read/uwite head on  the
side 0 surface of rthe diskette when -S5IDE SELECTION is false, and
selects the read/wurite head on the side 1 swface when the -SIDE
SELECTION is true. After change of state in -SIDE SELECTION
signal, a minimum of 100 Mmicro-second time delay is required
hefore any read or write OPETATIiON Lo that diskeste—

meecomi 2
neec 7
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5.3.8 FDD Read Qperatiomn

Crhe sequence of signal timing for reading data from the floppy
disk drive is listed below: ‘

o Setting -WRITE ¢gate false
o Setting the appropriate -DRIVE SELECT true.
o Selecting the appropriate -HEAD SELECT

5.3.% FDD Write Operation

Following is the sequence of signal timing for writing data to
the floppy disk drives:

Assuring -WRITE FAULT is false

Setting the appropriate -DRIVE SELECT rue.

Selecting the appropriate ~-HEAD SELECT binary address.
Setting ~WRITE GATE true and placing rthe data to be
ritten on the PMFM WRITE DATA lines.

S 030 ¢
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5.3,10 Sequence of Events
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Figure 5-1: Sequence of Events Timing
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5.4_FDD_Programming Consideration

Soes seee socs sees P4

Eiha NEC 745 floppy disk controller located on the CFU ﬂboard in
the computing module provides two registers in I/0 locations
X'3F4° and X'3F5°. These registers are used by the programmer for
performing read, write, and status check operations using the
5A455 floppy disk drive. FDC Status Registers: :

eee con sece socs seue Sees aese 000 bevs Gess Soss Socs seus

X" 3F4°

: H +==> FDD A bhusy
' g > FDD B Busy
o > FDD C RBusy
e ——————— > FDD D Busy
B e R L R LR R R > FDC Rusy
D e > Mon-DHFaA PMode
o e e > Data Direction:
O = Data In
1 = Data Qut
e > Request for Master

FDC Data/Command Register:

7 A 3 4 3 2 1 0

4ose 5600 5000 Suse +0ce G208 G008 a0t Pve SOeE G056 $E50 000 00w 008 S04 S00% Sees S8 S00e Sons Secs 406 408 Sase S00M CE0E 4e TEee Toes POES Sove o1

X*3F3" i

'
]
]

- —-
— -
- -

wose osessuse | sese seee asee | sees oees sem | Sess eese sese | Geee sess coms | Gess 00ee case 603 6s0 00 640 Seem teve
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Ej%e interface signals between the SA4535 MiniFloppy disk drive
and the floppy interface logic may be divided ‘into three
categories: control lines, data lines, and power lines. The
signal names and the line assignments are shown in Figure 5-2.

'
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Figure 5-2: FDD Interface
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PERFORMANCE SPECIFICATIONS

. SINGLE DENSITY

(FM)
Byte Capacity (40 Tracld:
Fer Disk(unformattedh 250,000
Fer Swrfacedunformatted)’ 125,000
Fer Track{unformatted) 3,125
Fer Disk(formatted 146R/T) 143,840
Fer Track(formatted 14FR/T) 2,048
Fer Sector(formatted 14R/T) 128
Fer Disk{(formatted 10R/T) 204,800
Fer Track(formatted 1ORST) 2,540
Fer Sector{formatted 10R/T) 2546

Transfer

Rate

125 Khits/sec

Latency (avg.)

Access Time:
Track to Track
AR g
Setting Time

FUNCTIONAL SFECIFICATIONS

Motor Start Time

Rotational Speecd
Recording Density

Track Density

Technical Reference PManual

100/ ms

/

[

f

Al ms
73 ms
15 ms
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SINGLE DENSITY
(FM)

00 Ses s ote v ser tes sm cw ses ses s e s sew Sew s
R R R

500 /s
300 rpm
2938 hbpi

48 tpi
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DOUERLE DENSITY
(MFM)

o s 200 cww sw s we wo we we S s e e see
=SS sSEsSsEERER=EE=E

500, 000
250,000
&, 250

327,480
4,094
254
40%, 400
5,120
5157

250 Khits/sec

//‘. ‘\

100 ms;
\/
6{m5'
Y3 - ms

15 me /

)
S

DOUELE DENSITY
CMEM)

5007
300 rpm
5874 hpi

48 tpi
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ELECTRICAL SFECIFICATION

N
+12/Vde j+/- 10% at 1.2 A (Max.)
+ BWVde +/- 5% at 0.9 A (max.)
EMVIRONMENTAL SPECIFICATION
Temperature:
Operating 50°F (10.,0°C) to 113°'F (44.1°0)
Shipping -40°F (-40°0C) to 144°F (42.2°0)
Storage - 8°F (-22.20) to 117°F (47.2°0)
5 o
Relgrive Humidity:
perating 207 to A0%
Shipping 1% to 95% i
Storage 17 to 9574
FHYSICAL SFECIFICATION
Dimepgsions: .
a%ght 1,42 inches  41.1 mm)
rdih Se7% inches (145.1 mm)
Depth Fevh inches (202,00 mm)
Weight 3.3 1hs (1.5 ka.)
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' 2.7 RECORDING MEDIA,FLOFEY DISKETTE

- S : .
Ekhe FDD  uses %tﬂndard T-1/4" (133.4~mi1limeter)'dqubje-sided,,
(fl "double density diske 4 G . : i

)

Y— ‘:For programming cnnq:d@rntlons, the recorci medium is a Hmﬂ

) i flexible magnetic disk enclosed in a permanent protective jacket dﬂ
aithwt allows the disk to freely rotate. The protective jacket has
ffseveral opoggingaand slots  for Read/Write Operation (see Figqur

| { 53-3)+ Duwring operation (read/write), the swface of the diske+¢e§

d

i

1

U7g

4 are constantly being cleaned by a soft fabric located inside the
g protective jacket.
)
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e e ee = ae == aw ==

Floppy Diskette Diagram

- - ™ m- w= wm " e MW mm ®® mm " mem = mea =

- . mE mm = e = e

eoes 000 2000 4o00 400e 2008 2508 PANE 008 2000 $00 4000 $000 S00e S04S Sues 1O S04 $508 $000 S04 S50 2408 4000 S008 F00W 2009 400 $000 104D Se0e Sees G400 $050 G00e S0se UGE OEE S0 G040 G006 G900 006 408 FIGE S0UE Pess 10r0 BsS 1000 S00

Figwre 5-3: Diskette Diagram

228 _MAINTENANCE

Refer to Shugart Service Manual (F/N 3923%-0) for ‘??455

- Minifloppy Drive. {d b@ %é (Z{nd
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$21_GENERAL DESCRIFTION

Ej%e MAD-1 optional hard disk cdrive is a 3-1/4" half-height rigid
media employing Winchester technoloqgy. This compact disk drive
ig 1,497 H X 5,50" W X 2.00" D in size and occupies the same
space as a single wnit mini-disk floppy drive in  the data
module, It provides the user withgeliable high performance data
transfer at the rate of 5.0 ssecond with an wnformatted
capacity of 12,749,184 hytes, some of the key fezxtwres on the

MAD -1 aptiorm ggrd gisﬁAare given in the following list:
Version / C¥9n6ﬂ25+fjﬂcxi

o Microprocessor control [/

o Open loop stepper head. positioning.

o Head shipping zove ’

o Huffered seek

o Fower up diagnostic a

o 12,747,184 unformatted capoity

o B.0 lega-bif}/aecond transfer rate

o PFhysi Fespace requirema2nt samne as a
mini floppy disk drive,

DS
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6.2 _HAKRD_DISK_FUNCTIOMAL_DESCKIFTION

Cihe MAD-1 half-height compact hard disk drive contains all the
necessary mechanical and electronic circuitry for Jinterfacing
with the disk drive controller logxc and performing feek, /ﬂEite,
and }é‘\d operation,

4.2.1 Read/Write and Contro].ﬁogic

the single microprocessor controlled circuit card located in the
disk drive provides ead?ﬂ%ite, head positioning, stepper motor
drive, interface contro index detection, track zero detect,
spin speed control, and dynamic  braking functions. Logic for
head selection hetueen Head 1 and Head 2, read preamplification,
and write drive are mounted within the sealed encloswre in
proximity to read/write heads.

Two read/urite heads are supported by a carriage mechanism
coupled to the stepper motor prough =a rack-and-pinion motion
translator. This allows for an Incoreased number 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 tTrack O detector
resides on the stepper motor and consists of a light sowrce and a
receiver. This optical sensor, when blocked by an intermrupter on
the motor shaft, indicates one of several logical track zero
positions. The microprocessor determines the physical location
of track 0 from redundant logical track O,
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Cinis section describhes the hard disk drive operatiqnﬂ starting
with power seqpencipg, drive selection, track accessing, head
selection, and Lead/Mrite operations.

5¢3.1 Hard Disk Pouwer Sequencing

[ﬁ?ter the system is poweregégpl +3 and +1ﬁ<::::)supply voltages

are applied (in any order) o /the disk driv Aite The +F Vdc is
s used to pawer the spindl ve

used for logic and the +

motor. The microprocesso rifies the spindlie rotation for 3400
rpm, then activates the automatic track 0 positioning. Upon
completion of Track O Fositioning, signals -TRACK ZERO, -SEEK

COMFLETE, and -READY bhecomes true.

9000 oen o0 Gece G00w 4000 Suen Seen Sece soee Svse Soe Sean Soce S0ce S0ee seve Sese oeve ovee. = oss caee Sove cose sove sece sose s cone oo coee sene

FOWER OM

e maoe covs seee sone mee cuvw

~-TRACK 00

Saee 0400 E1et 200t Sa0s 0ose S0es w0ea Sess S0er F0es S0se TP S00s Soee S0eP Suee Sete Seee Seee mee

~-SEEK COMFLETE

@es aa0s 000 200t ceos seee 400e | Heee Ge0 0404 S00e Sees Gees Hae SeSE B4EE G400 S000 000 006 Bee Heee S000 wes 5400 Suse Sase SBed Seee Sese

~READY

i
{

5 33

¢(-- 1 Sec. typical

6 6 38 94 34 98
]
]
'
s
s 48 84 $F e -

{(-- 20 Sec, typical -->2
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Figure 6-1: Hard Disk Power-0On Timing Diagram
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6.3 HARD DISK OPERATIONAL DESCRIPTION

....-n—--.-u-—....—-u......-.—..—.....-....—...«...-..n..m—..—m-mn—.—n-u—u...m—nu--n—--.....

C:hls section descr1bes the hard disk drive operation starting
with power quencing, drive selection, track accessing, head
selection, and ead ~ite operations.

4.3.1 Hard Disk Power Sequencing

[ﬁ?ter the system is powered up, +5 and +1 supply ges
are applied (in any order) the disk drive—rit. The + vdc
1 v

used for logic and the + Udc s used to power the spind e
motars The microprocesso arifies the spindle rotation for 3400
rpm, then activates the automatic track 0 positioning. Upon

completion of Track 0 FPositioning, signals -TRACK ZERO, -SEEK
COMFLETE, and ~-READY bhecomes true.

{
i
i

FOWER ON

——s maes s0se suse ceve cune seee

~-TRACK 00

88 $4 e m-

eoee 000 se0e 0008 cres caas sore

i
i
|
5
H

$8 $8 35 8¢

caea c0s cose w0 cuce smes cses | sese Gese S0se sess Sees soss e Se0e H4GS 6000 SHN0 Sese See SHeE asS Sa00 Hee | SO0 Gens Base S0et s40e Sese

-READY

B e R

88 8% 85 54

i
]
'

{(-- 20 Sec, typical -->

" vm e ee R e SE ae PR ce e ee S0 ce " e " e " me % m = -]
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Figure 46-1: Hard Disk Power-0On Timing Diagram
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6:.3.2 Hard Disk Drive Selection

Drive selection occuwrs when one of the -DRIVE SELECT signals is
true. Only the selected drive will respond to control  input
signals and only control output signals from that drive will he
gated to the interface.

6.3.3 Hard Disk Track Accessing

/Rgad;’$ite head positioning‘is accomplished by:

Setting ~WRITE gate false

Setting the appropriate -DRIVE SELECT true.

Selected drive having -READY and -SEEK COMFLETE true.
Setting the appropriate state of -DIRECTIOM IN

Fulsing the -STEF gpeuou¢'

Each -STEF pulse wil) cause the(;:;>heads to move either on track
in or one track out, dependind on the stare of -DIRECTIOM IN,
when true it causes the head to move irnward, toward track
355, and when it is false IT [causes head to move outward toward

track 0. 6p€n OU*/

A.3+4 Hard Disk Head Selection

g00gQg0OQ0

Either of the two heads may he selected by placing the heads
binary address on the -HEAD SELECT 2 to the power of O (2e0)
input line. '

4¢3.5 Hard Disk Read Operation

The sequence of signal timing for reading data from the hard disk
cdrive is as follows:

Setting -WRITE gate false

Setting the appropriate -DRIVE SELECT true.

Selecting drive having -READY and -SEEK COMFLETE true.
Selecting the appropriate -HEAD SELECT

0 o00GQ
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6:3:6 Hard Disk Write Operation

" ) , |
A’%]loming{9g$1the sequence of signal timing for writing data to
Athe hard disk drive:

Assuring -WRITE FAULT is false

Setting the appropriate -DRIVE SELECT true.

Selecting drive having -READY and -SEEK COMFLETE true.
Selecting the appropriate -HEAD SELECT bhinary address.
Setting -WRITE GATE true and placing the data to be
uwritten on the MFM WRITE DATA lines.

00000
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[ The interface to the hard disk may be divided into three
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 hy a 220/330 ohm resistor
network in the driver, The control signals are gated into the

drive by activating the appropriate -DRIVE SELECT 1line. The
physical comection between the hard disk and the system involves
four conmmectors (pin listing is given in Table 4A-1): J1/F1
comection carrying control lines, J2/F2 comection handling_the
data %%nes, J3/F3 commection for the DC power lines (+€§&Ediyd

+12 » and the J4/F4 comnection which provides frame gn

CONTROL SIGMAL DRIVER/RECEIVER DIAGRARM
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Table 4-1: Hard Disk Drive Interface Pin Assigument

00n e 10ee eam 008 sama Sess 4ous sese ceav S0 Seas Sore S0P 0009 $OO0 S4mt S008 oum ome Spee SEwe 006 S806 G600 SHew G000 Seae Gese ase Sese Fese S4ee bune .o

i CONMECTOR FIN MUMRER
]

Ground = Signal
}=======z==+====:==:=z=
' F1-01 2 F1-02
: F1-03 @ F1-04
i F1-05 2 F1-04&
: F1-07 @ F1-08
' F1-09 2 F1-10
: F1-11 =2 F1-12
i F1-13 2 F1-14
' F1-15 = Fl-14
: F1-17 2 F1-18
! F1-19 2 F1-20
' F1-21 2 F1-22
! F1-23 2 Fl1-24
H F1-25 2 Fl-24
: F1-27 2 Fi1-28
i Fl-27 @ F1-20
i F1-31 2 F1-32
t P1-33 @ F1-34
t -

: F2-01 = F2-02
! F2-03 =2 F2-04
: F2-05 1 F2-04
i F2-07 2 F2-08
: F2-07 1 -

: F2-10 = -

' F2-11 2 F2-12
: F2-13 2 -

H F2-14 = -

' F2-15 1 F2-14
H F2-17 = -

' F2-18 =2 -

] F2-17 2 F2-20
H F3-01 2 -

' F3-02 2 -

! F3-03 -

' F3-04 2 -

H F4 2

50mt 6000 caae 5000 sece reas 100t saee 040e S9es | mes G0Re Sene S80S Ste mIGe S50 sems SHGS €008 640 S40S Seee SEes G600 Fess St Sese 00l Seee sees

208 e we ws e e we s s e e WS e W 8 e W WS 4e e we wWe W
i - B R

Reserved
Reserved

- Write Gate

- Seek Complete
- Track Zero

- Write Fault

- Head Select 2°
Reserved
Reserved
-Incdex
-Ready
-Step
-Drive Select 1
-Drive Select 2
-Drive Select 3
~Drive Select 4
-Direction In

..
“

-Selected
Reservecd

+Spare

Reserved

+Spare

+Spare

Ground

+MFM Write Data
-MFIMl Write Data
Ground

+MFI1 Read Data
+MFM Read Data
Ground

alts DC
Volts DC R

tTurnm
Turn
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oous oven aeue comm 0oce sese Sase sese Seme sece
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PERFORMANCE SFECIFICATION

Storage Capacity:
(Unformatted)
Fer Drive
Fer Track

Storage Capacity:
(Formatted)
Fer Drive
Fer Track
Fer Sector
Sectors per Track

Recording Heads
Cylinders
Data Tracks

Recording Density:
Areal
Linear (MFI1)
Radial

Reliabhility:
MTRF
MTTR

Rotational Rate

Data Transfer Rate
Access Time:

Average Latency
' Settling Time

Seek Time
*
*
Start Time
Stop Time

*: Buffered including se

Technical Reference FManual

sove case

12,749,184 ¥Otes
10,414 Hotes

2 Heads
304
412

4,87 X 10
8250 hpi
588 tpi

eéh bits<7h. inch

8,000 howrs, continuous operation
30 minutes

2400 rpm +/- 1%
5.0 Mbits/second
8,33

15.0
3.0

I'~ack to Track
85.0 Average
205 wm PMaximum
20 seconds from
15 seconds from

Fower On to Ready
Fower Off time

ttling time.
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HARD DISK INTERFACE AND DISK DRIVE

ELECTRICAL SPECIFICATION

DC Voltage Input

AC Voltage Input

Fouwer Consumption

EMVIRONMENTAL SFECIFICATION

Temperature:
Operating
Storage

Relative Humidity:
Operating

Storage
Max. Wet Rulh

FHYSICAL SFECIFICATION

Dimensionss:

Height
Weidth
Depth

—  Weight

7N
+12/C/AT /- 5%, 1.1 amps

‘
i

de };;/Xo
+ 5{Vdc / +/- 5Z, 1.5 amps Flax.

Mot Required

17/ﬂé;ts typical

40°F (4.4°C) to 11353°F (44°C)
-40°F(~-40°C) to 135°F (537°C)

8% to 80% non:gondensing
8% to 80Z% wnon-condensing
78°F (26°C)

1 .49 inches +/- 0.01%
5.74 inches +/- 0.02%
8.00 inches +/- 0.02%

3.5 pounds
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BASIC INFUT/OUTFUT SYSTEM

ee oo cove D

Chapter 7

BASIC INPUT/OQUTPUT SYSTEM

[~ 52—

7.1 INTRODUCTION

Sos coee ok seee Soo sees cose sece soie ese 0ee eore aete Sors asen somm
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Glossary 0f Terms

Appendix A

Glossary Of Terms

TERMS

ome sms e sws see o me ws soe see
/I =Z==Ix=

RCC
RIO
EY
Byte
BFS
ESC

CAS
CCITT

CFs
CFu
CRC
CRT
CTs

DLAE
DIN
DIF
DriA
DSR
DTR

" mm " wm WE mew mE e BE mw FE mw W ww —E mm wE mm w" wme WE wmm TE we W mw W wme W mm S me @

a0en 2000 0uom 200 cars Soet sots s0te Save S4se oes S0as Sous Soce S0mn S0ee S0ct G000 S4es G6e SSen Seee Sees Sace Soem Sase

a0 soe evs sme we oo ses as vt Ses s s e me as see Sws Gse ws s sws e sew ave 400 soe sws me ees e v ws swe me s ses 200 we 98 S See s ws SN $S0 0SS S22 0 63 00 43 9 ve mw
oo aINISNTSoD I TIIII[TI[IIAJIIZIZ|IIIISISTI[I_IIII=TI IS

Alphanumeric

Logical Operator

A1l Foints 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 seconds that is , if the dwration
of wunit interval is 20 milliseconds, the modulation
rate equals 30 Faud.

Block-Check Character.

Rasic Input/0Output System

Smallest Unit of Information

8 bit

Bit Fer Second

Binary Synchronous Communication

Column Address Strobe

Comite Consultatif International Telegraphique et
Telephonique (Euwropean Standard Committe)
Character Fer Second A é

Central Frocessing Unit

Cyclic Redundancy Check

Cathode Ray Tube

Clear To Send

Divisor Latch Address Eit

Deutsche Industrie Norm (German Industrial Standards)
Dual In-line Package

Direct PMemory Access

Data Set Ready

Data Terminal Ready

oove ouee oove save oase eose soes sone ovoe
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TERMS DEFINITION
::::2:’2:::::====‘===========:‘.:‘.::’.:‘.:.".‘.':::‘.:2:=:.‘==‘.!'.‘-:.'2=:‘===============3=====
ERCDIC Extended Binary-Coded Decimal Interchange Code
ECC Error Checking and Cormrection
EIA Electronic Industries Association
EOT End-of -Transmission character
EFROM Erasabhle Frogrammable Read Only Memory
ETX End-of -Text character
H: Hertz, unit of frequency
x%{fﬁ@ Kilohytess 1000 Rytes
KHz Kilohertz, 1000 hertz
LED Light Emitting Diode i
™ One thousandth part
M x?/ Mega (1,000,000)
mE byte FMegabytes; 1 million bytes
MFHM Modified Frequency Modulation -
Modulator/Democdulator de-ﬁ NE. &P(&(l/\
nsec Nanosecond (one hillionth of second)
MRZI None-Retuwrn-to-Zero Inverted

]
]
1]
'
1
1
]
[}
)
1)
[)
]
1
[
1]
]
[]
1
[}
1
]
)
1
1
]
1
)
]
1
1]
[}
1)
[)
]
i Modem
!
]
1
[}
]
1
1]
[]
]
1
]
1
1
1
1
1)
1
1
1
[]
1
]
'
)
1
1
]
)
]
1
1)
1
]
1
1]
1 ]
1

FEL Ficture Element
FIXEL Ficture Element
FROM Frogrammable Read Only Memory
RAS Row Address Strobe
RGERI Red-Green-Rlue-Intensity
ROM Read Only Memory
RTS Request To Send
R5-232C The standard set of EIA signals for communication with
external equipment
RS-422 The standard set of EIA signals for communication with
external equipment
RLSD Receiver Line Signal Detect.
- 2x Dttt geceivé Datq
/{_SDL, Synchronous Data Link Control
i serdes Serializer/Deserializer
i S8 Start-5top transmission
]
i TTL Transistor-Transistor-Logic
Ny 2X/Data Transmit Data

OR 1' Logical operation O’F' whdj’klnd WCU‘/ WW
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Appendix R

I/0 ADDRESS MAF

0000 ave base s00s sase sese vese

4000 0000 save 40ss ove tere soes sees bese seee

oot soes soee sewe sew suse

! ADDRESS “

i (Hex) FUNCTIONM ASSIGNMENT

! 000-00F ! Used for DMA control (Intel 8237A-5)

i 020-021 Used for interrupt control (Intel 823%4)

i 040-043 Used for timer control (Intel 8254)

i 040-043 Used for programmable peripheral chip (Intel 8233A-5)
i 080-083 Used as DIMA page register

I 0Ax % Used as HNPMI mask reqister

i OCx Reserved

i OEx Reserved

i 200-24F Reserved

! 278-27F Reserved

i 2E8-2EF Asynchronous communication (Tertiary)

i 2F8-2FF Asynchronous communication (Secondary)

i 300-31F Used as a prototype card

i 320-31F Used for fixed disk

i 3798-37F Used for printer

i 380-38Cx%x%] Used for the SDLC communications

1 380-389%x! Rinary synchronous communication (Secondary)
1 3A0-3AY Rinary syunchronous communication (Secondary)
} 3BO-3EF Used for monochrome display

i 3CO-3CF Reservec

i 3DO-3DF Used for color ¢graphics

i 3EO-3E7 Reserved

i 3FO0-3F7 Used for floppy diske%%e—42L~

i 3F8-3FF Asynchronous communications (Frimary)

'

controlled as follows:
EMABLE HNMFMI = Write x'80° to I/0 Address x A0’
DISARLE NMI= Write x 00’ to I/0 address x A0’

Xk

Since the addresses of these two functions overlap, they

cammot be used together.
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SYSTEM MEMORY MAF
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Dec. Hex .

(¢ 00000

14K 04000
32K 08000
48K QCO00
A4K 10000
80K 14000
Y4&K 18000
112K 1C000
128K 20000
144K 24000
140K 28000
174K 2C000
12K 30000
208K 34000
224K 38000
240K 3C000
2548K 40000
272K 44000
288K 48000
304K 4C000
320K 50000
334K 54000
352K 58000
3A8K 5C000
384K AQ000
400K 44000
414K A8000
432K AC000

- " P - Bw ey W e W

Appendix C
SYSTEM MEMORY MAFP
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512 K RYTES

MAIN MEMORY
ON
CFU ROARD
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MAD COMFUTER ‘SYSTEM MEMORY MAFP

asoe cece case suee -

1

]

Dec. Hex. | FUNCTION !
R R e E E E
i 448K 70000 | H
i 444K 74000 | H
i 480K 78000 !
I 494K 7C000 H
e e L L L L R e e L DLl !
i 512K 80000 | H
i 528K 84000 | : H
! 544K 88000 | 128 K RYTES EXFANSION '
i 540K acooo | H
e et ' ON !
i 574K 70000 | MEMORY EXFANSION EBOARD !
i 592K 4000 | 3 '
i 408K Y8000 | “ H
| 424K YCO00 |} H
R R s iR e iy '
1 440K AODOO | ]
I AS4&K A4000 | RESERVED ADDRESS SFACE '
1 A72K ABO0O | ]
i 488K ACO00 | '
i 704K BOOOO {<{-- ADDRESS SFACE ASSIGNED TO MONOCHROME -->i
| 720K B4000 ${-=======nn= RESERVED =--=--==-=-- >
i 734K B8000 | <(-ADDRESS SFACE ASSIGNED TO COLOR/GRAFHICS-> 1
i 752K BCOOO ({=mwmmmmmmm RESERVED ~===----==e- i
R ke T e o e - H
| 748K coo00 | !
I 784K C4000 | !
i 800K f-YoloTo NS ]
i 814K CCooo | '
R bl L D Rl H 192 K BYTES :
! 832K DOOOO | MEMORY ADDRESS SFACE !
i 848K D400 | RESERVED }
i 844K oX:YoloTo BN '
i 880K DCOOO - | E
e e DL et - i
i 894K EOOOO |} '
! 912K E4000 | i
i 928K E8000 |} '
i 944K EC000 | '
R R i L L R ik e et ek :
i 40K FOO0O0O | 32K ADDRESSING SFACE ASSIGNED TO RIOS H
1 974K FA000 b i
i ¥¥2K F8000 | i
11008K FCOOO | RESERVED f

voms ooue sove oo cocs sres woes cane
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e smoe ceoe

ooes cove suee sran comm

e coe 000 euws saen wees 400 Seve Save cowe oe ees  Sma® Se0e Sese to0e Sove Svee

MAD-1 provides 25 jumpers on the CFU_hoard which allow the user
to select various system configuratioﬁ$ Thaese jumper commections
are shown in Tahle C-1z2 A ”

Diagram of CFU Board shoun
25 jumpers.
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W-12
W-13
W-14
W-15
W-14
W-17
W-18
W-1%
W-20
W-21

W-22
W-23
W-24

W-25

40es Sas somm 00es sase $ems s0ss Sos eae sese sose socs

Jumper

Tertiary Seri

N

Table C-1z2

Not Used
Tertiary Serial
Tertiary Seria)

Selects

circuitry.
Mot Used
Mot Used

Not Used

Data

Tertiary Serial
Tertiary
Tertiary
Tertiary
Tertiary

Serial
Serial
Serial

Front Fanel LED
A to C comects
Interrupt Control

Selects
pin 3 of J-11.

- ww WE mm m mw B® mw WE we Ew e WE mw E mm e mw R mw S m- PO - EE cw PO ww PO ce TC wn TO we e

6000 0000 2200 s008 same G40t G0se ove F0ES ace Sese Ses S0em Seck SEeD S0es 00e Seus Sese Sese

W2 -5 W-4 and W-14 --> W-18
al Fort as either an RS5-422 or RS-232C port.

4900 0200 0000 case seos saee seve cese sns 0900 Se0s G606 Seee S0Ne S0t 0es SeUT 4000 00 Sree Soee

A to B comects 8274 Chamel
Ready to 80184 Chamel 0°s DMA request Line.
C to D comects 8274 Chamnel
Ready to 80184 Chamel
Floppy Write Frecompensation
Floppy Write Frecompensation
Fort
Serial Fort
Fort
Fort
Fort
Floppy Write Frecompensation

JUMFPER SELECT OPTION

JUMFER CONMMECTION & FUNCTION

o0 see e ses soa ses s s ma o3 s e s 28 e e TS e WS s cuS s e WS WS WS W 2 W WS e I B8 L e e W W P WY e e s e me ses we
T ooasOSIIIYIISIINIITIIDITIAIIII[IIIIII[ININIISITIII[IIISIII ===

Fort Configuration
Fort Configuwration
Tertiary Serial FPort Configuwration
Transmit and Receiver
Conmmects 80184 MMI input to Ground or to Parity

Clock into 8274

Farity Circuit Test Jumper .

A’s transmitter

A’s receiver Data
1's DMA request )/ine .

Configuwration
Configuwration
Configuration
Configuration
Configuration

speaker clock to 8235 pin (F) C5
E to C comects Data Set Ready from Tertiary
Serial Fort (8274) to pin (F) C5 of 8255.
AEN from 8237 or pin 5 of J-11.
Comects I/0 CH RDY to 8237 RDY

4 MHz clock to 8237 and DMA clock from

A to C comects INTZ of 8259 to the parallel
(Centronics) port circuitry.
A to B comects INT7 of 8259

to the 8274 USART.

" > PT W WS ww W mE TE mw W .- T mw MR ww TR ww BE me 0 m- TE me SR ww PP e TP we T e PO om T® ee P oo

sace soee se0e seee

to configure the

Jumper W-12 ,W-13, and W1y for different values to select

the floppy’'s write pre-compensation on Y229 chip.
See Floppy Write Fre-compensation table next page.
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Table C-2: Floppy Write Pre-Compensation Table

, JUMFER CONNECTION FLOFPY WRITE
(O = Short, 1 = Open) FRE-COMFENSATIONM TIME
W-1v W-13 W-12 Nanoseconds
T noATTTINIRNIIS IS oo SosgNsosoDoISanugTEInsonoss
0 0 0 A25 ns
0 0 1 &25 ngl.
0 1 0 500 n
0 1 1 500 ns C7 )
1 0 0 375 n P
1 0 1 250 n Nk W -
1 1 0 125 n Vﬁﬂ
1 1 1 000 W cl

MAD-1 provides 12 jumpers on the video bhoard which allow the user
the flexiblity of configuwring the video for monochrome or
color/graphics clock and color composition, The Jumper
comections are given in Table C-3:

$om0 6000 caes 008 cose 400t 400e 0e0e See Gese 400t G0ss G000 §600 £000 S000 G000 Sese S000 G000 $000 S000 000 G000 Se0 S04 PEIS 4SS S00e S0es G000 4000 $00 000 Gecs §0VT Pese SeE 0SS Heee 0P Sous S0 S000 Seme S0sE 4000 G006 4006 S00s SI06 SN SeeU S40 Gece SE0R Heet S44 $E08 $es S48 Ses S0s Beue Sese

Diagram of Video Roard showing
12 jumpers.
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MAD COMFUTER

oos soee sose ooee ovee 000 soe soas sou case

SIS ES=z=z=
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JUMFPER CONMECTION & FUNCTION

e me me s s ses e we 2o e s me
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Not Used

When commected
clocks.

When commected
or monochromne.
When comected
color terminal.
When comected
When commected
When comected
intensity.
When comected
When commected
When comected

to

to

to
to
to

to
to
to

ground,
ground,
ground,
ground,
ground,
around,
grounc,

ground
ground,

selects monochrome

selects S/W of color

selects clock for the

forces
fordes
allows

forces

RGE off.
RGE on.
S/W control

intensity

of

- e - ® we e wo S ow W

enables composite syNCv]

shorts pin 2 of video

hg’f@‘f

(4

display jack (composit sync signal).

When comected to ground, enahles normal
vertical sync signal.

When comected to ground, inverts vertical sync.

i
fors
-

E
1
-
N

e e TE - P® m P m—- mE . ®E mw W ww ™ e = g -

Soe sons save coee asen e soes .
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Appendix F
REMOTE COMMUNICATION

Remote communication between Data Terminal Equipment (DTE) and a
host processonr can bhe established using voice quality
communication lines (standard telephone © line) and Data
Communication Equipment (DCE), as shoun in the following figure:

Diagram showm DTE, DCE, and Communicationm
line, similar to IBM diagram F-1

- W e W ww TE mw W™ mw T e wE mw W me W e WS o w® -

sose caee .- oo soee

Comection bhetween the data termina)l equipment and data
communication equipment is made through a cable conforming to the
EIA or CCITT standard, using EIA/CCITT adapter which interfaces
to the data terminal equipment.

Note: A1l EIA standards are laﬁ%ed mith RS-mm-r notation,
and CCITT standards are )a??ed with Verm or X.nne.

F-155
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The standardized interface defines the comector type, signal
name, signal levels, and the pin assignments which are used to
comect 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
CCITT V.24 interface. The comector used for this interface is a
25-pin D" shell, as showun bhelow:

Diagram shown DTE, DCE, and the interface
comector and the line numbers.
similar to IBM diagram F-2
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The relative timing of each signal is  shown in  the - following
timing diagram. It cdescribes the sequence of operation for
establishing commmication between the data terminal equipment
and a data communication equipment using EIA RS-232C or CCITT
V.24 interface. '

aace case mos sece ovs seve ceve cove oce caee coon coee P e vove

Diagram shoun timing sequence
similar to IRM diagram F-3
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SYSTEM COMFATIRILITY DELTA
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Appendix

SYSTEM COMFATIRILITY DELTA

Tahle G-1=2

o s000 sece sens suss saas suee soes seee sets Sa0s asen sese 0ee teas ssas o

FEATURES/FUNCTION |

959 ses bes sve s sm ses s s se ses ses Bes sse sus Ses sm ses v
PR i =R I SR R R R

Frocessor
Co-Frocessor
Clock Frequency
CFU Cycile

Data Rus Wicdth
Memory Cycle Time
Interrupt Request

DA Chame)

Card Selec;

Clock/Cal ander
e

m me e e e e e e e e e = en mm an mm e mm e == en me a e e =e

€004 0ace mes 0ss soes sve seor smes wwae 0000 Sess Fa0e KRS G0SE Sers Sess Meeh Sese S0t | Mees 00t Seed 0908 90t Sees Fese $104 0404 Sess S0P 060 G444 1090 Lees Sase sens Seve sose sese
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System Compatibility Delta Summary

- T we " " w B w" P m- PE G BE mw E m- o me =" e W m-

MAD-1 i
Intel 80184
Mot provided
147 NS@Cw/Q/’
L&-bit Internal/Externa)
ALA7 nsec L—
IRQA2,3,5 are provided on
the I/0 Bus, IRQ4 is as-
signed to primary seriall
port, IRQAS is assigned tol
the on hoard(CFU)Y floppyi
controller, and IRQ7 may!
hbe comected to the 8274
USART interrupt on the
parallel printer port.
DMA Chamwmel 0, 1, and 3
are camried on the bus,
and CHZ2 is assi¢gned to
the on board floppy
control ler.
Mot available
MSIM-58321

-, me e me Sm m- wm —- -

IBM-FC/XT

S50 ses sew see se s ses S Ser sev sms sm Ser sew S Sep Su sw fex 3w seb

= PR

SEmoSNosssEsnnEesE=ss

Intel 8088
Intel 8087
4,77 MHz 2
210 nsec
8-hit External
840 nsec;JZ__

Frovided
Mot provided

s0ms sase sove oo case

3-158
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Intel 8274 Multi-Frotocol Serial Communication

% Synchronous Serial
¥ IRBRM Risync Seria)
* HDLC/SDLC

Communication
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G.3 _Input/Output Chamel

The Mad-1 I/0 chame) consists of 84 lines which are a superset
of <t I/0 chamel set used by most of the FC compatible
computers. These 84 lines include 42 signal lines (IBM I/0 bus),
with the exceptrion of interrupt request lines IRQ4, IRQ4, and
IRQ7, which are not used on the PMAD-1 bus. The acdditional 24
lines are part of the MAD-1 hus expansion which is used for the
addition of eight data hbits (D& - D13), power/ground lines, and
six lines that are reserved for futuwre use. .

TheiL&]}‘anne] delta between the PMAD-1 and the IBM-FC/XT is
given in Tabhle G-2.

Table G-2: I/0 Chamel Delta

1IL/0 Chammel ) Signal Assignment H i
: H : Comments !
: Fin & ' MAD- 1 ' IBM-FC ' |
] ] ] ] H
;mm“““m_““nm;_““mw“_“mmm;*mw-“mw"“-“w;mu__m““mwm~~m"mwwnwwwmmmmm;
1 RZ1 i Reserved | IRQY i Used for printer or aux- |
i ' H Poilary serial porit. H
i R22 i Reserved | IRQ4 i Used for floppy dishk i
i H i Vocontrol Ter. !
i kB24 ! Reservecd | IRQ4 I Used for primary serial !
: ! ' i port, i
ARZ2 A B32 1 JY-3&J%-1 | N/A ! Reserved !
| A33 & A34 | Reserved | H/A ] :
i R33 & B34 | Reserved | NM/A ' }
1 A3S - A42 1 D8 - DLS 1 M/A ! Additional 8 data bits :
i R35 i LBHE <~ i N/A i Latched Ryte High Enable |
' B34 - k38 ! +5/0DC ! N/A ! Additional veoltage lines |
i R3Y - RB42 | GMY T N/A i Additional ground lines |
H H : ' :
: H H : H
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10 beeps: Video FRAM
The video memory test iz identical to the tests for the memory
above the first &4k The first nihble of the 1& bit word will
be a 1 if the error iz on an odd address (attribute) or O if
the error is on an even address (data). The second nibble wjill
always be 9 and the last two nibbles can be ignored. Use thi
following table to determine locations of RAM elements ;

Video Board Even/0dd o Location
Fabhi 2600035 Even 6B
Odd 6D

FFab# 170001 Esen ue o
Ocldd u7z
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