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SECTION 1
INTRODUCTION

1.1 SCOPE

This preliminary maintenance manual is Volume 3, the last of
three initial volumes planned for publication on Wang Model 928 Word

Processing Systems 10, 20 and 30.

The contents of each volume will include the subject matter as
listed below.

VOLUME 1

A basic Service Manual that includes System Installation, Opera-
tion, Simplified Theory of Operation including block diagrams,
system diagnostics and aspects of servicing and compatibility of
system software and sub-units. This document will be made

available to all service personnel.

VOLUME II

Will contain a complete set of schematics, ECNs, Bill of
Materials (BOM), Mnemonics listings, Furniture, etc. This

document will be made available to all service personnel.

VOLUME I1I

Detailed Theory of Operation for all 928 WP systems. This
document will be distributed to Area, District and Subsidiary
service offices. Copies will be available from Area offices to

interested service personnel only on a request basis.




1.2 PURPOSE

The purpose of this volume is to provide a system theory of
operation for interested field personnel. Its intended use is
directed to those individuals which may now be able to direct field
repairs of equipment which had heretofore been returned to the
factory. This volume provides a ready reference to more fully

understand the 928 system of operation.

1.3 DESCRIPTION

For purposes of this volume, the 928 word processing system has

been divided into four major subdivisions as follows:

A. Master - (CPU, Storage, Floppy Disk, Hard Disk)
B. Workstation - (CRT, Keyboard)
C. Printer - (Daisy)

D. Options - (Matrix Printer, PIO, T.C., etc.)

The 10A, 20 and 30 systems are composed of various combinations

of the above listed subdivisions.

The information contained in this volume is primarily concerned
with the detailed theory of operation via the printed circuit boards

used in the subdivisions mentioned above.
The theory is presented at the chip/component level.

Each subdivision is considered a separate information area within
itself; i.e., all PCBs of Master, all PCBs of Workstation, all PCBs of

Printer, Options (varied selection).

The topics of discussion (the PCBs) within each subdivision are

arranged ia numerical sequence according to the PCB part numbers




within that section; e.g., Subdivision=Section 2=Master, the first
topic is Master Memory (PCB #7201), the second topic is Master CPU
(PCB 7202), the third topic is Master Disk Controller (PCB 7203), etc.

For common PCBs, such as power supplies/regulators and

motherboards, only a brief statement and the schematic are provided.

If this volume is read from front cover to rear cover, it may be
noticed that there are some information areas which appear
repetitive. However, it is the basic philosophy of this volume to
enable an individual to refer to any part for reference and
information. Therefore, relative situations occur to many independent
operations but this relatively must be expressed each time in order to
fully explain the operation; hence the appearance of repetitive

operations - (relative situations common to many opeations).

The following questions and subsequent answers can locate

specific areas within this volume.
Which major subdivision do I wish to examine (choice of 4 areas)?

Once in the appropriate subdivision, which board do I wish to
examine (paragraphs are numbered sequentially in relation to the

PCB part number)?

What illustrations are available to me? (Each major paragraph
has as a minimum the board schematics at the end of the
paragraph. In most cases a block diagram and timing diagram are
available at the beginning of each section - usually as the 2nd

and 3rd page of that section.)

Are the anpundices of any aid to me? (appendices, located at

rear of vulume contain relevant text/table material)

1-3




1.4 BLOCK DIAGRAMS '

Block diagrams are provided for each printed circuit board
discussed in detail. The text of this volume is written directly to
the block diagrams and schematics. The block diagram for each PCB

gives a ready reference of operation and direct general tie-in to the
schematic.

The block diagrams can be readily referenced to a specific page
by examining the list of illustrations located in the front matter at
the beginning of this volume.

1.5 TIMING DIAGRAMS

In most cases, an overall timing diagram has been provided at the
beginning of each major subdivision (usually as the 2nd or 3rd page of
the section). For the Wang options subdivision, the timing diagrams
are contained within the major paragraph being discussed. In some
instances specific timing diagrams have been illustrated within the ‘

subparagraphs to permit a closer look at a major operational element.

Timing diagrams can be readily referenced to a specific page by
examining the list of illuatrations located in the front matter at the

beginning of this volume. , |

1.6 SCHEMATICS

Schematic illustrations are provided for every printed circuit

board. Tﬁerefore, in some cases such as power supplies/regulators and

motherboards, only a brief statement may exist due to the simplicity

of the intended operation. However, a schematic illustration will

always be available as the last page(s) of that PCB discussion

regardless of descriptive brevity.



The schematic illustrations can be readily referenced to a
specific page by examining the list of illustrations located in the

front matter at the beginning of this volume.

1.7 APPENDICES

As an aid to understanding this theory of operation, four

appendices are presented for easy reader reference.

1.7:1 APPENDIX A - Mnemonic Code

All the menmonics used in this volume and on the schematics are

presented in Appendix A.

1.7.2 APPENDIX B - Glossary

Because of the moot definitions of many words and phases, a
glossary of terms is presented as Appendix B so that the reader will ‘

never be in question concerning a specific definition.
1.7.3 APPENDIX C - Related Publications

Where possible reference has been made to those documents which
either initially explain on further enhance the contents of this

volume; and these relevent publications have been listed in Appendix C.

1.7.4 APPENDIX D - R7 Prom Flow Diagram

A flow diagram of the R7 Prom is presented in Appendix D to aid

the reader in understanding the basic "start-up" sequence of the
g p" seq

system.
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1.8 "BARRED"/LOW SIGNALS ‘

For ease of preparation and to aid reading clarity the typical

"barred" signal symbol has been replaced by an asterisk.

e.g., SIE ("Barred" Signal) = *SIE (Asterisk Signal)

1-6




SECTION
2
MASTER THEORY
OF OPERATION




SECTION 2
MASTER THEORY OF OPERATION

2.1 MASTER MEMORY - 7201
2.1.1 GENERAL DESCRIPTION (Figures 2-1 and 2-4)

Master memory #1 PCB 7201 contains 16K of RAM memory divided into
4 banks of 4K each. A PROM memory is installed on the board
containing 1K of memory. There are provisions for an additional 3K of
PROM memory for future use. Both RAM and PROM memories are bank
selectable. The addressing of RAM memory is shared by three functions

controlled by a Priority Function Decoder. The three functions are in

order of priority:

1)  DMA (Direct Memory Access)
2) 8080A (Microprocessor addressing)
3) REFRESH (a periodic recharge of RAM memory)

The master memory board includes the 8080 READ/WRITE decoder,
memory data access buffers and registers with associated enabling
clocks and FIFO control. FIFO control is a logic timing arrangement
for internal DMA bidirectional 256-byte data transfers between the
system disk, master memory and slave memory units. ' - 256-byte FIFO
(RAM) memory is an intermediate temporary storage area on the Master
data link board during data transfers. FIFO control furnishes the
address control and 1/0 buffer clocks for FIFO when storing and

accessing the 256 bytes of data being transferred.

2.1.2 8080 ADDRESS BUS - PROM

The 8080 address bus is used to access PROM memory. The single
1K PROM chip presently being used is L18. The storage capacity of L18
is 1024 8-bit bytes, requiring 10 address bits A0 through A9. Al0Q and
All are used for BANK decoding. BCD to DECIMAL decoder L43 is used
for BANK select (L18 is Bank 0). Address
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Figure 2-1 Master Memory-Block Diagram




bits 10 and 11 will be low at the input of L43 decoder producing a

low output enabling L18. C and D inputs to L43 are tied together and
controlled by the 8080/DMA address multiplexer logic which consists of
L60, L56 and L77. The decode procedure will he discussed below.

L56-1 output is a low while L77-7 output is a high, producing a low at
the output of gate L69-3 which is wired back to L43 pins 12 and 13.
PROM L18 contains the start-up BOOTSTRAP program required to bring the
word processing system to its READY state. See Appendix D for the
flow chart of the R7 PROM (L18) bootstrap program.

2.1.3 8080A ADDRESS BUS - RAM

4 The access to the master RAM memory using the 8080 address bus is
enabled when the PRIORITY FUNCTION DECODER output from L91-10 (8080)
is active low. This low level is applied to L19 and L20, pins ! and
15 gating AO-All address lines direct to RAM memory. The twelve
address lines will access 4096 bytes of data with parity from any one
of the 4 selected banks. The decode for selecting one of the four RAM

memory banks 1is located in the 8080/DMA address multiplexer logic.

2.1.4 8080/DMA ADDRESS MULTIPLEXER

Two DUAL 4-line to l-line data selector/multiplexers L60 and L77
are used to select the desired RAM memory bank and enable the selected
bank for a READ or WRITE. The multiplexed high address bits for the
8080 bus (A12, Al3 and Al4) and DMA bus (A12m, Al3m and Al4m) are
combined with the address (A,B) function select inputs for the bank
decode. Ihe address bits are coded from the PRIORITY FUNCTION DECODER
L92, pins 5 and 9 and represent the 3 binary combiaatine N0EN
01(REF), and 10(8080). A BCD to DECIMAL memory bank decoder L56 has 1
five selection output. All outputs from L56 are active when low. A
PROM read decode is a low at output L56-1. Outputs from L56-2, 3, 4
or 5 will enable one of the four RAM banks. Chip Enabla (CE) is the
clock for the R/W of RAM memory. CE 1is generated in the master clo~k
and is 409.5 ns in duration. Ll4 and L55 are dual drivers required to
enable all four RAM memory banks. The drivers are cnabled by four L40O

NAND gates used as OR gates for 8080 and REFRESH functions. The
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READ/WRITE command for RAM memory is applied to all banks simulta-

neously from Hex Inverter Driver Buffer L30 which has all inputs tied ‘
together. The R/W signal from L77-7 Selector/Multiplexer is decoded

from the DMA disk signal RGA and the 8080 signal*MEMWO. If the output

at L77-7 is low, a WRITE is selected whereas a high output selects a
READ.

2.1.5 PRIORITY FUNCTION DECODER

The priority of the DMA, 8080 and REFRESH functions for accessing
RAM memory are as stated. For 8080 functions, the READ/WRITE decoder
will be pertinent to this discussion. An explanation of the decoder

follows:

A dual D-type edge-triggered F/F L88 latches either the DMA or
the REFRESH requests by resetting the previously preset F/Fs making
either output active low. An asynchronous DMA request at L75-pins 9
and 10 requires inputs*SLTO (Master select) and*SRR (Disk Read
Request). The request is latched on the trailing edge of the input ‘
signal. A REF signal also clocks its request on the trailing edge.
These requests, once set, will remain set until processed and reset.
The request is synchronized by a *PHASE 2 clock at the input of D-type
F/F L89 with an override reset of a permanently wired preset gate.

The output of L89 is active low for either DMA or REF for the duration
of *PHASE 2. At the input of L90 (8-line to 3-line priority decoder)
the 8080 function from the 8080 R/W decoder L96-6 joins the DMA and
REF inputs at pin 6 for priority selection at outputs A0 and Al

(outputs are active low).

The selected priority function is then clocked into L92 latch at
PHASE 1A time which is 58.5 ns after PHASE 2 goes active. The output
pins 5 and 9 are select bits used by L60 and L77 for address and R/W
multiplexing as well as for function decode outputs at L91. The dual
2-line to &4-line decoder L91 receives inputs from L92 which are |

decoded into (two output) active low control signals which provide the

following: '
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1)

2)

3)

DMA--The output at L91-9 enables the address buffers L&44 and
L45, increments the 256 byte DMA address counter L42 and
clocks the data read into the 4-bit D-type 3-state registers
L82 and L83 onto the DMA out bus.

If the decode is a DMA write, buffers L63 and L64 are
enabled for data in from the DMA bus. Three gates L79, L84
and L97 are logically arranged to control the DMA data in
and out. Parity is checked in the data link for all bytes
to and from master memory. The DMA out of L91-7 is used to

reset the original DMA request which is a preset.

REFRESH--The REF request is an active low and processed
identical to the DMA. REF is a clock 585ns in duration
which occurs every 19 us but lowest on the priority list.
REF at the output of L91-11 enables all four drivers for all
RAM banks to allow the same row in each bank to be refreshed
simultaneously during each CE. This method provides all 64
rows of each bank to be refreshed a minimum of every 1.2

ms. Maximum time allotted for REF is approximately 2 ms.
This same REF signal also gates the row address onto the

address bus from HEX inverter buffers L3 and L4. Signal REF

from L91-5 resets the REF request F/F.

8080 READ/WRITE DECODER--The 8080 R/W decoder utilizes
address bit A15 and the READ or WRITE status byte to ini-

tiate a R/W function. The address bit Al5 must be low for

accessing master memory. A WRITE status word will gate a ‘
low output from L94-12 to L95-2. When L95 is clocked by

PHASE 2 and SYNC from gate L96-8, a reset of the WRITE F/F
produces an active low at L95-5 for a period of 585 ns
gating a low output at L96-6. This low is the 8080 write
request at L90-6. The same procedure for an 8080 read
occurs when a READ status byte and address bit Al5 enable an
active low at gate L94-6. The 8080 R/W request is inverted
twice by two NAND gates to generate RDMY at L97-11. RDMY




(READ MEMORY) is active low and forces the 8080 into a busy
(WAIT) state to insure that the accessed data from memory is
stable on the data bus. An 8080 R/W function at the dual
output of LI91 of the priority function decoder enables the
8080 address buffers L19 and L20. The other output at L91-6
resets the 8080 R/W request and also presents a positive
going delayed clock through L79 to L98-3. L98-6 is set low
inhibiting PHASE 1A from resetting the 8080 function until
the next SYNC pulse and PHASE 1A pulse are coincident at
gate L97-6 clearing the inhibit. This is a cycle steal to
guarantee the access of good data. A preset of L98 F/F #2
is used to inhibit a parity check of PROM data in the Master
CPU during start-up and reset. A low signal from L69-3 to
L84-13 sets PROM. PROM is also cleared by the same clear
gate that clears F/F #l.

2.1.6 DMA ADDRESS BUS

The 8080 address bus is split into 8-HIGH ORDER and 8-LOW ORDER
bits for all DMA addressing functions. DMA addressing is multiplexed
for controlling 1-BYTE and 256-BYTE transfers. The scheme for DMA
addressing of MASTER MEMORY is identical to the 8080. Twelve address
bits (AOm-Allm) are used for accessing the same number of addresses
and Al2m-Al4m for bank selection. The DMA high and low order byte
address bits are routed to the data link for addressing the slave
units. The DMA addressing of master memory for a WRITE command will
require a data transfer from the disk controller whereas a READ of
master memory would be a data transfer to the disk controller. The
DMA low order address bus is multiplexed for 1-byte and 256-byte
transfers using L58 and L59. The output bits (AOm-A7m) are routed to
the 7214 data link board. T1f the select is l-byte, the actual low
order address goes to data link. TIf the select is 256~byte, the low
order address output to the data link is all zeroes. L&41 and L42 are

binary counters that are not presettable but are cleared by signal

' OB/C prior to any 256-byte transfers. The counters are incremented

and HEX inverter buffers L44 and L45 are enabled during each DMA

priority decode providing sequential 256-byte low order addresses to
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memory for each R/W command. High order address bits (A8m~Allm) are
routed from the Master CPU to permit 4K addressing. Each byte of data
is addressed to or from memory while under the DMA control of the

PRIORITY FUNCTION DECODER.
2.1.7 ROW REFRESH CIRCUIT

A REF signal from the Master CPU is sent to master memory every
19 us providing a clock for latching the refresh request into L88-11.
When the request is processed, the output from L91-5 (REF) enables HEX
inverter buffers L3 and L4 which present ROW address bits A0O-A5 onto
the address lines. Address lines A6-All are inhibited during re-
fresh. Two 4-bit binary counters L1 and L2 are clocked by each REF
pulse for 64 counts and continues to repeat the count incrementing the

64 row addresses and recharging each row approximately every 1.2 ms.

2.1.8 FIFO CONTROL

The FIFO control logic is intermediate timing circuitry required
to transfer data bidirectionally over the DMA data bus. The internal
transfer of data is involved with the DISK and the DATA LINK paths to
and from the SLAVES. The transfers are timed to meet the slower
access time required to perform the disk read and write functions.
Data on the DMA bus read from the disk or data read from slave memory
to the DMA bus requires a temporary storage area called FIFO (256 byte

RAM storage) to adjust to the transfer timing sequences generated by
FIFO CONTROL.

2.1.8.1 FIFO Control - 256 Byte Write
(Read Disk and Write Data to Slave)

In this type of operation, 256 bytes of data will be transferred
to the Master Data Link FIFO memory from the disk controller. When
the FIFO memory is filled, a 256 byte Write to slave memory will be

initiated by the Master Data Link (MDL) across the coaxial cable.
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When the FIFO memory is completely emptied, OPCOM (Operation
Complete) will be generated by the MDL to clear the DMA control

circuitry on the Master CPU.

The Master CPU selects the disk drive for accessing data (READ).
The Master then sends the TRACK and SECTOR data to the disk controller

for the area to be accessed.

The MCPU then selects the SLAVE that will receive the data and
issues the address (PAGE OF MEMORY) where the 256 bytes of data will

be stored.

When the disk drive READ head is on TRACK the MCPU will read the
disk controller sector counter. When the READ head is one sector from
the sector to be read, the MCPU issues an*OUT B command which causes
the disk controller to read the next sector. *OUT B also sets the Data
Read*(DRD) F/F on the MCPU and causes the Slave Memory Write*(SMWT)
signal to go active. *SMWT is the DMA R/W signal.

The following events occur during the 256-BYTE WRITE:

1) The 256 Byte transfer signal (256 BYTR) is presented to the
Instruction buffer at L96-6 on the Master Data Link to ini-
tiate a DMA transfer to slave memory after the FIFO memory

has been loaded from disk.

2) While the disk controller performs the read, it generates
the signal*SRR (Set Read Request) after each byte (eight
bits) has been read from the disk and serially loaded into
the controller S/P register. *SRR is routed to the FIFO
CONTROL logic on the Master memory board.

3)  SRR¥*is NORed with*DRDG (Disk Read Gate) to develop a*FICK

(First In Clock) signal that will load the disk data into
the input buffer register for FIFO on the MDL.




4)  SRR*is also used to generate a*DCG (Disk Counter Gate) and
FIWT*(FIFO Write) signal (outputs from FIFO CONTROL) which
will first write the data into the FIFO*(FIWT) and then step

the FIFO address counter to the next logical address *(DCG).

5) This sequence will continue until the FIFO is full (256

Bytes):

a) Read serial data from the disk and assemble 8 bits in
the disk controller S/P register.

b) Develop*SRR on the controller which generates a*FICK on
the FIFO control used to write data into the input
buffer of the FIFO memory.

c¢) The trailing edge of*SRR clocks a FIFO write request
into F/F L73-8 on the next PHASE 2 clock. This
generates*DCG and*FIWT to write data from the FIFO
input buffer to FIFO.

d) The trailing edge of*DCG will increment the FIFO
address register to the next logical address.

e) When the FIFO is full, the DCE F/F on the the MDL will
set and flag this condition. DCE (Disk data complete)
is ANDed with 256 BYTR and SMWT producing signal 256SD
initiating an Operational Start (OPS) for transferring

data to the selected slave.

The portion of FIFO CONTROL used to access data from FIFO and

write it onto the system disk during a 256-byte read of the selected

slave memory is as follows:

2.1.8.2 FIFO Control - 256 Byte Read

(Read Slave Memory and Write to Disk)

In order to perform a slave memory 256 byte transfer to a system
disk, data must be read from the slave memory and transmitted to the
Master Data Link (MDL). The data will be written into FIFO memory on
the MDL. There is no requirement, as there was in the case of a slave
memory write, for the disk controller to wait until the FIFO is full

to commence addressing data from FIFO and writing it onto the disk.




When the slave desires to transmit data to the disk, it will

initiate a request to the master to perform a disk write from a .

specific page of slave memory and from a selected slave.

The Master CPU will put the page address into the page address

register, select the slave memory to be accessed and the system disk

drive which is to write the data.

The Master CPU will then output to the disk controller the track
and sector of the disk to be written, and begin reading the sector
counter to determine when the head is one sector away from the sector

to be written. When this occurs, the MCPU will issue an OUT OC )
command (Disk Write).

The data transfer from the slave to FIFO memory is covered in the
MDL discussion. The FIFO CONTROL does not become active until the

signal*SSM (Send Slave Memory data) becomes active on the MDL.

SSM*becomes active after the first byte of data is loaded into ‘
FIFO from slave memory.

The following steps are performed by FIFO CONTROL:

a) SSM*develops*SCG and*FICK clocks. *FICK will clock the data,
assembled by the MDL S/P register, intb the input buffer of
the FIFO. *SCG will enable a*FIWT to write the first data
word from the buffer into FIFO.

b) The trailing edge of*SCG will increment the slave address to
the next logical FIFO address.

c) After each word is loaded into the S/P register the above
steps are repeated until 256 bytes of data have been
received by FIFO memory on the MDL.

d) Because there is no requirement for the disk controller to
wait until the FIFQ has completely loaded, the controller
will issue an*SRR when it is at the point where it must

write the first byte of data onto the disk. ‘ Q
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e) SRR*will again activate the FIFO control to output disk data
in clock*DICK that loads the FIFO output buffer and a
DCG*that will step the FIFO address counter to the next
address to be read. *DICK enables the data byte onto the
disk Data In bus*DIO-DI7.

£) SRR*will be generated 256 times for the complete page of
data. When FIFO is emptied the DCE F/F will again flag the
end of a 256 byte read of slave memory and the write of 256
bytes to the disk.

2.1.9 MASTER MEMORY DATA BUSSES

Access to master memory for external R/W operations include’ PROM
and RAM memories. PROM is a read only device and accessed by the
logical decode of memory bank select and R/W decode at the output of
L69-3 which enables data out of buffers L61 and L62 with no parity.
The PROM data is then latched by L80 and L81 onto the 8080 bidirec-
tional bus by a memory read and address bit Al5 (not active). Data is
written into RAM from the 8080 bus during an 8080 function when gate
L84-3 enables inverter buffers L65 and L66. A parity bit is stored
with each byte. Data from the data link with parity (DF10-DF17, DPY)
is written into RAM when inverter buffers L63 and L64 are enabled by a
DMA function and decoded WPITE signal at the output of L84-8. Data
read from RAM and gated onto the DMA bus (DIO-DI7, SI1) is clocked
into latches L82 and L83. The parity bit SIl is controlled separately
by a HEX inverter buffer L63 and picked up on the data link board with
serial data. The clock is a negétive going pulse of 409.5 ns duration
being enabled by CE which is the length of time that the data appears
on the DMA bus. The clock is gated out of L97-3 which alse clacks **-
parity bit out of L68 for the 8080 bus as well as the DMA bus. Two
separate clocks are used for gating each parity bit separately onto

their respective busses.
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2.2 MASTER CENTRAL PROCESSING UNIT (CPU) - 7202 .
2.2.1 GENERAL DESCRIPTION 8080A MICROPROCESSOR (Figures 2-3 and 2-4)

The 8080A microprocessor L71 is a single chip packaged in a 40
pin dual in-line plastic housing that allows for easy interfacing.
The 8080A has a 16-bit address bus, an 8-bit bidirectional data bus
and fully decoded, TTL-compatible control outputs. The 16 address
bits support up to 65K of mixed RAM and PROM memory as well as having
the capability of addressing up to 256 input and 256 output ports
(maximum number presently used is 21). The timing clocks used for the
8080A are generated from an external 17.10 megahertz crvstal oscil-
lator. The following discussions will include all circuitry used on
PCB 7202 (MASTER CPU) that is required to support the word processing
functions of the 8080A.

2.2.2 SYSTEM (MASTER CLOCK) TIMING

The master clock timing circuitry consists of eight D-type ‘
flip-flops L55 and L56 in MSI package (74174) driven by a 17.10 MHZ
crystal oscillator. The F/Fs operate as frequency dividers to
generate the critical PHASE 1 and PHASE 2 clocks used to control the
8080A (see Figure 2-5 A & B). These two clocks, when referenced to
the master clock frequency CK (58.5 ns), operate at a divide by 10
frequency, each clock occurring at a 585 ns rate. PHASE 1 and PHASE 2
are none overlapping clocks (see Figure 2-4) and are used as the STATE
time clocks, Tl1, T2, T3, etc., for each 8080A instruction Machine
Cycle Time (MCT). 8080 instructions (78 total) are a minimum of one

MCT in duration and a maximum of five. (See Figure 2-5A.)

Internally, the 8080A generates additional control clocks SYNC,
DBIN and WR using Phase 1 and Phase 2. These clocks provide the

timing for the following functions:
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SYNC-The 8080A identifies the machine cycle in progress by ‘
issuing an eight-bit STATUS word on the data lines DO-D7 during

the first state (T1) of every machine cycle. During the SYNC

interval, the new status word is latched into the status register

where it is held for the entire machine cycle providing control

signals for external circuitry.

DBIN-This signal always occurs during the input of data to the
8080A on the bidirectional data lines after a fetch, memory read
or peripheral inputs to the processor. The signal is generated

by a Phase 2 clock during T2 state.

WR-The 8080A generates this signal for the synchronization of all
external OUTPUT transfers. The negative leading edge of WR is
referenced to the rising edge of the first PHASE 1 clock pulse
following state T2.

Other clocks that are produced by Master Timing are CE, CTWT and .
PHASE 1A. These clocks will be described during the discussion of

other areas of the Master.

2.2.3 STATUS REGISTER

The status register L4 latches status words issued from the 8080A
microprocessor data bus during SYNC time and in turn uses the direct

control outputs to perform the following operations:

1) MEBIN-1 Byte transfer input from slave memory to master CPU
and from master memory to master CPU. *MEMR is debug input
to perform 1 byte transfer.

2) *INP-Used to decode address of input port that is going to
be active this MCT.

3) *Ml-Provides an output that indicates the CPU is in the first

MCT fetching the first byte of an instruction, i.e. Instruc-

tion Fetch. '




4) *OUT-Provides a signal that indicates the output device:
addressed has output data on the bus when WR becomes active,
i.e.: Output Port.

5) *MEMWO-Provides an output that will write or read master and
slave memories. If active it will write, inactive will read.

6) *INTA-This interrupt acknowledge generated by the 8080 CPU
is used to acknowledge an interrupt. INTA Qill gate the RST
instruction onto the 8080 data bus. RST contains the vari-
able 3 bit field which will cause the 8080 program counter
to be loaded with the address of the first instruction of
the interrupt service routine. This variable 3 bit field
will change in accordance with the priority of the calling

interrupt.

Each status word is clocked into the register when the positive
transition of the clock occurs. SYNC and PHASE 2 are ANDed at L69 to
load the status word. See STATUS WORD TABLE for active data bits used
for each word (Table 2-1).

2.2.4 " IN/OUT COMMAND DECODERS

The 8080A CPU is designed with INPUT and OUTPUT ports to permit
communications with the outside world. The outside world being the
associated peripherals that make up the WORD PROCESSING systems 10, 20
and 30 which include WORK STATIONS, PRINTERS and other options. The
logic used for performing the output commands are BCD to DECIMAL
decoders L74 and L75. See Table 2-2 for all IN/OUT commands. At the
present time there are 16 OUTPUT commands which can be selected by
using the 8080A address bits A0 through A3. A3 is NANDed with OUT and
WR at L41 (2 gates) to the MSB (D) of the decoders. The OUTPUT
instruction consists of three MCTs. The first MCT loads the FETCH
(M1) status word into the status register and performs instruction
FETCH. The second MCT is a memory READ. The third MCT loads the
status word OUTPUT WRITE which produces signals OUT and WR which ANDed
with address bit A3, synchronize the external transfer of the DEVICE

identification number (Output Port).
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TABLE 2-1
8080 STATUS WORDS AND DEFINITIONS

TYPE OF MACHINE CYCLE

STATUS WORD CHART

MACHINE CYCLE NO. 1

1

0

1

INTA

ouT

INP
MEMR

Do

D7

928 ONLY
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TABLE 2-2
‘ INPUT/OUTPUT COMMANDS - MASTER CPU

COMMAND DESCRIPTION
|
| Trap O Startup
1 Trap 8 Parity error or data link error from the slave
| Trap 16 Clock Tick
| Trap 24 Debug (Debug option only)
Trap 32 Parity error on master
Out 00 Traps selected slave to 00
| Out 01 Selects disk drive
Out 02 Character to line printer (Debug option only)
Out 03 Move + (Move option only)
Out 04 Move - (Move option only)
Out.-05 Step head forward (floppy/seek (Hard Disk))
Out 06 Step head backward (floppy)/Restore (Hard Disk)
Out 07 Load first header byte
‘ Out 08 Load second header byte
Out 09 Select Slave
Out OA Page (memory) address
Out OB READ
OouT 0OC WRITE
Out OD FORMAT
Out OE COMPARE (move option only)
Out OF Clear the coaxial channel
In 00 Input disk status
In 01 . Read disk sector counter
In 02 Read program level switches
In 03 Load Head
In 04 Unload Head
In 05 Printer status (Debug only)
In 06 Keyboard (Debug only)
| A In 07 Input CPU status of selected slave
' In 08 READ 256 Bytes (move option only)
} ‘ In 09 WRITE 256 Bytes (move option only)
|
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The IN COMMAND DECODER logic consists of one BCD to DECIMAL
decoder L76. There are six IN commands I0-I4 and 17 requiring address
bits A0, Al and A2. See Table 2-2 for identifying IN commands. The
MSB (D) input at L76 inhibits any IN commands by remaining high except
during an IN instruction. The output pin 6 of OR gate L39 is active
low when doing an IN instruction permitting only the three low order
address bits to select the IN read device. Most of the IN/OUT

commands will be covered in the following discussions.
2.2.5 TRI-STATE DATA BUFFER

The 8080A data bus buffers are bidirectional consisting of four
high speed HEX TRI-STATE INVERTERS. L59 and L60 are the input buffers
enabled by*DBIN. L58 and L61 are output buffers enabled with WO and
not *SYNC. The buffers are in a high Z state when disabled which
permit DIRECT MEMORY ACCESS (DMA) to be performed while the 8080A is
forced into a WAIT (busy) state. In essence, the data bus is dis-
connected from the processor. The unidirectional non-inverting 8080A
address buffers L46, L47 and L48 are enabled at all times allowing the
address lines to remain active during DMA sequences. DMA operations
are performed on a cycle stealing basis and access to Master memory is
arbitrated on the Master memory board. The address buffers are

non-inverting.
2.2.6 PROGRAM LEVEL SWITCHES (Finger operated)

A set of finger switches are mounted on the 7202 Master CPU board
and labeled SW #1. They are set to specific positions for decoding
the correct software that is to be used on WANG WP Systems 10, 10A, 20
and 30. The PROGRAM PROTECT STATUS circuitry consists of the switch
and two HEX TRI-STATE buffers L35 and L36. The outputs of the buffers
are connected to the 8080A bidirectional DATA bus. The code setting
of these switches, when compared with the software code, determines
whether the initial code setting from the buffers is correct. If not,
the machine will hang and no processing will be done. A number (2)
will appear on the CRT screen indicating that the code setting is

incorrect. An INO2 (12) is used to READ the code.
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Signal SW 8 at pin X1 is connected to a toggle switch located inside
the front panel of the MASTER CPU of every WP system 30. This Utility
Load Transfer Switch (ULTS) when closed (Down-0 volts) selects the
SYSTEM HARD DISK operation used with SYSTEM 30.

2.2.7 CHANNEL SELECT

Presently, the maximum number of channels available on any WP
System is fourteen. The channel select circuitry will only furnish
sixteen using the binary combinations furnished by four DATA BUS bits
DOM-D3M. The Master is selected by*SLTO. The selection of any
channel is done with OUT instruction (09). *SLTO is routed to the
MASTER MEMORY 7201 board for determining priority of functions. SLT1,
2, 4 and 8 are wired to the DATA LINK 7214 board for selecting the

desired channel to the slave peripheral.
2.2.8 PRIORITY INTERRUPT DECODER

The 8080A has a built-in capacity to handle external interrupt
requests. The priority interrupt circuitry allows the external
devices as well as the MASTER to interrupt the current program for any
of the below listed reasons. The interrupt (INT) 8080A input is
asynchronous therefore a request can originate at any time during any
MCT. Internal circuitry will reclock the request to correspond to the
internal clock. The Master currently supports five interrupts. If
more than one interrupt occurs at the same time, the order of priority

is as listed below.

1)  RESET-TRAP 0-Used for startup.

2)  TRAP 8-Parity error when master reads slave memory with bad
parity, or an error in coaxial transmission occurred (DLER).

3)  TRAP 16-Clock tick (TCCLK).

4)  TRAP 24-Debug (Involves the use of a software DEBUG monitor).

5)  TRAP 32-Parity error when master reads its own memory with

bad parity (ME).
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The priority interrupt decoder uses two dual D-type ‘
edge-triggered F/Fs, L37 and L49 for latching TRAPS 8, 16, 24 and 32,
If a TRAP 8 (DLER) was to occur, the following events would take
place. Pin 5 of L37 goes high making pin 5 of L13 high. This
quadruple D-type edge-triggered F/F latches the interrupt when clocked
by AND gate L69. Inactive status word INTA (high) is ANDed with the
trailing positive going edge of PHASE 2 gating the interrupt bit into
an 8-line to 3-line decoder L14 making output pin 9 high (code 100).

L14-14 goes low inverted by L7 and applied to the 8080A interrupt
(INT). This input sets the 8080A INTE F/F internally initializing the
interrupt routine which cannot start until the current instruction is
completed. The INTERRUPT machine cycle which follows the enabled
interrupt request consists of three MCTs. The 8080A issues the status
word INTA (INTERRUPT ACKNOWLEDGE) which is inverted and NANDed with
DBIN gating a coded RESTART (RST) 8 bit byte onto the 8080A data lines
from buffers L1 and L2. The RESTART (RST) is a single byte instruc-
tion and the interrupt codes are buried in data line bits D3m, D4m and ’
D5m. The interrupt timing sequence Machine Cycle Times 2 and 3 are
used to store the PROGRAM COUNTER into two locations designated by the
STACK POINTER. The RST instruction byte sent to the 8080 will be
decoded into the trap addresses. Each of these call codes is
multiplied by a factor of 8 thus producing the addresses presently
used in the TRAP table above. The code presented to the data bus is
also presented to a BCD to DECIMAL decoder L24 which generates the
CLEAR signal for the interrupt latch, in this case CL1. A BCD to
DECIMAL decoder L24 output will reset the latch that contained the

interrupt. -
2.2.9 TCCLK-(10 ms timer-CLOCK TICK)

All TRAPS are self explanatory with the exception of TCCLK. This
10 ms timer interrupt circuitry is used for disk (Floppy/Hard) pro-
cessing. Due to the nature of the disk drives (slower access and

write time) and the associated controller, all disk processing occurs .




during TCCLK interrupts. The clock tick circuit consists of four
synchronous 4-bit counters L9, L10, L11 and L12 arranged to count down
PHASE 1 clocks generating a clock (C4) that occurs every 19 us and a
tick clock (TCCLK) that is generated every 10 ms.

2.2.10 REFRESH TIMING-(C4 clock)

Clock C4 is the gating signal for REFRESH. Master memory
consists of TMS 4050 high speed dynamic Random Access Memory (RAM)
chips. A precharge (refresh) of the cell matrix is required approx-
imately every 2 ms or less. By addressing any row, all 64 bits in
that row are refreshed. A period of every 19 us has been selected as
the clock refresh time. The refresh clock is applied to row addresses

AO0-A5 in 64 counts which takes a period of approximately 1.2 ms with

no time sharing.

A presettable binary counter latch L64 is cleared at TURN ON
time. A count of four REF signals are required to set L64-2 high.
This provides burst refreshing after a high speed memory move. Cé&4
clocks occur every 19 us, therefore permitting the machine cycle (M1)
output to enable L33 F/F to be clocked during each instruction by
DBIN. Every DBIN clock. produces a REF clock which is fed back to gate
1.39-10. *REF clears L53 for the next C4 clock. Prior to the four

count of the L64 counter the refresh clocks occur at a high rate, but

settles down to a refresh occurring at the desired rate of every 19 us.

2.2.11 DMA, 1-BYTE, 256-BYTE CONTROL LOGIC

The organization of all memory in the 928 system is central ‘o
the MASTER CPU even though it is multiport in nature. The memory is
organized into a number of banks each supported by an 8080A micro-
processor. Each 8080A can access its own memory by means of 16-bit
addressing. The MASTER, however, can address all banks of memory via

the processor communication channel using 24 bits of addressing (8




bits of which are used to select the bank). The master, in addition
to being able to directly READ and WRITE from or to slave memory, can
also command the disk to READ or WRITE from or to a selected bank of

memory.

The control logic required for data transfers utilizing the
processor communication channel (DMA) is designed to prevent other
functions from taking place while DMA transfers are in progress. Data
can only be transferred in single (1-byte) or 256 bytes of data (BLOCK
OF DATA). A block of data represents the maximum data that can be

transferred in one DMA priority period.

A 1-byte READ/WRITE is the method used to address slaves (OUT
commands), check status of slaves and retrieve semaphore requests
using (IN) commands. A precise protocol is used for all data trans-
fers. The STATUS of each slave must be certified before addressing
the desired data. The protocol requires a header byte be sent to each
slave prior to any type data transfer. The header byte serves the
purpose of identifying the operation when decoded in the slave as well
as certifying the operation of the data link. The STATUS byte is then
read into the 8080A for checking before any data is transferred. The

STATUS byte is retrieved from the SLAVE as follows:

2.2.11.1 STATUS

STATUS F/F is set with INP and ADDRESS 7 at gate L21 with
clock*PHASE 2 SYNC. L43 output pins 8 and 9 are signals *STATUS and
*INST which control the loading of a header byte into the data buffer
of the DATA LINK board and clock the STATUS byte from the slave onto
the 8080A data bus. Signal *STATUS is low gating a high output from
gate L54-11. The positive transition clocks the STATUS/1-BYTE F/F L33
setting the Q output low and forcing the 8080A into a wait state.
*INST initiates the transfer of the STATUS byte from the slave into
the master data link and*SEMST is true when DBIN is clocked. Signal
OPCOM from the data link indicates that the STATUS byte transfer is

complete.
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When OPCOM is true, the J-K F/F L79-12 is set, driving L27-3
high. This allows L65 to count from a deficit value to full count
with a CARRY OUT (CO) which is used to delay the clearing of the
operation until it is completed. J-K F/F L79 is set by the CO bit
and*PHASE 2 clock generating*OP which clears L79 and*STATUS/1BT latch
at L33-13. The Q side of L79 is used to clock L28 with PHASE 2.
L28-9 ANDed with PHASE 1 gates a low from L6-6 and a low from L27-6
(OPC) clearing the STATUS latch L&3.

2.2.11.2 RESTART

A RESTART instruction is initiated by an interrupt and in this
case it is a data link error. The 8080A issues an OUT O which clocks
L32 F/F RSTRT. A header byte issued by the 8080A follows the RSTRT
signal to the data link board clearing the error. This procedure will
be repeated several times if required. If the error cannot be
cleared, the system will lock up until the error is repaired. OPCOM

is used to clear RSTRT and the procedure is the same as above.

2.2.11.3 1-BYTE READ

A 1-BYTE READ is processed by the 8080A issuing an OUT 9 with a
data byte address for the channel selected. Any slave channel
selected forces signal SLTO to go high. SLTO is ANDed with address
bit Al5 at gate L52 enabling F/F L43 to be set with clock*PHASE 2
SYNC. The outputs of L43 are signals*1-BYTE at L43-6 and*1-BYTR at
the output of L66-6. *1-BYTR is routed to the DATA LINK board for
starting the 1-byte read. *1-BYTE gates the high and low order address
bits onto the DMA address bus. *1-BYTE also gates the output of L54-11
high enabling*SEMST for signal DBIN which gates the single byte of
data on to the 8080A data bus. OPCOM goes low sfter the read is com-
pleted. The 1-BYTR at L43-5 is ANDed with MEBIN to produce a deficit

count of 7 us in L65 before the 1-BYTE operation is terminated.




2.2.11.4 1-BYTE WRITE

A 1-BYTE WRITE is similar to a read. *0UT9 clocks the selected
addressed channel out of L17 register and the 1-BYTE F/F L43 is
clocked set by*PHASE 2 SYNC. *1-BYTR is inverted by L72 and connected
to L52-12. *1-BYTE enables the slave high order address on to the DMA
bus and 1-BYTR ANDed with MEMWO gates a high input to L38-11 producing
an active*SMWT. *SMWT starts the DATA LINK operation of writing the
address and data to the addressed slave. Once the data byte is

written the data link sends*OPCOM terminating the 1-BYTE write

operation.
2.2.11.5 256-BYTE READ

A 256-BYTE READ is similar to the 256-BYTE WRITE, however, the
procedure of performing a READ vs a WRITE must be clarified. A disk
Read operation requires the Master to select the type disk (FLOPPY or
HARD) that the data will be READ from and the selection of the channel
to which the data will be transferred performing a WRITE sequence.

The reverse will be true for disk Write which requires a read of the
slave memory and the transfer of data to the disk for writing. When a
channel is selected for a R/W, SLTO is inactive (HIGH) which enables
both D-type F/Fs L53 and L62 to be set by either OUT B or OUT C. Upon
receipt of an OUT B, a read of 256 bytes from the selected disk to the
appropriate bank and page of the selected channel will commence. OUT
B clock sets L62-9 high (DRD) enabling*SMWT. L62-8 is set low (DRD)
enabling the clock that rets L53-9 high gating L52-8 high (256 BYTR).
These two signals*SMWT and 256 BYTR initiate the write sequence for
the 256 byte transfer to the data link. L63 is used as an OR gate for
OUT B and OUT C to generate a clear pulse OB/C for the DMA low order
address counter mounted on the memory board. This occurs prior to
every 256 byte transfer. At this state of the transfer the data is
stored in an intermediate storage area called FIFO located on the data
link board. The final transfer will be discussed in DATA LINK as well
as the method used to store the data in FIFO.
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2.2.11.6 256-BYTE WRITE

The 256-BYTE WRITE commences after the channel select has been
completed. SLTO enables L53 F/F which is set when OUT C is issued.
L53-9 enables signal 256 BYTR and SMWT is inactive. A 256 byte READ
of the selected slave memory commences and datalis transferred from
the slave to the FIFO storage area on the data link board. The 256
bytes are then transferred from FIFO and written on the disk by FIFO
CONTROL and signals from the disk controller which in turn is

controlled by the master.
2.2.12 DMA ADDRESS BUS AND PAGE ADDRESS COUNTER

The PAGE ADDRESS COUNTER consists of two synchronous 4-bit
counters L15 and L16 used to count pages (PAGE=256 bytes). The page
counter will increment after each 256 byte transfer. The page count
is multiplexed with the high order addressibits from the 8080A to
allow l-byte and 256-byte transfers to be executed using signal 1-BYTE
control. 1-BYTE will be true for l-byte transfers. The incrementing
page signal PGINC will occur prior to each 256 byte transfer (1) when
256 BYTR is selected or (2) when the master has been selected for
multiple reads from the disk. *SLTO NORed with*INIDF enable signal 256
BYTR to produce a*PGINC (Page Increment) after each 256 byte transfer.

2.2.13 PARITY GENERATOR AND PARITY CHECK CIRCUIT

Parity generator L3 generates a parity bit D8pout for each data
byte issued from the 8080A and stored in memory. The parity bit is
stored in memory with the byte. Conversely each data byte read from
memory going to the 8080A via the data bus has its parity bit D8Pin
checked. D8Pin is generated on the memory board and wired to the
Master CPU at L5-9. L5 is an exclusive OR gate having signal DP8out
connected to L5-10. Either of these two inputs indicate a parity
error, setting up a memory error (ME) condition by enabling the input
to L30-12. The signal for clocking F/F L30 comes from L29-6. This
4-input NAND gate requires the following inputs:
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1)  MEBIN active.

2) PROM not active.

3) TB not active.

4)  READY F/F L68-9 set to enable L69-9 which ANDed with PHASE 1
GATES the output of L69-6 low for the period of PHASE 1.
The trailing edge of PHASE 1 sets the L30 F/F which sets the
(ME) F/F L49 in the PRIORITY INTERRUPT DECODER. The TB F/F
L30-6 is used to inhibit the clock for setting the (ME) F/F
during 1-BYTE transfers. The parity checks for 1-BYTE

transfers are processed in the DATA LINK.

2.2.14 RESET AND READY/BUSY

Reset (RESM) and ﬁ/B are inputs to the 8080A microprocessor and

are used for the following reasons:

RESET-An external RESET signal of three clock period duration or
more will restore the internal program counter to address 0000OHEX
thereby commencing program execution at its starting point. A
reset of the operating registers and a prior operation are also
cleared by a Reset Machine signal (RESM) and RSOP. The ini-
tiating three reset inputs are applied to NAND gate L8. Input
RESET is a microswitch located inside the front grill of the
Master CPU. AUTO-RESET signal is generated in the power supply
board 7206 during startup. RES is an input from the DEBUG unit.

READY/BUSY-All memory cycle times require at least three clock
times Tl1, T2, and T3. If the 8080A processor has to wait for the
data being accessed from memory than a WAIT state is added to the
MCT. The memory board 7201 generates a RDMY signal causing a
longer access time hence when the RDMY goes low the READY input
to the 8080A goes low freezing the processing of the instruction
for one or more WAIT states until memory releases the wait
response. L40 is a three input AND gate and RDMY is the only
active input other than the DEBUG (TWR). MOVOPT is a potential

future option.




2.2.15 A & B CLOCK GENERATOR FOR DISK

The A & B clock generator for the Floppy and Hard disk is
designed for disk Write and Read operations. The 10 mhz crystal is
used for both disks, however, the logic is arranged to provide two
sets of clocks. The frequency of the clocks for the hard disk occur
10 times faster than the clocks for the floppy, however, the phase
relationship for the A and B clocks for each disk remain the same.
These clocks illustrated on Figure 2-6 are used for controller bit
time and clock time and represent the timing of internal controller
functions. The generator is controlled by two signals provided by the

disk controller board 7203 namely*FDS (Floppy Disk Select) and*RSAC
(Resync Allow Clock).

2.2.15.1 A & B Clocks for Floppy

The Floppy Disk Select*(FDS) signal from the controller board
7203 is true (low) when the floppy is to be used. D-type F/F L62
toggles for each 10 mhz clock (divide by 2) while L51 F/F remains
reset having been cleared by*RSAC. The output of NOR gate L38-10
clocks the synchronous 4-bit counter L50 that was previously loaded
with a deficit count of 10. Each clock has a width of 200 ns and
occurs at a 500 KHZ rate hence the time required to fill the counter
and produce a Carry Out is 2 us. Each CO alternately produces an A
clock and a B clock and reloads the counter with a count of 6 after
each clock. *RSAC is the clearing signal for the A & B clock generator

and also inhibits its operation.
2.2.15.2 A & B Clocks for the Hard Disk

The Hard disk is selected by*FDS signal being high. *FDS enables
the L51 F/F to be set when the L50 counter is initially filled after
the*RSAC signal is released. The CO signal is inverted by L72
reloading the counter and clocking the L51 F/F set. Setting L5l

provides a D input to the counter and logically conditions the output
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of NOR gate L38-10 to clock the counter with 100 ns clocks generated
by the 10 mhz crystal oscillator. After each CO the counter will be
loaded with a deficit count of 2 which will produce alternate A & B

clocks at the times shown in Figure 2-6.
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2.3 MASTER DISK CONTROLLER - 7203
2.3.1 GENERAL DESCRIPTION (Figures 2-8 and 2-9)

Tue Disk Controller board 7203 is the interface between the Word
Processing Master Central Processing Unit (MCPU) and two disk drives.
The WANG word processing system WPS 20 has two floppy disk drives and
the WPS 30 is equipped with one floppy and one hard disk drive. The
hard disk is commonly referred to as the Fixed/Removable disk. Both
floppy and hard disk drive types are controlled by a series of input
and output commands issued by the MCPU which permits the selected
system disk to transfer data to and from any selected bank of memory
via the processor communication channel (DMA). The commands for both
floppy and hard disk drives are general enough to permit incorporation
into a single system. The characteristic details of the disk drives
are available in WANG published documents (Refer to APPENDIX C);
therefore only the logical descriptions of circuitry and signals on

the disk controller board will be found in this document.

The two primary operating functions, controlled by the disk
controller and performed by the drives, are the "READ" and "WRITE"
commands (OUT OB and OUT OC) respectively (Figure 2-9). These
commands result in data being read from the disk and transferred to a
memory bank or a write to the disk of data transferred from a memory
bank. The data is transferred in 256 byte quantities, at one byte
intervals. The 928 memory is multiport, therefore the selection of

any memory (Master or Slave) is accessible for disk READ/WRITE

transfers.

The time required to internally transfer data is strictly a
factor of the type of disk drive selected. The Hard disk can read and
write data at 10 times the rate of the floppy drive. This situation
requires that the disk controller must also be capable of processing
the data at the higher rate. The A and B clock generator is designed
to operate at these two rates; generating clocks that will fill the

requirements. See MCPU for details on the A and B clock generator.

Refer to paragraph 2.2.15.
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READ OPERATION

(OUT OB) READ INSTRUCTION
(RCS) READ COMMAND STORED

(DOS) DATA ORDER STORED
(SPPD) SECTOR PULSE DETECTED

(RGA) READ GATE ALLOW

(RSA) RESYNC ALLOW
(RSAC) RESYNC ALLOW CLOCK

(RCK) READ CLOCK

(CISY) CONTROLLER IN SYNC
(SDR) SHIFT DURING READ

(SSR) SHIFT SERIAL REG
(SDI) SERIAL DATAIN

(SCD) SYNC CHAR. DETECTED

CLOCKS TO BIT COUNTER
(SIE) STEP INTO EIGHT
(DCC) DATA COMPARE CLOCK

(SHC) STROBE HEADER CHECK
(ACK) A CLOCK

(BCK) B CLOCK

(RFD) RESYNC FOR DATA
(DLG) DATA LOAD GATE
(DSML) DATA STROBE MEM
(EOR) END OF READ

(SINPT) SET INTERRUPT BIT

(INITE) INITIATE
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WRITE OPERATION

(OUT OC) WRITE INSTRUCTION

{WCS) WRITE COMMAND STORED

(DOSI DATA ORDER STORED

(SPPD) SECTOR PULSE DETECTED

(RGA) READ GATE ALLOWED

(RDG) READ GATE

(RSAC) RESYNC ALLOW CLOCK

(RSA) RESYNC ALLOW

(RCK) READ CLOCK

(CISY) CONTROLLER IN SYNC

(SDR) SHIFT DURING READ

(SSR) SHIF T SERIALIZATION REG

(SCD) SYNC CHAR DETECTED
CLOCK TO BIT COUNTER

(SIE) STEPINTO EIGHT

(DCC) DATA COMPARE CLOCK

(SHC) STROBE HEADER CHECK

(ACK) A CLOCK

(BCK) B CLOCK

(WTG) WRITE THE GAP

IWGT) WRITE GATE TIME

(WGA) WRITE GATE ALLOW

(ERGT) ERASE GATE

(WRGT) WRITE GAIE}TO DRIVE

(STG) SHORTEN THE GAP
(WCD) WRITE CLOCK DATA
183) WRITE SYNC BYTE

ISDi) SERIAL DATA IN
(SKH) SET READ REQUEST
(DO 7) SERIAL DATA TO DISK

(WPY) WRITE PARITY
(WMR) WRITE MEM REQUEST
(LSR) LOAD SERIAL REG
(ACC) ALLOW CYCLIC CHECK
(EOW) END OF WRITF
(FOWF 1 END OF WR/FORMAT
(SINPT) SET INTERRUPT BIT

(SINR) SET INTERRUPT

(NITE) INITIATE CONTROLLER

(NIDF) INITIATE DATA FLOW
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The disk controller board generates output signals that are
routed to the MCPU and the Master Data Link (MDL). These signals
initiate and provide the control for processing data required by the
two types of disk drives. Controller output signals are also routed

to the disk drives for control purposes.

A third operation performed by the Master Disk controller is the
formatting of the floppy and hard disk surfaces. The FORMAT operation
will be discussed in some detail with an accompanying event chart.

Refer to Paragraph 2.3.7 and Figure 2-13,

Because of the similarities in controlling the floppy and hard
disk drives a description of each sequential operation for each type
of drive will be discussed. Prior to the selection/generation of the
major commands listed below, a series of selections and identifica-
tions must be processed between the DISK, MCPU and Master Memory

through the logic of the Master Disk Control board.

THREE MAJOR COMMANDS

1. OB Command -- READ
2. OC Command -- WRITE
3. O, Command -- FORMAT

2.3.2 DISK SELECT

2.3.2.1 FLOPPY

The MCPU selects either floppy disk drive #1 or #2 by issuing a !
or 2 code on data bus lines*DOm-D3m. SEE CHART BELOW. The 4-bit cod.

is then clocked into a D-ijype F/F register L59 by an OUT 0l command
from the 8080,
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SELECT CODES FOR FLOPPY AND HARD DISKS

DOm Dlm D2m D3m CODE #
FLOPPY #1 0 1 1 1 =1
FLOPPY #2 1 0 1 1 = 2
HARD DISK #1 1 1 0 1 =4
HARD DISK #2% 1 1 1 0 =8
NOTE:*Hard Disk #2 not presently used.

The floppy disk has 77 tracks and each track is divided into 32
sector marks of equal length. Only one side of the floppy disk is
usable. The present specifications require a sector to store 256
bytes of data and it was therefore necessary to use two sectors for
storing the 256 bytes. Doubling up the sectors has reduced the number
to 16 identifiable sectors per track. With the disk rotating at 360
RPM a means of selecting the TRACK and SECTOR for commencing a read or

write is accomplished by the MCPU performing the following operations:

1. LOAD THE HEAD - An output from L59-2*(SLFl) will select floppy 1
which when ORed with an IN 3 command will preset L53 causing*HLDI
(Head Load 1) to go active. The same procedure holds true for

floppy 2 gating*HDL2.

2. STEP R/W HEAD TO TRACK - Positioning the R/W head requires a Head
Direction*(HDIR) signal and a Head Step*(HSTP) pulse. An*QUT5
command from the MCPU will preset F/F L53 and generate a low at
L56-3 triggering the one-shot MV L54 causing the head to step one
track in the forward direction. An *OUT6 command will clear the
L53 F/F changing direction and causing the head to step one track
in a backward direction. These timed actions are under processor

program control.

3. SECTOR COUNTERS - The floppy 1 and 2 sector counters are iden-
tical and only sector counter 1l will be discussed. The*INDEX 1
signal from the floppy disk is generated when the punched index
hole on the disk is detected at the start of the sector count
causing L84 (section 2) to preset. SECTOR 1 signals toggle the
L84 F/F for each punched sector hole detected on the floppy disk
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(Total 32) enabling a total output of 16 sector counts. These
counts are stored in a 4-bit binary counter and presented to
tri-state buffers L71 and L73 via the output of NAND gates L68
and L69 when enabled by (Select Floppy 1) SLFl. An*INOl command
from the 8080 is used to monitor the sector count until it is one
count from the intended read sector before issuing a READ or
WRITE command. During the sector count period each count*SPP is
routed to the 8080 data bus buffer input at L73-10 via NAND gate
output L68-11. This Sector Pulse Present*(SPP) pulce indicates
that the sector counter is operating. Further discussions of
disk operations will clarify the uses for the*SPP pulses that are

applicable to both disk types.
2.3.2.2 FIXED/REMOVABLE (HARD)

The hard disk (Fixed/Removable) has a permanently mounted disk
(platter) and a removable disk (platter). Each platter has two sides
that are used for storing data; therefore a total of four surfaces.
Each of these surfaces has 408 tracks (cylinders) and each track has
24 sectors. Each sector will store 256 bytes of data. The storage

capacity of these four surfaces exceeds 10,000,000 bytes of data.

The selection of the FIXED or REMOVABLE platter of the hard disk,
the surface of the selected platter (top or bottom), track (cylinder
address) and sector addresses of the selected surface are all included
in two HEADER bytes that are issued by the Master CPU. These two
header bytes are delivered to the disk controller with*OUT7 and*QUTS8

commands. Table 2-3 describes the 16 bits used in the header bytes.
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TABLE 2-3
HEADER BYTES

BYTE 1 BYTE 2
l | | - |
I \ | I
T7 T6 T5 T4 T3 T2 Tl TO T8 D H s4 S83 S2 S1 SO
HB HB HB HB HB HB HB HB 'HB HB HB HB HB HB HB HB
7 6 5 4 3 2 1 0 15 14 13 12 11 10 9 8
| — (. J/
Y g
CYLINDER ADDRESS DISK SECTOR ADDRESS
SEL
HEAD
SEL

HBO-HB7(T7 to T0)= Low 8 order bits of cylinder address
HB8(T8)= High order bit of cylinder address
HB14--D = DISK = 0 ~~-Fixed disk

D = DISK = l---Removable disk
HB13 H = 0---Bottom head
H = 1---Top head

HB8-HB12--(S4 to SO0)= Sector address

The selection of hard disk #1 starts when the MCPU issues the
select code shown above. Refer to paragraph 2.3.2.1. *OUTl from the
8080 clocks the code into F/F register L59. The HEADER bytes 1 and 2
are loaded into the cylinder and sector address registers namely L60,
L75, L6]1 and L76. Nine bits of cylinder (TRACK) address are routed to
the hard disk via NAND gates L86, L85 and the ninth bit via L&44.

These nine bits*(HDTO-HDT8) are required for addressing 408 tracks on

each disk surface.

The output from L59 causes the output from OR gate L52-11 to go
high removing the preset from F/Fs L57. With header byte bits*HB13
and*HBl4 from the sector address register at the D input of both L57
F/Fs, an*QUT5 command from the 8080 will clock the F/Fs to the
specified state. This selects the fixed or removable disk*(DSKS)and

the top or bottom surface*(DHDS) of the selec ed disk. Refer to the

header byte chart above.
Outputs from the disk select register 1.9 to L68 NAND gates are

not currently used. *SHDI and*SHD2 are hard '‘isk select signals to be

used for a future chaining configuration for additional disk storage.
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If the hard disk is selected the output at AND gate L56-11 gates
signal*FDS high. *FDS is routed to the A and B clock generator on the
MCPU which causes the generator to produce higher frequency A and B
clocks for use in the disk controiler. The inverted FDS signal goes
to the D inputs of F/Fs L42. An*OUTS will clock the L42 (1) F/F reset
generating*HDST (Head Step).

HDST*drives an internal disk servo system and the R/W head to the
track specified by the 9-bit cylinder address. The address was pre-
viously sent to the disk internal address register to control head
movement. *HDST will be held active until an Address Acknowledge Clock
(*AAC) is sent from the disk presetting the L42 F/Fs. *AAC indicates
that the head is positioned at the specified cylinder (TRACK).

An*OUT6 command is used to reset the L42 (2) F/F producing a*RSTR
(RESTORE) signal that will cause the cylinder servo to drive the R/W

head to track zero. This command is issued prior to the 8080 retrying
a failed operation.

2.3.3 SECTOR ADDRESS - HARD

The sector seek for the hard disk R/W commands is performed by
reading the sector count direct from the disk hardware. Five sector
bits*(S1-S5) and a*SPPH (SECTOR PULSE PRESENT HARD) signal are used to
monitor the presence of sector pulses and the actual sector number.
One sector count prior to the specified sector will initiate the R/W
command to commence the selected operation. The value of the hardware
sector count register (driven by the detection of notches cut into the
metal hub of the disk) is delivered to the low five order bits
(DOm-D4m)*0f the 8080 accumulator from TRI-STATE buffers L71 and L73.

INO1*(Il) command is used by the 8080 to monitor the sector count.,

2.3.4 INPUT STATUS

The input status of the selected disk to the 8080 accumulator is
checked after a R/W transfer of data has been completed. Two 4-bit D




type F/F registers L72 and L74 are clocked by*INOO (10) after each ‘
transfer. Each status bit is described below and will be further
discussed during the description of the disk operations. The eight

status bits are defined as follows when active (low).

1. Bit O =*CRC ERR - If CRC (Cyclic Redundancy Check) from
previous disk READ is bad.

2. Bit 1 =*HDR ERR - If header bytes do not match.

3. Bit 2 =*LTZ - If the R/W head is positioned at TRACK 00 the
signal will be low - (Not used as a status bit). This
signal indicates to the host system that the R/W head is
positioned properly for seeking a desired track.

4, Bit 3 =*WPT - Active if floppy write protected.

Bit 4 =%DK RDY ~ If disk is not phkysically ready; power not
on; disk not in drive etc. Requires operator intervention.

6. Bit 5 =*HDWR ERR - Hardware error if electronic failure,
i.e., write check, sync bits not detected, seek incomplete,
etc. An implied hardware malfunction which possibly can be
corrected by a retry (RESTART) of the disk operation. .

7. Bit 6 =*PTY ERR - If parity error or*DLER (Data Link Error)
occurred during a DMA write operation.

8. Bit 7 =%DMAC - DMA completed/Seek completed.

2.3.5 READ OPERATION - FOR FLOPPY AND HARD DISKS (Figures 2-10 and
2-11)

The following discussion will include the READ operation for
accessing data from either the floppy or hard disk. The operation for
a write is very similar to a read therefore much of the read operation
discussed will be applicable to the write operation (paragraph
2.3.6). The interface signals from and to the disk controller will be
identified and indications to their source and destination will be

included.
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2.3.5.1 *OUT B - READ OPERATION

OUT B*is a read command issued by the MCPU during the startup
(IPL) period and prior to the system being brought up to a steady
state condition. During word processing periods all disk read

operations are requested by one of the peripherals and commanded by
the Master CPU.

OUT B*initiates a read of 256 bytes of data from either a floppy
or hard disk. The selection of the type disk is normally automatic

and depends on the system model. The disk READ operation proceeds as

follows:
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The*OUT B command is stored in a D-type F/F that is preset pro-

ducing output signal Read Command Stored (RCS) at L38-9.

OUT B*also gates the Surface Operation signal*(SOP) output at AND

gate L5-12 that clears the status bits*CRC ERR and*HDR ERR at the
output of F/Fs L33.

RCS gates signal Data Order Stored (DOS) at the output of L37-6,
DOS is NANDed with Sector Pulse Present (SPP) producing signal

Sector Pulse Present Detected*(SPPD) at L22-3.

SPPD*is the enabling signal for four functions required to start

the read operation:

a)

b)

c)

d)

The 1eading edge of*SPPD gates signal*RSAC at the output of
AND gate L49-12., *RSAC is the inhibit signal for the A and B
clock generator on the MCPU board. Refer to paragraph
2.2.15.

The leading edgeof *SPPD presets the Read Gate Allow (RGA)

F/F at L36-5.

1. RGA produces signal*RDG (read gate) at the output of
L6-6 that is routed to the HARD DISK (only). *RDG
activates the selected read head.

2. RGA is routed to Master Memory to select the DMA read
operation.

3. RGA F/F output L36-6 gates signal Write Read Gate Allow
(WRGA)*at L19-11 enabling L48 F/F to set.

The trailing edge of*SPPD clocks the Initiate Enable (INITE)

F/F reset at L29-6. *INITE gates*INDF (Initiate Data Flow)

active at the output of L51-11 which is routed to the MCPU

and MDL for controlling the transfer of data.

The trailing edge of*SPPD also clock sets the enabled Resync

Allowed (RSA) F/F at L23-5. RSA is inverted to perpetuate

the A and B clock inhibit signal*RSAC.

1. RSA enables the Read Clock*(RCK) from the disk drive to
set the Controller In Sync (CISY) F/F L23-9. *RCK is

the syncing clock.
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5. With RSA and CISY active, the leading edge of the inverted RCK
clocks (generated for each bit read from the disk) will gate
Shift During Read*(SDR) pulses out of NAND gate L18-6.

6. SDR*pulses gate Shift Serialization Register (SSR) clock pulses
out of NAND gate L22-8 to the clock inputs of the Disk Data S/P
registers L79 and L82. At this point in time the controller is
looking for the first sync bit. The first sync bit is the
seventh bit of the twentieth byte (HEX 03) formatted in the
preamble field.

7. Read Data*(RDD) are serial data bit pulses accessed from the disk
which preset the Read Data In (RDI) F/F at L16-8. *RDD and*RCK

signals alternately set and reset the F/F for active data bits.

8. The*03 F/F L11-6 was cleared by INITE 3 enabling RDI to gate
Serial Data In*(SDI) to the J/K inputs of S/P register L79.

9. The decode of the three SYNC 1 bits (011) by L20 and L22 produces
a low which is presented to the D input of the*SCD (Sync Char-
acter Detected) F/F L21-9 causing it to reset on the next*SDR

clock.

10. SCD*enables*SDR (RCK) clocks to start incrementing the data bit
counter while loading the S/P register with the first header
byte. The clocks are gated via gates L20-10 and L37~11 to the
data bit counter which consists of three synchronous 4-bit

counters L26, L27 and L28.

11. When the bit counter reaches the seven count, signal C7 enables
the SIE (Step Into Eight) F/F to set on the next*SDR clock at
L21-5.

12. SIE, when set, indicates that the first header byte is loaded

into the S/P register. SIE is the gating signal at the input of

two AND gates in series which produce signal DCC (Data Compare
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13.

14,

15.

16,

1

-

Clock) at L5-6. DCC is used to compare the header byte from the
8080 with the header byte read from the disk. DCC clocks two
D-type F/Fs L34 that control the address inputs A and B to four

Dual 4-line to l-line data selector/multiplexers L77, L78, L80
and L81.

The header comparator consists of eight exclusive OR gates L62

and L65 whose common bus output will enable the*HDR ERR F/F to

reset at L33-9 if the comparison fails.

If a header comparison error occurs, the*HDR ERR will gate a Set
Interrupt Bit*(SINPT) at the output of L49-8. *SINPT will enable
the Set Interrupt*(SINR) signal at the output of L15-6 that will

initiate an interrupt routine and clear the READ command.

A good header comparison will clear the SIE at count 9 and pro-
ceed to load the first bit of header byte 2. At count 15, C7 has
again enabled the SIE F/F to set on the next clock.

The next*SDR clock sets the SIE F/F, increments the data bit
counter to Cl6 and gates the second DCC for the second header

byte comparison. 1If the second header compare fails, return to
step 13.

Cl6 gates signal*SHC (Strobe Header Check) at the output of

L18-12 which performs the following functions:

a) Clears the CRC chip L7.

b)  Presets the SCD F/F L2l inhibiting the*SDR (RCK) clocks to
the data bit counter.

¢) Clears the RSA F/F L23.

NOTE:
If the HARD DISK is selected,*FDS will be a high
signal at the output of L56-11. This condition

will enable the Data Bit counter to (SHORTEN THE
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GAP) by adjusting the bit count as required for
hard disk operation. The read operation for the
hard disk during the GAP period is only 10 bytes
as opposed to the floppy's 20 bytes. The adjusted

count is performed as follows:

d) Bit counts Cl6 and NOT*(C64 and*C128) are ANDed at the
output of L40-8. This output NANDed with*FDS and DOS at Cl6
time loads the middle bit counter L28 with a 96 count. (The
96 count represents the two header byte counts 16, and ten

of the gap count bytes (80) not formatted onto the hard
disk.)

18. The next*SDR (RCK) clock resets the CISY F/F L23-9 enabling the
output*RSAC of AND gate L49-12 to go high. This signal releases
the inhibit on the A and B clock (ACK, BCK) generators.

19. BCK is substituted for RCK to increment the data bit counter up
to count C160. (The remaining ten gap bytes.)

20. Bit count Cl60 at L14-3 enables signal*RFD (Resync For Data) at
L25-8 performing the following functions:

a) Clears the S/P register.
b)  Presets the RSA F/F which turns around and inhibitg*RFD.

21. The preset of RSA F/F enables the D input of the CISY F/F which

is set on the next*RCK clock.

22. The setting of CISY F/F causes the following events to occur:

| a) Enables*RSAC to again inhibit the A and B clock generator.
b)  Enables the RCS F/F to reset gating signal DOS low.

c) Enables the*SDR clocks to generate the SSR clocks to

commence shifting the data into the S/P register.
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23.

24,

25.

26,

27.

The last three bits of the GAP count 0ll are the SYNC 2 character
bits which designate the start of the data field (256 bytes).
The three sync bits are again decoded enabling the*SCD F/F to

reset on the next*SDR*(RCK) permitting the controller to resync
with disk clocks.

The READ of 256 bytes commences with the*SDR Lulses incrementing
the data bit counter. At count C=168 the SIE F/F is set enabling
AND gate L3-6 to clock szt the enabled L16 F/F producing an
output at AND gate L47-8. The output DLG (Data Load Gate) is
routed to the MDL for controlling the selection of data read from
the disk requiring parity checks. This procedure is repeated for

every byte of data read from the disk until the 256 bytes are

transferred.

The output from F/F L16-5 is also NANDed with*SDR and SIE to gate
signal*DSML (Data Strobe Memory Load) which gates the output of
L32-8 producing signal*SRR (Set Read Request). *SRR is routed to
master memory initiating the transfer of data read from the disk

to Master Mcmory or to FIFO.

When the data bit count reaches C2208 the 256th byte is
transferred and the output at AND gate L17-12 is conditioned to
go high when*SDR is clocked. At count 2209, (Cl) is active

generating a low at L31-6 clearing L16-5 F/F inhibiting*DSML at
L18-8.

Two CRC (Cyclic Redundancy Check) bytes, written onto the disk

after the write of 256 bytes, represent a check of SYNC 2 and the
256 bytes. The read of these two bytes back into the CRC chip L7
1s a parity check of the same data. If the read check produces a
zero output at L7-15 the signal Cyclic Check Error (CCE) will be
low and a*CRC ERR will not occur at the input L72-14. These two

bytes represent an additional 16 data bit counts bringing the

total count to C22z4,
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28. The C2208 count enabling the high output from L17-12 is NANDed .
with the additional Cl6 count at the output of L31-8 generating
signal*EOR (End Of Read). *EOR performs the following sequences:
a) EOR*is a clock for setting the*CRC ERR F/F L33-6 if an error
occurs.
b) EOR*gates signal*ERWF (End Of Read/Write Format) at the
output of L47-11 which in turn gates signal*SINPT (Set
Interrupt bit). *SINPT gates*SINR (Set Interrupt) used to

clear the READ command, operation and controller.
2.3.6 WRITE OPERATION - FLOPPY AND HARD DISKS (Figures 2-10 and 2-12)
2.3.6.1 General Information

The disk write command is, in operation, similar to the disk read
command in that each operation commences with events that parallel
each other until the decision to READ or WRITE is reached. The
initial difference is the storing of the write command*OUT OC that ‘
starts the disk write operation. Refer to Figures 2-10 and 2-12 as an
aid to follow the sequence related in the read operation up to the

event where the write decision is made.
The write selection is made under the following conditions:
The header bytes have been read and compared.

The data bit counter is at count Cl6,

The RGA F/F is enabled to reset when clocked with SHC.

SN -
. . . .

RCS is inactive.

2.3.6.2 Decision to Write - Start of Gap

1. The controller is now at that point where the selection of a read

or write operation is to be conditioned and selected.
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The Read Gate Allow (RGA) F/F is reset on the leading edge of
Strobe Header Check (SHC) clock. L16-5 goes low clearing the
Read Data In F/F L16-8 enabling Read Data In (RDI) and Serial
Data In*(SDI). The low RGA signal at L36-5 also inhibits the
read gate*RDG at L6-6 with CISY F/F reset.

With the RSA and CISY F/Fs reset and*SPPD inactive, the Resync
Allow Clock*(RSAC) inhibit is released at the output of L49-12

enabling the A and B clock generator to operate.

The bit counter is incremented by the B Clock (BGK) for both th
soft and hard disks when enabled by setting SCD F/F L21.

With the Floppy disk selected, the BCK will increment the data
bit counter to count C128. (No data will be written onto the
floppy disk.) FDS, WCS and C128 will gate a low at the output
L22A-12 presetting the Write The Gap (WIG) F/F L39.

With the Hard (Fixed/Removable) disk selected, the BCK will
increment the data bit counter to count Cl44. (Again there is
data written on the disk.) Cl44 enables the WIG F/F to set on
the next*ACK when ANDed with WCS.

With RGA F/F reset the ACK is enabled at the output of NAND gat
L22-6 generating Shift Serial Register (SSR) clocks at 1.22-8.

WTG F/F is set at either count producing a clock at output L39-

that causes the following actions:

a) Sets the Write Gate Time (WGT) F/F L39-5.

b)  Resets the Write Command Stored (WCS) F/F L38.

c) Clears the Data Order Stored (DOS).

d)  Produces signal Write Gate Allow (WGA) at the output of OR
gate L50-11. WGA is inverted at L&4-1.
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10.

11.

12.

13.

NOTE:
SSR pulses shift zeros into and out of the §/P
register which are written onto the disk. The
data bit counter will be incremented for each
zero written to the disk. Five bytes of zeros
are required to write the gap for the floppy
disk to bring the data bit count to Cl168 (Cl28 +
40 = Cl68). Three bytes of zeros are required
to write the gap for the hard disk to bring the
data bit count to Cl68 (Cl44 + 24 = Cl168).

WGA is the enabling signal that allows zeros to be written onto
the disk. *ACK clocks are enabled at the output of NAND gate L1-3
which are ANDed with WGA to produce Write Clock Data signals
WCD*(Floppy) and*WCDH (Hard) that are routed to each type disk.

WGA*enables the write gate*WRGT/ERGT output at Ql which is also

routed to the disk units enabling the write pro:ess.

When the data bit count reaches 167 (Cl60 + C7), the process of
generating the last two bits of the last byte to be written onto
the GAP field of the sector is initiated. These two bits at the
end of the last byte represent the SYNC 2 character HEX 03
(011). The SYNC 2 character is written on the disk during a
Write operation. The SYNC 2 character is included in the last
byte to be written in the GAP. The SYNC 2 bits are used to

detect and resync the controller at the start of the data field.

Cl160 and WTG generate a high at the output of OR gate 1.50-3 that
is NANDed with C7 and*BCK to preset the*03 F/F Ll1-6 enabling
SDI*(Serial Data In) to enter ones into the last two bits of the

S/P register.

The preset of the 03 F/F also enables the output of NAND gate

L10-3 to generate a Set Read Request*(SRR) developed by WGT and
03.
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14.

15.

16.

17.

18.

19.

At count 168 the trailing edge of*SIE resets the 03 F/F inhi-
biting*SDI.

At data bit count 175, the first one (1) bit of SYNC 2 appears at
the DO7 output of the 5/P register L82-11 causing the following
functions to occur:

a) DO7 NANDed with WGT and*C2048 gates a low at the output of
L13-6 presetting two L12 F/Fs while generating Write Memory
Request (WMR).

b) DO7 is entered into the CRC gen/comp L72.

¢c) The sync bit is written to the disk.

d) The WIG F/F is reset when the output from AND gate L51-6

goes low.

At count 176 the last SYNC 2 bit is written to the disk and SIE
F/F is set enabling the*(SRR) which requests the first byte of

data to be written onto the disk.

SIE enables Write Parity Clock*(WPYC) which is used to clock a
parity error F/F on the MDL for every one of the 256 bytes of

data to be written on the disk.

WPYC*conditions the selector/multiplexer with Load Serial
Register*(LSR) signal at the output of L32-12 causing the
following operations to occur:

a) LSR*is NORed with*ACK at output L55-13 to clock F/F L34-6 to
a reset state. _

b) The A and B address inputs to the selector/multiplexers L77,
L78, L80 and L81 are now (11) which select the Data In
bus*(DI0-D17).

c) LSR*also enables the parallel loading of the first byte of

data into the S/P register to be written onto the disk.

The beginning of the data field is indicated by the following:
a) The data bit count is 176.
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20.

21.

22.

23,

b)  SIE F/F is set indicating the last byte of the GAP has been
written on the disk.

c) WPYC*is developed and sent to data link for parity check.

d) The S/P register is loaded with the first data word.

As the first byte of data is serially shifted out of the S/P

register by the SSR clocks, the data bit count is incremented bit

for bit. At the end of each eight bit count the SIE F/F is set

causing the following events to repeat for the remaining 255

bytes to be written on the disk.

a) The*SRR is enabled to request another byte from FIFO.

b)  WPYC*is sent to clock a parity error.

¢) LSR*enables the parallel load of the requested byte into the
S/P register.

d)  The SSR pulses shift the data bits out of the S/P register
and signals*WRGT and*WCD control the serial write of the

data bits on to disk.

The controller will continue requesting and writing data to the
disk until a data bit count of 2216 is registered. Bit counts
C2208, C8 are NANDed with*BCK at the output of L13-8 producing a
clock that resets the WMR F/F at L12-5 inhibiting*SRR. L12-9 is
reset on the next BCK inhibiting*WPYC and*LSR.

The data bit count continues to 2224 shifting the last byte out
of the S/P register onto the disk. C2208 and Cl6 enable the
Allow Cyclic Check*(ACC) F/F L1l to set on the next*ACK.

The ACC F/F is toggled by each*ACK for reset and by each*ACC
clock for preset. The*ACC clock is used to access two Cyclic
Redundancy Check (CRC) word bytes that were written into L7
during the write of 256 bytes. These two bytes are accessed by
enabling the Check Word Enable with*ACC and clocking the CRC with
the output from L8-8 to the input of L7-1. The data bit count

continues to increment while the two bytes are serially clocked
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out at L7-12. The data is labelled as Serial Data Out (SDO)
which is ANDed with ACC and BCK at the output of L8-12, This
enables the*ACK to send the two CRC bytes to the*WCD outputs.
The data bit count is at 2248.

24. ACC,*BCK, C8 and C64 are NANDed at the output of L25-6 generating
End Of Write*(EOW) which initiates a Set Interrupt Bit*SINPT that

gates the Set Interrupt*SINR resetting the disk controller. The
total data bit count adds up to C=2296.2.3.7.

2.3.7 TFORMAT - FLOPPY/HARD (Figures 2-8 and 2-13)
2.3.7.1 General Information

It is assumed in this discussion that the disk drive has been
selected and the status checked to be sure that the disk is in opera-
tional condition. The R/W head must be loaded and positioned at the
proper track. The input sector value is monitored by the 8080 DMA
bus. The microprocessor issues a FORMAT OUT OD command when one

sector away from the starting sector.

Floppy - Transition between sectors 14 and 15.

Hard - Transition between sectors 22 and 23.

NOTE :
To format a sector, the head must be positioned
and loaded in that sector prior to the sector

which is tube written.

The 8080 continually reads the status (IN 00) to be sure that rhe
sector format was completed successfully. For unsuccessful comple-~
tions, the 8080 will delay 750 us, then issue a clear channel (OUT OF)
command before retrying the operation. For 928 systems the sectors
are formatted contiguously on all tracks. The Format command does not
change the data in the data portion of a sector. The command only
writes the Preamble and the Header bytes. Before the FORMAT command
can be issued, the cylinder (track) and sector address registers must

be loaded with the appropriate Track and Sector address.
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Figure 2-13 Master Disk Controller-Sector Format Event Chart




2.3.7.2 OUT OD - FORMAT COMMAND

OUT OD*(OD)*is stored in the Format Command Stored (FCS) F/F
producing a high at output L30-6 enabling the following functions:

1. FCS is ANDed with SPP at L3-11 generating a clock that sets the
conditioned L30-9 F/F.

2. 130-9 conditions the L29-9 F/F to set on the next BCK.
3. L29-9 gates Write Gate Allow (WGA) active at L50-11.

4.  WGA turns on*WRGT/ERGT via Ql transistor. This output is routed
to the disk drives. *ACK at the output of L1-3 is ANDed with WGCA
at output L3-3 to commence writing zeroes in the preamble section
of the addressed sector via L6-3 (WCDH-hard)*or L15-10
(WeD-floppy) . *

5. BCK continues to increment the data bit counter for every

ACK*used to write zeroes on the disk that is being formatted.

6. The first sync character (SYNC 1) is written onto the disk in the
following manner:

a) When the bit count 151 is reached, the 03 F/F L1l is
preset enabling*SDI (Serial Data In) to the J/K input
of the S/P register. Cl44 ANDed with FCS at L14-8
produces an output at L50-3 that is NANDed with C7 and
BCK to preset F/F L11-6 output (03). 03 enables*SDI
(Serial Data In) to the J/K input of the S/P register.

b)  ACK is used to gate the SSR (Shift Serialization cl~r!)
at the output of L22-8 to shift in the last two bits of
SYNC 1.

c) The 03 F/F is cleared at the data bit count 152 when
the SIE F/F L21 is reset. SIE F/F is set at C7 of each

byte count and reset at count 8.
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d)  During data bit counts 153-160 the SYNC 1 byte is
written onto the disk. SSR (ACK) clocks continue to
shift data out cf the S/P register while the BCK
enables each bit of data at the output of L8-6 to
the*WCD and*WCDH outputs.

At data bit count Cl60 signal*LSR (Load Serial Register) is

generated at the output of L31-11 to L50-6 gating the output of
AND gate L32-12 low. Header byte 1 is parallel loaded into the
S/P register and serially written onto the disk during data bit
counts Cl61 to Cl168. *LSR also enables the*ACK to increment the

Data Selector/Multiplexers address for Header byte 2 by resetting
L34-6 F/F.

At data bit counts 169-176, SSR pulses shift the sector address
(Header Byte 2) out of the S/P register and write it onto the

disk. A write of six more bytes (Zeroes) brings the data bit

count to Cl60 + C64.

C64 is ANDed with*BCK at the output of L42A-6. L42A-6 is NANDed
with C160 and L29-9 gating*EOF (End Of Format) at L43-8. *EOF
gates*EOWF at the output of L3-8 initiating the Set Interrupt bit

clearing the Format operation.
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