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SECTION 1: 

SYSTEM OVERVIEW 

Multivision is comprised of a family of three desk-top computers 
referred to as Multivision 1, Multivision 2, and Multivision 3. 

M u 1 t i vis ion 1 i s a sing 1 e use r min i dis k s y stem t hat can be 
expanded, by the addition of easily connected modules, to a 
sing 1 e use r h a r d dis k s y stem, M u 1 t i vis ion 2; and a m u 1 t i - use r 
hard disk system, Multivision 3. 

This manual provides the user with a description of the hardware 
for Multivision 1, 2, and 3 along with the software designed for 
each device. 

Functional descriptions of the hardware are provided along with 
block diagrams and schematics for each of the three modules which 
make up the Multivision family. Schematics are also provided for 
all major subassembli.es, per ipherals, and internal connect ions 
within the modules. 

All PC boards are represented by block diagrams as well. Major 
logic sections are described along with the major busses and 
connections. I/O control lines with their corresponding I/O 
addresses are shown, where applicable. 

The software information provided explains how the hardware is 
directly controlled, without the use of any of ADDS' operating 
system software. The information is sufficient for the Multi
vision user to adapt his own operating system, if desired. 
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MULTIVISION 1 

Multivision,l is comprised of six major subassemblies consisting 
of two mini disks, a power supply, and three PC boards (printed 
circuit boards), mounted in a card cage assembly. 

System Bus 

Each PC board in a Multivision 1 plugs directly into the system 
bus. The bus is comprised of 100 common pins including power. 
Phys ically, the bus is made from a mult i-layer PC board wi th an 
integral ground plane. Data and address lines are physically 
isolated and spare ground lines surround all critical strobes. 
At the s y stem 1 eve 1 , all s i g n a 1 son 0 r 0 f f the bus are un i t 
loads. Drivers and receivers on the individual PC boards are 
highly noise immune components placed within close proximity to 
the actual PC board connectors. Signal termination is provided 
on the CPU board. 

CPU PC Board (129-25300) 

The CPU conta ins a 5MHz 8085A-2 microprocessor, a four channel 
DMA controller (with memory to memory transfer capability at four 
times the speed of an equivalent programming loop), an interrupt 
controller with 8 individual interrupt vectors, a three channel 
timer, 256 bXtes of non-volatile memory, a 4K diagnostic and 
program load 'shadow" EPROM, and two ser ial communication ports. 

The first serial port is used for serial asynchronous communica
tion to the console device (up to 9600 baud). The second can be 
configured for either asynchronous or synchronous communication, 
(up to 9600 baud), including serial printer applications. Timing 
for these ports is provided independently by two channels of the 
t h r e e c han n e I time r • Th e t h i r d c han n eli sus e d for g e n era I 
operat ing sys tern timing funct ions. A separate SO/60Hz t imlng 
circuit is provided for custom timing applications (i.e., time
of-day). 

The non-volatile memory is used pr imarily to replace mechanical 
switches in the' storing of communication parameters for the 
s er ial por ts and to store sys tern d i agnos t ic informa t ion. Spare 
portions of this memory are available to the user for other 
applications such as soft serial numbers. 

64K RAM PC Board (129-23300) 

The RAM PC board conta ins 64K bytes of dynamic memory wi th 
par i ty. The memory is organ ized into four banks, each of wh ich 
conta in 16K bytes. Par i ty is detected at the bank level. Each 
bank may be selected or deselected in anyone of the four 16K 
banks the CPU can address. These address ing features are pr i
marily designed for multi-user and sparing operations. 
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Mini Disk/Printer Interface PC Board (129-23100) 

The PC board contains the two-drive mini disk controller and two 
independent parallel printer ports. The first port is an 8-bit 
parallel Centronics-compatible interface and the second is a 
13-bit Qume-compatible letter quality interface (some popular 
printers which use the letter quality interface are QUME, NEC, 
and DIABLO models). 

The Mini Disk/Printer Interface is designed around a Western 
Digital FD1793 disk controller. This circuit, in conjunction 
wi th phase lock loop and wr i te precompensa t ion log ic, prov ides 
the ability to position, format, read, and write both mini disk 
drives in a double-sided, double-density configuration. 

Min i Dis k Dr i v e s 

Each drive uses double-sided double-density 5 1/4" disks capable 
of storing 358K bytes of data for each formatted disk or 716K 
bytes per system (both disks). Stepping is performed by a band 
actuator which provides a track-to-track positioning rate of 6mS. 

Access is enhanced by treating the top and bottom tracks as 
c y lin de r s . Th e dis k for rna tis rna de up 0 f 3 5 c y lin de r s wit h 2 , 
tracks per cylinder, 10 sectors per track, and 512 bytes per 
sector. Under control of MUON (the CP/M compatible operating 
system designed for Multivision), typical throughput is 25K 
bytes/second on a track basis and 10K bytes/second averaged over 
several consecutive cylinders. 
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MULTIVISION 2 

Multivision 2 consists of the Multivision 1 Module plus the Hard 
Disk Module. The addition of a third drive, the hard disk, pro
vides vastly greater storage capacity and access time, comple
menting Multivision l's hardware and software features. 

Hard Disk Module 

The Hard Di sk Module conta ins a 10M byte 8" hard dis k dr i ve and 
power supply. The hard dis k employs s ta te-of - the-ar t 8" Win
chester technology incorporating such concepts as enclosed head 
units and lubricated magnetic media surfaces to assure relia
b iIi t Y . Un for rna t t ed cap a cit Y for the dis k i s 1 0 • 6 7 M by t e s • Th e 
formatted capacity is 8.39M bytes arranged on 256 cylinders each. 
of wh ich conta in four tr acks wi th 32 sec tors per tr ack and 256 
bytes per sector. The instantaneous data transfer rate to system 
memory is S80K bytes/second. The average rate, on a cylinder 
basis, is lOOK bytes/second which is reduced to 80K bytes/second 
when averaged over several cylinders. These rates are based on 
ADDS' MUON Operating System calls. 

Hard Disk Controller PC Board (129-25400 or 129-28700) 

The Hard Disk Controller PC board is inserted into the bottom' 
slot of the Multivision 1 backplane. Flat ribbon cables connect 
the PC board to the actual drive. The controller has a low cost, 
low parts count, and high reliability design. This is accom
plished by a unique dual processor design along with a high sys
tem bus bandwidth. The first processor is an 8035 micro
computer wh ich controls all of the slow speed funct ions of the 
drive such as head selection, stepping, and interface with the 
CPU. The second processor is a bipolar ROM-based 32 state 
sequencer which is driven by the 8035 and provides the required 
high speed data manipulations. CRC generation, checking, and 
sector header verification are performed by discrete components. 
Data is transferred directly to system memory via DMA control 
from an onboard 16-character FIFO. Since the system bus band
width is 1.2M bytes/second and the hard disk's transfer rate is 
580K bytes/second, there is ample bandwidth remaining for other 
concurrent system operations to be performed. 

Hard Disk Backup 

Backup of hard disk files is made possible through the versatil
ity of the mini disks. There are three techniques available: 

1. Transaction backup. Applications must be structured to cre
ate tr ansac t ion files wh ich ar e used to upda te hard disk 
master files and are then saved as a backup library on the 
mini disks. 
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2. 

3. 

File backup. Entire files are selectively backed up on one 
or more mInI disks, as necessary. Using MUON, an entire mini 
disk can be filled in 70 seconds. 

Incremental change backup. MUON will copy to mini disk only 
those records from a gIven file that have been modified. 
Since the image on the mini disk is an exact replica of the 
data on the hard disk, full file dumps are not required. The 
amount of mini disk storage will always be equivalent to the 
s i z e 0 f the f i 1 e . Th i s t e c h n i que sub s t an t i a 11 y red u c est he 
amount of time required to maintain a backup copy of a hard 
disk file. 

1- 5 
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MULTIVISION 3 

Multivision 3 consists of a Multivision 2 plus the Expansion Mod
ule. The Expansion Module is situated between the Multivision 1 
Module (top module) and the Hard Disk Module (bottom module). 
The Expansion Module contains an extension of the system bus 
which IS attached to the Multivision 1 by two connectors. Power 
is supplied to the expansion bus from the power supply in the 
Hard Disk Module. The card cage, wh ich is the only subassembly 
in the Expansion Module, contains slots for four PC boards: a 4 
Port I/O PC board, and up to three additional 64K RAM PC boards. 

4 Port I/O PC Board (129-24700) 

The 4 Port I/O PC board contains four fully independent asynchro
nous serial communication ports. Baud rates are independently 
selectable (up to 9600 baud). Communication parameters are all 
software selectable and stored where they are user-modifiable in 
the CPU PC board's non-volatile memory. The circuitry which 
con tro Is the por ts is des igned around the operat ing sys tem I/O 
drivers so tha t max imum sys tern through put may be obta ined in a 
multi-user environment. For example, access to the four ports is 
controlled by a steering register located on the PC board; this 
a llows the use of a common sof twar e dr i ver . The conc urren t 
operation of the four terminals at 9600 baud is guaranteed by a' 
l6-character FIFO associated with the receive input of each port. 

Memory Organization 

Each 64K RAM PC board in the Expansion Module is identical to the 
RAM PC board in the Multivision 1 Module. The cards are differ
entiated by jumper selections. 

MUON uses the 64K RAM PC board's bank selection logic to imple
ment mult i-user operat ion. Each user has 48K bytes of real 
memory, while 16K bytes are always used by the operating system. 
At task or user switch time, the three banks allocated to the 
present user are deselected and the next user's three banks are 
selected. Task swi tch time is greatly reduced by us ing . real 
memory to store ~ach user's program instead of the classical disk 
paging and vi r tual memory schemes. Because the real memory is 
stored for each user, a 64K RAM PC board is needed for each user. 

Sin c e e a c h use r r eq u ire son I y 48 K by t e s ( 0 r t h r e e ban k s ) 0 f 
memory, and only one operating system is needed regardless of the 
number of user s, each time another PCB is ins taIled, another 
spare memory bank becomes available. 

The extra banks may be used if parity errors are detected in 
other banks. The informat ion regarding the use of a spare bank 
is stored in the non-volatile memory until the failed PC board is 
retested. Failed banks are automatically bypassed by the oper
ating system when assigning user memory banks. This is possible 
due to bank address relocation. 

ADDS 
AWied [ijtal Data Sy~ans Ire. 

.f', 



Spare banks may also be used for background tasks. MUON (wh ich 
is a true multi-tasking operating system) provides features to 
easily implement these tasks. One such background task, a print 
queue manager, is provided with the operating system. 
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SECTION 2: 

CPU PC BOARD 

OVERVIEW 

The Multivision Central Processing Unit is logically divided into 
the 12 sections listed in Table 2.1 below and described on the 
following pages. The CPU Block Diagram, Figure 2-1, shows the 
major components located on the CPU PC Board. It can be used as 
a reference to depict interrelationships between the various com
lJonents. 

Table 2.1. CPU Logic Sections 

Processor 

DMA Controller 

CMOS ~lemory 

EPROM 

Serial I/O 

Timer 

Interrupts 

808SA-2 5MHz operating frequency. 

An 8237-2 SMHz 4 channel controller. 

The 256 x 8 memory element, used for 
parameters, is accessed via I/O ports. 
up battery power is used to retain 
parameters for use by the diagnostic 
and operating system. 

system 
Back
these 
EPROM 

The 4K x 8 2732 EPROM, used for system 
power-up diagnostics and coldboot procedure, 
is disabled after the coldboot ope'ration to 
free the 4K address. space for operation of 
the sys tern. 

Two 8251A USARTs. The first port is used as 
a console device in a single user system; the 
second port is used in user-defined serial 
communications or serial peripheral device 
operation. 

The 8253-5 Programmable Interval Timer has 3 
channels. Channel 0 is used as an interval 
timer by the operating system for internal 
timing considerations. Channels 1 and 2 are 
used as baud rate generators for serial 
ports. 

The B08SA has 5 interrupt lines and the 8259A 
Programmable Interrupt Controller allows 
direct vectoring for up to 8 additional 
interrupts. 
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Table 2.1. CPU Control Sections (continued) 
Logic Section Description 

Reset 

Refresh 

RTC 

Oscillator 

Decode 

2-2 

Power on reset is a one-shot reset which uses 
the Reset button on the front panel of Multi
vision 1. It provides a .5 second reset pulse 
to all system peripherals. 

This circuit provides the basic refresh tim
ing for dynamic memory wi th in the system. For 
detailed information on refresh circuitry, see 
Section 3, RAM PC Board. 

Real Time Clock circuitry monitors the AC line 
frequency and provides a 10Hz clock which is 
used by the interrupt input of the 8259A for 
real time measurements. RTC is not supported 
by ADDS' software. 

A 20MHz crystal oscillator provides a 10MHz 
fundamental frequency for the 8085A-2 proces
sor, and provides a 2MHz comm clock used for 
internal timing in most peripheral devices. 

Address I/O decode circuitry, handling all on
board chip select signals, generates an onboard 
signal for selecting an onboard data bus which 
allows processor access to onboard devices. 



PROCESSOR 8085A-2 

Functional Description 

The 8085A-2 Microprocessor is the heart of the Multivision 
system. It is a complete SMHz 8-bit parallel central processor 
wi th "16 address 1 i nes wh ich can access 64K memory locat ions and 
256 I/O port addresses. 

The 8085A-2 has twelve addressable 8-bit registers. Four of them 
can function only as two 16-bit register pairs. Six others can 
be used interchangeably as 8-bit registers or as 16-bit register 
pairs. The 8085A-2 register set is shown in Figure 2-1 below. 

Mnemonic 

ACC or A 

PC 

BC,DE,HL 

SP 

Flags or F 

Register 

Accumulator 

Program Counter 

General Purpose 
Registers; data 
po inter (HL) 

Stack Pointer 

Flag Register 

Contents 

8-bits 

16-bit address 

8 bits x 6 or 
16 bi.ts x 3 

16-bit address 

5 flags (8-bit space) 

Figure 2-1. 808SA-2 Register Set 

The 808SA-2 uses a multiplexed Data Bus. The address is split 
between the higher 8-bit Address Bus and the lower 8-bit 
Address/Data Bus. During the first T state (clock cycle) of a 
machine cycle the low order address is sent out on the Address/ 
Data Bus. These lower 8 bi ts are latched externally by the 
Ad d res s La t chEn a b 1 e ( AL E ) s i g n a 1 . 0 uri ng the res t 0 f the 
machine cycle the Data Bus is used for memory or I/O data. 

The 8085A-2 provides RD, WR, SO, S1, and IO/M signals for bus 
control. An Interrupt Acknowledge (INTA) signal is also pro
vided. HOLD, READY, and all interrupts are synchronized with the 
processor's interna 1 clock. The 8085A- 2 also prov ides Ser ia 1 
Input Data (SID) and ,Serial Output Data (SOD) lines for simple 
serial interface. 
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Interrupt Structure 

The 8085A-2 has 5 interrupt inputs: TRAP, RST 7.5, RST 6.5, RST 
5.5, and INTR. 

The interrupts are arranged in a fixed priority that determines 
which interrupt is to be recognized if more than one is pending. 
The order is as follows: highest priority -- TRAP, then RST 7.5, 
RST 6.5, RST 5.5 and, INTR -- the lowest priority. This priority 
scheme does not take into account the priority of a routine that 
was s tar ted by a h i g her p rio r i t yin t err u pt. R S T 5. 5 can in t e r -
rupt an RST 7.5 rout ine 1 f the interrupts are re-enabled before 
the end of the RST 7.5 routine. 

The three maskable interrupts, RST 5.5, 6.5 and 7.5, initiate the 
internal execution of RESTART (saving the program counter in the 
stack and branching to the RESTART address) if the interrupts are 
enabled and if the interrupt mask is not set. TRAP, toe non
maskable interrupt, causes the internal execution of a RESTART 
vector independent of the state of the interrupt enable or masks. 

Th ere are two d iff ere n tty pes 0 fin put sin the res tar t i. n t e r -
rupts. RST 5.5 and RST 6.5 are high level-sensitive as INTR (and 
INT on the 8080) and are recognized with the same timing as INTR. 
RST 7.5 is rising edge-sensitive. 

Interrupts 5.5 and 6.5 are connected to the USARTs which control 
the two serial ports on the CPU PC board. Interrupt 5.5 gene
rates an interrupt whenever the console port USART has a char
acter ready to be input to the cpu. The communications port 
USART receiver ready is connected to Interrupt 6.5. 

Interrupt 7.5 is connected to Counter 0 of the 8253 timer chip. 
This interrupt is used by MUON to control task scheduling and for 
the system timer services. 

The RST 7.5 requires only a pulse to set an integral flip-flop 
which generates the internal interrupt request. This flip-:flop 
remains set unt~l the request is serviced. Then it is reset 
automatically. The RST 7.5 internal flip-flop will be set by a 
pulse on the RST 7.5 pin even when the RST 7.5 interrupt is 
masked out. This flip-flop may also be reset by using the SIM 
instruction or by issuing a RESET IN to the 8085A-2. 

The status of the three RST interrupts can only be affected by 
the SIM instruction and RESET IN. 

Interrupt INTR is connected to an 8259A Programmable Interrupt 
Controller, providing an additional 8 interrupt lines to th~ 
8085A-2. 

See the Intel Component Data Catalog for the hardware specifi
c a t ion s for t his chi P , and a 1 sot he In tel 8080/ 808 5 Ass em b 1 y 
Language Programming Manual for information on programming this 
part. 

2-4 

.r'. 



DIRECT MEMORY ACCESS (DMA) CONTROLLER 8237-2 

Functional Description 

The Multivision CPU makes use of the 8237-2 DMA Controller to 
reduce the burden placed on the system's software and hardware 
for data transfers between memory and peripherals such as the 
m 1 n 1 dis k and the h a r d dis k . Th e de vic e i sal soc a p a b leo f 
per form i ng tr ans fer s of da tab lock s from one memory b lock to 
another, reducing the time required for these operations. 

DMA (Direct Memory Access) is an operation whereby control of the 
system bus is taken away from the processor (the 8085) and given 
to the DMA Controller. Once the Controller is programmed, it 
remains in an idle state un til the r ei s a need for data t ran s -
fer. The Controller receives an active signal on one of its DREQ 
(DMA request) lines and, if the device has been programmed to 
respond to that DREQ, it will issue a HOLD signal to the pro-
cessor. When the processor receives this hold signal, it 
completes the operational cycle it is currently in, places 
program and status information on its stack, and goes into an 
idle state, freeing the bus for DMA operation. When the 
processor goes into this idle state, it issues a hold acknowledge 
(HLDA) signal to the DMA device. Upon receiving HLDA, toe 
Controller initiates a data transfer by placing the address 
information stored in that channel's address register. The 
Controller then issues the signal DACK (DMA acknowledge) for the 
channel it is responding to. While DACK is active, the Can
t roll e r iss u est he a p pro p ria t ere ad / wr i t e s i g n a 1 s . Th e 0 A CK 
signal is used by the requesting device as a device select, 
allowing the read/write signals to affect the device, completing 
the data transfer. Upon completion of the transfer, the 
Controller goes inactive, placing HOLD and DACK in the idle 
state. This allows the processor to regain control of the 
system. 

For per i ph era 1 to s y stem 0 per a t ion s (m i n i dis k, h a r d dis k), the 
Controller is used in the demand mode of operation, which' ini
tiates single byte transfers, until the channel count register 
reaches completion count. This is done to minimize the time 
t a ken from the pro c e s so r sin c e the min i dis k and h a r d dis k 
interfaces require a relat ively large amount of time to make a 
character available to the Controller. 

For memory-to-memory operations, the Controller is used in a 
block transfer format, as the data is immediately available for 
the Controller. Memory-to-memory transfers make use of an 
internal data storage register within the Controller. The 
Controller f irs t reads the da ta from the source address, s tor es 
the data in this register, then writes the data to the desti
nat ion address. 
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Source and destination addresses are stored internally, utilizing 
channels 0 and 1 of the Controller. For a complete description 
of the 8237-2, refer to the appropriate Intel documentation. 

Software 0Eerations 

Table 2.2. Multivision Port Assignments for DMA 
Port Number Register 

OAOH channel 0 address 
OAIH channel 0 count 
OA2H channel 1 address 
OA3H channel 1 count 
OA4H channel 2 address 
OASH channel 2 count 
OA6H channel 3 address 
OA7H channel 3 count 
OA8H status 
OA8H command 
OA9H request 
OAAH mask 
OABH mode 
OACH clear flip-flop 
OADH reset 
OAFH mask write 

The following examples illustrate the use of the 8237 for data 
transfer under MUON. 
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1. Memory-to-Memory DMA Transfer 

For memory-to-memory data transfer, channel 0 is programmed 
as the source and channel 1 as the destination. The 8237 may 
be programmed as follows: 

a. 

b. 

c • 

d • 

e. 

f • 

g. 

h. 

Clear flip-flop 

Set source 
address register 
(channel 0) 

Set source 
count register 
(channel 0) 

Set destination 
address register 
(channell) 

Set destination 
count register 
(channell) 

Set mode register 
for channel 0 block 
read and channel 1 
block write (address 
increment is se
lected and auto 
initialize is de
selected) 

Set command register 
for memo~y-to-memory 
transfer 

Set request register 
to begin transfer 
(no instructions 
will be executed 
until the transfer 
is completed) 

OUT OACH 

A<--Source address (low byte) 
OUT OAOH 
A<--Source address (high byte) 
OUT OAOH 

A<--Transfer count -1 (low byte) 
OUT OAIH 
A<~-Transfer count -1 (high byte) 
OUT OAlH 

A<--Destination address (low byte) 
OUT OA2H 
A<--Destination address (high byte) 
OUT OA2H 

A<--Transfer count -1 (low byte) 
OUT OA3H 
A<--Transfer count -1 (high byte) 
OUT OA3H 

MVI A,88H 
OUT OARH 
MVI A,85H 
OUT OABH 

MVI A,41H 
OUT OA8H 

MVI A,04H 
OUT OA9H 
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2. Memory <=> Mini Disk DMA Transfer 
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Channel 2 is used for data transfer between the Mini Disk 
Controller and memory. The following steps show how to set 
up the 8237 for demand mode DMA wh ich is in it iated by re
quests from the disk controller for disk data transfer. 

a. Clear flip-flop 

b. Set address register 
for channel 2 

c. Set count register 
for channel 2 
(the count should 
be the same as the 
number of requests 
that the disk con
troller will issue) 

d. Set mode register for 
demand mode read or 
write on channel 2 
(auto initialization 
is disabled, address 
increment is selected) 

e. Set command register 
non-memory-to-memory 
DMA 

f. Set mask register to 
set channel 2 mask 

OUT OACH 

A<--Memory address (low byte) 
OUT OA4H 
A<--Memory address (high byte) 
OUT OA4H 

A<--Transfer count -1 (low byte) 
OUT OASH 
A<--Transfer count -1 (high byte) 
OUT OASH 

MVI A,OAH (memory-to-mini disk) 
or 

MVI A,06H (mini disk-to-memory) 

OUT OABH 

MVI A,40H 
OUT OA8H 

MVI A,02H 
OUT OAAH 
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3. Memory <=> Hard Disk DMA Transfer 

Channel 3 is used for data transfer between the Hard Disk 
Controller and memory. Below is an example of the program
ming steps required to set up this channel for a read or 
write data transfer. 

a. Clear flip-flop 

b. Set address register 
for channel 3 

c . Se t coun t reg i s t e r 
for channel 3 

d. Set mode register for 
demand read or write, 
address increment 
selected and auto 
initialize disabled 

e. Set command register 
for non-memory-to
memory DMA 

f . Set rna s k reg i s t e r to 
set channel 3 mask 

OUT OACH 

A<--Memory address (low byte) 
OUT OA6H 
A<--Memory address (high byte) 
OUT OA6H 

A<--Transfer count -1 
(low byte) 

OUT OA7H 
A<--Transfer count -1 

(h igh byte) 
OUT OA7H 

MV1 A,OBH (write) 
or 

MV1 A,07H (read) 

MV1 A,40H 
OUT OA8H 

MV1 A,3 
OUT OAAH 

ADDS 
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CMOS MEMORY 5101L-I 

Functional Description 

The CMOS memory circuit utilizes two 5101L-I 256 x 4 bit memory 
chips. These lCs are capable of storing information while in a 
"power down" state by drawing current from a backup power source. 
The power source used on the CPU is a 3 volt lithium battery with 
a design life of five years in the circuit used by the CPU. This 
battery supplies a 2 volt Vcc for the memory chips while the sys
temm is powered down, allowing the lCs to retain data. When the 
system is powered up, the 5 volt system supply provides Vcc for 
the lCs. The drain on the battery is shut down by the use of a 
diode which overrides the current flow from the battery to the 
memory chips. 

The CMOS memory is accessed through the use of I/O ports, so the 
memory elements do not use memory space allocated for system use. 
I/O port 98H activates CMOS by raising the level of the chip 
disable (standby mode) pin in the memory chip. It is necessary 
to activate the circuit prior to any read or write to CMOS. 
After access is complete, the circuit must be disabled to prevent 
possible data loss during system power down. Writin& an '04' to 
I/O port 98H activates the circuit, while writing a 00' to port 
98H disables the circuit. Accessing port 98H toggles a flip-flop 
circuit providing a chip enable/disable signal for the memory 
chip. . 

In order to read or wr i te data to memory after it has been 
enabled, you must first load in the memory address you wish to 
access (OOH-FFH) by writing the address into port 92H. This 
activates an 8-bit latch which holds the address information 
stable on the memory chip address line. To read or write to this 
memory location, simply read or write to port 93H, as this port 
act iva tes the read/wr i te p ins of the memory ch ip. In order to 
access another memory location in CMOS, it is necessary to again 
set up the proper address by writing to port 92H, then reading or 
writing to port 93H to manipulate the data at that location in 
memory. After all memory accesses are finished, write a 'OOH' to 
port 98H to disable the memory circuit. 

CMOS memory is used by the "shadow" EPROM during diagnostic 
self-testing of the system, and by the operating system for 
initialization of system parameters for proper system operation. 
Any errors found by the dIagnostic programs are stored in a table 
located in CMOS, and the diagnostic program refers to this table 
whenever self-testing,is active. Any errors flagged in CMOS will 
be displayed on the console screen and, if required, the operator 
must take appropriate action to correct these errors. The shadow 
EPROM also uses CMOS to set up the system parameters of the 
particular system in use (e.g., memory allocation, terminal 
configuration, disk configuration, etc.). During loading of the 
operating system (bootstrap operation), CMOS is accessed so the 
operating system can check and set system parameters and check 
memory allocation tables as required. 
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In order to insure that the data stored in CMOS is correct, the 
s~stem makes use of a check-sum operation within CMOS. This en
tails making a count of the number of bits high within the CMOS 
memory and calculating a check-sum to determine if the bit total 
has changed. If no change has occured, it is assumed that the 
data stored in the memory is valid. If the check-sum is incor
rect, the shadow EPROM wi 11 use a set of default parameters 
stored within the EPROM for system initialization. It will then 
store these parameters within CMOS and calculate a new check-sum, 
placing the check-sum in CMOS memory. 

A further step to insure data integrity is the use of a "triple 
redundancy" scheme, where the data is stored in three identical 
blocks, each with a checksum. The PROM or operating system reads 
block one and its checksum is verified. If the checksum is 
correct, the data is used to update the other twri blocks. If the 
c h e c k s urn i sin cor r e c t , i t go est 0 b 1 0 C k two. B lac k two i s the n 
read and, if the checksum is correct, the data stored in this 
block is used to update blocks one and three, etc. The good 
"third" will always update the other two blocks. 
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Programming CMOS 

Information is passed from the Diagnostic/Bootstrap program to 
the operating system through 256 bytes of non-volatile CMOS RAM. 
Recorded here are the results of the diagnostic portion of the 
program, the bank number containing the booted operating system, 
and certain other system parameters such as console baud rate and 
parity settings. CMOS is accessed as an I/O peripheral through 
the following ports: 

PORT 

92H 
93H 

USAGE 

Write only: CMOS Address Register 
Read/Write: CMOS Data Register 

CMOS must be "turned on" before reading or writing any data. 
This is done by outputting a '4' to port 98H, then waiting at 
least 10 milliseconds. CMOS should be "turned off" after all 
CMOS operations are complete by outputting a '0' to port 98H. 

Refer to the topic entitled Diagnostic/Bootstrap and System Load 
for details on the layout of information in CMOS. 

Programming examples for manipulating CMOS are shown below: 

1. To determine the diagnostic for the console port on the CPU, 
the result is returned in register A: 

GETDIA: 
MVI 
OUT 
IN 
RET 

A,05H 
92H 
93H 

;Select the CMOS address 

;Read the data at that address 

2. To update the contents of a given address of CMOS while cor
rec tly rna inta in ing the checksum byte, the update address is 
passed in regi ster D, and the new data value is passed in 
register E. This routine only updates the first CMOS block: 
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WRCMOS: 
MOV 
OUT 
IN 
MOV 
MOV 
OUT 
MOV 
OUT 
IN 
SUB 
ADD 
OUT 
RET 

A,D 
92H 
93H 
B,A 
A,E 
93H 
A,053H 
92H' 
93H 
B 
E 
93H 

;Select address to be updated. 

;Read current data value there. 
;Save current value in B 
;and write new value there. 

;Select address of checksum byte. 

;Read current checksum. 
;Subtract old data value 
;and add in new data value. 
;Write out new checksum val~e. 
;The end. 

ADDS 
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"SHADOW" EPROM 2732 

Functional Description 

The shadow EPROM 2732 resides on the CPU PC board. It contains a 
set of aiagnostic programs which test all elements within the 
system. The EPROM has a set of messages stored which provide the 
operator with error information, system status information, and 
operator prompts which are used when the system requires outside 
input. Included in the program set are: 

1. Memory Diagnostics -- This program places an alternating pat
tern of "ones" and "zeros" wi th in sys tern memory and then 
checks the pat tern for any changes. I f any changes occur, 
the memory bank being tested is flagged as bad and an error 
message is displayed on the system console, indicating which 
bank and memory board are affected. This program wi 11 test 
all memory within the system, up to the 256K used in a 
multi-user system. 

2 . S e r i a 1 1/ 0 - - All s e ria 1 I / 0 po r t s wit h in the s y stem are 
tested utilizing the loop test feature of the serial ports. 
This program initializes the USARTs, places the channel in 
loopback, and outputs a character through the por t. It then 
reads the character received by the channel and compares this' 
character to the character sent out. If the characters do 
not rna tch, the EPROM wi 11 issue an error message to the 
screen indicating which PCB contains the defective serial 
port. This program tests not only the serial device, but 
also the associated timer, which supplies the port baud rate, 
and tests much of the gating logic associated with these 
por t s. 

3. CMOS -- This program reads CMOS, calculates a check sum and 
then compares the check sum calculated wi th the check sum 
already stored in CMOS. If there is an error, a message is 
sent to the console device and the CMOS is cleared. New sys
tem parameters are then stored in CMOS using a table s,tored 
in the EPRo.M, and a new check sum is then ca lcula ted and 
stored in CMOS. 

4. Mini Disk -- This program tests the Mini Disk Controller (an
FD1793) by· outputting information to the controller device. 
The program writes to the registers within the 1793, and then 
reads back from those registers to insure the device can be 
written to and read from. The program also issues a restore 
command to the 1793 in order for it to be in a known state 
for the boot operation which takes place upon completion of 
diagnostic testing. 

2-13 



5. Interrupt Controller -- This program tests the Interrupt Con
troller by programming the device to respond to an interrupt 
and then issuing the correct vector address for the 8085. The 
program places a jump instruction at this address which will 
return the system to the diagnostic program's control. If 
the Interrupt Controller does not respond properly, the 
program issues an error message to the console device and 
flags the error in CMOS. 

6. Interval Timer -- This program sets up the interval timer's 
channel a to issue a pulse in a specific amount of time. The 
output of channe 1 0 tr igger s RST 7.5 in the 8085. If the 
timer does not respond within the correct time, the program 
issues an error message and flags CMOS. Channels 1 and 2 of 
the timer are tested during the serial port test. 

7. DMA Controller -- This program tests the DMA Controller by 
wrItIng to the internal registers of the device and rea~ing 
back the data to be sure it is correct. It then programs the 
DMA Controller for a memory-to-memory transfer operation, 
placing a known data pattern in the source memory block, and 
issuing the command to execute the transfer operation. The 
program then compares the data in the source memory block 
with the data in the destination memory block to determine 
wh ether the da ta was trans fer red proper ly. I f the da ta is 
not correct, an error message is issued and the error is 
flagged in CMOS. 

8. Real Time Clock -- This program determines whether the cir
cu it 1 S i SSUl ng a 10Hz signa 1 by programming the Interrupt 
Controller to respond to the real time clock interrupt (INT 
6) . If an interrupt does not occur, an error message is 
generated and the error is flagged in CMOS. 
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Diagnostics/Bootstrap and System Load 

The Multivision Diagnostic/Bootstrap program is contained in the 
2732 EPROM. I/O port 9CH controls this EPROM which, when enabled, 
occupies memory address space OOOOH to OFFFH. Upon power-up or 
system reset, the EPROM is enabled, control is passed to location 
OOaOH, and program execution begins. Upon successful completion 
of the diagnostic and bootstrap procedure, the operating system 
will have been read into a memory bank occupying the address 
space aCaOOH to OFFFFH, the EPROM is disabled, and contro I is 
transferred to address OCaOOH. 

The EPROM is activated by outputting a "one" to port 9CH; it is 
deactivated when a "zero" is written to 9CH. 

Information is passed from the Diagnostic/Bootstrap program to 
the operating system through 256 bytes of non-volatile CMOS RAM. 
Recorded here are the results of the diagnostic portion of the 
program, the bank number containing the booted operating system, 
and certain other system parameters such as console baud rate and 
parity settings. Refer to Section 3, RAM PC board, for details 
accessing the information stored there. 

Table 2.3 contains the layout of the information which is passed· 
to CMOS from the Diagnostic/Bootstrap Program. 
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Table 2.3. 
Byte(s) 

OOH 

01H 

02H 
03H 

04H 
05H 

06H 
07H 
08H 
09H 
OAH 
OBH 
OCH 
ODH 
OEH 
OFH 
lOH 
IIH 
12H 

13H-52H 

CMOS RAM Layout 
Bit(s) Usage 

7 (MSB) 
6 
5 
4 
3 
2 
1 
o (LSB) 
7 (MSB) 
6 
5 
4 
3 
2 
1 
o (LSB) 

7 (MSB) 
6 
5 
4 
3 
2 
1,0 

Diagnostic on Memory Bank 0 
Diagnostic on Memory Bank 1 
Diagnostic on Memory Bank 2 
Diagnostic on Memory Bank 3 
Diagnostic on Memory Bank 4 
Diagnostic on Memory Bank 5 
Diagnostic on Memory Bank 6 
Diagnostic on Memory Bank 7 
Diagnostic on Memory Bank 8 
Diagnostic on Memory Bank 9 
Diagnostic on Memory Bank A 
Diagnostic on Memory Bank B 
Diagnostic on Memory Bank C 
Diagnostic on Memory Bank D 
Diagnostic on Memory Bank E 
Diagnostic on Memory Bank F 
Bank Number Occupied by System 
Mini Disk Booted from 

o - Drive A 
1 - Drive B 

Hard Disk Diagnostic 
CPU Board Port Diagnostic 

bit 0 - Console fail 
bit 7 - EIA fail 

Serial Port 0 Diagnostic 
Serial Port 1 Diagnostic 
Serial Port 2 Diagnostic 
Serial Port 3 Diagnostic 
Console/Serial Port 0 Baud Rate 
Console/Serial Port 0 Parity 
Serial Port 1 Baud Rate 
Serial Port 1 Parity 
Serial Port 2 Baud Rate 
Serial Port 2 Parity 
Serial Port 3 Baud Rate 
Serial Port 3 Parity 
Memory Card 0 Present/Absent 
Memory Card 1 Present/Absent 
Memory Card 2 Present/Absent 
Memory Card 3 Present/Absent 
Serial Port Card Present/Absent 
Hard Disk Controller Present/Absent 
--Reserved--
--Reserved--

*See notes regarding this layout on following page 
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NOTES 

1. Memory banks 0-3 reside on RAM PC board 0, banks 4-7 on PC 
board 1, banks 8-B on PC board 2, and banks C-F on PC board 
3. Memory card 0 is in the Multivision 1 Module. Cards 1,2 
and 3 are present in the Expansion Module. 

2. Bits 7-2 of byte 12H indicate the presence of a PC board if 
set, or its absence if reset. 

3. The memory bank d i agnos tics in bytes OOH and 01H ind icate 
that a given bank failed the test if it was reset. A set bit 
indicates either that the bank passed or the bank is not 
physically present. A memory bank is available for system 
use if the PC board on which it resides is present in the 
system, and if it passed the diagnostic test. 

4. The disk and port diagnostics (bytes 03H to 09H) are reported 
as a zero v~lue for pass, nonzero for fail. 

5. In a Multivision 1 or 2, the console port is on the CPU PC 
board, and its baud rate and parity settings are indicated in 
bytes OAH and OBH respectively. In a Multivision 3, the con
sol e po r t s are 0 nth e 4 Po r t I / 0 In t e r f ace PCb 0 a r din the 
Expansion Module, and the baud rate and parity settings are 
given in bytes OAH to 11H. 

6. The correspondence between baud rate settings and baud rates 
is shown below: 

SETTING 

30H 
31H 
32H 
33H 
34H 
35H 
36H 
37H 
38H 
39H 
3AH 
3BH 

BAUD RATE 

110 
150 
300 

1200 
1800 
2400 
4800 
9600 

75 
600 

2000 
7200 

7. The correspondenc~ between parity settings and parity usage 
is shown below: 

SETTING USAGE 

45H 
4EH 
4FH 

7 Data Bits, Even Parity 
7 Data Bits, No Parity 
7 Data Bits, Odd Parity 

ADDS 
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8. Byte 053H is used to maintain an arithmetic checksum on bytes 
OOH - 052H, and is checked by the Diagnostic Program. 

9. Bytes 54H through OA7H and OA8H through OFBH are identical to 
byt es OOH th rough 5 3H. All thr ee b locks should be upda ted 
when CMOS data is changed. I f the checksum at byte 53H is 
wrong, then the boo t EPROM wi 11 use the da ta in b lock two. 
If that too, is wrong, then the data in block three is used. 
Each block is read in turn until a proper checksum is found. 
The data in th i s block is used to update the other two 
blocks. If all three checksums are incorrect, then all three 
b 10 c k s 0 f C MO S are rei nit i ali zed to de f au 1 t val u e s • If no 
fatal errors are detected by the Diagnostic Program, a system 
bootstrap is attempted. 
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It is assumed that the operator has inserted a disk con
taining a copy of MUON into drive A. The bootstrap program 
selects a "good" memory bank, act ivates it in address space 
aCaaOH through OFFFH, and reads 16K of data into it starting 
from track a, sector 1, side 0 of dr ive A and proceeds 
sequentially. The number of the bank selected for bootstrap 
is recorded in byte 02H of CMOS. Assuming a successful read, 
the EPROM is disabled and control is passed to address 
OeOOOH. 

This is the means by which the operating system is boot
strapped. MUON then initializes various software structures, 
programs hardware components such as the PIC, PITs, USARTs 
and Disk Controllers, and creates a foreground task for each 
system console. This last part includes acquiring sufficient 
memory for each task, and r~ading in the Command Line Inter
preter (CLI) from the system disk in drive A. The system 
scheduler is then set into motion, and task execution begins. 
Much of the information recorded in CMOS is used during this 
initialization process. 

Programming examples for the EPROM are shown below: 

1. To deactivate the EPROM: 

2. 

XRA 
OUT 

A 
9CH 

To force a "cold" 
sentially imitating 
reset in software: 

DI 
MVI 
OUT 
JtvlP 

A,l 
9CH 
o 

;Output a zero through the 
;EPROM control port. 

boot 
the 

of the 
actions 

operating. system, es
of sys tern power -up or 

;Interrupts off. 
;Enable the EPROM. 

;and begin execution of the 
;Diagnostic/Bootstrap program. 
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SERIAL I/O PORTS 825lA USART 

Functional Description 

Two serial I/O ports are provided on the CPU for interface to the 
s y stem con sol e de vic e ( CRT) and a use r - de fin a b 1 e s e ria 1 per i -
pheral (printer, modem, etc.). Both ports utilize an 825lA USART 
to interface from the system to the serial devices. The USART is 
use d tot l' an s fer par all e 1 d a t a from the s y stem bus t a a s e ria 1 
output line which is RS232C compatible. The primary port is the 
system console port, which is used to interface the user's device 
to the system. This port is usable only in an asynchronous mode 
of operation, with standard baud rates available from 110 to 
9600. These baud rates are supplied using channel 2 of the 8253-5 
Timer on the CPU PC board. In the standard mode of operation, 
th i spar tis conf igured for 9600 baud, odd par i ty and 2 stop 
bits. These parameLers dre rcoe[ inable by the user us ing the 
SYSMOD Utility of MUON. This port is configured as a Data Set to 
interface directly to a terminal, eliminating the need for 
special cables or reversal plugs. 

The secondary serial port can be configured in either the 
asynchronous mode or synchronous mode, depending on the needs of 
the user. Of the six serial ports on a Multivision 3, only this 
port is capable of synchronous communications; the other five are 
asynchronous only. This port, which is configured as a Data 
Terminal or other Data Set device, may be used to interface to a 
serial peripheral such as a printer or modem, with the user sup
plying the necessary software. 

Each of the ports is attached to one channel of a 8253 Timer chip 
which provides the baud rate clock for both transmission and re
ception through that port. This enables the individual ports to 
be run at different baud rates and with different frame char
acteristics. 

The two ports on the CPU PC Board make use of interrupts to 
reduce the burden placed on the system software for interfacing 
these I/O ports'. Two interrupts can be generated by each device. 
The highest priority interrupt is the receiver ready interrupt, 
which is used to signal the system that the USART has a character 
to be read from its internal receive data buffer. The second 
interrupt generated is used to signal the system that the 
transmi t buf fer is empty and the USART is ready to transmi t 
another character from the system to the serial device. 
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Port Assignments 

The I/O port assignments for the console and communications ports 
on the Multivision 1 Module are shown in Table 2.4 below: 

Table 2.4. 
Port 

BBH 

B9H 

BCH 

80H 

90H 

91H 
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I/O Port Assignments for Multivision 1 
Usage 

Read: Data received, console port 
Write: Data to transmit, console port 

Read: Port status, console port 
Write: Command register, console port 

Read: Data received, communications port 
Write: Data to transmit, communications port 

Read: Port status, communications port 
Write: Command register, communications port 

Write only: 
Bit 0: 
Bit 1: 

1 = Loop test on 
1 = Synchronous mode enabled on 

communications port 

Read only: 
Bit 0: Communi.cations clear to send com-

plement 
Bit 1 : Communications carri.er detect com-

plement 
Bit 2 : Communications reverse channel 

complement 
Bit 3: Console clear to send complement 
Bit 4: Console carrier detect complement 
Bit 5 : Console reverse channel complement 



The baud rate clocks for the communications and console ports 
respectively, are counters 1 and 2 of the 8253 Timer in the 
Multivision 1 Module. They are programmed by ports 81H through 
83H as follows: 

Port 

81H 
82H 
83H 

Usage 

Counter 1: Communications port counter 
Counter 2: Console port counter 
Timer command register 

For a description of how to program this chip, see the topic 
entitled Programmable Internal Timer (PIT) 8253-5. 

The 8251A chips in the Multivision 1 Module are directly tied to 
several interrupt lines. Console data received activates RST 5.5 
and communications data received activates RST 6.5. The console 
transmitter ready will raise interrupt line 7 and the communica
tion transmitter ready will raise interrupt line 5 on the 8259 
In t err up t Con t I' 0 11 e I' • E a c h 0 f the s e s i g n a 1 sis in d i v i d u a 11 y 
maskable. 

For RS232 ser ial interfaces, there are two important config
urations of the control lines. One is referred to as Data 
Terminal, the other is referred to as Data Set. The two con
figurations are functionally complementary. A Data Terminal 
device is intended to be plugged into a Data Set device, and 
vice-versa. In specific terms, a Data Terminal controls the 
signals Data Terminal Ready (DTR) and Request To Send (RTS) while 
reading the state of the signals Clear to Send (CB), Data Set 
Ready (DSR) , and Carrier Detect (CF). For a Data Set, the exact 
opposite is true. 

The console port on the Multivision 1 Module and the four serial 
ports of the Expansion Module are configured as Data Sets so that 
terminals, which are the Data Terminal configurations, may be 
plugged directly into them. Raising the RTS signal on one of 
these ports will raise the CB signal. This will become notice
able to the terminal plugged into that port and also to the CF 
signal. Raising the port's DTR signal will cause the attached 
terminal to perceive the rise of DSR. The Multivision 1 communi
c~tions portis, however, a Data Terminal intended to be 
connected to a Data Set. 
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Programming The 8251A 

Prior to starting data transmission or reception, the 8251A must 
be loaded with a set of control words generated by the CPU. 
These control signals define the complete functional definition 
of the 8251A and must immediately follow a Reset operation, 
(internal or external). 

The control words are split into two formats: 

1 . Mode Ins tr uc t ion 
2. Command Instruction 

Mode Instruction 

This format defines the general operational characteristics of 
the 8251A. It must follow a Reset operation (internal or 
external). Once the Mode Instruction has been written into the 
8251A by the CPU, SYNC characters or Command Instructions may be 
inserted. 

Mode Instruction Definition 

The 8251A can be used for either Asynchronous or Synchronous data 
communication. To understand how the Mode Instruction defines 
the functional ope~ation of the 8251A, the designer can best view 
the device as two separate components sharing the same package: 
one Asynchronous and the other Synchronous. The format definition 
can be changed only after a master chip Reset. 

When par i ty is enabled, it is not cons idered as one of the data 
bits for the purpose of programming the word length. The actual 
parity bit received on the Rx Data Line cannot be read on the 
Data Bus. In the case of a programmed character length of less 
than 8 bits, the least significant Data Bus bits will hold the 
data; unused bits are "don't care" when writing data to the 
8251A, and will be "zeros" when reading the data from the 8251A. 

1. Asynchronous, Mode (Transmission) 

Whenever a data character is sent by the CPU, the 8251A auto
matically adds a start bit (low level) followed by the data bits 
(least significant bit first), and the programmed number of stop 
bits to each character. Also, an even or odd parity bit is 
inserted prior to the stop bit(s), as defined by the Mode In
s t r u c t ion. Th e c h a r act e r i s the n t ran s mit ted a s a s e ria 1 d a t a 
s t ream 0 nth e T x D 0 u_ t put. Th e s e ria 1 d a t a iss h i f ted 0 uta nth e 
falling edge of ~ at a rate equal to 1, 1/16, or 1/64 that of 
the TXC, as defined by the Mode Instruction. BREAK characters 
can be continuously sent to the TxD if commanded to do so. 
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When no data characters have been loaded into the 8251A, the TxD 
output remains "high" (marking) unless a BREAK (continuously low) 

, has been programmed. 

2. Asynchronous Mode (Receive) 

The RxD line is normally high. A falling edge on this line trig
gers the beginning of a START bit. The validi.ty of this START 
nit is checked by again strobing this bit at its nominal center. 
( 1 6 X 0 r 64 X mo de 0 n 1 y) . I f a low i s de tee ted a g a in, i tis a 
valid START bit, and the bit counter will start counting. The 
bit counter thus locates the center of the data bits, the parity, 
bit (if it exists), and the stop bits. If a parity error occurs, 
the parity error flag is set. Data and parity bits are sampled 
on the RxD pin with the rising edge of RxC. If a low level is 
detec ted as the STOP bit, the FRAMING Error flag wi 11 be se t. 
The S TOP bit s i g n a 1 s the end 0 f a c h a r act e r . Th ere c e i v err e -
quires only one STOP bit, regardless of the number of STOP bits 
programmed. This character is then loaded into the parallel I/O 
buffer of the 8251A. The RxRDY pin is raised to signal the CPU 
that a character is ready to be fetched. If a previous character 
has not been fetched by the CPU, the present character replaces 
it in the I/O buffer, and the OVERRUN Error flag is raised (thUS 
the previous character is lost). All of the error flags can be 
reset by an Error Reset instruction. The occurrence of any of 
these errors will not affect the operation of the 8251A. 

2-23 

ADDS 
~ [ljtaI Data Systems Ire 



I 
, 

\ 
1 
1 

\ 

I 
I 
I 
I 

\ 

I 
I 
I 
I 
I 
I 

\ 
I 
I 

\ 

I 

I 
I 
f 
t 

I 
I 
1 
I 
1 

I 
1 

I 
I 
I 
I 
I 

I 
1 
I 

I I 
EP IPEN \ L2 L1 B2 B1 

I 

I 
I 
I 
1 

I 
I 
I 
I 
I 

I 
I 
1 

I 
I 
I 

I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
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I 
I 
I 
I 
I 
1 

1 I 

I 

I 
I -->/ 0 
------->1 0 

ISync 
IMode 

Baud Rate Factor 
I 1 101 1 
I 0 I 1 I 1 
I ) I I I 
I (1 X) I (16X) I (64X) I 

I I Ch.aracter Length 
I ------------>1 g I b \ ~ I 1 ----------------->1 I I 1 

I 5 I 6 I 7 I 8 
IBits IBjts IBi.ts IBits 

-.---------------------> Parity Enable 
1 = enable a = disable 

---------------------------> Even Parity Generation/ 
Check 

1 = even 0 = odd 

1 Number of Stop Bits 
-------------------------------->1 0 1 I 0 I 1-

------------------------------------>1 0 I 0 I 1 I 1 
IInva-1 1 \1172\ 2 
I lid I Bit Bits Bits 

(Only effects Tx~ Rx 
never requires more than 
one stop bit) 

Figure 2-2. Mode Instruction Format - Asynchonous 
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Transmitter Output DO DI---Dx Generated 
I I by 8251A 

----=-'~f t-=-~ I ---..---:I~'-rl t-I 
Data Bits Parity I Stop I 

TxD Marking 
Start 

Bit Bit I Bits I 
----~~t ~~ ~----I I 

Receiver Input 
Does Not Appear 

DO Dl---Dx On The Data Bus 

--+~ ~ I I ~ t-I 
RxD Start 

Bit 
Data Bits I Parity Stop I 

I I Bit Bits I t=LLJ I 

Programmed 
Character Length 

Transmission Format 
CPU Byte (5-8 Bits/Char) 

,1-----41 t----~ ---

I Data Character 

I t t--~ ---

Assembled Serial Data Output (TxD) 

----r-----tt +--~ ---,.---------+i t-I 
Start 

Bit 
Data Character Parity 

Bit 
Stop I 
Bits I 

-~---it \-j ------~t t-I 

Receive Format 
Serial Data Input (RxD) 

-----,--------;~ t--j ----,----,---+1 t-I 
Start 

Bit 
Data Character Parity 

Bit 
Stop I' 
Bits I 

----:.--------1~ \--~ ---.:.----=----i! t-I 
CPU Byte (5-8 Bits/Char)* 

------+t ~~ ---I' 
Data Character I 

--~~ l I 
*If character length is defined as 5, 6 or 7 bits, 

the unused bits are set to zero. 

Figure 2-3. Asynchronous Mode 

ADDS 
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3. Synchronous Mode (Transmission) 

The TxD output is continuously high until the CPU sends its first 
character to the 8251A, which usually is a SYNC character. When 
the ~ line goes low, the first character is serially transmit
ted out.' All characters are shifted out on the falling edge of 
TXC. Data is shifted out at the same rate as the TxC. 

Once transmission has started, the data stream at the TxD output 
must continue at the TxC rate. If the CPU does not provide the 
8251A with a data character before the 8251A Transmitter Buffers 
become empty, the SYNC characters (or character if in single SYNC 
character mode) will be automatically inserted in the TxD data 
stream. In this case, the TxEMPTY pin is raised high to signal 
that the 8251A is empty and SYNC characters are being sent out. 
TxEMPTY does not go low when the SYNC is being shifted out (see 
Figure 2-4 below), The TxEMPTY pin is internally reset by a data 
character being written into the 8251A. 

TxD 

TxEMPTY 

Automatically Inserted by USART 

DATA DATA I SYNC 1 I SYNC 2 

___ ---.J/ '\\\\\\\\ 

Nominal Center of Last Bit 

DATA I - - - - - - I 

Falls upon CPU 
writing a character 
to the USART 

Figure 2-4. TxEMPTY Pin 

4. Synchronous Mode (Receive) 

In this mode, character synchronization can be internally ~r ex
ternally achieved. If the SYNC mode has been programmed, an 
ENTER HUNT com~and should be included in the first command in
struction word written. Data on the RxD pin is then sampled in 
on the rising edge of F:XC. The content of the Rx buffer is 
compared at every bi t boundary wi.th the first SYNC character 
un til a rna t ch 0 c cur s • 1ft he 825 1 A has bee n pr 0 gramme d for two 
SYNC characters, the subsequent received character is also 
compared; when both SYNC characters have been detected, the USART 
ends the HUNT mode and is in character synchronization. The 
SYNDET pin is then ~et high, and reset automatically by a STATUS 
READ. If parity is programmed, SYNDET will not be set until the 
middle of the parity bit instead of the middle of the last data 
bit. 
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In the external SYNC mode, synchronization is achieved by 
applying a high level on the SYNDET pin, thus forcing the 8251A 
out of the HUNT mode. The high level can be removed after one 
RxC cycle. An ENTER HUNT command has no effect in the asyn
chronous mode of operation. 

Parity errors and overrun errors are both checked in the same way 
as in the Asynchronous Rx mode. Par i ty is checked when not in 
HUNT, regardless of whether the Receiver is enabled or not. 

The CPU can command the receiver to enter the HUNT mode if syn
chronization is lost. This will set all the used character bits 
in the buffer to a "one", thus preventing a possible false SYNDET 
caused by data that happens to be in the Rx Buffer at ENTER HUNT 
time. The SYNDET F/F IS reset at each Status Read, regardless of 
whether internal or external SYNC has been programmed. This does 
not cause the 8251A to return to the HUNT mode. When in SYNC 
mode, Sync Detection is still functional, but it only occurs at 
the "known" word boundar ies. Thus, if one Sta tus Read ind i
cates SYNDET and a second Status Read also indicates SYNDET, then 
the programmed SYNDET characters have been received since the 
previous Status Read. (If double character SYNC has been pro
grammed, then both SYNC characters have been contiguously re
ceived to gate a SYNDET indication.) When external SYNDET mode 
is selected, internal Sync Detect is disabled, and the SYNDET F/F 
may be set at any bit boundary. 
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I 
EP lPEN 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

L2 

I 
I 
I 

Ll o o 

I -----------> 
----------------> 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I , 

---------------------> 

Character Length 

o I 1 I 0 I 1 

I ~ I ~ I ~ I A I 
IBitslBitslBitslBitsl 

Parity Enable 
1 = enable 
o = disable 

--------- _________________ > Even Parity 
Generation/Check 

1 = even 
o = odd 

I 
I 

-------------------------------> External Sync Detect 
1 = SYNDET is an input 

I o = SYNDET is an output 
I 
I 
------------------------------------> Single Character Sync 
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1 = Single Sync Character 
o = Double Sync Character 

Figure 2-5. Mode Instruction Format 



CPU Bytes (5-8 Bits/Char) 

--~~ t--~ ---

Data Characters 

------4~ j~--

Assembled Serial Data Output (TxD) 

-..----,--~~f f--~ --

Sync 
Char 1 

Receive Format 

Sync 
Char 2 

Data Characters 

Serial Data Input (RxD) 

--~--~--~f~~ ---
Sync 

Char 1 
Sync 

Char 2 
Data Characters 

CPU Bytes (5-8 Bits/Char) 

----;t t---~ ---

Data Characters 

Figure 2-6. Data Format - Synchronous Mode 

ADDS 
AWied lljitEl Data 5y3tems Ire 
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Command Instruction 

This format defines a. status word that is used to control the 
actual operation of the 8251A. 

Both the Mode and Command Instructions must conform to a speci
fied sequence for proper device operation. The Mode Instruction 
must be inserted immediately following a Reset operation, prior 
to using the 8251A for data communication. 

All control words written into the 8251A after the Mode instruc
tion will load the Command Instruction. Command Instructions can 
be written into the 8251A at any time during its operation. To 
return to the Mode Instruction format, set the Reset bit in the 
Command Instruct ion word. The internal Reset operation will 
automatically place the 8251A into the Mode Instruction format. 
Command Ins truc t ions mus t fa llow the Mode Ins truc t ions or Sync 
characters. 

I I 
I C/D = 1 I Mode Instruction I I 

I C/D = 1 I Sync Character 2 I 
I C/D = 1 J Sync Charac ter 1 ~ SYNC Mode only* I 

I C/D = 1 I Command Instruction I 
I I I I 
I C/ D = 0 I Da t a I I 
I I I I 
I C / D = 1 ,-?:"Co-mm-a-n-a""""""I=-n-s-t-r-u-c-t--'i-o-n-, I 

I I I I, 
C/ D = 0 I Da ta I 

I I I ! 
I C/D = 1 I Command Instruction I I 
I I 
I I 

I *The second SYNC character is skipped if MODE I 
, instruction has programmed the 8251A to sin- I 

I gle character internal SYNC Mode. Both SYNC I 
characters are skipped if MODE instruction -( 

I has programmed the 8251A to ASYNC Mode. I 
1 ________________________________________________ , 

Figure 2-7. Typical Data Block 
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D5 

I I I I I I 
EH IR 1 RTS 1 ER I SBRK I RxE DTR I TxEN 1 

I I I I I \ 
I I I 
1 \ 1 

I 1 \ 

1 I 1 

I I I 
I I I 
I I \ 
I I 1 

I I I 
1 1 \ 

1 I 1 
I 1 I 

I I \ 
\ I \ 
\ I I 
\ 1 1 

1 1 1 
I 1 I 

I I 1 

I I 1 

I \ I 
I I I 
I \ \ 
I I I 
I \ I 
I 1 1 

\ \ I 

I 
I 
I 
I 
I 
I 
I 
I 
I 
1 

I 
1 

1 

I 
I 
I 
1 

1 

I 
1 

1 

I 

I 
1 

I 
1 

I 
I 
1 

I 
I 
I 
1 

I 
I 
1 

1 

I 

I 
I 
\ 

1 

I 
I 
1 

1 

\ 

1 

1 

1 

I 
\ 

I 
I 
I 
I 

1 

1 I TRANSMIT ENABLE 
--->1 1 = enable 

1 0 III disable 

1 1 DATA TERMINAL 
--------->\ READY 

I "high" will force 
I DTR output to zero 

1 I RECE lVE ENABLE 
--------------->\ 1 = enable 

\ 0 = disable 

I SEND BREAK 
I 1 CHARACTER 
---------------------->1 1 = forces TxD "low" 

1 0 = nODmal operation 

I I ERROR RESET 
---------------------------->1 1 = reset error flags 

1 PE,OE,FE 

I I I I REQUEST TO SEND I 
I I --------------------------------->1 ''high'' will force lITS I 
I \ I output to zero \ 
I 1 

I I I I NTERNAL RESET I 
I ---------------------------------------->1 ''high'' returns 8251A I. 
lito Mode Ins truc t ion I 
1 I Format 1 

\ 

I I I 
I 1 ENTER HUNT MODE~'( 1 

----------------------------------------------->1 1 = enable search for 1 
1 Sync Characters I 

* Has no effect in 
Async t-bde. 

Note: Error Reset must be performed vA"lenever RxEnable and Enter 
Hunt are programmed. 

Figure 2-8. Command Instruction Format 

ADDS 
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Command Instruction Definition 

Once the functional defi.ni.tion of the 8251A has been programmed 
by the Mode Instruction and the Sync Characters are loaded (if in 
Sync Mode), then the device is ready to be used for data communi
cation. The Command Instruction controls the actual operation of 
the selected format. Funct ions such as Enable Transmit/Receive, 
Error Reset, and Modem Controls are provided by the Command 
Instruction. 

Once the Mode Instruction has been written into the 8251A and 
Sync characters inserted, if necessary, then all further "control 
writes" (c/n = 1) will load a Command Instruction. A Reset Oper
ation (internal or external) will return the 8251A to the Mode 
Instruction format. 

Status Read Definition 

In data communication systems it is often necessary to examine 
the "status" of the active device to ascertain if errors have oc
curred or other conditions that require the processor's at
tention. The 825lA has facilities that allow the programmer to 
"read" the status of the device at any time during the functional 
operation. (The'status update is inhibited during status read.) 

A normal "read" command is issued by the CPU with C/D=l to accom
plish this function. 

Some of the bits in the Status Read Format have identical mean
ings to external output pins so that the 8251A can be used in a 
comple te ly Po lIed env ironment or in an in terrupt dr ivenj 
environment. TxRDY is an exception. 

Status updates can have a maximum delay of 28 clock periods from 
the actual event affecting the status. 
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I 
I 
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I 
I 
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I 
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I 
I 
1 

I 
I 
I 
I 
I 
I 
I 
1 

I 
1 

I 
1 

I 
I 
1 

1 

D5 D4 D2 D1 DO 

SYNDET FE OE PE TxEMPTY RxRDY TxRDY 

I 
I ----> 
ISee Note below 

I 1 I I , I 

-------------------------------------e---------e-----------> 
1 1 

1 I 
1 I 

1 I 

I 1 

1 1 

I I 
1 1 
I I 
I 1 
1 I 

I Same Definitions as I/O Pins 

1--'--------------------
1 PARITY ERROR 
1 The PE flag is set when a parity 
1 error is detected. It is reset 
I by the ER bit of the command in
I struction. PE does not inhibit 
1 the operation of the 8251A. 

1-----------------------------
I I I 
1 1 OVERRUN ERROR I 

liThe OE flag is set when the CPU I 
1 I does not read a character before I 

1 1 I the next one becomes available. 1 

1 -->1 It is reset by the ER bit of the I 
1 1 Command Instruction. OE does not I 

1 , inhibit operation of the 8251A; I 

I I however, the previously overrun I 
I 1 character is lost. 1 
1 , ________________________ 1 

I 
1 I 
1 FRAMING ERROR (Async only) 1 

I The FE flag is set When a valid stop bit 1 

1 I is not detected at the end of every char- I 

---->1 acter. It is reset by the ER bit of the' I 
1 Carmand Instruction. FE does not inhibit I 

1 the operation of the 8251A. I 

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

I I DATA SET READY 
----------------------->1 indicates that the DSR is at a zero level. 

1---------------------------------
Note: TxRDY status bit has different meanings from the TxRDY output 

pin. The former is not condit ioned by CTS and TxEN; the lat
ter is conditioned by both ~ and TxEN. 
i . e., TxRDY status bi t = DB Bu f fer Empty 

TxRDY pin out = DB Buffer Empty (CTS = 01) (TxEN = 1) 

Figure 2-9 •. Status Read Format 

ADDS 
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PROGRAMMABLE INTERVAL TIMER (PIT) 8253-5 

Functional Description 

The CPU uses an 8253-5 Programmable Interval Timer for baud rate 
generation for the two serial ports, and to provide a timing ref
erence for the operating system. Channel 0 of this port is used 
as the timing reference for the operating system, and to trigger 
an interrupt to the BOBSA (RST 7.5). This interrupt is used for 
task switching operations and other operating system-oriented 
timing requirements. Channels 1 and 2 are used to provide the 
baud rates for the two serial ports on the CPU. 

Two additional PITs are on the 4 Port I/O Interface PCB; they 
provide baud rate timing for the serial ports on the board. All 
timing done by the Timer is with reference to the 2MHz comm clock 
signal generated in the oscillator section of the CPU. By 
coun t ing the spec i f ied number of cyc les, the timer is ab Ie to 
provide the proper outputs for this function. 

For programming information concerning use of this component, 
refer to the appropriate Intel manuals. 

Programming PITs 

The PITs are programmed as I/O peripherals using the following 
port assignments: 

Port 

5811 
59H 
5AH 
5BH 
5CH 
5DH 
5EH 
SFH 
80H 
81H 
82H 
83H 

Usage 

Counter 0: Serial Port 2 
Counter 1·: Serial Port 3 
Counter 2: -- Reserved 
Timer Command Register 
Counter 0: Serial Port 0 
Counter 1: Serial Port 1 
Counter 2: -- Reserved 
Timer Command Register 
Counter 0: RST 7.5 
Counter 1: Communications Port 
Counter 2: Console Port 
Timer Command Register 

Each counter of an 8253 may be programmed by issuing a series of 
control words specifying its operational characteristics. The 
hardware specifications for the PIT along with a full description 
of the modes of operation are given in the Intel Component Data 
Catalog. The optionsnused by MUON in programming the PITs are: 

1. Mode 3 - A square wave rate generator is used; 

2. 16-bit binary countdown value, the value of which depends 
upon the actual use of the counter. 
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Examples of PIT programming are shown below: 

1. The MUON Task Scheduler expects a timing interrupt every five 
mill i sec 0 n d son the RS T 7. 5 1 i n e • Th i sis pro v ide d by pro -
gramming Counter 0 of the PIT residing on the CPU PC board. 

SETPIT: 

01 
MYI 
OUT 
LXI 
MOV 
OUT 
MOV 
OUT 
EI 
RET 

A,36H 
83H 
B,100000 
A,C 
80H 
A,B 
80H 

;Interrupts off. 
;Select Counter 0, Mode 3, binary 
;countdown value. 
;10,000 cycles of a 2MHz clock yields 
;a 5mS interval - output low order 
;byte first, to Counter 0 
;then high order byte. 

;Interrupts back on. 
;Exit. 

2. Several of the PIT counters are used to time the rate at 
wh ich characters are output through various USARTs. The 
table below lists the character baud rates supported by MUON 
along with the required timing values (in decimal), based on 
a 2MHz clock: 

Baud Rate 

75 
110 
150 
300 
600 

1200 
1800 
2000 
2400 
4800 
7200 
9600 

Countdown Value 

1666 
1136 

833 
416 
208 
104 
69 
65 
52 
26 
17 
13 

The follOWing routine programs console port 1 on the 4 Port I/O 
Interface PCB for 9600 baud operation: 

BAUD 01: 

01 
MVI 
OUT 
LXI 
MOV 
OUT 
MOV 
OUT 
EI 
RET 

A,76H 
5FH 
B,130 
A,C 
50H 
A,B 
SOH 

jInterrupts off. 
;Select Counter 1, Mode 3, binary 
;countdown value. 
;13 cycles on a 2MHz clock ensures 
;9600 baud operation - low order 
;byte first, then 
;h igh order byte 
;to Counter 1. 
;Interrupts on. 
;Exit. 

ADDS 
AWed Ogtal 03ta Systems Ire. 
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PROGRAMMABLE INTERRUPT CONTROLLER (PIC) 8259A 

The CPU uses an 82S9A Programmable Interrupt Controller to 
increase the number of interrupts available within the· system 
from 5 (using only the 8085 supported lines) to 12 using the 8085 
INTR line as an interface to the Controller. Each of the 8 chan
nels of the Controller can be individually programmed to recog
nize the interrupt and issue the vector address for the inter
rupt serv ice rout ine. (One interrupt, TRAP, is used only for 
Multivision development and is not avai.lable to user.) This is 
accomplished using the signal INTR to the 808SA. On receipt of 
this signal, the B08SA issues the signal INTA. When the Con
troller receives this signal it places a jump instruction onto 
the data bus, which notifies the BOBSA that the Controller has an 
address vector to issue. The B08SA issues two INTA pulses which 
are used by the Controller to place the address information onto 
the data bus. This information is captured by the 808SA and the 
processor then jumps to that address, which contains the inter
rupt service routine for the channel triggering the interrupt. 

Information regarding the 8085 interrupts serviced, their vector 
addresses, and programming informat ion for the controller are 
conta ined in Intel r s Component Data Catalog and MCS-85 User's 
Manual. 

Th eve c tor ass 0 cia ted wit h the PIC i sat a b 1 e 0 fad ci res s e s wh i c h 
is used to "point" the program counter to the appropriate service 
rout i ne when a P IC-contro lIed in ter rupt is gener a ted. The PIe 
its elf j s pr 0 gramme d by the s y stem so f twa rea san I /0 per i ph era 1 
by a sequence of initialization and command words. The I/O ports 
assigned to the PIC are as follows: 

Port Usage 

84H Command/Status 
8SH Command/Status 

The eight interrupt lines into the PIC are assigned in Multi
vision as shown in Figure 2-10 below. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Line 

o 
1 
2 
3 
4 
5 
6 
7 

Usage 

Memory Parity 
Serial Port Receiver (SIO PC'B) 
Serial Port Transmitter (SIO PCB) 
Mini Disk Controller 
Hard Disk Controller 
Communications Port Transmitter (CPU) 
60 cycles/second Clock 
Console Port Transmitter (CPU) 

1 ________________________________________________________ __ 

Figure 2-10. PIC Interrupt Lines . 
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MUON uses the following options in programming the PIC: 

1. Level Interrupt Mode The edge detect logic on the 
interrupt inputs is disabled, 

2. Call Address Interval = 4 -- A compact vector of service 
addresses is used, with four (rather than eight) bytes per 
entry, 

3. Auto End-of-Interrupt Mode The in-service bit for a given 
interrupt is automatically reset at the end of the interrupt 
acknowledge pulse, 

4. Vector Address = OC020H -- This is the memory address used 
by the operating system for the table of actions to be per
formed for a given interrrupt. 

Depending upon whether the system is configured as a Multivision 
1, 2 or 3, only certain interrupt lines are actually serviced by 
MUON: 

1. Line a (Memory Parity) is enabled in all Multivision systems, 

2. Lines 1 and" 2 (Serial Port Receiver and Transmitter) are en-, 
abled only in Multivision 3, 

3. Line 3 (Mini Disk Controller) is always enabled, 

4. Line 4 (Hard Disk Controller) is enabled only in Multi
vision 2 and 3, 

5. Line 5 (Communications Port Transmitter) is enabled by MUON's 
SYSGENable serial printer driver or communications services, 

6. Line 6 (10 Cycles/Second Clock) is not used by MUON; it is a 
customer programmable option, 

7. Line 7 (Console Transmitter) is enabled only in Multivision 
1 , 

8. TRAP is used only for Multivision development, 

9. RST 7.5 (Timer) is always enabled, 

10. RST 6.5 (Comm Port Receiver) is always enabled, 

11. RST 5.5 (Console Receiver on CPU board) is enabled only for 
Multivision 1. 
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Sample code segments of PIC programming are shown below: 

1. To program the PIC for a Multivision 1 system: 

S ETP IC: 

Dl 
LXI 
MVI 
ORA 
OUT 
MOV 
OUT 

MVI 
OUT 
MVI 
OUT 
EI 
RET 

H,OC020H 
A,IFH 
L 
84H 
A,H 
8SH 

A,02H 
8SH 
A,76H 
8SH 

;Interrupts off for PIC manipulation. 
;PIC vector is at this address. 
;Single PIC, level interrupt mode 
;combined with low order byte of PIC 
;address makes up initialization word 1. 
;Initialization word 2 is high order 
;byte of PIC address. 
;Initialization word 3 not necessary 
;for single PIC. 
;Auto end of interrupt mode specified 
;in initialization word 4. 
;Enable transmitter, mini disk, parity 
;interrupts in operation ~ommand word 1. 
;Interrupts on. 
;Exit 

2. To determin~ by reading the PIC status, which interrupt lines 
are presently enabled (the interrupt mask is returned in the 
A register): 

RDPIC: 
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REAL TIME CLOCK (RTC) 

Functional Description 

The Real Time Clock circuit is designed to produce a 10Hz signal 
by monitoring the AC line frequency. This is accomplished using 
a 4-bit binary counter, preset to either 10 or 11. As the coun
t e r i sin creme n ted pas t t his pre set i t will t rig g e r an 0 u t put 
after every 6 or 5 line cycles. This produces the required 10Hz 
out put from the c i r cui t . Th e 0 u t put i s the nus edt 0 t rig g era 
flip-flop, the output of which is used to trigger the interrupt 
input of the 8259A. This circuit can be used as a real time 
counter to produce time-of-day measurements or computer time used 
ina tim e - s h a r i n gop era t ion . Th i sci r cui tis not use d 0 r sup -
ported by the system for any purpose, and it is necessary for the 
user to provide any software drivers for its use. After each 
interrupt, the circuit must be reset in order to trigger on the 
n ext 0 u t put 0 f the 1 0 Hz co un t e r . Iss u i ng a n I / 0 wr i t e to po r t 
94 Hac com p Ii she s the res e t . In t err u p t 1 in e 6 i sus ed by the 
~ 2 5 9 A to rno nit 0 r t his c i r cui t . In 0 r de r top res e t the c ire u i t 
for 50HZ or 60Hz operation, a wire jumper must be installed at 
locat ion JP1 or JP2 on the CPU PC board, JP2 for 50Hz, JPl for 
60Hz. 

Real Time Clock Interrupt Routine 

To make use of this interrupt for a Real Time Clock, an interrupt 
handling routine must be written and the interupt enabled. 

An example of a Real Time Clock Interrupt Routine is shown below: 

Real Time Clock Interrupt Service Routine 
Note: Hrs, Mins, Sec & 10th Sec are kept in ASCII 

Calling Parameters 
None 

Registers Modified 
None 

Global Variables Modified 
None 

Routines Called 
IRTIME 

ADDS 
AWed [}:]Ita! Data Systems Ire 
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RTCINT: PUSH H 
PUSH D 
PUSH B 
PUSH P!:>W 

OUT 94H 
EI 

LXI H,TENRTC 
INR M 
MVI A, t 9 t 
CMP M 
JNC RTCIOI 

MVI M, to f 

DCX H 
DCX H 

CALL IRTIME 
JNC RTCIOI 
DCX H 
DCX H 

CALL IRTIME 
JNC RTCIOI 

DCX H 
DCX H 

CALL IRTIME 

;IS HOUR > 24 ? 

MVI A, t 2 t 
CMP M 
JNZ RTCIOI 

INX H 
MVI A~ '4' 
CMP M 
JNZ RTCIOI 

;Reset Hours to 

MVI A, 10' 
MOV M,A 
DCX H 
MOV M,A 

2-40 

Zero 

;Save all registers. 

;Clear the Real Time Clock Interrupt. 
;Enable interrupts. 

;Increment 10 sec. counter. 

; Is it> 9? 
;Jump if no to exit. 

;Clear 10th sec. counter. 

;Point to least significant byte -
;of seconds. 

;Increment seconds. 
;Overflow? - jump if no to exit. 
jPoint to least significant byte -
;of minutes. 

;Increment minutes. 
;Overflow? - jump if no to exit. 

jPoint to least significant byte -
;of hours. 

;Increment hours. 

;Most significant byte> 2? 

;Jump if no to exit. 

jMost significant byte = 2. 
;Check least significant byte. 
;Is it = 41 
;Jump if no to exit. 

;Zero most significant byte, 

; then least significant byte. 



RTCI01: POP 
POP 
POP 
POP 

RET 

IRTIME 

PSW 
B 
D 
H 

;Restore all registers. 

;Return. 

Increment Time, If Time> 59 Set It To Zero 
Calling Parameters 

HL = Pointer To LSB Of Hours, Minutes or Seconds 
Returning Parameters 

HL = Points To MSB 
CY = 1 If Reset To Zero Occurred 

Registers Modified 
PSW, HL . 

Global Variables Modified 
None 

Routines Called 
None 

IRT IME: INR 
MVI 
eMP 
JNC 
MVI 

M ;Increment least significant byte. 

DCX 
INR 
MVI 
CMP 
JNC 

MVI 
JMP 

I RT 10 1: DCX 

IRTI02: RET 

A, '9' 
M 
1RTIOl 
M, '0' 

H 
M 
A, ' 5 I 
M 
1RT102 

M, '0' 
1RTI02 

H 

;ls it > 9? 
;Jump if no to exit. 
;Zero it. 

;Point to MSB. 
;lncrement it. 

;1s most significant byte> 5? 
;Jump if no to exit. 

;Zero it. 
: Ex it. 

;Point HL to most significant byte. 

RAM AREA FOR REAL TIME CLOCK 

HRSRTC: DB 
M1NRTC: DB 
SECRTC: DB 
TENRTC: DB 

END 

'00: ' 
'00: ' 
'00: ' 
, 0' 

;Hours - initialized to zero 
;Minutes 
;Seconds 
;Tenth Second Counter 

ADDS 
AWed [ijtal ceta Systerrs Ire. 
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20MHz OSCILLATOR 

The oscillator circuit is a simple crystal-controlled 20MHz 
oscillator. The output of this circuit is used to provide the 
lOMHz fundamental frequency for the SMHz BOBSA and also generates 
the 2MHz Comm Clock used by most system peripherals as the inter
nal timing reference in these peripherals. 

ADDRESS DECODING 

The address decoding circui t provides the address select signal 
for allan-board devices, combining the proper address select 
with the signal IO/M* to gate the devices when the correct I/O 
port is selected by the processor. The circuit also provides the 
signal ON BD*, which is used by the CPU to gate the data busses 
for proper data flow, and the Shadow ROM enable signal PROMSEL*, 
wh ich when act ive selects the shadow ROM and tr iggers ON BO to 
assure proper data bus select ion. The· CPU I/O port addresses 
are from 1/0 par t O-F and BO-SF. Any access to these I/O ports 
will trigger the proper device and the ON SD* signal. 

The following table lists the I/O port assignments for the CPU: 
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Table 2.5 I/O Port Assignments for the CPU 
Port Number Assignment 

I/O PORT O-F 

I/O PORT 80-83 

I/O PORT 84-85 

I / 0 PO R T 8 6 - 89 

I/O PORT 8C-8D 

I/O PORT 90 

I/O PORT 91 

I/O PORT 92 

I/O PORT 93 

I/O PORT 94 

I/O PORT 98 

I/O PORT 9C 

I/O PORT AO-AF 

Reserved for future use 

Timer ports 80- Channel 0 
81- Channel 1 
82 - Channe I 2 
83- Command/status port 

Interrupt Controller Command Ports 

Console Serial Port 

Secondary Serial Port 

Serial Port Control 
Looptest for system 
d"iagnostic test 
Sync/async for 
user supplied 
communications 

88- data 
89- command 

8C- data 
8D- command 

bit 0 -Looptest 
bO high=on 
bO low=off 
bit I-sync/async 
bl h igh=sync 
b 1 low =as ync 

Serial I/O port 
read only par t 

communication status 
bO=CTS* 
b l=ACF"( 
b2=ASCF''( 
b3=BCTS* 
b4=BCF* 
b5=BSCF* 

CMOS Memory Address Latch 

CMOS Memory Data Access 

Real Time Clock Reset - I/O write clears 
this signal 

CMOS Memory Enable Circuit b2 high=on 
b2 low =off 

Shadow ROM Enable Circuit bO hi'gh=on 
bO low =off 

DMA Controller Select - see topic on DMAC 
in this section for individual port 
ass ig nme n t s. 
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SYSTEM BUS SING 

The CPU controls all system bus operations, either through the 
8085A-2 or the DMA Controller 8237-2. All signals transmitted to 
and from the system bus are buffered to reduce bus noise and to 
minimize signal loading. Use of Schmidtt triggered devices 
wherever possible provides additional noise reduction to and from 
the bus. Most bus signa Is are act ive-low to again reduce noise 
sensitivity within the system. 

The CPU bus s truc t ur e is compr i sed of both an on-board bus and 
interface circuitry to the system bus. To eliminate bus conten
t ion problems, the CPU uses the signal ON BD* wh ich allows the 
CPU access to only one bus at a time. when an onboard device is 
s elec ted, the ad dress deeod i ng c i reu i try generates the ON BD* 
signal which switches bus access from the system bus to the on
board bus. Because da ta busses are the only busses wh ich are 
bidirectional, they are the only busses affected by the ON BD* 
signal. 

The 8085 and the 8237 share a common address/data bus (ADO-AD7) 
which is used to multiplex 8 address lines and 8 data lines. The 
8085 makes use of the signal ALE to separate the address infor
mation from the 'bus during the first clock cycle of an instruc
tion cycle. This is accomplished by latching the address infor-
mation in an 8-bit latch at the trailing edge of the ALE signal. 
The 8 address bits are then placed on the address bus by the 
output of the 8-bit latch. The DMA controller uses this combined 
bus in much the same fashion. During DMA sequences, the con
troller places 8 address bits on the bus and latches them to a 
separate 8-bit latch using the signal ADSTB. This is accom
plished during the first clock cycle which frees the bus for data 
transfer at the end of the clock cycle. The 8085 uses the lower 
8 address bits (AO-A7) in this combined bus, while the DMA 
controller uses the upper 8 address bits (A8-AF). 

The 8085 and 8237 both use bidirectional data transceivers, which 
are two 8304 8-bit data buffers. One buffer is used between the 
ADO-AD7 bus and the sys tern da ta bus (DATO-DAT7) and the other 
buffer is used between the ADO-AD7 bus and the onboard data bus 
(DBO-DB7). When the signal ON BD* is active (low), the system 
bus is dese lec ted and the onboard da ta bus is ac t i va ted. The 
H304's can operate either in transmit (from 8085, 8237) or 
receive (to 8085, 8237) mode. The direction of data transfer is 
determined by the status signal BS1. This signal iS'generated by 
the 8085 during a read operation, or by a memory read during DMA 
memory to memory transfers. The devices are, enabled during the 
actual read or write' operation, providing a "window" for data 
transfer. During non-data transfers, the devices are in a 
tri-state mode, allowing the bus to remain inactive. 
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The sys tern address bus (ADRO-ADRF) or ig inates from the CPU PC 
board. This 16-bit bus can address 64K of memory space, and also 
access the 256 I/O ports available for the 8085. The CPU con
tains peripheral devices using the I/O port numbers O-F and 
aO-BF. Memory space from O-OFFF is used for the shadow EPROM; 
this memorl space is activated through an I/O port and may be 
switched 0 f to free the memory space for system use whenever the 
shadow EPROM is not in use. Wh i le the shadow EPROM is swi tc·hed 
on, any access to this memory space blocks out system memory in 
order for the EPROM to be accessed without bus contention, due to 
multiple memory access. 

All sys tern can trol signals (RD, WR, etc.) ar e gener a ted on the 
cpu. Bus access for all other elements within the system has 
been simpl i fied by using a single source· for all system control. 
System elements are accessed by using their proper address 
decodes. Bus access for these elements is controlled by the cpu. 
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MULTIVISION BACKPLANES 129-25000/129-25200 

The Mult ivi s ion backplanes ut il ize a 100 pin common bus or ien
tation, enabling the use of any Multivision PC boards in any slot 
of the ca rd cage. The back planes have an i nterna I ground plane 
(multilayered PCB) to reduce noise transmission from signal to 
signal and to provide reduced noise levels on all signals. 

The Multivision 1 backplane includes an opto isolator circuit to 
provide a TTL level 10Hz signal to the CPU for the real time 
clock circuit, eliminating the danger of shorting the PCB to the 
AC line. The backplanes are connected directly to the power sup
plies of each module to provide DC power to the system. 

The two backplanes are connected with forty and fifty pin flat 
ribbon cables to ensure that the backplanes cannot be connected 
improperly. All signals are carried through these cables, inclu
ding several ground pins to prevent potential differences between 
the two supplies. The CPU, being the originating PCB for most 
s i g n a Is, i s P I ace din the top s lot 0 f the s y stem b a c k p I an e to 
produce the least possible noise on the backplanes. 

Table 2.6. Pinouts For 100 Pin Bus 
Pin # Signal Meaning 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

16 
17 
18 
19 
20 
21 
22 
23 
24 
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RSW'J'( 
RTC 
GND 
GND 
DAT 

GND 
GND 
CAS 0 

WAIT* 
INT O')\' 

1 ')\' 
2* 
3* 
4* 

Not Used 
GND 
GND 

Reset switch input to CPU Board 
Real Time Clock AC Frequency input to CPU 

8 Bit bi-directional Data Bus 

Cascade input for use with interrupt control
ler on CPU in event of interrupt structure ex
pansion 
CPU or DMA not ready signal 
Parity interrupt 
Serial I/O board receiver interrupt 
Serial I/O board transmitter interrupt 
Mini Disk Controller interrupt 
Hard Disk Controller interrupt 



Table 2.6. Pinouts For 100 Pin Bus (continued) 
Pin # Signal Meaning 

25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 

62 
63 

64 

65 

66 
67 
68 
69 

MRD* 
IORD* 
GND 
GND 
MwR* 
IOWR* 
GND 
GND 
IO/M* 
ALE* 
S O( 
S 1J 
GND 
GND 
-12 V 
-12 V 
GND 
GND 
+5 V 
+5 V 
+5 V 
+5 V 
GND 
GND 
+12 V 
+12 V 
GND 
GND 
DREQ 0 
DREQ 1 
DACK 0 
DACK 1 
DREQ 2 
DREQ 3 
DACK 2 
DACK 3 
BGRT* 

BREQ* 
TRAP* 

INH 2* 

EXWT* 

INTA* 
Spare 
SRESET* 
GND 

Memory Read signal issued by CPU 
I/O Read signal issued by CPU 

Memory Write signal issued by CPU 
I/O Write signal issued by CPU 

I/O Memory Status signal 
Address latch enable signal issued by CPU 
Status signals providing operational status 
of 8085 (see INTEL manual) 

UMA Request channel 0 (reserved) 
DMA Request channel 1 (reserved) 
DMA Acknowledge channel 0 (reserved) 
DMA Acknowledge channel 1 (reserved) 
DMA Request 2 (Mini Disk Controller) 
DMA Request 3 (Hard Disk Controller) 
DMA Acknowledge 2 (Mini Disk) 
DMA Acknowledge 3 (Hard Disk) 
Bus Grant (reserved for expansion of system 
control capability) 
Bus Request 
Trap interrupt of 8085 used by system monitor 
card (MV CE PCB 129-26900) 
Bus inhibit signal issued by system monitor 
card 
Sent by ser ial I/O controller to inh ibi t CPU 
operation during data capture from serial ports 
by FIFO circuit on serial I/O board 
Interrupt acknowledge issued by CPU 

System reset signal 
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Table 2.6. Pinouts For 100 Pin Bus (continued) 
Pin # Signal Meaning 

70 
71 
72 
73 
74 
75 
76 
77 
78 
79 
80 
81 
82 
83 
84 
85 
86 
87 
88 
89 
90 
91 
92 
93 
94 
95 
96 
97 
98 
99 
100 
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GND 
ADR 0* 

1 )'< 

2''< 
3* 
4* 
5* 
6* 
7* 
8* 
9* 
A* 
B* 
C* 
D* 
E* 
F* 

GND 
GND 
Spare 
Spare 
Spare 
Spare 
GND 
GND 
REFCNT* 
REFR* 
GND 
GND 
COMCLK* 
SCLK* 

16 bit address bus controlled by CPU 

Refresh Count Timing Signals issued by CPU to 
Refresh dynamic memory refresh operation 

2 MHz system clock 
5 MHz system clock 
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MULTIVISION 
BLOCK DIAGRAM 

CPU 

RESET SWITCH 

'" v 

ALE 

STRB 

RESET 
.. LOGIC 

I""L..'--________ --I ADDRESS k'--___ ...I.l' . <;= AS-A7 LATCH ADO-AD7 

ADDRESS 16 DRVRS. r-: .-- N-- ~ 
BUS nl.-.._..... EN 

I-- .... SYSTEM RESET 

CPU 
8085A·2 

I 20 MHz ' 
OSC ' 

r-8~~ 
'--__ ...J 

+10 
COMMCLK 

(2 MHZ) 

I---------i>:: SYSTEM CLOCK (5 MHZ) 

READY~c_, _' ______ ~ 

t::: PlST 7.5 
~RST'.5 
..---fiST 5.5 

WAIT STATE I---<J EXTERNAL 
LOGIC WAIT 

(ALE'1I0) 

84187 J, 
EN 

PRGMBLE 
INTRPT CON-

TROLLER 0 IE"''-----<J"'' PARITY INTRPT 
PIC 

1 ~ 1/0 RCV INTRPT 

2 r- ~ 110 XMIT INTRPT 

3 "" MINI DISK INTRPT 
4 k ..... HARD DISK INTRPT 

N--
AEN· INT~~--·--------------------------------------~INT 

5 I' "" PRINTER INTRPT 6H REAL TIME AIJ.AF INTACK r, ACK 
HOLDACK~-------, 
HOLD REa 1iE---..-----.

1 
L-...;;C;.:;L.::.OC.:.;K..;....JI"'" 

z o 
W 
..J 
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<C( 

h--
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1--------. 
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EN 

DMA 
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DMA 
lOGIC 

HOLDACK~~~-----~ 
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... 
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MEMORY 
REFRESH 

LOGICITIMER 
15 US 

COMMCLK

TIME INTERVAL -E
INTRPT 

(RST 7.5) 

ffi ~L-L-L-____________________________ ~ § 
DATA <==: .... ~ 
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KA.I-----------<J MINI DISK DMA REa ..... 
COMM

CLK 

(8) is I--------,t> HARD DISK DMA ACK 
BUS. t'J 

BIDIRECT· 
10NAl 

BUFFER 

L ______ l<JlA, ..... f---~-----<l HARD DISK DMA REa 

BIDIRECT· 
10NAL 

l--1" BUFFER ~L.. _________ ...J 

z 
~ 0 

13 
w 
a: 
S 

w I" 
..J 
ID 
<C( 
Z 
W 

l' (READ + WRT)(ON BOARD) 
L • (DMA IC SELECT*) 

'---- RCV = CPU READ 

92~ 

BATT.ERY 1E---+12V 

LOGIC ~+s.v 

93 

EN 

... CMOS ,.., 
1...-_____ --11' STRB .-.------..... I~ MEMORY '--_---. 

ADDRESS ADDRESS 256 
.-------,v LATCH v BYTES f-,r-' 

DBB·tB7 

CONSOLE RCV '" 
INTRPT. '"',,------1 
(RST 5.5) 

COMM CLK --04-

COMM RCV 
INTRPT. «<_--___ 
(RST 6.5) 

• A RVC = (CPU + DMA) MEM READ] + (CPU READ • DMA] 

·S EN = ((CPU + DMA) (READ + WRITE)] • DMA • ON BOARD Figure 2-11. CPU PC Board Block Diagram 
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SECTION 3: 

RAM PC BOARD 

OVERVIEW 

The Mult ivis ion Dynamic. RAM PCB (129-23300) is a 64K byte RAM 
designed to operate with a SMHz 808SA in a Multivision system. 
The basic memory element is the industry standard 16K x 1 Dynamic 
RAM. Features on the RAM board include refresh address genera
tion, parity error detection, programmable bank selection and 
addressing, and DMA capability. 

REFRESH AND HOLD LOGIC 

The Dynamic RAM I.C.'s used on this board require that each 
memory cell be refreshed at least once every 2mS. A refresh 
operation is defined as setting up an address and applying a RAS 
pulse. This causes the 128-bit cells in the chip'with that ad
dress to be refreshed. Thus, a memory read or a memory write 
cycle are both refresh operations. Since there is no guarantee 
dur ing the course of normal CPU program execut ion that all RAM 
locations will be accessed every 2mS, it is necessary to insert 
special 'refresh only' cycles. The Multivision system supports a 
distributed refresh mechanism, through circuitry on the CPU and 
RAM boards, which insures that the maximum time between refreshes 
of a particular cell is 1.995mS. 

During normal operation (no DMA) , refreshing takes place as foI
low s ( ref e r to CPU s c h em a tic for c ire u i try) . Eve r y 1 3 • 6 uS, a 
hardware timer sets an 5-R flip-flop, which issues a hold request 
to the microprocessor. When the uP returns hold acknowledge, two 
signals are sent to the memory board(s) via the backplane. The 
two signals are: 

1. 'Refresh Count' (REFCNT) - causes a refresh address to be 
supplied to the RAM chips. 

2. 'Refresh' (REFR) - serves two functions: 

a. It is logically ANDed with REFCNT to produce a RAS pulse, 
and 

b. REFR is applied to the RAS demulti.plexing circuitry to 
distribute the RAS pulse to all RAM chips on the board. 

Whenever hold acknowledge from the uP goes active, REFR will also 
go active. This insures that all chips not being accessed will 
receive RAS pulses. 

The entire refresh cycle places the CPU board in a hold state for 
400n5; th us, ins ur ing pr oper refresh jng uses abou t 2.9% 0 f the 
processor's time. During normal operation, each bit cell is 
refreshed once each 1.74mS. ' 
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i Situations exist during normal operation when the refresh 
~1rcuitry is suspended for a while. The most critical situation 
is. wh en the DMA Con tro ller on the CPU board is per form i ng a 
memory-to-memory transfer. When the D~1AC is operating, the CPU 
is in a hold state. . If any device other than the refreshing 
circuit or CPU (in this case, the DMAC) is in control of the bus, 
then the refresh circuitry is locked out. When this is the case, 
either (1) the bus must be relinquished in time for the refresh 
circuitry to resume normal operation (within l2uS) or (2), the 
device controlling the bus will access each of 128 consecutive 
locations within 2ms. 

A DMA device must transfer a single byte of data and then release 
th e bus wit h i n 1 2 uS. I fit i s t I' an s fer ring a b lac k 0 fda t a , i t 
mus't do so at a rate .of at least 2uS/byte ,and must transfer at 
least 128 bytes. 

The RAM board may be divided functionally into the following five 
areas. A detailed explanation of each area is provided below: 

1. The RAM ARRAY, 
2. Address Multiplexing and Refresh Address Generation, 
3. RAS and CAS Generation, 
4. RAS and CAS Demultiplexing, 
S. Parity Generation and Checking. 

RAM ARRAY 

Basic Element 

The basic element used in the RAM array is the 4416 Dynamic RAM 
chip with an access timer of 150n8. 

The active signals perform the following functions: 

AO-A6 (Address Input Lines) -- In order to address 16K locations, 
14 address lines are required. To keep package size small, these 
14 lines are multiplexed into the chip through the seven address 
inputs: the lower seven address bits first, followed by the high 
order address bits. 

DIN (Data B.it Input) -- This is the data that is written to the 
chip when a memory write operation occurs. 

DOUT (Data BIt Output) -- Normally tristate, this output displays 
data when a read operation occurs. 

WRITE -- when this input is l,ow, a write may be done; when high, 
a read operation occurs. 

RAS (Row Address Strobe) -- This signal, upon transition from a 
high to a low, latches the lower seven address bits from the 
address lines into the chip. It also causes a refresh operation 
to occur at 128 memory location~. 
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C~S (Column Address Strobe) -- Upon transition from high to low, 
this signal latches the high order address. During a read oper
ation, this signal also causes the data output to leave the high 
impedance state. 

Organization 

Thirty six 4116's are used in the RAM array, organized as nine 
rows by four columns. Each column is one 16K bank, consisting of 
eight data bits, and one parity bit. All chips in the array 
share the same address lines. The WRITE pin is also common to 
all chips. In each row (4 chips) all of the DOUT pins are con
nected, and all of the DIN pins are connected. In each column (9 
chips) all the RAS inputs are connected together, as are all CAS 
inputs. It is the RAS and CAS signals that select which bank is 
accessed during a memory operation (READ, WRITE or REFRESH). 

ADDRESS MULTIPLEXING AND REFRESH ADDRESS GENERATION 

The sixteen address lines from the system bus are buffered onto 
the board through Schmi tt trigger devices to help provide a 
greater measure of noise immunity. From the inverters, the lower 
fourteen address lines are connected to a 3242 I.C. This 28-Pin 
I.C. has two functions: 

1 . Its e I' ve s a san add I' e ssm u 1 tip 1 e x e I' wh i c h 0 u t put s tot he 
memory array either the lower seven or the upper seven ad
dress bits, depending on whether an input call row enable is 
high or low, respectively. 

2. The 3242 conta ins a seven-bi t coun ter whose output can be 
gated to the memory array with the application of a signal 
called REFRESH ENABLE. This count determines which row of 
128 bits. inside the 4116's is refreshed during a refresh 
operation. 

RAS AND CAS GENERATION 

The three basic operations performed on the RAM are WRITE, READ, 
and REFRESH. Each of these require a RAS signal. In addition, 
the rea dan d w r i teo per a t ion s a Iso r e qui I' e CAS. Th e s e s i g n a 1 s 
are generated by the two blocks labeled Early Read Detect and 
Memory Timing on the RAM Block Diagram. 

During a read operation by an 808SA running at SMHz, data must be 
present at the uP 150nS after the start of the read signal. The 
access time of the 4116-2 is 150nS; however, because the data bus 
drivers and receivers add a delay, it is necessary to start a 
read cycle before the read signal occurs. The early read detec
tion circuitry examines the state of processor signals Sl and 
IO/Memory at the trailing edge of ALE, and starts the read cycle 
at least 60nS before the read pulse is issued by the B085A. 
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Tbe major component of the memory timing block is a delay line. 
Signals from the memory timing block are RAS, CAS, and ROW EN
ABLE. At the beginning of a memory cycle, the signal MCYCLE is 
input to the delay line. MCYCLE is also distributed to the RAS 
demultiplexing circuitry. RAS is derived from MCYCLE. 20nS 
after MCYCLE is input to the delay line, ROW ENABLE (an output 
from the delay line) is inverted, causing the address multiplexer 
to switch from outputting the row address to outputting the 
co lumn address. 20nS after the address swi tch, the signa 1 CAS 
emerges from the delay line. If the cycle is a refresh only type 
cycle, CAS is blocked from entering the array so as not to 
activate the output buffers of the 4116's. If the cycle is a 
read or write, both RAS and CAS are fed into demultiplexer 
circuitry for routing to the appropriate memory bank. 

RAS AND CAS DEMULTIPLEXING 

As:soc iated with each 16K bank on the memory board, is a 3-bit 
bank control register which holds information relevant to its 
respect ive bank. One bit tells whether the bank is engaged or 
not, the other two bits describe which address range the bank is 
located in. 

If a particular bank is enabled, and a memory access is made to a 
location in that bank's specified address range, then the RAS and 
CAS demux circuitry will steer the RAS and CAS signals from the 
memory timing block to that bank. 

A bank control register may be written to at I/O address 41H. To 
determine which register to write to, write to I/O address 40H. 

PARITY GENERATION AND CHECKING 

When a byte is written to memory, it is also fed into a 74S280. 
This chip is a parity generator/checker with an output that de
scribes the parity of its 9 input lines. During a memory write, 
the ninth input is held at zero, and the output will be one if 
the par i t Y 0 f the by t e be in g wr itt en i s eve n , Z e r 0 i f the by t e 
has od d par i t Y .. Th i sou t put i s wr itt en in tot hen in t h 4 116 in 
each bank. 

During a memory read, this ninth bit is fed into the 74S280 along 
with the eight data bits being read. If there is no error, the 
resulting parity for the nine bits should be odd .. If the parity 
is even, this indicates that 1, 3, 5, 7 or 9 bits have gone bad 
a t t hat rn erno r y 1 0 cat ion. Th i sin for rna t ion i s c lo c ked in to a 
flip-flop, and a parity interrupt is generated for the cpu. 
In the event of a parity interrupt, the CPU can read which bank 
the failure occured in at I/O port 41H. The interrupt is cleared 
by reading I/O port 40H. 
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PROGRAMMING RAM 

Multivision's memory is programmable in the following ways: 

1. The ability to read and write to it, 

2. The programmability of the address base for each 16K bank, 
independent of all others, 

3 • Th e a b iIi t Y toe nab 1 ear dis a b 1 e e a chI 6 K ban kin de pen -
dently, 

4. The parity error detection scheme. 

There are two control ports for Multivision memory: 

Port 

1 . 40H 

2. 41H 

Usage 

Read: Clears parity interrupt on currently 
selected memory board. 

Write: Selects board and bank for action from reg
ister 41H, as follows: 

I 
X X X X I I I I 

I I I I I = I I 
I I_bank select bits 
I 
I board select bits 

Read: Returns parity error status on banks of cur
rently selected memory board, as follows: 

I· 
I X x x x 
I--~--~--~--~~~~~~~-

0: error on bank 0 

0: error on bank 1 

0: error on bank 2 

0: error on bank 3 
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Write: Programs selected board/bank as follows: 

I 
X X X X I I f 

I I I 
c::::::;::::J 

I 
I address lines IS, -

_accept address lines 

enable bank 

Examples of memory control are shown below: 

MVI 
OUT 
IN 

MVI 
OUT 
MVI 
OUT 

MVI 
OUT 
MVI 
OUT 

MVI 
OUT 
IN 

A,08H 
40H 
40H 

A,OEH 
40H 
A,8 
41H 

A,OCH 
40H 
A, 7 
41H 

A,4 
40H 
41H 

Clear any parity interrupt 
which might be pending 
on board 2. 

Enable 
bank 2 of board 3 
at its previously established 
address base. 

Reset the address base 
for board 3 bank 0 
to OCOOO hex, 
whatever it may have been. 

Read the parity error status 
for all banks 
on board 1. 

NOTES 

14 

1. The top two address lines of all 16-bit address patterns for 
a given 16K bank are progr ammed into the bank and not re
solved externally. 

2. Parity errors are reported on a board-by-board basis, and are 
cleared in the same way. 

3. The enabling or disabling of a bank is independent of the 
programming of its address base, though both operations can 
be performed with one command. 

3-6 



ADDRESS f'-. 
ROW/COLUMN/REFR MAOO· MA06 

BUFFERS ADDR MUX 
I"- AORo-AORO (3242) 

J_ 
> 

AORo. 
AORF 

V 
ROW REFRESH 1 '7 

~ADRE 
REFRESH EN MEMORY ARRAY V RASA 

,~ 'I' 
~AORF RASI CAS A I BANK A 16K I CAS 

MUX RAS B 

CAS B I BANK B 16K I REFRESH ... 

L MCYCLE 
RASC (RAS) Sl ,., 

I I ALE .... 
EARLY 

MEMORY CASC BANK C 16K READ 
DETECT 

TIMING CAS 
10/MEM .... RAS 0 

.r 

I I i CAS D BANK D16K 
MEM RO .... l. ~ 

MEM WRT::: L ,l 

..... 
110 ~40 

) AS'AF DECODES f---741 v 

DATA 

----1'" IN 
BUFFERS 010·017 

I"" r--

40~ 41"l, 
1= 

~ 
::> 

BANK BANK 0 

L.J-, 
SEUADDB 

1"-
SEUADDR ~ ~ 

REIl. a: a: 
« « 

r-v ..... !!;. !!;. 
STEERING ADRE-,) CARD !l! 8 & ~SEL 

c 
CARD SEL 

ADRF~ 

OATO·DAT7 

'" 

" '7 RD INTERRUPT (41) ,., 
PARITY PARITY 

---1" GEN/ DETECTION CLR INTERRUPT (40) 
CKR LOGIC 

[MEMRD .... (5280) (BANK 

rCARDSEL 
LEVEL) 

'---- DATA h 
OUT 000-007 - BUFFERS t'I. 

MUL TIVISION 
BLOCK DIAGRAM 

RAM 

PARITY A 

INTERRUPT -
Ffgure 3-1. RAM Pc Board Block Diagram 

3-7/3-8 



SECTION 4: 

MINI DISK/PRINTER INTERFACE PC BOARD 

FUNCTIONAL DESCRIPTION 

The Mini Disk/Printer Interface PC board (129-23100) controls the 
mini disk drives as well as the 13-bit and 8-bit parallel 
p r i n t e r s . Th i s b a a r d gene rat e saIl min i dis k d r i ve c on t r 0 1 
signals, printer control lines, data lines, and strobes. 

There is a 20MHz oscillator which is divided down to IMHz for use 
in the disk controller circuitry. All ADDRESS, DATA and CPU 
Control signals are buffered coming on and going off of the board 
onto the bus. 

Th e he art 0 f the min i dis k c i r cui try i san F 01 7 9 3 dis k con -
troller. This device is the direct interface for the mini disk 
drives and performs all the functions necessary to read or write 
data to the disk. The FD1793 does not select the drive. 

The 1793 contains five internal registers that can be read or 
written to. These registers are used to write commands, read 
status, and read and write 'data to and from the mini disk. They 
are selected by a proper binary code on the AO, Al lines when the 
device is selected. The registers and their addresses are shown 
in Figure 4-1 below: 

CS A. A. RE = 0 WE = 0 

0 0 0 Status Reg Command Reg 
0 0 1 Track Reg Track Reg 
0 1 0 Sector Reg Sector Reg 
0 1 1 Data Reg Data Reg 
1 * * Deselected Deselected 

* = Don't care 

Figure 4-1. FD1793 Internal Registers 
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Data Request 

The data request line (pin 38) and the data request bit of the 
status register indicate valid data transfers. When performing 
any read command, it indicates that valid data is contained in 
the data register and the processor may read this byte. In any 
write command, it indicates the data register is empty and may be 
loaded by the processor with a new data byte. 

Head Load Timing 

The Head Load Output (HLD) controls the movement of the R/W head 
against the media. When HLD=l, the head is loaded against the 
disk. An internal ISmS delay along with an external one-shot set 
up, for approximately sOOms delay, allows the head to settle and 
fully engage. There is also an external one-shot set up which 
creates a sOms delay every time the drive steps to another track. 
This is used to give the head time to settle. 

Read Gate 

The read gate output from the 1793 is used to inform the external 
data separator circuitry (WD1691.74S124) that a field of one's or 
zero's has been read off the disk. In a Modified Frequency Mod
ulation (MFM) mode the Read Gate (RG) has specific character
is tics. Assume the 1793 is search ing for an I D field; when 4 
consecutive bytes of zeros are detected, RG is made active. RG 
will reset if anyone of the following conditions exist: 

1. 3 AI's with missing clocks not found within 16 bytes, 
2. Hex "FE" not found within the next byte, 
3. One byte after eRe, and 
4. Invalid track/sector address (only during a READ/WRITE sector 

command). 

If the 10 search is unsuccessful, the 1793 will continue to 
search for the specified 10 field. When the correct ID field is 
encountered and, if the current command is a wr ite sector, RG 
will remain at -a logic "0'1. If the current command is a read 
sector, the 1793 will look for 4 consecutive bytes of zeros. If 
4 bytes are found within the next 33 bytes, RG will be set to a 
logic "1". 

RG is now deactivated (RG=O) upon one of the foll'owing condi
tions: 

1. Al's with missing clocks found within 16 bytes, 
2. Hex "FB" or "F8" not found within the next byte, and 
3. After eRe is read (successfully completed). 
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Below is a' diagram of an M.F.M. recording. 

I 
I Bit 0 
I 
I 1 

Bit 1 Bit 2 

1 o 
Bit 3 Bit 4 Bit 5 

1 o o 
Bit 6 Bit 7 

1 o 

ISnl-.6 
I 
I 

D 
~----.....} 

o. ____ ~Icl ____ ~'~, ____ __ 
I Notes 
I I 1. 

I 2. 
I 
I 

Write data bits at center of bit cell if a "1". 

Write clock bits at leading edge of bit cell if; 
a. no data bit has been written last, and 
b. no data bit will be written next~ 

1 ______________________________________________________ _ 

Figure 4-3. Diagram of an M.F.M. Recording 

Write Precomp 

Write Precompensation is a technique where the write data (both 
clock and data). is written in the opposite direction of the 
anticipated bit shift. Write Precompensation is achieved by the 
use of an external 5-bit shift register in conjunction with WD, 
early and late. Data is shifted through the shift register 
either late or early, so data may be recorded evenly on the disk.' 

Data Separator 

The Data Separator takes raw data from a drive and sets up a 
window for the 1793 so it can interpret the data from the disk. 
This window is used to IIframe" each raw read transition. The 
1793 wi 11 determine whether the raw read pulse is a c lock or 
data. This window is called read clock. 

The read clock signal is supplied from the Data Separator and is 
used to "frame" each raw read transition. The Data Separator 
used is a W01691 along with a voltage controlled oscillator 
(74S124). Raw data from the drive is fed into. a monostable 
multivibrator (74121) with a Schmitt trigger input to clean up 
the signal. From there it is fed into the Data Separator. If 
the ROD line (pin ~1 RDD) has made its transition in the be
ginning of its window, PUSH UP (PU) will go from hi-Z STATE to a 
logical "I", requesting an increase in frequency from the V.C.O. 
(74S124). If the ROD line has made its transition at the end of 
its window, PUSH DOWN (PO) will go to a logical "0" while PU will 
stay in a hi-Z STATE requesting a decrease in frequency. 
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When the leading edge of the RDD occurs in the center of the RCLK 
window, both PU and PD will remain tristate, indicating that no 
adjustment of the v.c.o. frequency is needed. The V.C.O. rides on 
a nominal 2MHz clock and responds from the PU or PD by either 
raising or lowering the 2MHz frequency to align the data in the 
center of the clock pulse. 

Power Supply and v.c.o. Set Up 

Th e po we r sup ply and V. C . ° . m us t be set to c e r t a ins p e c i f i c a -
tions. The procedures for adjusting the 5-volt output on the 
Multivision 1 power supply is as follows: 

1. The Multivision must be set up as a full system with the fol
lowing installed: 

a. CPU Board -- 129-25300 
b. Dynamic RAM Board -- 129-23300 
c. Mini Disk/Printer S/F -- 129-23100 
d. Two mini disk drives -- 405-07100 

2. The voltage at the 5-volt test point on the back of the CPU 
Board must be measured and adjusted for 5.1 volts +1%. The 
adjustment is made by adjusting R8 on the Multivision 1 power 
supply PCB. 

The procedure for adjusting the V.C.O. input and output are as 
follows: 

1. Set up the 5 volts on the power supply as described. Then 
adjust the input of the V.C.O, Pin 2 of F4, for 1.4V +1% by 
adjusting R15. 

2. Adjust the output of the V.C.O., Pin 7 of F4, for 2MHz +1% by 
adjusting R16. 

4-5 

ADDS 
Mied DKJital Data Systems Ire 



PROGRAMMING THE MINI DISK CONTROLLER FD1793 

The Mini Disk Controller has the capability to force interrupt~, 
read/write sectors or tracks, and to command the head to step in 
or out, seek a specified track, and restore (seek track 0). MUON 
assumes that the mini disks are double-sided, double-density with 
512 bytes per sector, 10 sectors per side, two sides per cylinder 
and 35 cylinders per disk. MUON transfers data between mini disk 
and memory by setting up DMA Channel 2 (see 8237 DMA Controller) 
for a read or write, then commands the 1793 to seek the desired 
cylinder and to read or wr'i te the des ired sector. The 1793 will 
issue DMA requests until all the data is transferred. 

The following examples are based on MUON's use of the 1793 in 
conjunction with the 8237 DMA Controller. (Refer to Western 
Digital's documentation on the 1793 for completion statuses and 
alternate programming modes.) 

1 . 

2. 

3. 

Forced Interrupt 
Force Immediate Interrupt 

Side, Dr i ve, Density Selection 

The command byte is defined 
as follows: 

bit 0 0: deselect drive 
bit 1 0: deselect drive 
bit 2 0: select side 0 
bit 3 0: single density 
bit 4-7 not used 

Seek a Track 

a. Set track register to 
current. cylinder. 

b. Set data register to 
desired cylinder. 

c. Output seek command 
(with head load and 
no verify). 

A 
B 

MVI A,OD8H 
OUT 34H 

MVI A, command 
OUT 38H 

1 : select drive A 
1 : select drive B 
1 : select side 1 
1 : double density 

A <-- current cylinder 
OUT 35H 

A <-- desired cylinder 
OUT 37H 

MVI A,18H 
OUT 34H 

d. An interrupt will be generated upon completion or error 
detection. 
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4. Read a Sector 

a. Set up DMA for 512-byte 
mini-to-memory transfer. 

b. Set sector register to 
desired sector. 

c. Output read single 
sector command. 

d. An interrupt will be gen
erated upon completion or 
when an error is detected. 
If the status indicates 
no errors, then make sure 
that the DMA has completed. 

5. Write a Sector 

a. Set up DMA for 512 byte 
memory-to-mini transfer. 

b. Set sector register to 
desired sector. 

c. Output write single 
sector command. 

d. An interrupt will be gen
erated upon completion or 
when an error is detected. 
If the status indicates 
no error, then make sure 
that the DMA has completed. 

6. Restore--Seek Track 0 

a. Output -restore with head 
load and verify command. 

b. An interrupt will be 
generated when track ° 
is reached or if an error 
is detected. 

7. Clearing the Interrupt 

An interrupt is cleared by 
issuing a termination com
mand. The status can then 
be input. 

(Refer to Section 2) 

A <-- desired sector 
OUT 36H 

MVI A, BOH 
OUT 34H 

IN OA8H jInput DMA status 
ANI 04H ;Completed? 
JZ ERROR ;Jump if no to 

jerror routi.ne 

(Refer to Section 2) 

A <-- desired sector 
OUT 36H 

MVI A, OAOH 
OUT 34H 

IN OA8H ;Input DMA status 
ANI 04H jCompleted? 
JZ ERROR ;Jump if no to 

jerror routine 

MVI A,OCH 
OUT 34H 

MVI A,ODOH ;Clear the 
OUT 34H ;interrupt 
IN 34H ;input status 
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I" Port # Register 
I 
f 34H Command 
I 35H Track 
I 36H Sector 

1 

37H Data 
38H Select 

I 

Figure 4-4. Multivision Port Assignments 

FD1793 Commands 

The FD1793 will accept eleven commands. Command words should 
only be loaded in the Command Register when the Busy status bit 
is off (Status bit 0). The one exception is the Force Interrupt 
command. Whenever a command is being executed, the Busy status 
bit is set. When a command is completed, an interrupt is gen
erated and the Busy status bit is reset. The Status Register 
indicates whether the completed command encountered an error or 
was fault free. Commands are divided into four types. Commands 
and types are summar ized in Tables 4.1 through 4.5. Tables 4.6 
through 4.8 summarize the status register. 

Table 4.1. FD1793 Command Summary 

Type Command 

I Restore 

I Seek 

I Step 

I Step In 

I Step Out 

II Read Sector 

II Write Sector 

III Read Address 

III Read Track 

III Write Track 

IV Force Interrupt 

7 6 

o 

o 

o 

o 

o 
1 

1 

1 

1 

1 

1 

o 

o 

o 

1 

1 

o 
o 
1 

1 

1 

1 

Note: Bits shown in TRUE form. 
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5 
Bits 

4 3 2 1 o 

o 0 

o 1 

1 u 

o u 

1 u 

o m 

1 m 

o 0 

1 0 

1 1 

o 1 

h V rl ro 

h V r 1 rO 

h V rl ra 

h V r 1 ra 

h V r 1 ra 

F2 E Fl 0 

F2 E . Fl ao 
o E 0 0 

o E 0 0 

o E 0 0 

13 12 II 10 

ADDS 
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.Table 4.2. Flag Summary for Type I Commands 
Flag Value 

h = Head Load Flag (Bit 3) 

h = 1 , Load head at beginning 
h = 0, Unload head at beginning 

V = Verify Flag (Bit 2) 

V = 1 , Verify on destination track 
V = 0, No verify 

rlrO = Stepping Motor Rate (Bits 1-0) 

Refer to Table 4.5 for rate summary 

u = Update Flag (Bit 4) 

u = 1, Update track register 
u = 0, No update 

Table 4.3. Flag Summary for Type II and III Commands 
Flag Value 

m = Multiple Record Flag (Bit 4) 

m = 0, Single Record 
m 1, Multiple Records 

ao = Data Address Mark (Bit 0) 

aO = 0, FB (Data Mark) 
aO = 1, F8 (Deleted Data Mark) 

E ISmS Delay (2MHz) 

E 1, ISmS delay 

E = 0, no ISmS delay 

(F2) S = Side Select Flag 

S = 0, Compare for Side ° S = 1 , ,Compare for Side 1 

(Fl) C = Side Compare Flag 

C = 0, disable side select compare 
C = 1 , enable side select compare 

ADDS 
Applied Digital Data &"stems loco 
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Table 4.4. Flag Summary for Type IV Command 
Flag Value 

Ii = lnterrlJpt Condition Flags (Bits 3-0) 

10 = 1 , Not-Ready to Ready Transition 
II = 1 , Ready to Not-Ready Transition 
12 = 1 , Index Pulse 
13 = 1 , Immediate Interrupt 

13 - 10, Terminate With No Interrupt 

Table 4.5. Stepping Rates 

eLK 2MHz 2MHx IMHz IMHz 2MHz IMHz 

iTIJEV 0 1 0 I X X 

RIRO TEST=l TEST=l TEST=I TEST=l TEST=O TEST=O 

0 0 3mS 3mS 6mS 6mS 184uS 368uS 

0 1 6mS 6mS 12mS 12mS I90uS 380uS 

1 0 lOmS lOmS 20mS 20mS 198uS 396uS 

1 I ISmS ISmS 30mS 30mS 208uS 4I6uS 

4-10 
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Table 4.6. Status Re~ster surma~ 
Read write write All TYpe I ad ad 

Bit Ccmnands Address Sector Track Sector Track 

S7 Not Ready Not Ready Not Ready Not Ready Not Ready Not Ready 

S6 Write 0 0 0 Write Write 
Protect Protect Protect 

S5 Head Loaded 0 Record Type 0 Write Fault Wri.te Fault 

S4 Seek Error RNF 0 0 RNF 0 

S3 CRC Error CRC Error CRC Error 0 CRC Error 0 

52 Track 0 Lost Data Lost Data Lost Data Lost Data Lost Data 

Sl Index DRQ DRQ DRQ DRQ DRQ 

SO Busy Busy Busy Busy Busy Busy 

4-11 
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Table 4.7. 
Bit Name 

Status For Type I Commands 
Meaning 

S7 Not Ready 

S6 Protected 

S5 Head Loaded 

S4 Seek Error 

S3 CRC Error 

S2 Track 00 

Sl Index 

SO Busy 

4-12 

When set, it indicates that the drive is not 
ready. When reset, it indicates that the 
drive is ready. This bit is an inverted copy 
of the Ready input and logically tORed' with 
MR. 

When set, it indicates Write Protect is acti
vated. This bit is an inverted .copy of W1tPT 
i.nput. 

When set, it indicates that the head is loaded 
and engaged. Th is bi t is a logical "AND" of 
HLD and HLT signals. 

When set, the desired track was not verified. 
This bit is reset a when updated. 

eRC encountered in ID field. 

When set, it indicates that Read/Write head is 
positioned to track O. This bit is an inver
ted copy of the ~ input. 

When set, it ind ica tes index rna rk detec ted 
from drive. This bit is an inverted copy of 
the TF input. 

When set, command is in progress. When reset, 
no command is in progress. 

ADDS 
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Table 4.8. Status For Type II and III Commands 
Meaning Bit Name 

S7 Not Ready 

S6 Write Protect 

S5 Record Type/ 
'WI' i te Faul t 

S4 Record Not 
Found (RNF) 

S3 eRC Error . 

S2 Lost Data 

S1 Data Request 

SO Busy 

When set, it indicates that the drive is not 
ready. When reset, it indicates that the 
drive is ready. This bit is an inverted copy 
of the Ready input and 'ORed I wi th MR. The 
Type I I and I I I Commands will ·not execute un
less the drive is ready. 

On Read Record or Read Track it is not used. 
On any Write, it indicates a Write Protect. 
This bit is reset when updated. 

On Read Record, it indicates the record-type 
cod e from d a t a fie 1 dad d res s rna I' k • 1 = De -
leted Da ta Mark. 0 = Data Mark. On any 
WI' it e , i tin d i cat e s a WI' it e Fa u 1 t . Th is bit 
is reset when updated. 

When set, it indicates that the desired track, 
sec tor, 0 I' sid e was not f 0 un d . Th i s bit i s 
reset when updated. 

If S4 is set, an error has been found in one 
or more 10 fields; otherwise, it indicates an 
e I' I' 0 I' in the d a t a fie 1 d . Th e bit is I' e set to 
zero when updated. 

When set, it indicates that the computer did 
not respond to ORQ in one byte time. This bit 
is reset to zero when updated. 

Th i s bit i sac 0 p y 0 f the D RQ 0 u t put. Wh en 
set, it indicates the DR is full on a Read 
Operation or the DR is empty on a Write Oper
ation. This bit is reset to zero when up
dated. 

When se t, command is under execut ion. 
reset, no command is under execution. 

When 
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SECTION 5: 

PARALLEL PRINTER PORTS 

PRINTER INTERFACE 

There are two parallel interfaces on the PC board for printers. 
One is a l3-bit letter quality compatible interface and the other 
is-an 8-bit Centronics-compatible interface. Both printer inter
faces use a strobe pulse which is generated from onboard address
ing gated with I/O write and fed into a pair of one-shots for 
correct strobe pulse widths. 

The 13-bit interface has an 8-bit input buffer which handles the 
printer signals PRTR ROY, N/U, PAPER OUT, INBUF EMPTY, INBUF ROY, 
COVER OPEN, and CHECK. This interface also has two output data 
latches and buffers which handle the 13 data bits and control 
signals. Each latch is 8 bits wide. Three signals STO, STl, and 
ST2 are demultiplexed by 74CS138 to generate control signals CHR, 
CAR, PFM, PFA, TOF, RESET and RIBBON LIFT. 

NOTE 

This procedure is done at the factory and is 
not r eq u ire d tab ere ad jus ted for the 1 i f e 
of the un it. 

The 8-bit printer interface (Centronics-compatible) has one input 
buffer which handles BUSY, SLCT, PAPER OUT and ACK. There is 
also an 8-bit data latch which handles your 8 data bits. 
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A list of Printer I/O Ports is shown in Figure 5-1 below. 

I 
I I/O I 
I Portl 
I-I 
I I 
I I 
I 30, 
I f 
I I 
I I 

I 31 I 
, I 

\ I 
I 32, 

I I 
I I 
I I 
I I 
I I 

I I 
I I 
I I 
I , 
, I 

f I 
, I 
, I 
I I 
I I 
I 33 I 
I I 
I I 
I I 
I I 
I I 

I I 
I I 
I I 
I I 
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I 
I 
I 
I 
I 

8-Bit Centronics I 
Compatible Inter-I 
face I 

I 
I 

13-Bit Letter I 
Quality Compat- I 
ible Interface \ 

13-Bit Letter I 
Quality Compat- I 
ible Interface I 

I 
I 
I 
I 

I 
I 
I 
I 
I 

I 
I 
I 
I 
I 

I3-Bit Letter I 
Quality Compat- I 
ible Interface I 

I 
I 
I , 
I 
I 
I 
I 

I/O Read 

READ STATUS 

BitO - BUSY 
Bit1 - SLCY 
Bit2 - PE 
Bit3 - ACK 

I I 

\ I/O Write I 
I I 
I I 
, I 
I Bit 0-7 ASCII I 
,our I 
I I 
I I 
I Bit 0-7 ASCII r 

,OUT , 

I I 
, Bit 8-12 I 
, I 
I I 
, Bit 5 - STO J 

I Bit 6 - STI \ 
I Bit 7 - ST2 
I I 
, STO STI ST2 Func I 

o I 0 I 0 ICHAR f 
I 1 I 0 I 0 ICAR I 
I 0 I 1 / 0 /PFM I, 
I 1 , 1 I 0 IPFA 
I 0 I 0 , 1 'TOF I 
, 1 I 0 I 1 'RESET I 
I 0 I 1 I 1 IRB LIFT I 
I , I ,SET I 
, 1 I 1 I 1 IRB LIFT " 
I I , IRESET 
I I 

Letter Quality , I 
Status I I 
BitO-PRTR ROY I I 
Bit1-N/U I , 
Bit2-Paper Out , 
Bit3-Inbuf Empty, I 
Bit4-Inbuf ROY I I 
BitS-Cover Open I I 
Bit6-Check I I 
Bit7-Ground I I 

I I 

Figure 5-1. Printer I/O Ports 



8-BIT PARALLEL PRINTER PORT 

The '8-bit parallel port is intended to support a Centronics
compatible parallel printer, and provide the voltage levels 
necessary for that function. It is a latch device, which holds 
the last pattern written into it until that pattern is over
written. Its control is as follows: 

Port 

30H 

Usage 

Read: Returns three status signals: 

Bit 0: 1 = Busy 
Bit 1: 1 = Printer Deselected 
Bit 2: 1 = Printer Out of Paper 

Write: Outputs a complemented character to the 
Centronics-compatible device. That is, 
the character "A" (41H) would be output 
by putting OBEH to port 30H. 

Figure 5-2. Port Assignment for 8-Bit Parallel Printer Port 

Table 5.1 lists the pin assignments for the 8-bi.t printer par t. 

Table 5.1. 8-Bit Printer Port Pin 
Signal Printer Connector 

Name I ADDS CENTRONicS 1 I 
I I I 

B1 I 11 2, 20 I INPUT PRIME* 23 I 30, 31 
B2 I 2 3 , 21 I DATA STROBE* 24 I 1 , .19 
B3 I 3 4, 22 I GND 1 , 71 14 
B4 I 8 5 , 23 I ACK* 13 I 10, 28 
B5 I 18 6, 24 I SELECT* 9 I 13 
B6 I 12 7 , 25 I BUSY 2,0 I 11 , 29 
)37 I 14 8, 26 1 PAPER OUT 22 I 12 
B8 I 4 9, 27 I 

I 
I*Active Low Si.gnal 
I 
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13-BIT PARALLEL PRINTER PORT 

A 13-bit Qume-compatible printer port is available for control
ling letter quality printers. Any printer that is Qume-compatible 
such as the NEG Spinwr iter, Diab 10 Hi type or any of the Qume 
Sprint series may be connected to this port. The port assign
ments for the 13-bit parallel printer port are as follows: 

I , 
I Port Number Function I 

II I 31H Bits 0-7 - ASCII Character 
I I 

I 32H Bits 0-4 Carriage Movement* " 
Bits 5-7 - Strobe Command Bits 

I , 
II Bits 765 I 

000 - Character 
, 001 - Horizontal Carriage Movement I , I 010 - Vertical Carriage Movement " 

101 Reset Printer 
I 110 - Lift Ribbon I 
I I 
I 33H Status: - Active High I 
I Bit a - Printer Ready (Floats High) I 
I Bi t 1 - Always a I 
I Bit 2 - Out of Paper I 
I Bit 3 - Input Buffer Empty I 
I Bit 4 - Input Buffer Ready I 
t Bit 5 - Cover Closed Switch I 
I Bit 6 - Error Check** I I Bit 7 - Printer Connected I 
I *See the Manual for the Printer being used for specific I 
I instructions on how to control carriage movement. I 
I I 
I **Error check can occur for a number of failures. To I 

I clear this bit, a reset command must be issued to the " 
pr inter. 

1 __________________________________________________ 1 

Figure 5-3. Port Assignments for 13-Bit Parallel Printer Port 

If the printer is ready for a character, the status read will be 
a B9H. 

Typical Command Sequence; 

1. Check status and wait for PRINTER READY, 
2. Send character, and 
3. Send strobe command. 

Commands 2 and 3 are required for any output to the printer, and 
must be issued in that order. 
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To insure that the printer is ready to accept commands, it is 
good practice to issue a reset command before each printing 
session. Also, as part of the initialization procedure, the 
ribbon must be lifted. 

Programming Example: 

MSG: DB 

START: IN 
cpr 
JNZ 

;RESET PRINTER 

XRA 
OUT 
MVI 
OUT 

CONT: 

XRA 
OUT 
MVI 
OUT 

LXI 
MOV 
INX 
CPI 
JZ 
RLC 
MOV 

;Message to be printed 

'13-bit printer output' 

33 
OB9H 
ERROR 

A 
31H 
A"OAOH 
3zH 

A 
31H 
A,OCOH 
32H 

H,MSG 
A,M 
H 
'$ , 
EXIT 

B,A 

;Check status. 
;Ok? 
;Jump if no to error handler. 

;Send null character required to 
;maintain proper command sequence. 
;Send reset command. 

;Send null character. 

;Lift ribbon. 

;Pointer to start of message. 
;Get next message character. 
;Bump message pointer. 
;Me~sage terminator? 
;Jump if done. 
;Position character for output. 
;Save character. 

;POSITION CARRIAGE FOR PRINTING NEXT CHARACTER 

XRA 
OUT 
MVI 
ORI 
OUT 
IN 
cpr 
JNZ 
MOV 
OUT 
XRA 
OUT 
JMP 

A 
31H 
A,20H 
aBH 
32H 
33H 
OB9H 
ERROR 
A,B 
31H 
A 
32H 
CONT 

;Send null character. 

;Horizontal position command 
;added to displacement. 
;Output command. 
;Check status. 
;Ok? 
;Jump on error. 
;Get character back. 
;Output it. 
;Output character strobe. 

;Continue. 

Table 5.2 lists the pin assignments for the 13-bitprinter port. 
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Table 5.2. I3-Bit Printer Port Pin Assignments 
Pin iPin 
~# ___ S_i~gn_a_l __ N_a_m_e ___________ I~# ___ S_i~g_na_l __ N_a_m_e ____ ~ ________ _ 

I 
1 GND I 26 TOP OF FORM STROBE (OPT) 

2 DATA 1/2 
I 
I 27 GND 

3 DATA I I 28 RIBBON LIFT COMMAND 
I 

4 DATA 2 I 29 GND 
I 

5 DATA 4 I 30 RIBBON OUT (OPT) 
I 

6 DATA 8 I 31 GND 
I 
I 32 PRINTER SELECT (GND) 7 DATA 16 
I 

8 DATA 32 I 33 GND 
I 

9 DATA 64 I 34 COVER INTERLOCK (OPT) 
I 

10 DATA 128 I 35 GND 
I 

11 DATA 256 I 36 GND 
I 

12 DATA 512 I 37 CHECK 
I 

13 DATA 1024 I 38 GND 
I 
I 39 INPUT BUFFER (CHAR) ROY 14 DATA 2048 
i 

15 GND I 40 GND 

16 RESTORE 
I 
I 41 INPUT BUFFER (CARRIAGE) RDY 
I 

17 GND I 42 GND 

18 CHARACtER .STROBE 
I 
I 43 INPUt BuFFER (PAPER FEED) RDY 
I 

19 GND I 44 GND 
I 

20 CARRIAGE STROBE I 45 INPUT BUFFER EMPTY 
I 

21 GND I 46 GND 
I 

22 pAPER FEED MAIN STROBE I 47 PRINTER RDY 

23 

24 

25 

5-6 

GND 

PAPER FEED AUXILIARY 
STROBE (OPTIONAL) 

GND 

I 
I 48 GND 
I 
I 49 PAPER OUT (OPT) 
I 
I 
I 50 GND 



SECTION 6: 

HARD DISK CONTROLLER 

OVERVIEW 

The Hard Disk Controller consists of a single PC board designed 
to interface an SA 1002/4 or Memorex 101, or an equivalent 8" 
fixed disk drive to the Multivision system bus. The controller's 
functions include: command and status control, data formatting, 
encoding, decoding and DMA operations. The circuitry used to 
implement these functions is: 

1. a MOS microprocessor, 
2. a high speed microcontroller, and 
3. random logic. 

The four major subsystems which make up the Hard Disk Controller 
are the Sys tern Bus, Micr oproces sor, Microcon troller, and Ser ia 1 
Di sk Da ta Encod i ng/ Decod i ng . Each of these subsys terns are de
scribed below. 

SYSTEM BUS I/O 

The system bus I/O logic utilizes an address decoder, host 
interrupt logic, status latch, data latch, 8-bit by 16 word· FIFO 
buffer and FIFO control circuit. Status is obtained by a host 
read where the appropriate I/O address is decoded and status pre
sented. Commands and data are transferred by the 16 word FIFO. 
Commands are loaded into the FIFO with host writes which fall 
through and are acted upon by the 8035 Microprocessor. Detection 
of a disk read or write command causes the MPU to initiate DMA 
t ran s fer s v i a the F IF 0 . D uri n g dis k wr i teo per at ion s d a t a i s 
transferred from the host through the FIFO, which serializes the 
data. Disk read functions use derived clock and regenerated 
serial data to load data into the FIFO for output to the host bus 

'via DMA. 

MICROPROCESSOR 

The 8035 Microprocessor interprets host commands, controls the 
FIFO and monitors serial data shifting. A 2716 EPROM contains 
the 8035 firmware. The low order addresses for this memory are 
latched on the Port 0 bus by the ALE pulse. Port 0 is also used 
for outputting status bytes to the status latch. 

An expander port is used to sense CRe errors and overrun condi
tions, control head selection, position, and microcontroller 
steering. The expander uses four bits in Port 2. The remaining 
bits are decoded to produce pulses which read and clear the FIFO 
buffer, write header bytes from Port 1, acknowledge interrupts, 
and read a swi tch register into Port 1. Commands· from the FIFO 
are used to switch register bits .and output header bytes to the 
header registers. This is accomplished by using Port 1. 
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The 8035 TO/T! test inputs are used to sense microcontroller 
s ta te and data sh i f t ing. The in terrupt is used to synchron ize 
MPU operation with microcontroller state. 

MICROCONTROLLER 

The microcontroller is made up of a counter, PROM and decoder 
(which is responsible for sector synchronization), data format
ting, disk data shift controls, eRC controls, and read/write gate 
controls. Inputs to the microcontroller consist of a format and 
byte counter used for sector timing and formatting. Index, 
header, and CRC are used to control the sequence of the counter. 
Logic to generate interrupts to the 8035 synchronize the micro
controller to the microprocessor. Records are written by first 
serially comparing for SYNC and the appropriate header, and then 
overwriting ttiem with SYNC and CRC. Data is read in a similar( 
manner until after the correct header is detected. Data is 
outputted by the FIFO. 

The resulting sector format is shown in Figure 6-1 below. 

I I 
I 314 Byte Sector I 
I I 
I Header Field Write Update Aref.!. I 
I I 
I Funct ion - FG IG* CSC SYN AM CYL HD SEC CRG BWG CSG SYN DF CRC SG I 

'

I # of Bytes- 62+ 6 14 1 1 1 1 1 2 2 14 1 256 2 18 I 
II 

I I 
I Fe Format Gap '4E' 62-450 Bytes I 
I IG Index Gap O's I 
I eSG Clock Search Gap D's before ID field I 
I SYN Sync Byte 'AI' before 10 field 1 

I AM Address Marker 'FE' I 
I CYL Cylinder (1 of 256) I 
I HD Head (1 of 4) I 
I SEC Sectors (1 of 32) I 
I eRe Cyclic Redundancy Check (2 bytes) of 10 field I 
I BWG Before write Gap D's I 
I CSG Clock Search Gap O's before data field I 
I SYN Sync Byte 'AI' before data field I 
I OF Data Field 256 bytes I 
I CRC Cyclic Redundancy Check (2 bytes) of data field I 
I SG Splice Gap '4E' I 
I I 
I I 
I *Index I 
1 ___________________________________________________ , 

Figure 6-1. Microcontrol1er Sector Format 
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SERIAL DISK DATA ENCODING/DECODING 

Serial write data is MFM encoded and pulse position precompen
sated. The MFM data is formed by using a shift register and de
coder. By utilizing previ.ous and current list information, they 
produce: 

1. Flux transitions for ones, 

2. No fl~x transitions for zeroes, and 

3. Flux transitions if no transition was written in the last 
cell and no transition in the next cell. 

Precompensation is accomplished via a delay line, shift register, 
and encoding logic which position the reSUlting flux transitions 
in the opposite direction of the expected bit shift. 

Ser ial read da ta fr am the dis k is decoded by a phase locked 
oscillator and transi.tion time-out detector. Multiples of the 
read data transitions make up a constant bi.t cell time which is 
derived from the phase locked oscillator. NRZ data is obtained 
by timing the position of the read data transition relative to 
the bit cell time. 
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PROGRAMMING THE HARD DISK CONTROLLER 

The Hard Disk Controller used in Multivision 2 and 3 is an 
intelligent controller that provides the user with a simple 
interface to the hard disk. The controller transfers data to and 
from the disk via channel 3 of the DMA controller. 

Commands 

Table 6.1 contains commands that are used with the Disk 
Controller. Commands are issued to I/O port lOR. Those commands 
,that ... <;?use an action (e.g., READ, WRITE, SEEK) will return an 
interrupt upon completion. When the controller issues interrupt 
4, the status of the completed command may be read at I/O port 
lOH, clearing the interrupt. In the table below, those commands 
that return an interrupt are listed on the left; commands on the 
right do not return an interrupt. 

Table 6.1 Disk Controller Commands 
Hex Command Hex Command 

00 ECHO LAST 40+SSS4 S3S2S1S0 - SET SECTOR 
COMMAND 

01 ECHO SECTOR 80+T5T4T3T2T1 TO - SET TRACK LSB 
02 - ECHO TRACK LSB CO + HIHOT7 T6 SET TRACK 
03 - ECHO TRACK tvlSB MSB and HEAD 
04 - ECHO SWITCH 
20 - RESTORE 
21 - SEEK 
22 - WRITE 
23 - READ 
24 - FORMAT 

Echo Commands 

The firs t five commands in Tab Ie 6. 1 ar e Echo Comma nds wh fch 
cause the controller to return with the requested inform'ation. 
They are used 'primarily for debugging. The ECHO SWITCH Command 
returns the setting of a swi tch on the controller board that is 
used to configure the board for different drives. In response to 
th~ ECHO SWITCH, a COH at port 10H signifies a Shugart Drive with 
256 cylinders and 32 sectors per track, while a DOH implies that 
the controller is connected to a Memorex Drive with' 244 cylinders 
and 36 sectors per track. 

Setup Commands 

The commands on the right side of the table are used to set the 
cylinder, head, and sector prior to reading from or writing to 
the disk. Since the disk may contain up to 256 cylinders, the 
SET TRACK Command is broken into two commands: one to set the 
lower 6 bits of the cylinder number, the other to set the upper 
two bits of the cylinder number and the head select bits. 
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Action Commands 

These commands cause the controller to actually do something with 
the drive. The RESTORE Command causes the read/write head of the 
drive to step to track zero and resets the controller to sector 
1, track 0, head O. The SEEK Command causes the head to move to 
the track selected by the SET TRACK Command. READ and WRITE 
cause a read or write of the specified sector. ,The FORMAT Com
mand is used for laying down sector headers on the track. 

Each of these commands returns an interrupt and status upon com
pletion. Status bytes are tabulated below. 

Table 6.2. Interrupt Status Bytes for Action Commands 
Status Meaning 

OOH 
02H 
04H 
13H 
IIH 
IFH 
FFH 

Formatting the Hard Disk 

Successful Operation 
CRC Error in Data Field 
DMA Overrun Error 
CRC Error in Header 
Record Not Found 
Write Fault in Drive 
Time Out Error 

To format the hard disk, follow the steps listed below: 

1. Seek the desired track to be formatted by selecting a cyl
inder and head, then issuing a SEEK Command. 

2. Set up the DMA Controller for a transfer of 1600 bytes of 
'4E' Hex. 

3. Issue the FORMAT Command. 

4 . Wr i t e 'E 5' Hex to all sec tor son the t r a c k us i ng the WR IT E 
Command. 

5. Read back all sectors to verify the format. 

6. After all tracks have been formatted, read the first sector 
of each track to verify head positioning and selection. 
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A Sample Write Routine 

An example of a write routine for the hard disk follows: 

Write: ;set up DMA controller for a write 

OUT OACH ;Clear DMA Controller. 

LXI H,BUFFER ;Get buffer. address. 
MOV A,L ;Output address to DMA, 
OUT OA6H ;low byte then 
MOV A,H 
OUT OA6H ;h igh byte. 

LXI H,256-I ;Terminal count is sector size-I. 
MOV A,L ;Output count to DMA, 
OUT OA7H ;low byte 
MOV A,H ; then 
OUT OA7h ;high byte. 

MVI A,OBH 
OUT OABH ;Set DMA mode. 

MVI A,40H 
OUT OA8H ;Set DMA command. 

MVI A,3 ;Output mask to DMA. 
OUT OAAH 

;set up Hard Disk Controller 

MVI A,CYLNDR ;Desired cylinder. 
ANI 3FH ;Mask for least significant 6 bits. 
ORI 80H ;OR in command. 
OUT lOH ;Output command. 

MVI A,CYLNDR ; Des ired cylinder. 
RLC ;Position 2 most significant ·b its. 
RLC 
ANI 3H ;Mask for them only . 
MOV B,A ;Save in B. 
MVI A,HEAD ;Desired head select. 
RAL ;Position bits. 
RAL 
ORA B ;OR in cylinder. 
OR! OCOH ;OR in command. 
OUT lOH ;Output commando. 

MVI A,SECTOR ;Desired sector. 
OR! 40H ;OR in command. 
OUT lOH ;Output command. 
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MVI 
OUT 

EI 
HLT 

IN 
ORA 
JNZ 

... CONTINUE 

; I/O 

BUFFER: 

A.23H 
lOH 

lOH 
A 
ERROR 

BUFFER 

OS 

;Output read command to 
;Hard Disk Controller. 

;Enable interrupts. 
;Wait for completion interrupt. 

256 

;Get status. 
;Error? 
;Jump to error handler. 
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INT4 

2K 
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REGISTER 
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FIFO 
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,.-----l' PIO , 
r-v P17 

PIN 
~ 
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-

SIN SOUT , 
L 

-

FIFO 
OUTPUT Vtl..-__ ..J -
BUFFER' 

I.... ..... r----, 

1/0 
EXPANDER 

(8243) 

IE--<J ..... READY 
IE',..'---<I<! TRACK 0 
k:, ... :"---<l,.WRITE FAULT 

iE= .... --<I ... SEEK COMPLETE 
1---f>STEP 
I---f>'" DIRECTION 

1---i>"'HEAD SEl 0 
l---o!::'HEAD SEl 1 '\ 

I----f> DRIVE SELECT 

BYTE ~CLK 
COUNTER 

,I, ~ CLR BYTE ('----Jor--g.....-1---J COUNTER 

~ , 
COUNTER 

PECODER PROM CONTROL 
DECODE 

ClK ~.;---_--_<l RD CLOCK. 

f----+ LOAD SEQ 

~ADV.SEQ 

~ CLR BYTE COUNTER 
L......---DWR CLOCK 

PZO f---:4=----..ll' 

P231---=---......... 

"'OVERRUN ERROR r- CLK 

1---< .... CRC ERROR "'. 

f----;> READ GATE 

---;>WRITE GATE 

~GAP 

8035 

,.... 
P24 \----1 DeCODE , 
P271---,.J CMD 

RDSWITCH~ 

OPTION 
SWITCHES 

(6) 

P10·P17 

.... 

COUNTER ' SEQUENCE 
PRESET COUNTER 

1----7"~RD FIFO 

f----,..~CLR FIFO 

~--'~'7ClR INT 

~--...,.~RD SWITCH 

~--.,.~WR HDR 0 
.. .. 1 .,. .. " 2 ...,. 
.. " 3 .....,. 

4 A 
L-_---=-, j 0 v D 

R 

f--__ -------I~ ~ 
5 S 

v 

BOARD 
CONTROL 
ROM 

DATA 1--8 --~-'" 
OUT .... 

--7 SHIFT SYNC 

--7 SHIFT HEADER 

--7 SHIFT DATA 

--7 WRITE CRC 

~RESETCRC 

L-___ ~~STOPCRC 

~CRCERROR 

~"'" 1.-----4---1~1________t 'I MUX""-') --.:.1 ' , .'~ CRC GEN I V 
--"V CHECK 

~--------~~~ 
~I€~-----<J"" RD DATA 

~RESET BYTE 
I COUNTER 

SYNC. 
DETECT 

WR HDR 3 ---""J, \' '7 WR HDR2~ ~ '7 WR HDR1-:J ~ '7 WR HDR0--:J, 't , 

'I' 

HEADER 3 
(SECTOR) 

\ 

HEADER 2 
(TRACK) 

I' 

HEADER 1 
(SURFACES) 

, 

HEADER Cl 
(AM) 

HEADER 
COMPARE 

tHOR 
ERROR 

CLK---~--------~----------~--------_-J 

DRQ3: DMA 
. lOGIC 

DACK3 ---L ___ J Figure 6-2. Hard Disk Controller Block Diagram 

.'., 

POUT 

, , ... SI SHIFT 
----, N REGISTER 

PIN 

SYNC 
MARK 

~CLK 

MULTIVISION BLOCK 
DIAGRAM 

HARD DISK CONTROLLER 
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SECTION 7: 

I/O CONTROLLER 

FUNCTIONAL DESCRIPTION 

The I/O Controller is responsible for communication on the Multi
VISIon 3. The PC board will handle up to four RS232Ccompatible 
serial ports. All address, data, and control lines are buffered 
coming on and going off of the board onto the bus. 

The heart of the I/O Controller is an 8251A USART (Universal 
Synchronous/Asynchronous Receiver Transmitter). The USART accepts 
data characters from the CPU in parallel format and then converts 
them into a continuous serial data stream for transmission. Con
versely, it can receive serial data streams and convert them into 
par a 11 e 1 d a t a c h a r act e r s for the CPU. Th ere are f 0 u r 0 f the s e 
USARTs on the I/O Controller to handle a total of four ports. 
The USARTs are set up in the same mode of operation as the 
console port on the CPU board. 

There are two 8253 Programmable Interval Timers used with the 
USARTs. These two Timer s are used to se t up the four indepen-, 
dent baud rates for the USARTs. Default baud rates for these 
timers are 9600 baud. 

The I/O Controller uses FIFO memory for temporary storage of data 
be ing rece ived . The reason for th is is to pr even t the los s of 
data when receiving to the system. When data is received and 
assembled in the USART data buffer, it is loaded into a FIFO and 
the n rea d by the CP U fro m the F I F 0 . Th e F I F 0 use dis a 7 4 S 22 5 . 
Each one of these parts is organized as 16 words of 5 bits. 
Since we have an 8-bit data bus, we use two 74S225's per USART to 
give us storage capability of 16 words by 8 bits. Up to 16 words 
of 8 bits can be received by the USART and stored in the FIFO 
without the CPU reading the information until it is ready. 

There is a pr iQr i ty scheme designed on the board to avoid the 
possibility of two USARTs trying to load the FIFOs at the same 
time. There are two different logic signals which perform this 
funct ion. One signal is the (A+C) group logic signa Is and the 
other is the LOCK signal. The (A+C) group is used when two 
USARTs receive a character at the same time. When this happens 
the priority is Port 0, Port 1, Port 2 and Port 3. The LOCK 
signal is used when one USART has already received a character 
and another USART follows behind. LOCK always gives priority to 
the USART that receives the character first. 
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The I/O Contrbller uses interrupts to notify the CPU that there 
is either a character to be read from the FIFO or a character to 
be transmitted. There are two interrupt lines which run to the 
CPU, notifying it that it either has a XMIT or RCV INT pending. 
Once this is triggered, the CPU reads an I/O port (port 52) to 
tell it which of the four USARTs is interrupting it. Figure 7-1 
below, shows a chart for the XMIT and RCV interrupt bits. 

I/O Port 52 

Bit 0 RCV INT 0 
Bit 1 Rev INT 1 
Bit 2 RCV INT 2 
Bit 3 RCV INT 3 
Bit 4 XMIT INT 0 
Bit 5 XMIT INT 1 
Bit 6 XMIT INT 2 
Bit 7 XMIT INT 3 

Figure 7-1. XMIT and RCV Interrupt Bits 

Control of the serial ports in the Expansion Module is different 
from those in the Multivision 1 Module. These ports are also 
82s1A elements, but are all controlled by the same set of I/O 
ports, as shown in Table 7.1 below. 

Table 
Port 

52H 

slH 

SOH 
s4H 

7-2 

7 . 1 . I/O Port Assignments for Expansion Module 
Osage 

Read: Interrupt identification register 
Bit 0: Received data, port 0 
Bit 1 : Received data, port 1 
Bit 2: Received data, port 2 
Bit 3 : Received data, port 3 
Bit 4: Transmitter ready, por t 0 
Bit 5 : Transmitter ready, port 1 
Bit 6: Transmitter ready, port 2 
Bit 7 : Transmitter ready, port 3 

Write: Port select register 
Bit 0: Select port 0 
Bit 1 : Select port 1 
Bit 2: Select por t 2 
Bit 3: Select port 3 
Bit 4: Loop test 

Read: Selected port status 
Write: Command register for selected port 

Write only: 
Read only: 

Transmit data for selected port 
Received data for selected port 
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In order to control serial port n, it must be selected first. 
Interrupt data from port 52H will usually be the steering ,infor
mation. Receive interrupts raise line one on the 8259 Interrupt 
Controller, and transmit interrupts raise line two. 

There are two 8253 timers on the 4 Port I/O PC board to provide 
baud rate clocks. They are set up as follows: 

Port 

58H 
59H 
5AH 
SBH 
5CH 
5DH 
5EH 
SFH 

Usage 

Counter 0: for port 2 
Counter 1: for port 3 
Reserved 
Timer command register 
Counter 0: for port ° 
Counter 1: for port 1 
Reserved 
Timer command register 

For a description of how to program these chips, please refer to 
the topic entitled Programmable Interval Timer (PIT), 8253-5 in 
Section 2. 

To program the initialization of the Multivision 1 console port: 

CINIT: 01 
XRA 
OUT 
OUT 
OUT 
OUT 
OUT 
OUT 
MVI 
OUT 
CALL 

MVI 

OUT 

CALL 
NVI 

OUT 
RET 

WASTIM: NOP 
NOP 
Nap 
Nap 
RET 

A 
89H 
89H 
89H 
89H 
89H 
89H 
A,40H 
89H 
WASTIM 

A,OOAH 

89H 

WASTIM 
A,36H 

89H 

;Safest 

;Six zeros 
;to the 
;command port 
;to guarantee that the 8251A 
;has recycled internally 
;and is idle. 

;Enter "set USART mode" state. 
;Oelay at least 4uS 
;between commands. 
;Set USART for 7 data bits, 
;odd parity, 
;baud divider =16, 1 stop bit, 
;ASYNC mode. 
;Oelay another 4uS. 
;Command to raise RTS, OTR, 
;reset error and 
;Receiver Enable on USART. 
;Now ready at selected baud rate. 
;Delay about SuS.· 
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4 PORT I/O INTERFACE PC BOARD 

The 8251A USART is used by each of the console ports on the 4 
Port I/O Interface PC board. However, data is not read directly 
from this component. Rather, received data is buffered in a 16-
character hardware FIFO associated with the USART. This buffer 
helps to prevent data loss at high transmission speeds. 

To f etc hac h a r act e r from the F I Fa, are c e i v e in t err u p t m us t 
first be generated. The character is then sent to register A and 
the port number is sent to register B. The controlling program 
then returns with a zero flag clear indicating the fetch proce
dure has been completed. 

Following is a sample of the programming used in fetching a 
character: 

GETCHR: 

GETC01: 

7-4 

01 
IN 

ANI 

MOV 
MVI 
MVI 
ANA 
JNZ 
DCR 
MVI 
ANA 
JNZ 
OCR 
MVI 
ANA 
JNZ 
OCR 
MVI 
ANA 
RZ 

OUT 
IN 
EI 
RET 

52H 

OFH 

C,A 
B,3 
A,BIT3 
C 
GETCOI 
B 
A,BIT2 
C 
GETCOl 
B 
A,BITl 
C 
GETCOI 
B 
A,BITO 
C 

52H 
54H 

;Interrupts off. 
;Read the interrupts status 
; r eg i s ter ; 
;only interested in receive 
; interrupts. 
;Copy receive line status into C. 
;Determine interrupting port. 
;Is it port 3? 

;(yes) 

; Por t 21'1 

;(yes) 

;Port I? 

;(yes) 

; Por t O? 

;(no) 

;Yes. Select port using mask in A 
;and read character. 
;Interrupts back on 
;and return with char iri A, 
;port # in B. 



10/M 

r------ 10 (RD + WRT)e(Bd. Sel.) 

r- CPU READ (S1) 

r-~:'":--~J,~ 
i5 ~ .. r- 52153 

r-----------------------------I - ----, 
RIO<CE .. ~-"--~~-:------. POR 

DATO'D~ DIRE~ioNAL Vtl....-._---'..I'-... 

N- IV 

PORT 
SEL 
REG 

1 14155 ~ OUTPUT ROY COMM ClK. _ T 0 I 
I READ 1-1,--.. I 

I
: r--- FIFO (16 x 8) hr- r_-lL. ___ LO_OP TEST, I, 

SELO·SEL3 

1. A8·AF 

EM'" 

.... 

..... 

DATA 
BUFFERS 

10 h> DE· 
CODES 

XMIT IN!RPT (lNT 2) 
..... 

RCV INTRPT (INT 1) 
"'" 

COMM CLK .... .. 
(2 MHZ) 

50/5F---·.:lo,I", 

ALE p-------I 

EXTERNAL WAIT 

I---~ " LOOP TEST SEL LOAD \ J, 
'------' I l' i CLK I 

'----;;D:;;B;;-O.;;;DB;;:;7;------------------i~ '---.t- RxD IE-- MUX ~ ~ RCV DATA I 
I USART 1 EIA I 

"'r----52153 

~ 
INTRPT RIO·RI3 ~ "-- STATUS r-r 

r-- REG ...., 
~O-XD 

1----< OR \-__ ...J 

4 
~ 

.J"o. PIT ~ BAUD 

(8253) RATE 0 

V ~ BAUD 
5C/5F~ RATE 1 

A8 -----? 
A9~ 

l' 
J, 

/" PIT 
~BAUD 

RATE 2 

"'" 
(8253) 
~ BAUD 

5815B ----.) RATE 3 

AS --::. 

A9 --::. 

I---~~ CPU .lOCK 
CPU .1_ .... 

WAIT PORT 0 ACTIVE 
lOGIC 1 

2 
3 

SEL 0 ...;..:",1 __ ----II I ..... (8251) DRVRS 
I Jt A8 ~ C/O TxD I--___ --L~ ... & L-ro... , 
I ~ -; RCVRS r--v XMIT DATA I 

SELO 50/51 DSR~~----_-.J ~ 
I r------~, CS, ~ DTR I 
, FIFO ~t.... ~ I-<> CARDET I 
I LOAD ~ DTRt----~I_.,..!iI ' ~ DSR I 
I CPU. --? LOGIC SELO RD RD 
I LOCK . 50/51 RTS r-------...,.~ I-t> CTS I 

PORT 0 ... I SElO WRT 50151 -? WRT I 
ACTIVE'" I '--__ ..f~--------1 RCV ROY XMT/ I 

I - RCV 
XIO ~ I XMT ROY CLOCK I 

, BAUD If I 
RATEO L I ------------- - - ----- --- - - - ___________ J 

RI1~------- --- -- -- -- --- ---- ---, 

'--_____ --------...J I PORT 1 , 

SEl1~ l r--------------------~ 

PORT 1 ACTIVE <E-----j I 
X11~ I 

BAUD RATE 1 ~ I 
---------------------------~ 

RI2~---- ------------- - ------

'--__________ ---------...J I -POR;;~ 
I 

SEl2~ I 
PORT 2 ACTIVE ~ , 

X12~ I 
BAUD RATE 2 ~ I _______________ I 

--------------.! 
RI3~----- ---- ----- -- -----~-

_______ -----...J I - PORT 3i 

I 
SEL3~ , 

pORT 3 ACTIVE ~ I 
X13~ , 

BAUDRATE3~ I --------- __________________ J 

MUL TIVISION BLOCK 
DIAGRAM 

Figure 7-2. 4 Port I/O Block Dj agram 4 PORT 1/0 

7-5/7-6 



SECTION 8: 

MINI DISK DRIVES 

OVERVIEW 

The Multivision mInl disk drives (405-07100) are compact disk 
memory devices designed for random access data storage, data 
entry, and data output applications. Multivision has two sources 
for mini disk drives. The first of those is the M.P.I. Model 52 
and the second is the Tandon Mode 1 Tl 00. The mechan ica 1 compo
nents consist of an aluminum chassis on which is mounted a 
spindle (belt driven by a DC motor), a stepper motor/band com
bination for positioning the magnetic head assembly and a 
cone/clutch assembly for centering and holding the recording 
media under operation. Power and interface signals plug directly 
into this board. The following basic circuits are included: 

1. Stepper Motor Control Logic 
2 • Re ad C i r cui t 
3 . Wr i t e / Era seC i r cui t 
4. Spindle Motor Speed Control 
5. Index - Track 00 and Write Protect Sensing 

FUNCTIONAL DESCRIPTION 

The mini disk drives are self contained and require no operator 
intervention during operation other than opening and closing the 
doors. The drives consist of a media rotating system, a head 
load and fositioning system, and a write/erase and read system. 
When the ront door is opened, access for inserting the disk is 
provided. When inserting the disk, all positions except in/out 
are controlled by physical guides internally. Closing the front 
door activates the cone/clutch system which serves two purposes: 

1. To correct centering of the media, and 
2. To clamp the media to the spindle HUB. 

The spi nd Ie HUB rota tes a t a cons tan t speed of 300 R. P. M. by 
means of a D.C. motor/tachometer and a reference in a closed loop 
system. The receiving head is positioned over the correct track 
by means of a four-phase stepper motor/band direct-drive mecha
nism, and its associated electronics. A one-stop movement causes 
a one-track movement. When a write protect disk is inserted, the 
write protect sensor' normally disables the write/erase circuits 
in the drive. Data recovery electronics include a low frequency 
amplifier, a differentiator, a cross-over detector, a digital 
filter, and a final pulse generator. 
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I I 
I ~~ I 
I I 
I Parameter Olaracteristics I 
I I 
I Media ANSI standard 5 1/4-inch di~kette I 

I Nunber of Tracks 70/52 I 
Track Dens ity 48 TPI I 

I
' Start/Stop Time • 5 sec I 

Rotational Speed 300 rpn + 1 1/2% I 
f Average Latency 10QnS - I 
f Head Loading Time 3~S I 
I Access TUne 6mS, track-to-track I 
I Head Setting Time ISmS I 
I Head Life 20,000 hours I 
I Media Life 3 x 106 passes on single track I 
I Recording Method MFM I 
I Recording Density (FM) 2810/5620 bpi I 
I Flux Density 5620 fci max. I 
I Data-Transfer Rate 250K bits/sec. I 
I Power -up De lay 1 sec I 
I I 
I PHYSICAL I 
I I 
I Height 3.25 inches (8.255 em) I 
I Width 5.75 inches (14.605 an) I 
I ·Length 7.5 inches (19.CJ5 em) I 
I Weight 3.0 pounds (1.36 kg) I 
I I 
I POWER REQUIREMENTS I 
I I 
I Power +12 VDC+5%, 1.5A I 
I +5 VOC+-s%, 0.7A I 
I Typical Power Dissipation 15W Operat ion I 
I 6W Standby I 
I I 
I ENVIRONMENT I. 
I I I Parameter Characteristics I 
I Operating Temperature 40° to 115°F (4.4°C to 46.1°C) I 
I Relative Humidity 20 to 80% (noncondensing) I 
I I 
, ______________________________________________ 1 

Figure 8-1. Specifications for M.P.I. Model 52 Mini Disk Drives 
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I 
I 
\ 

I 
I 
\ 

1 
I 
1 
I 
\ 

1 

I 
I 
\ 

\ IJII I 
\ \ 2\ SEare I 
\ I 41 In Use* \ 

I \ 6 Drive Select4 I 
\ \ 8 In ex ector 

~ I 110fDrive Select! 
I 112 Drive Select2 I 
I 114~Drive Select3 1 
I 116 Motor On I 
1 51/52 118 ~ Direct ion 

120~~teE 
I Controller 

I I 
I 122 - r IteIJata I 
1 124 ~Wr ite Gate 1 
1 1261" Tr acI< 00 

~ 1 1281 Write Protect 
1 1301 Reaa Data;'C";'C 
1 1321 Siae Select 
1 134 rSEare I 
I I I I 

Odd Pins Return (DC Grouna) 

PCMER 
IJ21 
I 1 +12V 

51/52 1 2 eturn Controller 
I 3 V Return 
I 4~+5V 

Power Supply 

1 r 
* In Use may be configured as Door Lock or Activity Light. 

** With the optional Data Separator installed, Pin 30 is 
Separate Data. 

Figure 8-2. Mini Disk Interface Signals 

Bead Solenoid w/Select 
Drive Select 1 
Drive Select 2 
Dr ive Select 3 
MUX 
Dr ive Select 4 
Head Solenoid w/Motor On 

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

Note: 

Shunt Pack Pin 2 
is for Dr ive A. 
Shunt Pack Pin 3 
is for Drive B 

Figure 8-3. M.P.I. Shunt Configuration 
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I I 
1 Head w/Select I 1 Note: I 

I .... _ .. Dr ive Select I 2 2 I 
. I: Dr ive Select 2 3 -== 3 Shunt Pack Pin 2 is for I 

I~ Drive Select 3 I 4 4 Drive A. I 
I Drive Select 4 I 5 5 Shunt Pack Pin 3 is for I 
I MUX' I' 6 6 Dr ive B. I 
I Head/w t-btor On I 8 8 ,. 
1 ______________________________________________ , 

Figure 8-4. Tandon TIOO Shunt Configuration 
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SECTION 9: 

HARD DISK DRIVE 

OVERVIEW 

Mult ivis ion 2 and 3 use an SAl004 Dis k Dr ive. Th is dr ive is a 
random access storage device with two non-removable eight inch 
disks as storage media. Each disk surface employs one moveable 
head to service 256 data tracks. This disk provides 10 megabytes 
of storage accessed by four moveable heads. Low cost and unit 
reliability are achieved through the use of a unique band 
ac tua tor des ign. The inher en t simp 1 ic i ty 0 f mechan ica 1 cpn
s truc t ion and electr ical con tro ls a llows scheduled rna intenance
free operation throughout the life of the drive. Mechanical and 
con tam ina t ion pr 0 t e c t ion for the he a d act u a tor and dis k are 
provided by an impact resistant plastic and aluminum enclosure. 
A self-contained recirculating system supplies clean air through 
a .3 Micron Filter. 

Features 

Unformatted storage Capacity of 10.67 megabytes. 

Double density recording with encoding and write precomp. 

Proprietary fast flex III band actuator 

4.34M Bits/second transfer rate 

The Hard Disk Drive consists of: read/write and control elec
t-ronics, read/write heads, track positioning mechanism, media, 
and air filtration system. These components interpret and 
generate control signals, pos it ion the heads over the selected 
track, and read and write data. 

Read/Write Electronics 

The standard electronics are packaged on a single printed circuit 
board containing the following: 

Index Detector Circuit 
Head Positioning Actuator Driver 
Read/Write Amps 
Drive Ready Timers 
Drive Select Circuit 
Write Fault Detection Circuit 
Read/Write Head Select Circuit 
Step Buffers with Ramp Stepper Circuit 
Track 000 Indicator 

ADDS 
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Read/Write Heads and Disks 

The recording media consists of a lubricated thin magnetic oxide 
coating on a 200 mm DIA.aluminum substrate. This coating formu
lation, together with the low load force/low mass Winchester type 
flying heads, permit reliable contact start/stop operation. Data 
on each disk surface is read by one read/write head, each of 
which accesses 256 tracks. The ten megabyte drive configuration 
has two disks with four read/write heads. 

Using our format, the disk is broken down as follows: 

9-2 

Four sides/drive 
256 cylinders/drive 
32 sectors/side 
256 bytes/sector 

ADDS 
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SPECIFICATIONS 

Physical Specifications 

Environmental Limi.ts 

Ambient Temperature = 
Relative Humidity = 
Maximum Wet Bulb = 

50° to 115°F (10° to 46°C) 
8% to 80% 
78° non-condensing 

AC Power Requirements 

SO/60Hz + 0.5Hz 
100/115 VAC Installations = 
200/230 VAC Installations = 

90-127V at 1.1A typical 
180-253V at 0.6A typical 

DC Voltage Requirements 

+24VDC + 10% 2.8A typical during stepping 
(0.2A tY£ical steady state, non stepping) 

+5VDC + 5% 3.6A typical 
-5VDC ~ (-7 to -16VDC optional) .2A typical 

Mechanical Dimensions 

Rack Mount Standard Mount 
He igh t = 4.62 in. (117.3mm) 4.62 in. (117.3mm) 
Width = 8.55 in. (217.2mm) 9.50 in. (24l.3mm) 
Depth = 14.25 in. (362.0mm) 14.25 in. (362.0mm) 
Weight = 17 1 b s . (7 . 7 Kg) 17 lbs.(7.7Kg) 

Heat Dissipation = 511 BTU/Hi. typical (150 Watts) 

Reliability Specifications 

MTBF: 8,000 POH typical usage 
PM: None required 
MTTR: 30 minutes 
Component Life: 5 years 

Error Rates: 

Soft Read Errors: 
Hard Read Errors: 
Seek Errors: 

1 per 1010 bits read 
1 per 1012 bits read 
1 per 106 seeks 

ADDS 
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Performance Specifications 

Capacity 
Unformatted 

Per Dr ive 
Per Surface 
Per Track 

Formatted 
Per Drive 
Per Surface 
Per Track 
Per Sector 
Sectors/Track 

Transfer Rate 
Access Time 

Tr ack to Tr ack 
Average 
Maximum 

Average Latency 

SAI004 

10.67 M bytes 
2.67 M bytes 

10.4 K bytes 

8.4 M bytes 
2.1 M bytes 
8.2 K bytes 
256 bytes 

32 
4.34 Mbits/sec 

19 msec 
70 msec 

150 msec 
9.6 msec 

Functional Specifications 

Rotational Speed 
Recording Density 
Flux Density 
Track Density 
Cylinders 
Tracks 
R/W Heads 
Disks 
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3125 rpm 
6270 bpi 
6270 fci 

172 tpi 
256 

1024 
4 
2 
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SECTION 10: 

POWER SUPPLIES 

OVERVIEW 

Th e po we r sup P 1 i e sus e din M u 1 t i vis ion are 0 f ·s tan dar d lin ear 
design. They provide stable, reliable DC output power at low 
cos t. 

Schematics and specifications for 285-02600 (MVI) and 285-02700 
(MV2) are contained in this section. 

10-1 
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MULTIVISION 1 POWER SUPPLY SPECIFICATIONS 

Output Voltage 
Current 
Setting 
@ 115/230 VAC 
No Load 

Line Regulation 
Typical 

Load Regulation 
(See Note) 

Typical 

Ripple (P-P) 
Typical 

Overload Protection 

5.2 V 
7.0 A 

5.2 V 
4.9-5.5 V 
Adjustable 
range 

.1% 
2 MV 

.2% 
6 MV 

10 MV 
5 MV . 

+12 V 
4.0 A 

11.6 - 12.24 

Fixed 

.1% 
6 MV 

.2% 
10 MV 

10 MV 
6 MV 

-12 V 
0.5 A 

11.76 - 12.24 

Fixed 

.25% 
1.0 MV 

.5% 
10 MV 

25 MV 
10 MV 

All outputs must be protected against 
continuous overload and short circuit. 
Recovery shall be automatic upon removal 
of overload condition. 

+5 V and +12 V outputs are protected by a current foldback cir
cu it. 

Foldback of +5 V output shall be between 8 and 10 amps. 

Foldback of +12 V output shall be between 4.6 and 5.5 amps. 

The -12 V circuit IC regulator has internal current limit pro
tection and thermal shutdown. 

Short circuit for the +5 V output shall be less than 3.5 A and 
for +12 V output, less than 1.2 A. 

Overvoltage Prot~ction 

Temperature Coefficient 
Stability 

Operating Temperature 

Storage Temperature 

10-2 

+5 V circuit shall be protected by·O.V. 
c row bar c i r cui t . Tr i p po in t s h a 11 be 
between 6.5 and 7.5 V. The +12 VDC out
put have a combined crowbar preset be
tween 13.5 and 15 V for each output. 
Reset requires interruption of line 
voltage . 

. 025%/OC 
0.1% for any 8 hour period after 30 min. 
stabilization 

0° to 50°C 

-55° to +85°C 

ADDS 
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Cooling 

Fusing 

The power supply is. designed for operation with 
forced air over power supply heats ink area 
utilizing a 70 CPM fan. 

To protect the power supply from internal faults, 
an input fuse should be used. 

For 115 V input use 3 A Slo-B10 
For 230 V input use 1.5 A Slo-B10 

Thermostat protection shall be provided to turn off AC input in 
the event that heatsink temperature exceeds 100°C· (permissible 
range 100°-108°C). 

NOTE 

Connections to load and test instruments for the purpose of 
specifying and measuring load regulation are listed below. This 
is done to minimize the voltage drop in the test connector. 

Output 

Load Connection 
(J2) Pin 1 and 3 

Common return 

Test pins 
(J2) 
Pin 5 in common 

+5 V +12 V 

2 6 

4 8 

ADDS 
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MULTIVISION 2 POWER SUPPLY SPECIFICATIONS 

Output Ra t ings 

OutEut I 1 

Voltage +24V 

Current 3A 
(see note A) 

Adjustment +IV 
Range 

Line regulation .02% 
Typical <3 mV 

LOpd regulation .1% 
(see Note 2) 

Ripple mV (P.P.) 10 mV 
Typical <S mV 

Temperature Coefficient 
Stability 

Operating Temperature 

Storage Temperature 

Cooling 

2 3 4 5 

+5V -5V +12A -12V 

l1A 1A 2A .SA 

Fixed Fixed 
+.2SV 4.7S-5.2SV +.6V 11.4-12.6V 

.1% .1% 0.5% .16% 
<2 mV <3 mV <3 mV <5 mV 

.3% 1.2% .2% .S% 

10 mV 10 mV 10 mV 12 mV 
<5 mV <5 mV <S mV <5 mV 

.025%/OC 

.1% for any 8 hour period after 30 
minutes stabilization. 

0° to SO°C 

-SSo to 8SoC 

The power supply shall be operated with 
forced air over power supply heats ink 
area utilizing at CFM fan,. A thermostat 
shall interrupt input power in case of 
an excessive heatsink temperature .. 

To protect the power supply from internal faults, an input fuse 
shall be used. 

For 11SV input use 6.2A 
For 230V input use 3.2A 
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NOTES 

1. 24V output shall have a peak current capability of SA. 

2. Load regulation to be measured directly at output connector. 

3. Output 3 and 5 are protected by current limiting 2.2A max and 
the I.C.'s have internal thermal shutdown. ' 

4. Output 1, 2 and 4 shall be potentiometer adjustable. 
Output 3 and 5 shall be fixed. 
Specified setting to be measured at no load. 

5. Overvoltage protection reset requires interruption of input 
vo ltage. 

Overload protection 

OutEut # 

Overvoltage 
Protection Limit 

Current Limit 

Short Circuit 
Current 

All outputs, except output #1 (+24V), must 
be protected against continuous overload 
and short circuit (see Note 5). 

1 2 3 4 5 

N.A. 6-7V 6-7.5V 13.8- 13.8-
15.6V 15.6V 

5.75- 12.65- (see Note) 2.4- (see Note) 
6.SA 14.3A 3 2.8A 3 

1.8- 6-8A (see Note) .9- (see Note) 
2.SA 4 1.3A 4 

10-5/10-6 
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SECTION 11: 

SCHEMATICS 

This section contains a complete set of schematics for the 
Multivision Computer System'. 

11-1/11-2 

ADDS 
Applied OKJltEl DatE Systems Ire, 



II 

Muta 

.", 
DU,., 

IIU 

' •• 1' 
-II 

JI ,. 
10 

" 

JI 
Q.TAIf"I, 

51 .ft.9a .,. 
1M 
"~ 

lITe 

UAI 

JI~~~~ 21 
to 

" .. 
17 

~ 
,. 

U OMAIY'. 4 II ,. 
• ~R~ UP6.lI04 

141!liO-
--.- --

741."'( 74l$04 74L!>06 14L~I~ .74~_~ ,.~~ ~S~I. 14L5'4 "ll.S'~ 811 .. )" 

; iflt _WI ..... ..... VOl U"' ~='~~ uL< UN2~ UA4 ue; 
-""~ VA. UJ' UP' 

...., uel uM 
upl uu UNI UJ~ 1,.10" 

,~.-

., -- 1----
j~ - i.- - .,' ~ .. le .. 

" " " 
• 0 - ,-- t--..JC. --,-. .- -

- - t--

,4\,\IS8 'U~I'!Il 14LSI.l 14S114 ~~~ 14lS3'-"I - uK) UK!. Uf<1i l'N~' •• r-urr--
U8' 

-t--- ---.. ,~. 

-~ •• i. 10;. 

, . .1-I-A-~' - =::I. -L_ t--* - --
~ --

74L ~37.) 

;'''·ue .. 
u£2 

213.1 
O! 

----20 
_ . .10-. ---

·-Z. .-

-. -- --

UA' 

$~ I.'PUR~l. 
L Sl'~ 

ClO 
HLD"....2; ,. _ HL OA 

LS0.ot 

o050e ~101.1 80~!lA-2 

001 voz lKl Ut1S 

S(( NOll. I st£~1 -.. _- --
• i 

_ . 

"':-il. '0 
--~. 2 

~,,~I'" 

u"2 
UHl 

" --• 
t---,.-t-- -- --t--

"12v 

020 
.0« 

+.2V __ ..... _+_'-_-,-.. 

~ __ -;-__ 2O.JI -.Z_~---'----:--

~~_+-;-___ ... J' 

BOSR ~~ ______ -::JzoJZ 

s.o 
.RO --JJJ... <>2 

S.O 

.23 , 
14&8 14~':'Io\ I """"'~!J e25.3--~ 

u.' Ul' Ul! UKI UI!,jj3 
ulC2 

UJI uf1 

.. -

l' •• ..t 2< r-ro- t-. > ....L. • 
I 

t-'3 

"2S •• 
UC$ 

2t 

• 

o.JO. 
UA3 
uBl 

20 
I 

J .... :s 

f'" 

CI 
Cot-CI2 
C14-e23 
en-en 
CIa-eN 

_rw 

HOT£ 

I. •• 'ICC F~ "IOIL-. IS. +$i ACTtv\' 
+ 2.2V STAHOItY. 
40~08 'ICC iIII:,svc8Artu 
..... - ..... ,,~ 10 6trrJC:) 

001 UOI UOI UOI UOI 

~ ~ l[>4I.~>'Z '1)11 -UAO u.... UPS UN ~ "" 111M 

.J{)l tt>' lI()Il't'" ~ ~ -t>l 

LS'" 

I~ ~61~9 
L.S04 

....... =..---:. e:,. .... I .... ... ,-
'=-~ --,f. ~~ ~HMATIC DI~ 
....... ~ 

I~ 
c .. u 80t0.ft 

£'_~/3iS-~ -



H 

-

G 

-

F 

-

E 

o 

-

c 

-

B 

A 

8 I 

+. 

{:;' ...... ~ --
85 

I 

7 1 6 J 5 .. 

.~ ~)!!.'CAn:.----+++---

~ 
~ 

~. 
...J.;p== 

I~ r 
!..An 

1 L500 I .... 

~J 
'-----------r --.. -+t ~ 

~ bJ 
LiO. 

_<Ill. 

-_. 

I 

L57;) 
r--

elL 
r--~BI 
~ I 

'''--rr::: 
r--

¥ 
i-~ 81 

~~ 
II·fJ Q ~12. PC 

i-""-!- AI 

~. 
"2L::: 

~! Q~"" 

~r-tA 

~~ 

3 

.. , 

I 2 

NOTES: '¢;.L .. '~'~~..t"1.:o,,1IO. 
I- ALL CNIIlce~ .. uro UMI.(II 

OTHftl _" ut(C"'ID. 

ASrIO LSII 

;;;.,- _. --1--~ ___ ... 

r 

. .. 

...... 

... - . 

......--..... ---... - f·· 

1-- . 

.-.-.-. 
1- ....... - .. -. __ . 

loon 

.. 

:~ t;; 

.~~. 
t; 

~~ 
l~-?-

rl'-
~: LI<~~ t; ~ 

I' I. 

p~~ ~ 
~ t;; 
[> ,. L.. 

~4,. l~ 
~!.f ~I 

I I 

-

• 



" 

UO() 

, 

....a 
'L 

-' In", 
~ 

....§. 

~ 

--' 
I 

IP ,M 

, 

r I • Is • s 

~ 
~ t:i U84 UA' 

:JHI I~ P4I.& 
I 

~. 'I" 40,. 119Jl 
~ 

~ 

1'"' ,. ... 
""' 1""'''"' 

r--------I .. HD¢ ,.-_____ ..... EPC 

.-____ ..... ovQ.E; 

20 " ,I 
u I"'" U7.4~ It ~ CR..CE. 
Ie ? ~ 1'40 z-" sr,,, 
14 II ,.."IJZ "'.Jp4 , 1-=3'--.... OIR 
;13 • ~ M2~4~ __ ~~ 
U III Pli ~ ... ,ca..-__ -+_..;.;"-41 10 SEL1 
11 II 1"10 ~ " 1402 

~ f'l;1 " HOi 
PI'S I. ,., J 

II!. a G p72 IS .. "2 
PTI '''' UJ'4 
P70 1:1 1'1' ~ /.( 

PS3PS2~ tS.£l.- T 

UB7 

UL(!J 

• I 

..L '---__ .... F'L T C 

-
1.7 "'0 a. ,.11 ". . P" 
3D PI:J 
II ,.'If 
31. PIS" 
33 ,.,. 
:1411 ",7 .e 
3. 
:17 

1-

I~~~ 
V 

.II 1£sl ORa,'! 

l,c 
1411 

110 

12 

UFS 

'Ie 

TOUIaetc.U: 

If 14 .001 I' 
FllII!.C DEC AHG 

I,lO MOT SCALE DWG 

I.,... .. • 

,.,lid Di,i'" Det. s,., ... I ... 
II •• ., •• , .. II •• Y." 

$CHEM,ATI( DIAGR~M 
CO t-lTROLLER 

,- llC .... '7'iL- ,..... 11 .... e J"'"'IOF_~l 1'35-28700 -
----~. 



0 

-

c 

B 

-

8 7 I 6 I 5 4 I 3 1 2 I 1 
+C;Is".!A. ~0 5d5~*2.r--1.S~2 5O/51.,IOWR 2UE3\.~ 2. ':£J~/5i~.t/J'I OB~ el~4 ~"!i 

DB~ CL ~. ~ LD3 15r--...§, 1 I IluF3:3., 8 n8 GI14 4.7K 

'+========1LBJ~1~========~4 I~~ ~I SEll. ~ V~·¢-I ~'" ~810RD_ U06 DB 1;2ll.. R2 

g~ ___ -7.�&fi U83 i~ LlZt5 03 4 "'()~"~.I ~.. 4 DBS4 UG~OfIIT· 

.... - -r!~-~~~·~~~~\~·N'~~~~~==~=_~"~~I~' .. ~~--I 
B L!!!/II 0'51- 1117':; .r'R~. 1It.l1r.&.. 

I) 

6 
7 
8 
9 

10 
II 
12 

- (ZE'- ~t"l- PI 'ZDDVc...T"It>N. 110 ,.\/-li lI1!- .. _ 
t~ 'NO CLK ~ 6t>:-: 4 un S 50151RQi·1 IB5 P.IT 

+ I 52/5~1I 5 LS32 ~J\ [14.. .. 5OIsi+. ~ ~ -p ~ 2 ~~f I 13 BAU03 
OATGl 19 

18 

u" 
14 

CATS 13 
!'.AT7 I 

10 
I 080 

lBI 8304 
lB: 

4 )1'1: 
UA3 

6 B 
7 OBI 

EN T/RIR DB7 

; 2~~~ BICWR;~,I918J£' "10 o;n/~~~ ~/'w.I-2I 9""':' ~R~·JTO]QjAU02 
7 6 RI2 • r::::::-r *+.". e U03F-T-..illO~""· -r-rC ;{, iO!UF¥- 5Q'5IRO-2-J ~ 
9 UB2 I:::lz'-~~;';l~;----H_-----' - DB4 20 4 ; 5 LOOPTE5T ~soI~'2-' 12---=--~ L500 5B15B.-+++-II-++H++1 A7.~.-11i'1!9~~~ ~ih 

l'L_t-Il~!+-H--H'13~LS95 1!'14:-~X~1 __ ++-I-+..,..XI~ l574 ~1:3 .20/~~ 13 IOU 1\lllN-I ~ C'2llU- COMCLK 

I ~le~=~XI;::3~=====~~~:t~=~~~ .. X_I_2t--H_XB ~i> -:: 9 8 '51.3-1 ~~-. ~ tl +5 

.J:QIU. 
I ALL RESISTORS IN OHMS I/4W 51. U ... LESS OTHERWISE 

SPECIFIED. 
2, ALL CAPACITORS IN UFO UNLESS OTHERWISE SPECIFIED. 

!I II 

r-i I 17.16~e-X!.;I2;;----t+t-+-t-,....xrl UD4 SEL~f-,2]U03} ~4 "''5~ (\'J'!'o \~~. 8253 

1'iP9 ~n ... 1..,...UE4 'lE.r--.,.1 UF3 II •• Ml':fl /k4 .14 JRI 
~ ~ ~ ':£J/5IRO-3·. G nG1 . $47K +12 

BS'rltttt~r~~~L~s:2~/~~· ______ ~~+4ii-rtl~~rt==~;=======~====~----~r.--------=-----+ ____ ~ftIO~WQt~~ __ ~ ~ll ~UDI l'~ 

~' '" DeQ) 15+:1'20 lor:;:?DB~_ 15 +:.lf20 IO~ nH 15.4 ~I:r 10K 
UC t$OEL ~ 5225 UC2 rr-~4~Di~B~I-H-_tf-+t--!+--rf--!+--+f--":++·_· ~====~14~[52~2~~~~U~O~2lil1l.~~L.!II.l.K:t:i==i~S~2!2~5-::~U~E~2P'i !>~=tiOI!:II:±====~14~IS2:22~5;-UUF:F22~~H--hllH-I-t-+-t-<I-t-~~~1I~ ~12 JBg .. 

LSOO .. l.!:~~20~E~~C~LR~~16~oe:~l2~~~$8~=~$=~I;3~!iO~Ek~C~L~R~Jl~I:>~~~ua~~~tti~~~~j~~O~E~~~~~! c.~31'1~B2g==~~~~31~~~~~1~~~ oum 10 r'l<.UL2~ I I' J2-3I r. I 011 UNLD LD 01'. lJNLD LD 7 DB3 1210R '" ,RLR LD 1'183 RO'[II JLR.o UG I L . yy -

~IO 1719 ISIIB~B-3. II 1:1- 17 9 I!;JIBJU~B-a ~ 17l" IG IB~8.1. L5081 17 9 ISI8~ a; .1 
~ !> BIORDf UBI 9, I UBI 12 I '~ I ~BI [2 ~-5FIt ~~~ ~ g~tll[~ il 15 ~ 1 

UC4('4BIOWR. 1~117J,9 IGbtill94 oB4Lsoe.,,117 9 Isl181il194 LSO~<17 9 1G 18tilt94 ID84 . 1< 1719 16IBI]I!! A:" C218 ~'Y UK4 ~;~;--
'--___ ~14;H uel !--;f5-+++-t++-I"""+-t--H!J!2.~-----:-:H14 UOI ::> DB:> 14 UEI HH4!D~1!l5~1--+ ____ !.:!-I14 UFI 1<; =-'~+'; "I J DB4 --"" n-'- TT5":";' -I-- LSI'l>7 brIO 

;~~~~=-~~=-=-=-~tl~~~~S;2~2~~~~~6~~~~~f:~=r~lB~!16~~~113~1==;5~2~2~5~==~~7~~~~~~::::~I~::S~~~5~;:~~1~DI~IB6~=f~~~~~I~==~~====~16~~~l=ft~ • 2;" rI 
12.1 )67 .!Z. OB7 5225 U7 ,;;t4 L171 ~ 

•~!)[ .• •• H-H-t-t-t-t-++.£BSTI ,+-+-+-HH--..,L:Zi-":'-I Cl'51:;!- 10 UL4"'b'8"---'~2or-...... 3 .. ~ J2.32 
7 LS260 loJ RIIO 14~~13 I RXOt'"- "I ULI 

INTI' .A 13 ~ S 7 '12 R II UC312 SEL3 IB ~EL2 ~UC3 4 1 ELI I ... '".--.1 SELO LS02 9 2 TXO~ LS~32 +I V 

::_'::'IN:':'T'::2'=-=I~~U8SG 9 LSI4 ~ UA2 f ~~~. 1 RDFIF~~S:3cPcf- ~ , ~uc312 IO~':l4/5S& 162;111 LOO:TI~ 5 ~K -JI2~ :r'gAi~ 
~ ~ 7 LSOO r s'!oRi:l 7 OS 22 .. ;rRO 

LS04/LSI4 LS260,e XI0 -=- '----t.-++-t--------•. - .. - .... -------~--.-.. e UJI ~ UL24 D 

6 79 XII I ··Ac 8-0* 8-lll SOJ<.IRD-"'I-t-~:.::13iC~,):.!-----....:I_"q' - OTR 24 ~LI f- ~ J2-Z7 UA2 '''' ~ I''''UC.~J II .> RO 9 ~ ...... 
II XI2 _ 9 tt2 ~~b-R + jr" ."" :;.. ULI 8 C~ 2-2B t~5 A~C I LS08; I '1 ,--il IS _ I ... ~~(A+a.o~ I c"/S' "-" S I 14 '--RoY" I .---.. - ,~ +r. 31 D 0 QJ 0"'0 'OQr-!'" ""I .... ~ UGS I N .... AI fill +5 

B!I An .. ".11 . '" IAE. UD5 AE _ ,,' I" '7 liS xl¢ J 
~ -- ,lS02 ~ I UJ" UJ" I 1 UJS UJJ~ LS20 10--- ~ 12 14 7"7' ~ AD .> - 2 4 7 ... J 1 I f-~ ~G"'-8 J2 C!ORT/'/'\ I CTS~ 86 AORF.I L~: 12 Af _2. US5 I AOAF. LOCK I UF~ 3 2~14 1 I ,---J UH5, +\ ~'l»'L-----.a..q "t-- ~~~~UL~lf"!..k.!."""'- J2-30 

7 ~ I -2 FRST. soe 1'--- LSI7" '-- 1 ~L""'L~7~ ~ J I -.a".>IWR·tf;f..JS} WR 
l B4 L UJ6 - - - - _I:.I::. (1.+0.3¥ UE4 :l12'51. [21 'L--- CTSI 

Ge-RES£T.5.--::-....6 rRST I _2 U RSTI ~ -Ill ~. 7 LS04 !iOI9R01"':~1I RS;;:1 BAUD¢> J-12V UKI ~ZV J2-22 
-COUCLml-{>-- U86 r.I<: 2 UG5 3 ~ OF- J ~ B-1. I UF5 " 

99 '''''K' * I UAi COMCLK . L5t41 U;.B,..::.~"--B......,SColo8lKlI'!L_T--1+~==:::;-r__~!ir-i=I=Ff(=A ... =C::;I-~O~l===t---l ~2 0 9 27 ,... +5 1489 RB r::;.,3yvvl;..:4--_J2._23 
100 .~. "" .1 LSI4 I v fL j UJ6 4 1.S08 DBib r--5i5 :!!i~17 'llC 14 S 9 10K I RNI 
79 . A RBI ~(, BSCLK- '~J.. ~ 5-~ II LS7~.. ;\;~ ~c¥51.1'~_~ E1t-'"!' C'T'S 3 ri2, 1/4 5:UL2 10 RXOI 470 .... ;If\S" AS - ... " "" ~Ju~r8 -,-~ Q,,!Oj '0/"'"""" ~U':Y Rl<O 4 y UK4 13 
8O~UL5 A8~ 82'"A L';'''''' B ~, 81 " '~·l II --<{>-f~!~ 214,4 5 L50e 13 L~(!:!:At!:l,C.L).:.uI2."~-+-----t.:.,----=:.:.:~ 9 F5'" 18 II T 

"'''~ ~" 0 P --.·I~R-- 10 ~ 1X0 19 "" ~ I II I KI XDI J2-24 f )R ~. I UA5 o.4~B UEF LS74 +".)V ~3 LSOR l"---'- =/'!)I KU"" 8 I 7 0 OP TEST I UL4 e! .. ADRDI I LSI4 ~C 3 CK'" 7 10 ~~ B-21 ~UJ~ r-a UHI ~+') L +12 - 4 13 
+5V ~ ~D 12h Q~ IZ U~.-:- r-+-~------Ir-------<l--t-- - DB7 t-:::'I' "" , 2 ~~ 1r---vRvNIV>'-'=-----J2-17 

'--- ~ CLR r -'1 L~Oe 4 J ><u - 22 " 
BIORD LS04 I =- ue.s ~ S II ~ DSR UL2 I DTRI 470 .... 

B I 9 e BlORDI II K 2UF~. Ulol 8AUO~ orR 24 5-

26~ -'" ~5 6 ____ ,v84 BIOWRlI' f?,~F{f~ 13 + I C/D \:!d;- XI I 9 ~ C..~TI 

J2-25 

a IA;» .... .....::===----~-++-+--------...J RXRDYI-~R -_lA+CI-H 08 ~BSCLK B-a JRST4 _ ~JRxROfI ~4ee ~~ D5RI J2-19 

30 ff>WRI 5 UB4 --"-'~ 4 UF6 C I ~ 7; ~ !L. ..£ ~i 0;, 50~IWR·I. 10 WR 20 I KI ~IZV J2·20 
33 IO/IM! :'I UA4 4 10WR ~f'-... 4 I 5<V5F 4 ~4 "9 8 2 L,S 3 ~ Q 0 Olj"'" +~ DB¢> ~ C1S 17 1489, ~K \lN1 

~ ~H I: LSI4 +5~~IO!M r:lUD6 G L-rO-S-(-L-+-----· .... ·---++----+----:-;;LOC::-:·K::----..... +.5V LSCO : UKS UK~I 1'SQ/'!o1-2* ~..--l14G §I RXD~ 41YUK4 A~,lJI(::.:2:.J!:IO~P.X~D!;.2_...2,.:b..41\701\"t!~I2k-------_ .. Jl-15 

3 ~5' ,4 4>-~ 412 BSI LS0817 +5 IS+!" 15 2 4 2 51 LS174 I (11+0-21;1 UJ~ 62':l1" ~ IL5157 B~ 
T '-"'" ,-------" + 7 ~t-S I A ~':£J/5I. 0 Po ~74 1- - - -- r 2.....:ISO.8 TKO I' ~ ~\!I J;!- ilo 7 B4 13 12 ... 2 Q ---1Z.!) Q~ +5 A" 8 52~. J6" n -=:]UJ~ 7 UJ3_ 22 ~I2V R3 ~ ~/>--TJ(-"D~2~J2.16 

.... '-- !, UA4 UCG UCS IICAEt~14 All S C ".>4/".hl. RXRDY2. L574 ~6 1 UGS II T, ""'17 087 ~ DSRIi<i'- (; . 5 10K 0TR2 S RNI., 
J2-9 -=- LSI4 B, S74 AOAF.4 UDS ~ GI II I~ II , I IT 1 LSDB A8 ~ Il Ro _ ~+".) uK2 4 1488 DSRZ J2.11 470 .... 

• ~ALE" j 0.2.. II Q~ .----t'----'~GLA JJl 1~0~5e/5B'1 1 II CS_DTR211 2 UL3 :3 ~6 CARDET2 
+5 BSCLK ';4 I 5 LB a 9- ~ 12. C/D ~ R>4<DY2 1-12V I 4 UL3 J2-12 

AI-C :2UE~ II ;l:- UC~ f IO~5C/5F.' I J4 II _ 5O/5~~~:WI1RT5~ XIZ 
Lo'" =nlS~13e L........ ~~ 9 8 CTS2 7 ~'" ........ BAUD£...' 2 23 UL3 J>=-~=='---------" J2 .. 14 

JI LSI~~--------~--~==~==========~~~~~~~~==±====---t=~::::~::::::::::::::::t=====~, ' 0 
&'!> 8' RST ~r----------""'''--' 9 14&8 I J2-S 

EXWT .... +---....:=-< . _ LSoe 8 CTS3J rRNllO J27 

~ !,O/SlRO~* 9 -.Aee . .I I UK3 >+IZ.V 470.ll. -I UA<O 2 3 L.oCK +5 I LS08 LSOO B-3.1'. IO]UHy- OB0 27 2~ 17 14&9 13 .s R5 5 TXD3 J2-8 
1 AtC. IUD F:: ,'Il. 3 ~ ," ~ ~~ UK4 5 II.{. ~OK 4 6. 

49 "" +12V e 4 -- ~8 SO/51-3*".>_ ~ [I -'-H~ 7, 114 ~~ ""\UK212 RX03 4 UL 12 ,...-------~J2-1 • ....... 1 +~ .. + 12v LS08 , UF6 9 10 UL "'\.. .. RXD Y l?\r I~, II J 
:.L C39 +-C;V 1<0 -_. ("tel-3"t' "..JVH4 LSI 57 II -+~ .. LOOPTEST I 13UK3 

A 4344454G,+5V T Lsoa "'l574 • "~3 8251A I' IOK.'RI; 13 6 4 411 

'/' ~~-~~C~~~~--~~~---1~--+~~~C-2-.4-~+~ ID~' ~~U~~. ~_-7~~+~r '~~ ~UH3 ~ ~tr~~~~~~~i~~I~~L~M~=~~_~r~~A~!C~RiD~~B~~~~~.~~_~_~_!_:1:4:_~ 373841;42 IG ... o T ,01,..1 T 104 ,UIoIS;- 13 I UK~ °UK~ 1 DB7 f-ilR'O ~UKK3') :3~ 00_ ..... _ 
47,48' 1 ;:!..I+Clo"Oo T RXRDY3...!.!rc~p. L514 I.S08 1_ J I~ B I 1-I2V~ ~ 11'w. .f.£ ,',,).I!< 
~",40 _1-12V _"... _IZV.. ill ~3 I L5174 I BAIU~D3 4 ~ I SCHEMATIC 
oN -. BSCLK. 12 6 1._ - - - - - (IRXRoY3 r--~ !>.-cc-....... r~. II·" 1/0 CONTROLLER 

~.~I ""~7.'rrI';-;-,:~cJE I xt3 lI'ARD£Tl. 
.(M0-3 13 UH4 , .. :>0f:,IWR-3. 10 Wit 2. COWCLJ( 2-4 rl"~ 

~---------------j+(~.~. u I ·-135-24700 ro .. ~ -- 8 I 7 1 6 5 4 I 3 1 2 I, 1 



+SV A-

Rib 
.JJO J1 

Sell< 

CIil'-E 

HOIIC 

'......-.0, 
11M .CIOII I· 
FIIAC OK AJIIG 

DO NOT SCALE tift _ .. n 

t------i--i I'IA r. 1/./;11 

c 

REVISIONS 

Sf£ S\.lE£T \ FoR RI!V LEvEl. 

tl ,I J 
... S"Cl I< 

, I I I · , J. J ~r · • · J . . . . 
J I I :S. 6 ;) ~ S , J ~ S 6 

ucr I 

/I I I 
I 

'''~ '103 '63 OtJ lHOEX-

~ VIE'I ~ uE"Z ~ U~L 1 , 
''', iii I" 1/ '1 '''1 Ll 

II /I "1 I. I.l It /I 

+s v 
I 

I IIIJ I,. , 7 ., .J ~ CL$-

oS (, •• ~sr- UFI 
., .. 6S 71 

, 14 "'--.:.0 ,tJ Ii-IS!:-----' 

'I A I. II 
r-------~-----------+_-------4_~.~-----------------~------

~IND~- '! ul=3 

~rNOY H,D '-
-v 

:;JR-

ue, 
IQ P, 

~ 
L 

M5 
,,-e --, 

vDI UG4 
U ... 4 'j 5 

~ 8 5 <f <] 3Z 
( oe 

Ot ~G4 
4 6 

HI OA 

.. "Ii ... Di.i, .. Dat •. J,"e .. lac. 

... " ........ v.1t 

SCHEMATIC DIAGRAN 
-COf.J T RO LLE:R 

.. .. 

~ 
~ I ~ 

r--J ~ 

,-+-:!.c ,JD 7 

" .. ap.t. 

~ '0 

X, 
7 

• 
_-L 

UG'2 
J '63 E 
J. 10 

" 
13 

6 
It 
II 

i 

t'1ItO • I 

MWIt ..... _--------.i 

13S- 29700 '/~ 

J 

U~I 

/I' 

/I 
u:n 
I~' 

r:L 
~ 9.c~~1 
f-!!------~/,-;:O<)~· '''''xr-i' ___ .- $/R-

'-----' t ~ 

'I 

selt 

1 '_I ~---- ... :.wl-

F---'-j" ,J, \-'._' -+ ___ CwR-

! 

I/,TZ 
I ~ I 139 r=-+--+--, 

uJ"S 
_____ . ____ 3~ ,,,5 

1-::---+. __ --1..... S H" _ V 
SND-

UB.3 vOl 
I.; 

S YIIC-

~o.:.l0=--__ -l' r-;-:-
---------'''<] 02. !L- t-~Ol 

I 
r-- I"'T-

! 



HI)! 

INDEX-

RDI-

'ilL I 

I',TC

"'R(a -
TIflf.1I 

wAil 

A04i -

&NO 

WGLII 

RCLOCIC 

"'L IX/(
RC",.", 

RO",.,,
liND 

S'N£.-

"DI-

SFt I 

OIR-

J3 

.- w",,-
- w.o6-

.-II TICK" 

.- WD. 

- RI)6-

wet I( 
10.1011-

WCLI/

ROArli 

'UIIITII

WOA 

SlL 1-

, ...... -----...... 
~r------~-
r.o~--------~---
~~-------i-----J 
r,a~------~-----
~~--------~------~ 
~~---------r-----------~--- ~EL-
~ 

NOTES: UNLfS·S OTHERWISE SPECIFIED 
I. ODD NVI1l3fRfO PINS I TNRIJ :3 7,'11 AND 41 OF 

J litRE CONNE[ TED TIJ GROIJND. 
Z PINS 2,~.t.,B.If,12,15,1I .. ,I' ItND20 OF J3 !'tRE 

CONN£LT£D TO GNIJUND 
3, 'WHEN :JP' IS INSTALLED/ UL 2 IS N07 

IN57 ALLED) Y/ IS INSiI4LLE.D, .:. 

.~-. 

OF4 

i I 
i .s_ 

u"l3 
J I 

.sa 

I 
NC.~ 

liDO .......... ~/O:..j 

3J.1#
S£.LK 1 

IJRH3-~ 

HDI 

, T&"P 

F'L TC 

~L1 

WRH2. -

PI7 

UG7 
/ £,r;-

S~ SI4 EEl I Fo~ REV. LeVeL 

RI9 
lO~ 

5KC-

~--+------~-t--t-t- WRF

TR.I<:~-

~::l 
'-----<. ,""",IE+-_ 'SWR,-

\JR/~/-

......... ".1 
11M .005 ,. 

~------Ir---f mAC DEC ANG 
A "DB &"li.4 Di.itll D.to s, ..... I ... 

.. •• ' •••• IL II •• , .. t 
DO NOT SCALI Oft 

MIA... IN.'' 
~--~--i ~g,r. 4/ ..... 

ute ... 

USEO ON OTY 

SCJ.JE MAi' COl AGRAM 
CONTRoLLER 

.. 
13$-28700 

.... 



'RDI .,D 52 MWR-

RDA.,A ...1 .l'UP7 t 'RDD ~ S ~5 UKS f ;:>."1-_+--____ + ________ ...:.:./Io(l M f t,c-:-~--__, "w/{- /I OA 

RDATA- ..... --f_ .... -a'"1~ ~3 u"JS 11.-._-+ _____ ,;;_"_"_-___ "_--, 
r 3 M"'R~--~/~I ,.~~~ ____ ~ ________________ ~ 

~L? ~-IZ UI-I& 1U64 lOW ... ~ UG 3 

J"'/.Jl> >Wl tfJ' 8 ,(., \J~3&-___ -_-+-----------nn"~ 
I ~ fl. ,J01 It 

tt~ J oICDII.~UllltIi 
~----~~,~~ 

"1" 
'~8 

.~ UJ.45 

JlDD 2r.::-.. ~ 
U-S~ 

~' SHH- '0<1 '2 

SOD 5~i. 

UI-4.r~ 

C'rJ£-
INT-

~~~ /I I. uJ'S It Ptr-8 if 

""" II 1" ~ UGS 
pt...II'40'l. U/(S1' 

(I ., IS 

CIfC.E MRO 
MWR 

Ul'4 

~s.t., 
u"S7 
9$ 

VI«, :t 
--'G"O ~ 

~ 
:J/O 

12 (J~' -= 
/I 

13J Sf,. 

+&It 

I f!!... ~~ uHi '''''' 
-'- fL-L;')~ UN"7 1.50 11 "'()j.2~"--____ ----------;r----"1 ... -----+-----~ ... -,...; oe;.7SII' ~1":......._.-I/~',J..ol S ~ T(.'. 

'l UJS 
IS 

...L.. D' I 
.-----~---------~~ r..:..P~ 5Z VNZ +5V 

.---.+n ~ 
f:b.~ ... ,s'_U_1-I7 ________ :-:/6:_Q M 4 3 U~3r tf 8 ~/O 

"'-IDA 4------------¥. I'll> f:l L 8£. \ :( DI\ " ....... - .... 6AP-
IJIJII- ~t-".----. +j V Sl 

1: \'/00 

-

,.....-... 
11M .00II l' 
FRAC III(; AMI ...-------t---; DO !lOT SCAU owe 

.... w 
1-------1--; 1ft I), r. 

C.IC.C' 

QTY 

• It 

,r,. • I 4 

~ UJ"6 u:J6 
"-10 ~.J.. 

Ii~ 
av PiC-

'u, 

ADas &"I,i •• Di,illl Data S,,,_ lac. 11.'"0., .. la. hr' 

SCl-IEMATI' DIAGRAM 
CONiROLLER 

.. -13S- 28700 



.~'IIC. 

TCLK 

+5V 

12 

5 

4 

I/.,3 

+sv 

+5V 

SL.'1 

UKI 

1 

+5Y 

'8 - - - - - - - - - - -
P(~~~~~--~L----~~~' SL.~ 1 

EPC 
,I 

Rt. 

UPI 

W3 
IOOIl 

RI 

330n 

Ut-ll , 

PFI 

~/-4-----=~~==~~=-t------------~~~P~\~----------~------~YD'I-------~ r--- --, 

StE 5104EET I FoR Rev, LEVEL 

woo 

L----... RbE 

I 7L1' B I ,:9 8.'8 
. I UL!Z T22Pf 

OSC I 1.. 

£:.8 __ "'" rePf t-----I----I 11.. .005 ,0 I'IIAC D€C ANI 
A"DS ."Ii." Di,il" D.t. S,,, ... '.c. 

II ......... II •• '.r' 
L '--_--I (0 PT) ___ J 

DO NOT SCAUi owe ..... .. .. 
t------f.---l Nol', r. ~ 
t------f.---l-

USED ON OTY 

SCHEMATIC. DIJ:lGRAM 
COW-rROLlER 

100 

13S-28700 -



.' , 

r:i 
AI IDS rill 
Mied Ogital Data Systems Inc. r "-

SOMETHING EXTRA IN EVERYTHING WE DO ~ 

516 · 30600 


	000
	0001
	0002
	001
	002
	003
	004
	005
	006
	01-01
	01-02
	01-03
	01-04
	01-05
	01-06
	01-07
	01-09
	02-01
	02-02
	02-03
	02-04
	02-05
	02-06
	02-07
	02-08
	02-09
	02-10
	02-11
	02-12
	02-13
	02-14
	02-15
	02-16
	02-17
	02-18
	02-19
	02-20
	02-21
	02-22
	02-23
	02-24
	02-25
	02-26
	02-27
	02-28
	02-29
	02-30
	02-31
	02-32
	02-33
	02-34
	02-35
	02-36
	02-37
	02-38
	02-39
	02-40
	02-41
	02-42
	02-43
	02-44
	02-45
	02-46
	02-47
	02-48
	02-49
	03-01
	03-02
	03-03
	03-04
	03-05
	03-06
	03-07
	04-01
	04-02
	04-03
	04-04
	04-05
	04-06
	04-07
	04-08
	04-09
	04-10
	04-11
	04-12
	04-13
	04-14
	04-15
	04-17
	05-01
	05-02
	05-03
	05-04
	05-05
	05-06
	06-01
	06-02
	06-03
	06-04
	06-05
	06-06
	06-07
	06-08
	06-09
	07-01
	07-02
	07-03
	07-04
	07-05
	08-01
	08-02
	08-03
	08-04
	09-01
	09-02
	09-03
	09-04
	10-01
	10-02
	10-03
	10-04
	10-05
	11-01
	11-03
	11-04
	11-05
	11-06
	11-07
	11-08
	11-09
	11-10
	xBack

