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1 System Features and Functi.ons 

The UNITX PC is  an inte l l i gent desktop workstati on that provides 
users with personal computing and enhanced voice and data 
communications services .· I t  provides the UNIX System V virtual 
memory operating system in a telephone network environment . The 
UNIX PC can connect to a telephone system to a ll ow communication 
with o ther telephones , worksta tions , an d computers .  D irect 
connection , or connection through a loca l area net work , to other 
terminal s , workstations , or computers , is also provided . The 
UNIX PC can be upgraded to a mul tiuser system . 

The UNIX PC consists o f  the fo l l owing parts , as i l lustrated in 
F i gure 1-1: 

o Base unit 
o Keyboard 
o Mouse 

The workstation base unit houses the monitor , power supply, hard 
disk drive , fl oppy disk dr ive , logic board , and three expansion 
sl ots . The l o gic board provides the processor l ogi c ,  bit -mapped 
graphics l ogic , communications , and inter face l ogic for a l l  
connected input/output (I/0) devices . The monitor is  attached to 
a base that a l l ows it to tilt  and swive l . 

1-1 



System Features and Functions 

1-2 
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System Features and F\nlcti.o ns 

Functional Specifications 

These spec 1L1.cati ons desc ribe the ma jo r . circuitry gene ra l 
characte ristics o f  the UNIX PC system . 

Logic Board 

The Logic Boa rd is sho wn in Fi gure 1-4. 

o Motoro l a  6 8 0 1 0  central processing unit (CPU) with 1 0 -me gahert z 
(MHz) c l ock .  

o Virtual memo ry address o f  4 megabytes ( MB) • 

o 1 MB standard or 2 MB random access memo ry (RAM) • 

o 7 2 0  by 348 bit-mapped graphics monitor inter face . 

o DTE RS - 2 3 2 - C se �ial port . 

o Centronics - compatible pa ral lel printer port . 

o Keyboa rd inter f ace . 

o Tel ephone inter faces for voice and dat a service . Three 
modul ar j acks are used : one for co nnection to a user -provided 
telephone and the other two for co nnecti on to tip/ring 
tel ephone l ines . Also included is an integrated 3 0 0/1 2 0 0  bits 
per second (bps)  modem co mpatible with AT &T Mo de l s  1 0 3  and 
2 1 2 , o f fering asynchronous operation and autobaud 
capab i lities . 

o Hard disk inter face . 

o F l oppy disk inter face . 

o Expansi on bus inter face that al l ows memory and I/0 e xpans ion . 
The bus has 2 1  address l i nes and 16 data l ines and wi l l  
s upport bus mastership by expansion hardware .  

o A realtime cl ock that retains the time and date when the UNIX 
PC is powered down . 

1-3 



System Features and Functions 

Terminal Subsystem 

The monito r contains a 1 2 - inch cathode ray tube ( CRT) , a 
de flecti on board, and a yoke . I t  provides a 2 0 -MHZ screen 
capable o f  disp l aying 7 2 0  by 348 pixels . The disp l ay can be 
programmed either as l i ght on dark (normal )  or 'dark on light 
(inverse video) . 

The monitor is  attached to the " base . The monitor can ti lt - 5  to 
+ 2 0  degrees rel ative to the horizonta l p l ane and wi l l  swivel . 

The screen is treated to reduce gl are . A brightness control  is 
accessib le to the operator , as shown in Figure 1 - 1 . 

Keyboard 

The keyboard is shown in Fi gure 1 - 2 . 

The keyboard is connected to the base with a flexib l e ,  coiled 
cord that can expand to approximately si x feet. One end o f  the 
cord has about an inch o f  straight cord that plugs into the base (.· 
unit . Both ends o f  the cable have co nnectors that prevent 
accidenta l disco nnection . 

1-4 
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System Features and E'tmctions 

Mouse 

The mouse connects to the ke yboard unit with a l i ghtweight, 
unco iled cord that is appro ximately four feet .lQng . The cable 
has a connector that l ocks p reventing accidental disconnection .  
The cord plugs into the ke yboard . These connections are shown in 
Figure 1-3. 

Keyboard 

Keyboard Cable ............... 
.... " 

., 

Push To Release 

Mouse Cable 

1" Straight Section 

Push To Release 

Base 
Unit 

E'i.gure 1 -3 ICeyboard and Mouse Connect.i.ons 

Audible Indicator 

An audible indicator consisting o f  a small speaker is provided 
for monitoring tel ephone cal l s  when using the Telephone Manager . 

A user - accessible s lide vo lume control , i l lustrated in Figure 1 -
1 ,  is l ocated j ust under the ri ght edge o f  the base unit . 

Data Storage 

Data may be stored either on a hard disk which is part o f  the 
UNIX PC system , or on fl oppy disks via the fl oppy disk drive . 
The storage capacities avai l able are : 

o A lO MB, 2 0 MB, 40MB or 67MB hard disk (Winchester) for mass 
storage 

1-5 



System Features and Functions 

o A double- s ided , 1/2 -MB , 5 1/4 - inch , 48-tpi fl oppy disk dr ive . 

RS-232-C Port 
The RS - 232 -C port suppo rts both synchronous and asynchronous data 
communications . Asynch ronous bit rates o f  1 1 0  bps to 1 9 . 2  Kbps 
are avai l able . 

RS-232-C Signals 

The fo l l owing table o f  signals appl ies to the RS - 2 3 2 - C  connector . 
The table gives the pin number , signal name, and direction for 
the UNIX PC . 

Table 1-1 RS-232-C S�gna1s 

Pin Name D�rect�on 
1 Ground (shield) Bidirectional 
2 Transmit data Output 
3 Receive data Input 
4 Request to send Output 
5 Clear to send Input 
6 Data set ready Input 
7 Ground Bidirecti onal 
8 Carrier detect Input 

15 Transmit cl ock Input 
1 7  Receive cl o ck  I nput 
2 0  Data terminal ready Output 
2 2  Ring indicato r I nput 
2 4  DTE transmit cl ock Output 

Channe l  B of the 8274/72 0 1  multiple protoco l serial control ler is 
connected to the modem . The fo l l owing l ist describes the channel 
B signa l s : 

8 2 74/7 2 0 1  Carrier detect < - - -RS- 2 3 2 - C  ring indicator 

8274/7 2 0 1  Receive clock < - -�-Modem receive c lock 

8 2 74/7 2 0 1  Clear to send < - - - -RS- 2 3 2 - C  data set ready 

8274/7 2 0 1  Transmit data - - - - >  Modem trans mit data 

8 2 74/7 2 0 1 Transmit c l o ck < - - - Modem transmit c l ock 

8 2 74/7 2 0 1  Receive data < - - - --Mo dem receive data 

1-6 
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System Features and Functions 

RS-232-C Signal Leyels 

Figure 1 - 4  i l lustrates the possible RS - 2 3 2 - C cabl ing to a printer 
or terminal . 

Acti ve data and c l ock s ignal s  produce - 1 2V on the l ine and 
control si gna l s  produce · + l2V when acti ve . 

UNIX PC to Terminal Cable Pinning 
UNIX PC Tenlinal 

1 ------------- 1 
2 ------------ > 3 
3 <------------ 2 

4 - 5 - 6 4-5-6 
7 ------------- 7 
8 -

-
------

-
-- > 2 0  

2 0 <------------ 8 

UNIX PC to Printer vith CIS Control 
'(}NIX PC Printer 

1 -- - - - - - - - - - - 1 
2 -----------> 3 
3 <----------- 2 
4 - - - - -- - - - - - - 4 
5 <----------- 5 

6 - 8 - 2 0 
5 ------------ 7 

Figure 1-4 RS- 232 -C Cab1ing 
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System Features and FWlctions 

Diagnostic Loopback Plug 

The diagnostic fl oppy tests RS - 23 2-C  functions through the use o f  
a loopback plug ,  which must be insta l led when a channe l  is being 
tested . 

Loopback plug (male) pinning is shown in Figure 1 - 5 . 

2 - - - - - - - - > 3 
4 - - - - - - - - > 5 
4 - - - - - - - - > 8 

20 - - - - - - - - > 6 
20 -- - --- - >  2 2  

( 2 )  Transmit data ----------- (3) Receive data 

(4) Request to send - - - - ---- -

(4) Request to send .- - - - - - - - -

(20 ) Data terminal ready 

(20 ) Data terminal ready 

(5) Clear to send 

(8) Carrier detect 

(6) Data set ready 

(22) Ring indicator 

Figure 1-5 Loopback Plug Pinning 

Centronics Parallel Printer Interface 

Cable Pinning 

Table 1 - 2  is  an example o f  how a paral lel  printer cab l e  might be 
constructed . The UNIX PC has an Ampheno l  57 series 36-pin 
connector . This is a standard Centronics connector . The 
fo l l owing guidel ines do not have to be adhered to strictly when 
bui l ding your own cabl e  ( in the case o f  signa l  ground) . Signa l  
ground i s  tied t o  pins 16 , 1 9 ,  3 0 , and 33 o n  the UNIX PC 
connector . 

( 

Make sure your printer is strapped for negative strobes and 
acknowledges . Do not let any signals float . For example , i f  you 
are not going to use BUSY+ , ground it . 
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Systelll Features and Ftmctions 

This tab le shows typical pin functions for the Centronics pr inter 
cable :  

Table 1-2 The Parallel Interface 

-

Signal Return Dirac-
Pin Pin Signal tion Description 

1 1 9  STROBE OUT Pulse to read �ata in . 
Pulse width must be more 
than 0 . 5 ms at the receiving 
terminal . 

2 2 0 DATA 1 OUT These s i gna l s  represent 
information o f  the 1st to 

3 2 1  DATA 2 OUT 8th bits o f  paral lel data , 
4 2 2  DATA 3 OUT respectively . Each signal 
5 2 3  DATA 4 OUT is at HIGH l evel when data 
6 24 DATA 5 OUT is l o gical 1 and LOW when 
7 2 5  DATA 6 OUT it is l ogical 0 .  
8 26 DATA 7 OUT 
9 2 7 DATA 8 OUT 

-

1 0  2 8 ACKNLG IN Approximately 1 2 -microsecond 
pulse . LOW indicates that 
data has been received and 
that the printer i� ready to 
accept more data . 

1 1  29 BUSY IN A HI GH s i gnal indicates that 
the printer cannot receive 
data . The s i gnal goes HI GH 
in the fo l l owing cases: 
0 During data entry 
0 During printing 
0 When o ffl ine 
0 During printer -error 

state . 

1 2  3 0  PE IN A HIGH signal indicates that 
the pr inter is out o f  paper . 

13 - - LP SEL ECT -- Pul l ed up to +5 volts 
through 3 . 3K- ohm res istance . 

1-9 
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System Features and FWlctions 

Signal 
Pin 

14 

15 

16 

17 

18 

19-30 

31 

32 

33 

34 

35 

1-10 

Table 1-l The Parallel Inter face (Continued) 

Return Dirac-
Pin Signal tion Description 

-- AUTO FEED XT - - When this signal is LOW, the 
paper i s  fed automatical ly 
one line a fter printing. 

- - NC - - Unused . 

-- OV - - Logic ground level . 

-- CHASSIS GND - - Printer's chassis ground, 
which i� iso l ated from the 
logic ground . 

- - NC - - Unused .  

-- GND - - Twisted-pair return signal 
ground level . 

!NIT OUT 

ERROR IN 

GND 

NC 

When thi s  level becomes LowJ 
the printer control ler is 
reset to its initial state 
and the print buffer is 
cleared . This level is 
usual ly HIGH; its pulse 
width must be more than SO 
ms at the receiving 
terminal. 

This l evel becomes LOW when 
the printer is in: 
o Paper-end state 
o Offline 
o Error state. 

Same as for pins 19-3 0 .  

Unused . 

Pull ed up to +SV through 
3.3K-ohm resistance. 
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Si.gnal 
Pi.n 

38 

Table 1-l The Parallel Interface (Continued) 

Return Di.rec-
Pin Signal tion Description 

-- SLCT I N  OUT Dat� entry to the printer 
. 

possi.ble only when 
level is LOW . . 

Notes 

o The co 1 umn heading "Return" denotes the 
twisted-pair return , to be connected at 
signal ground leve l . For the inter face 
wiring, be sure to use a twisted-pai r 
cable for each si gnal and to complete 
the connection on the return side . To 
prevent noise , these cables should be 
shielded and connected to the chassis 
of the host computer and the printer , 

respectively. 

o The column heading "Direction" refers 
to the direction of signal fl ow as 
viewed from the base unit . 

o All interface conditions are based on 
TTL level . The rise and fall times o f  
each signal must be fewer than 0 . 2  
microseconds. 

thi.s 

St atus S igna l De script ion 

is 

o LPNOPAPER+: Asserted by printer when paper-out sensor senses 
no paper in the printer . 

o LPBUSY+: Asserted by the pri nter to indicate that it cannot 
receive data. Also indi cates a paper empty or fault 
condition. 

o LPSELECT+: Asserted by pri nter to indicate that it i s  
selected and ready to receive data. 

o ERROR*: Asserted when there is a problem with the pr inter . 
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System Fe ature s and Functions 

Expansion Slots 
Three expansi on slots are provided as part o f  the base unit. 
E xpansion cards can be instal led in any s l ot . However , depending 
on the memory being added , the y must be l ocated in accordance 

· 

with the expansion memo � l ocation matri x in Appendix C .  

Expansion s l ots support the seven di f ferent expans ion boards 
l isted bel ow : 

o O . S MB  or 2 MB  expans ion RAM board 
o Three versions o f  combo boards 

O . S MB  or 1MB with two RS-232 ports 
0 . 5 MB without RS-232 ports 
1 . 5 MB RAM expansion board 

o MS-DOS e xpansi on board 

0 I nter face board for tape backup 

P ower is  avail ab le for one memory e xpans ion coard , and an 
additional 3 amps per slot is provided for the other two 
expansion boards . A RAM expansion o f  512  KB is avai l ab l e . 

Physical and Electrical �ifications 
The basic characteristics o f  the UNIX P C  are : 

o Base unit : Approximately 2 0  inches wide , 18  inches deep. and 
18 inches high ;  weighs approximately 4 0  pounds . 

o Keyboard : AT&T 1 0 3 -key. low-pro fi l e  des ign . . 

o E l ectrica l : 1 0 0 - 1 3 0  vo lts ; maximum power under 40 0 watts . 

Logic Board Bus System 

This section describes the l o gic boa rd bus system.  including the 
address and data bus and the system contro l block diagram. which 
expl ains how bus trans fers are regul ated . Figure 1 - 6  shows the 
layout o f  the UNIX P C  logic board. 

1-12 
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System Features and Functions 

S�lified Address and D ata Block Diagram 

The system bl ock diagr am in Fi gure 1-7 shows how the system bus 
al l ows the various devices within the UNIX PC CPU board to 
transm it data to each other . 

( 

The right hal f o f  the d� awing shows the periphera l  devices . Each 
peripheral has speci al contro l inter face circuitry that modi fies 
in formation coming from or going to the peripheral int o  a form 
that is acceptable for the bus· and the peripheral . These 
circuits are indicated in the drawing by the rectangular boxes 
marked bit map, printer port, telephony controller,. and so on . 
The bus accepts data 16 bits wide . The keyboard, for example, 
generates data in the form o f  a serial bit stream . These control 
inter face circuits also receive control signals that initiate and 
terminate data trans fers . 

The left hal f o f  Figure 1-5 shows devices that do internal 
information processing . These include the 68 0 1 0  CPU and the 
three forms o f  memory : ROM, RAM ,  and disk storage . The bus 
itsel f is real ly two buses , a data bus and an address bus . 

The data bus consists o f  16  wires , labeled DO -DlS , for c· transmission o f  16-bit data words . The address bus consists o f  
2 3  wires , l abe l ed Al-A23 .  (There is an AO functi on that is 
intern al to 68 0 1 0 . From the programmer ' s point o f  view ,  the 
e ffect· o f  the internal AO is that a l l  address re ferences must be 
to even-numbered addresses because AO is always 0 . ) 
D ata trans fers on the UNIX PC bus are per formed using a master ­
sl ave system. A master device such as the 68 01 0  begins a 
trans fer by first putting an address on the address bus to 
identi fy the device with which it wil l  per form a data trans fer . 
Then , depending on the direction o f  the data trans fer , either 
master-to - s l ave or s l ave- to -master data is l oaded onto the data 
bus , and the trans fer takes place . 

I n  the UNIX PC,- the 68 0 1 0  and the DMA (direct memory access ) 
contro l ler are both m asters . There are other poss ible masters 
th at are not shown for simplicity . Any o f the devices on the 
right side of the drawing can be sl aves to the 6 8 0 1 0 . The DMA 
contro l ler for the disk drives trans fers data only to RAM memory , 
so it has only one sl ave .  

1-14 
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Be fore starting a DMA trans fer , the 680 1 0  must l o ad in formation 
into the DMA contro l l er , in which case the DMA contr o l l er is 
acting as a s l ave to the 68010. During the trans fer , · the DMA 
contro l ler generates appropriate contro l signals that cause the 
trans fer to begin and end and also determine the direction o f  the 
trans fer , either from m as ter to slave or s l ave to master . On the 
drawing, arrows indicate the direction o f  trans fer. Notice that 
the address bus di f fers from the data bus in that the address bus 
al l ows only a one-way trans fer o f  in formation ,  from master to 
s l ave . The data bus al l ows two -way transm ission , as indicated by 
the arrows . 
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_____________________________________ ( 
Onboard Memory 

Memory in �e UNIX P C  cons ists o f  both Random Access and Read 
Only mem ory. both are l ocated on the l ogic bo ard. 

Random Access Memory 

The logic board provides a m inimum o f  512 KB o f  onbo ard RAM .  
which can b e  expanded t o  2 MB. A minimum mem ory con figu ration is 
made up of 7 2  type 4864 , 64K by 1 -bit dynamic RAM chips . The 1MB 
logic board i s  m ade up of 36 type 4256, 256K by 1 bit, 15 0ns. 
dynamic RAM chips . The 2MB log1.c board is m ade up . of 7 2 type 
4 256, 256K by 1 bit, 15 0ns dyanmic ram ch ip s. The memory is used 
for program execution . It is organized into a virtu al memory 
system. which al l ows the programmer to write programs as i f  there 
were a much l ar ger am ount o f  memory avai lab l e  th an is physica l ly 
present . Th e  UNIX PC virtual memory system is 4 MB. The 
hardware provides this function through a speci a l  set of mem ory 
chips cal l ed page map RAM' s . These RAM's are 1K by 4 -bit static 
RAM chips . Video bit-m ap RAM is 3 2  KB. 

Read Only Memory ( The l ogic b o ard contains two 2764 8-KB or two 271 28 1 6 -KB ROM 
chips . They ho l d  the initia l iz ation program that is  run when the 
power is turned on or the Reset button is pressed . 

System Control Block Diagram 

The system contr o l  b l ock diagram. Figu re 1 - 8 .  shows 
sy stem determines whi ch bus m aster contr o l s  the bus 
time .  There are three elements to sy stem contro l: 
mem ory m anagement. and bus arbitration . 

how the 
at any given 
interrupt. 

The r ight side o f  the drawing shows the I /0 contr o l l er l og ic. 
When a peripheral device such as the keyboard wants to send data 
to the system. its contr o l ler sends an interrupt s ignal to th e  
interrupt l ogic. This is one method o f  communication between an 
I /0 dev ice and the system . 
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__________________________________________ ( 
The 1.nterrupt signal is compared to a pri ori ty l ist . The highest 

priority pending at any given time causes the interrupt logic to 
send a signal to the 6 8 0 1 0 . The 6 8 0 1 0  then responds by 
performing a sequence o f  data movements ca l l ed an interrupt 
acknowledge. The function o f  the interrupt acknowledge is to 
allow the processor to store its current status so it can return 
to the same state a fter responding to the interrupt. First it 
completes execution of i·ts current instruction and stores the 
status of _its internal registers. Then it jumps to an interrupt 
service program that determines which device generated the 
interrupt. Finally, it jumps to a program to service that 
particular interrupt. Interrupt priorities are listed in 
Table 1 - 3 .  

Pr1.ority 
Level 
7 (highest) 
6 
5 
4 

3 
2 

1 (lowest) 

1-18 

Table 1-3 Interrupt Pr1.or1. t1.es 

Devis::a 
Parity error (logic board) 
Video 6 0 -HZ bit map (logic board) 
Expansion slots 1 ,  2, and 3 
2 74/720 1 communication (detection circuit, 
RS - 2 3 2 -C) 

_ Keyboard/mouse, modem 
Hard disk drive , floppy disk drive, or line 
printer 
Expansion s l ots 1, 2, and 3 

Note: Levels 1 and 5 are available to 
expansion slots 1 ,  2, and 3 .  
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Memory Management 

A second element o f  system control is the memory 

management Uoit shown on the left in Figure 1 - 6 .  This 

unit monitors every access to the dynamic RAM memory 

chips . Certain accesses caus e a memory management 

error . For ex ample , i f  a user program attempts to 
wr ite to a memory addre �s that has been de fined as 
being in disk s pace and not in phys ica l RAM ,  the memory 
management unit generates a si gna l  cal led a Qua error. 
The 68 0 1 0  then per forms a data trans fer with the disk 
DMA contr o l  unit . For this examp l e ,  the disk i s  a 
s l ave and the 680 1 0  is a master . The 6 8 0 1 0  tel l s  t he 
disk DMA contr o l ler to do a trans fer wit h  the disk 
drives to correct the problem by moving data from disk 
storage to RAM . Then the 6 8 0 1 0  starts per forming other 
functi ons . 

Bus Arbitrat ion 

At thi s  point the two bus masters bo th want contro l o f  
the bus . The third element o f  system contr o l , the bus 
arbitration unit , reso lves the con fl ict . I t  evaluates 
requests for bus contro l  from masters and grants bus 
contr o l  on ·a pri ority basis . The 6 8 0 1 0  has l ower 
priority than the disk contro l l er . The 6 8 0 1 0  has to 
wait for the disk control ler to release contro l  o f  the 
bus be fore it can t ake contro l .  When the disk 
contr o l l er is finished trans ferring data , it generates 
an interrupt to the interrupt logic . The interrupt 
l ogic then informs the 680 1 0  that the trans fer is 
compl ete . The 6 8 0 1 0  res umes program executi on at the 
point where it l e ft o f f when the memory management unit 
generated the original interrupt . 

Tab1e 1-4 Bus Arbitration Priorities 

Priority 
L�el ll�ic� 
6 (highest) Re fresh 
5 Expansion s l ot 1 
4 Disk I nter face Hard and Fl oppy 
3 Expans ion Sl ot 2 
2 Expans i on Sl ot 3 
1 {lowest )  6 8 010 CPU 
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l Logic Board Theory of Operation 

This overview summarizes the maj or functions per formed by the 
l ogic board hardware . �n addition , it describes the boot ROM 
program algorithm . 

The l ogic board hardware functions include: 

o Direct memory access and bus arbitration 
o Machine cycle timing 
o Memory management 
o Input/output handl ing 

Direct Memory Access 

The UNIX PC bus is shared by the 6 8 0 1 0  central pro cessing unit 
(CPU) and several dire ct memory access (DMA) devices , such as the 

disk bus inter fa ce unit ,  dynamic RAM re fre sh,  and expansi on 
boards . During a DMA trans fer , the 6 8 0 1 0  waits whi le data is 
moved directly from a DMA device , such as the disk bus inter face 
unit ,  into RAM memory . DMA provides high- speed trans fer o f  
b l ocks o f  data to or from memory. 

MaChine Cycle Timing 
A 6 8 0 1 0  machine cycl e  consists o f  puttin g an address on the bus, 
reading data , and. disconnecting from the bus. Machine cycl es are 
either fast {40 0 nanoseconds ) or s l ow { 1 1 0 0  ns ) . Access to the 
lower hal f o f  the address space resul ts in a fast cycl e; access 
to the upper address space results in a s l ow cyc le . DMA machine 
cycl es are considered fast ( 5 0 0 ns ) . 
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Mem ory Management 

Programs run on the UNIX PC are o ften too l arge to fit in the RAM 
memory chips on the logic board. Thus , when the system is boote d 
up, only a porti. on o f  the pro gram is l o a ded i nto memory . Wh i l e  
the program is being executed, it is monitored by mem ory 
management hardware . When a portion o f  the program that is on 
the di.sk is needed, the mem ory management hardware generates an 
error, causing the DMA to move the required porti on o f  the 
program from the disk drive into RAM memory. 

The processor can address l ocations anywhere in the· entire 16 
megabytes ( MB) o f  system space. but the DMA can access only the 
l ower 1/4 MB o f  virtual memory space that is used by RAM . 

Input/Output Hand11ng 

Input and output (I/0) operations are memory mapped--that is, the 
68 0 1 0  does not have separate instructions for I/0 operations . 

( 

I /0 ports are accessed by assigning addresses to them. I/0 
operations can be handled either by interrupt or by po l ling . 
Po l ling can be used in boot ROM programs where stack operations 

{­are forbidden to avoid using RAM memory . _Tab le 2 - 1  lists the 
68 0 1 0  processor pin func tions 

Boot ROM A1gori. thm 

The boot ROM program tests memo ry. It programs the ini ti a l  
status o f  the memo ry management hardware and vari ous per ipheral 
contro l ler chips. Then it l oads a program from fl oppy or har d 
disk and jumps to that program . 



Pi.n No. 

29- 52 

1 - 5 . ·  -

54 - 64 

6 

7 - 8  

1 0  

1 3  

11  

Logi.c Board Theory o � Operati.on 

Table �-1 68010 Processor Pi.n Functi.ons 

Descri.pti.on 

A0 1 -A2 3  

D O O - D l5 

AS 

UDS, LDS 

DTACK 

BR 

BG 

Hnemoni.c 

24-bit address bus (outputs only) - -A 
unid�rectional, three - state bus capa ble 
of addressing 16 MB of data. Provides 
addressing for al l CPU cycles except 
space cycles. 

16 -bit data bus - - Bidirecti ona l , three­
state bus that is the general purpose 
data path . Trans fers either words or 
bytes . 

Address strobe--Signal indicating that 
there is a valid address on address b us  
9 Read/Write De fines the data bus 
trans fer as a read or write cycl e .  

Upper and lower data strobes - - Signals 
used with R/W to contro l  data fl ow on 
the data bus . UDS enab l es the upper 
byte ; LDS enables the l ower byte . When 
both are active , words are trans ferred . 

Data tr ans fer acknowl edge - - I nput 
indicating that a data trans fer has 
been completed . When received during a 
read cycl e ,  data is l atched one cl ock 
cycle l ater and the bus cycl e  is  
terminated . When received during a 
write cycle,  the bus cycl e  is 
terminated . 

Bus request - -Not used 

Bus grant - -Not used 
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( 

Table l-1 68010 Processor Pin Functions (Continued) 

Pin No. 

12 

23-25 

26-2 8 

15 

20 

1 9  

2 1  

2-4 

Mnemonic 

BGACK 

IPLO , IPL 1, 

IPL 2 

FCO , FC1 , FC2 

CLK 

E 

VMA 

VPA 

Description 

Bus grant acknowledge--Not used 

Interrupt priority level 0-2--Inputs 
indicating the encoded priority level 
of the device requesting to interrupt 
the CPU. Level 7 has highest priority, 
and level 0 indicates no interrupts 
present. Level 7 cannot be masked. 
These inputs must remain -'stable until 
the processor acknowledges, which is 
accomplished by setting FCO -FC 2 and A04-
A23 high. 

Function code 0 - 2 - - 0utputs activated 
along with address strobe to indicate { .. 
the state (user or supervisor) and the 
cycle type currently being executed . 

� 
Low 
Low 
Low 
Low 
High 
High 
High 
High 

:EC. 
Low 
Low 
High 
High 
Low 
Low 
High 
High 

:E.C.Q. 
Low 
High 
Low 
High 
Low 
High 
Low 
High 

Cycle Type 
(Undefined) 

User data 
User progr am  
(Undefined) 
(Undefined) 

Supervisor data 
Supervisor program 
CPU space 

CloGk--10-MHZ input ,  internal ly 
buf fere d for devel opment o f  timing 
needed internally by .the processor . 

Enable--Not used 

Valid memory a ddress - -Not used 

Val id periphera l  address - - Asserted 
during an interrupt cyc l e to in form the 
CPU that the current interrupt cycl e  is 
an autovector cycl e . As impl emented in 
the UNIX PC , a l l  interrupts are 
autovectored.  

I 
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Table � - 1  6 8 0 1 0  Processor Pin Functions (Continued) 

Pin No . 

2 2  

1 7  

1 8  

Mnemonic Description 

BERR 

HALT 

Bus error - - I nput �n forming the CPU that 
there �s a probl em w�th the current 
cycle . Most commonly used when appl�ed 
memory address � s not �n .pr �mary 
memory . 

Hal t - -B�d�rect� ona l . When used as 
�nput , the processor f l o ats a l l  outputs 
and stops at the complet�on o f  the 
current bus cyc l e . Other uses are 
descr�bed be l ow . 

RESET Reset- - B�d�rect� onal si gnal that resets 
the system upon power up or pressing 
the Reset button . The reset and halt 
inputs are t�ed together to ensure a 
total processor reset . Press �ng the 
Reset button for 1 0  cl ock cycles causes 
a total system reset . Upon power up , 
reset and halt must be dr�ven l ow for 
at least 1 0 0  ms . A so ftware reset 
causes the reset s i gna l  to be dr�ven 
for 124  c l ock cyc les. 

Note 

An a lphabetical listing o f  mnemoni cs 
used in thi s  section appears in Append�x 
B. 
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'Fast · and Slow Cycles 

68010 machine cycles are either fast ( 400 ns) or s l ow (1 100 ns) 
depending on the address being accessed . The s l ow cycle is 
achieved by delaying the arrival o f  data trans fer ackpoyl edge to 
the 6 8010 . A custom gate array circuit containing the timing 
circuit determines how much delay to provide through address 
decoding. DMA machine cycles are fast (50 0  ns) trans fers between 
the DMA devices and RAM memory or refresh of RAM memory. 

Table 2 - 2  shows how the two most signi ficant addres.s bits are 
decoded to select fast or slow cycles : 

Table .l - .l  Si.gni. ficant Address Decoding 

A23 PA2 2 Region Description 

0 0 RAM memory : fast-cycle access by 6 8 0 10 user 
or supervisor mode 

0 1 I/0 registers : fast-cyc le 68010 access in 
supervisor mode only . 

1 0 ROM memory : slow-cycle 6 8 0 1 0  read in 
supervisor mode only 

1 1 I/0 registers : slow-cycle 6801 0 access in 
supervisor mode only 

From the program execution viewpoint, fast and s l ow cycle 
trans fers are identical . An instruction is executed in the same 
way except that the CPU waits for an acknowledge signal during 
slow-cycle trans fers . After the read portion while doing the 
read-modi fy-write cycle, the CPU waits to a l l ow any pending DMA 
requests to proceed . The CPU does the write portion when the 
system is idle . 

The CPU · adj usts the length o f  its machine cycle to meet the 
requirements o f  the bus . It drives address �d control signals 
and waits for DTACK data trans fer acknowledge �in 10) . 

2-6 
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Logi.c Board Dleory o r  Operati.on 

The 68 0 1 0  is c l ocked by a 1 0 -MHZ signa l ca l l ed 1PCK . lPCK is a 
5 0% duty cycle cl ock with a ful l - cycle duration o f  1 0 0  ns . The 
CPU uses four PCLK ' s to accompl ish a fast bus cycle . These four 
cl ocks are broken into eight states ( S 0 - 57 )  by the 6 8 0 1 0 : 

0 5 0 1 0 0  150  2 00 2 5 0 3 0 0  350  4 0 0  

I 
PCLK s o  S l  s 2  1 s 3  54 55 56 57 

1 ---

The CPU samples DTACK* at the trai l ing edge o f  54 . I f  DTACK* is 
present at the trai l ing edge o f  54 , the processor veri fies it at 
the leading edge o f  55 , latches data ( for a read) , tristates 
contro l  signals at the trai l ing edge o f  5 6 , and tristates its 
address l ines at the trail ing edge o f  57 . 

I f  DTACK* is not present , the pr-ocessor begins inserting wait 
states and samp l ing DTACK* at the trai l ing edge o f  each 
succeeding PCLK . When DTACK* arrives , the processor behaves as 
descr�ed in the preceding paragraph . This describes the 
di fference between a fast cycle and a s l ow cycle . 

Eor a s l ow cycl e ,  the hardware simply prevents the generation o f  
DTACK* for an extra s ix cl ock cycles . The extra time is al l otted 
for the slow response o f  the ROM and I /0 devices . 

6 8 0 1 0  CPU' machine cycles are either instructi on fetches or 
instructi on execution cycles .  The 6 8 0 1 0

. 
outputs status bits that 

identi fy the type o f  cycle being per formed . These status bits 
can be used by a l ogic analyzer to disp l ay only progr am  execution 
to aid in troubleshooting . 

C1ock Generation 
Sheet 3 refers to schematic sheet 3 in Chapter 5 .  Note that 
integrated circuits ( I C) are referred to by their l ocation 
identi fiers . Eor example , 2 1E re fers to an I C  l ocated at 
pos ition 2 1E on the logic board . As seen from the front of the 
UNIX PC, parts on the l ogic board are identi fied with two 
coordinates . Numbers from l e ft to right ( 1 - 2 8 )  and l etters from 
front to back (A-P)  . 
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/ 

System cl ock signals are generated as fo l l ows : 

o A 4 0 -MHZ osci l l ator provides the source frequency for the 
maj ority o f  the system cl ocks . 

o This frequency passes through OR gate 2 1F and provides the 
cl ock for dual J-K F/F 2 0G .  

o Pins 9 and 7 o f  2 0G output -a 2 0 -MHz s ignal . and pins 5 and 6 
output 1 0  MHZ . · 

o These signals are buf fered at 19G and output as MCK and PCK . 

o 1PCK+ feeds the cl ock input o f  F/F 16K and causes the 
generation o f  the 5 -MHz signal . 5MCK+ . 

o lPCK+ feeds the DMA address IC ( 2 2E �  sheet 9 )  and causes the 
generation o f  the 1 -MHz signal . 1MCK+ . 

( 

� ( 
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Bus Arbitration 

A bus arbitration programmable array l ogic (PAL) decides which 
DMA device accesses the bus when two DMA devices request the bus 
at the sam e time . When no DMA devices are requesting the bus , 
the 6 8 0 1 0  controls the bus . 

Bus Masters and Slaves 

The UNIX PC uses a system address and data bus as shown in Figure 
2 - 1 . The system bus makes it possible for bus arbitration to 
switch the bus between several devices , cal led bus masters . 

The devices connected to the system bus are c l assi fied as either 
bus masters or bus s l aves . In every data trans fer , one device is 
the master and one is the slave . The master outputs the control 
signal that starts the trans fer and provides the address of the 
device to or from which it wants to trans fer data . A bus slave 
is connected to the bus when an address decoder detects the 
presence o f  the address assigned to that device on the address 
bus . 

Figure 2 - 1  shows two bus masters in the UNIX PC system , the 6 8 0 1 0  
CP U  and the disk DMA contro l ler , and a s ingle device they can 
both trans fer data to , the RAM memory array . 

When the 6 8 0 1 0  CPU trans fers data to RAM memory, contr o l  signals 
are asserted that enable the tristate buf fers and connect the 
6 8 0 1 0  address and data l ines to the system address and data bus . 
At the same time , other control  signals put the DMA circuits 
inside the custom DMA address and put data and gate array chips 
in a tristate condition ,  thus disconnecting them from the system 
address and data bus . 

When the DMA gate array chips are trans ferring data between a 
disk drive and memory, the gate array address counter and data 
l atch are enabled . The 68 0 1 0  address and data buf fers are in a 
tristate cond�tion . 
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Arb�trat�on Pr�or�ty 

The process o f  dec�d�ng which bus master rece�ves the bus at any 
given time is cal led bus arb i t r ation . I t  takes place in the bus 
arbitration PAL shown on sheet 2 o f the schematics . For a 
detai l ed discUss�on o f �AL ' s , re fer to Append�x A,  PAL Equations . 

The fo l l owing tab l e  shows how priority � s  ass igned to the various 
possible bus masters .  With the exception o f  the processor , the 
other bus masters wi l l  be DMA . The 68 0 1 0  issues no bus request ;  
it i s  granted use o f  the system bus by de fault (no .other requests 
are present) . 

Table l-3 Bus Master Pr�or�t�es 

Prio rity Bus Master 

1 Disk bus inter face unit 
2 Expansion board 3 
3 Re fresh 
4 Expansion board 2 
5 Expansion board 1 
6 Expansion bo ard 0 
7 6 8 0 1 0  

Arbitration S�gnal Sequence 
When a bus master requires use o f  the system bus , it issues a bus 
request to the arb�ter . I f  no higher pr iority requests are 
pending , the arbiter sends a bus grant to the requesting circuit . 

The bus master then sends. a bus grant acknowledge back to the 
arb iter , drops its request , and executes the bus cycle . The bus 
grant acknowl edge l atches the bus grant and l ocks out other 
requests . 

When the bus cycl e  is finished , the bus master drops the bus 
grant acknowledge and the arbiter drops the grant . 

The bus arbiter al l ows continuous trans fers to occur . I f  another 
trans fer is pending at the end o f  one trans fer , the arbiter 
immedi ately sends a new bus grant and the next tr ans fer begins . 

2 - 11 
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Memory : Theory o f  Operat ion 
Onboard memory cons ists o f  random access memory (RAM) . The l ogic 
board contains a minimum o f  512K or RAM which may be expanded to 
2 MB .  The logic board also contains read- only memory (ROM) which 
ho lds the in�t�alization program that is run when power is turned 
on or the Reset button is pressed . 

Memory Address 

The 6 8 0 1 0  provides 
not leave the CPU . 
memory . The data 
either 8 -bit bytes 

24 address bits , although address bit 0 does 
This al lows the addressing o f  16 MB o f  

bus contains 1 6  bits . Memory operands can be 
or 16 -bit words . 

Al l memory or register word accesses must be even-byte aligned . 
This means word instruction address operands must be even 
numbers . AO is always zero . Address numbers are six hexadecimal 
d� gits from 0 0 0 0 0 0  through FFFFFF . These correspond to 16 MB .  
Physical memory is organized in 16 -bit words . The first word is 
address 0 0 0 0 0 0 ,  the second is 0 0 0 0 0 2 ,  the third is 0 0 0 0 04 ,  and so . 
on . When even- numbered bytes are accessed , the upper hal f o f  the( 
data bus 015 to 08 is used . When odd-numbered bytes are 
addressed , the l ower hal f o f  the data bus , 07 to DO is used . The 
internal address b i t  AO is l ogica l ly equivi l ent to the UDS (upper 
data strobe) p in o f  the 6 8 0 1 0 . 

Words are accessed only at even addresses when both UDS and LDS 
are active . 

Reset Vector Loading 

When a system is powered or reset , the CPU automatical ly 
addresses ROM . A bootstrap routine directs the CPU to initialize 
the UNIX PC system and read the operating system from the disk . 

When a system is reset , internal microcode forces the 6 8 0 1 0  to 
read from RAM address 0 0 0 0 0 0 . Address 0 0 0 0 0 0  is re ferred to as 
the reset vector . The 6 8 0 1 0  l oads the stack po inter with the 
values stored in addresses 0 0 0 0 0 0  and 0 0 0 0 0 2  . . I t  reads the 
values stored in addresses 0 0 0 0 04 and 0 0 0 0 0 6  and l oads them into 
the program counter . 

Actual address space for ROM is 8 0 0 0 0 0 - BFFFFF . The va lues 
necessary to initi a l iz e  the stack po inter and the program counter 
are actua l ly at addresses 8 0 0 0 0 0  through 8 0 0 0 0 6 . There fore , 
during a reset , the hardware is respons ib l e  for forcing address 
bit 2 3  hi gh ,  thus causing the processor to re fer to ROM . 
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Dur ing reset , a signal ca l l ed ROMLMAP is generated and ORed with 
address bit " 2 3 . Al though the processor i s  address ing 0 0 0 0 0 0 , 
ROMLMAP causes the address sent to ROM to  be 8 0 0 0 0 0 . 

At this po int , the hardware forces the processor into the ROM 
address space , and no RAM re ferences can be made as l ong as 
ROMLMAP is active . The boot code is respons ibl e  for vector ing 
the processor into l egitimate ROM address space and must also 
cause the processor to deactivate ROMLMAP so RAM can be accessed 
again . 

· 

The processor is vectored into legitimate ROM address space by 
the first instruction executed a fter the program counter is 
l oaded with the vector address at 8 0 0 0 0 4 and 8 0 0 0 0 6 . This value 
is  l oaded into the program counter . The processor then fetches 
and begins instruction execution . 

Now that the CPU is driving PA2 3 high, ROMLMAP i s  no l onger 
necessary . In fact , it must be dropped to access RAM . The first 
instruction , addressed by the reset vector , causes 8 0 0 0  to be 
written to address E43 0 0 0 . This deactivates ROMLMAP . 

68010 ROM Read Sequence 

The system must do a s l ow-cycl e  trans fer t o  read ROM . The 
fo l l owing description re fers to the schematics in Chapter 5 .  

Sheet 5 - -Asserting reset : 

o Upon power up or depression o f  the Reset button , the HALT and 
RST pins o f  the 6 8 0 1 0  are driven l ow by the power - up detection 
and reset switch debounce circuit . 

Note 

At power up , the RST and HALT p ins must 
be l ow for a minimum of 1 0 0  ms .  At 
reset , they must be l ow for 1 0  clock 
cyc l es . 

o At 6 0  ns a fter reset goes high ,  the CPU outputs the function 
code - - in this case , FC2 + ,  FC1+ , and FCO - ( supervisor program 
mode)  . The processor drives R/W* high (spec i fying a read 
operation) and p l aces the address on the PA bus . · Once the 
processo r has been vectored into ROM , PA2 3 i s  a 1 ,  and PA2 2 is 
a 0 .  

2 - 13 



Logic Board Theory o f  Operation 

Sheet 6 - -Assert ing ROMLMAP * : 

0 RST * clears the addressable l atch 7K, caus ing the generati on 
o f  ROMLMAP * from pin 7 .  

Sheet 5 - -Asserting SPA2 3 and POS : 

( 

o ROMLMAP * is inverted to a high by 3K . This is appl ied to gate 
1 3E ,  which is l ogical ly equivalent to an OR gate . When it 
receives a high from 3K,  it generates high output at SPA2 3 . 

o At 1 2 0  ns the processor outputs AS * ,  UDS * ,  and LOS * . LOS * and 
UDS * generate POS + . 

Sheet 3 - -Asserting I /ORQ+ : 

o POS+ , SPA2 3 ,  and an inactive INTA* cause gate 2 7F to assert 
I /ORQ+ . 

Sheet 9 - -Asserting BGACK* : 

o I /ORQ+ causes the OMA address I C  to assert BGACK* . 

(This OMA address array i s  a custom gate array chip . I n  early 
versions o f  the UNIX PC l ogic boards , a piggyback gate array 
s imulation board was used instead o f  gate array chips . )  

Sheet 17 - -Asserting ROMEN : 

o 1 o f  4 decoder 6J i s  enabled by BGACK* and addressed by SPA2 3 
and PA2 2 . SPA2 3 i s  high and PA2 2 i s  l ow ,  putting a b inary 2 
on the address inputs o f  the decoder . The decoder drives its 
Q2 output l ow ,  asserting ROMEN* . 

Sheet 5 - -Addressing and enabling ROM : 

o BGC+ and MRAMEN* force the output o f  2 5N (pin 1 1 )  l ow ,  
enabl ing address buf fers 1 6 F  and 17F . Transparent l atch 1 7G 
is put into its transparent mode by gate 27H, pin_1 0 (MMUWREN+ 
and MMUWREND+) , · and the outputs are enabl ed by BGC+ . 

o ROMEN* disables data transceivers 1 3C and 1 30 and enab les boot 
ROM ' s 1 4C and lSC . Note that the ROM ' s  output direct ly to the 
processor data bus . 
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0 At this po int the boot ROM ' s are addressed , enabled,  and 
asserting data ; the processor has been inserting wait states , 
waiting for DTACK* . When DTACK* arr ives ,  the processor 
latches the data on the trail ing edge o f  the next PCK* and 
deasserts address and control signal s . 

Sheet 9 - - Disabl ing BGACK* : 

o 6 5 0  ns a fter I /ORQ+ , · the DMA address I C  asserts I / 0  DTACK+ ; 
9 0 0  ns a fter I /ORQ+ , BGACK* is disab l ed . 

Sheet 3 - - Asserting DTACK* : 

o I / 0  DTACK+ causes gate 2 7N to assert DTACK* .  

Mapping Virtua1 Address 

The memory management circuitry includes page status registers on 
sheet 16 and the memory management PAL on sheet 2 .  I t  per forms 
four general functi ons : 

o Trans l ates l ogical address to physica l address 

o Updates the page status registers dur ing each l egal RAM 
access , e i ther by the 6 8 0 10 o r  DMA 

o I f  the access is  i l l egal , inhib its the access and generates a 
memory management unit (MMU) error 

o Provides a data path for the 6 80 1 0  t o wr ite page status t o  the 
page registers whi l e  servicing an interrupt resulting fr om an 
i l legal access to RAM . 

The address output o f  the 6 80 1 0  and the DMA devices are virtual 
address . Virtual address space is fixed at 4 MB . Progr ams are 
assi gned fixed positions within this l arge address space . This 
virtual memory is sectioned o f f into 1 0 2 4  pages o f  equal length 
(40 96 bytes) , and the pages res ide in either RAM (physical pages) 
or disk storage ( l ogical pages) . From any user program 
viewpo int , these pages are avai l ab l e  storage , and a maj or task 
done by the supervisor program is to j uggle pages between RAM 
memory on the l ogic board and the hard disk drive . 
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The supervisor program uses map registers ( stati c  RAM chips ) · to 
l ocate pages in phys ical memory (RAM) . The amount o f  phys ical 
address space can vary from 1MB to 3 . 5MB ,  depending on whether or 
not a memory expansion board is used . The map register ' s address 
input is a virtual or logical page address .  I ts data output 
l ines are the physical page address plus status bits . These 
determine whether that page is l ocated in the onboard RAM or in 
disk storage . There are · l 0 24 map registers , one for each page o f  
virtual memory . 

When an instruction attempts to access a page that has been 
declared not present , the MMU PAL (memory management PAL , sheet 
2 )  generates an error signal cal l ed PGF (page fault) . This is 
used for internal processing and has priority over interrupts .  
To correct the page fault , a new page must be decl ared present . 
Since the number o f  pages that can be decl ared present is fixed , 
declaring a new page present means one that was present must be 
declared not present . The exception processing program 
determines which new page is decl ared present and which page that 
was present i s  decl ared not present . This determinati on is based 
on how l ong it  has been s ince a given page was l as t  accessed . 

I n  real time , the computer can execute only one process at a 
t ime , at any given time , so the map registers contain page 
addresses pertaining to only one user ' s  process . However , 
processes can share code or data , and each time the supervisor 
reloads the maps , it can l oad them so they po int to both 
exclusive and shared memory . 

Typical ly the kernel o f  the operating system i s  contained in the 
l owest portion o f  memory . This section o f  memory is unity 
mapped . Uni ty  mapping means a one - to - one correspondence between 
virtual address into the map RAM ' s  and physical address output . 
Virtual page 0 is mapped to physical page 0 ,  virtual page 1 is 
mapped to phys ical page 1 ,  and so on . The kernel i s  the l owest 
l evel o f  the operating system . I t  is respons ibl e  for schedul ing 
processes , executing command sequences to periphera l  controllers ; 
and per forming other simi l ar tasks never seen by a user running 
an application pro gram . 

The process working set is the set o f  pages that currently 
resides in physical memory . Whenever the CPU · reads or writes a 
memory l ocati on , the memory management hardware determines 
whether or not the page addressed is in the process working set . 
I f  it i s  not , the hardware generates a BERR CPU interrupt . 
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Upon receiv�ng a BERR , the CPU invokes the superv i s o r . The 
supervisor sets up a DMA disk operation to  obtain the mi ss ing 
page . Then i t  returns to CPU user mode , a l l owing it to do a 
di f ferent user process whi le the DMA is working . When the d i sk 
contr o l ler finishes the DMA operation , it interrupts the CPU . 
The supervisor notes the updated process working set and , either 
now or l ater , returns the CPU to the original user process . 

The amount o f  physical memory determines the upper s iz e  l imi t o f  
the process working set . As memory size increases , the upper 
size l imit increases , which improves system per formance by 
reducing disk trans fers . 

Virtua l program memory is being addressed i f  address b its 2 2  and 
2 3  are equal to 0 0 . The memory contro l  receives the l ower 2 1  
virtual address bits , via the l ogical address bus . The upper 10 
bits ( 2 1 - 1 2 )  address the map l ogic to sel ect a page . The maps 
output a l O �bit-mapped address ,  MA2 1 - 1 2 , which , when comb ined 
with the l ower 1 1  address bits ( 1 1 - 1 ) , forms the comp lete 
phys ical memory address . 

When a user l oads an app l ication program into the computer , the 
supervisor program sets up the map RAM ' s  for that app l icati on , 

thus mapping the app l icati on onto an unused porti on o f  memory . 
As the user inputs more in formati on , the supervisor sends data 
back to the disk , remember ing where it has sent the data and to 
which app l icat i on i t  bel ongs . 

During each memory access , the map l ogic updates a t ab l e ,  c a l l ed 
the page map tab l e ,  t o  indicate the result o f  the access . This 
tab l e  consists o f  two page status bits , which indicate the status 
for each page o f  memory as fo l lows : 

o Not present (memory not instal led at that address ) 
o Present but not accessed 

o Accessed but not written to 

o Written ( in this case , the in formation in thi s page o f  memory 
must be stored on disk be fore the page can be overwritten ) 

Map Addresses MA12 - MA21 

The page mapping RAM ' s ( integrated circuits 1 9C thr ough 2 2 C )  are 
shown on sheet 1 6 . 
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The page mapping RAM ' s  receive 1 0  bits o f  virtua l address , A1 2 -
A2 1 ,  and output 1 0  bits o f  physical address , MA1 2 -MA2 1 . Bits 
MA1 2 -MA1 9 are used to address onboard memory . This two -bit 
di f ference accounts for an 4 to 1 ratio o f  4 MB virtua l memory to 
1MB phys ical memory . 

The page map is  composed o f  static RAM chips { 2 1C , 2 2 C ,  1 9C ,  and 
2 0 C) . The RAM chips are addressed by 1 0  bits from the system 
address bus {A1 2 -A2 1)  . Note that the chips are a lways enabled on 
pin 8 .  The page RAM ' s output a 1 0 -bit address (MA1 2 -MA2 1 ) . 5 
status bits (PS O -PS4) . and a write-enabl e  bit (WE+ )  . •  

Bits MA1 2 -MA19 go directly to the memory address multip lexers 
(MUX ' s) and are considered physical address bits . MA2 1 is used 
to determine i f  memory is in base memory or on the memory 
expansion board . PS 2 , PS3 , and PS4 are not used by the so ftware 
as shipped , but are avai lable for future memory management 
enhancements . PSO and PSl are used to provide the operating 
system with the fo l l owing page status in formation : 

PSO PSl Status of Page 

0 0 Page not present 
0 1 Present but not accessed 
1 0 Accessed but not written 
1 1 Written to {di rty) 

S e l ect ing RAM Row 

Sheet 1 7  shows the RAM row decoder , 6J . RAM is divided into two 
rows o f  RAM chips , each row containing 5 1 2Kbytes . Address bit Al 
is decoded to enab l e  a particul ar row o f  RAM as fo l l ows : 
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Addres s Mu l t ip l exing 

The 6 4K dynamic RAM chips (see sheets 1 9  and 2 0 )  have 9 address 
inputs that are multip lexed to form the required 1 8 -bit address . 
This is done through the row address strobe (RAS) and the column 
address strobe (CAS ) inputs to pins 4 and 15  o f  these chips . 
Sheet 18  shows the memory address MUXs . Mul tiplex chips switch 
the RAM address input from row to col umn address .  Notice there 
are tvo sets o f  MUXs , one set for each o f  the tvo rows o f  memory . 
Each set o f  MUXs outputs to one o f  the tvo buses : Y bus , or Z 
bus . These buses carry 9 bits o f  address directly _ to their 
respective row o f  memory . They first trans fer 9 bits o f  RAS 
address and then 9 bits o f  CAS address .  

As inputs , each set o f  MUXs receives MA1 2 -MA9 , A3 -All , and LA2 . 
MA1 2 -MA9 is the page address from the outputs o f  the page mapping 
RAMs . These bits address the sel ected phys ical page o f  memory . 
LA2 , A3 -Al l  is the word address from the system bus . These bits 
are not al tered by memory management . They address a word on the 
selected page . A3 -Al 0  is gated through the MUXs at RAS time . 
All and MA1 2 -MA1 8  are gated through at CAS time . 
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2 - 2 0  

Table .2 - 4  Summary o f  Address Bit Assignments 

Address Bit · Assignment 

PA2 3 

PA2 2 

Al. 2 -A2 1 

MA.2 1 

MA2 0 

MA1 2 -MA1 9 

A3 -Al l 

Al. -A2 

AO 

When = 0 ,  fast bus cycle 
When = 1 ,  slow bus cycle 

When = 0 ,  memory access 
When = 1 ,  I/0 access 

Virtual page address to map RAMS 

When = 0 ,  base memory enabled 
When = 1 ,  expansi on memory enabled 

Used to select expansion sl ots 

Page address from page mapping RAMs 

Word address from system address bus 

Word address bits from system bus used 
to select a row o f  RAM chips 

Internal to 6 8 0 1 0 ; always zero 
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Wr� te Sequence : Processor to Page Map 

A re ference to the page mapping RAM is considered a CPU fast 
cycle , which is 40 0 ns or four cycles o f  the processor cl ock . 
When a time re ference is made in the fo l lowing text - - for example,  
DTACK* is generated at 1� 0 ns - - it means 1 9 0  ns from the rising 
edge o f  the first PCLK in the cycle . Note the position o f  the 
asterisk in the fo l l owing diagram : 

0 s o  1 0 0  150 2 0 0  250  3 0 0  35 0 400  

PCLK s o  Sl 5 2 5 3  5 4  ss 5 6  57 

* 

Sheet 5 - -Asserting address and contro l  signal s : 

0 At 6 0  ns into the fast cycle , the 6 8 0 1 0  outputs the function 
code : FC2 , FCl , or FCO . In this case , FC2 is high because 
the CPU has to be in supervisor mode to re fer to the page 
map . 

o Also at 6 0  ns , the processor p l aces the address on PA2 3 -PA1 . 
PA2 3 and PA2 2 wil l  be 0 and 1 ,  respectively , s i gni fying a 
fast -cyc l e  access to RAM . 

o At 1 2 0  ns the CPU outputs AS - , UDS - , and/or LDS - . The 
processor also asserts R/W* l ow at this point . 

o Gate 2 2D asserts PDS + . 

Sheet 3 - - Starting memory timing : 

o PA2 3 app lies a l ow to pin 9 o f  16H; pin 8 o f  1 6� i s  an 
inactive BGc+ ( l ow) . 16H outputs high to 19K;  pin 3 o f  19K is 
clocked . 1 9K cl ocks F/F 2 1E clear because o f  the inactive 
ROMLMAP * t�ed to its K input . This asserts ENRAS *  ( l ow) and 
starts del ay l ine 19H .  

o ENRAS *  is generated at 1 0 0  ns . Note that . the si gnals 
generated from the del ay l ine are time re ferenced to the 
generation o f  ENRAS * . 
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Sheet 9 :  

o ENRAS * ( l ow) causes the DMA address I C  to assert BGACK* for 
2 0 0  ns . ENRAS * and R/W* �ssert FWR * .  

The system address space _ a l l ocated for the page mapping RAM 
inc ludes addresses 4 0 0 0 0 0 -40 0 7FF . These addresses are decoded to 
enabl e  the page map . 

PA2 3 PA2 2 PA21 PA2 0 PA19 PAlS PA17 PA16 

0 1 0 0 0 0 0 0 

Sheet 1 7 : 

o Decoder 6J is enabled by ENRAS * . I t  is  addressed by SPA2 3 
and PA2 2 ,  which are 0 and 1 ,  respectively . This causes the 
decoder Q1 output to go l ow ,  thus asserting GATE1 * .  

Sheet 4 - - Enab l ing map RAM :  

o 1 o f  8 decoder 2 6G is enabled by GATEl *  (pin 5 ) , PA1 9 = 0 
(pin 6 ) , the active SUPV+ , and the inactive BGC *  (pin 4) . I t  
is  addressed by PA16 -PA18 ,  al l equal t o  0 .  Th e  decoder 
drives pin 15  l ow ,  generating MRAMEN* (map RAM enable)  . 

o MRAMEN* goes to sheet 5 ,  where it dis ab l es the processor data 
transceivers , and to sheet 16 . 

Sheet 1 6 - -Page map : 

o 1 9C ,  :z o e ,  2 1C ,  and 2 2C are the page -mapping RAM chips . They 
are 1 0 0  ns , lK x 4 ,  static RAM ' s .  

o The processor addresses the page map with address bits PAl ­
PAl O through buf fer chips 16G and 1 2F . These chips are 
enab l ed by MRAMEN* . 

o The data is gated to the RAM chips via transceivers 2 3C and 
2 4C . 

o The RAM i s  enab l ed for a wr i t e  by gate 2 0 E  (p in 1 1 )  . 
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Sheet 3 - -Acknowl edging trans fer by generating DTACK : 

o MUX 1 9F is set up to select the A inputs because we are not 
in expansion memory . At T9 0 pin 9 goes hi gh ,  partial ly 
enabl ing 2 7F . An inactive BGC* and an inactive BMSEL * ful ly 
enabl e  the gate . �e high output from 2 7F � in 8) generates 
DTACK* from 2 7N �in 5) at 190  ns . 

o The processor samples DTACK* at 250  ns , ver i fies it at 3 0 0  
ns , and latches the data at 3 5 0  ns . 

68010 Local RAM Read Sequence 

A re ference to RAM is considered a CPU fast cyc l e ,  whi ch l asts 
40 0 ns or four cyc les o f  the processor c l ock . 

0 s o  1 0 0  150  2 0 0 2 5 0  3 0 0  3 5 0  

PCLK s o  S l  S 2  S 3  S4 S5  S 6  S 7  

Sheet s - �Asserting address and contro l  s i gna l s : 

400  

o At 6 0  ns into the fast cyc le,  the 6 8 0 1 0  outputs the function 
code : FC2 , FCl , or FCO . The R/W* signa l  i s  negated (high) 
because data is being read . 

o Also at 6 0  ns , the processor places the address on PA2 3 - l . 
PA2 3 and PA2 2 are 0 ,  signi fying a fast - cyc l e  access to RAM .  

o Processor address buf fers 16F and 1 7F are enab l ed by an 
inactive MRAMEN* and an inactive BGC *  from gate 25N . 

o Transparent l atch 17G is enabled on pin 1 by the inactive 
BGC+ . I t  is put into transparent mode via 2 7H  by an inactive 
MMUWREN+ and an inactive MMUWREND+ .  

o At 1 2 0  ns , the CPU outputs AS - , UDS - ,  and/or LDS - . 

o Gate 2 20 generates PDS+ . 
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Sheet 3 - - Start�ng memory timing : 

o PA2 3 is l ow and feeds pin 9 o f  16H; p in 8 o f  16H is an 
�nact�ve BGC+ .  16H outputs high to 1 9K ;  p�n 3 o f  19K is 
c l ocked . 1 9K cl ocks F/F 2 1E clear because o f  the inactive 
ROMLMAP * t�ed to �ts K input . This generates ENRAS *  and 
starts del ay l �ne 1 9H .  

o ENRAS *  �s generated at · 1 0 0  ns . Note that the signals 
generated from the delay l ine are t�me re ferenced to the 
generat�on o f  ENRAS * . 

Sheet 1 6 - -0btaining physical address from page map : 

o The page mapping RAM ' s ( 1 9C ,  2 0 C ,  2 1C ,  and 2 2C) are always 
enab led because o f  the ground on pin 8 .  Gate 2 6M sets them 
up for a read because o f  the inactive MRAMEN* . 

o The RAM ' s  are addressed by virtual address bits A1 2 -A2 1 and 
output physica l  address bits MA1 2 -MA2 1 along with five page 
status bits . 

Sheet 18 - -Driving the address to memory : 

o The address MUX ' s  are always enabled by a ground on pin 15 . 
The select input (pin 1 ) is high for the first 1 6 0  ns o f  the 
cycle and gate through the row address . After 1 6 0  ns , the 
column address is gated to memory . 

Sheet 16 - - Strobing the row address : 

o Transparent l atch 2SF is in its transparent mode be fore T1 5 0  
and passes address bits A1 and A 2  through to become LA1 and 
LA2 . At T15 0  pin 11 goes from high to l ow and 2 SF l atches 
its data . 

Sheet 1 7 : 

( 

( 

o The RAM row decoder (6J) is enabled by a l ow PA2 2 vi a gate 
2 0F . LAl and LA2 select one o f  the four rows of RAM as shown 
in Tabl e  2 - 5 ,  the respect�ve 4J gate and parti a l ly enab les 
one o f  the 3J gates . At 1 3 0  ns , RAS goes.  out to the selected 
row o f  memory (T 3 0 * ) . 
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Table .l -5 Row Address Strob.ing 

LA..l LA1 RAS Enabled Rov Affected 

0 0 RAS O * Row w 
0 1 RAS 1 * Row X 
1 0 RAS 2 *  Row y 
1 1 RAS 3 *  Row z 

Sheet 2 - - Strobing the column address :  

o With PA2 2 l ow and BGC+ inactive , gate 2 6M outputs l ow to 2 20 ,  
generating CASEN+ . 

o MMU PAL 2 4G outputs only CASDI S *  during a MMU error .  This 
signa l  preve�ts a memory re ference in the event o f  an error 
condition (such as a page faul t) . 

Sheet 1 6 : 

o The inactive CASDI S *  and CASEN+ feed gate 24P ,  forcing a l ow 
onto pin 5 o f  2 7H .  Pin 6 is l ow for a read operation . 2 7H 
outputs high to 2 6M and 2 6M outputs high to 2 5E , generating 
ENCAS + . 

Sheet 1 7 : 

o ENCAS+ partial ly enables decoders 7J and 9J , LDS *  and UDS * 
further enable the decoders ,  and at T9 0 , one or  both o f  the 
decoders are ful ly enabled . Note that LDS * and UDS * contro l 
byte or word selection . 

o The decoders are addressed by LAl ,  LA2 , arid LMA2 1 .  I f  LMA2 1 
i s  l ow , LA1. and LA2 generate CAS to one o f  the rows o f  
memory . I f  LMA2 1 i s  high,  the target memory address is on 
the expansi on board and no CAS goes to base memory . 

Sheet 1 9 - -Accessing RAM :  

o At 1 3 0  ns into the bus cyc l e ,  RAS strobes in the row address . 
At 1 6 0  ns , the address MUX ' s  switch from row address 
mul tipl exing to column address mul tipl exing . At 1 9 0  ns , CAS 
strobes in the column address . 
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0 After access time ( 1 5 0  ns from RAS ) . the data is  avai lab le on 
the RD bus . 

Sheet 2 0 - -Putting in formation on the system data bus : 

o 1 2 C  and 1 20 are the .RAM data' transceivers . They are enabled 
during CAS time , provided address bit 2 1  is a 0 (base 
memory} . 

o The direction in which the transceivers pass data is 
contr o l l ed by RfW* from the processor . For a read operation , 
they route the data from the RD bus to the D bus . 

Sheet 3 - - Stopping memory timing and resetting ENRAS *  via PDS+ : 

0 

0 

Gate 18G stops memory timing . 
map i s  not being re ferenced . 
active . Pin 1 1  is  hi gh when 
and pin 1 goes high at Tl2 0 . 
output a l ow to gate 16H .  

Pin 1 3  i s  high when the bit 
Pin 12 is high when PDS +  is 

no bus grant common is active . 
These conditions cause 18G to 

16H outputs high to the D input o f  F /F 16K . At the next 
lPCK+ , MMUWREN+ is generated . 

o MMUWREN+ i s  tied to the D input o f  F/F 1 8H, and the trail ing 
edge o f  the next PCK* s�ts the F/F . 

o 18H outputs l ow on pin 3 and sets the ENRAS F /F ( 2 1E) . 

Sheet 3 - -Acknowl edging the trans fer and generating DTACK* : 

o MUX 1 9F is set up to select the A inputs because we are not 
in expansi on memory . At T90 pin 9 goes high .  parti al ly 
enabl ing 2 7F . An inactive BGC *  and an inactive BMSEL * ful ly 
enable the gate . The high output from 2 7F generates DTACK* 
from 27N at 1 9 0  ns . 

o The processor samples DTACK* at 2 5 0  ns . ver i fies it at 3 0 0  
ns . and l atches the data at 3 5 0  ns . 

Sheet 1 0 - -Checking parity : 

o The DMA data I C  outputs UPARIN i f  bad parity (odd) is found 
in the high byte and LPARIN i f  a prob l em occur s  in the low 
byte . Parity is checked during a read . During a wr ite ,  
LPARIN and UPARIN set the data into the memory parity chips 
s o  that the data byte p lus L�e parity b it have odd parity . 
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Sheet 17 : 

o Gate 1 3H outputs l ow at CAS time when a read to base memory 
is being done . This output , al ong with the data strobes , 
enables one or both o f  the gates feeding 1 2H .  

o 1 2H outputs l ow when there has been a parity error . When T90 
goes from l ow to high ,  F/F 6K resets and 2 0E presents PERR* 
to the system . 

Sheet 6 :  

o PERR* forces a low out o f  28F . I f  the error enable bit is 
active , a low is gated to pin 4 o f  18F . -�ecoder 18F presents 
a level 7 interrupt to the processor . 

Par1.ty 

F i gure 2 - 2  is a s imp l i fied schematic o f  the parity generator 
circuit in the custom gate array simul ator board . 

Paricy Write 

During a RAM write operati on the parity circuit determines i f  the 
number o f  bits set to a one in the upper or l ower data byte is 
odd or even . I f  the number is even the parity b i t  for that byte 
is set hi . I f  the number is odd,  the parity bit is set l ow .  
Parity i s  checked during a 6 8 0 1 0  RAM read cycle . I f  parity is 
incorrect a l evel seven interrupt is generated . The ENCAS * input 
to the parity error generating circuit on sheet 1 7  prevents 
generation o f  a parity error during a page faul t . The LDS input 
prevents parity error during a DMA RAM memory access . 

Sheet 1 7 : 

o During a write , the BP+ bit is l ow and the se l ect input S to 
the multiplexer lOJ is high; thus UMUXPAR and LMUXPAR are 
both h1. during a write . 
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The odd-parity generators in the DMA data gate array (sheet 1 0 )  
generate the odd parity signa l s  UPARIN (upper -byte parity) and 
LPARIN ( l ower-byte parity) . I f  the data on the data bus has an 
even number o f  hi gh bits , the hi input from UMUXPAR makes the 
number o f  high inputs to the 74LS 2 8 0  odd ,  and the parity bit 
input to RAM is hi . I f the number o f  highs on the data bus is 
odd ,  then adding the hi 

-
input from UMUXPAR or LMUXPAR keeps the 

total �nput to 75LS 28 0  even and the output o f the OMA data away 
is l ow . Thus the two combined · inputs to RAM ,  0 0 -07 plus LPARIN 
and 08-015 plus UPARIN,  always have

· 
odd parity . 

WXY 
0-7 

L o  
WXY or Z 
G-7 

I 0 

1 
or Z 

RAM 

Sheet 20 

Sheet 20 

L
�

· 

UP�1 8 

Par ity Check 

8P+ . From General Control Register. Sheet S 1  

0
nROUT 

1 8  2Y UMUXPAR 
� 

Odd UPA 
28 

MUX 
Data Parity > '---- 1 A  Generator 08-0 1 5  

r--- 2A 1 Y  -

AIN 

s 
Sheet 10 Gate Array 

LPAR IN 
� 

LPAROUT AN-/ LM UXPAR 
Sheet Odd 

4 Typ1cal 1 8  Parity � 
07-00 Generator 

Sheet 10 Gate Array 

Figure J - J  Par�ty Generator 

During a memo�- read operation , the two parity generator chips 
check the parity o f  the 8 -bit bytes plus their corresponding 
parity b�t . Thus , during a RAM read , both UPARIN and LPARIN 
should be l ow ,  ind�cating even parity . I f  either signal is high , 
circuitry on sheet 1 8  generates a parity error (PERR * )  . The 
PERR * s i gnal is used by the 6 8 0 1 0  interrupt l o gic on sheet 6 .  An 
interrupt is generated i f  the p arity error - enab l e  i s  as serted at 
the general contr o l register (GCR) . The PERR * s i gnal l atches the 
current bus status into the bus status register (BSR) and the 
general status register (GSR) . I f  the supervisor program has n o t  
masked o ut the error with the erro r  enab l e  bit at the GCR, the 
PERR * generates a level 7 interrupt . 
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Page Status . Update and Memory Management Errors 

Each memory access to RAM is checked for val idity . I f  it is a 
val id access . the status bits in the map RAM ' s are updated . I f  
it is not val id .  the attempted access to memory must be prevented 
and an error signal must be generated . The circuitry to 
accompl ish this is 

_
exp lained below . 

The memory management unit write (MMUWR * )  signa l  originates on 
sheet 2 .  On sheet 16 . it updates the status o f  the page status 
registers .  This signal is asserted each time an access to RAM is 
made that does not produce an access error . On sheet 2 MMUWR* 
enab l es tristate buf fers that load the new page status bits PS O 
(page status bit zero ) . PSl . and WE (wr ite enable) . On sheet 16 

MMUWR *  puts the map status RAMs into a wr ite condition so that 
the new status o f  P S O . PSl . and WE is wr itten into the RAM ' s 
during each val id RAM access . 

On sheet 2 MMUWR* is asserted by MMUWREN+ (memory management 
enable)  high and MMUERR* (memory management unit error) high. no 
error . and CASEN+ (co lumn address strobe enable) . 

MMUWREN+ is enabled each time an access to RAM is made by the 
68 0 1 0  or the DMA inter face unit . 

The memory management PAL generates the fo l l owing new page 
status : 

o P S 1 : Set to 1 regardless o f  previous state to indicate a 
read has taken pl ace . 

o PS O : Set to 0 during a memory read i f  there i s  no memory 
error . Otherwise . it is set to 1 .  

o WE+ : Set equa l  to SPA2 3 .  Pages are write enab l ed when and 
only when they are accessed in supervisory mode by the 6 8 0 1 0 . 

Generation o f  Memory Management Interrupts 

I f  the EE+ bit is set high on sheet 6 .  the MMUERR* generates a 
level 7 interrupt . The memory management PAL' generates two 
signa l s  that drive the interrupt l ogic on sheet 6 :  PGF �age 
faul t)  and MMUERR (memory management unit error)  . 
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P a ge Faul t 

This signal is asserted whenever both PSO and P S 1  are 0 and the 
6 8 0 1 0  is executing a user program,  FC2 is l ow ,  or a DMA RAM 
access (BGC+ asserted) is taking place . When P S O  and PS1  are 
both 0 ·a page faul t is not generated when the 6 8 0 1 0  accesses the 
page in supervisory mode . 

Memory Management Error 

The three ways to generate a memory management error are : 

o P age fault 

o User attempt to access the kernel ,  indicated by : 

0 

Kernel access - -Al 9 , A2 0 ,  an.d A2 1 a l l  l ow 
User program execution- -PA2 2 , SUPV, and BGC a l l  l ow 

User access to a page that is not write enabled ,  indicated 
by : 

P age not enabled for a write- -LWE l ow 
User program execution- -PA2 2 , SUPV , and BGC a l l l ow 

Bus Err o r  

The memory management unit also has an output cal l ed BERR (bus 
error) . This signa l  goes directly to the 6 8 0 1 0  on sheet 4 .  I t  
is caused by the fo l l owing conditions : 

o CPU page fault : page not present 

o User I /0 fault ( access to address not in RAM) 
o User attempt to write to a page that is  not write enabled 

o User attempt to write to the kernel . 

Co l umn Address Str obe D isab l e  

The co l umn strobe disab l e ( CASD I S ) s i gn a l  is gener ated by the 
memo ry management PAL to pr event the c omp l e t i on o f  an i l l ega l 
access to RAM .  
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RefreSh Ope�ati.on 
Circuitry for re fresh is contained in the DMA address gate array 
shown on sheet 9 .  The 42S6 dynamic RAM chips in phys ical memory 
(sheets 1 9 - 2 2 )  must be re freshed at least every 4 ms to prevent 

data loss . A RAS only re fresh is used- - that is , 256 row 
addresses are strobed to al l rows o f  RAM every 4 ms . This means 
that 6 4  re fresh cycles must be accomplished every mil l isecond . 

Two 8 -bit counters in the DMA address I C  constitute most o f  the 
re fresh circuitry . One is used as an address counter and the 
other is used to time the re fresh requests . 

The request counter is  clocked by lPCK+ . I t  presents RFRQ* to 
the bus arbitration circuitry on every 144th lPCK+ . I n  other 
words , it is con figured as a divide by 144 circuit . 

The address counter is incremented by the re fresh bus grant 
(RFBG* ) . I t  drives row addresses onto the system bus . This 

counter cycles through the 256 row addresses ( O -FF ) , driving a 
di f ferent address onto the system bus for each re fresh bus grant . 

Sheet 9 - -Getting bus contro l  and driving address : 

o The DMA address I C  asserts RFRQ * on every 144th occurrence o f  
lPCK+ . 

o When the RFRQ* has priority ,  the arbiter PAL grants the 
re fresh circuitry contro l o f  the system bus by returning 
RFBG* and BGC * (bus grant common) . 

o The DMA address I C  acknowledges receipt o f  the bus grant by 
asserting BGACK* ,  which causes the bus arbiter to l atch REBG* 
and BGC * . 

o BGACK* a l s o  determines how l ong mastery o f  the bus l asts by 
l atching the grants . BGACK* remains active for two c l ock 
cycl es during a re fresh . 

PCLK 

RFBG*/BGC *  

I 
0 s o  

BGACK* 

I 
1 0 0  150  2 0 0  2 5 0  

I 

CLR BGACK* 

I 
3 0 0  350  400  
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0 The re fresh circui try internal to the DMA address I C  then 

drives the 8 -bit re fresh address onto the system bus (A3 -

Al 0 )  • 

Sheet 3 - -Starting memory timing : 

o F/F l 8H (pin 6 )  is set when the system is idle , because BGC+ 
and ENRAS+ are absent . F/F is used to start memory timing 
for bus masters other than the CPU. 

o When bus contro l is granted to the re fresh circuitry by the 
bus arbiter , the common bus grant is generated (BGC+) . 

o This causes F/F l 8H to reset , l 9K cl ocks F/F 2 lE c lear , and 
memory timing is started . 

Sheet 1 7 - -Re freshing RAS :  

o RFBG* enables all o f  the 4J gates to output l ows , partial ly 
enabl ing the 3J gates . T3 0 *  ful ly enables the 3J gates , 
asserting RAS to al l rows o f  memory . 

Sheet 2 :  

CASEN+ is not generated because gate 2 6M is broken by BGC+ , and 
gate 2 20 is broken by an inactive NRF/BGC * . 
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System Cont;ol and Status Registers 

Various contro l  and status registers are avai l ab l e  to the 

processor . These registers monitor system status and control  the 
hardware . Tables 2 - 6  through 2 - 11 describe these various 
registers . 

Table �-6 General Status Regi.ster--Address 41 0 0 0 0  (Read Only) 

Data Bi.t Si.gnal Descri.pti.on 

14 R/W- 0 = Write cycl e , 1 = Read Cyc l e  

1 3  NPC+  1 = Nonprocessor cycl e  

1 2  PF - 0 = Page faul t ; appl ies to the processor 
(supervisor or user ) and the DMA 

control l er 

1 0  P I E +  1 = Parity interrupts enabled 

0 8 UI E - 0 = User access to memory above 4 MB  

I nformation in the general status register is updated with each 
bus cycl e . I f  the current cycle causes a parity erro r , ·MMU 
error , or processor bus error , the information in the GSR i s  not 
updated at the fol l owing cycl es unti l  the clear status register 
s ignal is received . This signal is generated when the proces s o r  
writes to address 4CO O O O . 

The genera l  status register is on sheet 6 ( 2 4D) o f  the 
schematics . 

2 - 3 3  



Logic Board Theory o f  Operation 

Table :l - 7· Bus Status Register 0 - -A.ddress 430 0 0 0  (Read Only) 

Data Bit 

1 5  

14 

1 3  

1 2 · 

1 1  

1 0  

0 9  

0 8  

0 7  

0 6  

0 0 - 0 5 

2-34 

Signal 

MMUERR -

DKBG-

EXP O BG-

EXPlBG-

EXP 2BG-

EXP 3BG-

UDS -

LDS -

PA2 3 

PA2 2 

A16 -A2 l 

Description 

0 = MMU error ; three poss ib l e  causes : 
( 1 )  Processor or DMA page faul t 
( 2 ) User write to write protected 

page 
( 3 ) User access to kernel ( 0 - 51 2K) 

0 = Disk DMA cycle 

0 = Expansion board 0 DMA cycle 

0 = Expansion board 1 DMA cyc le 

0 = Expansion board 2 DMA cycle 

0 = Expans ion board 3 DMA cyc le 

0 = Upper byte access 

0 = Lower byte access 

Processor address bit 2 3  

Processor address bit 2 2  

Logical address bits 1 6 - 2 1 

Note 

The bus status register is on sheet 6 
o f  the schematics . 



Logic Board Theory o �  Operation 

Table .l - 8 Bus Status Register 1 - -Address 440 0 0 0  (Read Only) 

Data Bit 

0 0 - 15 

Signal Description 

AO O -A15 Latches address during NMI or 

Note 

The bus status registers (BSRO , BSRl) , 
l ocated on sheet 6 in the schematics , 
are composed o f  transparent l atches : lBC 
and 2 50 are BSRO ; 16B and 2 10 are BSRl . 
They l atch in formation pertaining to the 
status o f  the bus when there has been a 
bus , parity,  or MMU error . They can be 
use ful when troubleshooting hardware 
problems or debugging code . The BSRs 
are not cl eared by reset ; there fore , 
they can be read eas i ly fr om the 
debugger . 

BERR 
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Table l - 9  General Control Register- -Address E4XO O O  (Write Only) 

Address 

E40 0 0 0  

E41 0 0 0  

E42 0 0 0  

E430 0 0  

E440 0 0  

E45 0 0 0  

E46 0 0 0  

2 - 36 

Bit Signal Description 

15 EE+ 1 = Error enable 
0 = Error disable , meaning no 

level 7 interrupt or bus 
error can occur 

1 5  P I E+ 1 = Parity error circuit and 
interrupt are enabled 

0 = Parity is disabled 

1 5  BP+ 1 = Memory write cycl e  resulted 
with parity error 

0 = Memory write cycle resulted 
with good parity 

15 ROMLMAP 0 = Processor is forced into ROM 
address space 

1 = Normal address ing 

15  Ll  MODEM* 0 = Modem connected to l ine 1 

1 5  L 2  MODEM* 0 = Modem connected to l ine 2 

1 5 D/N CONNECT *  0 = Dial network connected to 
l ine 1 

Note 

The general control register i s  l ocated 
on sheet 6 o f  the schematics . I t  is an 

. addressable latch ( 7K) . The processor 
'addresses the GCR with address bits A1 2 ,  
Al 3 , and Al4 . The various contro l  
signa l s  are enabled and disab l ed using 
processor data bit 15 . 

( 
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Table l-10 M1scellaneous Control Regi.ster- -Address 4AO O O O  
(Write Only) 

Data Bit S1.gna1 .Descr1.pt1.on 

15 CLRSINT- Dismisses the level 6 ,  6 0 -HZ interrupt . 
To dismiss the interrupt , the bit must 
be toggled from hi.gh to l ow and back to 
high . When this bit is l ow ,  it makes 
the interrupt . 

14 DMAR/W- 0 = D isk DMA write operation 
1 = Disk DMA read operation . This bit , 

along with the IDMARjW- bit in the 
disk DMA count register , should be 
updated be fore a disk DMA operation . 

1 3  LPSTR+ Strobes data from the l ine printer data 
register to the l ine printer through 
Centronics inter face protoco l . After 

· - data is set up at the data register , 
LPSTB+ must be toggled from l ow to high 
and back to l ow to strobe the data to 
the printer . 

1 2  MCKSEL -

11  LED3 -

1 0  LED 2 -

0 = Modem RX cl ock and TX c l ock gated to 
the communication contro l ler ' s  RX 
cl ock and TX cl ock inputs 

1 = Programmable timer selected to 
generate the cl ock pul ses for the 
communication contro l l er . 

0 = Red LED 3 (CR2 1 )  on 
1 = O f f  

0 = Green LED 2 (CR2 2 )  on 
1 = O ff 
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Table �-14 �scellaneous Control Regi.ster -- Address 4AO O O O  
(Write Only) (Continued) 

Data Bit 

0 9  

0 8  

2-38 

Signal Description 

LED1 - 0 = Yel low LED 1 (CR� 3)  on 
1 = O tt 

LEDO - 0 = Red LED 0 (CR24) on 
1 = O ft 

Note 

The misce l l aneous control register is 
l ocated on sheet 1 5  o f the schematics . 

( 
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Readi ng Ceneral Status Register (AddresS 410 0 0 0) 
The processor accesses the system status and contro l  registers by 
per forming a fast bus cycle . This operation is simi l ar to the 
previous fast cycles discussed . The processor dr ives address and 
contro l  signals and waits for DTACK* .  The address decode is the 
only di f ference between· this and previous fast cyc les . 

PA2 3 PA2 2 PA2 1 PA2 0 PA19 PA18 PA1 7 PA16 

0 1 0 0 0 0 0 1 

Sheet 4 - -Decoding address :  

o GATE1 * is active for al l fast cycles other than accesses to 
main memory . This signal enables decoder 2 6G on pin 5 .  

o The processor must be in supervisor mode to access the GSR , 
and BGC *  is not active during process bus cyc l es . These 
conditions cause gate 2 5N to enable the decoder on pin 4 .  

o When addressing the GSR , PA1 9 = 0 ,  which ful ly enabl es the 
decoder (pin 6 )  . 

o The decoder is addressed by PAlS , PA1 7 , and PA1 6 . As the 
chart above i l lustrates , · these bits are 0 ,  0 ,  and 1 ,  
respectively . This causes the decoder to generate GSRRD * 
from pin 14 . 

Sheet 6 - -Driving the data : 

o The general status register is transparent l atch 24D . I ts 

outputs are enabled by GSRRD * ,  and it Sheet 3 - -Acknowl edging 
data trans fer : 

o Gate 2 7F causes the generation o f  DTACK* at T9 0 . The 
processor l atches the data on the trai l ing edge o f  the third 
PCK+ , the DMA address array . 
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Interrupting the Processor 
Interrupts in form the processor o f  special  s i tuati ons within the 
system . The¥. interrupt normal processing and cause the CPU to be 
vectored into a routine to deal with the speci a l  s i tuation .  
Motoro l a  cal l s  thi s exc�ti on process ing . 
The processor can mask interrupts by manipul ating bits 1 2 , 11 , 
and 1 0  o f  the 6 8 0 1 0 ' s status register . For example , i f  these 
bits are lo aded with a binary 1 0 0 , interrupt pri ority levels 
( IPL) o f  4 and bel ow are ignored . IPL7 interrupts - cannot be 

masked ; this is the nonmaskable interrupt (NMI ) . I f  bits 1 2 , 1 1 , 
and 1 0  are al l set to l ' s ,  al l interrupts except the level 7 
interrupt are masked . 

Exception processing is the only way to go from the user state to 
the supervisor state . It occurs in these four steps : 

0 A temporary copy o f  the status register is made and the 
status register i s  set for exception process ing ( al l 
interrupts equal to the current level and bel ow are masked 
and the S bit is set , which puts the processor into the 
supervisor state) . 

o The exception vector is determined . 

o The current processor context is s aved (status register and 
program counter are pushed onto the supervisor stack) . 

o New context is obtained and instructi on process ing resumed . 

Ex�tion Vectors 

Excepti on vectors are memory locations from which the processor 
fetches the address o f  a routine to handl e an excepti on . 
Exception vectors are words in length, and al l exception vectors 
l ie in supervisor data space . Exception vectors are obtained 
through the use o f  a vector nqmher , which is an 8 -bit value that , 
when mul tipl ied by 4 ,  gives the o f fset o f  the exception vector . 
The 6 8 0 1 0  can accept an externa l ly generated vector number or 
generate the vector number interna l ly . 
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As imp l emented in the UNIX PC , a l l vector number s  are generated 
intern a l ly by the 6 8 0 1 0  microcode .  This i s  c a l l ed aut o ­
vect o r ing . Once a vector has been calcul ated , the processor 
fetches an address from that locati on in memory . The processor 
l oads the address

· into the program counter and begins executing 
instructions . Typical ly , it is then vectored into the interrupt 
service routine . 

Tab.l e 2 - 11 shows the interrupt vector number generated for each 
interrupt and the hexadecimal o f fset calcul ated from each vector 
number . I f  a l evel 2 interrupt is received , the 6 8 0 1 0  generates 
a vector number o f  26 . I t  then reads two words beginning at 
address 68H ,  l o ads the words into its pro gr am counter , and begins 
executing instructions . 

Table 2 - 11 Interrupt Vector Numbers and Hexadecimal O ffsets 

Vector 
Number O ffset 

(Decimal) {Hex) Assi.gnment 

2 5  6 4  Level 1 interrupt autovector 
26 6 8  Leve l 2 interrupt autovector 
2 7  6 C  Level 3 interrupt autovect or 
2 8  7 0 Level 4 interrupt autovector 
29 7 4  Level 5 interrupt autovector 
3 0  7 8  Level 6 interrupt autovector 
3 1  7 C  Level 7 interrupt autovector 
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The interrupt l ogic is l ocated on sheet 6 o f  the �chematics . 
Seven l eve l s  o f  interrupts are impl emented through the use o f  
three interrupt pr iority level signals ( I PL O , IPLl , and IPL 2 ) . 
IPL7 , the NMI , is  the highest priority interrupt . I t  cannot be 
masked by s o ftware . IPLl is the l owest priority interrupt . An 
interrupt priority leve� o f  0 means no interrupts are pending . 
The fo l l owing table l ists the interrupts and their " priority 
l eve l s : 

Table l - 1 2  Interrupts and The�r Pr�or�ty Levels 

IPL Interrupt 

7 Nonmaskable interrupt 
6 Realtime interrupt 
5 Interrupt from expans�on board 1 or 2 
4 RS - 2 32 interrupt 
3 Keyboard interrupt 
2 F l oppy/hard disk/l ine printer �nterrupt 
1 I nterrupt from expansion board 3 or 4 
0 No interrupts 

Interrupts : Theory of Operat�on 

The interrupts operation is as fo l l ows : 

Sheet 6 :  

o The var ious interrupts are active l ow inputs to  encoder 1 8F . 
P in 4 i s  the NMI , the highest priority interrupt . I f  this 
interrupt is active , the encoder drives IPL O , I PLl , and IPL 2  
al l high . This presents a binary encoded IPL7 interrupt to 
the processor . 

o Because pin 1 0  o f  the encoder is grounded and i f  no 
interrupts are present , the encoder drives IPL O , IPLl , and 
IPL2 l ow .  This in forms the processor that no interrupts are 
present . The IPL s i gna l s  input directly to the processor . 

Sheet 5 : 

o I f  any o f  the I P L  inputs to the p r o c es s o r  a r e  l ow ,  the 6 8 0 1 0  
detect s  an interrup t . The processor then a ckn o w l edges the 
int errup t  and b e gins excep t i on p r o c e s s i n g . 
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o When the 6 8 0 1 0  acknowledges an interrupt , it dr ives FCO , F C l , 
and FC2 high .  Address bits A4 -A2 3 are a l so driven high .  
Address bits Al -A3 encode the leve l o f  interrupt being 
acknowledged . 

o Gate 1 3H generates q signal cal led INTA* , which goes to sheet 
3 and prevents an I/0 request from being generated . 

o 1 3H also partial ly enables 13E . When PAS * is asserted, 13E 
generates VPA* (valid peripheral address) . During an 
interrupt acknowledge , this signal replaces DTACK* and 
handshakes the processor . I t  also tel ls the processor that 
the interrupt being acknowledged is an autovector interrupt . 
S ince this s i gna l  is generated with every interrupt being 
acknowledged , a l l  interrupts are autovectored . 

Note 

Acknowledging the interrupting 
peripheral is the responsibi l ity o f  the 
so ftware . Typica l ly ,  this is handled in 
the interrupt service routine . 

Disk Direct Memory Access (DMA) 

This secti on expl ains l ogic board circuitry that trans fers 
in formati on between a disk drive and RAM memory . 

D i sk F ormat and F l ow 

Data from a disk drive passes through three sections o f  hardware 
be fore it reaches RAM memory : 

o Serial  data from the disk drive , consisting o f  both data and 
c l ock pulses , i s  separated into a cl ock s ignal and a data 
signal . For the hard disk , this is done by the data 
separation circuitry shown on sheet 12 o f  the schematics . 
For the floppy disk , it is  done by the WD 2 7 97 fl oppy disk 
control l er . 

o Serial  dat a  i s  assembled into 8 -bit bytes by the disk 
contro l ler . The disk control ler for the hard disk is the 

. WD1 0 1 0 ; for the f l oppy disk , it is the WD 2 7 9 7 . 

0 The disk DMA bus inter face assemb l es 8 -b i t  bytes into 1 6 -bit 
words and writes them into a RAM memory l ocation . The RAM 
address is contained in the bus inter face . 
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Disk Program Spmmary 
Data on d�sk is l ocated by three parameters : cyl �nder , head , and 
sector . The d�sk DMA bus inter face has two parameters : DMA 
start�ng address and word count . These parameters plus the disk 
commands are written �n the fo l l ow�ng d�sk program sequence 
summary :  

o System reg�ster disk bits are set . These bits select the 
disk drive and head number ; in the case o f  the floppy disk , 
they turn on the motor . 

Counters in the DMA disk bus inter face are l oaded with the 
starting address and number o f  words to be trans !erred . The 
disk control ler registers are loaded with the track and 
sector to read . 

o The 6 8 0 1 0  starts the tr�ns fer o f  data from disk by writing a 
Read Sector command to the disk contro l ler . 

o The disk DMA bus inter face takes contro l o f  the bus through 
bus arbitrat�on and trans fers data from the disk control ler ( 
into RAM memory . Data passes through the three sections o f  
hardware as described above . One disk DMA bus inter face unit 
is shared by both the fl oppy and hard disk control lers . 

When the sector o f  a d�sk is being read , the d�sk DMA bus 
inter face reads two 8 -bit bytes from either the WD1 0 1 0  hard 
disk contr o l l er or the WD2797 fl oppy disk contr o l l er ,  
assembles them into one 16 -bit word, and writes the word into 
RAM memory . 

When data is be�ng trans ferred from RAM memory to disk , the 
disk DMA bus inter face reads a 16 -bit word from RAM memory,  
separates i t  into two 8 -bit bytes , and l o ads them into the 
data register o f  either the WD1 0 1 0  hard d�sk control ler or 
the WD2797 floppy disk control ler . 

The disk DMA bus inter face consists o f  two custom gate array 
chips : the DMA address I C  shown on sheet 9 and the DMA data 
I C  shown on sheet 1 0 . Once a Read Sector command is written 
to the disk control l er command register , .the disk DMA bus 
inter face takes contro l  o f  the bus through bus arbitration 
each time a word is to be trans ferred to memory . Between 
word trans fers , the 6 8 0 1 0  can access the bus . The so ftware 
must be wr itten so that the 6 8 0 1 0  does not wr ite to the di sk 
contro l l ers whi l e  a command is in progres s . 

o The disk contr o l ler in forms the 6 8 0 1 0  when it has c omp l eted a 
command by asserting its interrupt output . 
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De f:init�ons 

D i sk Commands 
Disk commands control the movement o f  data to and from memory to 
the disk storage medium . The disk commands are described below . 

DMA read and DMA write are de fined with respect to the disk DMA 
bus inter face that is the bus master during the trans fer . During 
a DMA read , data i s  moved from RAM to the word buf fer in the bus 
inter face . During a DMA write , data from the word buf fer in the 
disk DMA bus inter face is written to RAM . 

The disk contr o l ler Write Sector and Read Sector commands are 
de fined with respect to the control l er . A Read Sector command 
moves data from the disk to the disk contr o l ler . A Write Sector 
command moves data from the control ler to the disk , and the 
contro l ler writes to disk . 

Thus , to move data from RAM to disk requires a DMA read and a 
disk Wri te Sector command . To move data from disk to RAM 
requires a disk Read Sector command and a DMA write trans fer . 
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System Register D i sk B i ts 

Disk operation is sel ected by writing instructi on to the disk 
contro l register as expl ained below . 

Disk Contr o l  Register (Drive and Head Select) , Tab l e  2 - 1 3 . 

Be fore a disk operation can occur , the drive and head must be 
selected . The processor does this by writing to address 4E O a a a , 
the disk contro l  register (sheet

.
ll ) . 

Table l -13 Disk Control Register- -Address 4EO O O O  (Write Only) 

Data - Bit · Signal: �iption 

a 7  FDRST- a = Floppy di.sk : contro l le� · reset 
1 = Not reset 

a 6 ·  FDRO + a = F loppy drive 0 --not selected · 

1 = floppy drive a - - selected 

O S  FDM'I'R+ 0 = floppy drive motor is . not on 
1 = f l oppy drive motor ' is on · 

a 4  HDRST- 0 = Hard "disk control ler reset 
1 = Not reset 

a 3  HDRO -t- a .  = Hard disk drive . 0 - -not selected 
1 = Hard disk drive a -- selected 

0 0 - 0 2  HDHSEL a - 2  These three bits are decoded to select 
the head 
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Miscel laneous Contro l  Register (DMA Read/Wr ite) , Tab l e  2 - 1 4 .  

This register contro l s  the DMAR/�- bit used by the disk PAL 
shown on sheet 2 and other bits - shown in the fo l l owing table : 

Table l -14 M1scellaneous Control Register- -Address 4AO O O O  
(Write Only) 

Data Bit 

15 

14 

13 

1 2  

11 
10 
0 9  
0 8  

Signal 

CLRS INT-

DMAR/W-

LPSTR+ 

MCKSEL -

LED 3 -
LED 2 -
LED1 -
LED O -

Description 

This bit dismisses the level 6 ,  6 0 -
Hz interrupt . To dismiss the 
interrupt , the bit must be toggled 
from high to l ow and back to high .  
When this bit i s  l ow ,  it masks the 
interrupt . 

0 = Disk DMA write operation 
1 = Disk DMA read operation . This 

bit , a l ong with the IDMAR/W­

bit in the disk DMA count 
register , should be updated 
be fore a disk DMA operation . 

This bit strobes data from the l ine 
printer data register to the l ine 
printer through Centronics 
inter face protoco l . After data is 
set up at the data register , LPSTB+ 
must be toggled from l ow to high 
and back to l ow to strobe the data 
to the pr inter . 

0 = Modem RX c l ock and TX c l ock are 
gated to the communicati on 
contro l ler ' s  RX c l ock and TX 
clock inputs . 

. .  

1 = Programmabl e timer is sel ected 
to generate the c l ock pulses 
for the communication 
contro l ler . 

0 = Red LED 3 ( CR 2 1 )  on ; l = o f f 
0 = Green LED 2 (CR2 2 )  on ; 1 = o f f  
0 = Yel l ow LED l (CR2 3 )  on ; l = o f f  
0 = Red LED 0 (CR2 4) on ; l = o f f 
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Line Printer Status Register (Contro l l er I nterrupt) , Tab l e  2 - 1 5  

Bits D 2  and D 3  o f  this register 
contro l l er completes a command . 
the 6 8 0 1 0 . They are reset when 
control ler is  read . 

are set hi gh when the di sk 
These bits may be p o l l ed by 

the status register o f  the 
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Table l - 15 Line Printer Status Register- -Address 4AO O O O  
(Write Only) 

Data Bit 

0 7  

0 6  

O S  

0 4  

0 3  

0 2  

0 1  

0 0  

1 5  

Signal Description 

LPBUSY+ 1 = Line printer is busy 

LPSELECT+ 1 = Line printer is . selected 

LPNOPAPER+ 1 = Line printer has no paper 

ERROR* 

FDINTRQ+ 

HDINTRQ+ 

PERR* 

DTDET* 

CLRSINT-

0 = Line printer error condition 

1 = F l oppy disk contr o l ler 
interrupt 

1 = Hard disk contr o l l er interrupt 

0 = Main memory parity error has 
been detected ; this bit can be 
cleared with the CSR command 
(write to 4C O O O O )  

0 = Dial  tone i s  detected 

This bit dismisses the level 6 ,  
6 0 -Hz interrupt 
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Hard D i sk Contr o l l er {WP1 0 1 0 )  
Hard disk control  is provided by the Western Digital WD1 0 1 0  
Winchester di sk control ler chip . I t  provides MFM- encoded data 
and al l o f  the control l ines required by disks us ing the Seagate 
Techno l ogy ST5 0 6  or Shugart SAl O O O  inter face standard . The 
WD1 0 1 0  can provide control for two hard disk units . 

Pin Functions (sheet 11)  for the WD1 0 1 0  are l isted in Table 2 - 16 . 

Table l-16 Pin Functions WD10 1 0  

P� (s) Signal Description 

1 2 - 1 9 : 

9 - 1 1 : 

1 :  

8 :  

7 :  

6 :  

3 1 : 

3 2 : 

Winchester data bits 0 - 7 ;  used during 
programming and whi le trans ferring data to and 
from the drive . 

Address bits 0 - 2 ;  used by 680 1 0  whi le 
programming and reading: the chip ' s various 
registers . 

Buf fer chip select ; asserted by WD1 0 1 0  to 
enab le the reading o f  or writing to the RAM 
data buf fer . 

Chip select ; enabl ed by 6 8 0 1 0  when reading o f  
o r  writing t o  a WD1 0 1 0  register i s  desired . 
When CS is l ow ,  p ins 6 and 7 are used as 
inputs . 

Write enable ; when used as an input , it enables .  
the bus master to write into the contr o l ler ' s  
internal registers . When used as an output , it 
a l l ows the control l er to wr ite to the RAM 
buffer . 

Read enable ; wh�n used as an input , it al l ows 
the bus master to read the contr o l ler ' s  
internal registers . As. an output , it  a l l ows 
the control ler to read from .the data buf fer . 

Track 0 0 0 ;  asserted by selected drive when 
heads are l ocated over track 0 .  

Seek complete ; asserted by se l ected drive when 
heads are settl ed over s e l ected tr ack . 

.2 -49 



Logic Board Theory o f  Operation 

2 - 5 0  

Table l-16 P in  £unctions WD1010 (Continued) 

Pins Signal Description 

2 8 : 

30 : 

2 9 : 

35 : 

3 :  

5 :  

2 7 : 

2 6 : 

2 3 : 

2 2 : 

3 3 : 

Drive ready; asserted by selected drive to 
signal 

·
its capability to do reads , writes , and 

seeks . When signal goes l ow, a l l commands are 
deactivated . 

Write fault ;  asserted by selected . drive i f  a 
fault is detected . When low, a l l  commands are 
deactivated . 

Index ; pulsed when index mark is detected . 
I ndicates beginning o f  track . 

Buffer ready; normal ly used by data buf fer to 
signal to the control ler that it is ready to be 
read { ful l)  or written to (empty) . As 
impl emented in the UNIX PC , this input is tied 
to a 0 . 6144-MHZ cl ock that constantly tel ls the v 
contro l ler that the buf fer is accessib l e . 

I nterrupt request ; generated by WDC upon 
termination o f  a command ; c leared when status 
register is read . 

System reset . 

Step ;  8 . 4 - us  pulses to drive stepping motor . 

Direction ;  when high, the heads move inward 
toward hi gher cyl inder numbers . When l ow ,  the 
opposite is true . 

Early; output used to der ive del ay value for 
write precompensation . Val id when wr ite gate 
is active . 

Late ; output used to der ive del ay value for 
write precompensation . Val id when wr i te gate 
is active . 

Reduced wr i te current ; goes hi gh fo r  al l 
cyl inder numbers greater than the value 
pro gr ammed into the wr ite precompens at i on 
register . 
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Table l - 16 Pi.n Functi.ons ·w.o1010 (Conti.nued) 

Pi.ns Si.gnal Descr.ipt.ion 
2 4 :  

37 : 

25 : 

34 : ·  

38 : .  

2 1 : 

39 : 

Wri.te gate ; an acti.ve hi.gh when write data is 
val id; . used by dr.ive to enabLe write current to 
data· heads . 

Read data ; MFM data pulses from disk. 

Write clock; 5 -MBZ clock used to derive write 
data rate·. 

Data run ;  looks for a str ing o f  O s, in the read 
data., .  indi.cati.ng· the begi.nning o f  an ID fie l d .  
I f  the O s  are detected, read gate (RG) i s  
brought high . 

Read gate ; set hi.gh for data and ID fields . 

Write data ; open drai.n output that shi. fts ·  out 
ME'M· data at. the. speed determined by the write 
cl ock input. 

Read cl ock ; square-wave c l ock input derived. 
from external data recovery circuits . 

Task F i le Registers 

The WD1 0 1 0  is s imil ar to the other LS i s  that have been discussed 
in that it must be programmed be fore hard disk operations . The 
6 8 0 1 0  is  requi red to supply information- - such as drive , head , 
sector � number o f  sectors to trans fer , and so on- - to the task 
fi le registers be fore writing a command to the command register . 
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� ( 

Table 2 -17 Task File Registers 

Address 

Data register 
(E O O O O O )  

Error register 
(E0 0 0 0 2 ) 

Sector count register 
(E0 0 0 04)  

Function 

Used during reads and writes to 
ho ld one byte o f  data 

Read by 68 0 1 0  to determine what 
type o f  error occurred during a 
disk operation 

Data bits 0 - 7  are used during 
reads and writes to indicate · the 
number o f  sectors to trans fer 

Sector number register Data bits 0 - 7  are used during 
(E0 0 0 06 )  reads and writes to indicate the 

sector address 

Cyl inder number l ow 
register (E0 0 0 0 8 )  

Cyl inder number high 
register (EO O O OA) 

Sector drive head 
register (EO O O OC)  

Status register 
(EO O O OE)  

Command register 
(EO O O OE)  

2 - 5 2  

Data bits 0 - 7 are used during 
reads and writes to indicate the 
current cyl inder number 

Ho lds the upper byte o f  the 
current cyl inder address 

Bits 0 - 2 , head number ; bits 
5 - 6  wi l l  be 0 and 1 indicating 512 -
byte sector ; bit 7 is set for ECC 
and reset for CRC 

Read by 6 8 0 1 0  to determine 
current status o f  hard disk contr o l  
circuits and data buf fer 

Written into by the 6 8 0 1 0  to 
control  step rate and issue disk 
commands 
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Error Register - - E 0 0 0 0 2  (Read Only) 

Bit 7 :  

Bit 6 :  

Bit 5 :  

Bit 4 :  

Bit 3 :  

Bit 2 :  

Bit 1 :  

Bit 0 :  

Bad b l ock detect used for bad sector mapping . 

CRC error . 

Forced to 0 .
· 

ID  not found . This bit is set to indicate that the 
correct cyl inder , head , sector number , or size 
parameter could not be found or that a CRC error 
occurred on the ID field . This bit i s  set on the 
first fai lure and remains set even i f  the error is 
recovered on a retry . When recovery is unsuccess ful , 

the error status bit is set a l s o . 

Forced to 0 .  

Aborted command . This bit is set i f  command is issued 
whi l e  the " DRDY is deasserted or the WF is asserted . 
The aborted command bit is a l s o  set i f  an unde fined 
command code is written into the command register . 

Track 0 error . This bit is  set only by the Restore 
command . I t  indicates that TKO O O  has not g�ne active 
a fter the issuance o f  lK o f  stepping pulses . 

Data address mark not found . This bit i s  set dur ing a 
Read Sector command i f  the data address mark is not 
found a fter the proper sector ID is read . 

Status Register - - E O O O O E (Read Only) 

Bit 7 :  

Bit 6 :  

Bit 5 :  

Bit 4 :  

Bit 3 :  

Bit 2 :  

Busy . This bit is set whenever the WD1 0 1 0  i s  
accessing the disk . Commands should n o t  b e  l o aded 
into the command register whi l e  the busy is set . 

Ready . 

Write fault . 

Seek complete . 

Data request . 

Always 0 .  
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Bit 1 :  

Bit 0 :  

Commands 

Command in progress . 

Error . This bit indicates that a nonrecoverab le  error 
has occurred . I f  bit 0 is hi gh ,  read the error 
register (E0 0 0 0 2 ) to determine the type o f  error 
written into the control  register . 

The six commands that can be issued to the WD1 0 1 0  are described 
in the fo l l owing table : 

Command 

Restore 

Seek 

Read Sector 

Write Sector 

Scan ID 

Wri te Format 

Table 2 - 18 W.OlOlO Commands 

Function 

Returns heads to track 0 

Moves heads to cyl inder in cyl inder number 
register 

Reads the contents o f  a sector 

Wri tes data to a sector 

Updates head, sector , and cylinder registers 

F ormats one track 

I f  the track selected in the cyl inder registers is  not the same 
as the track that the heads are currently positi oned over , and a 
read or write command is issued , the contro l l er executes an 
imp lied seek . 
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Typical ly, the WD1 0 1 0  can be commanded to seek a tr ack and then 
write to a sector . I t  is important to remember that the 
contro l ler has to do a read be fore it can wr i te . The reason for 
the read is that the control ler has to l ocate the requested 
sector be fore 1 t can wr ite in formation to that sector . The 
WD1 0 1 0  does this by reading the ID fie lds . Once i t  l ocates the 
target sector , the contro l l er reads the first byte from the data 
buf fer ,  converts the paral lel data to MEM data , and trans fers 
�his MEM data to the disk . 

Disk DMA Bus Inter face Re9isters 

Address Register - - 4DXXXX 

When the DMA address counter is loaded , the four l east 
signi ficant di gi ts o f  the address bus contain the DMA address . 
The DMA address counter contains two sections : one to ho ld the 
two least signi ficant hexadecimal digits o f  DMA address and one 
to ho ld the four most signi ficant digits o f  DMA address . 

. To l oad the counter requires two write cyc les . A14 sel ects the 
section to be l oaded . When A14. is l ow,  the least s i gni ficant DMA 
address counter i s  selected , see Tabl e  2 - 1 9 . I n  this counter , Al ­
AS o f  the address bus correspond to Al -A8 o f  DMA addr ess . When 
A14 is high ,  the most signi ficant DMA counter i s  s e l ected . I n  
this counter , Al -A1 3 o f  the address bus c o r r espond t o  A9 -A2 1 o f  
DMA address . 

Thus the maximum DMA address that can be l o aded i s  3FFFFF . 
This address is  l oaded in two writes as l isted in the f o l l owing 
table (note that the contents o f  the data bus a r e  n o t  used) : 

Table 2 - 19 DMA Address Count Register Selection 

Address Data Description 

4DO OFF xxxx A14 is l ow;  two l east signi ficant 
digits l oaded 

4D 7FFF xxxx A14 is high ;  four mo s t  s i gni f i c ant 
digits l oaded 

The c o unter i s  r e a d  and incremented when DKBG i s  a s ser�ed dur ing 
execut i on o f  a Re ad/Wr i t e  S ect o r  c ommand . 
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Count Register 

The DMA count register is contained in the DMA data I C  shown on 
sheet 1 0 . The bit de finitions for this counter ar:� shown in 
Table 2 - 2 0 . 

The DMA count i s  incremented a fter each DMA trans fer . When the 
count reaches 3FFFx , DMA operation is terminated ; thus , the 
maximum number o f  words to be trans ferred for a singl e DMA 
operation is 16K words . The content o f  this register should not 
be modi fied during a DMA operation unless DMA abortion is des ired 
by deasserti on DMAEN+ . 

Tab1e 2 - 2 0  Disk DMA Count Register- -Address 46 0 0 0 0  

Data Bit Signa1 Write Description 

15  DMAEN+ 1 = Disk DMA enable 
0 = Disable 
Reset clears this  bit 

1 4  I DMAR/W- 1 - Disk DMA read operation -
0 = Disk DMA write operation 

0 0 - 1 3 DCO O -DC13  These bits represent the current 
trans fer count 

Data Bit Signa1 Read Description 

15 U/OERR- 0 = Disk DMA underrun or overrun 

0 0 - 1 3  DCO O -DC1 3 These bits represent the current 
trans fer count 
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Initializing Hard Disk DMA Read 
This section l ists the signal conditi ons necess ary to initi a l ize 
system register disk bits and the disk DMA bus inter face and to 
l o ad the WD1 0 1 0  task fi le . 

Lo ading Misce l l aneous C ontr o l  Regi ster 

The DMA R/W* bit is set by the miscel l aneous contro l  register , 
shown on sheet 1 5 .  I t  is enabled by a signa l  cal l ed MREG WR* , 
which is asserted by signals shown on sheet 4 .  The s ignal 
conditions that enable MREG WR *  are listed in Tab l e  2 - 2 1 . 

Table 2 - 21 Signal Status to Assert MREG WR* 

Sheet Signal Status 

4 A1 6  0 
4 A1 7 1 
4 A18 0 
4 A1 9 1 
4 FWR * 0 
4 BGC * 1 
4 SUP+ 1 
4 GATE1 *  0 
17  PA2 2 1 
1 7  SPA2 3 0 
1 7  ENRAS * 0 
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Loading D i sk Contr o l Regis ter 

The disk drive and head-select bits are set by the di sk control  
register , shown on sheet 1 1 . I t  is enabled by HDCTLWR * , which is 
asserted by signals shown on sheet 4 .  The s ignal conditi ons that 
enable HDCTLWR* are l isted in Table 2 - 2 2 . 

Table .l - 2 2  Signal Status to Assert HDCTLWR* 

Sheet Signal Status 

4 A16 o · 

4 A1 7 1 
4 A18 1 
4 A1 9 1 
4 EWR* 0 
4 BGC * 1 
4 SUP+ 1 
4 GATE1 * 0 
1 7  PA2 2 1 
1 7  SPA2 3 0 
1 7  ENRAS *  0 

2 - 58 

( 



Log�c Board Theory o f  Operat�on 

LoadinQ DMA Address Counter 
The status o f  address bits PA16 -PA2 3 dur ing the l oading o f  the 
address counters is : 

PA2 3 PA2 2  PA2 1  PA2 0 PA1 9 PAl S PA17 PA16 

0 1 0 0 1 1 0 1. 

Listed bel ow are the signal transitions to assert the DADO WR* 
signa l , which enab l es the DMA address counter : 

o On sheet 3 ,  PA2 3  l ow and BGC + inactive cause E/E 2 1.E to 
c l ock ,  generat�ng ENRAS * . 

o On sheet 1 7 , ENRAS * enables one o f  four decoder 6J . SPA2 3 
and PA2 2 are equal to 0 and 1 ,  respect�ve ly , caus ing the 
decoder to assert GATEl * . 

o On sheet 9 ,  the DMA address I C  asserts EWR* for fast-cycl e  
writes (re fer t o  sheet 5 o f  6 i n  the UNIX PC gate array 
schematics ) . 

o On sheet 4 ,  gate 2 5N is enabled because the 6 8 0 1 0  is in 
supervisor mode and BGC *  is h�gh . This partial ly enables 
gate 2 6E by putting a l ow at 26F p in 5 .  

o GATEl *  ful ly enab l es 2 6F , which outputs a l ow to pin 4 o f  
decoder 2 8G .  

o FWR * enab l es p in 5 o f  2 8G .  

o PA1. 9  is high and ful ly enab l es the decoder . 

o The select inputs o f  the decoder are tied to address bits 
A1.6 ,  A1.7 , and A1.8 ,  which are 1 ,  0 ,  and 1 ,  respectively . This 
causes the decoder to drive pin 1 0  l ow ,  generating DADO WR* . 

DADO WR *  inputs to the DMA address I C  ( re fer to sheet 5 o f  6 in 

the UNIX PC gate array schematics ) . 
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L o ading DMA C ount Regi s ter 

The DMA count register , located at address 46 0 0 0 0 , is l o aded when 
DCNTCS * is asserted . The signal status that asserts DCNTCS * is 
shown in Tab l e  2 - 2 3 . 

Table � - 2 3  Signal Status to Assert DCNTCS *  

Sheet Signal Status 

4 A18 High 
4 A17 High 
4 A16 Low 
4 GATEl * Low 
4 SUPV+ High 
4 BGC* High 
4 DCNTCS * Low 

During a write , D15 is set to 1 to enabl e  DMA and to a 0 to 
disab l e DMA . D14 is I DMAR/W ; it is set t o  1 for a D MA  read and 
to 0 for a DMA write . Each time DlS goes from 0 to 1 ,  a DMA disk 
request is generated . Since this is done be fore a Read/Write 
S ecto r  c ommand , the data trans fer is  inval i d .  I f  the request is  
for a DMA wr i te ,  a trans fer occurs to the current address in the 
DMA address counter . Thus the DMA address must be loaded be fore 
the DMA count so that the write goes to a known memory l ocation . 
Data bits D O -Dl 3 are l oaded with the 2 ' s  c omp l ement o f  the number 
o f  words to be trans ferred . 

L o ading WQ1 0 1 0  Task F i l e  Regi sters 

These registers must be loaded with information such as sector 
count , sector number , cylinder number , and command . The 
processor accesses the task fi le registers by running a s l ow bus 
cycl e . The processor asserts chip select - to the WD1 0 1 0  by 
access ing port E O O O OX ,  where X is the address o f  the target task 
fi le register . 
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The status o f  address bits PA1 6 - PA2 3 during the l oading o f  the 
task fi le  register is : 

PA2 3 PA2 2 

1 1 

PA2 1 

1 

PA2 0 PA1 9 

I I "  

PAl S 

o 1 o 1 o 
------ _____ . _. 1 ------ 1 ------

PA17 PA16 

0 0 

The signa l  sequence to assert the chip - se l ect o f  the WD 1 0 1 0  
contro l l er fo l l ows : 

Sheet 3 :  

o Gate 27F (pin 1 2 )  generates I /ORQ+ since PDS + , SPA2 3 ,  and 
INTA* = 1 .  

Sheet 9 :  

0 I /ORQ+ causes the DMA address I C  to assert BGACK* (re fer to 
gate array schematics , sheet 5 o f  6 )  . 

o I /ORQ+ feeds p in 1 o f  lF , which outputs l ow to GA . 6A steers 
F/F 4A to set on the next lPCK+ , generating BGACK* .  

o I /ORQ+ also  feeds pin 3 o f  F/F 5B . BGACK+ removes the reset 
from a l l  o f  the 5B F/Fs . The slow- cycle timing chain now 
begins its cyc l e . 

o I /0 DTACK+ is asserted by F/F 4B 6 5 0  ns a fter BGACK+ . 

o Gate 6A (pin 8 )  has been serving as a l atch for BGACK* . When 
the timing chain has run its course { 8 0 0 ns a fter BGACK+) , 
F /F 5B (pin 1 9 )  disables 6A and BGACK i s  dropped at the next 

. lPCK+ . 

o Gate 7A (p in 8 )  is used when writing to the disk control lers , 
and gate 3B (pin 6 )  is used when reading from the disk 
contr o l l ers . 

Sheet 6 o f  6 :  

o Logic e l ement SG is the command transceiver . I t  is enab led 
by DCS * , which i s  HDCS * ORed with FDCS * . SG trans fers data 
between the system bus and the disk data bus when the 
processo r  i s  communicating wi th the disk contro l l ers . 
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Sheet 17 : 

o Decoder 6J is enabled by BGACK* and asserts I /OEN* . 

Sheet 4 :  

o Decoder 2 7G is enab led because BGC *  is inactive , SUPV+ is 
active , I /OEN* is active , and address bit A2 1 = 1 .  

o Al6 ,  Al7 , and Al8 are al l equal to 0 ,  caus ing 2 7G to assert 
HDCS * . 

Sheet 1 1 : 

o The WD1 0 1 0  is being addressed by b its 1 - 3  from the system 
address bus . The data is on the DD bus from the DMA data I C . 

o · Al l that is required to write data to the addressed task fi le 
register is HDCS * and WR* . 

Executing Hard Disk DMA Read 

Listed bel ow are signal exchange sequences that occur during a 
disk DMA Read Sector command . The first sequence begins the 
cycle , and the rest repeat unti l  a complete sector o f  data has 
been read from memory to disk . 

Readin� Sector S igna l Cycles 
The cycl e  begins with a Write Sector command : 

o The 6 8 0 1 0  writes the Write Sector command to the WD1 0 1 0  
contro l ler . 

o The contr o l l er responds to the Write Sector command by 
generating HDBCS * (pin 1 )  , shown on sheet 1 1 . This signal is 
generated every time the disk control l er is ready to receive 
a byte from the disk DMA bus inter face . 

o The disk PAL on sheet 2 responds to HDBCS * by asserting TE'ER * 
(tr ans fer request) . This first trans fer request begins the 
fo l l owing repeating cycles : 
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Repeating signal exchange between DMA inter face and the 
arbitrati on PAL : 

o The DMA data array responds to TFER* by asserting DKRQ * (disk 
bus request ) , shown on sheet 1 0 .  DKRQ * is the request to the 
bus arbitration PAL - for a disk DMA machine cyc l e . Because 
the disk DMA bus inter face receives 1 6 -bit words from memory 
and the disk control ler receives 8 -bit bytes from the DMA 
data array,  DKRQ is asserted once for every two times that 
TFER* is asserted . 

o The arbitration PAL on sheet 2 responds to DKRQ by asserting 
DKBG* . 

o The DMA address array responds to the bus grant by asserting 
BGACK . 

o After 2 0 0  ns , - the DMA address array negates BGACK . 

Repeating signal exchange between disk DMA bus inter face and the 
bus : 

o When DKBG* is asserted , the DMA address array l o ads the DMA 
address on the bus . Each time the address i s  l oaded on the 
bus , the address counter in the address array i s  incremented . 

o When BGACK* is asserted , the DMA data array l o ads DMA data on 
the bus . A 1 6 -bit wo�d is read into the wor d  buf fer in the 
data array from RAM memory . 

o When DKBGA* i s  negated , both address and data are removed 
from the bus to complete the machine cycl e . 

Repeating signal exchange between DMA inter face and the disk 
contro l l er : 

o When TFER goes high ,  the lower hal f o f  the 1 6 -bit word stored 
in the DMA word buf fer is trans ferred by the DMA data array 
to the disk contr o l ler . 

o The next time TFER goes high,  the upper hal f o f  the 1 6 -bit 
word stored in the DMA data array is trans ferred to the disk 
contro l ler . A new bus request is generated by the DMA data 
array,  caus ing a new word to be written into the word bu f fer 
o f  the DMA data array . 
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Repeating memory access vi a arbitration PAL : 

o Each time DKBG* is asserted , the arbitration PAL asserts 
BGC+ . 

o On sheet 3 ,  BGC+ causes the assertion o f  ENRAS * , which starts 
the memory timing sequence . 

Control ler interrupt ends command execution :  

o When the l ast byte has been written to disk , the control ler 
asserts HDINTRQ ,  interrupt output pin 3 .  Sheet 15 shows this 
signal connected to the l ine printer status register . I f  the 
program is us ing po l l ing , this register i� read to detect 
command completion . I f  po l l ing is not used, the interrupt 
(see sheet 6 )  generates a level 2 interrupt . 

TermJ.nal. CoUn.t 
Terminal count is reached when the DMA count register toggles 

( 

from E'E'E'E' -CO O O . This means that the programmed number o f  words ·· 

has been trans ferred . (Refer to DMA data I C  on sheet 6 o f  6 . )  c· 
o When counter 7C contains E'E' and counter 7D contains E'E' , pin 

14 o f  70 goes l ow the next time the counters are c l ocked . 
This feeds pin 2 o f 4E and pin 1 3  o f  2 B . 2PCK+ c l ocks 2B 
clear and pin 1 5  outputs l ow to the D input o f E'/E' 2B . The 
fo l l owing 2PCK+ cl ocks this E'/E' clear and TC * is generated . 

o TC* is tied to pins 1 and 1 0 o f lD . This disables 4D and no 
more disk bus requests are generated . 

o The processor is informed o f  the completion o f  the disk 
operati on by an interrupt from the disk contr o l l er . HDINTRQ+ 
is generated by the WD1 0 1 0  upon .compl etion o f  a command . 

I f interrupts are being masked by the processor , such as during 
the bootstrap routine , the interrupts can be detected by po l l ing 
the l ine printer status register (bit 2 ) , address 47 0 0 0 0 . 

Underrun.fOverrun. Errors 

An underrun condition occurs when the DMA cannot send bytes to 
the disk contr o l l er fast enough . This is an error condition 
associated with a disk write operation . An overrun occurs dur ing 
a disk read operati on when the DMA cannot read bytes from the 
disk contro l ler fast enough . 
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The disk control ler trans fers data to and from a disk spinning at 
a fixed speed (+ or - 1%) and a minimum o f  5 1 2  bytes must be moved 
during a Read/Write Sector command . Thus the disk control ler 
must read or write a byte when it is under the head in the drive . 
The drive motor cannot speed up or slow down for some other bus 
master to get o f f the bus . Thus bus arbitration gives highest 
priority to disk DMA; otherwise an underrunjoverrun error could 
occur (sheet 6 o f  6) . 

o F/F 4C (pin 5)  asserts the U/OERR . Th�s F/F is cl ocked each 
time the DMA requests the bus . The D input is high i f  the 
DKBGA* s i gna l  is sti l l  active . There fore , i f  the DMA 
requests the bus whi le a disk bus grant is sti l l  active , a 
U/OERR is generated . 

o The error is detected by the processor by samp l ing bit 15 o f  
the DMA count register , address 46 0 0 0 0 . 

Separatmg Hard D:isk Data 

Data s eparati on is accomplished by a combinat�on o f  a VCO , phase 
detector , and a loop fi lter . These are cal led the data 
separation circuits and they operate as described bel ow . 

Mo di f i ed Frequency Mo dul a t i on (MEM) 
MFM is the method used to encode serial  data written on disk . 
This method a l l ows the disk contro l l er to  dist�nguish l ' s  from 
O ' s when the data is read back . Encoding is done by positioning 
pulses at the beginning or middle o f  a sequence o f 2 0 0 -ns bit 
cel ls , one cel l  for each binary bit to be written . No more than 
one pulse can be wr itten in each cel l ,  and certain cel l s  wi ll  be 
empty . A pul se at the beginning o f  a cel l  indicates a 0 bit 
stored in that cel l ,  and a pulse in the middl e o f  the cel l 
indicates a 1 stored in that cel l . An empty cel l indicates a 0 
preceded by a 1 .  I n  this l ast case , the previous cel l  must 
contain a pulse in the middle ,  which ensures that the time 
between pulses is  always equal to or l arger than one cel l  time . 
The pulse at the beginning o f  the cel l also serves as a cl ock 
pulse . When data i s  read back, a .phase l ocked l oop (PLL) is 
l ocked to this pulse . The width o f  the bit cel l  is fixed by the 
speed o f  the disk drive motor , which is 2 0 0  ns for the hard disk . 
The a l i gnment o f  the bit cel l  with respect to the data is 
maintained by the phase- l ocked l o op . An example o f  MFM coding 
fo l l ows . 
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2 0 0 -ns Bit Cel l s  

0 1 1 0 0 0 

I I I I 
- 1  1 ----- ------ 1 1 -----------
o An 0 is wr itten at the beginning o f  a bit cel l ;  O ' s also 

serve as cl ocks . 

o A 1 is written in the center o f  bit cel ls . 

o A 0 fo l l owing a 1 is not written because the flux density on 
the media would be too great . MFM data bits must be 
separated by at least one bit cel l . I f  a bit cel l is empty, 
the contr o l ler knows that it must have been a 0 fol l owing a 
1 .  

Data Separat ion C ircuits 

The circuits that make up the data separator are : 

o Vol tage - contro l l ed osci l l ator (VCO) ( I C  14N) 

o Phase detector (output at I C  18M,  pins 1 1  and 8 )  

o Loop fi l ter ( output at I C  17N, pin 1 ) . 

Vo ltage - Contr o l led Osci l l ator 

During a Read Sector command, the VCO is phase l ocked to the 
incoming data . P in 1 is the vo ltage contro l  pin . When pin 1 is 
0 vol ts , the osci l l ator output frequency is about 3 MHz . When it 
is 5 vo lts , the output frequency is about 18 MHz . 

Phase Detector 

The phase detector includes the two data fl ip fl ops in I C 1 7M ,  
whose outputs are l abe l ed REF and VAIL The REF and VAR F /Fs are 
used to .compare the re ference frequency to the var i ab l e  VCO 
frequency . NAND gate 1 8M is connected so that , when REF and VAR 
are not both set or reset , a pul lup or pul l down pulse i s  
generated . At the beginning of  a cyc l e , both REF and VAR are 
l ow .  
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I f  the frequency o f  the PLL is too hi gh,  the PLL c l ock goes high 
at pin 3 o f  1 7M be fore the del ayed re ference at pin 1 1  o f  1 7M 
goes high . In  thi s case , 1 8M pins 9 and 1 0  aref' both high and a 
pu1 ldown pul se is generated to pul l the frequency back down . 

I f  the frequency o f  the VCO is too low, pin 3 o f  1 7 M  goes high 
a fter pin 1 1  o f  1 7M goes high . In this case , pins 1 2  and 1 3  o f  
18M are both high ,  generating a pul lup pulse at 1 1 . 

In either case , fo l l owing pulses set whichever flip fl op is not 
set first , and then reset them both .  

Loop F i l ter 

Operational amp l i fiers ( 1 7N) implement a loop fi l ter .  The filter 
is s l ow in responding to the error pulses produced by the REF and 
VAR F/F ' s  and prevents the VCO from reacting to random phase 
di fferences . A pul lup pulse turns on Q7 , which makes the 
j unction o f  R6 8 arid R6 7 + 5  vo lts . This makes the output o f  1 7N 
at pin 7 swing negative at a rate dependent on the value o f  C253 
and R 6 8 . 

Pin 7 o f  1 7N is  connected to the input o f  an operational 
amp l i fier whose output is 1 7N at pin 1 .  This operati onal 
ampl i fier is configured as a 2 : 1  inverting amp l i fier . I ts output 
is connected to the vo l tage control pin 1 o f  the VCO . RP 2 4  adds 
a positive bias to  the output o f  1 7N so that , i f  pul ldown is 
grounded , p in 1 o f  the VCO drops to a minimum o f  0 vo lts . I f  
pul lup is grounded , p in 1 o f  the VCO goes to a maximum o f  +5 
vo lts . 

F indin� a Ya l id Address and Data Mark 

Beginning the ID  field and preceding the data field o f  a disk 
sector , there are 1 4  bytes o f  O ' s .  This string o f  O ' s  is used by 
the read circuitry to synchronize the read c l ock with the read 
data (remember , O ' s double as cl ocks) . 

After the 1 4  bytes o f  O ' s ,  there is a byte containing Al . This 
byte is used to val idate the 0 string . I t  is .  not impossible to 
have 14 bytes o f  Os fo l l owed by a byte containing Al as data . 
There fore , to guarantee that the O ' s preceding an I D  field are 
indeed marking the beginning o f  an ID fie l d ,  a tr ick is per formed 
on the byte c ontaining A1 : 
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1 0 

I I 
_ , , _____ _ 

2 0 0 -ns Bit Cel ls 

1 0 0 I o 

I - I I I I I I 
1 -- 1  1 -- 1 1 -- 1 1 --

0 1 

I I 
--- 1 1 -

This example i l lustrates the special byte fo l l owing the 0 string 
(Al) . Norma l ly,  a 0 fol l owing a 1 is not written ; .in this case , 

however , the rule is broken . Notice that in the second instance 
o f  a 0 fo l l owing a 1 ,  the 0 is written . This is the only time 
that this is  true . I t  guarantees that the preceding 14 bytes o f  
O ' s are truly marking an I D  field . 

The DRUN signal shown on sheet 12  is used to detect strings o f  
l ' s  and O ' s . DRUN is high during a continuous string o f  either 
l ' s  or O ' s .  I t  goes l ow i f  a data stream that contains both l ' s  
and O ' s is  present . 

( 

The WD1 0 1 0  checks DRUN during a Read or Write Sector command . 
HDRGATE is an output o f  the WD1 0 1 0  control ler . I t  is set high { . .  when the WD1 0 1 0  is inspecting data . When HDRGATE is high, the 
DRUN one- shot input is connected to data from disk . When HDRGATE 
is l ow ,  the DRUN one - shot input is connected to PCK . 

These signals are used when the WD1 0 1 0  is searching for a val id 
address and data mark . When the WD l O l O  starts executing a read 
sector command, it sets HDRGATE low and checks DRUN . DRUN must 
go hi gh since PCK wi l l  look l ike a continuous str ing o f  O ' s .  The 
WD1 0 1 0  sets HDRGATE high and checks DRUN . 

I f  DRUN goes l ow within five byte times , the WD 1 0 1 0  resets 
HDRGATE and the sequence starts over . I f  DRUN remains high for 
five byte times , the WD1 0 1 0  starts searching the data for an 
address mark . I f  DRUN goes l ow during this search , the WD1 0 1 0  
deasserts HDRGATE and the sequence starts over . 

I f  an address mark is found, a simil ar search for a data mark 
begins . I f  a data mark is found , the sector is read . 

I f  both address and data marks are not found within eight index 
pulses , bit 4 in the error register at E 0 0 0 0 2  i s  set and the 
command is aborted . 
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Wr i te Compensat i on 

The write compensati on circuitry is shown on sheet 1 2 . These 
circuits are used when data is written to disk . They compensate 
for timing errors that would otherwise occur when data is written 
to inner sectors . 

In  the inner sectors , the distance between bit cel ls is reduced . 
I f  not compensated for , the read pulse produced by a bit in one 
cel l  wil l  reduce the time between it and the read pulse produced 
by the bit in the next cel l . To compensate for this , the time 
between pul ses during .write is increased . The signals EARLY* and 
LATE * control  the delay . Associated circuitry is descr ibed 
bel ow : 

o The write data is synchronized with PCK+ at l atch 16K . I t  
then feeds the D input t o  F/F 1 6M . 

o The hard disk separator PAL ( 14M) outputs a signal named MUX 
on pin 1 9 . During a write operation ,  MUX has the same phase 
and frequency as PCK* . 

0 S ince MUX is derived from PCK* in this case , it is a 1 0 -MHZ 
signa l . MUX is tied to the clock input �in 1 1 )  F/F lSK . 

o This signa l  inputs to a 5 0 -ns ,  multitap del ay l ine . Pin 1 2  
is the 1 0 -ns tapo f f , pin 4 is the 2 0 -ns tapo f f , and pin 1 0  i s  
the 3 0 -ns tapo f f . These outputs are tied t o  one o f  four 
decoders 14K . The 2 0 -ns tapo f f also cl ears F/F lSK . 

o The s e l ect inputs o f  14K are tied to LATE * and EARLY* . These 
two signa l s  decide how long to del ay the data , as dictated by 
the write precompensation circuitry in the WD 1 0 1 0 . 

Floppy Disk Direct Memory Access 

The Western Digital WD 2 7 97 per forms the functi ons o f  the fl oppy 
disk contro l ler/ formatter . This device contains a high­
per formance phase - l ock- l oop data separator and write 
precompensation logic . An on - chip VCO and phase comparitor 
al l ows adj ustab l e  frequency range for 5 . 2 5 - in¢h and 8 - inch fl oppy 
disk inter facing . 
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---------------------------------------------------------------
P in Functi ons { Sheet 1 3 ) for the WD 2 7 9 7  are l i s ted in Tab l e  2 - 2 4 . 

2 - 7 0  

Table 2 - 24 P in  Functions WD2797 

Pin (s) Signal Description 

7 - 14 : 

S - 6 : 

4 :  

2 :  

3 :  

2 2 : 

2 7 : 

3 2 : 

3 4 : 

D0 -07 ; eight bidirectional buses used for 
trans fer o f  commands , status , and data . 

AO -A1 ; these inputs select the register to 
transmit/receive data on the· data bus under 
control o f  WE - jRE - . 

Read- enable ; a low on this input controls the 
placement o f  data from a selected register on 
the data bus when CS is l ow .  

Write-enable ; a low ori this input gates the 
data on the data bus into the se lected register 
when CS is low .  

Chip - select ; a l ow on this input selects the 
chip and al l ows computer communication with the 
device . 

Test ; a low on this input a l l ows adj ustment o f 
external resisters by enab l ing internal signals 
to appear on selected pins . 

Read data ; digitized read back o f  the flux 
reversals on the fl oppy disk . 

Ready ;  because o f  strapping·, this signal goes 
l ow when the door is c l osed and the drive is 
selected ; it goes high when the door is open 
and the drive is selected . The 2 7 97 disk 
control ler does not interrupt the processor 
when the ready signal changes states , so the 
processor must pol l  the contro l ler periodical ly 
to determine when a floppy disk has been 
mounted or dismounted . 

Track 0 ;  asserted by the se l ected dr ive when 
the head is  positioned over track 0 .  
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Tabl e  2 - 24 Pin Functions WD2797 (Continued) 

Pin (s) Signal Description 

35 : 

3 6 : 

2 3 :  

2 6 : 

1 5 : 

1 6 : 

2 5 : 

2 9 : 

2 8 : 

Index ; asserted by the se lected drive when the 
index ho le  is _ passing over the index sensor . 
This signal pulses every 2 0 0  ms and has a 
nominal duration o f  4 ms .  

Write protect ; asserted by the selected dr ive 
to indicate that a write-protected fl oppy disk 
is mounted . 

Pump ; high- impedance output s i gna l  that is 
forced high or low to increase/decrease the VCO 
frequency . 

VCO ; an external capaci tor tied to  this pin 
adj usts the VCO center frequency . 

Step ; pul sed l ow by the contro l ler to move the 
head one track in the directi on indicated by 
the directi on signa l . The 2 7 9 7  disk contro l ler 
issues one step pulse every 3 ms .  The drive 
ignores step pulses that would force the head 
to a negative track number or  beyond track 7 9 . 
The drive also ignores step pul ses that occur 
when write enabl e  is active or the sel ect l ine 
is inactive . 

Direction - select ; driven l ow by the contr o l ler 
when stepping to a l arger track number ; dr iven 
high when stepping toward track 0 . 

Side - se l ect ; when driven l ow by the contro l l er ,  
head 1 is selected ; when dr iven hi gh ,  head 0 is 
selected . 

Track greater than 4 3 ; enab l es wr ite 
precompensation for tracks 44 - 7 6 . 

Heads l oad ; contr o l s  the l oading o f  the 
read/write heads against the medi a . 
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Table 2- 2 4 Pin Functions WD2797 (Continued) 

Pin (s) Signal Description 

3 0 : Wr ite gate ; enables the write circuits on the . 
drive , provided �e fl oppy disk is not vrite 
protected . 

31 : Write data ; MFM or FM output pulse per flux 
transition . WD contains the unique address 
marks as wel l  as data and c l ock in both FM and 
MFM formats . 

WD 2 7 9 7  Registers 

The WD2 7 9 7  has the fo l l owing internal registers that must be 
programmed be fore disk operations : 

Table 2 - 25 WD2797 Registers 

Address Read Information Write Information 

El O O O O  Status register Command register 

E1 0 0 0 2  Track register Track register 

El 0 0 04 Sector register Secto r  register 

El0 0 0 6  Data register Data register 

WD 2 7 9 7  Commands 

The WD 2 7 9 7  fl oppy di sk contro l ler executes a tota l o f  1 1  
commands . I t  does not have the imp l ied s eek functi on o f  the hard 
disk contro l l er .  but it does have a Read Track command that 
a l l ows examinati on o f  an entire tr ack o f  dat a for  debugging 
purposes . The commands are l i sted in Tab l e  2 - 2 6 . 
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Table 2 - 26 WD2797 Commands 

Command Function 
-

Restore Moves heads to track 0 

Seek Steps heads to track number in track register 

Step Moves heads one step in s ame directi on as last 

Step - in Moves heads in one track 

Step - out Moves heads out one track 

Read 
Sector Reads one or multiple sectors - - aborts i f  error 

Write 
,. Sector Write , same as read 

� 
Read 
Address Reads first ADX mark and I D  field past index 

Read Track Reads track , reports errors - -no abort 

Write 
E'ormat E'ormats system , provides data for gap and ID 

E'orce 
I nterrupt Drives interrupt l ine 
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Ini t i a l i z ing F l oppy D i sk Wr i te 

The fo l l owing l ist describes the operati ons a program must 
per form to initi a l ize the system be fore sending a Read Sector 
command to a disk contro l l er : 

Loading System Disk Bits and DMA Inter face 

o Selects the drive by writing to the disk contro l  register . 

o Loads the DMA address registers with the sta�ting logical 
address . (The address is incremented from l ow memory to 
high memory . ) 

o Loads a 0 to 014 (DMAR/W- ) o f  the misce l l aneous register . 
o Loads the DMA count register with DMAEN+ = 1 ,  I DMARjW- = 0 ,  

and the 2 1 s comp lement form o f  the number o f  words to be 
trans ferred . This causes an inval id trans fer o f  one word 
and thus requires the reloading o f  the address register . 

( 

0 Reloads the DMA address register with the starting logical (. 
address . 

o Rel oads the DMA count register with DMAEN+ = 1 ,  I DMAR(W- = 
0 ,  and the 2 1 s complement form o f  the number o f  words to be 
trans ferred . 

The reason for re l oading the DMA address register and the DMA 
count register i s  that , when the DMA count was ini ti a l ly loaded , 
the DMAEN+ bit was toggled from l ow to high . This generates a 
false disk bus request ,  and the system does a DMA write to 
memory . The trans fer is fal se because we have not yet received 
any bytes from the disk control ler . Whatever was l atched in the 
disk buffer was written to memory . 

The U/OERR- (b i t  15 , read) in the DMA count register indicates an 
underrun or overrun has occurred . With the current bus bandwidth 
and the priority setting o f  the bus masters , disk DMA should not 
experience any underrun or overrun error in any bus tra f fic 
condition . 
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Setting Up the Disk Control ler 

o Loads the control ler registers with the des ired sector and 
track number us ing the disk data bus DDO -DD7 . 

o Writes the Read Sector command to the disk contro l ler . 
Execution o f  the DMA read begins as soon as the contro l ler 
receives this command . 

The same DMA circu1t is being used with the fl oppy disk as was 
used with the hard disk . The DMA count register and the DMA 
address register are l oaded in the same manner as discussed 
ear l i er . 

The maj or di f ference between the disk write operation discussed 
ear l ier and a disk read operation is that , with a read operation , 
data is trans ferred from the disk in bytes , assemb l ed into words 
at the disk buf fer , and written to memory . 

Execut ing F l ogpy D i sk Wr ite 

Once the DMA has been set up and the WD 2 7 9 7  has been commanded to 
read , the floppy control l er finds the programmed sector and 
begins to read the MFM data . I t  then converts the MFM data into 
binary data and assembles a byte . The byte is pl aced in the 2797 
data register , and a data request is presented to the system . 

Sheet 1 3 : 

o Read data is input to the fl oppy contro l ler on pin 27 . 
When a byte has been assembled ,  the 2 7 9 7  asserts FDDRQ+ 
from pin 38 . 

Sheet 2 :  

o FDDRQ+ is  tied to the D input o f  F/F 16K . This is an 
asynchronous signa l  that is synchroniz ed with the system by 
lPCK+ generating FDDRQL+ . 

o FDDRQL+ inputs to the disk PAL 24H . The PAL generates 
TFER* . 

o FDTFER * starts a timing sequence ; QB * is generated on the 
lPCK+ fo l l owing FDTFER * ,  the next lPCK+ generates QC * ,  and 
the next lPCK+ generates QD * . 
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0 TFER * goes active at QB * time and generates FDRE * ; TFER * 
and FDRE * remain active unti l  QD *  time . 

Timing di agram ,  F i gure 2 - 3 ,  shows the re l ationship between the 
preceding s i gnal s : 

lPCK+ - 1  
FDDRQ+_ I 

FDDRQL +_ I 

FDTFER* 

QB * 

QC * 

. QD * 

-· 
1 - 1  1 - 1  1 - 1  1 - 1  1 - 1  1 - 1 1 - 1  1 - 1  1 - 1  

Asynchronous s ignal 

( 

TFER* 

FDRE * 

I 2 0 0  ns ! < -Latch byte ------( 1 · Read byte 

Sheet 1 3 : 

Figure 2-3 Floppy Disk Write Timing Diagram 

o Chip - se l ect * (pin 3)  on the WD 2 7 9 7  is  t i ed l ow .  FDRE * 
causes the contr o l ler to drive the byte onto the DD bus and 
to dis ab l e  FDDRQ * . 

Now that there is a byte o f  data on the DD bus , the DMA circuitry 
must l atch the byte in the stacking port i on o f  the data bu f fer . 
The DMA waits for another byte and stacks it with the first byte , 
forming a word . Then a disk bus request i s  generated . When the 
bus grant is received , the word is written to  a memory address 
speci fied by the DMA address counter . (Re fer to sheet 6 o f  6 in 
the gate array schematics . )  

As menti oned ear l ier , the first DMA trans fer i s  a false wr ite t o  
memory . 
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The fo l l owing sequence descr ibes the ge�eration o f  DKRQ * : 

o Gate lD pin 1 0  is hi gh as long as it is  not terminal count . 
P in 9 i s  high because F/F 4A is previous ly c l ear . P in 1 3  is 
high because we are doing a DMA write . When the DMA is 
enabled by setting bit 15 in the DMA count register , pin 1 2  
goes from l ow t o  high . 

o This causes a l ow to high transition on 4D pin 8 ,  which cl ocks 
pin 1 1  o f  F/F 4C . The F/F clears and pin 9 goes l ow . 

o The l ow from pin 9 forces a high from gate 1E pin 3 .  Pin 3 is 
tied to the D input (pin 1 2 )  o f  F/F 1C . The tra i l ing edge o f  
the next 2PCK+ c lears this F/F , generating DKRQ * . 

At thi s  point the so ftware is reading the DMA count register 
unti l  it is incremented . This is done to tel l when this false 
trans fer has been accomp l ished . After the s o ftware has 
determined that the count register has incremented, the DMA 
address register and count register are reloaded . Then the 
contro l ler is issued a command sequence , and a genuine DMA write 
operati on begins . 

o F/F 4A is clear initially ( inactive DMAEN+ ) . The Q output is 
l ow ,  parti a l ly enab l ing 4E . TFER* ful ly enab l es 4E (pin 1 3) 
and pin 11 is  driven low .  

o TFER* is a 2 0 0 - ns signal . When it goes inactive , p in 11 o f  4E 
goes from l ow to high .  This l atches the byte in the high byte 
o f  the buf fer and toggles the TFER F/F (4A) set . 

The DMA waits for another request (FDDRQ+)  from the contro l ler . 
When the contro l l er requests , the disk PAL again asserts FDRE * 
and TFER* . FDRE * reads the next byte , which is l atched in the 
l ow byte o f  the data buf fer when TFER *  goes inactive . 

o When TFER* goes inactive , the TFER F/F toggl es from set to 
clear . This enables pin 9 o f  gate lD (the other pins are 
sti l l  enab l ed as be fore) , which causes a l egitimate DKRQ . 

From this po int , the operation proceeds the s ame as the DMA read 
operation , except that the data is go ing in the opposite 
direction . 
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Video Bit Map 
The video circuits appear on two sheets o f  the schematics . The 
circu�ts on sheet 8 contain bit map memory I C ' s 1 4 - 1 7 and video 
shi ft register I C ' s  14-15 . Composite video is output from these 
circuits to the monitor at I C26B (pin 8) • The video gate array 
is shown on sheet 7 and on sheets 2 and 3 o f  6 .  The gate array 
generates timing and control signals , including vertical and 
horiz ontal synchroniz ation for the composite video and bit map 
address and read/write control signals for the bit map memory . 
Composite video is an analog signal that contains both 
synchronization and picture information . 

Screen Layout 

Video is  bit mapped . .  The screen is divided into thousands o f  
points . Each point is assigned an address and a b inary value o f  
1 o r  0 in. a 1 6 -bit word . These words are stored in bit map 
memory . Adj acent points are grouped together so they can be 
stored in the same 1 6 -bit word . 

( 

To create a disp l ay,  an electron beam scans the screen as shown ( .. 
in Figure 2 -4 ,  moving from left to right and top to bottom . The 
disp l ay produced in this way is cal led a r aster scan ,  and each 
picture produced is called a f i e l d .  The bit map memory ho lds one 
field;  6 0  fiel ds  per second are produced . 

The rel ationship between bit map address and screen position is 
shown on the next page . At the beginning o f  a scan , the beam 
points to the upper - le ft corner o f  the screen . The contents o f  
address 42 0 0 0 0  are l oaded into a 16 -bit shi ft register . As the 
beam moves from l e ft to right ,  the contents o f  the shi ft register 
are shi fted out to the monitor . I f  the current bit is a 1 ,  the 
beam is on and a po int o f  light appears on the screen . I f  it is 
a 0 ,  the beam is turned o ff and the screen is dark at that point . 
The horizonta l  sweep circuit moves the beam to the right unti l  it 
reaches the right side o f  the screen . Then the horizontal  sync 
pulse causes the horizonta l  sweep circuit to swing the beam back 
to the l e ft side o f  the screen to start the next horiz ontal 
sweep . 

At the same time that the horiz ontal sweep circuit is causing the 
beam to scan from l e ft to right , the vertical sweep circuit is 
causing the beam to move from top to bottom . The rate o f  
vertical sweep i s  such that the beam moves down the screen the 
width o f  one l ine for each hor iz ontal sweep . 
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When the last bit is disp layed . in the lower -right corner o f  the 
screen , the verti.cal synchronization pulse and the horizonta l 
synchroniz ation pulse turn on . This causes the beam to return to 
the upper - le ft corner to start the next field . I n  the UNIX PC 
raster , there are 348 horizontal l ines , each l ine containing 7 2 0  
bits . Each point is cal led a pixel . Thus , there are 7 2 0  x 348 
or 2 5 0 , 5 6 0  pixels . 

ADX 
420 0 0 0  
42 0 0 5A 
4 2 0 0 64 
4 2 0 1 0 E  

42 3CD2 

D O  I I I I I D 1 5  

< - - - - - - - - - - - - - - - 7 2 0 bits 

45 words 
< - - - - - - - - - - - 16 bits per 

I 
I 
I 
I 
I 
I 

DO I I I I I D1 5 

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

I 
I 

word - - - - - - - - - - - - > 
I 
I 

348 
horiz ontal l ines 

I 
I I 

I I 
I ------ 1 

-----�---------�------ 1 

Fi.gure 2 -4 Screen Layout 

ADX 
42 0 058 
4 2 0 062 
4 2 0 1 0C 

4 2 3D 2A 

6i t map memory is composed o f  dynamic RAM . Reading and 
displ aying an address serves a dual purpose o f  re freshing and 
displ aying the contents o f  the bit map . The UNIX PC al l ocates 32 
KB o f  system address space for . the bi.t map . Thi.s is implemented 
by a 1 6K x 16 dynamic RAM array . The screen l ayout above 
i l lustrates how the processor must address the bit map . Data 
written to address 42 0 0 0 0  produces the pixels on the first l ine 
at the upper - le ft portion o f  the screen . 
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The re fresh circuit reads 16 -bit words from the bit map , 
addressing the bit map with an address counter . I t  then l oads 
the word into a shi ft register and shi fts it out at the speed o f  
a 2 0 -MHZ pixel cl ock . This creates a serial video stream . A 2 0 -
MHZ cl ock has a cycle duration o f  5 0  ns , s o  one word i s  shi fted 
out every 8 0 0  ns . There are 45 words in each row . The re fresh 
l ogic reads them consecutively and shi fts them out to the 
de flection board . 

After al l o f  the pixels on a line have been displayed, horiz ontal 
retrace occurs . This l asts 11 word times or 8 . 8  us .  Vertical 

. retrace l asts 1 0 7 9  word times . The beam must be turned o ff 
during retrace to prevent diagonal retrace l ines from appearing 
on the screen . I f  the intensity is turned up too high,  retrace 
l ines may appear even though the composite video signal from the 
motherboard is correct . 

State Generator 

( 

The state generator circuit is shown on sheet 2 o f  6 .  The state 
generator produces four state signal s : S 0 - 53 , see F i gure 2 - 5 . (. These s ignal s  generate timing signals that al l ow the 68 0 1 0  to 
write to the bit map and the re fresh address gener ator to read . 
The e ffect is  such that a person looking at the screen is not 
aware o f  the ·l oading operation . The screen appears to change 
instantaneous ly . 
Four F/F ' s  ( S 0 - 5 3 ) , I C 2G, and 3J generate the state signal s . 
They constantly repeat the same sequence o f  state conditions 
shown bel ow . Each state l asts 5 0  ns clocked by the 2 0 -MHZ 
signal . Each state is given a number by assigning binary weight 
values to the state signal s : SO  has a weight o f  1 ,  51  a weight 
o f  2 ,  5 2  a wei ght o f  4 ,  and 53  a weight o f  8 .  Thus each 5 0 -ns 
period has a state value , calculated by adding wei ghts , that 
repeats over and over . The period o f  0 - 5 0  has a state value o f  
1 .  The period o f  5 0 - 1 0 0  has a value o f  3 .  Thus the repeating 
sequence o f  state values is 1 ,  3 ,  7 ,  15 , 14 , 1 2 , 8 ,  0 .  
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5 0  1 0 0  1 5 0  2 0 0  2 5 0  3 0 0  350 

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

S 3  1 --

Figure 2 - 5  State Signal Generator Timing 

These states are used to per form the fo l l owing timing functions : 

o Generation o f  a signal cal l ed BMWINDOW , which a l l ows the 
6 8 0 1 0  and . the re fresh address counter to  write to the bit map 
by switching the select input to the address multip lexer . 

o Generati on ·o f BMRAS (bit map row address strobe ) and BMCAS 
(b i t  map column address strobe ) signa l s  to l oad and re fresh 

6 8 0 1 0  row and c o l umn  address into the bit map . 

o Generat i on o f  BMACK , which in turn gener ates DTACK to te l l  
the 6 8 0 1 0  t o  finish a bit map wr ite machine cyc l e . 

o Generati on o f  SRLD to l o ad 16 -bit words fr om the bit map into 
the shi ft register . 

68010 Loading of Bit Map 

32  KB o f  system . address space is al l ocated for the video bit map , 
addresses 4 2 0 0 0 0 - 4 2 7FFF . When the processor needs to alter 
information on the monitor , it does so by l oading data into the 
video bit map RAM chips . The processor must be in supervisor 
mode to do thi s . The fo l l owing discussion describes a 6 8 0 1 0  
write operati on t o  the bit map . 

F irst the s i gna l  BMSEL (bit map sel ect) i s  gener ated by address 
decoding . This s i gna l  tel l s  the video array that the 6 8 0 1 0  wants 
to address the bit map . The signals to generate BMSEL are l isted 
in Tab l e  2 - 2 7 . 
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Table 2 - 2 7 S i gnal Status to Generate BMSEL 

Sheet Signal Status 

. 

1 7  · SPA2 3 0 
1 7  PA2 2 1 
1 7  GATEl * 0 
4 PA1 6 0 
4 PA1 7 1 
4 PAl S 0 
4 PA1 9 0 
4 BGC *  1 
4 SUPV 1 

On sheet 2 o f  6 ,  a s igna l cal led CCK is combined with the output 
o f  flip flop 2 F  (pin 6 )  to generate BMWINDOW * . The F/F 2F (pin 9)  
is set for one cycl e  through the states and c leared for the next 
cycle . I t  keeps toggl ing with every cyc l e , s o  it generates CCK 
every other cyc l e  through the states . 

CCK switches the video RAM address input between the processor 
and the raster re fresh circuitry . This i s  done by the output o f  
I C  lF (pin 8 )  . When lF (pin 8 )  is l ow,  mul tip l ex chips select 
address input from the system address bus . lF (p in 8) i s  l ow 
when CCK* and 2F �in 6 )  are high . 2F (pin 6 )  i s  c l ocked hi gh 
within 8 0 0  ns a fter BMSEL * goes l ow .  

A processor r e ference to video RAM can be a fast cyc l e  ( 4 0 0 ns ) , 
but i f  CCK is active when BMSEL * arr ives , the proces s o r  has to 
wait unti l the next cycl e  o f  states . For the l ongest poss ib l e  
cyc l e , i t  coul d t ake the processor 8 0 0  n s  to re ference the bit 
map . 

Gate lF (pin 8 )  l ow switches address mul tip l ex chips I C 2 J , 2 K ,  
2L , and 2 M  so  that b i t  map address output BRAO - BRA7 is l oaded 
from address bus Al -A1 4 . BMACK+ is generated at 5 3  ( 1 5 0  ns ) and 
is used on sheet 2 t o  assert DTACK* to the 6 8 0 1 0  to comp l ete the 
machine cyc l e . 
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BMWI NDOW * enab les bit map data tr ans c e i ve r s  1 3A and 1 7 B  on sheet 
8 .  I t  a l s o  gates the R/W * s i gna l  through 2 6F , creating BMR/W * . 
The direction o f  the t r ansce i ve r s  is contr o l l ed by R/W * . F o r  o ur 
discuss i o� ,  that signal wi l l  be l ow ,  caus ing the transceivers to 
pass the data from the sys tem data bus to the bit map data bus . 

On sheet 8 the bit map is set up for a read operation unless the 
6 8 0 1 0  is per forming a wr ite . Gate 2 6F contr o l s  bit map 
read/wr ite { BMR/W * ) at pin 3 .  

BMRAS * and BMCAS * strobe in the address , and the data is  output 
1 2 0  ns a fter RAS is  _ asserted . 

Bit Map Address Multiplex 

The bit map address MUX ' s are 2J , 2K,  2L , and 2M . They se l ect an 
address from the system address bus when the 6 8 0 1 0  i s  access ing 
the bit map , or they select the address from the re fresh addr e s s  
counter { 1K ,  1L ) during raster re fresh . 

The MUX ' s  output row address when 5 2  is l ow and co l umn address 
when 5 2  is high . I n  o ther words , the row address i s  gated unti l  
the 1 0 0 -ns mark , and then the co lumn address i s  gated . T ab l es 
2 - 2 8 and 2 - 2 9 i l lustrate which address bits are sel ected and the 
functi ons o f  these bits with respect to the - se l ect inputs (A and 
B) o f  the bit map address MUX ' s :  

Table 2 - 28 MUltiple Select Status 

B A Function 

0 0 6 8 0 1 0  row address 

0 1 .6 8 0 1 0  column address 

1 0 Re fresh row address 

1 1 Re fresh column address 
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B 

0 

0 

1 

1 

Table 2 - 29 Bit Map Address Multiplex Assignments 

A 7 6 5 4 3 2 1 0 

0 A14 Al 3 Al :Z Al l Al O A9 A7 A6 

1 GRND A6 . AS A4 A3 A2 Al GRND 

0 BA14 BA1 3 BA1 2 BAll BAl O BA9 BAS BA7 

1 GRND BAG BAS BA4 BA3 BA2 BAl GRND 

The row address and column address strobe s ignal s  are generated 
as described bel ow on sheet 2 o f  6 .  

Gate 2E �in 6 )  enab l es RAS and CAS . P in 5 i s  used dur ing a 

( 

6 8 0 1 0  re ference and pin 4 is used during screen re fresh . Gate l J  
�ins 3 and 5)  is  enab l ed by S l  and/or S 2 , and it outputs BMRAS * c· 
at 5 0 - 3 0 0  ns . Gate lJ (pins 9 and 1 3 )  is  enab l ed by S O  and/or 
S 3 , and it outputs BMCAS * at 1 5 0 - 4 0 0 ns . Gate 2E (pin 6 ) enab les 
the lJ gates to generate BMRAS * and BMCAS * when CCK+ i s  high ,  as 
previ ously descr ibed ( BMRAS *  at 5 0 - 3 0 0  ns , BMCAS * at 1 5 0 - 4 0 0  ns ) . 

On sheet 8 ,  I C ' s  14A, 15A ,  16A ,  and 1 7A are 1 6 K  x 4 , 1 2 0 -ns 
dynamic RAM chips that compose the bit map . 

BMRAS * strobes in the row address ,  BMCAS * str obes in c o l umn  
address , and BMR/W* causes the data on the BD bus t o  b e  wr itten 
into memory . 

Refresh Address Counter 

On sheet 3 o f  6 ,  chips lK and lL make up a 1 6 -bit binary counter . 
These l o gic e l ements are used as the re fresh address counter , 
which addresses the bit map during a re fresh operati on .  The 
counter is incremented at the end o f  each video window when 
HSYNC * is inactive . HSYNC * is active only during hor i z onta l 
retrace . The counter i s  c l eared by CLR READD + at the end o f  
vertical retr ace . 
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The counter generates addresses 0 0 0 0 - 416 3 hex be fore it is reset . 
Addresses 0 0 0 0 - 30 2A are va lid screen addresses . Addresses 302C-
416 3  are generated during vertical retrace and there fore are not 
used for obtaining pixels . 

HOrizontal Synchronizat�on 

On sheet 3 o f  6 ,  l ogic element lG, the horiz ontal counter , 
generates the timing for horizontal synchronization/retrace . I t  
i s  clocked by CCK+ . I t  executes a repeating cycl e  ·as fo l l ows . 

Assume that this counter starts counting from 0 and that HSYNC is 
high . This starts the horizontal retrace . I t  i s  c l ocked by CCK+ 
when it reaches a count o f  1 0 . Gate 3G (pin 8 )  outputs a low and 
resets HSYNC l ow . When the counter reaches a count o f  54 , I ClH 
(pin 8 )  goes l ow .  This sets HSYNC high and resets the counter , 
thus starting the cycle over . Note that HSYNC inhibits the bit 
map address . counter during horizontal retrace . 

Vertical Synchronization 

Gate lN decodes the selected address bit from the BA bus . I t  
outputs l ow at address 302C . This address i s  driven from the 
re fresh address counter a fter the l ast word has been displayed in 
the l ower- right portion o f  the screen . At this time , lN clears 
F/F lA, causing the generation o f  VSYNC+ , which marks the 
beginning o f  vertical retrace . F/F lA also  dis ab l es DI SPEN* . 

The re fresh address counter is not disab l ed during vertical 
retrace . It is incremented 1 0 7 9  times . The highest address 
generated is 416 3H .  

Gate lH outputs l ow at re fresh address 416 3H,  marking the end o f  
vertical retrace . VSYNC+ is disabled via F/F 2H (pin 2 ) . This 
fl op . also generates CLR RFADD+ , which resets the re fresh address 
counter . 

Shi. ft Regi.ster 

On sheet 2 o f  6 ,  gate 20 (pin 6 )  generates SRLD * at 3 0 0 - 35 0  ns . 
This signal causes the data output from the video RAM ' s to be 
loaded into a shi ft register , I C14B and 15B on sheet 8 .  The 
shi ft register ser i a l izes the data , creating the v i de o  s tr e am . 
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SRLD+ l atches the word from the b1.t map into · shi ft registers 14B 
and 15B . The data is then shi fted out at the speed o f  2 0MCK+ ,  
wh1.ch i s  sometimes re ferred to as a pixel c l ock .  

The pixels leave the shi ft register from pin 1 7  o f  15B . The 
video stream i s  synchronized again with 2 0MCK+ at F/F 1 8D �in 
2 ) . After the video passes through XOR gate 2 6 B  �in 8) . it is 
routed directly to the CRT de f�ect1.on board . 

Telephony 

There are three telephone line connections to the UNIX PC . One 
is for a user telephone , which is re ferred to as the handset . 
The other two are active phone lines . designated Ll  and L2 . 
These l ines are control led by circu1.try shown on sheet 25 . 

JPH3 is the handset . connector for the user phone . The UNIX PC 
telephony circuitry supports the fol l owing functi ons : 

0 Data transmiss i on- -through the SCM 8 8 2A modem shown on sheet 
2 6  

o Number dia l ing- - dial network 838A chip on sheet 2 6 ; serial 
dial  data generation on sheet 7 (DIALER EN* and D IALER TXD) 

o Tel ephone l ine management functi ons and contro l  signals - ­
through circuitry on sheets 2 5  and 2 6 l isted bel ow : 

2 - 86 

Detection o f  ringing on l ine 1 or l ine 2 - -L l  RING.  L 2  RING 
( sheet 2 5 )  

Message waiting detection on l ine 1 - -MSG WAIT* (sheet 2 5 )  

Handset o f fho ok detection- -OFF HOOK* (sheet 2 5 )  

Line 1 o r  l ine 2 o n  ho ld- -L2  HOLD . Ll  HOLD ( sheet 2 5 )  

Dial -tone detection o n  line selected for data transmission- ­
DT DET (sheet 2 6 )  

Handset l ine select - -HDSET RELAY* (sheet 2 5 )  

Modem l ine sel ect - - Ll MODEM , L 2  MODEM (sheet 2 5 )  . 
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Line Control 

L�ne contro l  c �rcu�ts shown on sheet 25 are descr�bed bel ow . 
There can be two l �nes coming in , as wel l  as one handset 
attached . 

Line 1 comes in at l ocation SC (see guides on margins o f  
schematics) . I f  we fo l l ow tip (T/Rl ) and ring (R/T1 ) , we find 
that they come into bridge recti fier (CSBl) at 6C . Th�s 
rect� fies the 9 0 VAC ringing s ignal . The time constant o f  R35 -
C240 b l ocks short pulses . The long ringing t�me causes opto­
isol ator 7P  to conduct , giving us L1 RING* . This is a status 
l ine back to sheet 4/C7 , to register 9K, which is avai l able to 
the CPU as a read- only register at 45 0 0 0 0h .  The opto - iso lator 
prevents potent�al ly haz ardous l ine vo ltages from coup l ing into 
the c�rcui t . 

A sim� l ar c�rcuit is at 4D ,  except that there is no R-C  t ime 
constant , so that MSG WAIT- * appears with a short pulse . This 
pul se is so short that it is l atched into the status register by 
an extra fl op on sheet 4/C6 , so that its presence can be observed 
by the CPU without a prohibi tive ly high po l l ing rate . The CPU 
l ooks for a change in status on thi s  l ine , rather than a h�gh or 
l ow .  

Sheet 4/ 3B is the tel ephony contr o l  regi s t e r . Unl �ke the status 
register , wh�ch is four bits read at a speci f�c address ,  this 
register is treated as eight addresses , 4 9 0 0 0 0 - 497 0 0 0h .  PD14 is 
written to the appropri ate addresses to contr o l  tel ephony . 

Writing a 0 to 49 2 0 0 0h gives HOOK RELAY 1 * , which turns on Q14 at 
sheet 25/06 , energiz ing rel ay Kl . This connects the pr imary o f  
the aud� o trans former T1 across t�p and ring ,  presenting a 6 0 0 -
ohm l o ad to the CO and drawing l oop current . Aud�o is passed 
through T1 , sa fety l imited by CRS , and then down t o  ana l og swi tch 
SM . 

The DG2 0 1  is contro l led by inputs from sheet 6/SC , a contro l 
register at address E4XO O Oh .  A l ow at pin 1 (Al) causes a 
bidirect�onal l �nk from pin 2 to 3 ( IN1 to OUT1) . Aud� o then 
passes to sheet 2 6/CS and into the 838A dia l/network . The signal 
L1 HOLD+ at sheet 2 5/C1 turns on Q4 , supplying a 51 0 - ohm path to 
ground and making l �ne 1 qu�et whi l e  on ho l d .

· 
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Most o f  this circui try is dup l i c a teQ for the l i ne 2 inter face ,  
with the exception o f  MSG WAIT* . At 7C , re l ay K 3  determines 
which l ine is routed toward the handset , wi th l ine 1 being the 
power - l oss de faul t ,  and KG at 4B determines whether the handset 
is attached to the active l ine . The ass emb l age at 4C detects 
current drawn from the l ine as an indicator that the handset is 
o f fhook . I f  KG has the �andset disconnected from the l ine , this 
o ffhook s ignal is provided through CR1 2 ,  at the bottom o f  KG , 
which a l s o  provides enough vo ltage so that the handset does not 
appear dead . 

· 

Line control  s i gna l s  are written by the G 8 0 1 0  on sheet 4 by first 
decoding address bits A1G -A2 3 for status as shown be l ow : 

Address Status to Enable Telephone Control Register 

2 3  2 2  2 1  2 0  19  18 17  1G  Address b its 

0 1 X X 1 0 0 1 Contr o l  register 

( 

After status is  determined , address bits A1 2 ,  A1 3 ,  and A14 
used to address the 74LS1 38 . Processor data bit PD1 4  then 
a hi gh or l ow into whichever bit is addressed , as shown in 
2 - 3 0 . 

are ( 
writes . 

2 - 8 8  

Table 2 - 30 Address Status to Select 
Telephony Control Register 

Address Bits Control Bit 
Selected 

15 14 13 12  

X 0 0 0 HDSET RELAY+ 
X 0 0 1 LINE SEL 2 * 
X 0 1 0 HOOK RELAY1 * 
X 0 1 1 HOOK RELAY2 * 
X 1 0 0 L1 E:OLD+ 
X 1 0 1 L2  HOLD+ 
X 1 1 0 L1 A-LEAD * 
X 1 1 1 L2 A-LEAD * 

table 
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Tab l e  2 - 3 1 shows hex addresses that can be used to wr i te to the 
te lephony contro l  regi ster . 

Table 2 - 31 Telephony Control Register- -Address 49XO O O  

Address Bit Signal Descripti.on 

490 0 0 0  14 HDSET RELAY+ 1 = Handset on l ine 
491 0 0 0  14 LINE SEL 2 * 0 = Line 2 select 
4 9 2 0 0 0  14 HOOK RELAY1 * 0 = Hook relay 1 on 
493 0 0 0  14  HOOK RELAY2 * 0 = Hook rel ay 2 on 
494 0 0 0  1 4  L l  HOLD+ 1 = Line 1 ho l d  
4950 0 0  14 L 2  HOLD+ 1 = L ine 2 ho ld 
496 0 0 0  14 L1 A-LEAD * 0 = Line 1 A- l ead connect 
4970 0 0  14 L2 A-LEAD * 0 = Line 2 A- l ead connect 

This register is forced with O ' s a fter reset . 

Telephony Status Register 

Als o  on sheet 4 is circuitry used by the 6 8 0 1 0  to read the status 
o f  four l ine contro l outputs by l oading an address on the system 
address bus . This enab l es a buf fer that l oads the status o f  
these bits on data bus b its D O - D 3 . The address s tatus to enab l e  
this buf fer is : 

Address to Enable 680 1 0  Line Status Read 

2 3  2 2  2 1  2 0  1 9  1 8  1 7  1 6  Address b i ts 

0 1 X X 0 1 0 1 Status 
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The status bits read and the corresponding proces s o r  data bus 
bits are shown in Tab l e  2 - 3 2 . 

Table 2 - 3 2  Telephony Status Register- -Address 45 0 0 0 0  
(Read Only) 

Data Bit Descript::Lon Signal 
. 

0 0  OFF HOOK* 0 = O f fhook 
0 1  L l  RING* 0 = L ine 1 r ing 
0 2  L 2  RING* 0 = Line 2 r ing 
0 3  MSG WAIT* Toggled each time a 

message waiting pul se 
is detected 

Dialer Inter face 

( 

On sheet 4 a contro l s ignal cal l ed TM/DIAL WR *  i s  decoded to {. enable circuitry used on sheet 7 to l o ad data from the system 
address bus and to convert it to a serial  data stream for the 
dial network chip on sheet 2 6 . TM/D IAL WR *  i s  a s s erted when the 
address bits have the fo l l owing status : 

Address Bus Status to Enable Serial Dial Data 

2 3  2 2 2 1  2 0  1 9  1 8  1 7  1 6  Addre s s  b i ts 

0 1 X X 1 0 0 1 S tatus 

On sheet 4 o f  6 ,  TM/D IAL WR* enab l es a three - t o e i ght - l ine 
decoder ins ide the video gate array . Address b i t s  Al O and Al l 
are decoded by the decoder to select one o f  two functi ons . 

F irst , i f  Al O = 1 and Al l = 0 ,  then eight bits o f  data fr om the 
address bus are l o aded into a shi ft register whos e  output i s  
named D I AL ER  TXD .  Thi s is the l ower byte . 

Then w i th addr e s s  b i t s  Al O = 0 and Al l = 1 ,  a l o ad s i gnal l o ads a 
s econd set o f  e i ght b i ts ( upper byt e )  o f  data from the address 
bus into a s econd shi ft re g ister . This l o ad a l s o  s t a r t s  the 
shi ft r e g i ste r s  shi f t i n g  data out at D I ALER TXD at the rate o f  
48 0 0  b aud . At the s ame t ime , an interna l  c o unter i s  c o unt ing . 
After the s i x t e enth pul s e , the r e g i s t e r s  are dis ab l ed . 

2 - 90 



Logic Board Theory o f  Operation 

Serial Communication 

The UNIX PC provides an RS - 2 3 2 - C channe l that is capab l e  o f  
making either synchronous or asynchronous ser i a l  data trans fers . 

RS - 2 32 Serial Port 

Serial data at the RS - 2 3 2 - C port is converted to paral l e l  data by 
the I ntel 7 2 0 1  programmable contro l l er . 

RS - 2 3 2 -C S i gna l  Leve l s  

Data and c l ock s ignal s  produce - 1 2V o n  the l ine and contro l  
s i gnals produce + 1 2V . O n  the TTL side ,  data and c l ock signals 
are at + 5V when active and contr o l  s i gn a l s  are at OV when active . 

RS - 2 3 2 -C S i gna l s  

Tab l e  2 - 3 3 l ists the s i gna l s  appl ied t o  the DB- 2 5 , RS - 2 3 2 - C 
connector . The l ist gives the pin number , s i gna l  name , and 
direct i on with respect to the UNIX PC . 

Table 2 - 33 RS - 2 32 -C Signals 

Pin Name Direction 

1 Ground (shield) Bidirecti onal 
2 Tr ansmit data Output 
3 Receive data I nput 
4 Request to send Output 
5 Cl ear to send I nput 
6 Data _ set ready I nput 
7 Ground Bidirectional 
8 Carrier detect I nput 

1 5  Transmit c l ock Input 
17 Receive c l ock ! �put 
2 0  Data terminal ready Output 
2 2  Ring indicator I nput 
2 4  DTE transmit clock Output 
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F i gure 2 - 6 shows an examp l e  o f  RS - 2 3 2 - C termina l cab l e  p in 
ass i gnments . 

UNIX PC Term1na1 

1 - - - - - - - - - - 1 
2 - - - - - - - - - >  3 
3 < - - - - - - - - - 2 

4 - 5 - 6  4- 5 - 6  
7 - - - - - - - - - - 7 
8 - - - - - - - - - > 2 0  

2 0  < - - - - - - - - - 8 

Figure 2 -6 UNI X PC to Term1na1 Cab1e Pinning 

Standal one Diagnostic Lo opback P lug 

( 

( 
The standal one di agno stics test RS - 2 3 2 - C functi ons through the 
use o f  a di agnostic l o opback plug ,  which must be instal l ed when a 
cha nne l  i s  being tested . Figure 2 - 7  shows the l oopback p lug pin 
assi gnments . 

· 
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Loopback P1ug Pinning 

( 2 }  Transmit data 
(4) Request to send 
(4) Request to send 

2 - - - - - - - - > 3 
4 - - - - - - - - >  5 
4 - - - - - - - - > 8 

2 0  - - - - - - - - >  6 
2 0  - - - - - - - - > 2 2  

( 2 0 )  Data terminal ready 
( 2 0 )  Data termina l ready 

( 3 ) 
(5 ) 
(8 ) 
( 6 )  

( 2 2 )  

Receive data 
Clear to send 
Carrier detect 
Data set r eady 

Ring indicator 

F i gure 2 - 7  Loopback P lug P inning 
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· Baud Rate Generation 

The baud rates are generated in the video I C  (re fer to the gate 
array schematics , sheet 4 o f  6) . 

The baud rate generation circuitry consists o f  binary counters 4F 
and 3D , l atch 4L ,  and comparitors 4G and 4J . 

The baud rate is  programmable to provide a wide frequency range 
( 3 0 7  KHZ - 1 . 2  KHZ ) . The baud rate is selected by l oading a value 
into l atch 4L . The l atch is loaded when the processor re ferences 
address 4BOXXX , where XXX is the value to be loaded (the latch 
receives its data from the address bus) . Once the l atch has been 
programmed , the baud rate generation circuit outputs a signal 
named TMOUT , the resultant baud rate . The frequency is computed 
using the fo l l owing formul a (where N is a value between 0 and 
2 55 , previous ly l oaded into l atch 4L) : 

TMOUT = [1/ (4  x N) ] x 1 . 2 2 8 8  MHZ 

The input to counter 4F is a 6 14-KHZ c l ock . This frequency is 
easi ly divisib l e  to obtain the range o f  internal ly generated baud 
rates . 

Comparitors 4G and 4J compare the variab l e  count from counter 4F 
with the · re ference count from latch 4L . When the variable count 
equal s  the re ference count , 4G outputs a high on pin 6 .  T"nis 
high is synchroniz ed with the 1 . 2 2 88 MHZ COMMOSC frequency at F/F 
3H (pin 3 )  . When this F/F sets , pin 5 outputs a high that clears 
counter 4.E' and c l ocks F /F 3H (pin 1 1 )  . 

The signa l  generated from pin 11 is the baud rate . 
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7 2 0 1  Serial Control ler 

The Intel 7 2 0 1  Mul ti -Protoco l Serial Contro l l er per forms a l l  
RS - 2 3 2 -C communications control , includi.ng serial data in/out , 
status update , and CPU interrupts . This chip can be used in 
either interrupt driven · mode or· po l led mode . UNIX PC so ftware 
uses interrupt driven RS - 2 3 2 -C communications . 

7 2 0 1  Eupct i ops 

( 

The contro l l er must be loaded with a set o f  parameters be fore 
actual data trans fers are executed . Once programmed with data 
length, parity generation/detection ,  number o f  stop bits , and so 
on , the chip is capable o f  transmitting bytes written into its 
data register by the 6 8 0 1 0 . · During receive operations , the 
contro l ler assembles characters received from the serial l ine and 
p laces them in its data register so the 680 1 0  can read them . 

The control ler operates in interrupt-driven mode . When a byte is 
needed for transmission or when receive serial data has been 
assembled into a byte , the control l er interrupts the processor . (­
Upon receiving the interrupt , the 6 8 0 1 0  vectors itsel f to the 
appropriate RS - 2 3 2 -C interrupt handler (so ftware) . 

The 7 2 0 1  contr o l ler is shown on sheet 14 . The 6 8 0 1 0  trans fers 
data to the control l er using the l ower eight bits o f  the data 
bus , and it addresses control registers in the contro l l er using 
system address bits Al and A2 . 

The chip enable and interrupt signal s  are described l ater in the 
"Modem" section . 

The contro l ler features two serial channels : channe l  A 
inter faces the RS - 2 3 2 -C port , and channe l  B inter faces the modem . 

7 2 0 1  Cl ock Selection 

The 7 2 0 1  contr o l ler chip is divided into two separate channels . 
Each channel has the option o f  communicating either synchronous ly 
or asynchronously . I f  a channel is programme_d for synchronous 
operation ,  it must use the c lock rate produced by the baud rate 
generation circuitry .  I f  a channe l  is progr ammed for synchronous 
operati on , it can use an external c l ock provided by the device 
with which it is communicating . This device is general ly a 
modem . 
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The TXCKA and RXCKA c l ocks to channe l A are s e l ectab l e  between 
the TXCK and RXCK c l ocks , respectively , or the pr o gr ammab l e  b aud 
rate generator descr ibed above . 

The output o f  the baud rate generator is cal l ed TMOUT . The 
sel ect contro l  is contro.l l ed by the DTR output at channe l B .  A 0 
selects the RS - 2 3 2  c l ock ,  and a 1 selects the baud rate 
generator . 

The TXCKB and RXCKB c l ocks to channe l B . are se l ectab l e  between 
the MODEM TXCK and MODEM RXCK clocks , respective ly , or a fixed 
1 9 . 2K-baud generator . The select contro l  is contr o l l ed by the 
MCKSEL bit at the misce l l aneous regis ter . A 0 sel ects the modem 
c l ock , and a 1 s e l ects the fixed 1 9 . 2K-baud gener ator . 

7 2 0 1  Re<JisterS 
Tab l e  2 - 34 l ists addresses that access the interna l registers o f  
the 7 2 0 1  contr o l l er : 

Table 2 - 34 7 2 0 1  Registers 

Address Read Write 

ES O O O O  Ch .  A :  data read Ch .  A :  data write 
ES 0 0 0 2  Ch .  B :  data read Ch .  B :  data write 
E S 0 0 04 Ch .  A :  status read Ch .  A :  command/parameter 
ES0 0 0 6  Ch .  B :  status read Ch . B :  command/parameter 
E 6 8 0 0 0  Transce iver c ontro l 1 
E6 9 0 0 0  Transceiver contro l  2 
E6AO O O  Transceiver status 
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Modem 

The bandwidth avai l able on a common telephone l ine supports 
frequencies o f  3 0 0 - 3 3 0 0  HZ .  Since the de levels 0 and 1 cannot 
be sent on the telephone line ,  frequencies representing those 
levels are sent . This method is cal led frequency shi ft keying .  
The frequencies used must be twice the desired data change rate 
to be deciphered accurately . They also cannot exceed 3 3 0 0  HZ ,  
the top o f  the bandwidth window . 

( 

At speeds o f  1 2 0 0  baud and higher , this scheme no l onger works , 
because a frequency above 240 0 HZ must be used to signal in one 
direction and insuf ficient bandwidth is le ft for signal ing in the 
other direction ,  at least not simultaneous ly .  So a method cal led 
phase shi ft keying is used, in which the modem sends out a 
continuous carrier during transmit time . Data is signaled by 
changes in the phase o f  this carrier , rather than its presence or 
absence . The two modems must be in � with each other , so that 
a change in phase can be detected . By using high-qual ity modems , 
speeds o f  96 0 0  can be obtained, but 3 0 0 , 1 2 0 0 , and 240 0 baud are 
the most popul ar . ( 
RS - 2 3 2  data transmission is described as being either � or 
async . Async data has a start bit and a stop bit associated with 
every character , whereas sync data has phase sync fields at the 
beginning and end o f  each burst o f  characters . 

When a modem auto - answers , it is quiet for two seconds , · and then 
it sends a 2 0 25 -HZ answer tone . At this po int , the originate 
modem detects the answer tone and responds with a mark signal , 
either at 1 2 7 0  HZ ,  indicating a 30 0 -baud transmission , or 1 2 0 0  
HZ ,  indicating a 1 2 0 0 -baud transmission . 

At 3 0 0  baud, the modem transmits ful l dupl ex (both directions 
simultaneously) by dividing the frequency range into two distinct 
bands , originate and answer . The modem that originates the cal l 
transmits 1 0 7 0  HZ to indicate a space and 1 2 7 0  HZ to indicate a 
mark . The modem that answers the cal l transmits 2 0 25 HZ to 
indicate a space and 2 2 2 5  HZ to indicate a mark . 

At 1 2 0 0  baud, the RS - 2 3 2  data del ivered to the modem is sti l l  in 
async format , but data del ivered onto the telephone l ine by the 
modem is actual ly sync format . The originating modem sends 
carrier at 1 2 0 0  HZ ,  whereas the answer modem sends carr i er at 
240 0 HZ .  Data is  indicated by changes in the phase o f  the 
carrier . 
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Modem Bus 

On sheet 2 6  the processor data bus is connected to the modem data 
bus . The processor data bus loads control data into the modem 
be fore data transmission . When data transmission takes place , 
the 680 1 0  sends paral l el data to the 7 2 0 1  serial port contro l ler , 
channel B on sheet 14 . The serial port then provides serial data 
to the modem . 

The chip select for the modem (MODEM CS * ) and the 7 2 0 1  are 
generated on sheet 4 .  The status o f  data bus bits to address the 
modem and the 7 2 0 1  are : 

Address Status for Modem and Serial Controller Enable 

2 3  2 2  2 1  2 0  19  18 17 16  Address bus bits 

1 1 1 0 X 1 0 1 7 2 0 1  chip select 

1 1 1 0 X 1 1 0 Modem chip select 

Bits A2 3  and A2 2  are decoded on sheet 17 to produce I /OEN used on 
sheet 4 .  

Modem Clock Select 
On sheet 14 a signa l  cal l ed MODEM CK SEL * selects c l o ck signals 
to send to the 7 2 0 1  serial contr o l ler when the serial contro l ler 
is being used with the modem .  MODEM CK SEL * i s  generated on 
sheet 15  us ing system bus data bit Dl2 and chip - enab l e  signal 
MR.EG WR. * generated on sheet 3 . MR.EG WR. * is part o f  the 
miscel l aneous contro l register . I t  selects the programmab le baud 
rate generator c l ocks from the modem when l ow or a fixed 
1 9 . 2K-baud c lock when high . 

Address bus status to assert MR.EG WR* is : 

Address Status to Assert MREG WR* 

2 3  2 2  2 1  2 0  1 9  1 8  1 7  1 6  Address 

1 1 X X 1 0 1 0 MREG WR *  
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Modem Regi s ters 

Tab l e  2 - 35 l i sts the addresses that acces s  the interna l registers 
o f  the modem :  

Table 2 - 35 Modem Registers 

Address Read . Write 

E6 0 0 0 0  Line contro l  
E6 3 0 0 0  Relay and l amp drivers 
E640 0 0  Options A/S and handshake 
E6 5 0 0 0  Options CCITT and disconnect 
E66 0 0 0  RD ,  SD control , and chip test 

Modem L ine S e l ect 

( 

On sheet 4 the 6 8 0 1 0  writes to the genera l  contro l  register us ing(. 

a contro l  s i gn a l  ca l l ed GCRWR * (general contr o l  register write) 
from sheet 4 .  This s i gna l  enab l es a 74LS 2 5 9  addressab l e  l atch , 
shown on sheet 6 .  The l atch receives inputs from system address 
bus bits Al 2 ,  A1 3 ,  and A14 , which are decoded to se l ect an 
output . The s tatus o f  the output is determined by the l o gic 
l evel on 6 8 0 1 0  data bus bit PDl S . I n  this way the 6 8 0 1 0  can use 
the status o f  PD l S  to enab l e  the modem l ine s e l ect bits L l  MODEM 
or L 2  MODEM or the di a l  network contro l  s igna l D/N CONNECT (di a l  
network connect) . These s i gnals l i sted i n  Tab l e  2 - 3 6 a r e  used on 
sheet 2 5 . 

The status o f  the system address l ines to generate GCRWR * and 
s e l ect a given modem l ine is : 

· Address Status to Enab l e  GCRWR * 

2 3  2 2 2 1  2 0  1 9  18 1 7  1 6  Address 

1 1 1 X X 1 0 0 GCRWR * 
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Table 2 - 3 6  Address Status to Select Modem 
and D�aler Network Control Signals 

Addz::s;;:ss lUts 
15 14 1.3 12 Contro l  Wr itten to 

X 1 0 0 L1 MODEM 
X 1 0 1 L2 MODEM 
X 1 1 1 D/N CONNECT 

Modem/7 2 0 1  S i gna l s  

Channe l B o f  the 7 2 0 1  i s  connected t o  the modem . The fo l l o�ing 
l ist describes the usage o f  the s i gna l s  associ ated �ith channe l 
B :  

7 2 0 1  carrier detect < - - - - - - - - - - - - RS - 2 3 2  r ing indicator 

7 2 0 1  receive c l ock < - - - - - - - - - - - - - Modem rece ive c l ock/1 9 . 2K baud 

7 2 0 1  c l ear to s end < - - - - - - - - - - - - - RS - 2 3 2  data set r eady 

7 2 0 1  tr ansmit data - - - - - - - - - - - - - > Modem transmi t  data 

7 2 0 1  tr ansmit c l ock < - - - - - - - - - - - - Modem tr ansmi t c l ock/l. 9 . 2K baud 

7 2 0 1  receive data < - - - - - - - - - - - - - - Modem receive data 

In addit i on to the preceding RS - 2 3 2  s i gna l s , the communications 
inter face a l s o  supports the external transmi tter c l ock o utput , 
�hich is p in 2 4  o f  the RS - 2 3 2  connector . Th i s  s i gna l  is the 
progr ammab l e  baud rate generator output . 

With the RS - 2 3 2 DSR (data set ready) and R I  (r ing indicator ) 
connected to channe l B port bits , channe l B port b i t  interrupt 
shoul d not be used to prevent inva l id interrupt being generated 
by the f l o at ing condition o f  DSR and RI . 
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Line Printer 

There is one paral l e l  pr inter inter face connector on the UNIX PC . 
I t  is l ocated at the rear o f  the machine and i s  contro l l ed via 
the printer data register . 

Ports 

The three input/output ports associ ated wi th the par al l el printer 
inter face are l isted in Table 2 - 37 . 

Table 2 - 37 I/0 Ports 

Port Description Read/Write 

41:0 0 0 0  Line printer data register Write 
470 0 0 0  Line printer status register Read 
4AO O O O  Miscel l aneous contro l register Write 

I 

Data on data bus bits D O -D7 are strobed into l ine printer data 
register bits PRD1 -PRD8 . 

Control Signals 

The printer port is shown on sheet 15 o f  the schematics . 

To send data to the printer , this circuitry per forms the 
fo l l owing three functions : 

o Sends e i ght bits o f  data from the l ower e i ght bits o f  the 
system data . bus to the 74LS 374 e i ght -bit data buf fer 

o Reads the pr inter status from the 74LS 2 44 e i ght -bit bu f fer 

o Responds to interrupts from the printer 
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Address status to decode LPDATAWR * and LPSTATUS RD * is : 

Li.ne Pri.nter Status and Data Address Decode 

2 3  2 2  2 1  2 0  1 9  1 8  1 7  16  Address 

0 1 X X 1 1 1 1 LPDATAWR* 

0 1 X X 0 1 1 1 LPSTATUS RD *  

The 1 1.ne printer is operated through an eight -bit paral l el 
Centronics inter face . The l ine pri.nter inter face is interrupt 
driven and operates in byte mode trans fers only . 

Wr1. te Sequence 

The write sequence that initiates the output to the printer is 
shown on sheet 1 5  o f  the schematics . Timing characteristics are 
shown in F i gure 2 - 8 . 

Sheet 15 : 

0 

0 

Latch 16P is the l ine printer data 
The fi.rst step necessary to output 
write a byte to  the data register . 
cycl e  trans fer . 

register , address 4F O O O O . 
to the printer is to 

This is a normal fast-

The next step is 
contro l register 
1 3  and then a 0 .  
LPSTROBE must be 

to toggle bit 13 in the misce l l aneous 
( 27B ) . The processor must write a 1 to bit 
This strobes the word to the l ine printer . 

active for at l east 1 us . 

o When the printer detects LPSTROBE * ,  it l atches the byte and 
responds with LPACK* . The trai l ing edge o f  LPACK* c l ocks 
F/F 25H clear and generates LP INT+ . 

2 - 1 0 1  
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PARALLEL 
DATA 

LPSTROBE 

LPACK 

BUSY 

----- 1 111111111111 1 ----------
1 us min . - >  < - - > 

1 - 1 

< - 1 us min . 

- > < - 1 us min . 

< - - - - - ACK DELAY - - - - - > < - ACK - >  

< - - - - - - - - BUSY - - - - - - - - > 

E'igure 2 - 8  Write Sequence Timing 

( 

Status Signal Description 

Status signa l s  that are sent from the printer t o  the UNIX PC are ( 
l isted in Tab l e  2 - 38 . 

Table 2 - 38 Line Printer Status Register- -Address 47 0 0 0 0  
(Read Only) 

Data Bit S i gnal Description 

0 7 LPBUSY+ 1 = Line printer is busy 
0 6  LPSELECT+ 1 = Line. printer is se l ected 
0 5  LPNOPAPER+ 1 = Line printer has no paper 
0 4  ERROR* 0 = Line printer error condit i on 
0 3  E'D INTRQ+ 1 = E' l oppy disk contr o l l er 

interrupt 
0 2  HDINTRQ+ 1 = ·Hard disk contr o l ler interrupt 
0 1  PERR * 0 = Main memory par ity error has 

been detected ; this bit can be 
c leared with the CSR command 
(write to 4C O O O O )  

0 0  DTDET * 0 = Dial tone i s  detected 

The 6 8 0 1 0  r e ads the s t a tus o f  the l ine pr inter by a s s er t i ng 
LP STATUS RD * . 
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Printer Cables 

The printer cab l e  pinning is as fo l l ows : 

Diablo 6 3 0 . AP I  Cab le Pinning 

UNIX PC · Printer 

1 - - - - - - - - - - 1 
2 - - - - - - - - - - 3 
3 - - - - - - - - - - 2 
4 - - - - - - - - - - 5 
7 -- -------- 7 

6 - 8  - - - - - - - - 2 0 
2 0  - - - - - - - - - - 6 

UNI X PC to Printer vith CTS Control 

UNIX PC Printer 

1 - - - - - - - - - - 1 
2 - - - - - - - - - - > 3 
3 <- - - - -- - - - - 2 
4 - - - - - - - - - - > 4 
5 < - - - - - - ---- 5 

6 - 8 - 2 0  
7 - - - - - - - - - - - 7 

Figure 2 - 9  Printer Cable Pinning 
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Realtime Clock Inter face 

The realtime cl ock integrated ci rcui t is the Toshiba TC8 2 5 0  w i th 
power -down battery backup . The TC8 2 5 0  inter face protoco l ,  as 
listed in Tab l e  2 - 3 9 ,  is impl emented with s o ftware . 

Table l - 39 Realtime CloCk Interface--Address 48 0 0 0 0  

Data Bit Signal Description 

15 RTCCE+ 1 = Realtime c l ock chip enab le 
(write only) 

14 RTCALE+ 1 = Re�ltime c l ock address l atch 
enable (write only) 

1 3  RTCR/W+ 0 = Realtime c l ock read 
1 = Realtime clock write (write 

only) 
0 8 - 11 RTCD 0 - 3  Realtime clock data bits 0 - �  

(write only) 

Address E30 0 0 0  (Read Only) 

0 0 - 0 3  RTCD 0 - 3  Realtime cl ock data bits 0 - 3  

2 - 1 04 
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Keyboard Control l er 

The 6 8 5 0 ser i a l  keybo ard contro l l er is  shown on sheet 1 4  o f  the 
schematics . The keybo ard c ontr o l ler a l erts the 6 8 0 1 0  to read 
data by generating an interrupt KBI NT .  The keyb o ard sends seri al 
data to the contro l l er w�th a signal ca l l ed KBTXD . The 6 8 0 1 0  
then reads data from the contr o l ler with processor data b i ts PD8 -

PD15 . The 6 8 0 1 0 enab les the contro l ler with KBEN generated on 
sheet 4 .  On sheet 4 , KBEN is der ived from a s i gna l ca l l ed 6 8 5 0  
CS * ,  which i s  decoded from the processor address bits a s  shown 
be l ow : -

2 3 2 2 

1 1 

Address Status to Assert KBEN 

2 1  2 0  1 9  

1 X X 

1 8  1 7 

1 l 

1 6  · Address 

1 GCRWR * 

Tab l e  2 - 4 0 l i sts addresses to access the interna l registers o f  
the contro l l er : 

Table 2 -40 Keyboard Control ler Addresses 

Address Read Write 

E 7 0 0 0 0  Status register Contro l register 
E7 0 0 0 2 Receive data register Transmit data register 
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Boo t  ROM Program 

The pr imary functi.on o f  the boot ROM program is to boot a program 
that loads the operating system from the hard disk drive or the 
di agnostics from the fl oppy disk drive . I n  addition ,  the boot 
ROM includes a number o f  di agnostic tests . I t  tests ROM, RAM 
memory , and video memory; it also programs the initial status o f  
the memory management hardware and vari ous peripheral contro l ler 
chips . 

During execution , the boot ROM program turns a set o f  LED ' s on 
and o f f in appropri ate b inary number patterns as it comp letes its 
tests . The LED ' s are visible through the vent1.l at1.on s l ots on 
the l e ft side o f  the system . (The ROM test executes so fast that 
the bl inking on and o f f  o f  the LED ' s  wi l l  not be noticed . )  The 
success ful compl etion o f  each test starts the next . I f  a test 
fai l s , the binary number pattern o f  that test continues to be 
di sp l ayed as l ong as the power is on . 

Pressing the Reset button or turning on the power causes the boot 
ROM diagnostics program to execute . 

The fo l l owing descripti ons o f  boot ROM pro gr am  steps inc lude 
address and data in formation for setting up a l o gic analyzer to 
trace program execution . 

Bootstrap Jump 

When the Reset button i s  released , the initial  va lue o f  the stack 
pointer is l oaded from addresses 8 0 0 0 0 0  and 8 0 0 0 0 2 . The address 
o f  the first executable instruction is l oaded

· 
into the program 

counter from reset vector locations 8 0 0 0 0 4 and 8 0 0 0 0 6 . Then the 
program : 

o Writes a data word with Dl5 high to address E40 0 0 0 , which 
sets I C7K (pin 7 )  hi gh (ROMLMAP * ,  sheet . 6 ) . 

o Turns o f f the LED ' s  by writing O E O O  to address 4AO O O O . (The 
LED ' s  are contr o l led by the misce l l aneous contr o l  register , 
shown on sheet 1 5 o f  the s chema t i c s  in Secti on 5 . )  
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In1.t1.al1.z1.ng the System 

To 1.n1.tia l ize the system, the program writes 0 7 0 0  to address 
4AO O O O , which sets the LED ' s  to binary 1 .  (Note : Data and 
address are in hexadecimal notation . )  

In1.t1.al1.zing the 7 2 0 1  Seri.al Port Control ler 

To initialize channels A and B o f  the 7 2 0 1  serial port 
control ler ,  the program : 

o Sets LEDs to 1 .  

o Resets the error registers by writing 18 to addresses E50 0 04 
and E50 0 0 6 . 

o Writes E O  to addresses E5 0 0 04 and ES 0 0 0 6 . 

In1.t1.al1.zing the Keyboard 

( 

To initialize the keyboard , the program : ( 
o Resets the keyboard contro l ler by writing 0 3 0 0  to E7 0 0 0 0 . 

o Sets the keyboard contro ller to eight bits per character with 
one stop bit by writing 95 0 0  to E7 0 0 0 0 . 

In1. t1.al1.zing the Modem 

To initialize the modem , the program : 

o Disconnects the modem from l ines 1 and 2 by writing 8 0 0 0  to 
E44 0 0 0  and E45 0 0 0 . 

o Resets the modem by writing 0 0 0 1  and then 0 0 0 0  to E6 0 0 0 0 . 

In1.t1.al1.z1.ng the Telephone Line Control 

To initial ize the telephone l ine contro l ,  the· program : 

o Enab l es the handset by writing 40 0 0  to 490 0 0 0  

o Selects l ine 1 by writing 4 0 0 0  to 49 1 0 0 0  

0 Reads the telephone status register at 45 0 0 0 0 . 
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I f  bit D O  is a 0 ,  the handset is onhook , so the program writes 
40 0 0  to 492 0 0 0  and 496 0 0 0  to open relay 1 and l ine 1 .  

I f  bit DO is a 1 ,  the handset is o f fhook , so the program writes 0 . 

to 494 0 0 0  and 495 0 0 0 ,  and then 40 0 0  to 4 9 3 0 0 0  and 497 0 0 0 ,  to 
maintain l ine 1 .  

Clearing the PrJ.nter Interrupt 

To clear the printer interrupt , the program writes ·o o o o  to 
4E'O O O O . 

Clearing the DJ.aler Chip 

To clear the dialer chip , the program writes 0 to 480 4 0 0 and 
480 8 0 0 .  

Resetting the DJ.sk DMA 

To reset the disk DMA, the program writes 0 0 0 0  to 46 0 0 0 0  and 
400 0 0 0 . 

Testing VJ.deo RAM 

To test video RAM , the program : 

o Sets LEOs to 2 

o Writes 0 0 0 0  to 4 2 0 0 0 0 , the lowest video address 

o Reads the same address (42 0 0 0 0 )  . 

I f  the contents are not the same , the program j umps to an error 
loop . I f  the contents are the same , the program writes 0 0 0 1  to 
address 42 0 0 0 2  and continues to read and test . 

o Continues incrementing address and data unti l the l ast video 
memory address (42 7FFF) has been tested . 

o Reads back each address and checks to see that the contents 
are correct . 

After each address is read , it is written again in case writing 
to it wi l l  a f fect the contents o f  the next addres s . 

o Wr ites 0 0 0 0  to a l l  video addresses to c l ear the screen . 
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Test.ing Map RAM Memory 

To test map RAM memory , the program : 

o Sets LED ' s  to 3 

o Per forms the same tests on map RAM memory that were per formed 
on video memory from addresses 400 0 0 0  through 40 0 7FF 

o Sets the unity map by writing to al l map RAMs , starting with 
400 0 0 0  and ending with 40 07FF 

o Writes AO O O  to address 40 0000  to map page 0 .  

This sets page status bits DlS , Dl4 , and D13 = to 1 0 1 ,  whiCh 
corresponds to page status o f  page present , write enabl ed ,  not 
yet _ written to , and unity mapped .  

o Increments the address and data and writes _ to pages 1 ,  2 ,  3 ,  
and so on unti l  a l l pages have been decl ared present , wr ite 
enab l ed ,  not written to , and unity mapped . 

Test.ing RAM 

To test RAM , the program : 

o Sets LED ' s  to 4 .  

o Per forms the same memory test as be fore from addresses 0 0 0 0 0 0  
through 7FFFFF 

o Sets LED ' s  to 5 

o Sets LED ' s  to 6 

o Puts a smal l  inverse video block on the upper - le ft corner o f  
the screen 

o Searches for a l oader program . 

The fl oppy disk is searched first . I f  no l oader is found or i f  
an error is found , the hard disk i s  searched . ·  I f  the hard disk 
has no l oader or has an error ( for example , not ready) , an 
inverse video bl ock is added to the screen , and the process is 
repeated unti l  a l oader is found . 
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Jumpi.ng to. the Loader Program 

When the program finds the loader , it advances the LED ' s  to 7 and 
the processor j umps to the loader program . . 

Fi.gure 3 - 1  shows the LED locations and o ff/on patterns for each 
test . 

• Front of UNIX PC 

Left Side 

ROM Tests 

LED Status 

Test Number 4 3 J 1 

Test 1 O f f  O f f  O f f  On 
Test 2 O f f  O f f  On O f f  
Test 3 O f f  O f f  On On 
Test 4 O f f  On O f f  O f f  
Test 5 O f f  On O f f  On 
Test 6 O f f  On On O f f  
Test 7 O f f  On On On 

Figure 3-1 LED Locati.ons and O ff/On Patterns 

Listed bel ow is the status o f  the l o gic board for each LED test 
number : 

Test 1 :  
Test 2 :  
Test 3 :  
Test 4 :  
Test 5 :  
Test 6 :  
Test 7 :  

Fai.led telephone initialization 
Fai l ed video RAM test 
Fai led map RAM test 
Fai led to set map RAM to unity map 
Fai l ed dynamic RAM test 
Fai l ed initialization 
Fai l ed to find l oader on disk 

Note 

Any other fai lure codes indicate a 
fai lure to execute the l oader program . 

3 - 5  



D1.agnost1.cs 

FlQgpy Disk Diagnostics 

The fl oppy disk di agnostics are in two parts , a main menu set 
which exercises the main components o f  the system , and a 
subsystem set . 

Main Menu D1.agnost1.cs Summary 

The fo l l owing list summarizes how the various di agnostic tests 
from · the UNIX PC Diagnostics , Main Menu are divided into subtests 
or sequences . Tests that require operator evaluation are labeled 
interactiye . The others , which run without user intervention ,  
are l abeled automatic . The automatic tests report fai lures with 
error messages . 

Test 1 :  E'u11 System. Test (.Automati.c) 

This test consists o f  the fo l lowing subsystem tests : 

Note 

These tests are from the subsystem menu , 
sel ecti on 6 o f  the main menu . They are 
run in order as l isted . 

0 Test 2 :  E' l oppy disk 
0 Test 1 :  Hard disk 
0 Test 5 :  Memory and parity 
0 Test 9 :  Processor 
0 Test 1 1 : Real Time Cl ock 
0 Test 7 :  Modem 

Test 2 :  Init1.a11.ze Hard Di.sk (Interact1. ve) 

o Requests type o f  dr ive 
o Formats 

Test 3 :  Enter Bad Blocks (.Automati.c) 

o Modi fies bad b l ock tabl e  
o Displays VHB 

Test 4 : Park D1.sk Heads (Interact1.ve) 

o P arks disk 
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Test 5 :  Remote D.1.agnost1.cs (Interact.i.ve) 

o Al l ows di.agnostics to be run from a remote site 

Test 6 :  Goto Subsystem Menu 

o These are a series o f  tests for subsystem checks . 

Select.i.on 7 :  Reboot System 

o Reboots the system . 

Diagnost.i.c Subtest Summary 

The fo l l owing l ist summarizes the diagnostic tests from sel ection 
6 o f  the main menu . These tests are also divided into subtests 
or sequences . Tests that require operator evaluati on are labeled 
interactiye . The others , which run without user intervention , 
are l abeled automat ic . The automatic tests report fai lures with 
error messages . 

Test 1 :  Hard DJ.sk (Automat.i.c) 

o Recal ibration o f  hard disk 
o Random seek o f  hard disk 

Test 2 :  Floppy Disk ( Interactive) 

o Formats the fl oppy disk 
o Random seek o f  fl oppy disk 

Test 3 :  Keyboard (Interactive) 

o Determines whether the keyboard and mouse work proper ly 

Test 4 :  Vi.deo (Interact.i.ve) 

o Tests al l screen parameters 

Test 5 :  Memory &: Parity (Interactive) 

o Per forms data test 
o Per forms address test 
o Per forms r andom pattern test 
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Test 6 :  Commun1.cat1.ons (RS 2 3l Ports) (Automat1.c) 

o Sel f- test o f  the RS 2 3 2  Expansion Ports 
o Trans fer test at 3 0 0  Baud through 1 9 2 0 0  Baud 

Test 7 :  Modela (Au.tomat�c) 

o Internal loopback sequence test used to check : 
1 2 0 0  or 3 0 0  Baud 
no parity , odd parity or even parity 
7 -bit or 8 -bit characters 

Test 8 :  D1.aler (Interactive) 

o Tests touch tone pulses 
o Tests rotary dial pulses 

Test 9 :  Processor (Automatic) 

0 

0 

0 

0 
0 

Map RAM test : 
Data 
Address 
Random pattern 

P arity test : 
Read/write 
Execution test 

Map trans l ation test : 
Subtest 1 
Subtest 2 

Page fault test 
User I /0 interrupt test : 

Subtest 1 
Subtest 2 

o Clock test 
o P age protection test 

Test 10 : Parallel Printer (Au.tomat1.c) 

o .  Subtest 1 (status test) 
o Subtest 2 (trans fer test) 

Test 11 : Real Time Clock (Interactj_ve) 

o Read Write test 
o Operation test 
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Diagnostics 

Test 1� : Return to Mai.n Menu 

o Returns you to the main menu diagnostics 

Diagnostic Test Descriptions 

The fo l l owing descr iptions include test algorithms , error 
messages , and screen displays for the fl oppy disk diagnostic 
tests . 

Memory Test 

This test has three subtests : data , address ,  and random pattern . 
The same a l gorithm is used to test map RAM , dynamic RAM , and 
video memory . 

Memory Subtest : Data Test 

This test wr i tes a walking ones pattern to a memory l ocation and 
then reads it back . I t  tests al l memory l ocations . I f  the data 
read back is incorrect , it reports the address ,  data wr itten , and 
data read back in the fo l owing error message : 

Memory error at Addressw X; Wrote X; Read Back X 

Memory Subtest : Address Test 

The address test has the fo l l owing three - step al gorithm for each 
address tested : 

o Writes data to a memory l ocation . 

o Reverses one b i t  in the address and wr i tes di f ferent data . 

o Checks the first address to see i f  there is a change . I f  
data changes , the test generates an error message reporting 
the address l ine that has changed and the memory bank being 
tested . For example , it writes AAAA to addresss 0 0 0 0 0 0  and 
then writes 5555 to address 0 0 0 0 0 1 . I t  then reads the 
contents o f  address 0 0 0 0 0 0 . I f  the contents are not sti l l  
AAAA , address l ine AO is bad . THe fo l l owing error message 
appears : 

Memory error : Connection on address line X is bad at Bank X 
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Memory Subtest : Random Pattern Test 

During this test , a random number generator sequence generates a 
64KB random pattern o f  16 -bit words . This pattern is then 
written to memory, repeating every 64KB . Then the random number 
generator is invoked again , and the pattern is read back from 
memory and compared with the function generator output . 

Memory Test Error Message 

I f  the two patterns di ffer , the address data written and data 
read are displayed in the fo l lowing error message : 

Memory error at Address X; Wrote X; Read Back X 

Memory Test Screen Display 

MEMORY TEST 

DATA TEST 
Memory test will begin at 2FOO O ,  end at /EEEE 
Testing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . 

ADDRESS TEST 
Memory test w.111 begin at 2FO O O , end at /EEEE 
RANDOM PATTERN TEST 
Memory test wil l  begin at 2FO O O ,  end at /EEEE 

EXPANSI ON MEMORY TEST 

Note 
The preceding message is displ ayed i f  
expansion memory is not present . I f  it 
is present , the preceding memory tests 
are repeated on expans ion memory . 

Parity Test 

This test forces bad parity on each l ocation and checks for an 
error during each memory access . 

I t  first writes 8 0 0 0  to address £40 0 0 0  to set EE + high at I C7K 
Win 4) hi gh . Next it writes 8 0 0 0  to address E41 0 0 0  to set P I E + 

hi gh ( I C7K, pin 5 )  . Then memory is written to and read to see i f  
art interrupt resul ts . I f  a parity erro r  does occur , the 
fo l l owing message appears : 

Unexpected parity error at location X 
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Then the BP + at I C7K (pin 6) is set low by writing 0 to address 
E42 0 0 0 . This causes bad parity to be written during any access 
to memory . Next , a sel ected memory location is written . Then 
that l ocation is read . A leve l 7 interrupt resul ts during the 
read . This interrupt causes the current address and data to be 
stored in bus status registers BSO at address 43 0 0 0 0  and BS l at 
440 0 0 0  and the error bit status to be stored in the genera� 
status register at 41 0 0 0 0 . 

Parity Test Error Messages 

I f  the interrupt does not occur , the fo l l owing messages appear : 

No Par1.ty Interrupt at locat1.on X 
BSR incorrect after parity error at locat1.on X 
BSRO = X, BSR1 = X 

Parity Test Screen Displ ay 

Par1.ty Test 

PARITY TEST - READ/WRITE TEST 
Memory test wil l  beg1.n at 2FO O O , end at 7FFFF 

Reached Address 3 0 0 0 0  
Reached Address 40 0 0 0  
Reached Address 50 0 0 0  
Reached Address 6 0 0  0 0  
Reached Address 7 0 0 0 0  

PARITY TEST - SUBTEST 2 EXECUTI ON TEST 

Map Tr ans l at i on Test 

This test per forms the fo l lowing steps : 

o I nitial izes al l pages to one - to - one correspondence between 
l ogical and physical address space . 

o Checks status bits o f  map registers . F irst it writes page 
present to al l addresses and then reads them a l l . The status 
bits should show a l l  pages present and read . Next it wr ites 
to every l ocation in memory and checks to see that every page 
shows that it has been written to . 

o I nterchanges phys ical and l o gica l  page addresses and ver i fi es 
that content has been interchanged . 
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The map transl ation test checks the status bits and page tab l e  
entry swapping . The subtests are : 

o Read/write memory test (checks access and dirty bits ) 

o Map test (checks page table entry swapping) 

Subtest 1 (read/write memory te�t) per forms the fo l l owing steps : 

o Sets status register o f  a page to val id ( 0 1 )  

o Reads from a memory location on that page 

o Reads the status o f  the page and veri fies that it has changed 
to read ( 1 0 )  

o Writes to a memory l ocation on that page 

o Reads the status o f  the page and veri fies that it has changed 
to written to (11)  . 

Subtest 2 checks mapping to the correct physical memory . l ocation c· 
as fol l ows : 

o Writes to two l ocations on di fferent pages . 

o Swaps the page table entries for the two pages . 

o Reads back the two l ocations and veri fies that the values are 
swapped . 

Map Trans l ation Test Error Messages 

Subtest 1 can return the fo l l owing error messages : 

Page access bi.t not set for page number 
Page access bi. ts wrong : page number and page bi. ts are X 
Page mapping error 
Page di.rty bi.t not set for page number 

Map Trans l ati.on Test Screen Displ ay 
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P age P r o tect i on Tes t  

The page protecti. on test has the fo l l owi.ng thr ee parts : 

o CPU page faul t 

Dur i.ng thi.s po rti. on o f  the test , a page i.s  dec l ared not present 
and the proces s o r  generates bus errors by readi.ng and wr1.t1.ng to 
i.t . 

The fo l l owi.ng error messages may occur dur i.ng thi. s test : 

No page fault received on write 
Map add = X,  Map = X , Mem add = X 

No page fault received on read 
Map add = x .  Map = X,  Mem. add = X 

Bus Error when none expected 
Map add = X ,  Map = X , Mem add = X 

0 Wr i.ting to page , not wri.te - enabl ed ,  b y  us er 

This porti.on o f  the test sets the processor  to user mode and 
wri.tes to a memory page that i.s  wr 1. te - d1. s ab l ed . I t  accesses the 
first l o cation o f  every page except those us ed by diagnosti.cs . 

The fo l l owing e rr o r  messages may occur dur ing thi s  test : 

No Bus Error received on write , a fter page .write bei.ng disabled 
Map add = X , Map = X ,  Mem add = X 

o Access bel ow 5 1 2  KB by user 

Thi.s porti.on o f  the test sets the 6 8 0 1 0  to us er mo de and wr i tes 
to every l ocat i on bel ow 5 1 2  KB except that contained by 
diagnostics . I t  veri. fies BSRO for MMU , BSRO and BSR1 for faul ted 
address ,  and RAM for wri.te disabled . 

The fo l l owing error messages may occur duri.ng this  test : 

No Bus error detected, whi.le user accessmg be l ow 5 1 2k  memory 
Disabled Ram writing fai l ed at mem l oca X 

BSR incorrect a fter Bus error at l ocation X 
BSRO = , BSRl = 
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Page Protection Test Screen Display 

PAGE PROTECTION TEST 

Format Disk Tes t  

This test has the fo l l owing three parts : 

o Reads vo lume home b l ock (VHB) and bad b l ock taqle (BBT) 
This portion o f  the test reads the VHB and BBT and calcul ates a 
check sum .  I f  the check sum is correct , i t  saves the VHB and BBT 
to rewrite them l ater . I f  the check sum is  incorrect or the VHB 
is not present , new VHB and BBT are written a fter formatting is 
complete . Whether check sum is correct or not , i t  continues 
formatting . 

o Formats a l l sectors 

This portion o f  the test formats the disk one track at a time . 
After each track is  formatted , it reads the status register to ( see i f  an error has occurred . · 

I f  the status
.
register reports an error , the fo l l owing message 

appears : 

Error during Disk Format : Response = XX 

(XX is the hexadecimal contents o f  the status register . )  

After the disk is formatted , the VHB and BBT are written and read 
back and a check sum is calcul ated . I f  the check sum is 
incorrect , the fo l l owing message appears : 

VBB write fail.ed .  Disk needs to be re- initialized 

I f  the BBT check sum is bad , the fo l l owing message appears :  

Bad bl.ock tabl.e write fail.ed . Disk needs to be re-initialized 

Format Disk Tes t  Screen Disp l ay 
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Rec a l ibr at i on Test 

This test has the fo l l owing three parts : 

o Seeks to track 0 

o Reads status register for error 

I f  an error is present , the fo l l owing message appears : 

Can • t Recal : Response = XX 

o Reads VHB and BBT and calcul ates the check sum 

I f the check sum is incorrect , the fo l l owing erro r  message 
appears : 

Recal Failed 

Recal ibration Test Screen Disp lay 

Recal Disk 
Sur face Test 
This test wr ites 6DB6DB6D to al l byte l ocations in one track , 1 6  
sectors. . Whil e  wr iting this pattern , it checks the status 
register for errors . 

I f  an error occurs , the test determines the number o f  the sector 
that has the error by writing 6DB6DB6D to one sector at a time . 
After each sector is  written , the status register is checked . 
When the error is  found, the BBT is updated with the number o f  
the sector that generated the error . 

I f  no errors are generated whi le the track is being wr i tten , the 
test reads the contents o f a l l  1 6  sectors and checks the data for 
any errors . 

I f  an error is found , it reads the sectors one at time to 
determine the one containing the error and updates the BBT . I f  
no error is  found , it checks the next track . 

I f  a l l tracks are written without error , the test reads a l l  
tracks one a t  a time and checks for error . I f  an error occur s , 
i t  reads each sector to find the one that contains the e r r o r  and 
adds it to the BBT . 
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Sur face Test Error Messages 

Can ' t  Wr.1. te the new VHB :  Response = XX 
Can ' t  Wri.te the new Bad Block Table : Response = XX 
Error on Wr.i.te :  Response = XX ,  Start Block = XX 
Error on Re-Read :  Response = XX ,  Start Block = XX 
Re-Read Data E'a.1.1 : Start Block = XX, Byte = XX ,  

Recei. ved XX ,  Expected XX 
· 

Error on Check-Read : Response = XX, Start Block = XX 
Check-Read Data E'ai.l : Response = XX ,  Start Block = XX 
In.1.ti.at1.ng Check Read for pass XX 
Bad Block Table Over flow when addi.ng Sector XX 
Bad Block Table : Mu.lti.ple use of alternate XX 

Sur face Test Screen Di.splay 

Sur face test 
Volume Name : FLOPPY 
Pass 1 
Testirig blocks xxx . . .  yyy 

User I /0 I nterrupt Test ( 
This test tries to create a bus fault by having a user program 
attempt to access a register outside its space . I f  this does not 
cause a bus faul t , the fo l lowing error mess age appears : 

No bus error when user access I /0 address X 

User I /0 I nterrupt Test Screen Disp l ay 

Cl ock Test 

USER I/O INTERRUPT TEST 
USER I /0 INTERRUPT SUBTEST 1 
USER I/0 INTERRUPT SUBTEST 2 

This test sets up a cl ock interrupt so  that a digit appears on 
the screen every second and counts down from .9 . The screen shows 
9 ,  8 ,  7 ,  6 ,  . . .  , 1 .  

The fo l l owing error mess age may appear during the c l o ck t e s t : 

Ti.me out whi.1e waiting for 6 0 Hz interrupt 
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Cl ock Test Screen Disp l ay 

CLOCIC TEST 

Pr inter Test 

Subtest 1 - Timer 1/Counter l TEST 
9 8 7 6 5 4 3 2 1 0 

The printer test has two parts . First the status register is  
read , and then a barber pole printing pattern is sent to the 
printer . 

Printer Test Screen Displ ay 

LINE PRINTER TEST 
LINE PRINTER SUBTEST 1 ,  Status test 

Line printer .is selected . 
LINE PRINTER SUBTEST 2 ,  Trans fer test 

Line printer .is selected . 
0 1 2 3 4 5 6 7 8 9 10 11 12 13  14 15 

Communicat i ons Test 

This test does a l o opback test and checks comb inati ons o f  
di f ferent baud r ates , number o f  bits , and types o f  parity as 
listed bel ow : 

o Baud rate is  3 0 0 ,  1 2 0 0 , 2 40 0 ,  48 0 0 ,  9 6 0 0 ,  o r  1 9 , 2 0 0  

o Bit count is 5 ,  6 , 7 ,  or 8 

o P arity is none , odd,  or even 

Communications Test Error Messages 

Overrun error 
Framing error 
Par.ity and framing error 
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Communications Test Screen Displ ay 

COMMUNICATION TEST (Sel �-test & Trans fer test) 

SELE'-TEST 
TRANSFER TEST 

300 Baud 
7 b1.ts/character no par1.ty 
7 b1.ts/character odd par1.ty 
7 b1.ts/character even par:l ty 
8 b1.ts/character no parity 

12 0 0  Baud 
7 bits/character no parity 
7 b:lts/cbaracter odd par:lty 
7 b1.ts/character even par:l ty 
8 b:lts/character no par:lty 

240 0 Baud 
7 b1.ts/character no par1.ty 
7 b:lts/character odd par:lty 
7 b1.ts/character even par1.ty 
8 b1.ts/character no par:lty 

480 0  Baud 
7 bits/character no par1.ty 
7 bits/character odd parity 
7 bits/character even parity 
8 bits/character no parity 

960 0  Baud 
7 bits/character no parity 
7 bits/character odd par1.ty 
7 bits/character even parity 
8 bits/character no parity 

192 0 0  Baud 
7 bits/character no parity 
7 bits/character odd par1.ty 
7 bits/character even parity 
8 bits/character no parity 

After 1 9 , 2 0 0  baud , the program returns to the main diagnostics 
menu . 
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Mo dem Tes t  

During this test , an internal l o opback test sequence checks a l l  
poss ible combinati ons o f  the fo l l owing parameters : 

o 3 0 0  or  1 2 0 0  baud 
o 7 - or 8 -bit characters 
o No parity ,  odd parity ,  or even parity 

Modem Test Error Messages 

SELF TEST failure detected 
MODEM TRANSFER TEST , receive error - parity error , 

expected XX 

Modem Test Screen Disp l ay 

MODEM TEST (Sel f-test & Trans fer test) 
SELF -TEST (B21 2  mode) at 3 0 0 baud . . 

Test passed vi th no error detected . 
SELF -TEST (B21 2  mode) at 1 2 0 0  baud . .  

Test passed vi th no error detected . 

DATA TRANSFER TEST at 3 0 0  baud . .  
7 bits/character no parity 
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  

7 bits/character odd parity 
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  

7 bits/character even parity 
* * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * · * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  

8 bits/character no parity 
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * 
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
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8 bi.tsfcharacter odd pari.ty 
* * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  

8 bi.ts/character even pari.ty 
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * * 
* * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  
* * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * 

Test passed wi. th no error detected . 

DATA "l'RANSE'ER. TEST at 1.l 0 0  baud 
7. bits/character no parity 
* * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * **  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * 
* * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  ( 
7 bi.ts/character odd pari.ty 
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  
* * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  

7 bi.ts/character even pari. ty 
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * 
* * * * * * * * * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  

8 bi.ts/character no pari.ty 
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * * 
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * ** 
* * * * * * * *  * * * * * * * *  * * * * * * *"* * * * * * * * *  * * * * * * * * * * * * * * * *  
* * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * ** * * * * * * * *  

8 bi.ts/character odd pari.ty 
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * * 
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  
* * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * *  * * * * * * * * 
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8 bi.ts/character even pari.ty 
* * * * * * * *  * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * 
* * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * * * * * * * * * * 
* * * * * * * * * * * * * * * *  * * * * * * * * * * * * * * * *  * * * * * * * *  * * * * * * * * 
* * * * * * * * * * * * � * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * * 

Test passed vi. th no error detected . 

D i a l er Test 

This interactive test generates either touch tones or rotary di al 
pul ses . 

Connect outside phone l ines . Each number is dia l ed as you enter 
it , and you can hear it  on the speaker . To connect the handset 
to the phone l ine when answering a cal l , type c a fter the dialed 
number answers .  To disconnect , type q .  

Note 

You must have the handset o f fho ok b e f o r e  
you type c .  You then type h t o  put the 
l ine on ho ld . 

Sel ect Test 1 0  from the fl oppy disk main diagnostics menu . The 
fo l l owing screen appears (DTMF means dual - tone mul t i frequency) : 

- - INTERACTIVE DTMF TEST - -
Select line 1 o r  line 2 for testing : 

When you sel ect a l ine , the fo l l owing message app e a r s : 

Enter digit 0 - 9 ; * , #  for dialing . To connect the hand set for 
conversation , enter Cfc .  To toggle line between hold and active ,  
enter Hfh . To quit enter Q/q : 

When you select a l ine and enter a number , you hear the touch 
tones as the number is  transmitted , and the number is disp l ayed 
on the screen . I f  you enter a series o f  numbers faster than they 
can be transmitted , they are stored and transmitted . 

When you type q, the preceding message r e turns . When you sel ect ­
a l ine and enter numbers f o r  the sec ond t ime , d i a l  pul ses a r e  
gener ated . 
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Note 

Pulse dialing may not work on certain 
internal electronic telephone systems . 

When you type q the second time � the fo l l owing message appears : 

AUTO ANSWER. 
Wa.1. t.ing for .incoming call ! type Reset/Break to exit ! 

At this point . dial the number o f  the phone that is connected to 
your UNIX PC from another phone . 

Video Test 

This interactive test displays the fol lowing menu o f  test 
patterns : 

VIDEO TEST 

0)  All black 
1)  All whi.te 
2) Hal f tone 
3) Vert.1.cal bars 
4) Horizontal bars 
5) Mosquito net 
6)  Black pattern 
7) White pattern 
8) All m. ' s 
9) Exit 

At the end of a test ,  press any key to get back to this menu . 

Please select test number 0 - 9 : (Return .is 0 )  
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Screen Descr iptions 

Test 0 makes the screen so l id bl ack . 
Test 1 makes the screen so l id light . 
Test 2 disp l ays a fine dot pattern . 
Test 3 disp l ays a sequence . o f  vertical bars . 
Test 4 disp l ays a sequence o f  horiz onta l  bars . 
Test 5 disp l ays a combination o f  Tests 4 and 5 .  
Test 6 displ ays a cross for checking screen a l i gnment . 
Test 7 is the same as Test 7 with inverse video . 
Test 8 fi l ls the screen with the letter m .  

Tra:p Err ors 

Diagnostics 

Trap errors are general errors that can occur during any test . 

Type = XX ,  GSR = XX, BSRO = XX, BSR1 = XX 
Repeated fault 
Bad GSR after page fa�t 
Bad GSR a fter execution Page fault 
BSR not correctly set after Page Fault 
BSRO = XX, should be XX BSR1 = , should be XX 
Unexpected bus error , GSR = XX ,  PC = XX, RPS = X 
Unexpected NMI , PC = XX ,  RPS = XX 
GSR = XX BSRO = XX BSR1 = XX  
Unexpected interrupt from level XX 
PC = XX RPS = XX GSR = BSRO = XX BSRl = XX 
HD or DMA interrupt from level XX ,  PC = XX , RPS = XX 
GSR = XX BSRO = X BSR.1 = XX 
XX Interrupt l evel XX ,  PC = XX ,  RPS = XX 
User I / 0  flag in GSR not set during User I / 0  test 
LWT in GSR set during User I / O  fault 
Bus Grant set to DMA cycle during User I / 0  fault 
BSR not correctly set a fter User I / 0  fault 
BSRO = XX ,  sho�d be XX BSR1 ' = XX, should be XX 

E�rt Mode D1agnost1cs Program 
The expert mode diagnostics program contains more subtests than 
are avai lable from the fl oppy disk diagnostic� main menu . I n  
addition , it a l l ows selection o f  speci fic subtests without 
running the complete test . 

To enter expert mode di agnostics , type s4test and press <Return > 
instead o f  sel ecting a test number from the fl oppy disk main 
di agnostics menu . To exit fr om expert mode di agnostics , type : u 
and press <Return> . 
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A command> prompt is disp l ayed to show that expert mode 
di agnosti.cs has been entered . 

To see a menu o f  expert mode diagnostics , type ? and press 
<Return> . The fo l l owing menu scrol ls on the screen : 

Commands formatted at follows : 
(<repeat-count>] <command- letter> [L I C] or 
(<repeat-count>] : <test-number> (, <subtest-number>] (L I C] 

P (E I M] toggles Pari. ty Enable I Page Mode 
LE toggles Parallel Printer ECho Mode 
V for Di.agnosti.c Versi.on, U to return to User Menu 
Mul ti.ple commands may be separated by ; 

Command Descri.pti.on 
1 Eu11 System test .  
2 Initi.ali.ze Hard di.sk . 
3 Enter Bad blocks . 
4 Park Di.sk Heads . 
7 Reboot System . 
11 Hard Di.sk test . 
12 Floppy Di.Sk test . 
13 Key board & Mouse Test . (-14 Vi.deo test . 
15 Memory · &  Pari.ty test . 
16 Communicati.on test . 
17 Modem Test .  
18 Di.aler test . 
19 Processor test . 
2 0  Parallel Printer test . 
21 Real time clock test . 
31 Interacti.ve devi.ce test . 
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Note that enter ing page mode prevents the top items from rapidly 
scro l l ing o f f  the screen . To enter page mode , type PM and press 
<Return> be fore typing ? .  Press <Page> to see the next page o f  
the menu . Type PM and press <Return> again to exit page mode . 

Disk Drive Commands 

When the command> prompt appears , type i ( Initial iz e  command) and 
press <Return> . The disk> prompt appears . To return to the 
command> prompt ,  type q .  

To select the drive that you want to test , type dr n ,  where n is 
either 0 (de fault) for the fl oppy disk or 1 for the hard disk . 
Then issue the I nitial ize ( i )  command or manual ly turn on the 
motor , select the drive , and reset the drive . 

To include more than one test in a singl e  command , use 
semi-co l ons . For  example : 

disk> step 10 ; rd 1 ;  sb ;  step - 10 ; rd 1 

To repeat a command , type ; r at the end o f  the command . To 
terminate the repeat option ,  press any key . 

Read and Write Commands 

Table 3-1 Read/Write Command Format 

Short 
Command Form Syntax Comment 

Read rd rd [ [ sector ] sector ] 
Write wr wr [ [ sector ] sector ] 
Read ID  ri  ri FD only 
Read Track rt rt FD only 
Write Track wt wt FD only 

Al l Read and Write commands operate on the speci fied sector (s)  on 
the cur r ent track . To read from ano ther track , first execute a 
Seek or a Step command . 

The Read ·and Wr ite commands use the sector bu f fer . 

The Read I D  c ommand uses the ID bu f fer . 

The Read Track and Wr ite Track commands use the track buf fer . 
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Seek and Step Commands 

Table 3-J Seek and Step Command Format 

Short 
Command Form Syntax Comment 

Restore rs rs 
Recal rc rc 
Home h h 
Seek s s track 
Step (none) step number FD only 

Restore and Seek commands read the ID f.1eld at the dest.1nation 
track . The Step command issues step pulses without veri fying . 

Register Commands 

Table 3-3 Register Command Format 

Short 
Command Form Syntax Comment 

Register rg rg 
Status st st [ number J 
Command 

Register cr cr [ number J 
Track 

Register tr tr [ number J FD only 
Sector 

Register sr sr [ number J FD only 
Data 

Register dr dr [ number J FD only 
Sector Count 

Reg.1ster sc sc [ number J HD only 
Sector Number 

Register sn sn [ number J HD only 
Cyl inder Low 

Register c l  cl  [ number J HD only 
Cyl inder High 

Register I ch ch [ number J HD only 
Size Dr ive Head 

Register 1 sdh sdh [ number ] HD only 
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Regi.ster commands wi.th no argument show the regi ster . Reg i s ter 
commands wi.th an argument write to the register . 

Buffer Commands 

Table 3-4 Buffer Command Format 

Short 
Command Form Syntax 

Sector Buf fer sb sb [ number ] 
Track Buf fer tb tb [ number ] 
ID Buf fer ib ib [ number ] 

Buf fer commands with no arguments show the buf fer . Buf fer 
commands with an argument fi l l  the who l e  buf fer with that number . 
The sector buf fer ho lds 512  bytes , the ID  buf fer ho lds 6 bytes , 
and the track buf fer ho lds approximately 8 KB .  

M1scellaneous Commands 

Table 3-5 Miscellaneous Command Eormat 

Short 
Command E'orm Syntax Comment 

Drive dr dr [ number ] 
I nitia l ize i i 
Mtron (none) mtron E'D only 
Mtro f f  (none) mtro f f  E'D only 
Format fm fm track 
Force 

Interrupt fi fi E'D only 
Help ? ·?· 
Radix (none) radix [ number ] 
Quit q q 
Head hd hd [ number ] 
Reset (none) reset 
Repeat r r 
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The Mtron (motor on) and Mtro ff (motor o f f) commands contro l the 
floppy motor . 

The Head command sel ects a head for further operations . 

The Format and Radix commands do not work . 

Readi.ng/WrJ. ti.ng to Hard DJ.sk vi th Expert Mode 

Use the fol l owing sequence o f  commands and prompts to read and 
write data to a sector o f  the hard disk drJ.ve using expert mode 
diagnostics .  

1 Load floppy disk diagnostics . 

2 When the test select prompt below the main di agnostics menu 
appears , type s4test and press <Return> . 

The command> prompt appears . 

3 Type J. (the Initial ize command) and press <Return> . 

The disk> prompt appears . 

4 Type dr 1 and press <Return> to sel ect the hard disk . 

The disk> prompt reappears . 

5 Type J. and press <Return> to initia l i z e  the dr ive . 

The LED on the drive lights up . 

From this point , use the Sector Buf fer (sb ) , Read Sector (rd) , 
and Write Sector (wr) commands to fi l l  the sector buf fer with 
data , write the contents o f  the sector buf fer to a sector , read 
the sector into the buf fer , and then read the s�ctor buf fer 
contents . 

For example , to fil l  sector 0 with 5555s and then read it back,  
issue the fo l l owing sequence of  commands a fter the disk> prompt : 

1 Type sb to read the sector buf fer . 

The current contents o f  the sector buf fer appear . 
2 Type sb 5555 to fi l l  the sector buf fer wi th 5 5 5 5 ' s .  

3 Type sb to  ver i fy that the sector buf fer contains 5 5 5 5 ' s .  

4 Type vr 0 to write the contents o f  the bu f fer to sector 0 .  
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5 Type sb 0 to fi l l  the sector bu f fer with O s , so you can see 
that the buf fer contents have changed when you read sector 0 
.from the dri.ve into the buf fer . 

6 Type sb to veri fy that the sector buf fer contains a l l  O ' s .  

7 Type rd 0 to read from sector 0 and put the contents into the 
sector buf fer . 

8 Type sb to read. the sector buffer , which now shows SSSS ' s .  
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4 Logi.c Board Test Procedures 

This secti.on is a co l lection o f  test procedures for component ­
l evel troubleshooting o f  the UNIX PC logic board . In  addition to 
standard test equipment . the fol l owing items are required : 

o A set o f  debugger EPROM ' s  
o A set o f  map RAM test EPROM ' s  
o A set o f  RAM test EPROM ' s  
o A set o f  silent loader EPROM ' s  
o A l ogi.c analyzer 
o An unintel l igent terminal 
o An EP�OM programmer 
o A master set o f  PAL ' s  
o A PAL programmer 
o A supply o f  the three ·semicustom gate arrays 

The fo l l owing re ference books wi l l  also be use ful : 

o Motorol a ' s  MC68 0 1 0  16 -Bit Yirtual Memory Microprocess or 
o Motoro la ' s  MC68 0 0 0  Programmer ' s  Re ference Manual 
o Western Digital ' s  Storage Management Products Handbook 
o I ntel ' s  Microprocessor and Peripheral Handbook) 

Information provided with the board usual ly indicates to an 
experienced technician the tests that should be used . I f  the 
nature o f  the problem is not known , however ,  the first step in 
troubleshooting is  to determine the highest level o f  diagnostics 
that wi l l  run . The higher the level , the l arger the portion o f  
the board that must be working and thus can b e  ruled out as the 
cause o f  the problem . Procedures associated with that level are 
then used to pinpQint the cause o f  the problem . (Some o f  these 
procedures have training value as wel l  as testing value , so it is 
recommended that they be practiced on a known good board . ) 
The diagnostic levels  are l isted below in ascending order : 

o Map RAM EPROM 
o RAM EPROM 
o Silent l oader 
o Debugger program 
o F loppy disk diagnostics 
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Map RAM EPROM Program 

The map RAM EPROM program executes the fo l l owing tasks : 

o Per forms data test 
o Per forms address test 

Data Test 

The map RAM EPROM tests the map RAMs and outputs data to the LEDs 
as l isted in Table 4- 1 ,  (LED 4 is the one nearest the corner o f  
the board) : 

Table 4- 1 Logic Board LED STATES 

E'unction LED 4 LED 3 LED 2 LED 1 

Testing data On O f f  O f f  O f f  
Testing address On On O f f  O f f  
Data error On O f f  O f f  On 
Address error O f f  On On O f f  

I f  a data error pattern appears , the EPROM i s  executing a l oop 
that continuously reads and writes to an address where the data 
read back di ffers from the data written . This memory cycle may 
be observed using a l o gic analyzer . Set the ana lyzer to trace 
from the beginning o f  this loop . In the EPROM currently being 
used, this loop is l ocated at 8 0 0 0 7A hexadecimal , the address o f  
the first instruction in the l oop . The loop conta ins the 
fo l l owing assemb ly instructions : 

1 $  MOVEW 
MOVEW 

JMP 1 $  

D1 , AO@ 
AO@ , D O  

The MOVEW instruction moves a 16 -bit word from internal 6 8 0 1 0  
register D1 t o  the memory location whose address is  contained in 
6 8 0 1 0  address register AO . Thus the first ins.truction is a 
memory write instruction . The second instruction is s imi l ar 
except that it reads from memory to register D O . The third 
instruction is a j ump that causes the first instruction to 
repeat . Thus , once this loop is entered , these instructions wi l l  
repeat as l ong a s  the power i s  on . 
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When the l ogic ana lyzer is set to trace starting at the l ocation 
o f  the first instruction, it shows the address and data that were 
written during the first instruction and read during the second . 
The data read must di ffer from the data written for the program 
to have entered the loop . An example o f  address and data 
fo l l ows : 

Address 
40 0 0 0 0  
4 0 0 0 0 0  

Data 
0 0 0 0  
0 8 0 0  

� o f Cycle 
Data write 
Data read 

In this examp l e ,  data bit Dll is a 0 during a wr ite and a 1 
during a read . Because each RAM chip contributes a single bit to 
the data bus , this indicates that the prob l em is caused by one o f  
the four RAM chips that output data b i t  D'l l . There i s  one chip 
for each o f  the rows w,  x ,  y ,  and z .  Address bits A1 and A2 
select the row ; both are 0 in this examp l e , so the chip in row w 
is  indicated . 

Address Test 

I n  the address test , the program first writes various data to al l 
memory l ocations . I t  then checks a l l  memory to see i f  there are 
any locations that do not have proper data . I f  an address l ine 
is faul ty , shorted , open , or has some other prob l em ,  the program 
assumes that , at some point in the process o f  writing to al l 
l ocations , a write in some location (cal l i t  �) changes the 
contents o f  a previ ous location (cal l it �) . When it reads a l l  
l ocations and finds one that is incorrect , the program considers 
this l ocation to be old . The old l ocation is stored . 

The next phase o f  the test determines the new l ocation . To do 
this , the program starts a second writing operati on to a l l  memory 
l ocations . Each time it does a write , the program checks the old 
l ocation to see i f  the contents have changed . When the program 
detects a change in the contents o f  the o l d  address ,  it stores 
the address wri tten to , because this must be new . 
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Error Loops 

The fo l l owing tables show the addresses o f  machine code that 
executes when the map RAM EPROM program finds an address or data 
error . These serve as trace addresses when a l ogic analyzer is 
used to determine the error addresses and data . 

Data error (LEDs 1 and 4 on ; LEOs 2 and 3 o f f) : 

Address 

8 0 0 084 : 

8 0 0 0 86 : 
8 0 0 0 8 8 : 

Register 
Notation 
MOVW 01 , (AO ) 

MOVW (AO ) , DO 
· JMP 8 0 0 0 84 

Description 
Writes contents o f  0 1  to address in 
AO 
Reads contents o f  address in AO 
Returns to top o f  l o op 

Both error addresses found (LEOs 4 ,  3 ,  and 2 on ; LED 1 o ff) : ( 

Address 

8 0 0 0E'A :  
8 0 0 0E'C : 

8 0 0 0E'E : 
8 0 0 1 0 0 : 
8 0 0 1 0 2 : 

Register 
Notation 
MOVW (A4) , D O  
MOVW 0 3 , (A4) 

MOVW (AO ) , D O  
MOVW 07 , (AO ) 
JMP 8 0 0 0E'A 

Description 
Reads memory address in A4 
Writes to memory ; A4 ho lds address 
that causes contents o f  memory 
address in AO to change when it is 
written to 
Reads memory address in AO 
Writes to address in AO 
Returns to top o f  l o op 

Second error address not found (LED ' s  4 ,  3 ,  2 . on ;  LED 1 o f f) : 
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I f  an address error occurs but the program cannot find the second 
error address , the fo l l owing instruction l oop is entered : 

RAM EPROM Program. 

8 0 0 1 1 0 : 
8 0 0 1 1 2 : 

MOVW (AO ) , AO 
JMP 8 0 0 1 1 0  

The RAM EPROM program executes the fol lowing tasks a fter setting 
unity map : 

o ·.Per forms data test 

o Per forms address test 

Data Test 

The program per forms a walking ones and walk�ng zeros test o f  
5 1 2KB o f  memory .  Each address is written t o  and then the 
contents are read back . I f  the contents read di f fer from those 
written , the program j umps to the data error l o op . 

Address Test 

The address test o f  RAM is s imil ar to the test o f  map RAM above 
except that severa l  di f ferent data patterns are wr itten . E irst a 
data pattern o f  0 - 256  is  written to a l l  memory addresses . Then 
memory is divided into eight 64K bl ocks . Each b l ock is then 
tested by dividing it into 256  subblocks o f 256 bytes each and 
writing a di f ferent data word to each subbl ock . As in the map 
RAM address test , there are two error l o ops , one when both error 
addresses have been found and one when the second address cannot 
be found . 

Error Loops 

The fo l l owing addresses are for machine code that executes when 
the RAM EPROM program finds an address or data error . These 
serve as trace addresses when a l ogic analyzer is used to 
determine the error addresses and data . 
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Data error l oop (LED ' s 1 and 4 on ; LED ' s  2 and 3 o f f) : 

8 0 0 0A4 :  
8 0 0 0A6 : 
8 0 0 0A8 : 

MOVW Dl , (AO ) 
MOVW (AO ) , DO 
JMP 8 0 0 0A4 

Both error addresses found (LED ' s 4 ,  3 ,  2 on ; LED 1 o f f) : · 

8 0 0 1EE : 
8 0 0 1E'O : 
8 0 0 1E' 2 : 
8 0 0 1E'4 : 
8 0 0 1E'6 : 

MOVB (A4) , DO 
MOVB D3 , (A4) 
MOVB (Al) , DO 
MOVB D7 , (Al) 
BRA 8 0 0 1EE 

Second · error address not found (LED ' s  4 ,  3 ,  2 on ; LED 1 o f f) .: 

8 0 0 2 0 2 : 
8 0 0 2 0 4 : 

Debugger Program 

MOVB (Al) , DO 
BRAL 80 0 2 0 2  

The debugger is a breakpoint monitor program . With the debugger , 
the user can modi fy memory and run programs . That is , the user 
can enter and run programs , disassemble instructi ons , and set 
breakpoints . The debugger includes a load command that a l l ows 
downloading diagnostics into memory from another computer . This 
can be used to l oad diagnostics from a machine that can load 
diagnostics from a floppy into one that cannot . 

To set up the debugger program : 

1 Rep l ace the boot ROM ' s  with the debugger ROM ' s .  

2 Connect the UNIX PC to an unintelligent terminal via the RS -
2 3 2 - C  port . 

3 Push the Reset button . 
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The fo l l owing message appears : 

S4 MC68 0 1 0 ROM DEBUGGER V1 . 0 

COPYRIGHT 1984 BY CONVERGENT TECHNOLOGIES INC . 

SR. X:XXX::X:XX:X: PC==O 080 OF66 SP=O 0 8 0  OF66 UP=X:X:XXXXX::X 
DO=XX:XXX:XXX D1=XXXXXXXX D.2=X.XXXXXXX 03-:X:XXXX:X:XX: 
D4=:XXXXXXXX DS=XXXXX:X:XX D6 :XXXXXXXX 07 XXX:XXXXX 
AO=X:X:XXXXX::X A1=XXXXXXX:X A2=XXX:XXXXX A3-XXX:XXXXX 
A4=XX:X:X:XXXX AS=XXXXXXX:X: A6 XXX:X:XX:XX A 7--'X:X:X:XXXXX 
0 0 8 0 0F66 bras Ox0 0 8 0 0F64 
DBG> 

The program counter (PC) shows the address o f  the next 
instruction to be executed . SP and UP are supervisory and user 
stack po inters , respectively , DO -D7 are data registers , AO -A7 are 
address registers , and SR is the status register . 

After the debugger (DBG> ) prompt , type he ( for the Help command) . 
The fo l l owing message appears , l isting the debugger program 
commands : 

COMMANDS : BR, BC ,  BO ,  DB , DF , D I , DM ,  DR , DW, GO ,  HE ,  LO , 
MB , MM, MR., MW, WM, WW, WB , TR.  

These commands are entered a fter the DBG> prompt i s  displ ayed . 
The first group , the breakpo int group , cons i sts o f  BR and BC . BR 
fo l l owed by an address sets a breakpo int at that address ; BC 
fo l l owed by an address clears the breakpo int at that address . 

For examp l e , to set and clear a breakpo int at address 4 0 0 0 0 : 

1 After the DBG> prompt , type br 40 0 0 0  and press <Return> . 

The fo l l owing message appears : 

1 BREAKPOINTS SET AT :  0 0 040 0 0 0  

2 Type be 40 0 0 0  and press <Return> t o  clear the breakpo int . 
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Us ing the debugger ROM ' s ,  you can set and cl ear as many 
breakpo ints as necessary depending on your appl ication . I f  you 
try to clear a breakpoint at an address where one does not exist , 
the fo l l owing message appears : 

NO BPT AT THAT ADDR 

When a program containing several breakpoints stops at any given 
breakpoint , type go and press <Return> a fter the DBG> prompt to 
continue program execution to the next breakpoint . 

The next group o f  commands , the display group , includes DB , DE" , 
DM, DR , and DW . When fol l owed by an address , command DB (display 
byte) causes the next 16 bytes o f  data to be displayed . Pressing 
<Return> causes 16  more bytes o f  data to be disp layed ; typing 1 
and pressing <Return> recalls  the DBG> prompt . 

For example , to display 16 bytes starting at address 40 0 0 0 : 

. 1  After the DBG> prompt , type db 400 0 0  and press <Return> . 

The fo l l owing message appears , displ aying the 16 bytes : 

0 0 040 0 0 0 : XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX 

2 Press <Return> again . 

The screen displ ays the next 16 bytes : 

0 0 040 010 : XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX XX 

3 Type I and press <Return> to reca l l  the DBG> prompt . 

The DF (displ ay a l l  registers) command presents al l registers 
internal to the 6 80 1 0 . To use this command, s imp ly type df and 
press <Return> to display al l registers . 

The DM (displ ay 3 2 -bit word) command , when fo l l owed by an 
address ,  displ ays the 3 2 -bit word starting at that address . 
Pressing <Return> gives the next 3 2 -bit word ; typing I and 
pressing <Return> reca l l s  the DBG> prompt . 

The DR (displ ay regi ster) command disp l ays each o f  the 6 8 0 1 0  
registers j ust a s  the DF command does . 

The DW (disp l ay 1 6 -bi t  word) command , when fo l l owed by an 
address , · displ ays the 16 -bit word l ocated there . Pressing 
<Return> gives the next 16 -bit word ; typing I and pressing 
<Return> recal l s the DBG> prompt . 
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The BO (boot the UNIX PC) command first checks to see i f  there is 
a bootabl e  fl oppy inserted . I f  not , it boots from the hard disk . 

The GO command , when fo l l owed by an address , causes program 
execution to begin at that address . 

HE is the Help command , · which has already been discussed . 

LO , the Load command , downloads a program into memory from the RS -
2 3 2 - C  port . 

The next group o f  debugger commands , the modi ficat i on group ,  
includes MB ,  MM ,  MR. ,  and MW .  With this group ,  the user can 
inspect and change the contents o f  various addresses and 
register� in the UNIX PC . 

The MB (modi fy byte) command , when fo l l owed by an address ,  
di�pl ays the 16 -bit word at that address and enabl es the user to 
modi fy the word . The l east signi ficant bit o f  the address 
indicates whether the upper or lower hal f o f  the 16 -bit word can 
be modi fied . I f  it is  clear ( 0 ) , the upper hal f o f  the 16 -bit 
word can be modi fied ; i f  it is  set ( 1 ) , the l ower hal f can be 
modi fied . Press ing <Return> al l ows the next byte to be modi fied; 
typing I and pressing <Return> reca l l s  the DBG> prompt . 

The MM (modi fy 3 2 -b i t  -word) command enables 
entire 3 2 -bit word at a speci fied address .  
a l l ows the next 3 2 -bit word to be modi fied ; 
<Return> reca l ls the DBG> prompt . 

the user to modi fy an 
Press ing <Return> 
typing I and pressing 

The MR. (modi fy regis ter) command displays each o f  
registers so the user can find the one that needs 
I t  then a l l ows the user to modi fy that register . 
<Return> disp l ays the next register ; typing I and 
<Return> recal ls the DBG> prompt . 

the 6 8 0 1 0  
t o  b e  modi fied . 
Pressing 
pressing 

The MW (modi fy. word) command lets the user modi fy the 1 6 -bit word 
at the speci fied address .  Pressing <Return> gives the next word ; 
typing I and press ing <Return> recal l s  the DBG> prompt . 

The wr ite commands , including WM, WW, and WB ,  enab l e  the user to 
change the contents o f  various addresses j ust. as the modi fy 
commands do , but the write commands do not disp l ay the previous 
contents . Pressing <Return> lets you write to the next address ;  
typing I and press ing <Return> reca l l s  the DBG> prompt . 

The TR (trace trap ) command a l l ows s ingle - step executi on through 
the user progr am . TR fo l l owed by an address starts the trace at 
that address .  
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Shadow Addresses 

Address b.its A2 0 and A2 1 are not decoded when RAM is addressed . 
The .resul t is that each RAM address has three shadow addresses . 
When you wr.ite data to an address that has a shadow, the data 
appears in the shadow . _ For example , 0 8 0 0 0h is the shadow o f  
O O O O O Oh ,  and any data written to O O O O O Oh appears .in 08 0 0 0 0h . 

The shadows for the l owest and highest RAM addresses are : 

Address 

O O O O O Oh 
( lowest) 

0 7 f f fe 
(highest ) 

Machine Language Programm1 ng 

Shadow 
Address 

08 0 0 0 0h 
l O O O O Oh 
180 0 0 0h 

O ff f feh 
17 f f f feh 
l f f f feh 

Tabl e  4 - 2 on the next page , contains a few instructions for 
writing short programs , which can be loaded and run using the 
debugger program . 

Definitions 

Dn and An re fer to address and data registers ins ide the 6 8 0 1 0 , 
where n is any number from 0 through 7 . ..(Anl. re fers to the 
contents o f  memory pointed to by the address in address register 
An .  

Instructions consist o f  one op code word fo l l owed by extension 
words , i f  used . 

2An in the op code instruction means 2 times the number o f  the 
address register . For example , to use the move instruction be l ow 
( 3/2An/8/Dn) to  wr ite the contents o f  data register D2 to the 

memory l ocati on contained in address regi ster Al , the op code i s  
3 2 8 2 . 

( 
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Table 4 - l  Program. Instructions 

Machine 
Code 

3/2An/8/Dn 

3/ 2Dn/ 3/C 
[ext . word] 

2/2An/7/C 
[ O O XX] 

Register 
Notation 

MOVE Dn to (An) 

MOVE #word to Dn 

MOVEA <ea> , An 

5/3/4/Dn Dn = Dn - 1 

B/ 2Dn/7/C CMP <ea> , Dn 
[ immed . data] 

6/6/X/X BNE < l abe l >  

6 / 0 /X/X BRA < l abel >  

Description 

Writes contents o f  data 
register Dn to memory l ocation 
contained in An .  

Loads extensi on word into 
data register Dn . 

Moves the two extension 
words into address register 
An .  The first extension word 
contains the most s i gni ficant 
address di gits . 

Subtract Quick . Decrements 
data register Dn . 

Compares immediate data to Dn . 
Subtracts source operand from 
speci fied data register and 
sets condition codes according 
to the resul t ; the data 
register is not changed . 

Branch not equal . I f  this 
instruction i s  preceded by a 
CMP instructi on ( above) and 
the data words compared are 
not equa l , then program 
execution continues at a 
l ocation obtained by adding 
the disp l acement represented 
by < l abe l > and the address o f  
the next instruction . The 
displacement i s  a 2 ' s  
complement . form . 

Program execut i on c ontinues at 
the address o f  the next 
instructi on p lus the 
disp l acement . The ,I disp l acement is a 2 ' s  
compl ement form . j" i 
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To calcul ate the 2 ' s  complement displ acement for a BNE or BRA 
instruction (see preceding table) : 

1 Count the number o f  bytes back to the fi.rst instruction in 
instruction . 

l Convert this number . to 2 ' s complement by : 

o Writing it as an 8 -bit binary number 
o Changing each 0 to 1 (binary 1 ' s  comp l ement) 
o Adding 1 (binary 2 ' s complement) 
o Converting to hexadecimal 

Walking Ones Test Program 

The fo ll owing program sets a pattern o f  walking ones in the first 
1/2KB o f  memory : 

0 7 0 0 0 0 : 3 0 3C MOVE lh to DO  
0 7 0 0 0 2 :  0 0 0 1  

0 7 0 0 04 : 3 0 7C MOVEA 0 1 0 0h to AO 
0 7 0 0 0 6 : 0 1 0 0  

0 7 0 0 0 8 : 3 1 0 0 MOVE DO , - (AO ) ( l o op) 

0 7 0 0 0A :  E358 ROL D O 

0 7 0 0 0 C : BOFC CMPA (compare AO with 0 )  
0 7 0 0 0E : 0 0 0 0  

0 7 0 0 1 0 : 66F6 BNE (branch i f  not equal to l o op)  

0 7 0 0 1 2 : 4EF 9 JMP (return to debugger)  
0 7 0 014 : 0 0 8 0  
0 7 0 0 16 : OEE O  

ReadfWr:l. te Loop Program 

The use o f  an osci l loscope in troubleshoot1ng . the logic board is 
l imited because most signals , such as address and data , do not 
have repeating wave forms that an osci l l oscpe can synchronize on . 
This prob l em can be s o lved with a short machine l anguage program 
that continuous ly reads and writes the same address in an endless 
l o op . 
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The progr am  in Table 4 - 3 can be loaded into memory us ing the 
debugger memory wr ite (MW) command and executed by typing go 
fo l l owed by the starting address o f  the program . Once the 
program is executing , an osci l l oscope connected to a chip select 
pin being addressed by the program synchronizes eas i ly because 
the chip - select pul se repeats about every 2 micr o - seconds . A 
second osci l l oscope channel is used to measure l ogic levels on 
address and data l ines when the chip select is active . 

To see how th�s works , execute the fo l lowing procedure on a known 
good l ogic board . In this example , data OF O O ,  which turns o f f  
the LEDs , i s  written t o  address 4AO O O O . 

1 Load the program shown bel ow using the MW command . 

Register notation and description are given to aid understanding .  
Enter address and data only . 

Machine 
Code 

0 7 0 2 0 0 : 3 0 3C 
0 7 0 2 0 2 : 0F O O  

0 7 0 2 04 : 2 0 7C  
0 7 0 2 0 6 : 0 0 4A  

0 7 0 2 0 8 : 0 0 0 0  

0 7 0 2 0A : 3 0 8 0  

0 7 0 2 0 C : 3 2 1 0  

0 7 0 2 0 E : 6 0E'A 

Table 4- 3 ReadfWr�te Loop Program 

Register 
Notation Description 

MOVE OE' O O  Moves OE' O O  t o  data register 
D O . 

MOVEA . l Loads address register AO . 
Two most signi ficant address 
digits 4A .  

E'our least s i gni ficant address 
digits 0 0 0 0 . 

MOVE D O  to (AO ) Writes D O  to memory l ocation in 
AO . 

MOVE (AO ) to Dl Reads contents o f  memory l ocation 
in AO and puts it in D l . 

BRA Branch a lways - - returns program 
executi on to data wr ite 
instruction at 0 7 0 2 0A .  
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2 Veri fy correct l oading by typing � (the disassemb l e  command) 
fo l l owed by 0 7 0 2 0 0 , the starting address o f  the program . 

The instructions disassemble as shown bel ow . Press <Return> to 
show the next instruction . 

0 7 0 2 0 0 : #OFO O ,  AO 
0 7 0 2 04 : #0 04AO O ,  AO 
0 7 0 2 0A :  MOVEW DO , AO@ 
0 7 0 2 0C : MOVEW AO@ , Dl 
0 7 0 2 0E : BRA Ox0 0 7 0 2 0A 

3 Run the program by typing go 070200 <Return> . 

The program executes and the DBG> prompt disappears from the 
screen . 

4 Observe the wave forms by connecting an osci l l oscope to I C 2 7B 
(pin 11)  . 

5 Stop program execution by pushing the Reset button . 

The DBG> prompt reappears . 

Note that the starting address to l oad th i s  program is  arbitrary . 
You can load it anywhere you l ike in memory without changing the 
program code . The data word in the instructi on at 0 7 0 2 0 2  and the 
address data in the instruction at 0 7 0 2 0 6  are also arbitrary . 
The first two digits o f  the address at 0 7 0 2 0 6  are always set to 
0 ,  because it takes two words , or eight hex digits , to l o ad an 
address that uses only six digits ; thus the first two are not 
used . 

4 - 14 

i 

( 

( 



Logic Board Test Procedures 

Turn OnjTurn O ff Program 

Th� . fo l l owing program writes data to the same address twice , so 
that a device can be turned on and then turned o f f .  A delay o f  
64K machine cycles occurs between turning on and turning o f f .  

3 0 3C MOVE # to DO 
xxxx Immediate turn on data 

3 2 3C MOVE # to Dl 
xxxx Immediate turn o f f  data 

34 3C MOVE # to D2 
xxxx Immediate del ay data 

2 0 7C MOVE address to AO 
o oxx 
xxxx 

3 0 8 0  MOVE D O  to {AO )  

5 34 2  Decrement D 2  

B47C Compare immediate data to D 2  
xxxx Immediate data set to 0 

6 6F 8  BNE {branch not equa l )  

3 0 8 1  MOVE D l  to {AO ) 

6 0F 2  BRA (branch always ) 

Parity Test Procedure 

This procedure veri fies the abi l ity o f  the parity circuits to 
generate a l evel 7 interrupt when a memory location containing 
bad parity is read . I n  addition , it tests the abi l ity o f  the bus 
status registers to store the address at which the error 
occurred . 
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First the starting address o �  the debugger i s  l oaded into the 
level 7 interrupt vector location so that , when the interrupt 
occurs , the program returns to the debugger . Then the error 
enable EE+ and P I E+ bits are set hi gh to enable the circuits that 
generate the interrupt . Next a program that writes bad parity to 
address 0 0 0 0 0 0  is l oaded and run . Then address 0 0 0 0 0 0  is read, 
causing the parity error circuit to generate a parity error . The 
parity error causes the address o f  the error , 0 0 0 0 0 0 , to be 
stored in tbe bus status registers and a l evel 7 interrupt to be 
generated . The bus status registers are then read to veri fy that 
they were l oaded properly . 

1 Set up the interrupt vector by writing the fo l l owing data to 
level 7 interrupt vector address l ocations 0 0 0 0 7C and 0 0 0 07E : 

l 

0 0 0 0 7C : 0 0 8 0  
0 0 0 0 7E :  OEE O  

Note 

8 0 0EEO is the starting address o f  the 
debugger . 

Enable errors and interrupts by writing the fo l l owing data to 
enabl e  the EE+ and P IE+ bits : 

E40 0 0 0 : 8 0 0 0  
E4l. O O O : 8 0 0 0  

Sets EE+ high ;  I C7K (pin 4 ) goes high 
Sets P I E+ high ;  I C7K (p in 5)  goes high 

3 Load the fo l l owing program, which writes bad parity to 
address 0 0 0 0 0 0  (register notation and comments are included 
to aid understanding) : 

4 - 1. 6  

0 7 0 30 0 : 3 0 3C MOVE #0 0 0 0 8 0 0 0 , D O  
0 7 0 3 0 2 : 8 0 0 0  

0 7 0 3 0 4 : 4241 CLR , Dl 

0 7 0 3 0 6 : 2 0 7C MOVEA . l # O OE42 0 0 0 , AO 
0 7 0 3 0 8 : O OE4 
0 7 0 3 0A :  2 0 0 0  

Loads address to which bad parity i s  wr itten in Al. :  

0 7 0 3 0 C : 2 2 7C 
0 7 0 3 0 E : 0 0 0 0  
0 7 0 31. 0 : 0 0 0 0  

MOVEA . l # 0 0 0 0 0 0 , Al. 

( 

( 
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Sets BP+ high so  that bad parity is written : 

7 0 3 1 2 : 3 0 8 0  MOVE DO , AO@ 
(Writes DO to memory l ocation in AO ) 

Writes to test address to cause parity error : 

0 7 0 3 1 4 : 3280  

Resets BP+ l ow :  

0 7 0 3 1 6 : 3081  

Jumps back to  debugger : 

0 7 0 3 1 8 : 4EE 9 
0 7 0 3 1A :  0 0 8 0  
0 7 0 31C : OEEO 

MOVE DO , Al@ 

MOVE D1 , AO@ 

JMP OxO O S O EE O  
Returns t o  debugger 

4 Run the program by typing go 70300 <Return> . 

0 

The program per forms the fol l owing steps : 

Writes 8 0 0 0  to address E42 0 0 0 , which sets the BP+ bit at I C7K 
(pin 6 )  high . 

o Writes to address 0 0 0 0 0 0 , which sets bad par ity at address 
0 0 0 0 0 0 . 

o Resets the BP+ bit low so that bad parity i s  not written to 
any other address a fter the program returns to  the debugger . 

o Jumps back to the debugger . 

The debugger message scrol l s  back on the screen a fter the 
program has run . 

5 Use the debugger to read address 0 0 0 0 0 . 

This causes the parity error circuit to l atch the parity error 
signal and l oad the address at which the error occurred into bus 
status registers 0 and 1 .  The parity error a�so  produces a level 
7 interrupt , which causes the debugger message to scro l l  on the 
screen . 
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6 Read BSRO 43 0 0 0 0  and BSRl 440 0 0 0 . 

These bus status registers contain FCO O and 0 0 0 0 0 , showing 
that address 0 0 0 0 0 0  is the address that caused the error . 

Note 

BSRO ' s  least two signi ficant digits 
contain the two most signi ficant address 
digits . BSRl contains the four least 
s igni ficant address digits . 

7 Check PERR* bit at I C 2 0 E  �in 3 ) , which is  l atched l ow .  

To repeat the test , press the Reset button to c l ear the l atched 
bits and repeat the preceding steps , omitting step 3 .  

Page Status Test 

This test veri fies proper operation o f  the map RAM page status 
bits PSO and PSl . F irst the status o f  page 0 is set to page 
present , write enabled,  not read . Then page 0 is read and the 
page status checked to see that it has changed from not read to 
read . Final ly ,  page 0 is written to and the page status is 
checked to veri fy that it has changed to written . 

1 Write AO O O  to address 40 0 0 0 0 . 

This sets status o f  page 0 .  

� Read but do not write to address 0 .  

3 Read address 40 0 0 0 0 . 

I t  conta ins C O O O ,  which indicates that page 0 has been read . 

4 Write any data to address 0 .  

5 Read address 40 0 0 0 0 . 

I t  now contains E O O O ,  which means that page 0 i s  present and 
written to . 

4- 1 8  
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MMUERR * Test 

This test procedure checks the memory management unit error 
(MMUERR * )  s i gnal . In summary , it : 

a Decl ares page 0 not present 

o Sets EE+ high to enabl e  the MMUERR* signa l  

o Reads page 0 ,  producing the MMUERR* signal . 

To test the MMUERR* signal : 

1 Connect a osci l l oscope to the bus error pin ( 2 2 )  o f  the 
6 8 0 1 0 . 

2 Write 40 0 0 0 0 : 0 0 0 0 . 

This sets the status o f  page 0 to not present . 

3 Write 8 0 0 0  to address E40 0 0 0 . 

This sets EE+ , I C7K (pin 4) , hi gh .  

4 Read page 0 by reading address 0 0 0 0 0 0 . 

A negative pul se appears on the osci l l oscope , indicating that a 
MMUERR* s i gna l  has generated a bus error to the 6 8 0 1 0 . The 
debugger program crashes . 

The fo l l owing l ist summarizes possible page status conditi ons : 

40 0 0 0 0 : 0 0 0 0 0  
40 0 0 0 0 : 2 0 0 0 0  
40 0 0 0 0 : AO O O O  
40 0 0 0 0 : c o o o o  
40 0 0 0 0 : E O O O O  

P age 0 not present 
Page 0 present , not Write enab l ed ,  not read 
Page 0 present , write enab l ed ,  not read 
Page 0 present , write enab l ed ,  read 
Page 0 present , written , and read 

4: - 1 9  
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Dummy DMA Test Procedure · 

The dummy DMA test procedure confirms that the disk bus inter face 
logic can write to a RAM memory location and change its contents . 
Using the debugger program, fo l l ow these steps : 

1 Set the contents o f · memory location 0 0 0 0 0 0  to some arbitrary 
value - - for example , FFFF - -by typ�ng mvO and pressing 
<Return> .  

The system responds with the fo llowing address .and its 
current contents : 

0 0 0 0 0 0 : 4EE'9 
4EF9 is  the current contents o f  locati on 0 .  To change the 
contents , type FFFF and press <Return> . The system responds 
with : 

O O O O O O : E'EFF 

( 

2 Escape from the current location and get back to the DBG> 
prompt by typing a period and press ing <Return> . ( 

3 When the DBG> prompt appears , write 0 to the fo l l owing 
l ocations (note that , because these are write only registers , 
they show FFFF each time they are read) : 

4d0 0 0 0  
4d4 0 0 0  
4aO O O O  

Disk DMA address register 
Disk DMA address register 
Miscel l aneous control  register 

4 Write 0 to l ocation 46 0 0 0 0 ,  the DMA count register ( it shows 
C O O O ) ; then write 8 0 0 1  to it ( it shows C O O l ) . 

You have toggled the least signi ficant bit .  

5 Examine l ocati on 0 ;  it wi l l  now be di f ferent . 

I f  dummy DMA fai l s , check the fo l lowing three si gna l  groups : 

o IDMAR/W , DCNTCS , DCNTWR 

o DMAREN , MCRWR , DCNTCS 

o DMAEN , DKRQ , DKBG, DMA DATA 
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Floppy D.isk RecalLbra�.ion Procedure 

This procedure uses the debugger program to manua l ly check the 
operation o f  the fl oppy disk system when the · fl oppy disk dr ive 
cannot boot di agnostics . 

The procedure veri fies the ability o f  the disk control ler to 
execute the Restore and Seek commands . Data for these commands 
is sl}own in two forms : seek with and without veri fy .  When the 
veri fy form is used with a formatted fl oppy disk , the WD2797 disk 
control ler reads the track number from the disk and compares it 
with the nu:mber in its track register , thus veri fying the abil ity 
o f the contr o l ler to read data from the fl oppy disk . The no 
veri fy form can be used with an un formatted fl oppy disk . 

1 Adj ust the VCO capacitor . 

o Check the 1 -MHZ cl ock on the disk contr o l l er chip (pin 
2 4 ) 

o Reset the fl oppy disk contro l l er �in 5 )  by setting MR 
(master reset) l ow and then setting it back high . 

To do thi s , use the debugger program to wr i te the fo l l owing data 
to the disk contr o l  register : 

Address 
4E O O O O  
4E O O O O  

Data 
0 0 0 0  
0 0 8 0  

MR Status (22M P in 19 . W02797) 
Low (resets disk contr o l ler ) 
High (clears reset ) 

o Ground the test pin . 

Put a j umper across the two pins marked E4 and ES next to the 
disk contro l ler at 2 2M .  This grounds pin 2 2 ,  the test pin on the 
WD 2 7 9 7 . 

o Adj ust the frequency . 

Put a osci l l oscope on p in 1 6  and adj ust the tr immer cap for a 
frequency o f 2 5 0  kHZ . After this i s  done , remove the j umper . 

2 Veri fy that you can wri te to and read back fr om contro l l er 
registers . 
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Using the fo l l owing addresses , write data to each address and 
then read it back to check the disk contro l l er ' s  abi l ity to store 
data in its internal registers . I f  this does not work . check the 
data and the read/write l ines at the contro l l er . 

Register 
Track 
Data 

Adciress 
El 0 0 0 2  
El 0 0 06 

3 Put a scratch fl oppy disk in the drive , select the drive , and 
turn on the motor by writing data FFEO to address 4E O O O O . 

The motor comes on and FDRIVEO , 17.H (pin 6 ) . wi l l  be high . 

4 I ssue the Restore command by writing FF OF (with veri fy} or 
FF 0 3  (no veri fy} to address El O O O O . 

I f  the head is not at track 0 already. it is driven there . 

( 

After the command is executed, read the track register {. (El 0 0 0 2 ) . which shows 0 (FF O O } . 

Check that the contro l l er (pin 39)  generated an interrupt 
when the Restore command was completed . 

5 Drive head to track 4 0  ( inside track) . 

o Load hexadecimal 2 8  (decimal 4 0 }  into the data register 
by writing FF 2 8  to address El 0 0 06 . 

o I ssue the Seek command by writing FF1 3  (no veri fy) or 
FF1F (with ver i fy} to address E1 0 0 0 0 . 

During execution . a step pulse occurs at pin 15 each time the 
head moves one track . 

When the Seek command is completed, the track register (El 0 0 0 2 ) 
contains 2 8  hex and a positive pulse appears on p in 3 9 ,  
indicating interrupt at command completion . 
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Table 4- 4 1 1.sts the address , data , and WD 2 7 9 7  contr o l ler chip 
pins checked dur ing this procedure : 

Address 

ElO O O O  
El O O O O  
El O O O O  
El O O O O  
E10 0 0 2  
E1 0 0 0 6  
4EO O O O  
4E O O O O  

Table 4-4 WD2797 Pin L1.sting 

Data 

EE 0 3  
EEOE 
EE1 3  
EElE 
xxxx 
xxxx 
EEEO 
EE O O 

Pin Notes 

- - Restore command , no veri fy 
- - Restore command,· with veri fy 
- - Seek command , no veri fy 
- - Seek command, with veri fy 
- - Track register 
- - . Data register 
- - Data to select drive and motor 
- - Data to deselect drive , motor 

o f f 
3 9  I nterrupt a t  end o f  command 
1 5  Step pulses during executi on o f  Seek 

command 

3 Put a scratch fl oppy disk in the drive , select the drive , and 
turn on the motor by writing data EEE O to address 4E O O O O . 

The motor wi l l  come on and EDRI VEO , 1 7H (pin 6 ) , wi l l  be 
high . .  

4 I ssue the Restore command by writing EE OE (with ver i fy) or 
FE 0 3  (no veri fy) to address El O O O O . 

I f  the head is not at track 0 already ,  it is  driven there . 
After the command is  executed , read the track register 
(E1 0 0 0 2 ) , which shows 0 (FE O O ) . 

Check that the contr o l ler (pin 39)  generated an interrupt 
when the Restore command was completed . 

5 Drive head to track 4 0  ( inside track) . 

o Load hexadecimal 2 8  (decimal 4 0 ) into the data register 
by writing EF 2 8  to address E l 0 0 0 6 

o I ssue the Seek command by writing FE 1 3  (no veri fy) o r  
FF lF (with ver i fy) to address E l O O O O . 

Dur ing execut i on , a s t ep pulse o c cur s at p in 15 e ach t ime the 
he ad moves one track . 
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When the Seek command is completed� the track register (E1 0 0 0 2 )  
contains 2 8  hex and a positive pul se appears on pin 3 9 1 
indicating interrupt at command completi on . 

Floppy Di.sk Read Track �ocedure 

This procedure uses the debugger program to read in formation from 
a fl oppy disk for analyz ing problems invo lving booting from the 
floppy disk drive . 

1 I nitialize the system by loading the fo l l owing data at the 
addresses shown : 

4AO O O O : 

4EO O O O : 
4EO O O O : 

0 

0 
E O  

Sets DMA R/W* bit l ow (see sheet 16 o f  
schematics ) 
Resets floppy disk contro l ler 
Selects floppy disk drive and turns on 
motor 

( 

This step selects the disk drive and sets up the disk PAL for a 
fl oppy disk write to memory from disk . This has to be done only ( 
once unless you turn o ff the power or push the Reset button . 

2 Load DMA address and word counters by writing the fo l l owing 
data to the addresses shown : 

4DO O O O : 
4040 0 0 : 
46 0 0 0 0 : 

46 0 0 0 0 : 

0 
0 
0 

8 0 0 0  

Sets starting address a t  0 
Shows CO O O  when 0 is written to this 
address 

This enables a DMA write to memory . The trans fer to memory 
starts from address 0 0 0 0 0 0  in RAM .  

4- 24 

Note 

46 0 0 0 0  shows CO O l  a fter you write 8 0 0 0  
to this address . This indicates that 
the DMAEN+ bit is set and the first byte 
has been moved . I f  you read address 0 
at this po int , it is  di f ferent . These 
counters should be set up be fore any 
command that reads or wr i tes in formation 
from a track or sector . 
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3 I ssue the Read Track command to read ei.ther side 0 by writing 
E O  or side 1 by writing E2 to address E 1 0 0 0 0 . 

This causes track 0 ,  side 0 or s ide 1 ,  to be moved into the first 
8KB o f  memory . The hi ghest address that contains data from the 
track is  about 187A (hex) . The disk contro l l er starts reading 
from the first index pulse a fter the command is issued and 
continues unti l  the next index pulse . 

I BM  System 34 Format 

Number 
o f  Bytes 

Hex Va1ue o f  
Byte Written 

8 0  4E 
1 2  0 0  

3 E6 (writes C 2 )  
1 EC ( index mark) 

5 0  4E 
- - - - * 

1 2  
3 
1 
1 
1 
1 
1 
1 

2 2  
1 2  

3 
1 

2 5 6  
1 

54 
- - - - *  

0 0  
E5 (writes Al )  
F E  ( ID address mark) 
Track number ( 0 - 4C) 
Side number (0 or 1 )  
Sector number ( 1 - 1A) 
0 1  (sector length) 
E7 ( 2  CRCs written) 
4E 
0 0  
E5 (writes Al )  
E B  (data address mark) 
DATA 
E7 ( 2  CRCs written) 
4E 

598 4E 

* Bracketed fie l d· is written 2 6  times . 

4 Examine memory (see preceding table)  starting at address 0 
and l o ok for the pattern o f  8 0  4Es and 1 2  O O s  that precedes 
the index address mark o f  EC . 
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Note 

The 4E pattern may look l ike 2 7 , 9 6 , or 3 9  at 
first , because the disk control ler has not yet 
synchronized its data separator , which tells it 
which bit a byte starts with . 

6 Next find the ID fields for the first sector . Look for an 
A1A1FB pattern . 

The next byte a fter FB is the first byte o f  the s ix bytes in the 
ID field . The contents o f  the fields are : 

Byte 1 :  Track address 0 - 40 (decima l )  
Byte 2 :  Side number 0 or 1 
Byte 3 :  Sector address 1 - 2 6  (decima l )  
Byte 4 :  Sector length code 
Byte 5 :  CRC 
Byte 6 :  CRC 

Seek Command 

I f  you want to modi fy the preceding procedure to read a di f ferent 
track , simply load the data register with the track you want and 
issue the Seek command be fore issuing the Read Track command . 
Note that there are two forms o f  the Seek command : with and 
without veri fy .  With veri fy,  the command reads the track 
information from the disk and compares it with its internal track 
register . The maximum track number is 2 8  hex . 

Read Address Command 

I f  you want only to read the I D  field ,  you can substitute the 
Read Address command for the Read Track command . With this 
command, you can read the first ID field a fter the index pulse . 
Because this command writes only s ix bytes , you can repeat the 
command without reloading the DMA counters . The data is s ix 
bytes higher in memory because the address counter advances with 
each execution . 
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Summary o f  addresses and data used in the forego ing procedure : 

4AO O O O : 
4E O O O O : 
4E O O O O : 
400 0 0 0 : 
4040 0 0 : 
46 0 0 0 0 : 
El. 0 0 0 2 : 
El. 0 0 04 :  
El. 0 0 0 6 : 

0 
0 
E O  
0 
0 
8 0 0 0  

Sets DMA R/W* 
Resets control ler 
Selects control ler and turns on motor 
DMA address counter 
DMA address counter 
DMA word counter , DMAEN+ , I DMAR/W* 
Track register 
Sector register 
Data register 

Summary o f  commands used to write to the fl oppy disk contro ller 
command register at address E1 0 0 0 0 : 

1B : 
1F : 
E4 : 
E6 : 
C4 : 
C6 : 
8C : 
8E : 
AC : 
AE : 

Seek , no veri fy 
Seek , with veri fy 
Read Track side 0 
Read Track side 1 
Read Address side 0 
Read Address side 1 
Read Sector side 0 
Read Sector side l. 
Write Sector side 0 
Write Sector side 1 

Guidel ines for us ing commands : 

Al l commands : 

Seek : 

Read Track : 
Read Address :  
Read/Write 

Set DMA R/W* , reset contr o l l er ,  and select 
drive and head be fore executing first command 
and a fter any reset . 

Load data register with des i red track number 
first . 
Set up DMA counters first . 
Set up DMA counters first . 
Sector : Set up DMA counters and l o ad sector 
number into sector register first . 

Sector numbers start at 1 .  Tracks are 0 - 40 decimal or 2 8  hex . 
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Floppy Write Sector Procedure 

This procedure wr ites data from the l owest 1/2 KB o f  memory to 
sector 1 ,  track 0 ,  side 0 o f  the fl oppy disk . Enter the 
fo l l owing data at the addresses shown : 

4AO O O O : 

4 0 0 0 0 0 : 
4E O O O O : 

400 0 0 0 : 

4040 0 0 : 

46 0 0 0 0 :  
46 0 0 0 0 : 

4 0 0 0  

· o  
E O  

0 

0 

0 
c o o o  

Sets DMAR/W- high to read memory and 
write to disk 
Resets floppy disk control ler 
Selects floppy drive 0 and turns on 
motor 
A1 -A8 correspond to least s igni ficant 8 
bits o f  DMA address 
Sets starting address to 0 ;  Al -A1 3  
correspond to most signi ficant 1 3  bits 
o f  DMA address 
Shows CO O O  
Sets DMAEN DlS and IDMAR/W high ;  
initializes DMA word count t o  0 ElO O O O : 
AC . Writes sector side 0 

Initialize Floppy Program 

This machine l anguage program initializes the DMA bus inter face 
and floppy disk control ler to read sector 1 ,  track 0 ,  side 0 from 
a formatted fl oppy disk . To use the pro gr am ,  per form the 
fo l l owing steps : 

1 Load the program as shown bel ow . Veri fy that it is entered 
correctly using the debugger DI command . 
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4 2 0 0 0 8 : 
42 0 0 0A :  
42 0 0 0C : 
42 0 0 0 E : 

42 0 0 1 0 : 
42 0 0 1 2 : 
42 0 0 14 : 
4 2 0 0 16 : 

42 0 0 18 : 
42 0 0 1A :  

42 0 0 1C : 
42 0 0 1E : 

42 0 0 2 0 : 
2 0 0 2 2 : 

42 0 0 24 :  
42 0 0 26 : 

42 0 0 38 : 
42 0 0 3A :  
42 0 0 3C : 

3 3FC 
0 0 0 0  Resets disk dr ive 
0 04E 
0 0 0 0  

3 3FC 
O OE.O Selects disk drive 
0 0 4E 
0 0 0 0  

3 3FC 
0 0 0 0  Sets DMA address least signi ficant 

bits to 0 
0 04D Uses address bits Al -AS 
0 0 0 0  

3 3FC 
0 0 0 0  Sets starting address most 

signi ficant bits to 0 
0 04D Uses address bits Al -Al 3  
40 0 0  

4EE 9 
0 0 8 0  Returns to debugger 
O EE O 

Note 

This program starts storing data from 
sector 1 at RAM address 0 0 0 0 0 0 . You can 
change the starting address by changing 
the address data shown at 4 2 0 26 . F or 
example , to change the starting address 
to 7 0 0 0 0 , change data for address 4 2 0 0 2 6 
to 47 0 0 . The third di git o f  this 
address 42 0 0 2 6 to 47 0 0 . The third digit 
o f  this word is the fi fth digit o f  the 
DMA address . 

2 Execute the program by typing go 42 0 0 0 0 . 

The debugger message scro l ls on the screen . 

3 Read sector 1 by wr iting 8 C  (the Read Sector command ) to 
E l O O O O . 

4 Examine memory t o  see i f  the command has been executed . 
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Note 

I f  you issue the Read Sector command a 
second time , the sector is read again 
but it is stored in the next 1/2 KB word 
o f  memory . You can fi l l  as much memory · 

as you l ike by repeating the Read Sector 
command . Each time the Read Sector 
command is repeated , the DMA word 
counter at 46 0 0 0 0  increments by 1/4 KB. 

DMA. Loop.ing Program 

The fo l l owing machine l anguage program uses a l o op instruction to 
test the DMA bus inter face . I t  produces a continuous disk bus 
request ,  grant , and acknowledge wave form . The program fi l ls the 
2 MB o f  memory that can be accessed by DMA w� th the same data . 

42 0 1 0 0 : 
42 0 1 0 2 : 
4 2 0 1 04 : 

4 2 0 1 0 6 : 

4 2 0 1 0 8 : 
4 2 0 1 0A :  
4 2 0 1 0 C : 
4 2 0 1 0 E : 

42 0 1 1 0 : 
4 2 0 11 2 : 
4 2 0 1 1 4 : 
42 0 1 1 6 : 
42 0 0 38 : 

Bard D�Sk Registers 

3 3FC 
0 0 0 0  
0 04A 

0 0 0 0  

3 3FC 
0 0 0 0  
0 046 
0 0 0 0  

3 3FC 
8 0 0 0  
0 046 
0 0 0 0  
6 0 EE 

Sets DMA R/W bit l ow to write 
to memory ( 
Sets DMA enab l e  low 

Toggles DMA enab l e  high 

Branch a lways 

This sect� on provides general information that is to be used in 
the procedures invo lving the hard disk drive . Addresses 4AO O O O  
and 4EO O O O  are the addresses o f  the disk control  and 
miscel l aneous contro l  registers . These registers must be set up 
be fore any command is written to the disk contro l l er . 
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Summary o f  addresses and data written to the disk contro l  and 
misce l l aneous registers : 

4AO O O O : 0 0 0 0  

4AO O O O : 8 0 0 0  

4E O O O O : E'E' O O  

4E O O O O : E'E'1 9  

Sets bit 1 4  l ow for DMA read disk and 
write to memory 
Sets bit 14 high for DMA read memory and 
write to disk (see · sheet 15 o f 
schematics for circuits ) 
Resets hard disk contro l ler (see sheet 
11 ) 
Selects drive 0 ,  head 0 (see sheet 11 ) 
and clears reset 

To set the DMA address counter to start a DMA trans fer at memory 
address 0 ,  write 0 to addresses 4DO O O O  and 4D40 0 0 . Do this -
be fore each Read or Write Sector command . 

To set the DMA word counter and enable DMA wr ite , wr ite the 
fo l l owing data to the address shown : 

46 0 0 0 0 : 
46 0 0 0 0 : 

0 
8 0 0 0  

Sets enable l ow 
Sets DMAEN high and selects 
DMA write 

To initi a l iz e  the WD1 0 1 0  internal registers , wr ite the fo l l owing 
data to the addresses shown :  

E 0 0 0 0 4 : 

E 0 0 0 0 6 : 
E 0 0 0 0 8 : 
E O O O OA :  

E O O O O C : 

0 1  

0 0 0 0  
E'E'6 4  
E'E' 0 2  

2 0  

Sector count (number o f  sectors to be 
trans ferred) 
Sector number ( sect or to be trans ferred) 
Cyl inder , least s igni ficant 8 bits 
Cyl inder high (only b its 0 and 1 are 
used) 
S ize drive head ( SDH) , head 0 ,  drive 1 ,  
512  bytes/sector 

WD 1 0 1 0  Command Register (EO O O OE) 

Tab l e  4 - 5  l ists the WD1 0 1 0  command register b i t  de finitions : 
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Table 4-5  Bit Number 

Command 7 6 5 4 3 l 1 o_ 

Restore 0 0 0 1 R3 R2 Rl RO 
Seek 0 1 1 1 R3 R2 Rl RO 
Read 
Sector 0 0 1- 0 I M 0 T 
Write 
Sector 0 0 1 1 0 M Q T 
Scan ID 0 1 0 0 0 0 0 T 
Write 
Format 0 1 0 1 0 0 0 0 

R3 -RO = Step rate for head movement 
F = 7 . 5  ms 
0 = 35 us 

I = I nterrupt enable 
I = 0 Interrupts at BDRQ time 

� I = 1 I nterrupts at end o f  command ( 
M = Multip l e  sector fl ag 
M = 0 Trans fers one sector 
M = 1 Trans fers mul tiple sectors 

T = 0 Enables retries 
T = 1 Disables retries 
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Commands in Hexadecimal 

The l e ft or most signi ficant di git selects the command . The 
right or least signi ficant digit se lects the opti ons described in 
the command register table above and in the fo l l owing tables .  

Restore = 1X , where X is a value from 0 through F depending on 
step rate 

Seek = 7X 

Read Sector = 2X 

Table 4-6 Read Sector Commands 

Read Sector I M T 

2 0  0 0 0 
2 1  0 0 1 
24  0 1 0 
2 5  0 1 1 
2 8  1 0 0 
2 9  1 0 0 
2C  1 1 0 
2D 1 1 1 

Requirements to success ful ly complete the Read Sector command : 

o Ready input must be asserted from the disk drive . 

o Seek comp l ete must be asserted at the end o f  a Seek command . 
A rising edge on this input in forms the WD1 0 1 0  when head 
sett l ing time has expired . 

o Cyl inder and head numbers must match . 

o No CRC error or bad bl ock must be detected . 

o Data address mark must be found . 

I 
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Write Sector = 3X 

Table 4 - 7  Wr�te Sector Co111111a11ds 

Wr�te Sector I M T 

3 0  0 0 0 
3 1  0 0 0 
34 0 1 0 
35 0 1 1 .  
38 1 0 0 
39  1 0 0 
3C 1 1 0 
3D 1 1 1 

Scan ID = 8 0  or 8 1 , where 8 0  is the interrupt at DBRQ and 81 
�s  the interrupt at the end of the command . 
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Table 4-8 SOH Byte Reg�ster (EO O O OC ,  Read/Wr�te) 

SOH Byte Reg�ster 

B�t Number 
l 1 . .  

0 0 
0 0 
0 1 
0 1 
1 0 
1 0 
1 1 
1 1 

Bit Number 
4 3 

0 0 
0 1 
1 0 
1 1 

Bit Number 
6 5 

0 0 
0 1 
1 0 
1 1 

Bit 7 ,  the extension bit , 
when ECC codes are used . 
data field . The SDH byte 
format . 

Head 
0 Selected 

0 Head 0 
1 Head 1 
0 Head 2 
1 Head 3 
0 Head 4 
1 Head 5 
0 Head 6 
1 Head 7 

Drive 
Selected 

Drive 1 
Drive 2 
Drive 3 
Drive 4 

Size Selected 

2 5 6  bytes/sector 
5 1 2  bytes/sector 
1 0 2 4 bytes/sector 
128 bytes/sector 

extends the data field by seven bytes 
CRC is not appended to the end o f  the 
is written into the I D  fie l d  during 

Write Precompensation Register (E0 0 0 0 2 , Write Only) 

The value 0 0 - FF l o aded into this regi ster i s  interna l ly 
mul tip l ied by 4 to speci fy the cyl inder where RWC is asserted . A 
va lue o f  FF a lways causes RWC to be l ow ,  no matter what cyl inder 
number is used . 

4- 35 



Log.ic Board Tes-e Procedures 

Error Reg.ister (EO O O O l ,  Read Only) 

Bit 7 :  
Bit 6 :  
Bit 5 :  
Bit 4 :  

Bit 3 :  
Bit 2 :  

Bit 1 :  

Bit 0 :  

Bad bl ock detect , used for bad sector mapping . 
CRC error . 
Forced to o .  
ID not found . This bit is set to indicate that the 
correct cyl inder ,  head, sector number , or size 
parameter could not be found or that CRC error occurred 
on the I D  field . This bit is set on the first fai lure 
and remains set even i f  the error is recovered on a 
retry . When recovery is unsuccess ful , the error status 
bit is set also . 
Forced to O .  
Aborted command . This bit is set i f  the command is 
issued wh.i le the DRDY is deasserted or the WF is 
asserted . The aborted command bit is also set i f an 
unde f.ined command code is written into the command 
reg.ister . 
Track 0 error . This bit is set only by the Restore 
command . I t  indicates that TKO O O  has not gone active 
a fter the issuance o f  lKB o f  stepping pul ses . 
Data address mark not found . This bit is set during a (. 
Read Sector command i f  the data address mark is not 
found a fter the proper sector I D  is read . 

Status Register (EOO O OE,  Read Only) 

Bit 7 :  

Bit 6 :  
Bit 5 :  
Bit 4 :  
Bit 3 :  
Bit 2 :  
Bit 1 :  
B.it 0 :  
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Busy . Th.is b.it i s  set whenever the WD 1 0 1 0  is accessing 
the· disk . Commands should not be l oaded into the 
command reg.ister whi le the busy is set . 
Ready . 
Write fault . 
Seek compl ete . 
Data request . 
Reserved, forced to 0 .  
Command in progress . 
Error . Th.is bit indicates that a nonrecoverable error 
has occurred . I f  the host reads the status and finds 
th.is bit set , it must read the error reg.ister (E0 0 0 0 2 ) 
to determine the type o f  error written into the error 
register . 
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Bard DiSk Recal�ration Procedure 

The fo l l owing procedure uses the debugger program to ver i fy the 
abi l i ty o f  the hard disk control ler to execute the Restore and 
Seek commands and the abi l ity o f  the data separator to produce a 
proper c l ock and data s�ream . 

1 Write the fo l l owing data in the sequence l isted using the 
debugger progr am : 

Disk contro l  register , reset : 
Disk contro l  register , select dr ive : 

4E O O O O : FF O O  
4E O O O O : FF1 9  

l After writing this data , veri fy the fo l l owing s ignal 
conditions : 

0 At chip 1 7K (pin 9) , a logic l ow indicates that 
has been selected 

drive 0 

0 At chip 1 7K (pin 3) , a logic l ow indicates that hard disk 
drive head 0 has been selected 

0 At chip 18K (pin 5) , index pulses are present 
0 At chip 18K (pin 11 ) , a l ogic l ow indicates that the 

drive is  ready 
0 At chip 16M (pin 9) , separated data from the data 

separator is present 
0 At chip 1 3K (pin 3) , data from the hard disk drive is 

present . 

3 I ssue the Restore command by writing FF lF to address EO O O OE . 

This command causes the stepping motor on the drive to bring the 
head back to cyl inder 0 i f  it is not a l ready there . 

After this data is written to the WD1 0 1 0  command register , the 
data you read back on the screen is FFS O . This is  the contents 
o f  the disk contro l ler ' s  status register , and it indicates that 
D6 , the ready bit , and D4 , the seek comp l ete bit , are both high . 
When D6 is high ,  it indicates that the disk contr o l l er is 
receiving a l o gic hi gh on its RDY pin 2 8 . When D4 is high , it 
indicates that a seek initiated by the l ast command has been 
comp leted success ful ly . 

4 Write the fo l l owing reset and drive se l ect data to the disk 
contro l  register to reset the contr o l l er : 

Disk contro l  register , reset : 
D i sk contr o l  register , select dr ive :  

4E O O O O : FF O O  
4E O O O O : FF 1 9  
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5 Load the cyl inder register as shown bel ow (these are 
read/write registers , so you should read back the same data 
you write ) : 

Cyl inder number l ow (6 14) : EO O O O S : E'F64 

This register ho l ds the eight least sign� ficant bits of  the 
cyl �nder number . 

Cyl inder number high (614) : EO O O OA :  FF 0 2  

Bits 0 and l . are the two most signi ficant bits o f  the cyl inder 
number . 

6 I ssue the Seek command , which causes the stepping motor to 
rotate unti l the head is at cyl inder 6 1 4 . 

Seek command : E O O O OE : FE'7F 

Procedures for Readi.ngfWri. tmg Data to Any Sector 

Using the debugger program ,  the next two procedures make it ( 
possib l e  to write any desired data to any selected sector on the 
hard disk and read it back to veri fy that it was wr itten 
properly . These procedures use the Read Sector , Write Sector , 
Seek , and Scan I D  commands o f  the WD1 0 1 0  contro l ler .  The error 
register bits generated by the WDl O l O  are l isted as wel l  as the 
signa l s  to check when a board fai lure prevents these procedures 
from executing properly . 

Read Data to Any Sector 

1 Set the DMA address counter : 

40 0 0 0 0 : 0 
4040 0 0 : 0 

2 Set DMA write , select the drive , and restore the head to 
track 0 :  
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4AO O O O : 0 
4E O O O O : 0 
4E O O O O : 1 9  
E O O O O E : 1F 

Sets bit 14 low , DMA wr ite to memory from disk 
Resets the disk contro l l er 
S e l ects drive 0 ,  head 1 
Restore command , returns the head to track 0 
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3 Set the DMA word counter and toggle DMA enab l e : 

46 0 0 0 0 : 0 
46 0 0 0 0 :  8 0 0 0  

Reads C O O O  
Reads C O O l 

4 Clear memory by putti�g O ' s in the first 16  words o f  memory 
at addresses Oh- 2h and lF O - lFF . 

5 Load the hard disk contro l ler reg�sters by wr iting the 
fo l l owing data to the addresses shown : 

E0 0 0 0 2 : 0 Write compensation register 
E0 0 0 04 : 1 Sector count register (selects the number o f  

sectors to read) 
E 0 0 0 0 6 : 0 Sector number register (selects the sector to 

read) 
E0 0 0 0 8 : FF Least signi ficant byte o f  cyl inder number 

(cyl inder 255 selected as an example) 
E O O O OA :  0 D O  and Dl are most signi ficant bits o f  

cyl inder number 

6 I ssue the Seek command by writing 7F to address E O O O OE . 

You read back 02  and the stepping motor rotates . D 2  
indicates that the command has executed with n o  errors . 

7 I ssue the Scan I D  command to update the SHD register by 
writing 41 to address EO O O OE . 

You read back 0 2 , indicating success ful completi on . 

8 Check the SDH register by reading address E O O O OC . 

I t  contains FF 2 1 ,  which indicates that 5 1 2  bytes per sector 
and head 1 have been selected . 

9 Write 2 8  (Read Sector command) to address E O O O OE . 

I t  reads back 02 . Check the contents o f  memory to see that the 
data has been moved from disk . I f  you do not read 0 2  a fter 
issuing this command , read E0 0 0 0 2 , the error reg�ster , and 
determine the error . I f  you write 2 8  to E O O O OE again , the 
command is executed again , but the data is  trans ferred to the 
next 1/2 KB o f  memory from address 0 0 0 2 0 0  to 0 0 0 3 0 0 . Each time 
the command is  repeated , the DMA count register at 46 0 0 0 0  shows 
another 1/2 KB o f  data moved . After the first execution , it 
shows Cl O l ;  a fter the second execution ,  i t  shows C 2 0 1 ,  and so on . 
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Wri.te Data to Any Sector 

This procedure can be used to write data to any selected sector 
o f  the hard disk drive from the first 1/2 KB o f  memory . To 
execute the procedure , use the debugger program to write the data 
to the addresses shown . 

1 Set the DMA write bit , select the drive , and restore the head 
to track 0 :  

4AO O O O : 4 0 0 0  Sets bit 14 high ,  DMA write · to disk from 

2 

3 

4EO O O O : 
4EO O O O : 
E O O O OE : 

Set the 

400 0 0 0 : 
404 0 0 0 : 

Set the 

46 0 0 0 0 : 
46 0 0 0 0 : 

memory 
0 Resets disk contro l l er 
1 9  Selects drive 0 ,  head 1 
1F Restore command 

DMA address counter to 0 :  

0 
0 

DMA word counter and toggle DMA enab l e : 

0 
c o o o  

Reads CO O O  
Reads C O O l , bit 1 5  is DMAEN, bit 1 4  is 
R/W* 

4 Load an arbitrary data pattern in the first 1 6  words o f  
memory a t  addresses Oh- 2h . 

5 Load the hard disk contro ller registers : 

E 0 0 0 0 2 : 0 Write compensati on register 
E 0 0 0 04 : 1 Sector count register (selects the number o f  

sectors t o  read) 
E 0 0 0 0 6 : 0 Sector number register (selects the sector 

read) 
E O O O OS : FF Least signi ficant byte o f  cyl inder number 

{cyl inder 255 selected as an example) 
E O O O OA :  0 D O  and D1 are most signi ficant bits o f  

cyl inder number 

6 I ssue the Seek command : 

E O O O OE : 7F 

I t  reads back D 2  and the stepping motor rotates . 02 indicates 
that the command has - executed with no errors . 
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7 I ssue the Scan ID  command to update the SDH register : 

E O O O O E : 41 

It reads back 0 2 1 indicating success ful completion . 

8 Check the SDH register by reading EO O O OC . 

I t  contains FF 2 1 1  which indicates that 5 1 2  bytes per sector and 
head 1 have been selected . 

9 I ssue the Write Sector command by writing 35 to address 
E O O O OE �  and then use the read sector procedure above to 
veri fy that the data has been moved to disk . 

After the Write Sector command has been issued � address EO O O OE 
shows DA i f  the command executes without error . I f  it does not 
execute proper ly , read address E0 0 0 0 2 , the error register , to 
determine the error . 

Write faul t and DRDY l ines are checked by the control l er during 
command execution . 

Si.gnals to Check i f  Procedures do not Execute 

DRDY ( I C2 1H, pin 2 8 )  must be asserted a fter the drive i s  selected 
in step 1 .  

SC ( I C2 1H,  pin 3 2 )  must be asserted from the drive when a Seek 
command i s  comp l eted . 

Unseparated data from the drive must appear at I C 1 3K (p in 3 )  and 
separated data must appear at I C16M (pin 9 )  during a Read Sector 
command . 

WFAULT ( I C2 1H,  pin 3 0 )  must not be asserted from the disk drive . 

I NTRQ ( I C21H, pin 3)  must be asserted at the end o f  a command and 
must be l atched into the l ine printer status register at I ClSP 
(pin 15 ) . 

TKO O O  ( I C2 1H,  pin 31 )  must be asserted a fter the Restore command 
is  executed . 

INDEX pul ses ( I C 2 1H ,  pin 2 9 )  from the drive must appear a fter the 
drive is selected. 
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Disk RE ( I C 2 1H, pin 6 )  and WE ( I C2 1H , pin 7) must be asserted 
during command execution . 

TFER ( I C2 4H, pin 18)  must occur for each byte trans ferred . For 
every other TFER , there must be a DKBG ( I C 2 5B ,  pin 17)  and a 
DKBGA ( I C2 6F ,  pin 8) . 

Bit DO o f  the WD1 0 1 0  status register at address E O O O OE must be 
l ow a fter any command is issued . I f  it is not , read E0 0 0 0 2 , the 
error register , to determine the error . 

Hard D�sk Data Separator Test 

This test veri fies proper operation o f  the hard disk data 
separator and its component circuits . The test requires a 
runn�ng system with debugger PROMs instal l ed,  a serial terminal 
connected to the serial port , an osci l l oscope , and a

· 
frequency 

counter . The hard disk data separator i s  shown on sheet 1 2  o f  
the schematics . 

The circuits that make up the data separator are : 

o Vo l tage - control l ed osci l l ator (output at I C14N, pin 1 0 )  
o Phase detector (outputs at I C18M,  pins 1 1  and 8 )  
o Loop filter (output at I C17N,  pin 1 )  
o Data run one shot (output at IC13N,  p in 1 3 )  
o Data separation PAL (outputs at I C14M ,  pins 1 9  and 1 2 )  

T o  per form this test : 

1 Select the hard disk drive . 

Be fore the data separator can be tested , the hard disk drive must 
be selected to provide 5-MHZ data and clock input to data 
separation PAL I C14M (pin 3) . To select the drive and cause the 
drive to send data , push the Reset button and then use the 
debugger program to write 19 hex to address 4E O O O O . This causes 
pins 9 and 3 o f  IC17K (shown on sheet 1 1 )  t o  go l ow .  These 
signals are sent to the hard disk drive , which responds by 
turning on its LED and generating the fol l owing s i gnals (shown on 
sheet 11)  : 

o DRDY from the drive goes l ow at I C18K (p in 1 1 )  
o INDEX pulses appear at I C18K (pin 5 )  
o TKO O O  goes l ow at I C18K (pin . 3 ) 
o S C  goes l ow at I C l BK (pin 1 3 )  
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� Check the data separator input and output . 

Use a osci l l oscope to check the input to the data separation PAL 
on sheet 1 2  at I C14M (pin 3 ) . It  contains 5 -MHZ data and cl ock 
pulses coming from the hard disk drive . Then check the output o f  
the data separator at I C16M (pin 9 )  , which shows 5 MHz .  The DRUN 
signal at I C1 3N (pin 15 ) is high .  RCLK at I C14M (pin 1 2 )  shows 5 
MHZ .  

I f  these results are not obtained , test the individual circuits 
that make up the data separator using the fo l lowing procedures 
(steps 3 - 5 ) : 

3 Check the vol tage- control led osci l l ator . 

The vo ltage - control led osci l l ator is I C14N .  F irst check pin- 11 , 
the enable input ; it is l ow to enable the osci l l ator . Next 
ground pin 1 ,  the vo ltage control input , forcing the output 
frequency to a minimum o f  3 - 4  MHZ .  Then connect pin 1 to 5 
volts , forcing the output frequency to a maximum o f  1 7 - 18 MHZ . 

4 Check the pul lup and pul ldown circuits and the l oop fi lter . 

To test pul lup ,  ground pin 11 o f  I C18M ,  the pul lup circuit . This 
saturates Q7 . I ts col lector goes to +5 vo lts , causing the 
inverting input o f  I C17N (pin 6 )  to be +5 vo lts and the 
noninverting input to be + 3 . 75 vo lts . This + 3 . 75 vo l ts results 
from the vo ltage drop across R67 to the vo ltage divider made up 
o f  R96 and R97 . Thus the output at pin 7 drops to - 1 2  volts . 
The section o f  1 7N with output at pin 1 is connected as an 
inverting ampl i fier with a gain equal to the ratio  o f  R6 5 to 
RP24 , or about - 2 ,  and its input is fed from I C 17N (pin 7 ) . With 
an input o f  - 1 2  vo lts , the output is driven to the positive 
supply vo ltage o f  +5 volts . This drives the output o f  the VCO 
I C14N (pin 1 0 )  to a maximum o f  about 17  MHz .  Enable pin 1 1  must 
be l ow for the VCO to work . 

To test pul l down , ground the output o f  the pul l down circuit at 
I C18M (pin 8) . This causes the inverting input at I C17N (pin 6 )  
to drop to 0 and the noninverting input to  be + 1 . 2 5 .  Thus the 
output at pin 7 is +5  volts , causing the output o f  the inverting 
amp l i fier to be - 1 2  vol ts . This output results in - 0 . 66 vo lts at 
I C14N (pin 1 )  o f  the VCO . The - 0 . 66 vo lts is the output o f  
vo ltage divider - R64 and RP24 . This vo ltage divider app l ies 1/3 
o f  the - 1 2  vo l ts from the inverting ampl i fier output at I C17N 
(pin 1 )  plus 2 / 3  o f  the +5 vo lts connected to RP 2 4 . The total i s  

- 0 . 66 vo l ts . The result is that the VCO outputs a minimum 
frequency o f  3 - 4  MHz .  
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During normal operation. the capacitor C 2 5 3  provides an 
integrating action . To check this . connect a osci l l oscope on the 
output at I C1 7N (pin 7)  when the VCO is l ocked on a 1 0 -MHz 
output . The input to the VCO is about + 2  vo lts . To obtain this . 
the output o f  the integrator at IC17N (pin 7)  is about - 4  volts . 
Each time a pul lup pul se is generated. the voltage across C253 
starts to swing negative at a rate calcul ated by dividing the 
current through R68 by the value o f  C25 3 .  or about 2 . 5 mA/0 . 0 1 
uEd = 2 50 , 0 0 0  volts per second . Since typical pul lup or pul ldown 
pulses l ast only 1 0 - 2 0  ns . the output can change by about 5 mV 
for each pul lup or pul ldown pulse . 

5 Check the phase detector . 

The phase detector has a 5 -MHz input from I C14M (pin 1 )  o f  the 
data separator PAL and a 5 -MHz input from I C14M (pin 19) . The S O ­
ns del ay circuit together with the data fl ipflop output I C15K 
(pin 9)  generates a 2 5 -ns pulse at I C1 7M (pin 1 1 ) . Pulses o f  10  

MHz are appl ied to I C16M (pin 11)  . 

Dialer Test 
The fol lowing addresses and data turn on the tone generator in 
the dialer chip and send tones to the speaker in the monitor . 
To turn the tone o f f .  write the second address twice . 

4B0 56 0 : 0 
4B0 8 0 0 :  0 Turns on maximum vo 1 ume r inging 
4B0 5 0 0 : 0 
4B0 8 0 2 : 0 Dual tone to speaker 
4B0 540 : 0 
4B0 8 0 2 :  0 Single tone to speaker 
4B0 548 : 0 
4B0 8 0 2 :  0 Single tone to speaker 
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Wave fona Tbdng Analysi.s Procedure 

This procedure checks signal generation and signa l  timing dur ing 
various bus cyc les o f  the logic board . 

Speci.al tools required include : 

o HP 1 6 3 0D l ogic analyzer 
o Piggyback extender cables 
o F l oppy diagnostics disk 

Logi.c Analyzer Setup 

1 Disassemble the UNIX PC to gain access to the l ogic board . 

J Instal l  external cables to the piggyback board ( i f present) . 

3 Set up the HP16 3 0D logic analyzer as fol lows : 

0 

0 

0 

Apply power by depressing the l ine switch in the upper ­
ri.ght corner . The logic analyzer comes up in the system 
mode . 
In  system mode , select timing mode by moving the down-
arrow cursor key to the second l ine ( - 1 6 )  . 
Depress the format key and create the f?� l owing l abels : 

LABEL 

lPCX: 
LDS 
UDS 
DTACK 
AS 
R/W 
ADD EN 
DBEN 
RAMEN 

POL 

+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 
+ 

PODl 

. . . . . . .  * 

PODO 

. . . . . . .  * 

. . . . . . * . 

. . . . .  * . .  

. . . .  * . . .  
0 • •  * . . . .  
. .  * . . . . .  
. * . . . . .  . 

* 

o Go to trace mode and set the trace on the AS signal by 
putting a 0 under AS .  
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o Connect the signal probes from POOl and POD O  to the 
fo l l owing l ocations on the l ogic board : 

Signal Chip Pin Schematic 
1PCK 14E 15 Sheet 5 
LDS 14E 8 Sheet 5 
UDS 14E 7 Sheet 5 
DTACK 14E 1 0  Sheet 5 
AS 14E 6 Sheet 5 
R/W 14E 9 Sheet 5 
ADD EN 17F 1 9  Sheet 5 
DBEN 1 3D 9 Sheet 5 
RAMEN 1 2C 19  Sheet 2 0  

4 When the connecti ons are made and the trace is set , insert 
the fl oppy diagnostics disk and power up the system . 

5 When the disk has booted , depress the Run button on the logic 
ana lyzer . 

This causes a wave form to be stored . 

Typical Waveforms 

The fo l l owing wave forms show examples o f  a fast -cycl e  read 
operati on . The first example shows the timing o f  AS - , which is 
approximately 1 3 0  ns a fter the beginning o f  the machine cycle . 
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68010 T�g Summary 

The fo l l owing wave forms show examples o f  a 6 8 0 1 0  wr ite cycle and 
a 6 8 0 1 0  read cycl e  summary .  

The 6 8 0 1 0  to DRAM write cycle timing summary as shown in figure 4-
13 is as fo l l ows : 

1 DTACK goes l ow be fore the trail ing edge o f  state 4 .  This is 
a high to l ow cl ock pul se . From this re ference po int , the 
rest o f  the timing state are identi fied . The complete cycle 
takes pl ace in 4 cl ock cycles o f  1 0 0  ns each . Address line 
A2 3 goes l ow .  

� Address is  tristate during S O  and becomes val id during state 
1 .  A2 3 is val id at the end o f  state 1 .  

3 During state 2 the address strobe goes l ow and r/w (read­
write) goes l ow .  

4 When A2 3 goes l ow it causes the fo l l owing timing events to 
occur . 

On sheet 3 o f  the scematic , 1 9K pin 6 goes l ow at next 2 
PCK+ going hi . This is the start o f  state 2 .  

2 1E pin 5 goes l ow generating ENRAS * . The propagation 
del ay 1 9K and 2 1E causes ENRAS * go ing l ow to be del ayed 
up to 1 2  ns a fter the rising edge o f  Sl . 

2 8  to 3 2  ns a fter ENRAS *  goes low T3 0 *  goes l ow .  

5 On sheet 17 o f  the schematic , when T3 0 *  goes l ow ,  3 to 8 ns 
l ater the RAS input to the DRAM ' s goes l ow .  RAS go ing l ow 
strobes the row address from A3 to All into the DRAM ' s .  57 
to 6 3  ns a fter ENRAS* goes l ow T6 0 *  goes l ow .  

6 On sheet 18 o f  the schematic , when T6 0 *  goes l ow ,  the select 
inputs to the 74F 2 5B multiplexers switch the address input to 
DRAM ' s  from row address to column address .  4 to 1 1  ns a fter 
T6 0 *  goes l ow the output o f  the multip l exers wi l l  be va l id . 
Column address comes from the MAP rams . 

The MAP rams receive valid address 2 . 5 to 6 ns a fte the start 
o f  state 2 .  The access time o f  the MAP rams i s  35 ns . 

The MA1 2 -MA2 1 address output o f  the MAP ram is  val id at the 
input to the mul tipl exers 37 . 5  to 4 1  ns a fter the start o f  
state 2 .  
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7 On sheet 3 o f  the schematic , 87 . 5  to 1 0 0 . 5  nx a fter ENRAS * 
goes l ow ,  1 9F 9  goes hi . This causes 2 7F8 to go h� a fter 2 7N5 
goes l ow generat�ng DTACK* to the 6 8 0 1 0 . The propogat�on 
delay o f  the gates generating DTACK and var�at�ons �n del ay 
adds about 1 3  to 3 1  ns to the 9 0  ns output o f  the de l ay line . 
Thus , DTACK goes l ow at the 6 8 0 1 0  input pin 1 0  between 1 0 0  
and 1 2 6 . 5  ns a fter the start o f  state 2 .  

8 On sheet 5 o f  the schemat�c , DTACK* arrives at the processor 
about 24 . 5 to S O  ns be fore the fal l ing edge o f  S4 . DTAC�* 
must go l ow be fore the fal l ing edge o f  S4 to prevent the 
6 8 0 1 0  from �nserting wait states .  Output data from the 
processor � s  val �d be fore the end o f  S 3 . 

9 On sheet 1 6  o f  the schemat�c , Tl2 0 *  goes l ow 114 to 1 2 6 ns 
a fter NRAS *  goes low .  A low Tl 2 0 *  causes 2 SK pin 6 to g9 hi 
which in turn makes 26M pin 11 hi and further 2 5Fl8 hi 
causing ENCAS+ to be hi . The delay o f  these gates , makes 
ENCAS+ hi between 1 3  and 37 .ns a fter Tl 2 0 *  goes l ow .  Thus , 
the CAS input to the DRAM ' s  goes l ow between 136  and 176 ns 
a fter the start o f  state 2 .  

( 

Data from the 6 8 0 1 0  is stable at the l atest by the r�sing ( edge o f  state 4 .  I t  takes a maximum o f  14 ns to pass data 
through the 74F 245 data buf fers . Data from the processor 
arrives at least 2 9  ns be fore it is strobed into the DRAM ' s  
by CAS .  

1 0  On sheet 3 o f  the schematic , Tl 2 0  going l ow causes 1 9F pin 7 
to go hi and 2 8F p in 6 goes hi , kl8G pin 8 goes l ow and 16K 
pin 1 3  goes hi . The rising edge o f  state 6 clocks MMUWREN+ 
hi . Vari ation in propagation time causes 1 6 K  pin 1 3  to go hi 
1 2 2  to 145 ns a fter the rising edge o f  state 1 .  

16K pin 1 3  is  hi a minimum o f  55 ns be fore the rising edge o f  
S6 . MMUWREN+ going hi sets 18H4 hi . The fal l ing edge o f  S7 
clocks 18H3 hi resetting MMUWREND+ . 

11 On sheet 2 o f  the schematic , during the time that MMUWREN+ is 
hi 2 5C pin 6 is l ow .  This generates MMUWR * . MMUWR *  enables 
tristate buf fers 2 4F which output the new page status for the 
MAP RAM ' s .  

12 On sheet 1 6  o f the schematic , MMUWR* puts a l ow on the W *  
input to the 1 9C and 2 0C MAP RAM ' s .  This causes the new page 
status to b� wr i tten to the MAP RAM ' s  during S 6 . 
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13 On sheet 3 o f the schematic , MMUWREN+ hi causes 16K pin 13  to 

go l ow . The rising edge o f  57 then clocks 18H pin 3 hi 
setting 2 1E pin 4 hi . I f  A2 3  is l ow on the next rising cl ock 
pul se the memory cyc le can start over . 

14 On sheet 2 o f  the schematic , during a 6 8 0 1 0  acces to I /0 
address space PA2 2 is hi and CASEN+ is not hi . 

6 8 0 1 0  to DRAM write cyc le summary : 

A2 3 be fore the leading edge o f  S 2  
ENRAS * l ow 6 to 1 3  ns a fter S 2 ' s leading edge 
T30 * goes l ow 3 7  to 51 ns a fter S 2 ' s l eading edge 
DRAM RAS 3 7 - 51 ns a fter S2 ' s leading edge 
DRAM ROW ADDRESS 5 to 1 2  ns a fter S 2 ' s leading edge 
DRAM ROW ADDRESS worst case setup time 2 3  ns 
T6 0 *  6 3  to 75 ns a fter S2 ' s leading edge 
T9 0 *  9 1 . 5  to 1 0 6 . 5  ns a fter S 2 ' s leading edge 
DTACK* 1 0 0  to 1 2 6 . 5  ns a fter S 2 ' s leading edge 
T1 2 0 *  1 2 0  to 1 3 9  ns a fter S 2 ' s  leading edge 
DRAM CAS 1 36 to 1 7 6  ns a fter S 2 ' s leading edge 
DRAM COLUMN ADDRES S  to MUX input 37 . 5  to 4 1  ns a fter S 2 ' s  
leading edge 
COLUMN ADDRESS set up be fore select input to MUX 2 2  
COLUMN ADDRESS TO DRAM 6 7  to 86 ns a fter S 2 ' s  leading edge 
COLUMN ADDRESS SET UP be fore CAS 55 ns (write cycle)  
DATA to DRAM 2 0 5  to 213  ns a fter 5 2 ' s  leading edge 
DRAM DATA SET UP 2 9  ns . 
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The 6 8 0 1 0  read cyc le timing summary as shown in figure 4 - 1 4 i s  as 
fo l l ows : 

1 During a read cyc le CAS to the DRAM ' s is generated earl ier 
than during a wr ite cycle because data from the DRAM chips is 
not va l id unti l 6 0  ns a fter CAS or 1 2 0  ns a fter RAS . 

CAS must go low be fore DTAK to al low time for data from DRAM 
to be stable at the input ot the 68 0 1 0 . During a read the 
opposite is true . CAS must no go low unti l  data from the 
6 8 0 1 0  data bus is stable at the input to the DRAM ' s .  

Read Cycle Summary : 

CAS to DRAM 94 . 5  to 115 . 5  ns a fter S 2  leading edge . 
DRAM read column address set up 14 . 5  ns . 
Data from DRAM va lid 156 . 5  to 189 . 5  ns . 
6 8 0 1 0  data read set up time 6 0  ns . 
Minimum row address hold 21 ns - 15 ns chip = 6ns . 
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A PAL Equati.ons 

The UNIX PC uses four programmable array l ogic (PAL) integrated 
circuits : the disk , arbitor , and memory management unit PALs are 
shown on sheet 2 ;  the data separator PAL is shown on sheet 1 2 . 

The operation o f  a PAL is described by a logic equati.on in a PAL 
1 1.sting . The l i.sting is used to determine the correct l ogic 
levels o f  the outputs wi.th a given set o f  inputs . 

PROM ' s have been wi.dely used by. system desi.gners to implement 
fi.rmware . The PAL extends this programmable flexi.b i l ity by 
uti l iz ing fusible l ink techno logy to implement l ogic functions . 

The PAL implements the fami li.ar sum o f  products l ogi.c by using a 
programmable AND array whose outputs feed a fixed OR array . 
S ince the sum o f  products form can express any Boo lean trans fer 
function , the PAL circuit uses are l imited only by the number o f  
terms avai l able in the AND/OR arrays .  PALs come i.n di. f ferent 
sizes to a l l ow for e f fective l ogic optimiz ation . 

PALs can be programmed in most standard PROM programmers with the 
addition o f  a PAL persona l ity card . 

The PAL identi ficati on number is broken down as fo l l ows : 

PAL = Programmable fami. ly 
HAL = Hard array fami ly 

------------- Number o f  array inputs 

I 
I 
I 
I 
I 
I 
I 

PAL 16 L 8 

Output type : 
H = Active high 
L = Acti.ve l ow 
R = Registered 
X = Exclusive - OR registered 

--------- Number o f  outputs 

Speed/power 
I A = High speed 
I - 2  = 1/2 power 

I - 4  = 1/4 power 
I A- 2 = High speed and 1/2  power 

I 
A 
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Arbi. tor : PAL 16R8A (Sheet l : C-6)  

Pi.n Si.gnal Hames 

E1D 
N1mbey= 

1 
2 
3 
4 
5 
6 
7 
8 
9 
1 0  
1 1  
1 2 
1 3  

14 
15 
16 
17 
18 
19 
2 0 

NOTATI ON 

Mnem.on1c Descr�tion 
PCK* Input : processor clock 
RFRQ* Input : re fresh request 
EXP 3RQ* Input : expansion board 3 request 
DKRQ* Input : disk bus request 
EXP 2RQ* Input : expansion board 2 request 
EXPlRQ * Input : expansion board 1 request 
EXP ORQ* Input : expansion board 0 bus request 
BGACK* Input : bus grant acknowledge 
ENRAS * Input : enable row address strobe 
(Ground) - - - - - -

OE Output enable 
NRF/BGC * Output : nonre freshjbus grant common 
BGC * Output : bus grant common (any bus master 

except 6 8 0 1 0 )  
EXP OBG* Output : expansion board 0 bus grant 
EXP 1BG* Output : expansion board 1 bus grant 
EXP 2BG* Output : expansion board 2 bus grant 
DKBG* Output : disk drive bus gr ant 
EXP 3BG* Output : expansion board 3 bus grant 
RFBG* Output : re fresh bus grant 
vco Vo ltage- control led osci l l ator : +5v 

XX Boo lean AND 
* 

· ­. -
+ 

Negation or active l ow 
Register output latched cl ock 
Boo lean OR 

EQUATI ONS FOR BUS GRANT 

DKBG . - (DKRQ X ENRAS *  X BGACK* X DKRQ* ) + EXP 3BG X BGACK) 

A- .l  

( 

( 



P .AL Equations 

RFBG : = (RFRQ X ENRAS * X BGACK* X DKRQ* X EXP 3RQ * ) 
+ (RFBG X BGACK) 

EXPJBG : = (EXP 2RQ X ENRAS * X BGACK* X DKRQ * X EXP 3RQ * X RFRQ * )  
+ (EXP 2BG X BGACK) 

EXP1BG : = (EXP lRQ X ENRAS * X BGACK* X DKRQ* X EXP3RQ* X RFRQ* 
X EXP 2RQ * )  + (EXPlBG X BGACK) 

EXPOBG : = (EXP ORQ X ENRAS * X BGACK* X DKRQ* X EXP 3RQ* X RFRQ* X 
EXP 2RQ* X EXPlRQ * )  + (EXP OBG X BGACK) 

The six preceding l ogic equations describe the input conditions 
that produce a DMA bus grant in response to a request from any 
one o f  the six devices that requests the bus . The devices are 
named by the output expression . The equations are l isted in 
order o f  priority :  DKRQ (disk request) is the highest priority; 
EXP O (expansi on board 0) is the lowest . The 6 8 0 1 0  does not 
appear in these equati ons , because it receives the bus only when 
no DMA device is requesting the bus . To the right o f  the equals 
sign in each l o gic equation are four terms in the fol l owing form : 

[bus grant] = [bus request] X [bus not in use]  X [priority term] 
+ [ l atch term] 

The first term is the bus request (RFRQ , EXP 3RQ , DKRQ , etc . ) . 
This term is ANDed with ENRAS * and BGACK* ,  which form the "bus 
not in use "  term . The result is that , i f  a bus cyc l e  is in 
process when a request is made , the bus grant is not issued until 
the current cyc l e  is completed . 

The third term is the priority term . In the equation for EXP 3BG, 
the priority term is DKRQ* , because disk request has a hi gher 
priority than expansion board 3 .  Thus the bus is not granted to 
expansion board 3 i f  a re fresh request is pending . Each equation 
has a priority term that names a l l  the devices o f  higher 
priority . The first equation for DKBG has no priority term , 
because there is no device o f  higher priority . The l ast equation 
for expansion board 0 has a priority term that names a l l  devices 
that may request the bus except itse l f ,  since it  is  the lowest 
priority . Thus the bus is not granted for a given l ine i f  any 
one o f  those above is pending . 

The fourth term is the l atch term , which contains the output o f  
the expressi on ANDed with bus grant acknowledge . When a bus 
request is granted , bus grant acknowledge keeps the bus grant 
active a fter the bus request is removed . The grant is removed 
when bus grant acknowl edge i s  removed . 
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Equati.on for Bus Grant Common 

BGC : = (RFRQ + EXP 3DRQ + DKRQ + EXP2RQ + EXP1RQ + EXP ORQ) X 
(ENRAS *  X BGACK* )  + BGC X BGACK 

[bus grant common] = [any DMA request] X [bus not i.n use] 
+ [l atch] 

This equation has the four parts shown above . The fi.rst part o f  
this equation contai.ns a l l  the possible DMA devices that could 
request the bus ANDed wi.th the "bus not i.n use" term, enable row 
address strobe , and bus grant acknowledge . Thus , when any DMA 
device requests the bus , BGC i.s asserted as soon as the cycle 
being executed is completed . Completion o f  the cycle is 
indicated when ENRAS *  and BGACK* are not asserted . 

The thi.rd term is a l atch term consisting o f  the function output , 
BGC , ANDed wi.th BGACK . Once the BGC is asserted, i.t remai.ns 
asserted as l ong as the bus grant acknowledge i.s asserted, and it 
i s  deasserted when bus grant acknowledge is deasserted . 

Equation for HonrefreSh Bus Grant Common 

NREBGC : = (EXP 3RQ + DKRQ + EXP2RQ + EXP1RQ + EXP ORQ) X (ENRAS *  X 
BGACK* X RFQR * )  + (NRE'BGC X BGACK) 

This nonre fresh bus grant is s imil ar to bus grant common . I t  
becomes active a t  the end o f  the current cycle when any DMA 
device , except re fresh , requests the bus . 

The l ast term i s  again a l atch term to keep the bus grant active 
whi le the acknowl edge is active a fter the original request 
becomes inactive . 
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Di.sk Intert'ace : PAL 16R4A (Sheet l :  D-6) 

PJ.n 
N1nnl)er Mnemonic 
1 1PCK+ 
2 RD *  

3 WR *  

4 DMAR/W* 

5 FDDRQL 

6 HDBCS * 

7 FDCS * 

8 HDRE * 

Descr:l,ption 
!nput : processor cl ock 
Input : read- - indicates 6 8 0 1 0  or DMA 
device is reading memory or an I /0 
device 
Input : write- - indicates 680 1 0  or 
DMA device is writing to memory or 
an I /0 device 
Input : direct memory access read/ 
write- -high indicates RAM memory is 
being read; l ow indicates RAM 
memory is being written 
Input : floppy disk drive data 
request - - l atched data from fl oppy 
disk contro l ler pin 38 DRQ (data 
request) ; indicates that the fl oppy 
disk contro l ler data register 
contains assemb l ed . _data when a 
sector o f  the disk is being read or 
that it is empty during a sector 
write operation 
I nput : hard disk buffer chip select­
-connected to pin 1 o f  hard disk 
contro l ler ;  active l ow used to 
enable reading or writing data from 
the bus inter face when contro l ler 
data buf fer is ready to trans fer a 
byte _ 
Input : fl oppy disk chip select - ­
asserted when the 680 1 0  is writing 
or reading the fl oppy disk 
control ler data register 
Input : hard disk read- - asserted 
when the hard disk control l er is 
reading a byte from the bus 
inter face unit during a Sector 
Write command or when the 6 8 0 1 0  is 
reading data from the disk 
control ler data register ; connected 
to the hard disk contr o l l er pin 6 
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Pi.n 
Ntmher 

9 

1 0  
1 1  

1 2  

1 3 

14 

15 

16  

17  

1 8  

1 9  
2 0  

A- 6 

Mnemon1c 

HDWE * 

GND 
OE 

FDRE * 

FDWE * 

FDTE'ER* 

QB *  

QC *  

QD * 

TFER* 

vee 

Descr1pt1on 
Input : hard disk write - - asserted 
when the hard disk control ler is 
writing a byte to the bus inter face 
unit during a Sector Write command 
or when the 6 8 0 1 0  is writing data 
from the disk control l er data 
register ; connected to the hard 
disk control l er pin 7 
Ground 
Output enable : connected l ow 
through a 3 3 0 - ohm resi.stor to 
ground 
Output : fl oppy disk read- -connected 
to the RE pin 4 o f  the fl oppy disk 
control ler 
Output : fl oppy disk write - ­
connected to the WE pin 2 o f  the 
floppy disk control l er 
Output : floppy disk trans fer - -not 
connected outside o f  PAL used by 
rest o f  PAL l o gic to produce fl oppy 
disk read and write on pins 1 2  and 
1 3  described above 
Output : l atch B output - -not 
connected outs ide PAL chip used 
internal ly to l atch status o f  
FDTE'ER 
Output : latched value o f  QB- -not 
connected outside o f  PAL 
Output : l atched value o f  QC- -not 
connected outside o f  PAL 
Output : trans fer request- - goes to 
disk DMA bus inter face unit ; 
initiates trans fer o f  data from 
disk control l er to bus inter face 
unit and generates a disk bus 
request 
Output : not used 
+5 vo lts 
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LOGI C EQUATIONS 

FDTE'ER 

QB 

QC 
QD 

FORE 

FDWE 

: = (EDDRQL X EDTFER * )  + (EDTFER X QD * )  

. - EDTFER 
: = QB 

: = QC 

: = (EDCS X RD) + (EDTFER X DMARW) 

: = (EDCS X WR) + (EDTFER X DMARW* )  

PAL Equations 

TFER : = (QD X DMARW* ) + (QD *  X DMARW) + QB + (HBCS X HDRE) 
+ (HBCS X HOWE) 

The trans fer request (TFER) is asserted when the hard disk 
contro l l er or the fl oppy disk control ler i s  ready to trans fer a 
byte to or from its data register to or from the disk bus 
inter face unit buf fers . On every other assertion o f  TFER , a disk � DMA bus request is issued by the inter face unit . 
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PAL Equat.ions 

MMU and Bus Error : PAL 1 6L8A (Sheet 2 :  C - 6 )  

1 
2 

3 
4 
5 
6 
7 
8 

9 
1 0 
1 1  
1 2  
1 3  
14 
15 
16  
17 

18  

1 9  

2 0  

Mnem,onic 

PA2 2 
KADDR 

SUP+ 
BGC *  
LPSO * 
LPS 1 *  
R/W* 
LWE+ 

SPA2 3 
GND 
T9 0 
eASD I S *  
I ODTAeK* 
PAS * 
BERREN 
PGF * 
MMUERR* 

UI E *  

PPS O  

vee 

I nput 
Input : kernal access address ,  Al 9 
A2 0 ,  and A2 1 al l l ow 

· 

Input : 680 1 0  in supervisor mode 
Input : bus grant common 
Input : latched page status bit 0 
Input : latched page status bit 1 
Input : high = read;  l ow = write 
Input : l atched page status bit 
write enable 
I nput : highest address bit 
Ground 
Input 
Output 
Input 
Input 
Output : bus error enab le 
Output : page fault 
Output : memory management unit 
error 
Output : user access to address 
outside memory 
Output : updated processor page 
status bit 0 
+5 vo lts 

Memory Management Un.1 t Error Equat.ion 

= BGC *  X PA2 2 *  X SPA2 3 *  X LPS O *  X LPSl * 
+ BGC X LPSO* X LPS1 *  
+ BGC *  X SUPV* X SPA2 3 *  X PA2 2 *  X KADDR 
+ BGC * X SUPV* X PA2 3 *  X PA2 2 *  X RW X LWE * 

This equati on is the l ogical ORing o f  four terms , each o f  which 
causes a memory management error . 

A- 8 

( 

( 



PAL Equat�ons 

In the first term , BGC * , PA2 2 * ,  and SPA2 3 *  al l hi gh indicate a 
user access to RAM memory . LPS O * and LPS l * both high indicate 
that the access is to a page that has been des ignated not 
phys ical ly present .  

In the second term, BGC high indicates a DMA access , and LPS O * 
and LPS1 *  indicate access is to a page not phys�cal ly present . 

In the third term , SUPV* indicates a user access , 6 8 0 1 0  not in 
supervisory mode , and KADDR indicates the access is to the 
kernel . 

In  the fourth term , LWE * indicates the access is to a page not 
write enabled , and WE * indicates a write cycl e . 

The four conditi ons that generate a memory management error are 
summarized in the fo l l owing table : 

o Processor access to a page not present 

o DMA access to a page not present 

0 User access to the kernel 

o User attempt to write to a page not write enabled 

MMUERR is  used on sheet 6 to generate a l evel 7 interrupt . 

Page Fault Equation 

p� BGC *  X PA2 2 X SPA2 3 *  X LPSO * X LPS1 *  
+ (BGC X LPS O *  X LPS1 * )  

P age fault i s  the ORing o f  two terms . I n  the first , BGC *  
indicates a 6 8 0 1 0  access , and LPS O *  and LPS l  indicate access is 
to a page not present . In the second, BGC indicates a DMA 
access . Thus page fault occurs when either the 6 8 0 1 0  or a DMA 
device tries to access a page not present . 

User Honmemory Location Error Equation 

UI E = ( BGC *  X SUPV* X ENRAS * X PA2 2 }  + ( BGC *  X SUPV* X ENRAS * )  

I n  this equation , SUPV* indicates a user access ; PA2 2  and ENRAS * 
indicate that the access is to a nonmemory l ocation . 
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PAL Equati.ons 

Bus Error Enable Equati.on 

BERREN= BGC * X PA2 2 *  X SPA2 3 *  X LPS O *  X LPS l *  X T9 0 X PAS 
+ BGC * X SUPV* X SPA2 3 *  X PA2 2 *  X KADDR X T9 0 X PAS 
+ BGC * X SUPV * X SPA2 3 *  X PA2 2 *  X RW X LWE * X T9 0 
+ BGC * X SUPV* X SPA2 3 * X  PA2 2 X I ODTACK 
+ BGC *  X SUPV * X SPA2 3 *  X DTACK 

This equation i s  the ORing o f  five terms . The condition to 
assert each term is : 

0 User access to page not present 

0 User access to kernel 

0 User access to page not write enabled 

0 User access to address not in memory 

0 User access to address not in memory 

BERREN is ANDed with EE * (the error enable bit) and connected to 
BERR.- pin 2 2  o f  the 6 8 0 1 0 . 

Column Address Di.sable Strobe Equati.on 

CASDI S = BGC *  X PA2 2 *  X SPA2 3 *  X LPS O *  X LPSl * X RW 
+ BGC X LPS O *  X LPSl * X RW 
+ BGC *  X SUPV* X SPA2 3 *  X PA2 2 *  X KADRR X RW 

+ BGC *  X SUPV * X SPA2 3 *  X PA2 2 *  X RW X LWE * X RW 

The column disable bit prevents writing to RAM memory during a 
memory management unit error . Thus the terms o f  these equations 
contain the same conditions that generate the MMUERR ANDed with 
the RW write bit . 

Page Status Bi.t 0 Equati.on 

PPS O  = RW * X LPS l *  X LPS O X MMUERR. * 

+ RW* X LPS l  X LPS O * X MMUERR * 

+ LPS O *  X MMUERR 

This equati on l i sts the fo l l owing three conditions for sett ing 
bit 0 o f  page status to 1 :  

o Wri ting to a page that is present but has never been wr i tten 
to , when there i s  no MMUERR 
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PAL Equations 

o Writing to a page that is present and has been read but not 
previous ly written to , when there is no MMUERR 

o A MMUERR exists and PSO was previous ly written to , when 
there is no MMUERR 

o A MMUERR exists and PSO was previous ly 0 .  
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PAL Equat.ions 

Hard D.isk: Data Separator : PAL 16R4 (Sheet 2 6 )  

P.in 
N•unber Mnemonic Pescr1pt1on 
1 MUXCLK* I nput cl ock for multiplex cl ock 

output 
2 PLLCLK Output o f  VCO 
3 DATAO Data and cl ock from drive 0 
4 DATAl Grounded 
5 DDRIVE O * Grounded 
6 HDRGATE �gh when disk control ler is 

inspecting data 
7 PCLK* 1 0  MHz 
8 TEST Grounded 
9 REF Grounded 
1 0  GND 
1 1  OE * . Grounded 
1 2  RCLK 1/2 PLL 
1 3  DCLK No external connecti on 
14 FFA* No external connecti on 
15 OSCENB* Enables VCO 
16 FFB * No external connecti on 
17 FFC * No external connecti on 
1 8  CLR * Clears pul lup/pul ldown fl ip fl ops 
19 
2 0  

Equations 

E'E'A = 

FFB : = FFA 

E'E'C : = FFB 

MUX* Multiplex c lock output 
vee 

HDRGATE 

OSCENB : = HDRGATE * FFC * + HDDRGATE X FFC 

CLR = HDRGATE * X FFC + HDRGATE X FFC * + OSCENB *  

DCLK* = PLLCLK X RCLK + PLLCLK * X DCL K *  + RCLK X DCLK * + TEST 
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PAL Equati.ons 

RCLK* = PLLCLK* X DCLK* + PLLCLK X RCLK* + DCLK* X RCLK* 

MUX = HDRGATE X DATAO * X DDRIVE O  + HDRGATE X DATAl * 
X DDRIVEO * + HDRGATE * X PCLK* 

I f HDRGATE i.s hi.gh ,  MUX pin 1 9  outputs dri.ve 0 data comi.ng i.n on 
pin 3 .  I f  HDRGATE is low ,  MUX outputs PCK* coming in on pin 7 .  

When HDRGATE is  high,  PLLK is phase - l ocked to DATAO at pin 3 at 
twice the frequency . DATAO is 5 MHZ and PLL is 1 0  MHZ .  

When HDRGATE is l ow,  PLLK is 1 0  MHZ ,  phase l ocked to PCK* at pin 
7 .  

RCLK is always hal f the frequency o f  PLLCLK . 
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Mnemon i c  

A 

Al -A2 3 
ABUS 
ADX 
ARB 
AUTO FEEDXT 

B 

BCS 
BERR 
BERREN 
BGACK 
BGC 
BGCAK 
BM WINDOW 
BMACK 
BMCAS 
BMRAS 
BMR/W 
BMSEL 
BP 
BRABUS 0 - 7  
BSRORD 

c 

CAS 
CASDI S  
CAS EN 
CCK 
CD 
CLR 6 0HZ INT 
CLRRFADD 
co 
COMMOSC 
CPU 
cs 
CSR 
CTS 

B Mnemoni.cs 

Description 

System address bits 
System address bus 
Address 
Bus arbitor 
Automatic l ine feed 

Buf fer chip select 
Bus error 
Bus error enable 
Bus grant acknowledge 
Bus grant common 
Bus grant common acknowledge 
Bit map window 
Bit map acknowledge 
Bit map column address strobe 
Bit map row address strobe 
Bit map read/write 
Bit map select 
Bad parity 
Bit map RAM address bus 
Bus status register 0 read 

Column address strobe 
Column address strobe disable 
Column address strobe enable 
Character cl ock 
Carrier detect 
C l ear 6 0 -HZ interrupt 
C lear re fresh address 
Carryout 
Communications osci l l ator 
Central process ing unit 
Chip select 
C lear status register 
Cl ear to send 
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Mnemonics 

D 

DO -DlS 
DADDWR 
DATAIN 
DBLDEN 
DBUS 
DCNTCS 
DCS 
DD 
DDBUS 0 - 7  
DDRIVE O 
DE'AULT 
DIALER EN 
DIALER TXD 
DINDEX 
DI SPEN 
DKBG 
DKBGA 
DKRQ 
DMA 
DMAEN 
DMAR 
DMAR/W 
D/N CONNECT 1 
DREADY 
DRQ 
DRUN 
DSCOMPL 
DSR 
DT DET 
DTACK 
DTRK 0 

E 

EE 
EN 
EN CAS 
ENRAS 
EXP0 - 3BG 
EXP 0 - 3RQ 

B- 2 

System data bits 
Direct memory access address counter write 
Data in 
Double density 
System data bus 
Direct memory access word counter chip select 
Disk control ler select 
Disk data bus 
Disk data bus 0 - 7  
Disk drive 0 
Data · fault 
Dialer enable 
Dialer transmit data 
Disk index pulses 
Disp l ay enable 
Disk bus grant 
Disk bus grant acknowledge 
Disk bus request 
D irect memory access 
Direct memory access enable 
Direct memory access read 
Direct memory access read/write 
Dial network connected to l ine 1 
Drive ready 
Data request 
Data run 
Disk seek complete 
Data set ready 
Dial tone detect 
Data trans fer acknowledge 
Disk track 0 

Error enable 
Enable 
Enable co lumn address strobe 
Enable row address strobe 
Expansi on board 0 - 3  bus grant 
Expansi on board 0 - 3  request 
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F 

FC 
FOGS 
FOORIVE O  
FOORQ 
FOORQL 
FOINDEX 
FOINTRQ 
FOMOTOR 
FOPRESENT 
FORD 
FORE 
FDREADY 
FORST 
FDTRACK 0 
FDWE 
FDWPRT 
FF 
FWR 

� G 

GCRWR 
GND 
GSR 
GSRRD 

H 

HAL 
HOBCS 
HOBRDY 
HOGS 
HOCTRLWR 
HOINTRQ 
HOL 
HORE 
HORST 
HOSEL 0 - 2  
HOSETRELAY 
HOWDATA 
HOWE 
HSYNC 

Functi on . code 
F l oppy disk chip select 
F l oppy disk drive 0 
F l oppy dis� data request 
F l oppy disk data request l atched 
F loppy disk index 
F l oppy disk interrupt request 
F l oppy disk motor enable 
F l oppy disk present 
F l oppy disk read 
F l oppy disk read enable 
F l oppy disk ready 
F l oppy disk reset 
F l oppy disk track 0 
F l oppy disk write enable 
F l oppy disk write protect 
F l ip fl op 
Fast write 

Genera l  contro l  register write 
Ground 
General status register 
General status register read 

Hard array o f  l ogic 
Hard disk buf fer chip select 
Hard disk buf fer ready 
Hard disk chip select 
Hard disk control ler write 
Hard disk interrupt request 
Head l oad 
Hard disk read enable 
Hard disk reset 
Head select bits 0 - 2  
Handset relay 
Hard disk write data 
Hard disk write enable 
Horizontal · synchroniz ation. 

Mnemonics 

. • 
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Mnemoni.cs 

I 

ID 
IDMAR/W 
!NIT 
INT 
INTA 
I NTRQ 
I /0 DTACK 
I /OEN 
I /ORQ 
IPL 

K 

KADDR 
KBEN 
KBINT 
KBRST 
KBRXD 
KBTXD 

L 

Ll A-LEAD 
Ll HOLD 
Ll MODEM 
Ll RING 
L 2  A-LEAD 
L2 HOLD 
L 2 MODEM 
L2 RING 
LA 
LA BUS 
LBERR 
LCAS 
LDS 
LINE SEL2  
LMA 
LMUXPAR 
LPACK 
LPARIN 
LPAROUT 

B-4 

I denti fy 
I denti fy DMA read/write operation 
Centronics reset and initial ize contro l  signal 
Interrupt · 

I nterrupt acknowledge 
Interrupt request 
I /0 data trans.fer acknowledge 
I /0 enable 
I /0 request 
Interrupt priority level 

Kernel address 
Keyboard enable 
Keyboard interrupt 
Keyboard reset 
Keyboard receive data 
Keyboard transmit data 

L ine 1 A- lead 
L ine 1 ho ld 
Line 1 modem 
Line 1 ring 
L ine 2 A- lead 
L ine 2 hold 
Line 2 modem 
Line 2 ring 
Latched address 
Local address bus 
Latched bus error 
Lower co lumn address strobe 
Lower data strobe 
Line select 2 
Latched map address 
Lower multiplexed parity 
Line printer acknowl edge 
L ower parity interrupt 
L ow parity output 
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L (continued) 
LPBUSY 
LPDATAWR 
LP INT 
LPNOPAPER 
LPS 
LPSELECT 
LPSTATUSRD 
LPSTROBE 
LWE 

M 

MA 
MA BUS 
MCK 
MCKSEL 
MEMEN 
MFM 
MMU 
MMUERR 
MMUWR 
MMUWREN 
MMUWREND 
MODEM CK SEL 
MODEM RXCK 
MODEM RXD 
MODEM TXCK 
MODEM TXD 
MODEMCS 
MOSEN 
MPU 
MRAEN 
MRAMEN 
MREG WR 
MSG WAI T . 
MW 

N 

NMI 
NPC 
NREBGC 

Hnemon1.cs 

Line printer busy 
Line printer data write 
Line pr inter interrupt 
Line pr inter out o f  paper 
Latched page status 
Line pr inter sel ect 
Line printer status read 
Line printer strobe 
Latched write enable 

Mapped address 
Mapped address bus 
Modem c l ock 
Modem cl ock select 
Memory enable 
Modi fied frequency modulati on 
Memory management unit 
Memory management unit error 
Memory management unit write 
Memory management unit write/read enable 
Memory management unit write/read enable data 
Modem c l ock select 
Modem receive cl ock 
Modem receive data 
Modem transmit cl ock 
Modem transmit data 
Modem chip select 
Processor data transceiver enabl e  
Microprocessing unit 
Map RAM enable 
Map RAM enable 
Misce l l aneous contro l  register write 
Message waiting 
Memory write 

Nonmaskabl e  interrupt 
Nonprocessor cyc l e  
Nonre fresh bus grant common 
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Mnemonics 

0 

OSCENB 

P , Q 
PA BUS 
PAL 
PAS 
PCK 
PCLK 
PD 
PD BUS 
PF 
P I E  
PRDl - 8  

R 

RAMEN 
RAS 
RD 
RFBG 
RFRQ 
ROMEN 
RTCALE 
RTCD0 -4 
RTCLE 
RTCR/W 
R/W 

s 

SUPV 

T 

T 3 0 -T1 2 0  
TFER 
TPD0 - 7  

B - 6  

Osci l l ator enable 

Processor addre�s bus 
Programmable array o f  l ogic 
Processor address strobe 
Processor cl ock 
Processor clock 
Pumpdown 
Processor data bus 
Page fault 
Parity interrupt enable 
Line printer data bits 

RAM enable 
Row address strobe 
Read 
Re fresh bus grant 
Re fresh bus request 
Read only memory enable 
Realtime c l ock address l atch enab l e  
Realtime data bits 
Realtime clock latch enabl e  
Realtime cl ock read/write 
Read/write 

Supervisory mode 

Memory timing del ay outputs in nanoseconds 
Trans fer request 
Serial contro l ler data bus 

( 



U, V 

UCAS 
UDS 
UI E 
U/OERR 

w 

WE 
WR 

X, Y, Z 

XI /0 EN 
XPERR 

Upper column address strobe 
Upper data strobe 
User interrupt error 
Disk DMA underrun or overrun error 

Write enable 
Write 

Expansion I/0 enable 
Expansion parity error 

Mnemonics 
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C Expansion Memory Locations 

This appendix is a table l i sting the possib l e  memory 
con figurati ons for the UNIX PC . 

The columns o f  the table are l abeled as fo l l ows : 

o Total System Memory - This is the tota l  
amount o f  Random Access memory (RAM) o n  the 
machine including on -board (CPU) memory and 
expans ion memory . 

o CPU On - Board Memory - This is the amount o f  
RAM on the UNIX PC main sytem board . 

o Expansion Memory S l ot 1 - This is the first 
UNI X PC expans ion s l ot . F acing the rear o f  
the machine , it is l ocated on the l e ft s ide 
as shown in F i gure 1 .  

o Expans ion Memory S l ot 2 - This is  the second 
UNI X PC expans ion s l ot . F acing the rear o f  
the machine , it is the middle s l ot as shown 
in F i gure 1 .  

o Expans i on Memory S l ot 3 - This is the third 
UNIX PC expansion s l ot . F ac ing the rear o f  
the machine , i t  i s  l ocated on the right as 
shown in F i gure 1 .  
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Expansion Memory Locations 

The table also uses the fo l l owing mnemonics : 

MNEMONI C 

* 

0 . 5 CPU 
1 . 0  CPU 
2 .  0 CPU 

0 . 5 RAM 

2 . 0  RAM 

0 . 5 E IA 
1 . 0  EIA 
1 . 5  E IA 

MEANING 

Empty s l ot· or I /0 card without memory 

UNIX PC equipped with 0 . 5MB o f  on-board RAM 
UNIX PC equipped with 1 . OMB o f  on-board RAM 
UNIX PC equipped with 2 • OMB o f  on-board RAM 

0 . 5MB RAM Expans ion Board 
2 . 0MB RAM Expans ion Board 

EIA/RAM Combo Board with 0 . 5MB o f  RAM 

EIA/RAM Combo Board with 1 . 0MB o f  RAM 

EIA/RAM Combo Board with 1 . 5MB o f  RAM 

How t o  Use thi s  Tab l e  

The tab l e  is organized according to the total amount o f  { memory the system wi l l  have a fter instal l ing additional 
memory cards . The fo l l owing examples i l lustrate how to 
use the tab l e . 

1 .  You have a UNIX PC with 0 .  5MB o f  on -board memory 
and you want to instal l  a O . SMB memory expansion 
board , bringing the total memory to 1 . 0MB . F irst 
look in the Total System Memory column for 1 . 0MB . 
Then , l ocate the corresponding amount o f  on-board 
memory in the next column , in this case 0 . 5MB .  
Next , look at the last three columns .  You ' l l  see 
that you can put your O . SMB RAM board in expansion 
s l ot 1 ,  2 ,  or 3 .  

2 .  I f  you want to instal l a second O . SMB RAM expansion 
board , bringing your systems total memory to 1 . 5MB ,  
you would look in the Total System Memory column 

for 1 . 5MB .  Then , you would look for the same 
amount o f  on-board memory, or 0 . 5MB . . Next , you 
woul d l ook at the last three columns to see where 
you can pl ace the additional expansi on card . I n  
this case , the two O . SMB RAM cards have to be 
p l aced in either expansion s l ots 1 and 2 ,  or  in 
s l ots 2 and 3 .  You c ann o t  p l ace them s l ots 1 and 
3 .  
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Expans�on Memory Locat�ons 

Expans�on Memory Locat�ons 

TOTAL· . ·· CPU EXPANS I ON MEMORY 
SYSTEM ON- BOARD 
MEMORY MEMORY SLOT 1 SLOT 2 SLOT 3 

0 . 5 MB 0 . 5 CPU * * * 

1 . 0  MB 0 . 5 CPU 0 . 5  RAM * * 

* 0 . 5 RAM * 
* * 0 . 5 RAM 

0 . 5  EIA * * 
* 0 . 5 E I A  * 
* * 0 . 5 EIA 

1 . 0  CPU * * * 

1 . 5  MB 0 . 5 CPU 0 . 5 RAM 0 . 5 RAM * 
* 0 . 5 RAM 0 . 5 RAM 

0 . 5 EIA 0 . 5 RAM * 
* 0 . 5 RAM 0 . 5 EIA 

1 . 0  EIA * * 
* 1 . 0  E I A  * 
* * 1 . 0  E IA 

1 .  0 CPU 0 . 5 RAM * * 
* 0 . 5 RAM * 
* * 0 . 5 RAM 

0 . 5 EIA * * 
* 0 . 5 E I A  * 
* * 0 . 5 EIA 

C- 3 



Expansion Memory Locations 

Expansion Memory Locations (Continued) 

TOTAL CPU EXPANS I ON MEMORY 
SYSTEM ON- BOARD 
MEMORY MEMORY SLOT 1 SLOT 2 SLOT 3 

2 . 0  MB 0 . 5 CPU 0 . 5 RAM 0 . 5 RAM 0 . 5  RAM 

0 . 5 RAM 0 . 5 RAM 0 . 5 EIA 

1 . 0  E IA * 0 . 5 RAM 
* 1 . 0  EIA 0 . 5 RAM 

0 . 5 E IA 1 .  0 EIA * 

0 . 5 EIA * 1 . 0  EIA 
1 . 0  E IA 0 . 5  E IA * 

* 0 . 5 E IA 1 . 0  EIA 
1 . 0  EIA * 0 . 5 EIA 

* 1 .  0 E IA 0 . 5 E IA ( 
1 . 5  EIA * * 

* 1 . 5 E IA * 
* * 1 . 5  EIA 

1 . 0  CPU 0 . 5 RAM 0 . 5 RAM * 
* 0 . 5 RAM 0 . 5 RAM 

0 . 5 EIA 0 . 5 RAM * 
* 0 . 5 RAM 0 . 5 EIA 

1 . 0  E IA * * 
* 1 . 0  EIA * 
* * 1 .  0 EIA 

2 .  0 CPU * * * 
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Expansion Memory Locations 

Expansion Memory Locations (Continued) 

TOTAL CPU EXPANS I ON MEMORY 
SYSTEM ON- BOARD 
MEMORY MEMORY SLOT 1 SLOT 2 SLOT 3 

2 . 5  MB 0 . 5 CPU 2 . 0  RAM * * 
* 2 . 0  RAM * 
* * 2 . 0  RAM 

1 . 0  CPU 0 . 5 RAM 0 . 5 RAM 0 . 5 RAM 

0 . 5 RAM 0 . 5 RAM 0 . 5 EIA 

1 . 0  E IA * 0 . 5 RAM 
* 1 . 0  E I A  0 . 5 RAM 

0 . 5 EIA 1 . 0  EIA * 

0 . 5 EIA * 1 . 0  E IA 
1 . 0  E IA 0 . 5 E I A  * 

* 0 . 5 E I A  1 .  0 E IA 
1 .  0 E IA * 0 . 5 E IA 

* 1 . 0  E IA 0 . 5 EIA 
1 . 5  EIA * * 

* 1 . 5  E I A  * 
* * 1 . 5  EIA 

2 .  0 CPU 0 . 5 RAM * * 
* 0 . 5 RAM * 
* * 0 . 5 RAM 

0 . 5 E IA * * 
* 0 . 5 E I A  * 
* * 0 . 5 EIA 
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( 

Expansion Memory Locations (Continued) 

TOTAL CPU EXPANS I ON MEMORY 
SYSTEM ON- BOARD 
MEMORY MEMORY SLOT 1 SLOT 2 SLOT 3 

3 . 0  MB 1 . 0  CPU 2 . 0  RAM * * 
* 2 . 0  RAM * 
* * 2 . 0  RAM 

2 . 0  CPU 0 . 5  RAM 0 . 5 RAM * 
* 0 . 5 RAM 0 . 5 RAM 

0 . 5 RAM * 0 . 5 RAM 

0 . 5 RAM 0 . 5 EIA * 

0 . 5 RAM * 0 . 5 EIA 
0 . 5 E IA 0 . 5 RAM * 

* 0 . 5 RAM 0 . 5 EIA 
* * * ( 

1 .  0 EIA * * 
* 1 .  0 E IA * 
* * 1 . 0 E IA 

3 . 5  MB 2 .  0 CPU 0 . 5 RAM 0 . 5 RAM 0 . 5 RAM 

0 . 5 RAM 0 . 5 RAM 0 . 5  EIA 

1 . 0  EIA * 0 . 5 RAM 
* 1 . 0  EIA 0 . 5 RAM 

0 . 5 EIA 1 . 0  EIA * 

0 . 5 EIA • •  1 . 0  EIA 
1 . 0  E I A  0 . 5 EIA * 

* 0 . 5 E I A  1 . 0  EIA 
1 .  0 EIA * 0 . 5 E I A  

* 1 . 0  E I A  0 . 5 E I A  
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Expans.ion Memory Locations (Continued) 

TOTAL CPU EXPANS I ON MEMORY 
SYSTEM ON- BOARD 
MEMORY MEMORY SLOT 1 SLOT 2 SLOT 3 

3 . 5 MB 2 . 0  CPU 1 . 5 EIA * * 
(cont ' d) (cont ' d) * 1 . 5 E IA * 

* * 1 . 5  EIA 

4 . 0  MB 2 . 0  CPU 2 . 0  RAM * * 
* 2 . 0  RAM * 
* * 2 . 0  RAM 
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Expansion Hardware 

The expansion hardware provides additional memory and 
communication capabi l ities for the· AT&T UNIX PC . The 
expansion hardware ' s  EIA ports make it possible for the PC 
to communicate with another terminal or computer . 
Additional memory and EIA capabi l ities are ava i l able 
separately or in combination, as  shown in the fo l l owing list 
o f  expansion hardware options : 

o An inter face connection P l  and associated 
circuitry 

o RAM memory 

o EIA connection circuitry ( i f  an E I A  or Combo 
board) 

Inter face Circuitry 
Al l communications between the expans ion board and the UNIX 
PC bus are through the expans ion board inter face connector 
P l . 

Input/Output Handling 

As a direct memory acces s {DMA) dev i c e  data t r ans fer fr om 
the e xp ans i o n  b o a r d  t o  the PC bus caus e s  the 6 8 0 1 0  to wa i t  
whi l e  data i s  tr ans ferred into RAM memo ry . D a t a  t r ans fer i s  
cons i de r ed a f a s t  cyc l e  ( 5 0 0 ns ) . 

1 



Expans�on Hardware 

There are three functi ons which the expans i on b o a r d  may be 
cal led upon to per form . Re ad t o  memory , read from memo ry 
and port to or  from memo ry to the RS - 2 3 2  inter face . 

ExPansion Board Scbematic 

Sheet 2 - -Memory Access Contro l  Circuitry : 

This circuitry cons ists o f  address l atch lK , l ower and upper 
data strobe contro l , consisting o f  demultiplexers 3H and 3J 
and OR gates 3B and parity interrupt , 2 C  and 2E . 

Sheet 3 - -Memory Bus Management and Communications Circuitry : 

The upper portion o f  sheet 3 o f  the schematic contains map 
address managment circuitry consisting o f  multip lexers 4A ,  
4B , 4C , 4E , 4H ,  and 4J . The l ower portion o f  sheet 3 
contains the communication inter face I C  l lE ,  RS - 2 3 2  l ine 
drivers 12J , 1 2K,  and 1 2A, and RS - 2 32 receivers l lA and 1 2 B  
and port connectors Jl  and J 2 . 

Note 

This circuitry is only present on the 
E IA/RAM Combo and EIA/RAM boards . The 
0 . 5 and 2 . 0  RAM expans ion boards do not 1 
contain inter face circuitry or RS - 2 3 2  
ports . 

Sheets 4 ,  5 and 6 - -Memory {RAM} : 

Memory circuitry cons ists o f  the X ,  Y,  and Z bus , the read 
bus and read bus contro l l lH and llC , and upper and l ower 
parity generator I C , s 5K through l OK .  

Depending on the amount o f  RAM that is mounted phys ica l ly on 
the expansion board , these l ocations may o r  may not be used . 

Sheet 5 - - Expans ion Bus I nter face : 

The l ower portion o f  sheet 5 o f the schematic a l s o  c o nt a ins 
data t r ansce ivers l C  and l E  connected t o  the read bus and 
expans i on bus c o nnect o r  P l  comp l e t ing the e xp ans i o n  l o op . 
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WD279X-02 Floppy Disk Formatter/Controller Family 

FEATUR ES 

• ON-CH IP  PLL OAT A SEPARATOR 

• ON-CHIP  WRITE PRECOM PENSATION LOGIC 

• SINGLE + 5V SUPPLY 

• ACCOMMODATES S INGLE AND DOU BLE DENSITY 
FORMATS 

IBM 3740 (FM) 
IBM 34 (MFM) 

• AUTOMATIC SEEK WITH VERIFY 

• M U LTI PLE SECTOR READ/WRITE 

• TTL COMPATI B LE 

• PROGRAM MABLE CONTROL 
SELECTABLE TRACK-TO-TRACK ACCESS 
H EAD LOAD TI M I N G  

• SOFTWARE COM PATIBLE WITH THE FD1 79X SERIES 

• SOFT SECTOR FORMAT COMPATI BI LITY 

DESCRI PTION 

The WD279X are N-Channel S i l icon Gate MOS LSI  devices 
which perform the functions of a Floppy Disk For­
matter/Control ler  in a s ing le ch ip implementation. The 
WD279X, which can be considered the end result  of both 
the FD1 771 and FD1 79X designs, is IBM 3740 compatible in 
s ingle density mode (FM) and System 34 compatible in  
Double Density Mode (MFM). The WD279X contains al l  the 
featu res of its predecessor the FD1 79X plus a high per­
formance Phase-Lock-Loop Data Separator as wel l  as Write 
Precompensation Log ic. In Double Density mode, Write 
Precompensation is automatical ly engaged to a value 
programmed via an external potentiometer. In  order to 
maintain compat ib i l i ty, the FD1 771 , FD1 79X and WD279X 
designs were made as close as possib le with the computer 
interface, instruction set, and 110 reg isters being identical. 

1 1 1  

E N P  

we 
Cs 
FiE 
AO 

A 1  

DALO 

OAL1 

D A L 2  

OAL3 

OAL4 

DALS 

DAL6 

DIRe 

5'18 
APW 

;;;;:; 
G N D  

PIN DESIG NATION 

HLT 

1 N T AQ 

ORO 

DDEN 

WPRr 
iP 
i'liOO 
WPW 
READY 

wo 
WG 
TG43 

HLD 

RAWRO 
vea 

550/ E N M F  

e L K  

PUMP 
mT 
Vee 

Also, head load contro l  is identical .  In each case, the actual 
p in  assignments vary by only a few pins from any one to 
another. 

The processor interface consists of  an 8-bit bi-d i rectional 
bus for data, status, and contro l  word transfers. The 
WD279X is set u p  to operate on a mult ip lexed bus with 
other bus-oriented devices. 

The WD279X is  TTL compatib le on all i nputs and outputs. 
The outputs w i l l  d rive one TTL load or three LS loads. The 
2793 is identical t� the 2791 except the DAL l i nes are TRUE 
for systems that ut i l ize true data busses. 

The 279517 has a side select output for contro l l ing double 
sided drives. 

� 
c 1\) ..... CD 
X 
6 1\) 
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PIN DESCRIPTION Pi 

== PIN N U M BER PIN NAME SYM BOL FUNCTION 

0 1 ENABLE PRECpM P ENP A Log ic h igh on th is i nput enables write precompen-

N sat ion to be performed on double density Write Data 
"""" output only. co 
X 19  MASTER RESET M R  A log ic  low ( 50  microseconds m in.) o n  this input  

6 resets the device and loads H EX 03 into the com-
N mand reg ister. The Not Ready (Status Bit  7) is reset 

during MR ACTIVE. When MR is brought to a logic 
h igh a RESTOR E  Command is  executed, regard less 
of the state of the Ready signal from the drive. A lso, 
H EX 01 is loaded i nto sector reg ister. 

·4 20 POWER SUPPLI ES Vss Ground 

21 Vee + 5V ± 5% 

COMPUTER I NTERFACE: 

i 2 WRITE ENABLE WE A logic low on this input gates data on the DAL i nto 
the selected reg ister when CS is low. 

3 C H I P  SELECT cs A logic low on th is input  selects the chip and enables :.·.��-: 
computer communicat ion with the device. �-

4 READ ENABLE RE A logic low on th is input  controls the p lacement of :·-::� ·II data from a selected reg ister on the DAL when CS is  ' , , 
low. ' ·  . , , 

REGISTER SELECT LI N ES 5, 6 AO, A1 These inputs select the reg ister to receive/transfer ;� data on the DAL l ines u nder RE and WE control: 

cs A1 AO RE WE 

0 0 0 Status Reg Command Reg 
k! :·s · 

0 0 1 Track Reg Track Reg .... . . .  rf· 
0 1 0 Sector Reg Sector Reg ·��:·. 
0 1 1 Data Reg Data Reg � '. 

7-1 4  DATA ACCESS LI N ES DALO-DAL7 Eight bit bi-d i rectional bus used for transfer of com- � 
mands, status, and data These l i nes are inverted �} (active low) on WD2791 and WD2795. ·'-::..! 

24 CLOCK CLK This input requ i res a free-runn ing 50% duty cyc le t 
square wave c lock for i nternal t iming reference, 2 . ..;:· 
M Hz ± 1 %  for 8" drives, 1 M Hz ± 1 %  for m in i· "} 

( f loppies. -��-
38 DATA REQUEST DRQ This output indicates that the Data Register contains  

';�/ 
assembled data in Read operations, or the DR is  
empty in  Write operations. Th is  s ignal is  reset when 
serviced by the computer through reading or loading 

.. the DR. 1 
39 I NTERRUPT REQU EST INTRQ This output is set at the completion of any command 

and is reset when the Status reg ister is read or the 

c FLOPPY DISK I NTERFACE: Command reg ister is written to. 

1 5  STEP STEP The step output contains a pulse for each step. 

16 D IRECTION DIRC Di rection Output is active h igh when stepping in ,  
act ive low when stepping out. 

'C 1 7  5'1• , "  8"  SELEC! Sis This input  selects the in ternal VCO frequency for use 
with 5 1/• " d rives or 8"  d rives. 

1 8  READ PU LSE WIDTH RPW An external potent iometer t ied to th is i nput  controls 
the phase comparator with in the data separator. 

22 TEST TEST A log ic low on th is i nput al lows adjustment of exter- I nal resistors by enab l ing internal signals to appear on 
selected pins.  -

• 
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PIN DESCRIPTION (Continued) 

PIN N U M B E R  PIN N A M E  SYMBOL 

23 PUMP 

25 ENABLE M I N I-FLOPPY 
(279 1 ,  2793) 

25 S IDE SELECT OUTPUT 
(2795, 2797) 

PUMP 

sso 

26 VOLTAGE-CONTROLLED VCO 
OSCILLATOR 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

40 

RAW READ 

H EAD LOAD 

TRACK G R EATER 
THAN 43 

WRITE GATE 

WRITE DATA 

READY 

WRITE PRECOMP 
WIDTH 

TRACK 00 

I N DEX PULSE 

WRITE PROTECT 

DOU BLE DENSITY 

H EAD LOAD TI M I N G  

RAW READ 

H LD 

TG43 

WG 

WD 

READY 
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FUNCTION 

High- Impedance output signal which is forced high 
or low to increase/decrease the VCO frequency. 

A logic low on this input enables an internal + 2 of 
the Master Clock. This al lows both 51/4 " and 8" drive 
operation with a single 2 M Hz clock. For a 1 M Hz 
clock on Pin 24, th is l ine must be left open or t ied to a 
Log ic 1 .  

The logic level of the Side Select Output is d i rect ly 
control led by the ·s· f lag in  Type I I  or I l l  commands. 
When U = 1, SSO is set to a logic 1. When U = 0, 
SSO is  set to a logic 0. The SSO is compared with the 
side in formation in  the Sector I .D .  Field.  If they do not 
compare Status Bit  4 (RNF) is set. The Side Sele•;t 
Output is only updated at the beg inn ing  of a Type I I  or 
I l l  command. I t  is forced to a logic 0 upon a MASTER 
RESET condition. 

An external capacitor t ied to this p in  adjusts the VCO 
center frequency. 

The data input signal d i rectly from the drive. This 
input shal l be a negative pu lse for each recorded f lux 
transition. 

The H LD output controls the load ing of  the Read­
Write head against the media. 

This output informs the drive that the Read/Write 
head is  positioned between tracks 44-76. This output 
is val id only during Read and Write Commands. 

This output is made val id before wri t ing is  to be 
performed on the d iskette. 

MFM or FM output pu lse per f lux  transit ion. WD 
contains the unique Address marks as wel l  as data 
and clock in both FM and MFM formats. 

This i nput indicates disk read i ness and is  sampled 
for a logic high before Read or Write commands are 
performed. If Ready is low the Read or Write 
operation is not performed and an interrupt is 
�enerated. Type I operations are performed regard­
less of the sta�e of Ready. The Ready input  appears i n  
inverted format as  Status Register b i t  7. 

An external potentiometer tied to th is i nput controls 
the amount of delay in  Write precompensation mode. 

This input in forms tht WDi79X that the Read/Write 
head is posit ioned over Track 00. 

This input informs the WD279X when the i ndex hole 
is encountered on the d iskette. 

This input is sampled whenever a Write Command is 
received. A logic low terminates the command and 
sets the Write Protect Status bit . 

This input p in selects either single or double density 
operat ion. When DDEN = 0, double density is 
selected. When DDEN = 1 ,  s ingle density is  
selected. 

When a logic high is found on the H LT input the head 
is assumed to be engaged. I t  is  typical l y  derived from 
a 1 shot triggered by H LD. 
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Figure 1 .  
APPLICATIONS 

8"  FLOPPY AND 51/• "  M I N I  FLOPPY CONTROLLER 
S INGLE OR DOUBLE DENSITY 

CONTROLLER/FORMA TIER 

The WD279X Fami ly  are M OS/LSI devices which perform 
the functions of a Floppy Disk Control ler/Formatter. Soft· 
ware compatib le with its predecessor, the FD1 79X, the 
device also contains a h igh performance Phase-Lock-Loop 
Data Separator as wel l  as Write Precompensat ion Log ic. 

When operating in Double Density mode, Wri te Precom· 
pensation may be enabled, its value predetermined by an 
external potentiometer. An on-chip VCO and phase 
comparator al lows adjustable frequency range for 5 V. "  or 
8" Floppy Disk in terlacing.  

The WD279X is fabricated i n  NMOS s i l icon gate technology 
and avai lable in  a 40 pin d ual- in- l ine package. 

FEATU R ES 2791 2793 2795 2797 

Single Density ( FM)  X X X X 
Double Density ( M FM)  X X X X 
True Data Bus X X 
I nverted Data Bus X X 
Side Select Out X X 
I nternal CLK Divide X X 

ORGANIZATION 

The Floppy D isk Formatter block d iagram is i l lustrated on 
page 5. The primary sections inc lude the paral le l  processor 
interface and the Floppy Disk interface. 

1 1 4 

Data Shift Register - This 8-bit reg ister assembles serial 
data from the Read Data input  (RAW READ) during Read 
operat ions and transfers serial data to the Write Data 
output during Write operations . 

Data Register - This 8-bi l  reg ister is used as a holdi ng 
reg ister during Disk Read and Write operations in Disk 
Read operat ions the assembled data byte is transferred in 
paral le l  to the Data Register from the Data Shift  Register. In 
Disk Write operations information is transferred i n  paral le l  
from the Data Register to the Data Shift  Register. 

When execut ing the Seek command the Data Register 
holds the address of the desired Track position. This 
reg ister is loaded from the DAL and gated onto the DAL 
under processor control. 

Track Register - This 8-bit reg ister holds the track number 
of the current Read/Write head posit ion. I t  is incremented 
by one every time the head is  stepped in (towards track 76) 
and decremented by one when the head is stepped out 
(towards track 00). The contents of the reg ister are com­
pared with the recorded track number in the ID f ield during 
disk Read, Write and Verify operations. The Track Reg ister 
can be loaded from or transferred to the DAL. This Register 
should not be loaded when the device is busy. 

Sector Register (SR) - This 8-bi t  reg ister holds the address 
of the desired sector posit ion. The contents of the register 
are compared with the recorded sector number in  the ID 
field during disk Read or Write operations. The Sector 
Register contents can be loaded from or transferred to the 
DAL. This reg ister should not be loaded when the device is 
busy. 

Command Register (CR) - This 8-bi t  reg ister holds the 
command present ly being executed. This reg ister should 
not be loaded when the device is busy un less the new 
command is a force i nterrupt. The command reg ister can 
be loaded from the DAL, but not read onto the DAL. 

Status Register (STR) - This 8-bit reg ister holds device 
Status in formation. The mean ing of the Status bits is a 
function of the type of command previously executed. This 
reg ister can be read onto the DAL, but not loaded from the 
DAL. 

CRC Logic - This logic is used to check or to generate the 
1 6-bit Cycl ic  Redundancy Check (CRC). The polynomial is: 
G(x) = x 16 + x 1 2  + x5 + 1 .  

The CRC inc ludes <)I I i nformation start ing with the address 
mark and up to the CRC characters. The CRC reg ister is 
preset to ones prior to data being shi fted through the 
c i rcu it. 

Arithmetic/Logic Unit (ALU) - The ALU is a serial compara­
tor, incrementer, and decrementer and is used for reg ister 
modif ication and comparisons with the disk recorded I D  
f ield. 

Timing and Control - Al l  computer and Floppy Disk in­
terface controls are generated through this logic. The i n­
ternal device t iming is generated from an external crystal 
c lock. 

AM Detector - The address mark detector detects ID, data 
and i ndex address marks during read and write operat ions. 

Write Precompensation - enables write precompensat ion 
to be performed on the Write Data output. 
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WD279X B LOCK DIAG RAM 

Data Separator - a h igh performance Phase-Lock-Loop 
Data Separator with on-ch ip  VCO and phase comparator 
al lows adjustable frequency range for 51/• "  or 8" Floppy 
Disk i nterfaci ng. 

PROCESSOR INTERFACE 

The i nterface to the processor is  accompl ished through the 
eight Data Access Lines (DA L) and associated control 
signals. The DAL are used to transfer Data, Status, and 
Control words out of, or i nto the WD279X. The DAL are 
three state buffers that are enabled as output drivers when 
Chip Select (CS) and Read Enable (RE) are active ( low logic 
state) or act as input receivers when CS and Write Enable 
(WE) are act ive. 

When transfer of data with the Floppy Disk Control ler is 
requ i red by the host processor, the device address is 
decoded and CS is made low. The address bits A 1 and AO, 
combined with the signals RE during a Read operat ion or 
WE during a Write operat ion are i nterpreted as selecting 
the fol lowing reg isters: 

A1 AO READ (RE) WRITE (WE) 
0 0 Status Reg ister Command Register 
0 1 Track Register Track Register 
1 0 Sector Register Sector Register 
1 1 Data Reg ister Data Register 
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During Di rect Memory Access (DMA) types of data trans­
fers between the Data Register of the WD279X and the 
processor, the Data Request (ORO) output is used i n  Data 
Transfer control. This signal also appears as status bit 1 
during Read and Write operations. 

On Disk Read operations the Data Request is activated (set 
h igh) when an assembled serial input  byte is transferred i n  
paral lel to  the  Data Register. Th is  b i t  is  c leared when the 
Data Register is  read by the processor. If the Data Register 
is read after one or more characters are lost, by having new 
data transferred i nto the reg ister prior to processor readout, 
the Lost Data bit  is set in the �latus Register. The Read 
operat ion continues unt i l  the end of sector is reached. 

On Disk Write operat ions the data Request is  activated 
when the Data Register transfers its contents to the Data 
Shift Register, and requ i res a new data byte. It is reset when 
the Data Register is loaded with new data by the processor. 
If new data is not loaded at the t ime the next serial byte is 
requ i red by the Floppy Disk, a byte of zeroes is  written on 
the diskette and the Lost Data bit is  set i n  the Status 
Register. 

At the completion of every command an I NTRQ is 
generated. INTRQ is reset by either read ing the status 
reg ister or by loading the command reg ister with a new 
command. In  add ition, I NTRQ is  generated i f  a Force I n­
terrupt command condit ion is met. 
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The 279X has two modes of operat ion according to the 
state of DDEN (Pin 37). When DDEN = 1, Single Density 
(FM) is selected. When DDEN = 0, Double Density (M FM) 
is selected. In e i ther case, the CLK input (Pin .24) is set at 2 
MHz tor S" drives or 1 MHz for 51f4 "  drives. 

· 

On the 2791/2793, the ENMF input (Pin 25) can be used for 
contro l l ing both 5% " and 8"  d rives with a single 2 M Hz 
c lock. When ENMF = 0, an in ternal + 2 of the CLK is 
performed. When ENMF = 1 ,  no divide takes p lace. This 
al lows the use of a 2 M Hz c lock for both 5% " and 8" 
conf igurations. 

The internal VCO frequency must also be set to the proper 
value. The 5i8 input (Pin 1 7) is  used to select data separator 
operation by internal ly div id ing the Read Clock. When 5i8 
= 0, 5% " data separation is selected; when 5/8 = 1 ,  8"  
d rive data separation is selected. 

CLOCK (24) 

2 MHz 
2 M Hz 
1 MHz 

ENMF (25) 

1 
0 
1 

FU N CTIONAL DESCRIPTION 

5/8 (1 7) DRIVE 

1 8" 
0 5% " 
0 5% " 

The WD279X.Q2 is software compatib le with the FD1 79X.Q2 
series of Floppy Disk Contro l lers. Commands, status, and 
data transfers are performed in the same way. Software 
generated for the 1 79X can be transferred to a 279X system 
without modification. 

I n  add it ion to the 1 79X, the 279X contains an in ternal Data 
Separator and Write precompensation c i rcuit .  The TEST 
(Pin 22) l i ne is used to adjust both data separator and pre­
compensation. When TEST = 0, the WD (Pin 31 )  l i ne is 
i nternal ly connected to the output of the write precomp 
one-shot. Adjustment of the WPW (Pin 33) l i ne can then be 
accompl ished. A second one-shot tracks the precomp set­
t ing at approximately 3: 1 to insure adequate Write Data 
pu lse widths to meet d rive speci f ications. 

S imi larly, Data separat ion is  also adjusted with TEST = 0. 
The TG43 (Pin 29) l i ne is internal ly connected to the output 
of the read data one-shot, which is  adjusted via the RPW 
(Pin 1 8) l i ne. The DIRC (Pin 16) l i ne contains the Read Clock 
output (.5 MHz for 8"  drives). The VCO Trimming capacitor 
(Pin 26) i s  adjusted for center frequency. 

In ternal t iming signals are used to generate pulses during 
the adjustment mode so that these adjustments can be 
made whi le the device is i n-circuit. The TEST l ine also 
contains a pu l l-up resistor, so adjustments can be per­
formed simply by g rounding the TEST pin ,  overriding the 
pul l-up. The TEST p in  cannot be used to d isable stepping 
rates during operation as its function is  qu ite d ifferent from 
the 1 79X. 

Other p ins on the device also inc lude pu l l-up resistors and 
may be left open to sat isfy a Log ic 1 cond ition. These are: 
ENP, 518, ENMF, WPRT, DDEN, H LT, TEST, and MR. 

GEN ERAL DISK READ OPERATIONS 

Sector lengths of 1 28, 256, 512 or 1 024 are obtainable in  
either FM or M FM formats. For  FM, DDEN should be 
placed to logical " 1 ." For MFM formats, DDEN should be 
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Sector Length Table· 

Sector Length N u mber of Bytes 
Field (hex) in Sector (decimal) 

00 1 28 
01 256 
02 512  
03 1024 

• 2795/97 may vary - see command summary. 

placed to a log ical "0." Sector lengths are determi ned at 
format time by the fourth byte in the " I D" f ield. 

The WD279X recogn izes tracks and sectors numbered 00-
FFX. However, due to programming restrictions, on ly tracks 
and sectors 00 thru F4 can be formatted. 

GEN ERAL DISK W RITE OPERATION 

When writ ing is  to take place on the d iskette the Write Gate 
(WG) output is activated, al lowing current to f low into the 
Read/Write head. As a precaution to erroneous writ ing the 
f i rst data byte must be loaded into the Data Reg ister in 
response to a Data Request from the 279X before the Write 
Gate signal can be activated. 

Writ ing is inh ibited when the Write Protect input  is  a logic 
low, i n  which case any Write command is immediately 
terminated, an interrupt is  generated and the Write Protect 
status bit is set. 

For write operations, the 279X provides Write Gate (Pin 30) 
and Write Data (Pin 31) outputs. Write data consists of a 
series of pu lses set to a width approximately three t imes 
greater than the precomp adjustment. Write Data provides 
the unique address marks in both formats. 

READY 

Whenever a Read or Write command (Type I I  or I l l) is 
received the 279X samples the Ready i nput. I f  th is input is  
logic low the command is not  executed and an in terrupt is 
generated. Al l  Type I commands are performed regardless 
of the state of the Ready input. A lso, whenever a Type II or 
I l l  command is  received, the TG43 s ignal output is  updated. 
TG43 may be t ied to ENP t6 enable write precompensation 
on tracks 44-76. 

COMMAND DESCRIPTION 

The WD279X w_i l l  accept e leven commands. Command 
words should only be loaded in the Command Reg ister 
when the Busy status bit is  off (Status bit 0). The one ex­
ception is the Force interrupt command. Whenever a 
command is being executed, the Busy status bit  is set. 
When a command is completed, an in terrupt is generated 
and the Busy status bit is reset. The Status Reg ister in­
dicates whether the completed command encountered an 
error or was fau lt  free. For ease of d iscussion, commands 
are d ivided into four types. Commands and types are 
summarized in Table 1 .  

A .  Commar 

Type Comn 

I Resto 
I Seek 
I Step 
I Step-i 
I Step-< 
II Read : 
II Write 
I l l  Read . 
I l l  Read · 
I l l  Write 
IV Force 

FLAG SUM 

Comma 
Type 

1 1 & 1 1 

I I  

1 1 & 1 1  

1 1 & 1 1 

I I  

I I  

I V  

· NOTE: SE 
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TABLE 1 .  COMMAND SU M MARY 

A Commands for Models· 2791 2793 . B Commands for Models· 2795 2797 . 
Bits Bits 

Type Command 7 6 5. 4 3 2 1 0 7 6 5 4 3 2 1 

I Restore 0 0 0 0 h v r1 ro 0 0 0 0 h v r1 
I Seek 0 0 0 1 h v r1 ro 0 0 0 1 h v r1 
I Step 0 0 1 T h v r1 ro 0 0 1 T h v r1 
I Step-in 0 1 0 T h v r1 ro 0 1 0 T h v r1 
I Step-out 0 1 1 T h v r1 ro 0 1 1 T h v r1 
I I  Read Sector 1 0 0 m s E c 0 1 0 0 m L E u 
I I  Write Sector 1 0 1 m s E c ao 1 0 1 m L E u 
I l l  Read Address 1 1 0 0 0 E 0 0 1 1 0 0 0 E u 
I l l  Read Track 1 1 1 0 0 E 0 0 1 1 1 0 0 E u 
I l l  Write Track 1 1 1 1 0 E 0 0 1 1 1 1 0 E u 
IV Force I nterrupt 1 1 0 1 13 12 1 1 lo 1 1 0 1 13 12 1 1 

FLAG SUMMARY 
TABLE 2. FLAG SU MMARY 

Command Bit  
Type No(s) Description 

I 0, 1 r1 ro = Stepping Motor Rate 
See Table 3 for Rate Summary 

I 2 V = Track Number Verify F lag V = 0, No verify 
v = 1 ,  Verify on destination track 

I 3 h = Head Load Flag h = 0, Unload head at beg inn ing 
h = 1 ,  Load head at beg inn ing 

I 4 T = Track Update F lag T = 0, No update 
T = 1 ,  Update track register 

1 1 & 1 1 1  0 ao = Data Address Mark ao = 0, FB (DAM) 
ao = 1, F8 (deleted DAM) 

I I 1 C = Side Compare Flag c = 0, Disable side compare 
c = 1 ,  Enable side compare 

1 1 & 1 1 1  1 U = Update SSO u = 0, Update SSO to 0 
u = 1 ,  Update SSO to 1 

1 1 & 1 1 1  2 E = 15 MS Delay E = 0, No. 1 5  MS delay 
E = 1 , 1 5 MS delay (30 MS for 1 M HZ) 

I I 3 S = Side Compare F lag s = 0, Compare for side 0 
s = 1 ,  Compare for side t 

I I  3 L = Sector Length Flag LSB's Sector Length in ID Field 
00 01 10 1 1  

L = 0  256 5 1 2  1 024 1 28 

L = 1 1 28 256 512  1 024 

I I  4 m = Mult ip le Record Flag m = 0, Single record 
m = 1, Mu lt ip le records 

IV ().3 l x = I nterrupt Condition Flags 
lo = 1 Not Ready To Ready Transition 
1 1 = 1 Ready To Not Ready Transition 
12 = 1 I ndex Pulse 
13 = 1 Immediate Interrupt, Requ i res A Reset • 
13- lc = 0 Termi nate With No Interrupt ( INTRQ) 

• NOTE: See Type IV Command Description for further in formation. 
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Write Precompensation 

When operat ing in  Double Density mode (DDEN = 0), the 
279X has the capabi l ity of provid ing a user-defined 
precompensation value for Write Data Afl external 
potentiometer (1 OK) tied to the WPW signal (Pin 33) al lows a 
sett ing of 1 00  to 300 ns from nominal. 

Setting the Write precomp value is accompl ished by for­
cing the TEST l ine (Pin 22) to a Log ic 0. A stream of pulses 
can then be seen on the Write Data (P in 31)  l i ne. Adjust the 
WPW Potent iometer for the des i red pu lse width. This 
adjustment may be performed in-circuit  s ince Write Gate 
(Pin 30) is i nactive whi le TEST = 0. 

Data Separation 

The 279X can operate with either an external data separator 
or its own internal recovery c i rcuits. The condit ion of the 
TEST l i ne (Pin 22) in conjunction with MR (Pin 19) w i l l  select 
internal or external mode. 

To program the 279X for external VCO, a MR pulse must be 
appl ied whi le  TEST = 0. A c lock equ ivalent to eight times 
the data rate (e.g., 4.0 MHz for 8" Double Density) is  applied 
to the VCO input (Pin 26). The feedback reference voltage is 
available on the Pump output (Pin 23) for external i n­
tegration to control the VCO. TEST is returned to a Logic 1 
for normal operation. Note: To maintain this mode, TEST 
must be held low whenever M R  is appl ied. 

For i nternal VCO operation, the TEST l i ne must be high 
during the MR pulse, then set to a Logic 0 for the ad­
justment procedure. 

A 50K Potent iometer tied to the RPW input (Pin 1 8) is  used 
to set the internal Read Data pu lse for proper phasing. With 
a scope on Pin 29 (TG43), adjust the RPW pulse for 1 /8 of 
the data rate (250 ns for 8" Double Density). An external 
variable capacitor of 5-60 pi is t ied to the VCO input (Pin 26) 
for adjust ing center frequency. With a frequency counter 
on Pin 16 (DIRC) adjust the trimmer cap to yield the ap­
propriate Data Rate (500 KHz for 8" Double Density). The 
DDEN l ine must be low whi le the 518 1 ine is  held h igh or the 
adjustment t imes above wi l l  be doubled. 

Alter adjustments have been made, the TEST pin is 
returned to a Logic 1 and the device is ready for operation. 
Adjustments may be made in-circuit  since the D IRC and 
TG43 l ines may toggle without affecting the drive. 

The PUM P  output (Pin 23) consists of positive and negative 
pulses, which their durat ion is  equ ivalent to the phase 
d i f ference of incoming Data vs. VCO frequency. This signal 
is i nternal ly connected to the VCO i nput, but a F i lter is 
needed to connect these pulses to a slow moving DC 
voltage. 

The i nternal phase-detector is unsymmetrical for a random 
d istribution of data pulses by a factor of two, i n  favor of a 
PUM P  UP condit ion. Therefore, it is desirable to have a 
PUM P  DOWN twice as responsive to prevent run-away 
during a lock attempt. 

A f i rst order lag-lead f i lter can be used at the PU MP output 
(Pin 23). This f i l ter controls the instantaneous response of 
the VCO to bit-shi fted data ij itter) as wel l  as the response to 
normal f requency sh ift, i .e . ,  the lock-up time. A balance 
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must be accompl ished between the two conditions to 
inhibit  over-responsiveness to j itter and to prevent an 
extremely wide lock-up response, lead ing to PUM P  run­
away. The f i lter affects these two react ions in mutual l y  
opposite d i rections. 

The fol lowing F i lter Ci rcuit  i s  recommended for 8" 
FM/MFM: 

PU M P  
( P I N  23) � . 1 ,.. f h 

1 KQP I N9 1 4  

Since 5 V4 • Drives operate a t  exact ly  one-half t h e  data rate 
(250 Kblsec) the above capacitor should be doubled to .2 or 
.2q.. f. 

TYPE I COMMANDS 

The Type I Commands include the Restore, Seek, Step, 
Step- in,  and Step-Out commands. Each of the Type I 
Commands contains a rate f ield (ro r1 ), which determines 
the stepping motor rate as defined in Table 3. 

A q..s (MFM) or 4 ,_.s (FM) pu lse i s  provided as an output to 
the drive. For every step pulse i ssued, the drive moves one 
track location i n  a d i rection determi ned by the d i rection 
output. The chip w i l l  step the d rive in the same d i rection it 
last stepped u nless the command changes the d i rection. 

The Direct ion signal is  act ive high when stepping i n  and 
low when stepping out. The D i rection signal is  val id before 
the f i rst stepping pulse is generated. 

The rates (shown i n  Table 3) can be appl ied to a Step­
Direction Motor through the device i nterface. 

TABLE 3. STEPP I N G  RATES 

CLK 2 MHz 1 M H z  
R1 RO TEST = 1 TEST = 1 

0 0 3 ms 6 ms 
0 1 6 ms 1 2 ms 

0 1 0 fns 20 ms 
1 1 5 ms 30 ms 

After the last d i rectional step an additional 1 5  m i l l iseconds 
of head settl ing time takes place if the Verify f lag is  set i n  
Type I commands. Note that t h i s  t i m e  doubles t o  30 ms for 
a 1 M Hz clock. There is also a 15 ms head sett l ing t ime i f  
the E flag is set i n  any  Type I I  or  I l l  command. 

When a Seek, Step or Restore command is executed an 
optional verif icat ion of Read-Write head position can be 
performed by setting bit  2 (V = 1) in the command word to 
a logic 1 .  The verif ication operat ion beg ins at the end of the 
1 5  mi l l i second sett l i ng t ime after the head is loaded against 
the media. The track number from the f i rst encou ntered I D  
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Field is compared against the contents of the Track 
Reg ister. If the track numbers compare and the 1 0  Field 
Cycl ic Redundancy Check (CRC) is correct, the verify 
operation is complete and an I NTRQ is generated with no 
errors. I f  there is  a match but not a val id CRC, the CRC error 
status bit is  set (Status bit 3), and the next encountered 1 0  
field is read from t h e  disk for the veri f icat ion operat ion. 

The WD279X must f ind an 10 f ield with correct track 
number and correct CRC with in 5 revolut ions of the media; 
otherwise the seek error is set and an I NTRQ is generated. 
If  V = 0, no verification is  pertom1ed. 

The Head Load (HLD) output controls the movement of the 
read/write head against the media HLD is  activated at the 
beginning of a Type I command i f  the h flag is  set (h = 1), at 
the end of the Type I command i f  the verify f lag (V = 1), or 
upon receipt of any Type II or I l l  command. Once H LD is 
active i t  remains active unt i l  either a Type I command is 
received with (h = 0 and V = 0); or i f  the 279X is in an id le 
state (non-busy) and 15 index pulses have occurred . 

Head Load t iming (HLT) is an input to the 279X which is 
used for the head engage time. When H LT = 1 ,  the 279X 
assumes the head is completely engaged. The head 
engage t ime is typically 30 to 100 ms depending on drive. 
The low to h igh transition on H LD is typical ly used to f i re a 
one shot. The output of the one shot is then used for H LT 
and suppl ied as an input to the 279X. 

I 
� - - - -;  

HEAD LOAD TIM I N G  

When both H LD and H LT are true, the 279X wi l l  then read 
from or write to the media The "and" of HLD and H LT ap­
pears as status Bit 5 in Type I status. 

In summary for the Type I commands: if h = 0 and V = 0, 
HLD is reset. If h = 1 and V = 0, H LD is set at the 
beginn ing of the command and H LT is not sampled nor is 
there an internal 1 5  ms delay. I f  h = 0 and V = 1 ,  H LD is set 
near the end of the command, an internal 15 ms occurs, 
and the 279X waits for H LT to be true. If h = 1 and V = 1 ,  
H LD i s  set at the beg inn ing o f  the command. N ear the end 
of the command, after al l  the steps have been issued, an 
internal 1 5  ms delay occurs and the 279X then waits for H LT 
tO OCCU( 

For Type I I and I l l  commands with E flag off, H LD is made 
active and H LT is  sampled unt i l  true. With E f lag on, HLD is 
made active, an internal 1 5  ms delay occurs and then H LT is 
sampled unt i l  true. 

RESTORE (SEEK TRACK 0) 
Upon receipt of this command the Track 00 (TROO) input is 
sampled.  I f  TROO is  active low i ndicat ing the Read-Write 
head is  posit ioned over track 0, the Track Register is loaded 
with zeroes and an interrupt is generated. If TROO is not 

1 1 9 

act ive low, stepping pulses at a rate speci f ied by the r1 ro 
field are issued unt i l  the TROO input is act ivated. At th is 
t ime the Track Register is loaded with zeroes and an in· 
terrupt is generated. I f  the TROO input does not go act ive 
low after 255 stepping pu lses, the 279X terminates 
operation, i nterrupts, and sets the Seek error status bit. A 
verification operation takes place if the V f lag is set. The h 
bit al lows the head to be loaded at the start of command. 
Note that the Restore command i s  executed when M R  
goes from an active to an inactive state. 

SEEK 

This command assumes that the Track Register contains 
the track number of the current  posit ion of the Read-Write 
head and the Data Register contains the desired track 
number. The WD279X wi l l  update the Track reg ister and 
issue stepping pulses in the appropriate d i rection unt i l  the 
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TYPE I COMMAND FLOW 
contents of the Track reg ister are equal to the contents of 
the Data Register (the desired track location). A veri f ication 
operation takes place i f  the V flag is  on. The h bit  al lows the 
head to be loaded at the start of the command. An interrupt 
is  generated at the completion of the command. Note: 
When using mult ip le drives, the track reg ister must be 
updated for the drive selected before seeks are issued. 

STEP 
Upon receipt of this command, the 279X issues one 
stepping pulse to the disk drive. The stepping motor 
d i rection is the same as in the previous step command. 
After a delay determined by the r1 ro field, a veri fication 
takes p lace i f  the V flag is on. I f  the T f lag is on, the Track 
Reg ister is updated. The h bi t  a l lows the head to be loaded 
at the start of the command. An in terru pt is generated at 
the completion of the command. 

STEP-I N  

Upon receipt  o f  th i s  command, the  279X issues one 
stepping pu lse in  the d i rect ion towards track 76. If the T 
flag is on, the Track Reg ister is incremented by one. After a 
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TYPE I COMMAND FLOW 
delay determined by the r1 ro f ield, a veri f ication takes place 
if the V flag is on. The h bit a l lows the head to be loaded at 
the start of the command. An i nterrupt is generated at the 
completion of the command. 

STEP�UT T 
Upon receipt of th is command, the 279X issues one 
stepping pulse in  the d i rect ion towards track 0. I f  the T flag 
is on, the Track Register is decremented by one. After a 
delay determined by the r1 ro f ie ld,  a verification takes place 
if the V f lag is on. The h bit al lows the head to be loaded at 
the start of the command. An i nterrupt is generated at the 
completion of the command. 

EXCEPTIONS 
On the 2795/7 devices, the SSO output is not affected 
during Type I commands, and an in ternal side compare 
does not take place when the (V) Veri fy Flag is on. 

TYPE I I  COMMANDS 

The Type II Commands are the Read Sector and Write 
Sector commands. Prior to load ing the Type II Command 
into the Command Register, the computer must load the 
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Sector Register with the des i red sector number� U pon 
receipt of the Type I I  command, the busy status Bit  is set. If 
the E  f lag = 1 (this is the non11al case) H LD is made active 
and H LT is sampled after a 15 msec delay. If the E flag · is 0, 
the head is loaded and H LT sampled with no 15 msec delay. 

When an I D  f ield is  located on the d isk, the 279X compares 
the Track N umber on the ID f ield with the Track Register. If 
there is not a match, the next encountered ID f ield is read 
and a comparison is  again made. If there was a match, the 
Sector Number of the I D  f ield is compared with the Sector 
Reg ister. If there is not a Sector match, the next en· 
countered ID field is  read off the d isk and comparisons 
agai n  made. If the ID field CRC is correct, the data field is 
then located and wi l l  be either written in to, or read from 

TYPE I I  COMMAND 

1 2 1  

TYPE I I  COMMAND 
depending upon the command. The 279X must find an ID 
field with a Track number, Sector number, side number, and 
CRC within 5 revolutions of the d isk; otherwise, the Record 
not found status bit  is set (Status bit 4) and the command is 
terminated with an i nterrupt. , 
Each of the Type II Commands contains  an (m) f lag which 
determ ines i f  mult ip le records (sectors) are to be read or 
written, depending upon the command. I f  m = 0, a s ingle 
sector is read or written and an in terrupt  is  generated at the 
completion of the command. I f  m = 1 ,  mu l tip le  records are 
read or written with the sector reg ister in ternal ly updated 
so that an address veri f ication can occur on the next 
record. The 279X w i l l  continue to read or wri te mu lt ip le 
records and update the sector register i n  numerical 
ascending sequence unt i l  the sector reg ister exceeds the 
number of sectors on the track or unt i l  the Force In terrupt 
command is loaded i nto the Command Register, which 
terminates the command and generates an in terrupt. 

For example: I f  the 279X is i nstructed to read sector 27 and 
there are only 26 on the track, the sector reg ister exceeds 
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TYPE I I  COMMAND 
the number avai lable. The 279X wi l l  search for 5 d isk 
revolutions, i nterrupt out, reset busy, and set the record not 
found status bit. 

The Type II commands for 2791 ·93 also contain side select 
compare f lags. When C = 0 (Bit 1) no side comparison is 
made. When C = 1, the LSB of the side number is read off 
the ID  Field of the d isk and compared with the contents of 
the (S) f lag (Bit 3). If the S f lag compares with the side 
number recorded i n  the I D  f ield, the 279X continues with 
the I D  search. I f  a comparison is not made within 5 index 
pulses, the interrupt l i ne is made active and the Record· 
Not-Found status bit is set. 

The Type I I  and I l l  commands for the 2795-97 contain a side 
select f lag (Bit  1 ) .  When U = 0, SSO is updated to 0. 
S imi larly, U = 1 updates SSO to 1. The chip compares the 
SSO to the I D  f ield. I f  they do not compare within 5 
revolut ions the i nterrupt l i ne is made active and the RNF 
status b i t  is  set. 

The 2795/7 READ SECTOR and WRITE SECTOR com-
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TYPE I I  COMMAN D 

mands include a ' L' flag. The ' L' flag, in conjunction with 
the sector length byte of the ID Fie ld,  al lows d ifferent byte 
lengths to be implemented in  each sector. For IBM com­
patibi l i ty, the ' L' flag should be set;o a one. 

READ SECTOR 

Upon receipt of the Read Sector command, the head is 
loaded, the Busy status bit set, and when an ID f ield is  
encountered that has the correct track number, correct 
sector number, correct side number, and correct CRC, the 
data field is presented to the computer. The Data Address 
Mark of the data field must be found with in 30 bytes i n  
single density and 43 bytes i n  double density of t h e  last I D  
field CRC byte; i f  not, t h e  I D  f ie ld search is  repeated. 

When the f i rst character or byte of the data f ield has been 
shi fted through the DSR, it  is transferred to the DR, and 
DRO is generated. When the next byte is accumu lated i n  
the DSR, it  is transferred t o  t h e  DR and another D R Q  i s  
generated. I f  t h e  Computer has not read the previous 
contents of the DR before a new character is transferred 
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that character is lost and the Lost Data Status bit is set. 

This sequence continues unt i l  the complete data f ield has 

been inputted to the computer. If there is a CRC error at the 
end of the data f ield, the CRC error status bit  is set, and the 
command is terminated (even i f  it is a mult ip le sector 

command). 

At the end of the Read operation, the type of Data Address 

Mark encountered in the data field is recorded in  the Status 

Reg ister (Bit 5) as shown: 

STATUS 
BIT 5 

1 Deleted Data Mark 
0 Data Mark 

WRITE SECTOR 

Upon receipt of the Write Sector command, the head is 
loaded (H LD active) and the Busy status bit is set. When an 

10  f ie ld is  encountered that has the correct track number, 
correct sector number, correct side number, and correct 
CRC, a ORO is generated. The 279X counts off 1 1  bytes in  
s ingle density and 22  bytes i n  double density from the  CRC 
field and the Write Gate (WG) output is made active i f  the 
ORO is serviced (i.e., the DR has been loaded by the 
computer'). I f  ORO has not been serviced, the command is 
terminated and the Lost Data status bit  is set. I f  the ORO 
has been serviced, the WG is made active and six bytes of 
zeroes in s ingle density and 12 bytes in double density are 
then written on the d isk. At this t ime the Data Address 
Mark is then written on the d isk as determined by the ao 
field of the command as shown below: 

ao Data Address Mark (Bit  0) 

1 Deleted Data Mark 
0 Data Mark 

The 279X then writes the data f ield and generates ORO's to 
the computer. I f  the ORO is not serviced in  t ime for con­
tinuous writ ing the Lost Data Status Bit is set and a byte of 
zeroes is written on the disk. The command is not ter­
minated. After the last data byte has been written on the 
disk, the two-byte CRC is computed i nternal ly and written 
on the d isk fol lowed by one bye of FE in FM or in  M FM. The 
WG output is  then deactivated. For a 2 M Hz clock the 
INTRO wi l l  set 8 to 12 ,..sec after the last CRC byte is 
written. For partial sector writ ing, the proper method is to 
write the data and f i l l  the balance with zeroes. By lett ing the 
chip fi l l  the zeroes, errors may be masked by the lost data 
status and improper CRC Bytes. 

TYPES I l l  COMMANDS 

READ ADDRESS 

Upon receipt of the Read Address command, the head is 
loaded and the Busy Status B i t  is set. The next en­
countered ID f ie ld is then read in f rom the d isk, and the six 
data bytes of the ID f ield are assembled and transferred to 
the DR, and a ORO is generated for each byte. The six bytes 
of the ID f ield are shown below: 

TRACK SIDE SECTOR SECTOR CRC CRC 
ADDR NUM BER ADDRESS LENGTH 1 2 

1 2 3 4 5 6 

Although the CRC characters are transferred to the 
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TYPE I l l  COMMAND WRITE TRACK 
computer, the 279X checks for val idity and the CRC error 
status bit is set if there is  a CRC error. The Track Address of 
the ID field is written into the sector register so that a 
comparison can be made by the host. At the end of the 
operat ion an interrupt is generated and the Busy Status is 
reset. 

READ TRACK 

Upon receipt of the READ track command, the head is 
loaded, and the Busy Status bit is set. Read ing starts with 
the leading edge of the f i rst encountered index pulse and 
cont i nues unt i l  the next index pu lse. A l l  Gap, Header, and 
data bytes are assembled and transferred to the data 
reg ister and ORO's are generated for each byte. The ac-
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cumu lation of bytes is synchron ized to each address mark 
encountered. An interrupt is generated at the completion of 
the command. 

This command has several characteristics which make it 
su itable for d iagnostic purposes. They are: no CRC 
checking is performed; gap in formation is inc luded i n  the 
data stream; the i nternal side compare is  not performed; 
and the address mark detector is on for the duration of the 
command. Because the A.M. detector is always on, write 
spl ices or noise may cause the ch ip  to look for an A.M. I f  an 
address mark does not appear on schedu le  with the Lost 
Data status f lag being set. 

The ID A.M., ID f ield, ID CRC bytes, DAM ,  Data and Data 
CRC Bytes for each sector w i l l  be correct. The Gap Bytes 
may be read incorrectly dur ing write-spl ice t ime because of 
synchron ization. 

WRITE TRACK FORMATTI NG THE DISK 

(Refer to section on Type I l l  commands for flow diagrams.) 

Formatting the d isk is a relatively s imple task when operat­
ing programmed 1/0 or when operating under DMA with a 
large amount of memory. Data and gap information must be 
provided at the computer interface. Formatt ing the disk is 
accompl ished by posit ioning the RIW head over the de­
sired track number and issuing the Write Track command. 

Upon receipt of the Write Track command, the head is 
loaded and the Busy Status bit  is set. Wri t ing starts with 
the leading edge of the f i rst encountered i ndex pu lse and 
cont inues unt i l  the next i ndex pu lse, at which t ime the 
interrupt is activated. The Data Request is activated im· 
mediately upon receiving the command, but wri t ing w i l l  not 
start unt i l  after the f i rst byte has been loaded i nto the Data 
Register. I f  the DR has not been loaded by the time the 
index pu lse is encountered the operat ion is  terminated 
making the device Not Busy, the Lost Data Status Bit is  set, 
and the interrupt is activated. If a byte is  not present in the 
DR when needed, a byte of zeroes is substituted. 

This sequence cont inues from one index mark to the next 
i ndex mark. Normal ly, whatever data pattern appears in the 
data register is written on the d isk wi th  a normal clock 
pattern. However, i f  the 279X detects a data pattern of F5 
thru FE in  the data reg ister, th is is interp reted as data ad· 
dress marks with missing clocks or CRC generation. 

TYPE Il l  COMMAND WRITE TRACK 
The CRC generator is i n it ial ized whell any data byte from 
F8 to FE is about to be transferred from the DR to the DSR 

CONTROL BYTES FOR I N ITIALIZATION 

DATA PATTERN WD279X I NTERPRETATION WD279X I NTERPRETATION 
I N  DR (HEX) IN FM (DDEN = 1 )  I N  M FM (DDEN = 0) 

OO thru F4 Wri te 00 thru F4 with CLK = FF Wri te 00 thru F4, in M F M  
F5 Not A l lowed Write A 1 •  i n  M FM,  Preset CRC 
F6 Not Al lowed Write c2· • in M FM 
F7 Generate 2 CRC bytes Generate 2 CRC bytes 
F8 thru FB Write F8 thru FB, Clk = C7, Preset CRC Write F8 thru FB, in M FM 
FC Write FC with Clk = D7 Write FC in M FM 
FD Write FD with Clk = FF Write FD in  M FM 
FE Write FE, Clk = C7, Preset CRC Write FE in M FM 
FF Write FF wi th  Clk = FF Write FF in  MFM 

• M issing clock transition between bits 4 and 5 • • M issing clock transit ion between bits 3 and 4 
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or by receipt of F5 in MFM.  An F7 pattern wi l l  generate two 
CRC characters in FM or MFM. As a consequence, the 
patterns F5 thru FE must not appear in the gaps, data 
fields, or ID fields. A lso, CRC's must be generated by an F7 
pattern. 

Disks may be fonmatted in IBM 3740 or System 34 formats 
with sector lengths of 1 28, 256, 512, or 1024 bytes. 

TYPE IV COMMANDS 

The Forced Interrupt command is general ly used to ter­
m inate a mul tip le sector read or write command or to in­
sure Type I status i n  the status reg iste[ This command can 
be loaded into the command reg ister at any t ime. I f  there is 
a current command under execution (busy status bit set) 
the command w i l l  be terminated and the busy status bit 

reset. 

The lower four bits of the command determine the condi­
tional interrupt as fol lows: 

to = Not-Ready to Ready Transit ion 
l 1 = Ready to Not-Ready Transition 
12 = Every I ndex Pulse 
l3 = Immediate Interrupt 

The conditional interrupt is enabled when the correspond­
ing bit posi tions of the command ( 13 - to) are set to a 1 .  
Then, when the condit ion for interrupt is  met, the I NTRQ 
line will go high s igni fy ing that the condit ion speci f ied has 
occurred. If l3 - to are all set to zero ( H EX  DO), no in terrupt 
wi l l  occur but any command presently u nder execution w i l l  
be  immediately terminated. When us ing  the  immediate 

READ TRACK SEQUENCE 

SET INTRO 
RESET BUSV 

TYPE I l l  COMMAND 
Read Track/Address 
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interrupt condit ion l3 = 1 ) ,  an interrupt w i l l  be immed iately 
generated and the current command termi nated. Reading 
the status or wr it ing to the command reg ister wi l l  not auto­
matical ly c lear the interrupt. The H EX DO is the only com­
mand that w i l l  enable the immediate i nterrupt (HEX 08) to 
clear on a subsequent load command reg ister or read sta­
tus reg ister operat ion. Fol low a H EX 08 with DO command. 

Wai t  8 micro sec (double density) or 16 micro sec (si ngle 
density) before issuing a new command after issu ing a 
forced interrupt (t imes double when c lock = 1 M HZ). 
Loading a new command sooner than this w i l l  nu l l i fy the 
forced in terrupt. 

Forced interrupt stops any command at the end of an in­
ternal micro-instruction and generates I NTRO when the 
speci fied condit ion is met. Forced i nterrupt wi l l  wait unt i l  
ALU operations i n  progress are complete (CRC 
calcu lations, compares, etc.) 

More than one condit ion may be set at a t ime. If for 
example, the R EADY TO N OT-READY cond it ion ( 1 1 = 1 )  
and the  Every I ndex Pulse ( 12 = 1 )  are both set, the 
resu ltant command wou ld be HEX "DA." The "OR" func­
tion is performed so that either a REA DY TO NOT-READY 
or the next I ndex Pulse wil l  cause an i nterrupt condition. 

READ ADDRESS 
SEQUENCE 

TYPE Ill COMMAND 
Read Track/Address 
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STATUS REGISTER 

Upon receipt of any command, except the Force In terrupt 
command, the Busy Status bit  is  set and the rest of the 
status bits are updated or cleared for the new command. If 
the Force I nterrupt Command is received when there is a 
current command u nder execution, the Busy status bit  i s  
reset, and the  rest of the  status b i ts  are unchanged. I f  the 
Force Interrupt command is received when there is not a 
current command under execution, the Busy Status bit  is  
reset and the rest of the status b i ts are updated or cleared. 
In this case, Status ref lects the Type I commands. 

The user has the option of read ing the status register 
through program control or  using the ORO l i ne with DMA or 
interrupt methods. When the Data reg ister is read the ORO 
bit i n  the status reg ister and the ORO l i ne are automatical ly 
reset. A write to the Data reg ister a lso causes both ORO's 
to reset. 

The busy bit in the status may be monitored with a user 
program to determine when a command is complete, i n  l ieu 
of using the I NTRO l ine. When using the I NTRO, a busy 
status check is  not recommended because a read of the 
status reg ister to determ ine the condit ion of busy w i l l  reset 
the INTRO l ine. 

The format of the Status Reg ister is  shown below: 

(BITS) 

7 J 6 I s J 4 J a I 2 I 1 I 0 

S7 I S6 I SS I S4 I S3 I 52 I 51 I so 

Status varies according to the type of command executed 
as shown in Table 4. 

Because of internal sync cycles, certain t ime delays must 
be observed when operating u nder programmed 1 /0. They 
are: (times double when clock = 1 M H Z)  

Next Operat ion 
Delay

,
Req'd. 

Operation FM I MFM 

Write to Read Busy Bi t  1 2j.ls I &.ts I 
Command Reg. (Status Bit  0) I 

Write to Read Status 2&<s I 1 4,As I 
Command Reg. Bits 1 -7 I 
Write Any Read From Dill. 0 I 0 I 
Register Reg ister I 

IBM 3740 FORMAT - 1 28 BYTES/SECTOR 

Shown below is the IBM sing le-density format with 1 28 
bytes/sector. In order to format a diskette, the user must 
issue the Write Track command, and load the data reg ister 
with the fol lowing values. For every byte to be written, there 
is one Data Request. 

. . .  
<,·. 

:�: 

.; . 

NUMBER 
OF BYTES 

40 
6 
1 

26 
6 

1 1  
6 
1 

1 28 
1 

27 
2472 

1 .  Write brackE 
2. Continue WI 

Approx. 247 
3. A '00' optior 

IBM SYSTEM � 
256 BYTES/SEC 

Shown below 
bytes/sector. I r 
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NUMBER 

OF BYTES 

40 
6 
1 

� 
6 
1 
1 
1 
1 
1 
1 

1 1  
6 
1 

1 28 
1 

JI_ 
2472 

FF (or 00)3 

00 

H EX VALUE OF 

BYTE WRITTEN 

FC (I ndex Mark) 
FF (or OO) 
00 
FE (ID Address Mark) 
Track Number 
Side Number (00 or 01 )  
Sector N umber (1 thru 1 A) 
00 (Sector Length) 
F7 (2 CRC's written) 
F F (or OO) 
00 
FB (Data Address Mark) 
Data (IBM uses E5) 
F7 (2 CRC's written) 
FF (or OO) 
FF (or OO) 

1 .  Write bracketed field 26 times 
2. Continue writing unti 1 279X interrupts out. 

Approx. 247 bytes. 
3. A '00' option is allowed . 

IBM SYSTEM 34 FORMAT· 
256 BYTES/SECTOR 
Shown below is the IBM d ual-density format with 256 
bytes/sector. I n order for format a d iskette the user must 

... ..... o-• •o.o .. a .. o :u.•• • .. 
&00( - C ( tlf (l ll • '-"!1 11•'• � ·" ::.�::.::��.:.;.::��··""" ... ... , , .. 

......_� ... • .• r •  ...... ._ .. ,,., 
�" ..... . .. . .  , ) ... <' .  

issue the Write Track command and load the data reg ister 
with the fol lowing values. For every byte to be written, there 
is one data request 

NUM BER 
OF BYTES 

80 
12  
3 
1 

· so  
r-f2 

3 

1 
1 
1 

22 
1 2  

3 
1 

256 
1 

54 �·· 

4E 
00 

H EX VALUE OF 
BYTE WRITTEN 

F6 (Writes C2) 
FC (I ndex Mark) 
4E 
00 
F5 (Writes A1 )  
FE (I D Address Mark) 
Track Number (0 thru 4C) 
Side Number (0 or 1 )  
Sector N umber (1 thru 1 A) 
01 (Sector Length) 
F7 (2 CRCs written) 
4E 
00 
F5 (Writes A 1 )  
FB (Data Address Mark) 
DATA 
F7 (2 CRCs written) 
4E 
4E 

• Write bracketed field 26 t imes 
• • Continue writing unti i 279X i n terrupts out 

Approx. 598 bytes. 

...... . ""'" "" ' '"' ''"'•'• 
"' ..... .... , .. , . .... . .. , 

I B M  TRACK FORMAT 
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1. NON-IBM FO RMATS 

Variations in the IBM formats are possib le to a l imited ex­
tent i f  the fol lowing requ i rements are met: 

1 )  Sector s ize must be 1 28, 256, 512 of 1024 bytes. 

2) Gap 2 cannot be varied from the IBM format. 

3) 3 bytes of A 1 must be used in M FM. 

In  add it ion, the I ndex Address Mark is not requ i red for 
operation by the 279X. Gap 1, 3, and 4 lengths can be as 
short as 2 bytes for 279X operation, however PLL lock up 
t ime, motor speed variation, write spl ice area, etc. w i l l  add 
more bytes to each gap to achieve proper operation. It  is 
recommended that the IBM format be used for h ighest 
system rel iab i l ity. 

ELECTRICAL CHARACTERISTICS 

Absolute Maximum Ratings 

Voltage to any input with 
respect to Vss = + 7 to - 0.5V 

Operating temperatu re = o•c to 70' C  
Storage temperature = - 55' C  t o  + 1 25'C 

OPERATING CHARACTERISTICS (DC) 

T A = o · c  to 1o• c, Vss = ov, vee = + 5V :t .25V 

SYMBOL CHARACTERISTIC 

I l L I nput Leakage 

IOL Output Leakage 
V I H Input H igh Voltage 
VI L  Input Low Voltage 
VoH Output H igh  Voltage 
VoL Output Low Voltage 
VoH P  Output H igh PUM P  
VOLP Output Low PUM P  
Po Power Dissipation 

Rpu I nternal Pul l -up• 
Icc Supply Current 

MIN. 

2.0 

2.4 

2.2 

1 00  

FM M FM 

Gap I 16 bytes FF 32 bytes 4E 

Gap I I  11 bytes FF 22 bytes 4E 
. 6 bytes 00 1 2  bytes 00 
. 3 bytes A1 

Gap I l l  . .  1 0 bytes FF 24 bytes 4E 
4 bytes 00 8 bytes OO 

3 bytes A1  

Gap IV 1 6 bytes FF 1 6  bytes 4E 

• Byte counts must  be exact. 
• •  Byte counts are min imum,  except exactly 3 bytes of A1 

must be wri tten. 

NOTE: Maximum l im its ind icate where permanent device 
damage occurs. Cont inuous operat ion at these l im its is  not 
intended and should be l imited to those condit ions 
specified in  the DC Electrical characteristics. 

TYP. MAX. U NITS CON DITIONS 

10 ,..A V I N = Vee 
1 0  ,_.A vour = vee 

v 
0.8 v 

v 1o = - 100,..A 
0.45 v lo = 1 .6 mA 

v lop =  - 1 .0 mA 
0.2 v lop =  + 1 .0 mA 
.75 w A l l  Outputs Open 

1 700 ,_.A VI N = OV 
70 1 50  rnA A l l  Outputs Open 

• Internal Pul l -up resistors on PINS 1 ,  1 7, 1 9, 22, 36, 37 and 40. Also pin 25 on 2791 and 3. 

' 

1 28 

. ,  
TIMING CHARACTER 

T A = O'C to 70' C, Vs: 
READ ENABLE TI M I N  

SYMBOL 

TsET Setu 
TH LD Hole 
TRE RE F 
ToRR ORC 
TIRR INTF 
ToACC Date: 
TooH Date: 

WRITE ENABLE TIMI 

SYMBOL 

TsET Sell 
TH LO Hole 
TwE WE 
ToRR DRC 
TIRR I NTI 
Tos Oat< 
ToH Oat< 

1-= 
n•o r ' ' 

•o • • cs �  AT-± 
- 'sn 

·6'i'i""7 ----

RE 
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ytes 4E 

ytes 4E 

ytes OO 
·tes A1 

(tes 4 
'les OO 
·tes A1 

(tes 4E 

lyles of A1 

ent device 
mils is not 
conditions 

�s 

c 
:;c 

ilA 
1A 
rnA 
rnA 
I pen 

I pen 
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TI MING CHARACTERISTICS 

TA = o·c to 7o·c. Vss = ov. vee = + sv ± .2sv 

READ ENABLE TIMING 

SYM BOL CHARACTERISTIC 

TSET Setup  ADDR & CS to RE 
TH LD Hold ADDR & CS from RE 
TRE RE Pulse Width 
ToRR DRQ Reset from RE 
TIRR I NTRQ Reset from RE 
ToACC Data Val id from RE 
TooH Data Hold From RE 

WRITE ENABLE TI MING 

SYMBOL 

TsET 
THLD 
TwE 
ToRR 
TIRR 
TDs 
TDH 

CHARACTERISTIC 

Setup ADDR & CS to WE 
Hold ADDR & CS from WE 
WE Pulse Width 
DRQ Reset from WE 
I NTRQ Reset from WE 
Data Setup to WE 
Data Hold from WE 

o fS """'"'  8( Pf�loiA "' f "' l �  • T o[ Q l OIIII o r  O E S o q £ 0  

· r ouE DOuBl E S """£ "' C t O C •  

t S[ <WI( [ oWOR S T  CAS[ ' 
· o,o } I !I ,. S  
··.�f � 1 3 .,  .. � 

ORO RI'51111G EDGE INOICA T [ S  T H A T  TH[ O•TA R[GoST [ R  HAS •SS[Iol6t[0 

QAQ FAtli"'G E DGE tNOtCATES Ti-!AT THE QATA REGISTER WAS R[AO 

o N T RO RISING E DG E  OCCURS AT E P>I O  Of CQioii,IANO 

ltHRO F ALL I"'G EDGE or.;OoC .o. l £ 5  T>iAT T><E ST ... TUS REGISTER W"S READ 

READ ENABLE TIMING 

M I N .  

50 
10 

200 

20 

MIN. 

50 
10  

200 

1 50  
50 
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TYP. 

100 
500 
1 00  

TYP. 

1 00  
500 

MAX. U NITS CONDITIONS 

nsec 
nsec 
nsec CL = 50 pf 

200 nsec 
3000 nsec See Note 

200 nsec CL = 50 pf 
1 50  nsec CL = 50 pf 

MAX. U NITS CONDITIONS 

nsec 
nsec 
nsec 

200 nsec 
3000 nsec See Note 

nsec 
nsec 

"' 0" " "'---� 

NOTE 1 C S �,MY BE P€RMANENTl Y Tt[O tOW tF OESIREO 
2 w ... E ... wRITING DA T A  11'.110 SECTOR TRACK ()A QATA 
R[GtSTER USER CANNOT READ TI·IIS R[GoS TER UNTIL 

" ' LE AST • .. SEC IN MFU A!CTER THE I=US� EDGE Of WE 

• SERVICE ,WQRST C ASE 1 
• f y  }J � ... s 

oNH["' WRITING INTO THE CQt.UJIANO REGoST[R STATUS 
tS NOT VAUO UNTIL SOUE <'6 ., SEC IN F M  • •  .. SEC IN IJIFIJI 
t -. T E R  THESE TIIJIES ARE DOUBLED WHEf,j CU< I MHZ . .... � ..... ' '  � .. s " T IIJIE DOUBLES WHEN CLOCK t iJIH1 

ORO RISING EDGE lNO!C-.TES THAT THE DATA REGISTER IS EMPT'I' 

ORO fALli'<G E DG E  INOICAT£5 TH-.T THE DATA REGISTER IS LOADED 

INT RO lhSING EDGE INDICATE h < E  END OF A CO�t,�MANO 

lt.�TAO FALLING E DG E  INDICATES THAT THE COMMAND R(GtSTER 

IS WR1nE"' TO 

WRITE ENABLE TIMING 

:E 
c (\) ........ <0 
X 
6 (\) 
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I N PUT DATA TIMING 

:e SYMBOL C H ARACTERISTIC M I N .  TYP. MAX. U N ITS CON DITIONS 

TPW Raw Read Pulse Width 1 00  200 nsec 
TBc Raw Read Cycle Time 1 500 2000 nsec 

0 N ...... CD 
X 
O WRITE DATA TIMING:  (All TIMES DOUBLE WHEN CLK = 1 M Hz) (NO WRITE P R ECOMPENSATION) 

N 
SYM BOL CHARACTERISTIC M IN .  TYP. MAX. U N ITS CON DITIONS 

Twp Write Data Pulse Width 400 500 600 nsec FM 
200 250 300 nsec MFM 

TwG Write Gate to Write Data 2 "sec FM 
1 "sec MFM 

TwF Write Gate off  from WD 2 "sec FM 
1 "sec MFM 

M ISCELLA N EOUS TI MING:  

SYM BOL CHARACTERISTIC M I N. TYP. MAX. U N ITS CON DITIONS 

Tco 1 Clock Duty (low) 230 250 20000 nsec 
Tco2 Clock Duty (h igh) 230 250 2()(){)() nsec 

TsTP Step Pulse Output 2 or 4  "sec See Note 

TDI R Di r  Setup to Step 1 2  "sec ± CLK ERROR 
TM R  Master Reset Pu lse Width 50 "sec 

TiP I ndex Pulse Width 1 0  "sec See Note 
RPW Read Window Pulse Width l nput Q.5V 

1 20 700 nsec MFM 
240 1 400 nsec FM ± 15% 

Precomp Adjust. 100 300 nsec MFM 
WPW Write Data Pulse Width Precomp = 1 00  nsec 

200 300 400 nsec M FM 
WPW Write Data Pu lse Width Precomp = 300 nsec 

600 900 1 200 nsec MFM 

vco Free Run Voltage Contro l led 6.0 MHz Cext = 0 
Osci l lator. Adjustable by ext. 4.0 M Hz Cext = 35 pf 
capacitor on Pin 26 
Pump U p + 25% 5.0 M Hz PU = 2.2V 

vco 
. Cext = 35 pf 

Pump Down - 25% 3.0 MHz PD = 0.2V 
Cext = 35 pf 

vco 5% Change Vee 3.8 4.2 M H z  Cext = 35 pf 
TA = 75•c 3.5 MHZ  Cext = 35 pf 

Cext Adjustable external capacitor 20 45 1 00  pf VCO = 4.0MHz 
nom 

RCLK Derived read clock VCO = 4.0MHz 
= vco ... 8, 1 6, 32 ' 

500 KHz DDEN = 0 
518 = 1 

250 KHz DDEN = 0 
5/8 = 0 

250 KHz DDEN = 1 
5!8 = 1 

1 25 KHz DDEN = 1 
5!8 = 0 

PU/DON PU/PD t ime on 250 ns MFM 
(pulse width) 500 ns FM 
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• FROM STEP 

AI 

BIT co 
S7 NOT 
S6 WAll 

PRO. 
S5 H EAl 
S4 SEH 
S3 CRC 
S2 TRA< 
S1 IN DE 
so BUS' 

STATUS FOR . 

BIT NAME 

S7 NOT RE1 

S6 PROTEC 

S5 H EAD lC 

S4 SEEK EF 

S3 CRC ERI 

S2 TRACK C 

S1 1 N D EX 

SO BUSY 



)JTIONS 

=M 
IFM 
=M 
IFM 
=M 
IFM 

IITIONS 

' Note 
: ERROR 

· Note 
1t O-SV 
lFM 
t 15% 
FM 
= 100 nsec 
FM 
= 300 nsec 
FM 
:t = 0 
= 35 pf 

= 22V 
= 35 pf 
= 0.2V 
= 35 pf 

: 35 p� - 35 p , 
4.0MHz 

>m 
4.0MHz 

ii = O  
= 1  
ii = O  
= 0  
ii = 1 
= 1 
� = 1 
= 0  
=M 
M 

. :·:� 

;:- . 

NOTES: 

1. Times double when clock = 1 M Hz. 

f-- ' · • - - _, 2. Output t iming read ings are at VoL = O.Bv and VoH = 
2.0v. 

1--- ·� · - - -l -1 f-- Twp 
WD ___fL_ - - - __r-t__ 

J�- ' • •  - -j  -..: :.-TwG -..! J.-TwF 
WG __r-- - - - - � 

��'-----
READ DATA 

WRITE DATA TIMING 

1 ,.  Tsc----1� 

M ISCELLA N EOUS TI M I N G  

• F R O M  STEP RATE TABLE 

READ DATA TIMING 

Table 4. STATUS REG ISTER SUMMARY 

ALL TYPE I R EAD R EAD READ WRITE WRITE 

BIT COM MAN DS ADDRESS SECTOR TRACK SECTOR TRACK 

57 N OT READY NOT R EADY NOT READY NOT READY NOT READY N OT READY 
S6 WRITE 0 0 0 WRITE WRITE 

PROTECT PROTECT PROTECT 
S5 H EAD LOADED 0 RECORD TYPE 0 0 0 
54 SEEK ERROR R N F  R N F  0 R N F  0 
S3 CRC ERROR CRC ERROR CRC ERROR 0 CRC ERROR 0 
52 TRACK O LOST DATA LOST DATA LOST DATA LOST DATA LOST DATA 
51 I N DEX PULSE DRQ DRQ DRQ DRQ DRQ 
so BUSY BUSY BUSY BUSY BUSY BUSY 

STATUS FOR TYPE I COMMANDS 

BIT NAME M EAN I N G  

57 N OT READY This bit when set indicates the drive is not ready. When reset i t  indicates that the d rive is  ready. 
This bit is an inverted copy of the Ready input and logically 'ored ' witl'l MR.  

S6 PROTECTED When set, indicates Write Protect is activated. This bit is  an inverted copy of WRPT input. 

55 H EAD LOADED When set, i t  indicates the head is loaded and engaged. This bit i s  a logical "and" of H LD and H LT 
signals. 

54 SEEK ERROR When set, the des ired track was not veri fied. This bit is reset to 0 when u pdated. 

S3 CRC ERROR CRC encountered in  I D  f ield. 

S2 TRACK OO When set, ind icates Read/Write head is positioned to Track 0. This bit  is an inverted copy of the 
TROO input .  

51 I N DEX When set, ind icates index mark detected from drive. This bit is an inverted copy of the I P  input. 

SO BUSY When set command is i n  progress. When reset no command is i n  progress. 

1 3 1  
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STATUS FOR TYPE II AND I l l  COMMANDS 

BIT NAME M EA N I N G  

S7 NOT READY This bit when set indicates the drive is not ready. When reset, it ind icates that the drive is ready. 
Th is bit is an inverted copy of the Ready input and 'ored' with MR.  The Type II and I l l  Commands 
wi l l  not execute unless the drive is ready. 

S6 WRITE PROTECT On Read Record: Not Used. On Read Track: Not Used. On any Wri te: I t  i nd icates a Write Protect. 
Th is bit is reset when updated. 

S5 RECORD TYPE On Read Record: It  ind icates the record-type code from data f ield address mark. 1 = Deleted 
Data Mark. 0 = Data Mark. On any Write: Forced to a Zero. 

S4 RECORD NOT When set, it indicates that the desi red track, sector, or side were not found. This bit is reset when 
FOUN D  (RN F) updated. 

S3 CRC ERROR I f  S4 is set, an error is found in one or more I D  fields; otherwise it ind icates error in  data f ie ld.  This 
bit is reset when updated. 

S2 LOST DATA • When set, i t  indicates the computer did not respond to DRQ i n  one byte t ime. This bit is  reset to 
zero when updated. 

S1 DATA REQUEST This bit  is a copy of the DRQ output. When set, it ind icates the DR is fu l l  on a Read Operation or 
the DR is empty on a Write operat ion. This bit is reset to zero when updated. 

SO BUSY When set, command is  under execution. When reset, no command is under execution. 

SUMMARY OF ADJUSTMENT PROCEDU RE 

WRITE PRECOMPENSATION 

1 )  Set TEST ( P i n  22) t o  a logic high. 
2) Strobe M R  (Pin 1 9). 
3) Set TEST (Pin 22) to a logic low. 
4) Observe pulse width on WD (Pin 3 1 ). 
5) Adjust WPW (Pin 33) for des i red pu lse width (Precomp Value). 
6) Sei 'FEST (Pin 22) to a logic high.  

DATA SEPARATOR 

1 )  Set TEST ( P i n  22) t o  a log ic h igh.  
2) Strobe M R  (Pin 1 9). Insure that 5ia, and DDEN are set properly. 
3) Set TEST (Pin 22) to a log ic low. 
4 Observe Pulse Width on TG43 (Pin 29). 
5) Adjust RPW (Pin 1 8) for 1 /8 of the read c lock (250ns for B"  DD, SOOns for 5'A " DD, etc.). 
6) Observe Frequency on DI RC (Pin 16). 

7) Adjust variable capacitor on VCO p in  for Data Rate (SOO KHz for B" DD, 250 KHz for 514 " DD, etc.). 
8) Set TEST (Pin 22) to a log ic h igh.  

NOTE: To maintain internal VCO operat ion, insure that TEST = 1 whenever a master reset pu lse is  appl ied .  

f 
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WES TERN DIGI TA L  
C 0 R P 0 R A T I 0 N 

WD279X-02 Floppy Disk Formatter/Control ler 
Family Appl ication N otes 

INTRODUCTION 

I n  an effort to s i m p l i fy F loppy D iskette i nterfacing,  
Western D i g i tal has been constantly i mproving the 
LSI Control ler/Formatter, the most recent of which is  
the W D279X Fam i l y  of LSI control ler  devices, i ncor­
porating advanced technology to i nc l ude control ler,  
Write Precom pensat ion and Analog Phase Lock Loop 
in a s ing le  40 p i n  dual- i n- l i ne package. With th is  
package we can now offer the designer  the s i mplest 
ever i nterfacing option. 

The fam i l y  consists of fou r members, WD279 1 ,  
WD2793, W D2795 and WD2797. WD2791 and WD2793 
offer i n ternal clock divide in true and i nverted data 
bus. The WD2795 and WD2797 offer i n ternal side se­
lect. The fami ly supports both 5 1/4 " and 8"  D iskette 
Drives and both s ing le and double density. 

HOST INTERFACING 

The LSI  Diskette Control ler  has been developed to 
ease the i n terfacing of Processor to Disk Device. The 
H ost interfacing with WD279X Fami l y  i s  accom­
pl ished with m i n i m u m  external devices via an 8 bit Bi·  
d i rectional bus, read/write controls,  reg ister select 
l i nes and optional control  l i ne for c h i p  select, 5 1/4 " or 
8" select, enable m i n i  f loppy, double density enable. 
The basic operation at the control ler i s  accom p l ished 
by select ing the device via (CS) c h i p  select l i ne, en­
abl ing selection of one of the f ive internal reg i sters 
(Figure 1 ). 

A1 • AO READ (RE) WRITE (WE) 

0 0 Status Reg ister Command Register 

0 1 Track Register Track Register 

1 0 Sector Register Sector Regi ster 

1 1 Data Register Data Reg ister 

Figure 1 .  

Each t ime a command i s  issued to the WD279X, the 
busy bit  is  set and I NTRQ ( Interrupt Req uest) l i ne is  
reset. The user  has the opt ion of test ing for  the busy 
bit  or pol l i ng I NTRQ to determ i ne i f command has 
been completed. 

The busy bit w i l l  be reset whenever the WD279X is 
idle and awai t ing  a new command. The I NTRQ l i ne 
once set, can only be reset by read i n g  of the status 
register or issu ing a new command. 

The Ao, A1 Lines used for reg i ster selections can be 
conf igured at the CPU in a variety of ways. These 
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l i nes may actual ly t ie to CPU add ressed l i ke RAM. 
They may also be used u nder Program Control  by ty­
ing to a port device such as the 8255, 6250, etc. As a 
d iagnostic tool when checki n g  out  the CPU i nterface, 
the Track and Sector reg isters should respond l i ke 
" RAM" when the WD279X is id le  (Busy = I NTRQ = 0). 

Because of internal synchronization cycles, certai n 
t ime delays must be i ntroduced when operating un­
der Programmed 1/0. The worst case delays are: 

N EXT DELAY REO'D. 
OPERATION OPERATIO N  FM ; MFM 

Write t o  Read B u s y  B i t  1 4ts : 6�JS 
Command Reg. (Status B i t  0) 

I I 
Write to Read Statu s  281JS : 1 41JS 
Com mand Reg. Bits 1 -7 I 
Write Any Read From Diff. 0 

I 
0 I 

Reg ister Register I 

Other CPU i nterface l i nes are CLK, M R  and DDEN.  
The CLK l i ne should be 2 M Hz (8" d rive) or 1 M Hz 
(5 1/4 " drive) with 50% d uty cycle. Accuracy should be 
+ 1 %  (crystal source) since all i n ternal t i m i ng, in­

cluding stepping rates, are based u pon t h i s  clock, or 
a si ngle 2 M Hz CLK on WD2791 and WD2793 s i nce 
E N M F  l i ne w i l l  i nternal ly divide CLK. 

The MR or Master Reset Line should be strobed a 
min imum of 50 m icroseconds u pon each power-on 
condit ion. This l i ne clears and i n i tal izes all i n ternal 
reg isters and issues a restore command (Hex '03') on 
the rising edge. A q u icker stepping rate can be writ­
ten to the command register after a M R, i n  which 
case the remain ing steps wi l l  occu r  at the faster pro­
g rammed rate. The WD1 79X w i l l  issue a max i m u m  of 
255 stepping pu lses in an attell)pt to expect the TROO 
l i ne to go active low. This l i ne should be connected 
to the drive's TROO sensor. 

The DDEN l i ne causes selection of either s ing le  
density (DDEN = 1 )  or double density operation. 
DDEN should not be switched during a read or write 
operation. 

The 5/8 Line selects interal VCO freq uency to be 
used with 5 1/4 " or B "  d rives. 

FLOPPY DISK I NTERFACE 

The Floppy Disk I nterface can be d ivided into three 
sections: Motor Contro l ,  Wri te S i g nals and Read Sig­
nals. A l l  of these l i nes are capable of d riv ing one TTL 
load and nof com patib le for d i rect connection to the 
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drive. M ost d rives req u i re an open-col l ector TIL i nter­
face with h i g h  c u rrent drive capab i l i ty. This must be 
done on al l outputs from the WD279X. I n puts to the 
WD279X may be buffered or t ied to the Drives out· 
puts, provid ing the appropriate resistor term i nation 
networks are used. U ndershoot should not exceed 
- 0.3 volts, w h i l e  i n tegrity of VI H  and VoH levels 
shou ld be kept w i t h i n  spec. 

MOTOR CONTROL 

Motor Control  i s  accompl ished by the STEP and 
D I RC Li nes. The STEP Line issues stepping pu lses 
with period defined by the rate f ield in all Type I com­
mands. The D I RC Line defi nes the d i rection of steps 
(DI RC = 1 STEP I N/ D I RC = 0 STEP OUl). 

Other Control  Li nes i nclude the fp or I ndex Pu l se. 
This Line is tied to the d rives' I ndex L. E.D. sensor t hat 
i nforms the WD279X that the stepper motor is at its 
fu rthest posit ion,  over Track 00. The R EADY Line can 
be used for a n u m ber of fu nctions, such as sensing 
"door open," Drive motor on, etc. Most d rives provide 
a programmable READY Signal  selected by option 
jumpers on the d rive. The WD279X w i l l  look at the 
ready s ignal  prior to executing R EAD/WRITE com­
mands. READY is  not i nspected d u ring any Type 1 
commands. A l l  type 1 commands w i l l  execute regard­
less of the Logic Level on th is Line. 

GEN ERAL DISK WRITE OPERATION 

When writ ing is  to take place on the d iskette the 
Write Gate (WG) output is  activated, a l low i ng current 
to f low i nto the Read/Write head. As a precaution to 
erroneous writ ing the f i rst data byte must be loaded 
into the Data Register in response to a Data Request 
from the WD279X before the Write Gate s ignal can be 
activated. 

Writ ing is i n h i bited when the Write Protect i nput is  a 
logic low, i n  which case any Write command is i m­
mediately termi nated, an i nterrupt is generated and 
the Write Protect status bit is  set. 

RESTORE (SEEK TRACK 0) 

U pon receipt of th is  command the Track 00 (TROO) i n­
put is sampled. I f TROO is active low ind icat ing the 
Read-Wri te head is  positioned over track 0, the Track 
Regi ster is loaded with zeroes and an i nterrupt i s  gen­
erated. I f TROO is  not active low, stepping pu lses (pins 
15 to 1 6) at a rate speci fied by the r1 ro f ie ld are issued 
unt i l  the TROO i nput i s  activated. At this t ime the 
Track Register is  loaded with zeroes and an interru pt 
is generated. If the TROO input  does not go active low 
after 255 stepping pu lses, the WD279X term i nated 
operations, i nterru pts, and sets the Seek error status 
bit.  A verif ication operation takes place i f the V f lag is  
set. The h bit  a l lows the head to be loaded at  the start 
of command. N ote that the Restore command is exe­
cuted when MR goes from an act ive to an i nactive 
state. 
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SEEK 

This command assu mes that the Track Register con­
tai ns the track n u m be r  of the c u rrent posit ion of the 
Read-Write head and the Data Register contains the 
desired track n u m ber. The WD279X w i l l  u pdate the 
Track register and issue stepping p u l ses i n  the appro­
priate d i rection u n t i l  the contents of the Track reg­
ister are equal to the contents of the Data Register 
(the desired track location). A veri f ication operation 
takes p lace i f  the V flag is  on. The h bit  al lows the 
head to be loaded at the start of the com mand. An i n­
terrupt is generated at the completion of the com­
mand. N ote: When us ing m u l t i p l e  d rives, the track 
register must be u pdated for the d rive selected 
before seeks are i ssued. 

STEP 

Upon receipt of th is  command, the WD279X i ssues 
one stepping pulse to the disk d rive. The steppi ng 
motor d i rection is  the same as in the previous step 
command. After a delay determ i ned by the q ro field, 
a verif ication takes place i f the V f l ag i s  on. I f  the T 
f lag is on, the Track Regi ster is u pdated. The h b i t  al­
lows the head to be loaded at the start of the com­
mand. An i nterrupt is generated at the completion of 
the command. 

STEP-IN 

Upon receipt of th is command, the WD279X issues 
one stepping pu lse i n  the d i rection towards track 0. I f 
the T flag is on, the Track Register is decremented by 
one. After a delay determ i ned by the r1 ro f ield, a veri f i­
cation takes place i f the V f lag is  on. The h bit al lows 
the head to be l oaded at the start of the command. 
An interrupt is  generated at the completion of the 
command. 

EXCEPTIONS 

On the WD279517 devices, the SSO output i s  not af­
fected during Type I commands, and an i nternal s ide 
compare does not take place when the (V) Veri fy Flag 
is on. 

For write operations, the WD279X provides Write 
Gate (Pin 30) and Write Data (Pin 3 1 )  outputs. Write 
data consists of a series of p u lses set to a width ap­
proximately  three t imes g reater than the precomp ad­
j ustment. Wri te Data provides the u n ique add ress 
marks i n  both formats. 

READY 

Whenever a Read or Write command (Type II or I l l) is 
received the WD279X samples the Ready i nput. I f th is  
i n put is log i c  low the command i s  not  executed and 
an i nterrupt is  generated. A l l  Type 1 commands are 
performed regard less of the state of the Ready i n put. 
Also, whenever a Type I I  or I l l  command is received, 
the TG43 s ignal output is  u pdated. TG43 may be tied 
to ENP to enable write precompensation on tracks 
44-76. 

COMMAN D DE! 

The WD279X w 
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A. Commands for 

Type Command 

I Restore 
1 Seek 
I Step 
I Step- in 
I Step-out 
II Read Sector 
II Write Secto1 
I l l  Read Addre: 
I l l  Read Track 
I l l  Write Track 
IV Force lnterr 
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COMMAN D DESCRIPTION 

The WD279X w i l l  accept eleven com mands. Com­
mand words should only be loaded i n  the Command 
Register when the Busy status bit is off (Status bit  0). 
The one except ion i s  the Force i n terrupt command. 
Whenever a command is be i n g  executed, the Busy 
status bit i s  set. When a command i s  completed, and 

Table 1. COMMAND SUM MARY 

A Commands for Models· 279 1  2793 

Bits 

Type Command 7 6 5 4 3 

I Restore 0 0 0 0 h 

I Seek 0 0 0 1 h 

I Step 0 0 1 T h 

I Step- in 0 1 0 T h 

I Step-out 0 1 1 T h 

I I  Read Sector 1 0 0 m s 

I I  Write Sector 1 0 1 m s 

I l l  Read Address 1 1 0 0 0 

I l l  Read Track 1 1 1 0 0 

I l l  Write Track 1 1 1 1 0 

IV Force I nterrupt 1 1 0 1 1 13 

2 

v 
v 
v 
v 
v 
E 
E 
E 
E 
E 
12 

interru pt is generated and the Busy status bit  is reset. 
The Status Register ind icates whether the com pleted 
command encountered an error or was fault free. For 
ease of d iscussion, commands are d ivided i nto four 
types. Command types are s u mmarized in Table 1 
and Table 2. 

B Commands for Models· 2795 2797 

Bits 

1 0 7 6 5 4 3 2 1 0 

r1 ro 0 0 0 0 h v r1 ro 
r1 ro 0 0 0 1 h v r1 ro 

r1 ro 0 0 1 T h v r1 ro 

r1 ro 0 1 0 T h v r1 ro 

r1 ro 0 1 1 T h v f1 ro 

c 0 1 0 0 m L E u 0 

c ao 1 0 1 m L E u ao 

0 0 1 1 0 0 0 E u 0 

0 0 1 1 1 0 0 E u 0 

0 0 1 1 1 1 0 E u 0 
1 1 lo 1 1 0 1 13 12 1 1 lo 

; 
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Table 2. FLAG SUM MARY 

Command Bit 
Type No(s) Description 

I 0, 1 r1 ro = Stepping Motor Rate 
See Table 3 for Rate Summary 

I 2 V = Track Number Verify F lag v = 0. No verify 
v = 1 ,  Verify on destination track 

I 3 h = Head Load Flag h = 0. Load head at beg inn ing 
h = 2 ,  Un load head at beg inn ing 

I 4 T = Track Update F lag T = 0, No up_date. 
T = 1 .  Update track reg ister 

II 0 ao = Data Address Mark ao = 0, FB (DAM) 
ao = 1, FB (deleted DAM) 

1 1 & 1 1 1  1 C = Side Compare Flag c = 0, Disable side compare 
c = 1 ,  Enable side compare 

1 1 & 1 1 1  1 U = Update SSO u = 0, Update SSO to 0 
u = 1 ,  Update SSO to 1 

1 1 & 1 1 1  2 E = 15 MS Delay E = 0, No 1 5  MS delay 
E = 1 ,  15 MS delay (30 MS for 1 M Hz) 

I I  3 S = Side Compare Flag s = 0, Compare for side 0 
s = 1 ,  Compare for side 1 

I I  3 L = Sector Length Flag 

LSB's Sector Length i n  I D  Fie ld 
00 01 1 0  1 1  

L = 0  256 512 1 024 1 28 

L = 1 1 28 256 512  1 024 

I I  4 m = M u lt ip le Record F lag m = 0, Single record 
m = 1 ,  Mul t ip le  records 

IV ().3 l x = In terrupt Condit ion F lags 
lo = 1 Not Ready To Ready Transition 
1 1 = 1 Ready To Not Ready Transition 
12 = 1 I ndex Pulse 
13 = 1 Immediate Interrupt, Requires A Reset•  ; 
IJ.IO = 0 Terminate With No In terrupt ( INTRQ) 

• NOTE: See Type IV Command Description for further in formation. 

I n f ormation f u r n ished by Western Digi tal  Corporat ion i s  bel ieved to be accurate and rel aable. H owever, no respo n s i b i l i t y  i s  assumed by Western Digi ta l  

Corporat ion for i t s  use; nor for any mfr ingements of patents or other r ights  of t h i rd part •es which may resu l t  from i t s  use.  N o  l i cense i s  granted by 
i m p l i cat ion or ot herw i se under any patent or patent n g h t s  of Western D i g i t a l  Corporat •on.  Western D i g i t a l  Corporat ion reserves the r ight  to change 

spec i f icat ions at anyt ime without  n o t • ce. 
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FEATURES 

• DIRECT I NTEl 

• ELI MINATES I 
• DATA SEPARI 

• WRITE PREC< 

• VFOEJWF DH 

. ... . 
• PROGRAMMA 

• 8" OR 5.25" C 
• ALL IN PUTS I 
• SINGLE + 5V 
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