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SE~c'r ION

GI.'NI RAL DESCRT PI ION

1,0 INTRODUCTION,

This Manual provides operating and maintenance instruct ons

fa the AM-SOD Hard Disk Controller C rCll t Board manufactured

Al a Micros stems nc., located in Irvine, California.

C1 c it board description, ope rat ng and usage instructions,

progranlming} theor)! of opera,tioT1., and maInt.enance inst.ructions

aye cll1ded to provide the U5(-::.1:" with the l.n:forrnation necessary

o 1tt 1ize this circuit board to its full capabi ty

t. CIRCUIT BOARD DESCRIPTION.

rhe AM-SOD lIard Disk antra er Circuit Board provides dat

process ng, control and interface capabilit)7 between a standard

5-100 bus system and one to COLt 9427L1 CLlavik) hard disk drives.

A CIll] rnodule,

mernciry and LK

a DlvLi\ rnodu] a

~)f Random .,\ccess

16 x 8 First-In-Pi Sf

Memory provide

Out

the

FIFO

sophis=

ticated data prOCf"SSlng necessar)1 for control of up u four

ten-megab te dlSK drives. A 2K Read Only Memory 5

tained on the board to provide a bootstrap load pl'Og alII

and also to contain the microcode necessary for the

operatLon.

PU rnO(1.UJe

A slmp ified block diagram of the circuit board is s owrl I]

Figure , ,
J,"" ..L • For a complete de ailed description of CUlt

board operat on, see Section of this manue11 r; or p :[0 g I' Llmrnl ng

uirements, see Section 3 of this manual.

1.2 APPLICATION.

This circuit oard provides the data process d,nd in te I'f i:-1c:e

capabilit.y necessary Ear operation of up to CDC :1,4 7I·!

(Hawk) hard disk drives for a rnaXlillUill of ten megaby s of

memory capacity per drive. fhis circuit board is noL recom-

mended for any othe disk drives at this ti,me. See ection



of is manual for wiring instructions and system inte

information. For complete information on the disk drive, see

tlle Control Data Corporation 9427H Hardware Maintenance Manual.







SEC:TION 2

OPERATI C DATA

2.0 ~TRODUCTION.

I'h,is 5e t,ion contc:Lins informat.io:n on e use of t.he AM-SOD Hard

isk Contro er c rcuit board. Capabilities, specifications,

scriptions are providedterface w r1 g, and user optioI]

fer the suc essful 1,ntc;;gratioIl 0

s stem,

the AM- seJO into e us r1s

~s AND SPECIFICA1'IONS.

11115 circu.i r oard operates from e stalldard 5-100 bus structure

() T1te ace: w th the (})[ 942?H (Halt,/k) h;;lrd disk drive v.Jith 10

Hlcgi:Jb Tie apac.J (five fixed/five remc)vable) ~ /\ 5 ngle /\1\1-S00

board call support up to four Jives for a total capac] of 40

megabyte of hard disk memory_

J 5 edin 1',:1b1e 2=

Deta led specj,ficati



Table ~ L AM-SOO ecifications

('D·-',-.,t U nterf

tara-go Capa Meg yte Total; S Me tes
Ea Dr.i ve d sur

tridge.

, 5 Me ytes on removable

lInUm Storage 40 Megabytes with 4 Drives connected.
capac,i from

!\M~SOO Control

Board

AM-SOO to disk Bit

["'ran,s fer Rate.

Sector Size

2~5 MHz~

512 Bytes/Sector plus CRC Error

and Sentinel Check byte.

d,e

CPU Inter

Dose tion

Multilevel interrupt driven; 1

sector block trans rs from or to

ernal sector b r*

C rcuit B Stan S" x 10" with 100 in

connector~



INTERFACE DESCRIPTION AND WIRING.

The AM-SOD Hard Disk Controller Circuit Board provl 5 interface

capat; Ii bet1veen o Standard 5-100 bus and CDC 9427H (Hawk)

rei disk drives.

2.,J 5=100 BUS INTERFACE~

fhe AM-SOD circuit board 15 fully 5-100 bus compatible.

board and its associated disk drives are addressed thro the

address lines and data is transferred through the standard

data and data out ports. The 5-100 bus connections are made

via the bottom e connector anel are described in'f8.ble 2-2.~

L.L. DISK DRIVE INTERFACE.

The AM=500 circuit board accoHuTIodatcs a maximum of four hd.yd

disk dives. Unit select outputs from the circuit board select

one of the UT drives individually and in arbitrary sequence.

Al disk drive interface signals are described in l'able 2-3



aLl ~-2. 5-100 Bus Interface Signals List

.\ I

\4

A6

;\8

,\9

A 2

\

A15

Address

.ress L.

/\ddres 5 3

Addr 55 4

Address 6

Add.ress 7

Address 8

!-\ddres s 9

/\ddress 1.0

Address 11

Add,ress 12

:'\dd:ress 13

Address 14

i\ddress 15

80

8 ]

30

29

82

83

8 ri

114

37

87

.33

8S

86

3

DA'l T\ , 0 r n])1.t t Da t a B1 t 0j""\ ;\1 r

DAI A N Ill) u t Da -a BI t•
r" .., A ] t~

0 I :n.p u t Da t a B 1 t 2,)1\

D/\'1'/\ I " np u t Da a B i t 3

D/\ A ,
r\j 4 ] n p u t [I Dt a BI. t 4r

lJ/,,]' r\ S Ln p u • p a t a B I t 5r. .J

DAT.A I N 6 ! np u 1:: Da t a B L t 6

DATil N ] np • Da. t a B I • ")
r. r r

95 ata Input port. BrIs

9i~ ter input from slalU:'S 0

4 I

42

91

92

93

43

DATAOU1 0 Ou ut Data Bit 0

DA AOUI

DA'] A,OUT' -,

DAT UT 3

'lOUT 4

f:JATAOUT J

D/\'fAOUT 6

DA'I AOU'f

Output ta Bit I

Ou ut Dat a Bi t 2

0l.1 ut Data Bit II

Output Data Bi t 4

OutjJut Data Bit "
()utput Dat a Bi t 6

Ou ut Data Bi t 7

") . 4~

.16 Data ontpnt port. Bus

35 master output to slaves.

88

89

38

39

40

90



;:lb Ie (Cont.)" 5,-100 Bus Interface S gna.ls L,ist

DBJ

c NAME

IJata Bus Tn

PIN

8 Re

master to request re 5e

slave to place data on

nput port"

Phantom 67 Disables a:n,toTT1 contra

memorIes when asserted.

bus mastel'S as write

rite strobe. Generate

d to s1a.'\/8s"

Reset 75 Afj~ 500 reset ut

STNP I 0 I:nput Cycle

Sta.tus Line

4,6 Cur'rent bus c:yclt': IS a bus

master Inpu~ frODI all 1.;0

Elddres So

j\'1emory cle 47 Current bus cy Ie s a bus

Input Status Line master input from a memory

Eldd.ress.

S()L!'] r /0 Ou ut ele 45 Current bus c C 1.:'3 a

Status Line bus mast.e outrut t(J

C1.ddres 5"

5 Standard i,nte YUpt

Vectored [nterrupt 0

Vectored I terrupt L

Vectored rnterrupt 2

Vectored Interrupt 3

\.iect.ored Interrupt (+

\Fectored 1. terrupt ;J

Vectored Interrupt 6

4 ,Jumper sele e

6 level::;; 4 ..

i.nteT' ts .



Disk Drive Inter ce Signal list

tu bare

DESCT{I PI J

e ;:Jbsolute

Gates cylinder address iuf r-

NAME P IN

Addres s B::; 1 1 39,

r res s B1 t ) 1 7

r Addres s Bi t , 0T

Addres s Bi t 8 :) 3

I~d_dres 5 Bi t 6 2 8

Addres s Bi t :52 3 3

f\ddres s B i t 64 3 I

r s 5 B1 t 2 8

r s s Bi t 2.3 6

r Address Strobe

ma,tion into

a ress register ana initi es

controlled he d nasi

Ltc

CL1.rren

e:n

1e

r head"

read

er ead"

rea

selE.' te

les erase curren to

erase IS

It during read, wrlte, r

en not on cylinder~

tempted to write 0 erasezz

37

Fault

E::rase Gate

Drive ReaDRVRD)



Table 2-3 (Cant.). Disk Drive Interface Signal List

\lNE!vION NAME PIN D.ESCRJ PI ION

INDEX Index 27 1. mC! once pc disk

revolution (25 msec)"

ONe YI, On 1inder 45 Seek operation is complete

and uni t is reLl

read 0 v,r-rite.

Platter Select

Read Clock

1=Se1ect fixeV Vi k, J

Select removable ca trL

44 Separated clocks can rren

VJith read clata..

i\ R,ead Data 42 Separated data input.

Return to Zero Seek 1.4 Positions e 11e::lds to

I\cad Gate

cylincler zero (elea s

seek error).

Enables separated data aIId

clock to the lllter ace nes.

SEKERR

Sector ~-'1ark

eek Error

29 Sector mark pulse

lc opera.tion

ms e C) •

d not

SEE 1 Unit Se4ect 1

SEE 2 UnIt Select 2

51.31, 3 Uni t Select 3

51:1, 4 Unit Select. 4

lete with n 500 ms.

46 Selects anyone of the 4

47 disk units indivi llv

49 and in arbitrary sequence.

48



Table -3 (Cant.).

MNEj\ilON c:

Disk Drive Interface Signal ist

PIN DESCRIPTION

Wr te c;(lte 23 Enables write curre t to

flow ro selected head.

hfri t8 Protected 4 Inhibits erase and wri.te

rrents.

:;:ErlFJ.b Ie"

1..:;: In.hi t;

IN l-\ I DAT/\ viiI' tc Data Daub Ie U8I1C)< en.co

GN

CND

+SVDC

eND
D

eND

(not us ed)

clock and data.

d ground.,

NIR WC AND CONNECTIONS.

lVllen A»'1- so 0 ircuit board is received, it is rea. for use~

No ustrnf~nt r cal bration is re uired for opera,tj.on. '[he

nardware requirements for use are scribed in this Se ion and

tIle software requirements are desc ibed in Section 3.

rs ensure that the proper power wj,ring is available all

the 0 rect voltages are connected to the various pins as shown

on s eet 1 of the schematic. All power connections are made

th ough th bottom e connectoT.

A connecti 5 to the S-100 bus are made thro the ottum

e e connector ( Ie 2"'2) and connections to the disk drive

arc lIla.de th TO the top conne to Crable 2~~»), Ens urE' a

these connections are correct before pugging the AM-SOO

irc t oard into the system.



USER OPTI So

~ vcr 1 Ceatures of the A.M"- 500 circuit board can be jumper

eeted at the user's option. fhese jumpers must b installed

1~ fore the AM-SOO circuit board IS installed in the 5 stem.

fhe 5 andard junIper connections are shown in F gure -!

_ A>4IJ: CI'V<f1 1fP_

'1'b .. SVfJ¥I!'4..FfQb i4/f"tltf "M~~"

~K No 1!'4574g.~ Bi'N c.fV _NtfJ~1

AT "3

R
'l"i",S,
~l,

VE dVMPt:.-p:.S; !1IR(C'~Pj)It#;Tt£'JI

(jf·'Tt:.H

::i:Yo ~ft'§, a co

~~ffitP:'Voo

Figu,re 2""1.

i\.})DRESS C()DI_~ 0

St Jumper Connections

I.e C Ul bOd.yd addre,:ssing can be st,::lected. at the user 1 s opt UL

ror ~ny address block (in increments of four) on the address

Connect jumper wiI'es to +5V or gr'ound roy the

de,s rC;:j addre::::Js~ Jumper pads are located on the circu t board

etween U36 and U3

address is C:O C3,

(schematic sheet 2 . rhe 5 tanda I'd o

LN'L'F':RRUPT LI.NES.

interrupt compatibility for any 5-100 bus system is provided

ers to any of the vectored interrupt lilIes VIO-

Ltach the umper Wlre from the pad connected to pi :5 of U3

c> e \Jesi red errupt line (schematic sheet Ill. Jumpe

ads are located on the circuit board directly below

j- e standard interrupt level is V 4.



FTinURF,

antom feature can be used wi the i\.i'vJ~ 500 I--Iard Di

011c]- This ature is supported in operating s stem

soft",vIJ.cc release 5.0 ancl l(lter and. -\lJi 1 not eriJte if a

VI 0 display module (

OYSTAT because e system

IS eing used for so are program

memory ov(;rlaps the \/1)]\,'1 memory

(see i\ a Micro crating stem AMOS manual).

memo board must support the antom feattIre.

e AM-SOO circuit board comes

to ena Ie tht: antorn feature"

from the factory configured

it is desired to dis Le

the pha,ntom ature in ord('-;y to use the disk dri-vc as a

peri eral device, it will be necessa.ry to cut the etch tha

CUTlS bet\y'cen ,II 07 and U55~ 5~ Cut the etch between the two

e thru holes on the solder side 0 e board. ['he S IC)O

D 115 OIl the back of the card st rt at S1 on the ri

COUll 1.00 on the le:ft"

AM~500 airea has the antom signal connected to pID 6

o the SlOO bus" During boots trapi the line goes lOh'

,1D ng the upper memory board or any bQ,lrd that moni t I'S the

antom inee The CPU starts executing the bootstrap PROM

at location F 00 and moves it nto location 76000 octal 0

COO he. The ootstrap then starts executing memory.

An memory boa.yd that overl.a.ps the bootstrap PROM lnust have

an om enabled and all the others must have it dis eo

,4 BOOl OPTIONS_

::J nee the i\M- 00, I\M~ 21.0 and /\H~ 400 also contain int.ernal

The following paragraphs describe

these options"

loader PROMS, the user may desire to disable the

the AM-SOO and boot from one of these other

requi en-lents fo·r

boots trap

boots tyap

ircuit boards.,

~ 10



THE AM-SOD AS A PERIPHERAL TO THE AM-200 OR AM-2IO.

Remove the 741,530 Ie (U40) from the i\.M- 500 (bottom I'D\';' 16th

chIp from tho right). If the AM-200 or AM-210 Bre uSing an U

antom must be us if you have more than 56K of memory

the d.Tltom etch mug t be cut on the AM~ 500 ~ Turn the :'\,]\1- 500

board over (component side and cut the etch gOlng to

e et between the two eyelets so a wire may

be inserted between the two eyelets at a later date to TeCla Ie

dJ1tOJll" l'he 5-100 pins on the back side start at 51 on the

1'i t and go to 100 on tIle left.

Boot the s stem with both the AM-SOD and AM-200 or AM-ZID in

thE.' s}'stem.

into area 1,4 on the floppy disk and modi

to a.dd th,s fOJ_lowi.ng:

BITMAF i!WK,6iJ6,O,1

Be sure that the DEVTBL command tIl

I-HVKO and HWKl"

e SYSTEM.INI contal s

Log into area 1,6 and do the following:

COPY HWK.DVR=HWKSiJO.DVR

Now reboot t118 system again and by mounting HWKO and HW

YOU may access them as peri erals to the AM-200 or AM- 10.

Remember when in this mode the fixed platter is always HWKO

When running ese two In co ination, phantom must be dis-

allIed on e controller that IS not the system deVIce. f

it 3 desired to remove phantom on the AM-400, remove J

2- 1.1



pin 5 the socket so it sticks out. If you are booting

rom the AM-SOD, disable the PROM on the AM-400 removing

Z 9, Wllich is the Ie to the le:ft of the header in the bottom

rhe p oper bitmap sizes and device names must be n the

SY EIv1. INl file to accommodate the proper configura.tion"

Be ure the proper driver ill area 1,6 is renamed to the same

arne as VIce you defined the DEV'rSL. T'he bi

'~1 es ,cire jO for the T~25, 1022 for the '1'-50, L554 for

o and 1600 for the T-OOa.

If booting 1.S off the AJvl~500, initii11ization must be from the

AM-400* [his is done by running a program. For the r 25,

[-50, and 1'-200 u,se rRIINI~PRG, dlld for tIle 1-80 an -300

use 80IN .PRG~ fa utilizcit, ust e TxxINI Eo lOI,yE,:d by

a Cd.rrlagc' return. The program shou.ld :return d, statLls l.ess

h S octal. I,E you do not run this ini tia,l.ization prugra.m J

the r ves will show as NOT READY on a SYSTAT.

2 ~ 12



SECTION 3

PROGRAMMING

:5 ~ 0 fNTRODUCT T

IS section describes the programming YO roments for the

AM-SaO circuit board. Circuit board addressing, bootstrap

loade • and AM-SaO internal programmlng are described for

COIRplete system compatibili

en the AM-SaO circuit bo is recei'ved, it is re for us e

with the CDC 9427t! (Hawk) disk drIve as describ Ln Se tion 2

of this manual. The bootstrap loader and the microcode con­

tained in internal firmware is designed only for this disk

d:rive,

-:;" 1 ADDRr;SSINC~

-rho /\0-1-500 and associated disk dr.i,ves are addressed through

t e S""100 bus 55 lines. The circuit board address is

umper selectable by the jumpers connected to lI:\7. dumpers

to ei e r 05V a ground select the board address on S-100 bus

Ll.ddress Lines /\D2~AD7 ~ The board always OCCUplBS four I/O

ports even tho only two are actually used.

3. INITIALIZATION.
On initial power-up or reset, the AM-SOD goes into a dormant

sta,te \Ala t for inItialization. With the phantom eption

enabled, t

rIle S'~ 100 bus :15

tom signal is activated, disabling any memory.

led to access the bootstrap loa r

co tained in the AM-SOO PROM.

Tho 16K PROM (U21) contaIns both the bootstrap routine and the

controller microcode. The microcode resides in the first lK

tes, and the bootstrap routine resides In the second IK bytos

of th 5 PROM. The current bootstrap routine is written i

3-1



Al/i- 0 {' co and athol' us er co"J

in (c:; 5 t IK tes :L S 1

s may be used if

cated exactly.

e Ill:L crococte'

NOTE

I.E the user ced'E-; contained in the i\M~"SOO

PROM IS ed the current boot

rout microc in the first lK

of memory must be licated exactly.

La ization of the AM-SOD is accomplished by writing a zero

te intcJ the .AM-SOO command reg.ister :Ln,g system initial zation~

rhe CPU finishes initialization of the disk controller and

e eases tIle Phantom signal. See paragraph 2.3.4 fa boot options

3.3 COMMAND REGISTER.

The; command re stet recelVf;S j\M~500 comman from the S= 00

bus. it s accessed by writi.ng to the selected ad ress lsee

parag 2.3.11. The legal base a sses are In mult les

of fou.r fTom thef:irst address 1.77400 (octal) l 177401:) ( ct 1) ~

7408 (octal 1'0 17777!1 (octal). A software

sequence must be used for the command transfer (see paragraph

I'heI' (ire t1Aio basic es of commands used :for ope ation f the

AM~SOO " stem; non~disk commands and disk commands. Both

types are described in Figure 3-

STATUS REGISTER.

fhe status register is used to determine the current status

of the AM-SOD controller. It is accessed from the S-100 hus

l' reading the user selected base address of the rcuit

board" The format of the status re ster is described in

T Ie



NON-DiSK COMMANDS:

l17

\E

DO

Q

DiSK COMMANDS;

L--_·_-O READ

'" THANSFER

00 RAM BASE
01 DATA BUFFEFj

L_._._.__-( 10 "" USER POINTER

11 ""@ USER PO!NTER

"' CLEAR iNTERRUPi

I
L~ 1 "" lNTERHUPT Ef\JABLE

to"" INTERRUPT DISABLE

WRiTE

EXECUTE

1 '= ENABL.E
INTERRUPT

o DISABLE
INTERRUPT

SEEK

Figu.re 3-1 ~ AM-SOO Commands

000 READ STATUS
CHECK

00'1 RESTOR E
010 READ RECORD
011 '" READ TRACK
'100 \IVRiTE RECORD
101"" WRiTE S'TATUS

CHECK
110 FORMAT' RECORD
1 1 FORMAT TRACK



T Status Fo~rmats

BI'I

*' b J " 3 2 1 0 FUNCT LON
CD 0 0 0 0 1 0 1 Dis k Not Ready"'
\.~ .1\ 0 n J 1 0 1 1 Write Protected~;

"

CR 1 () [) () 0 () 1 Seek Error

CR 0 0 0 0 1 1 Sector Not Found.

CR J 0 0 0 1 0 0 CRe Error

Cil 1 () 0 0 1. Sent inel Fiel d Error

* (R·-·'OC:Ol\HvIAND RECE IVED, Oo:;;,CLI f\RED) t:::;; Rr~CI:; IVr:I.J ~

he StC;nt inel field e1'1'01' :I cates that data was not cor ee ty

rans tc' rred hi thi the Aj\J-500, The sentinel feat re ecks

b te th.e corl~c~ct code SA (hex) aEtel' a 51 yte :r;:+ns:fer~

[he interrupt mode In the AM-SOO can be selected bv bo disk

arId non~disk cOJumands.

inte rupt occurs at

If the nterrupt: mode is select d) the

e completion of the current AM-SOD ommand.

fhc: iIltcr

at a.ny

t must be cleared by the user by setting bit 6~J

n-disk command.

A !la,nds aking e interaction ~ required between e /\M.",500

c rcu 1 ,"aoa d and the CPU any time a command is sent to the

/\,i\'1'" 500 1'h,1.5 hands Lng IS a software operation that uses

bi f the Status Register. Handshake operations roceed

in the following sequence:

cornman is sent 5-100 bus to the

Command Register.

rhe sY'stem softlvare \.,;aits Eo bit -7 of the Sta us

Register to become 1 to guarantee at the



AM-SaO has received the command.

S e system software writes a zero into the

Register to clear previous command~

4. fhe system software waits until bit 7 of the Status

Register becomes a 0 indicating that e C

Register has been cleared.

This

tinues~

letes e han hake operation and the program con-

3.7 REIKEY DESCRIPTION.

rhe te REEKEY refers to a double te nnn~er which points to

one of 9696 possible sectors on the disk. The user loads a

umbe from a to 9695 into the Rei tes of the [ljVIiY buffer

to ndicate I,v-hi sector is to be operated on. If bit 5 of

the disk command. IS a 1, the microcode converts this number along

with e o.r 1/0 select to into an absolute disk address and

5 tore 5 it b into e DMA buffer. The mlcroco replaces

the drive number and Relkey tes of the DMA bufte r wi tb the

converted. absolute sk address. Since a1 DMA buffer .LOC(;1.-

tlons are accessable, the absolute disk address can be ret ieved

if nec.'essary"

I the use has the desired absolute disk address, it can be

lciced n the DMA. buffer, and the ReI

fhis is accomplished as follows:

conversion can be sk e •

i. lace tbe actual drive number (1-3) into the second

byte of the buf r.

Place the low byte of the track address in the third

te of the bier.

surface, the platter select, and the

P ace the high

specIfICS

e at the tr addross 1

sector address) into the fourth

a.s shown belol,!.

3- 5

te ot the but r



ssBit of TrackIII

Surface (Head 0 or 3)

b-~ Platter (Fixed a removable)

t Us ed

Sector (0""'11)

" 8 D)\lA BUFFEFZ ~

r e DJvii-\ Buffer s contained in the firs t lK Ri\.M j the AJ'vI-5000

All data transfers to or from the disk memory must pass thro

this b fer~

The DM.A b f ey is access by ss the Ai\;i~ 500 basc ress

ius one and a1 data between the AM-SOO and the 5-100 bus must

pass thro is s ngle port No DM1\. type operations occur

between the AM-SOD and system memory because ey are handled

on a programmed basis only. rhe microcode initializes the

b fer and sets th,e DIvLA channels for proper operation as show

n r;igure .3- 2~ 1'he Handsh sequence is shown in Figure 3-3,

and e da a trans r sequence is shown in Figure 3-4.

D[,1/\ BUPFER OPERAI'ION F"OR. DISK WRITE~

l'1'a.nsfe ring data to the DMA buffer and then performing ,sk

wr te ope ations takes place as follows.

L Send DMA write command :\06 [octal) to AM~SOO command

register and per rm a handshake~ (X depe on

sele tion of interrupt e.)

Send retry count to AM~500 DMA buffer.

5 Send disk er [O~ 7) to DMA buf r.

4~ Sen.d low byte of ReI to DMi\ buf r.

5 Scnd high te of Relkey to DMA huffer.

Send data [0""512 tes) to DMA b r.

Send disk write command X7J [octal) to AM~500

command register and perform a handshake.

8. i'ead the AM~500 status register anel k for ze



WORD INDEX
NO.OB!!l"-HL

DMA eli 0
MODE ""

SINGLEfWRnE

DMA CH 1
MODE ""

DMA CH 2:
MODE-

OMA CH 3
MODE

DEMANDNVRiTE

CLEAR
DRIVE SELECT

SET
MODE

FF

NO

RST
INTERRUPTS

ENABLED,
YES SET

INTERRUPT

-Figure 3- 2 ~ DMA Buffer

3-

eration



Figure .3- 3.

RST 7

REG

SAVE
COMMA~D

~N

COMMAND
RECEIVED

CO....AND
REG

Han

.1· 8

ha Sequence



SET REG !NDEX

COMMAND/STATUS 'NDEX "HL

DMA jNDEX fJIo"X

1061

CLEAR
INTERRUPT

USER
ADDRESS?

EXECUTE "1
1D31

PRESET
FOR CHQ
(WRITEl

USER DEFINED
STORAGE

COUNT
RETURN

Figure :5""4~ llMi\ Transfer Sequence

.3-9



condition in catj no er:ror ~

9 tinue with next command if no errors were

D.MJ\ BUFFE,H OF,E!R,{\,TIOj\J FOR D SK RJ::;AD"

tected",

I'ra.Tl fcrring data from the d:Lsk nto the D1Vj}\ buffer arld l:-:lcn

re,],diTlg theDlvV\ b1.Jffer IS ne [orlned as fol1ohTS.:

Sen Dlvl!\ w1'i te conundlld X06 (octal

regIster and nerform a handshake.

'::" Wri e retry COUJlt LtC) DjvIA b1...1££er.-.

to AM-SOD command

Write a disk er (0 into DMA buffer

II Vv'rite 101,\/ byte of Relkey into DJvV·\ buJ:fer"

Write hi byte of Relh::ey into DM.i\ b fer~

o. end disk READ command X35 (0 tal) to AM-SOD command

regIster and perform handshake.

Read AM-SOD status register and check for era

condit on indicating nO errors occurred.

~'( \ss:urning D,G errors occurred du.ring the disk rC,;:Jd, send

the DlvV\ :rea,d cornmand X12 (octal) to the AM"'" 00 comlnan

register and perform the normal handshake.

Read one byte of data om the DMA btlffer and c1

1.:Z.ead \Talid data} 1 to 512 bytes J from t.be D:M./\ bo
-j t (thef rs t te is fJ.lv,lays invalid data),

"\ RESTOT<.E COrvllvU\.ND~

re 5 tore cornman dis u.s e d reset the dj.sk 1,ogi.c and

the disk head to retu.rn to track zero. l.he user may

res rf: command with a disk command 3 (octal), or the mlcroco

w 1 exerc se the restore command on its own following ertain

er YS

l' a eli k It occurs, the microcode attempts one restore d

cks the t status again. If the It still exists?

the mie code aborts the command operation and rep

to the CPU~

ts an error



3> 10 DISK FORMATTING COMMANDS~

T ro

Format

are t\\/o

Track;

disk

that

formattIng commands, Format

aro identIcal in function.

ReeD

Both

and

comrnaJlds

cause the currently addressed track to be formatted.

CAUTION

[he Format Record and Format Track commands

both destroy previollsly stored data on

ho addrossed track by wrItIng all new

records with data fields of zeros.

3.1 STATUS CHECK~

The Read and Write Status check commands are used to access

spceltIc sta.tus til rma.tion from e disk drive"

The lVrite Std.tU5 c,heck conuna-nd DO] (octal) is used to determine

if the currentlv addressed disk is write

1101: attempt to actu,Jl1y \vri tc: allY da_ta~

is write protected, error code 13 (octal)

protected. It does

If the addressed disk

is placed in tIle

stiltus reglste.

'fhe Read Status eek commal1d (if S.EEK bit 4 is on) seeks for

the currently addressed track and then returns.

read from the disk. [f a seek error occurred, an e ror code

t4 (octal) 15 aced in the status register.

z 1. Z

'[he operat system does not normal report soft disk errors.

A soft disk error is defined as a non-recoverable error afteI"

a set nLnnber oJ-- retries, usually 4 on the /\M-500~ If after 4

retries the error is non-recoverable, the system aborts the

co and reports an error.

fo enable repor'ting of the error type the operator should type"

SET DSKl:'RR

:5- .1 J



AM-SOD error co 5 are as foll,ows:

I - SEEK ERROR

2 - NOT USED

3 - SECTOR NOT FOOND

4 - CRC CHECKSUM

3 .- SOFTWARE CHECKSUM



FHNCFI

4.0 INTRODUCT ON

SECT ION 4
THEORY OF OPERATION

e AM-SOO Hard Disk ControIle circuit board contaIns integrated

circuit elements for the necessary ta processing r per=

e functions [JS described in Sect ons t, 2 and 3

of this ma.Hual" This Section scribes the functional thea

of 0Pf:Y';:ltion of e ci-rcui t hoard. and a.lso provides infc)Yma Lon

for each f e integrated circuit elements.

4.1 CIRCUIT BOARD OPERATION.
Ihis circuit board provides control and interface capability

bet\veen e S-lOObus and the CDC 9427H (Haw hard disk dri\/e~

The ctional block diagram of the circuit board is shown til

Figure 4-1, and the circuit board 5 ematic 15 contained in

Section 6 of this manual. rab e 4-1 contains a list of the

s:ignals used In LS CIY t. bOCLrdwith finitions of their

fUTlctions. F'or S," LOO bus inte face si-gnals, see Table ···Z~

For Hard Disk drive signals, see Table 2-3.

4" ~ 1 POIVER,,·lJP R.EE;ET,

On init al power-up7 e clrcuit board 5 in a dormant state

D.l ti ng r i itialization. stern cl0 are generated from

the 10 I\JHz oscillator on U.1 an divided dOh/n by U2 ~ LJ22and U.-:!·3 7

to genera.te CLOCK,

reset ci cuit act yates

clock signals.

reset the INrI dJld H.UN flip"

flops ,. rhe RUN signal activates sigria to ena. Ie

::J.HY Hi,emo ry u.ncle r tom control, and the slgnaJ les

the boot logic so the 5-100 bus can access the bootstrap program

contained n the PROM U21.

4~1/4=2 Blank
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Table 4-L

SOHEM

500 Signal List

SIGNAL

B

NAME

ADDRESS STROB E

PAGE OF

SOURCE
FUNCTION

Strobes upper ress te

into external. latch.

SS ENABLE 7 i~ctive h.1 that en;:,tbles

external latch which holds

en te of e s S ,

sables system during DMA

cycle.

/~O~A15 SS LINES 2, 6, 12 5-100 Bus 55 Lines*

5 Enables a boot load from

the PROM.

BUSAK BUS ACKNOW- 6 Active low CPU 0 ut to irtdi",

LEDCE cate to the requesting device

that the CPU 55 bus, data

bus and tri-state control us

signals have bee set to their

high ed;:1nce state.

BUS BUS ST 7 Request to the CPU fo con

of the system bus.

CELL CELL CLOCK genera.ted for clock

output to disk dr ve.

CLOCK 2~5 MHz CLOCK ck generator 0 ut~



1e 4- 1 CCont~). SOO Signal List

into control reg steT

data from Data BusCONTROl.,

EnabIes e outp t. ()f the

mand re ster to L ce Lts COIl

tents on the Da a Bus

ck input to eRe flip- lop

input for sE::ri 1. cia a

to FIF() memory 5t ck.

c:r

CPSO

CRe CT.-

SERIAL INPUT

CLoe

S_ER J j\L DU-1

K

LC REDUN ,-

C'( CHECK

RC CLOCK

JO

(]

(]

(]

1..1t to FrFO~)

ut: of eRe ke ,

generated from Lth r

WRITE:;;:} selects

NRITE~(] selects

CFIe:

RC

FIC DAT'A

ERROR

(]

9

Data input to CRe eh ker.

Error au ut of RC

C:\{L ADR CYLI Data from Data Bus

AIJDRE S nto rive ister 1~



Table 4-1 (Cent.l. AM-SOD Signal List

SCHEM

DACK 0 [),MA ./\CKNOIV~

1

LEDGE 3

DATA RESET

PAGE OF

SOURCE

'7

FUNCTION

DMA controller

DMA contreller

uto

u'

Memory and eRe checke

A READ

l\ IV]\, I

TA 1

2 Detects l.{ea.d

Detects Write

Enables data on 5-100 bus

DOO-D07 to be placed en

internal Data Bus and resets

o to nrl/Ii\ cantro leI'"

tiT DA'] A I 0 WRITE

SELECT

T/\ LNES

S

9

Resets DREQI to DMA co:nt}~o cr.

Chip Select input t,o en,].]) e

DMA Centrollee

Tri-State bus internal to

AM-SOO.

DMA RE

nJvlA RE

DMA Roqucs t input.

D!vl/\ Request input i.



Table 4~ I (Cont,). AM~ 500 SIgnal LIst

s reNAl,

DRLCLH

3

DMA REQUESI'

LATCH CLEAR

DRIVE SELECT

DRIVE STATUS

PAGE OF

SOURCE

9

9

9

rUNe'}' lC)N

Clears DMA request 1Eltch 50

and presets the RUN flip~flc

Clock for Drive Registe 1,

Gates status data from the di.sk

drive onto the internal data

bus.

9 Enables the CRC ec,ker B,nd

EMPTY write logic when the FIFO

memory is not cmp

NIT

MEMORY

ITIALIZ 3

clock ut to FIFO

CPU.

TOR

I'OW

/0 READ

I/O SELECT

I/O WRITE

6

6

4~ 10

BIdIrectional, actIve low,

hree state lIne.

Enables the cIrcuIt board when

address lInes AD -AD! matcb

the address code on the

ss jumpers,

Bidi.rectional, active low,

three state lIne.



Table 4-1 (Cant.). AM-SOO Signal ist

SCHEM

lId:

NAME

INPUT REGISTER

L

Pi\GE OF

SOURCE

10

FUNCT 1ON

Active low Qll'tpu't of the Lipper

FIFO memory when ts input

register Lsful 0

'~~--'-~-'----~'----"~

Active low output of the loweLIRf INPUT

R FULL
10

F:IFO memory en its i.nput

HE

MUL

ON!:

iJRc:

LOIIER OUTPUT

REGISTER EMPTY

MEMORY SELECT

ONE CLOCK

TER E.MPTY

PARALLEL

10

C)

3

register is 11.

Actj,ve low output of the lower

FIFO memory when ts output

register 15 empt)T (FIFO ORE).

Enables the memory select

code-r ~

Clock generated for clock an

data output to disk drive.

Active low output of the upper

FIFO memory when its output

registe:r 1.5 empt

Parallel load signal to t]18

FIFO memory.

RAMSH IVlEMiJRY C) Ch Select signal to enable

RCLOC

SE;LECT

READ CLOCK I)

4 ~ .1 1

the tvvo Random Ac_cess Memory

modules"

Clock input from d:isk.



HJJ.ATA

T Ie 4~

NAivlE

( ont~

ACE

SOURCE~

AM'" S 0 S gna.

atch d data n.p fre

READ L.J ()utrlut of COIl rc J H: tex to

d 51< re ad mUCie

RI- GSEL

H..D

RECiEllR

6 J

les the de

I i~statePU

Reset signal f b

I'vlC:HlO \i gene d.tE.'

R()MSE.L r

h p sele

}{OMSE

ROIv! SELEC'r

SEiJ~E-'::T

8

p

tgn

of memor"j' e t

c:od.c to sele ROi in(,:-mu

SIO

RUN

SELECTE;D I/O

porrr

Disk rive cycle run ~

- 0 bus nput gene

INP or SOUT ignals.

\J

ST STATUS SELECT 9 ock i is e r

s'1' R.D AIl'S READ a.bIes contents f s at

4~ 1

register to be 1 ce

data lines [O~

s-~, 0



T Ie 4-1 (Cant.). AM-SOO Signal List

S CNAL

TO 'l"R/\NSFER Olrr

I:)/\RALLEL

SCffEM

PAGE OF

SOURCE

o

FUNCTION

FIFO memory input to t an fe

parallel data into its cutp

regis ter e

WI)ATA lVRI TE DATA 10 Serial ut of FIFO memo

WRITE GATT 11

to be written onto disk.

Write enable outpu to disk.

WR j\lE 0·10 R\{ WR1'1'E 6 1 7 Tri--state CPU out ut active

WRT'In 11

ow indicates that C U aIds

valid data to be stored to

the RAM.

Contro register out ut for d sk

write mocle~

T.l.2 ADDRESSING.
ess data is received from the 5-100 bus on address 1 nes

AO~A15< This address data is transferred to a tri-sta e

addr~ess btlS Lo:r use the controllers d.TId memor:tcs \~'ith n

tee cuit board and is also used for direct addre SlUg f

the circu t board.

fyi-State Buffers on U38 and U39 gate the address dat t

internal bu.s. Initialize signal INIT cant ols these gate when

set by the Command Write signal

4=13



ress 1 nes A2-A7 are wired directly to comparator U37 for

circuit board addressing. The other inputs come orn J unp
to· (; t1"lC;Y +5V or ground to produce the desir rcuit

boarel (;J s, SigTial 5 asserted when the da f".turn the

ess 1 nes compare with th address of the card.

/.iO tea a.nd 'vI/rite commands l"vheXl combined \tJ

5-100 us cont 1 gnals in decoder Ul . The boa,rd add e s

lS pre! rEwlrn;:lbJ Crom CO to r'c (hex) 1.T1 inc,rernen,t f 4.

Pl I OU'TPUT"

" til data is transmi tt-ed to the AM~ SOO by the S- 00 cIa a

C] COIl t :r In,es. is received In the AM-SOD by the Conlmand

Registe and llata Out Registe .

COivlf\lANI) REC;I,5'TER~

e co r'egister is used by the AM-SOD to rece ve (omm cis

In Ih

ut to

100 bus and cons sts of the register on U30.

e cornman registe comes from the ,5-100 bus

os L}O DO 7; d.nd the output., when enabJe J goes to

AM-SOD ata hus DO-D7.

; ,1 errlEi

at am the ,5-100 bus data 1 nes IS clocked into the cornman

reg ;;;ter !J o Command Write signal This ccmesfrom

the l eOlllmand registe when the AM-SOD IS addressed an

/'\0 and i\ are z r0 0 When I/O Output signal (SOU]')

from o ,5- 00 us s asserted, 10 the c.cmman o d

rorn the 00 bus data lines Lnto the command regis t a,nd

150 S ts the initialize Lp·flop U36 to begin an AM-S 0 eycI

lip-flop U36 remal.ns set unti.l. the RESET pushbutton is

or powe t rned off~ When the CPU issues a Memo Re'a Conunand

th Reg ster/Memory Select

lfW 1 anci \VR hi 1 and ss lines AD and Al are era,

coders Lssue the CO~iANl) s gna.L

() trans r the command register contents to

4 ~ 14
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4~1~3~Z COMMAND TYPES.

he non_~disk commands i.ssued t.o the AM""SOO are used for control

and operation of the logic internal to e c_ircui t carde rho
bit tions are listed in Table 4-2 and the cornman ,Ire
1 ted I Table 4-3. Disk Commands are used to control the

d sk dive and access status information from the drlve. Disk
cornmancl bit ctions are 1 sted in Table 4-4,and disk command

codes are listed n Table 4-5.

NAI'vlE

Table 4,"2.> Non·Disk

FUNCT' ON

Bits

Indicates non-disk

Activi Bi L

COrnman

2 Re Write O=read l=writo.

CN Command Cunction O=transfer l=execute

I

Location in Dreli\ b r 1'1.1h121'e

retrieved or stored.*

':':1 is to be

6 CLFZ C ear current interrupt

terruptEnab Ie O~disable l=enable

* Bit

~l 4
(] ()

()

1 0

1 1

Location

RAM Base (Direct)

Data Buffer

User Pointer

User Pointer (1

4~ 15
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T Ie 4~3" Non-U sk Command Formats

lear I terrupt (Clear Only)

Clear Interrupt (Plus some athe non-

Re a d a 1'1' orn DMJ\ b uE t e '" I RAM e I

a d a 1.:: x'om DMA b 1.1 .f f v, r ( () ;:] t a Bas '" ), v_ '.,

Write d;JtEt to Dr4A b fer (Ri\M Base)

Bc)otLoa.d

DNA b fer (D ta 13 so

UNCTION

Tnit alizati

Wr te data

13

I) ~) i 3 (]

0 (] l) 0 0 (J 0
'J 0 D 1 J I',\ .J

(J (J

X 0 (J 0 0
y CJ 0 (J,-\

0 0 0 (J 0
,

X X X {)l

d 5k comman

er microcode pointer

Lead user microcode pointe

Indirect load via use pointer

rocode pointe:ex's

via user pointe

Cl.lte from

x 0 0 , 0

K X 1 n I 0v

1

X 1

X X 0 0



Disk Command Bits

o

I

DSK

TRK:};

FUNCT ON

Always I for disk

Part of co

e commands

3

4

* I

Command function comprised of bits

2 and 3 taken as a whole

Seek

Interrupt enable O=Disable l=Enable

5 CVT

6

7 IE

Convert Relkey

Not used

l~Convert O=No Conversion

* See Table 4- ,;

4-17



Table 4-5. D sk Command Codes

Read Status Check

13 ITS --
l.

IV Fl\ TRK

(J [; (J

(J () I:z.c:' s to re to

i:"UNc'r I ON

1 neier ero

1

1

o

()

o

ad R,ccord

ad Tra,ck

\,vri te Record

rite Status Check

ormat Record same Tesu

Format Track (Same res a,s 1]
! ;

he' D t a

DATA OUT REGISTERs

t register controls the transfer of data the

S-! bUS data ines to the data bus internal to the AM-SOD

r uit board and consists of the reg ster on U41. rile 11

o tile !)ata Out register comes from tIle 5-100 bus data lines

DO 0 - DC) 7 ~ an d til e out put r \<j hen en a hIe (1 J go esta t J1 e 1 Xl t e :r n

A~t- 00 data bus DO-p7.

D ': frorn s~ 100 bus a lines IS clocked into the Data Ju

glS e th Data Write signal This come~:;

o command register when the AM-SOD IS addressed arid AD

and A1=0" WIlen Output signal (SOUl) From the :.)100

4 18



[HIS is asserted, clocks the data word from the S-100
bus o e Data Out Register and also sets the DMA request

l.;;lt r a DMA service reques t" Tl1e Df\V\ controller Lssues an

Signal

(3 Read. Output

Ie ( that is combined with address bit A15~1 and

the CPU to generate Data I/O Read signa

transfers the contents of the Data Out

j{egis ter onto the i.nternal. datcl bus and also resets the DlvlA

reques t l;Jt

4 ~ ;,"~ CJ?U INPUT',

CPU input data is transmitted from the AM-SOD by the S-100

data and control lines. It is transmitted from the AM-SOD

by the Status Register and Data n Register.

STi1.TLlS REGISTER.

The Status Register is us to determine the current status

of AM-SOO Controller operation and consists of the regist r

on U5 " rhe ut to the Status Register comes from the

AlvI~ SOO internal data bus JJO-D7; and the output, \vhen enabled,

goes to the S-100 bus data lines DIO-DI7.

Data from the internal data bus 5 clocked into the Status

Register by the signal from the Register/Memory Select

logi . This occurs when the board is addressed and lines AD,

/\] ;lnd tllR are all low. The Register/Memory Select decode 5

lSSU.C the signal to cI0 the data into the Status

Regis tel" from e internal data bus. The contents C .L'0:1." t,ne

Status Register are applied to the S-TOO bus data Tiues by the

Status !{ead signal ( from the I/O Command Regis ter~

fh 5 signal is issued when address line AO=O, Write Strobe

PWR is false (h ), Read enable is True (high) ~ and A,ctivate

Input (SINP) is high.

i. I 4" 2 STATUS WORD FDRMATS.

Status words contain information regard

4~ 19
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the 500 cont:ro Ie . Information and formats of e st:a,tus

(

ds are contained in Tab e 4-6.

and 1 Received, O;Cleared.

Bit L5 a Command Rec Ivea

ab 1. e ,4 ~ 6 0 Status Word Formats

B ,

6 ,] 4 3 ? 1 0 j" Ui\jC'I ON

0 (! 0 [J L (! 1 D , 5 k No t Re

0 0 1 0 LV r L te PYO t e ct e d

n d 0 0 0u

Cornman Received O=Cleared, l""Received.

~~ d In Register controls the ransfer of cia d, trom

bus interIlal to the AM-SOD to the 5-100 bus data

t th register on U42. fhe input to th glS r

rOlll the n rn 1 data lines DO-D7 an the output, when

f>:f),a,b cd J goes the S 100 bus data lines DIO-DI7.

a tronl the intel'na bus is clocked into the regi teY whe

comes tronl Bus Acknowle e I

e her' IJa a o WI-ite 1S true or RUN IS fa.Lse.

and WI' i tf~

Signal

from

the C::i·J[J \~ihen DlVL3c 5 selected b)F th,e Memory/Re ster eLec

Dd.L 5 placed on the s-tOO us data lines when in

t e B s rap Mode or when the l/G Command Re ster ssues

a a Rea command. fhe IS issued WIlen the board

1 a(1d',resse and AO';o;;l) !\.l=O} Read Enable PDBIN s true th )

an Wr te Strob is fais (hi ,
) ,



CEDURE.
The AM-SOD circuit board contains a bootstrap load routine

store In e ROM on U21. The microcode for internal AM-SOO

ope ation 1,5 also cOlltained in the first lK of ROM memory.

e bootstrap p ram is contained in e second lK 0 memory.

NO'fF:

If e user code is changed from the

current boot routJ.ne, the microcode in

the rst lK of memory must be licated

eX.(;J.ctly ~

The PU re ads e bootstrap load program by addressing the 1..fCU

card and reading fyom 172000 (octal) up. 'rhis address, COlllbined

IV i SMEMR from the S-100 bus and a hi signal which takes

place initial sta:rt~u,PJ gencTates the signal fhe

signa.l enables e PROIvl CU2 and enables the output of the

Data In Register. fhe cloe.k input of the Datd In Register 1.5

supplied by the RUN signal thro gate LJ32. The RUN 5 gnal

was set low initial start-up and remains so unti DRLCLR
presets e RUN flip-flop. The Data [n Register consists of

transpa,Yen.t latches 50 that un r these conditions, e boot

data fI'OHt e PROM enters the internal data bus and ransfers

directly to the 3-100 bus data lines.

When the hlock data transfer of the boot Loade 1.s cOJ1ljJleted)

the El.n,tom s disabled, and the CPU and DrvJA mo es tTll tial j ?

he circuit board so that it can accept commands.

NTER.RUl)TS 0

rhe interrupt mode can be selected for AM-SOD operation wIlen

he so ware program sets bit 7 ';In ether disk or non-disk

commands. When the inter t rna is selected) the iJlte t

occurs at the completion of e current AM-SOD command.

4" 2 J
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:L 5 t e interncl1 dLltn e contToJ register

(UJ and connected to the s- 00 bus vectored interrupt 1 nes.

from pin 3 of U35 to the selected 1 ne.

An one of th seven interrupt

by a Jumpe

in,es 10 V 7) may e sele ted

fh e rUD mode may be c ea]"ed by the software rag ram so
tIl C) errupts do not occur. rhe progrLim clea.Ts the' inte rUI)

;le' by' settin,g bit 6 l,n any no -\1:i~:)l< command to d. OUE,' t Sf.;

ub j t,l

u'-rpU'f SK DRIVE>

['h~ AM-SOO c rcui board transters disk write data alid controls

to the dISk dr ve thro write data logic and dJ"lve contra

ee Table 2 3 for a complete list of the signa s

b C' (; th AM·~ 50 () ircuit board and the disk drive.

iii

)'Ji\TA WRITE LOGJC~

gic provides the double frequenc

ut necessary for the disk drive write

e:nc.ode

rCUJ_t Y',

\Vhen. th /\l\l~ 500 s in the Iv"rite mode;> the \!vI:,zI'rE sigI1al LS )']1

v;hi.ch. ~~ stIle Itiplexer in the eRC logic (U9) to se ect

\t-/ri t Lie} L-l (WD/-\T from the F FO memory stack to the

heck r dule iJ23~ The serial data 1S then sen tu tb.e r- FO

sync f p-ilop U ~ and also to e data wIite logi 5.ho 1

a RC error ccur, CRCERR signal goes hi

the dive status buf cr.

an d set: s bit c} J

th FIFO memory is not empty, is hi lng

RC e KeY' and gati.ng the ser a,1 da :3 output of the F.rr;o
th.l'·O tl10 rite Idgic where t is combined wit]} the c:Joc:k

and app e to the Otltp\.lt to \Vll n

n \<J j e curre:nr 15 flol41ng 1'0 the d sk write head flam

IS

command, th CELL clock IS also combined into t

through OR gate U43~ When the FIFO memo

s low, gating eRC data to the lineo



DRIVE REGISTERS.

d sk drive registers control the selection a.nd operation

of the disk mechanism. Three flip-flop registers (Ul1, U12,

Ul perform these func'tioJ1S when enabled by the signal.

Dr \Fe H.egister l\io~ 1 controls e address data to e disk driv€*

fhe ess data is contained on the nternal data bus and 15

tra,nsferred into Drive Register No. from the register

select l.Og1C~

clocks

Register No~ 1, "

When the software seJ.ects the cylind,er address,

e data from the internal data bus into Drive

Drive Register No. 2 controls the disk and head select data to

the disk drIve. is data is contained on the internal data

bus when the software selects the drIve commands and is cocked

tntoD ive Register No~ 2 b)! the

selc;ct logic0

signal. frolll the register

I'he Drive Control Register handles the gate signals or e

isk read and write operations. This includes Write Gate

(IVCA'fE) j EraSf;; C;"lte (EGATE) j Read Gate (RGATE), lindor

Address Strobe (CYLST and return to Zero Seek (RESTOR

addit on} this register generates the READ, WRITE, ;:Lnd

iJA A signals for Lnternal control and the 5-100 bus intex'rupt

Tll 1S ta is clockod into Drive Control ister

by thc:; signELl :from the register select logic.>

4 B INflU'I' FROl\t I)15K DRI\/E ~

rhe ~M-500 circuit board receives memory data and status from

tile di. k drive thro the da'taread logic and drive status

reg ster See Table 2-3 for a complete list of the signals

between the circuit board and tIle disk drive.



.:;~ l~ 8" 1 DATA R.E:.AD 1,OG1C%

e data read logic receive e sepflrate clock outp 5

f the disk d)"ive and applies them to the clock and p set

l,nI)uts of a f i.p~flop ~ When e AM-SOD is not in the read

mo the READ signal ho ds thl ip-flop in the clea state.

The [1 C'lop ou ut (RDAT' d the input clock (

sen,T.' to the CRC logic d.nd 315

and RDATA re 5e ected/\M~ 50 is tn the Re THO de J

F TFO menl:ory 0 lVhen the

e multiplexe In e eRe ogle (Ug) :for checking by the

TzC: lllodule 23 and also entered into th.e serial input of the

FIFO memory gated the FSYNC output of the eRe Ogl

DRIVE S'I'/\TUS BUFl~'ER0

e Dr ve Sta.tus Buffer recelves status III a,tio [1"Om e

a sk r ve and also the errOl' signal from the eRe checker

Whc:n the C interrogates the disk sta.tlls from the AM-SOO

ee able 4,""4 a.11d (~l,- 5) y the output. of t.he g S te r

e ct ogJ 1S lO\~i VJhl transfers the statlls data from the

sk drive to the internal data bus for transfer to the cpu.
T'hc' da,ta forma

{)

3

4

is as £01101,-'15

See fable 3 for a description of the disk interface signalS.



IFO MEMORY AND CONTROL~

FIFO Memory and Control circuitry consists of tw 4-bit

First~In""'First-Out memory modul.es connectedfoT a stack of

See parag~c 4.2.3 for a detailed descr t

of the module. The FIFO memory is used for both disk read and

write operatj.ons. Lt. converts e serial data from the disk to

parallel a for internal processing and transfer, an converts

parallel data to serial r sk write operations. rhf) data

is transferred between tIle FIPO and lK of e Rf;tndom ACCf.-'SS

JVlemo Y)/ ( b)r the DJvlA control1er~ For memo full or rnemory

emp conditions, the FIFO synchronizing logic make the DMA

service reqllcsts to the DMA controller to ensure

DMA controller runs at the d:i,sl( speed*

at the

T'he D~-'L:\ b fel' is contained III e Random Access Memory

modules US and U6. All data transfers to or from the disk

memory must pass through this buffer.

o flip'~ f opare combined to reset the

fhe ackno\.'1Iledge from the Df',Ji\ cOJltrollerPI ~flop,

and tt18 I/O Read (

DrvlA reques 1:5 ( 0 and 1) aore generated by the LHvlA reques

atches on U16. For DREQO, the Data Write (DATWRT) command

is received from the /0 command register, setting the a

by

Da.ta

a're clea.red DIvU\

flop operates

and clocked

ues t Clear

a similar way set by

Both request flip-flJp

4=Z5



CIRCUIT E DESCRIPTION.

rJ1ssei:JC! describes the operation of the in vidual TTCU

D.C g S 51 canta ned on the AM-SOD circuit o,;lrd"
th essin,g LS handled by the CPU Elnd DMA cOIl.troller modu,les~

so e are dese bed n taj 1, The control log c dint

ce 5 () sc Lbe with logic and conn cti a

{lrnS f:'Cl

1.1 MICROPROCESSOR (UI9).

PU epees or IS a single DIP module that handles e

dat pI' cess ng of the AM-SOD circuit board.

F gure '1= ock (liagrarn the CPU,and Figure 4-3 a L5

the reg stCJ' configura,t on whi contain.s 8 bit

of Re mory at are accessIble to the prcg

T'he gj,ste s include two sets of six general purpos T'S

tha m(lV e used in tdual1v as 8-bit registers or a~s 16-

regl te fhere are also two ets of accumulator and

gi 5 tel' The programmeI has access to ei e set of

maIn Dr alternate registers th a group of exchange inst ue

on or may be reserved for very fast Inter upt I'csI)ons

h 5 al tern;].t set a lows foregroun bac r(Jun IJlode

F'l} so conta TiS l6-bit stack pointer which ermits

S 1 rnp multiple leve 1 upts" unl im,i ted

S ne :nesting and 5 Ij,f cation of many types of data

GJ1ng"

r t? th'O 16 It Inaex registers allow tab ar data man pUlD on.

,,111<1 eelS mplemellt3t on of relocatable code. fhe Refy'esh I'egister'

r' C"V des ror au C, totally transparent refresh of external

memor es ~ Llle 1 registe is used in a pow r terrupt

respOHS to I'm e upper 8 bits of a pointe to an terru.pt

er Ice address table, while the interrupting device supplies

the lCih' r 8 bi ts of An i re t cal is then made

t lS service address.

=26



Figure 4~2, CPU Block Diagram

GHd.fflll'
~lIR_~

fI{,(;'sH'IS

IN()(X '·'H/;'"fl

Figure 4- 3. CPU Registers

F19Ltre 4 " 4 shows CPU pLn in configuration and r Ie 4- 7

cont;:lins a l ist of the CPU 5 ignals .

"
wd6 "

""''''
,6;;0 "

",,",.,ml! ~ '.
w"

"
~f~, " '''''''fS',, ,,'s
;:;Act "

·<'0

CPU
',>

I~r '-.'"
~"

",oRl

''''''
ffi,"~"

"0

G,

~"D ",,'
;>,
O.

Figure 4-4. CPU Pin Configuration
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Tabl 4~7 a1 List

SIGNAl PIN FUNC'T'ION

AO""'AIS Tri- tate output, active ]1i

ADDRI:SS BUS AO- is constitutE> ;J t6-b:iad\1rcss

t".he :rcss bus r):rc I

<:J.dd. ess for meTHory CLip t /1- 1< ny ~

data exchanges and for

'da,tel e ch;;lnges"

\i icc

Th dat bus

const tute an 8- t b di

h rnemn r\i

incli d.Le's

cution.

c:urrent ma.ch ne cy e 1

ex, ch D.D g e s

d.ct i ve .Lo'Vy' ~

ode fetch eye 2 of

ate inputjou ut, act

I/O devic,es 0

jvL\CIIINE CY'CLE ONE

memory request signal cates th

the address bus ho cis \/El.li.d rC'5

for a memory read or memory w e

ope at on"

PUT OU'}"PUT UEST

20 I"Tri-state out I' t, active

signal IndIcates at the

half of the addre 5 bus 01 l.d

I/O address for a I/O del 0

op(:c:r!]_tion~ An I signa.I 15 211 lj

gen.cra cd an :l terrupt is b trig

acknowle ed to indicate that an



SIGNAL

Tab 1 e 4"" '7 (C 0 n t ~ ) *

PIN

CPU Signal List

FUNe}' ION

interrupt response vecto

placed on the data bus.

c;:ln be

21 TTi~sta.te output, active l.OlV.

.1C;;-1tes at the CPU wants to ,"e

data from memory or an 1,0 device.

The addressed [/0 device or lnemory

should use this signal to gate da a

onto e CPU data bus.

WRIT'E

22 r i-state output, active low.

IndIcates that the CPU data bus

holds valid data to be stOTfd In

the addressed memory 0

28 Output l active low. indicates

REFRESr·J tha.t the lO\ve 7 bits of the a Tess

bus c()ntain a refresh d(1Cl:cess Lcr

c memories and the c rTtflt

signal should be used to ao

refresh 1'e to aLL J.c mern()TleS,

18 Ou ut) active low. LnG} a es

HAL r STl\TE that the CPU has executed a

soft\vare instrtlction and LS (lv/aiting

either a nonmaskable or a Dlaskable

interrupt (with the mask enable

before operatioTl C;-I11. resume" Wh

halted, t]le CPU executes NOP's to

maintain mernor)" refres

4- 9
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Tab 1 e 4""' 7 (Con to) " CPU Si a] List

SIGNAL PIN FU[\C r [

Input, active low. ndic tcs

\.VAt'r to e CPU th,at the a,ddT"esse,d menlcry

or /0 d.evices are not rea L(JT a

,dat tra,ns '['he CPU C ont i,n o

e end of the current Ln,~; 1 uc

r 0b

tE~r tip!'he

A reques t \v'il1 b h red,

uest signal is gene Ftt

ent:er wait sta,tes for as 10Tlg a,s lS

a1 LS active,

UL:"l

tion if the internal so tware con-

tTO Led interupt en bIe f'li l.op

(IFF is enabled.

17 Input, a,ctive 101\1? 'f 1"t c:non In ;::15 k a

NON J,JASKABLE interrupt request l.ine has ii n

ul" r'e t

rIng

data

1 t a .~

re e t

orees th,

thE'

f)dance 5 t te

and R an.d set

endthea

automatic 11

an

enable flip-f op, clea

ze

restart to locatIon 066H

of the interrupt ena

go to a h j

(],nd reg steTs

ut, active lOh'.

terrupt to 8080;\ m(/de"

es the CPU as £0110I-'v's ,:

set tlme, the address

5 truction, independent 0 e

prioriI N'TERRUPT



SIGNAL

Table 4-7 (Cont.).

PIN

CPU Sign.al ist

FUNCTION

BUS REQUEST

and all control au ut sIgna 5 go

to the inactive state.

Inpu.t) aeti ve 10\.\1 ~ I'h

signal has a hi er pri

,NMI a.nd is ;:-llw3.}Ts recogni zed. at the

end of the current machlI:tc C}'cJ a,nd

is used to request the CPU add es

bus, data bus arId tri-state au ut

control signals to go to a

impedance state 50 that other dey

Cd.l1 control cse busses

23 0 ut) active 10\A/. Bus acknowle

BUS ACKNOW.LEDGf\ IS used to indicate to the Teques

vice that the CPU address bus,

bus and t i-state control bus 51

have been set to their hi rnpedance

4.2. L]

state and the external device can now

control these signals.

INSTRUCTION OP-CODE FETCH.

T'he program counter content (PC) is placed on the address bus irnme=

diately at the start of the cycle. One half clock time later

goes active" 1'he falling e of can be used directlY as a

ch enable to c rnemorl s_, W]len active indicates that the

memory data Sllould be enabled onto the CPU data bus. fhe CPU sarnples

data wi h the ris

and rL] of a fet

edge of the clock state [3.

cycle are used to refresh

CJock :::ltd.tes T'~J

c rnemories \.yhilc

the CPU is internally coding and executing the nstruction.

:I. "" .3:1

fhe



re SII control s1 al 1 cates that a refresh re of a1

namic memories should be accomplished.

tvlEM()RY REi\D OR WRITE l~YCLES~

[llustrated here IS the timing of memory read or wr te cycles

othe than d.n OP code fetch (M! C)i Ie) 0 The and

signals (Ire used exact y a,s Ln the t cycle. e.=ls e

of a memory write cycle, the also becomes act ve when

the address bus is stable so that it can be used direct y

a chip enable [or IC memor es. l'he \VR line is aeti \

wh clata on the a bus is stable so that it can be used

rectly a,s a

memory"

puis to virtually any type of semiconducto

4~ 32



INPUT OR CYCLES.

Illustrated here is the timing for an I/O read or I/O write opera-

tion. Notice that during I/O ope ations a single wait stB e 5

automatically inserted (Tw*). I'he reason for this IS Lha duJ' ng

r/o operations this extra state allows sufficient time for an r 't !

po t to decode its

Lsrequi red 0

ress and activate the

M ",1

il()

'}<)

''') '"

4.2. L 4 INTEI:ZRup-r UEST/ACKNOWLEDGE CYCLE.

1'J1,e tDterrupt sign,a1 is sam.pled the CPU with the ising e e

of the last clock at the end of any inst uction. When an tel'''''

upt 15 accepted, a special Ml cycle is generated. During this

l\'11 cycle the signal becomes active (instead of to

dicate at the interrupting device can place an 8 bit veC~OI

on the data. bu.:.). r'hro wait sta,tes (Tw*) are d.utomatical eJdded

to this cycle so that a ripple priori interrupt scneme, 5

as the Olle used. ir1 the periph(~ra] conty() leI's, can be: eas 11)/

implcmented~

-,

". .~~~f~~¥~~t~~t~~t§~~~~M '"

~

WHD



RueT I ON SE"f.

The

TN

summary of the CPU instruction S(;::t Sh"j.ljlng the

ssembl language mnemonIC and the s olj C ODeral: L" fi(\ ormed

j) the instr"LlctioTl.. The instructions are divided int e Co

Lowlng categor es

8=b t 1.0 Clc:l.S

ti=bit loads

Miscellaneous Group

Rotd.tes Flnd Sifts

[' changes Bit Set H.es t (;;5 t

Memory Block Moves

Memory Block Searches

Input and Ou

,TUJTlp5

ut

8=bit arit tIe: and legie: a is

L6= b i arithmetic Restarts

General purpose Accumulator

erations

Returns

In the table the following terminology· 1.S used"

o _ a on nmnbcr Hl any 8-blt legIster or memory

COf1(l!l JOn code
NZ "" non zero
Z zero
N'C := non cany
C carrY

odd 01 no over now
PI-:. Panty even (wcr flow

Posl1ive
M ive (flWlUS)

d 311'v K~bi! dCS(lHdtl'-.;ll n:gistci ,if Iller-nUl,

Jd dny 16..Dn deSlination ICglSlt'I' Of memorY' lucauun
-0- 8-bH signed 2\ d used in

relatIve and mdexed ad,d",,,,,,£
S sptx)a! call locations 111 page Tero In deCImal
f)o\i:l.t!Ull the${: are 0< 8, j 6, :4,3:.40, 48 and

n any 8"blt bmary numbel
no - any 16'{}\l bmary number

any g~bJl purpose re-gister (l\ B<E

H '"~ L I
dny g~bit source regIster ur memory ilxal nn

sb = a bit m a 8~tnt regIster or memory loCation

ss dny 160:)lt SCHHee register Dr memory ]ocauon

SUbSC'llpt "L '< the low order 8 ods a !6-bll regIs tel

subSCript "1-{" the hJgh order 8 bits :a 16-0) it register

\) - the Clmtents wllhm the ( ) are to bc used as a
to <l. memory location or I/O port number

K"oil are A, 13, C, D, E" H, I and R
16br are AF BC, DE and HL

] 6+l:nt registers are SP < PC IX and IY

Addressmg Modes mcJude combmatlons uf
the Immediate Indexed

Immediate eXlef!d~:d

Modified lero
Relative Indnf:cr
E,xlcnded Bit



Table 4-8, CPU Instruction Set

tHJIT LOADS

LD A

{IX+Cl,(!Y+c)

dcc(HLi
(I Xl'e L (lY+e)

scc(BC) (DEI
(1111 L 1. R

d cc (BC) (I)Ei
(nn)" L R

LDdd,nll dd-nn

• (SP) dd
H

'

dd BC DC
, HE- Sp, IX, IY

dd "' IlC DE­
HL SP, IX, IY

ss cc ilL DE,
m, sp, IX, IY

ss- HE- IX, IV

ss- Il( ,DE,
HL, AI', IX, IY

dd - BL DE
HI. AI', IX, IV

,( 51',21 ,-
SF +" 5S

(SI'-II ~

LDtnn),ss

ILD SF, 55

IPUSH 55

POP dd

i6~Bj'T' 1..0/,\1)5

r,X("l!ANf.;r:s

EX DE, HL

EX AL AF'

EXX

DE - HE
AI' " AI"

(Be), DF'
HL'

;'vlEI',,10R Y BLOCK MOVES

EX tSP), 55

WI

iDIR

illD

LDDR

(sP) ,

(DE) - IHLL DE, DE+ I
HL-HL+! BL+BL!

iDE) s nUl, DE DE+ I
HL'HL+i IlL+IlL-i
Repeal untd Be "" 0

iDE)-'(IILEDE' DE-I
HE -, HL,!, IJ( ,ilL-I

(DE) ,- (HE) DE DE-I
HL· Ill-I IlL·- BL
Repeal until BC "" 0

ss cc HL iX, IY

4"" 35



Table 4 8 (Cont.). CPU [nstruction Set

\.'1EMOR Y BLOCK SL>'Il_ZCIIE5

:v1nemonic

CPi

CPIJ{

Hi HLI I
BC BC~ I

+HHLtHL' HI+I
BC +~ BC '" I ,
unlll IK ~ () m A ~ OlL)

A~OR) ,els
the flags only
A is not affected

CPU A--(HLi,!-IL Ht ,~!

Be +- BC-- j

8"BIT'i\L\!

CPOR

ADD,

AlX,

SClh

S8C '
I AND,

lOll>

f XOR,

It P ,

IINI d

DEC d

A~IHL[ HL + Hi I

BC+BC,I
unll! Be'"' 0 or A "" (HLl

A~""A+$

A +- A + S -t' CV

! A+--A~§

I /\ +-- A - § -" Cy

IA~AA,

IA-~-AVS
tA~-A$S

I A \

I
, d (j t

I d + d

CY IS the
r,;arry flag

s'" r. n, HL)
IIX+e) (lY+e)

L n

OX+<[I

d + I,IHL)

ilX+eJ, I

ss'" BC DE,
IX, 51'

5S" Be DE,
IY, SI'

dd '" BC, DE,
He IX,IY

dd ",Be DE,
HL,SI',IX,lY

16-Brl' /\RlTHf\{ATIC

ADD He ss

ADC He ss

SHe HL,ss

ADD IX ss

ADD IV-. ss

INC dd

cre

Hi. HI 1- S5

HL HI + s:; + CY

l!i HL,ss C\

IX IX+ss

IY " 1\ + ss

ad<-- dd + I

A contents into
Inllnwmpadd

or subtract.

A +

ss '" BC, DE
HL,SP

NEG A'- 00 ~ A

fTC CV +

SCI' CV
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Table 4--8 (Con-t.). CPU Instruction Set

Comments

HALT

DI

MISCELLANEOUS El

1M 0

1M I

1M,

Hail CPU

DIsable Interrupts

Enabie

Set Interrupt mode 0

Set l!1ferrupt mude !

Set mterrupl rnuJe ,:;

SOROA mode

Cali to 0038H
Indirect Call

RUC s

RL s

RRC s

RR 5

SLA 5

ROTATES /\Nl) SHH,TS s
s'" L (ilL)
(lXtc),

SRA s

SRU,

RLD

HI, ,- HL + I

ilL .' ilL t I

Sel flags

I liS zew tlag 1
s'" I llU I ~'(lX+0j I!'Viel

l + sb

1, .- I

1, + 0

IN A,
, IN [,IC)

IN!

IINIR

BIT b, S

nfr S,R, AND T SET b, s
RES b, 5

RBD

IND

INPUT AND OUTPUT

IN DR

B~B-i

(HI) ~ ilL + ilL - I
R +, B-1
Repeat Uf1tJ! B '" ()



Ie 4- 8 (Cont ~ Instruction Set

PO
PI'
I'
M

kk

cc

NZ NC
Z C

ss" HL, IX IY

HL + !

In HL +

HI. Hi!.

untUH 'C 0

HI III - !

f com:htlOH kk lS true

PC,'" PC t e, ;:1s(: (fmtinue

Pf,' ""' S5

B~B~ 111$""0
con tm ue, else P(' .... PC' + e

L,PC+-nn

jll f comiltion cc is false
• contmue, else same as

CALL nn

OUTD

OTIR

OTUR

CALL 110

.lP (ss)

DJNZ e

CALLS

JUMPS

1NPlrr /\ND OU'T'PU'r

ReH.l.n1 from mtermpt,

'arne .. RET

HZ PO
Z PF
NI I'
l M

+- (SP)

II
If condition ;,;( 1S faise
contirHM:, else same as RET

RETI
RJ::ru !ZNS

RST L
REST;\RTS I

RETN Return from non"
mask.ab!e interrupt



CONT LER CU20),
is devi.ce IS a TIlultimode Direct lvIemory Access (Il:tvI/\) c:ontrolJer

for microprocessor systems. It enhances system performance by

allow ng other devices to directly transfer information to or from

meTIlory a-r to t.ran:.; r data from one memory to a,no er Figure 4·'" S

ShOlvS the Dj\iU\ controller connections and Table 4""9 lists esc

signals with their functions.

The three basic transfer modes allow programmabili of the es

of Df.'lA service by the user~ Each channel can be individually pro-

grammed to Autoinitialize to its original condition following an

En,d of Process (

L anne]. has a full. 64K address and word count capabili

/\n external signEll can terminate a DJ\Jl/t or memory'~ to-memory

transfer. This is usc.ful for block search or compare operations

using external comparators or for intelligent perl

a,bort erroneous serVIces.

ral s to

COI\IIllECTIIQIII DIAGRAM
Top View

DRS

AO

p-~- A5

p----_ M

fop

1=]-- AJ

A:l

D~-"
P-_M

vec !+bV)

D-- D80

D--OBl
D~-- DBl

DS:>

DB4

D-"-- DACKO

W--DACK]

Cl.l{ ---1:::1
RESET ~....-

"'",,,,.
MliiA
i¥J-ntW ,,~ ..

DACK2 --_.

DACIO --­

OREa:} ~-Cl

OREQl -­

DREQl -

DAEOQ ----Cl Dee

c::j~__" ,:j:J~- D"

1'lIfAO\1 ._~-1:::l

jojACK "---iC!
AOOT8 ---

Figu.re 4-5. DMA Contrc)11er Connections



Table 4-9 ¢ Df\'IA Cont:cc)11er Sign::11 I,ist

\rss

PIN

31 +5 Volt Supply

20 (~ro d

FUNCTION

L2 This input controls c:: nte:cna

operations of the DMA Con roller

and ts rate of data TELES te e

input may be driven at u_p to ,-i)MHz

fo the standard 1)j\;IA onro 1 ancl

up t 4MHz for the DMA Controller"

11 Select. S (Ui act i ve lo\~!

CHIP SELECT, NPUT used to select the DMA Contra 1

as an 0 device during the Idle

cycle. '[his al aws CPU communl-

cation on the data bus.

RESET 1:, Reset is an as ronous ac 1

RESET, NPUT hi

Status,

ut which clears the Camman J

uest and Temporary reg ~-

ters It a so clears the firs

last flip/flop and sets the Mask

regis ter ~ Following a Reset the

device s in the dl cy leo

Ri'AIJY 6 Rea is an as ranous input used

REi\DY _~ INPu'-r to extend the memory read and write

pulses ,from c DMA Controller to

accommodate s10l'v' memo les or I/O

per

4=40

eral v ces.



Table 4-9 (ConL).

SIGNAL

DMA Controller Signal LIst

FUNCTION

ilACK '7 'J'11.o a

HOLD ACKNOWLEDGE,

INPUT
the CPU indicates that cont 1 0

system buses has been reI nquishEO.

ronous channel Te uest inputs

uest lines are ndividua0·,

DMA
3

lIEST, iNPUT

1.9, The DMA

L8, as

17, us cd perj era1 c,j cui t5 t"u

16 obt"lin DM/\ 5er\/1C8.

() hclS the hi

Fix ::cJ

est j:)::cioroi

OT"=

and ~ }ldst]le lowest prioyj

A request is generated by act vatlllg

the 1 ine of a ch:'lnne U/4,.(:

will acknowle e the recognitIon l

the 5 ignal" Pola.ri ty of D.RE

I.lA'fA BUS,

INPUT/OlI'!'PlIT

lS programmabl.e. Reset nitializes

these lines to active

30, The Data Bus lines are bid ree Ion

29, three-state signals connected to

28, the system data bus. 'rhe au uts

27, are enabled in the Progr ConJitioTl

2 (1 J

23,

d,uring the I/O

contents of (l:n Address

outjJur t.he

22, Sta,tus register, the Temporary

21 register or a Word Count reg ste

to the CPU~ he outputs are dlS-

abled and the inputs are read during

an I/O Write cycle when e (1) U s

programming the Df\'l/-\ contI'olJ r (::on'~

tyoJ 1'eg1ste1:5o Dur ng DMi\ c}Ocles J

the most significant e1

4-41
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Table 4""9 (Cont ~) $ DMA Controller Signal is t

S I GNAt PIN

the address are

F"UNCTION

l1 t t

bus to be st

Latch by j,\DSTB"

cd into an ex erna

[n menlory-to-memo

operat ons,data from the me

comes to the DlvlACon t rol e.¥' on

the data bus dUT ng the read-

memoy\' tr;:lnsfe " 11't the IV e-to

memory transfer, the d,lta bus au tits

place the data into the new memory

oca.tion.

Read is a bidire t]on

11 the 1./:110'tv, three-sta.te lill.e"I 0 READ ~

INP JT/OLJTPUT cy c 1e J t 1S an input can.t 1:'01 ignal

used by

reg sters.

e PU to read the cant

In the Act ve cycle% , ~

1. L

is an output control

the Dl\l/·\ Controller to

19na.. l.1sec1 [)

cees

from a peri era] clUTJ.. ng a DMA

iVy t.e transfer"

2 I/O Wr te is a bidirectiona acti

it is an input cant 01 SIgn 1

() hrR TTE ~

LJT OLJTPLJ'I cycl

three-state line. I.n i.. d e

used b e CPU to load information

into e DMA Contro 1 r. n the

Active cycle" it 1.5 an output COlltrol

signEtl used by the DMA ContlOl.LC.f to

load a to the peri era1 during

a DMA Read transfe ~
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Table 4-9 (Cont.).

PIN

DMA Controller Signa] List

FUNCTION

36

END OF PROCESS.

f.NPUT/OUTPUT

is an acti'l£:': 101'1, bid,irectioIlal

sigxla,l~ J:nformation concc:rn,ing the

completion of D.M/\ services is avai

able at tbe bi directienai End of

Process ( Ppp', p';']
.-" J ) ,~. Ll ..• The DI'vlA Con-

troller allows an external signal to

terminate an active [lr\iIA se:rvice~

'fhis is accomplished by pulling the

input low with an external

sigIlal. 'rhe DMA Controller also

generates a pulse when terminal

c.ount (TC) for arty channel 15 reached.

This generates an

Is output through the

signal whIch

1"118

receptIon of either in ernal or

external, w 11 cause the l}[\JA Control~'

ler to terminate the 58 Vlce, reset

tIl.e request; and if Autoinitialize

is enabled, to IAirite the base regis~

ters to the current registers of that

chLlnn e 1 ~ The mask bit and Ie bit til

the status word will be set for the

current active channel by

unless the channel is pYogrannned for

AutoinitialIze~ In that case.

mask h t remains clear.

memory-to-memory transfers, w j.-l1

be ou ut when the Te for cbannol 1

occurs o
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DtJ./\ Controller Signal L s

FUNCTION

Ln the Idle cycl( t,j-f:y a

biclirectional, th

the

ficaI1!.

are us eel

lea.st 1

3S

:1:\ ,

is ~ ,TNPU'I /OU"fPUT

-\DDRJ.SS,

troi e'J: to ress the ouren.]

te t n be loaded or read

Active cycle, t are outp ts anG

rovi the 10\',Ier 4- bit

put a.ddress.

37, The four most signif cant address

\DDJ{ESS1' OUI'PUT 38, Lines are three-state 0 C\

=)9, yc)vide four bits of address r c'

40 lines are enabled only

DlvtA service ~

ng the

to is is the Hold ues t(J ,;;) PIJ

[-JOLI) land is used to request contro ot the

!system bus. If the corresp ding

Imask bit 5 clea , the pre ence of

any valid causes the

troller to issue the HREQ.

DACI{O ~ D,,\CK3 25, DMA !Ie 1e e is used t ttl

DMA ACKNOWLEDGE, 241' Lndj dual peri er s when one has

OU'T'PUT 17, been granted a Dtv1J-\ eyer:::, e

16 of these lines lS p:rogr I.e"

Reset initializes them to active



T Ie 4-9 (Cant.). liMA Controller SIgnal List

5 I GNAt PIN FUNCTION

e external latch wllieh ho ds

e Address Enable is an

level used to enable the 0

9

S5 ENABLE,
OUTPUT

upper te of address, and to disabl

the system bus during the DMA eye e

Note that eluring DfvIA trans r5, I--IACK

and AEN should be used to deselect

all other I/O peri crais whi h Inay

erroneously be accessed as prog a
r ! n
j,. / '-J during the DMA operation. rhe

DJ\ll\ ontrol1er automatiea de-

selects tself during Dl\JA tl;'lTlsfcr

i\DS'fB 8 e acti'\Ie high ess Strot)e IS

/\DDRESS 5'1'ROB:E, used to strobe uppe r addres

byte into an external Ia

3 The Memory Read signal sail acrr

access data

fv1.Er,JOJ{Y R.EA.D j

OU'TPUT

Ie three-state output used to

e seleete IIlcnlory

location during 3 DMARea,c] o:r a

memory-to-memory transfer.

4 TIle Memory \Vrite s gna] 1_5 an aLi \1(:;

]0W thrpD-s~qte ou ut 115ed to w te_ ~ "~ "'~.L v <--_ _, '- ,.. ._rvIEMO RY tV R11'E J

OUTPUT dat(1 to e selected memory lac t n

during a DMA Write or a melnory-to

memory transfer.



Df\iL\ CONI'ROL EI~ FUN C1' T(JNi\T.! DESCR PTrON~

[he 1,:ontrol1cr lock diagram shown In Figure 4-6 in ludes

n lTlL1J IJr log CKS and all the interna.l regIs ers rh

ela.ra tnt con.He Dilths n 'j
c1 .." o 5ho\o,/11, ~ Not shoVl!' the

va lOUS can rol signals between the blocks. TIle DM/\ Can.t j er

con ta,i:n.s Lts or 11ternal Ln the form n-F
\J .~ registe So

Figure 4 :)
u ists these registe 5 hv name and shows the s1

o eac:h, eIe :tIed description the regj.. s tel'S (1,nd their'

{unct ic} CFUl De -Found un r Register Description.

l' b1E' .~ DM/\ Cont leI' nternal Registers

1

1
1

4

4

4

4

4

1

Nlime ! Size Numb@,
I~~······~··~~'··"-~······~···········f -t~.~ _-j

Base Address Registers I 16 bits

Base Word Count Registers 16 bits
Current Address Re,,"a,i'te,·s 16 brts
Current Word Count Registers 16 bitg

TempOrary Address Register H3 bits

Temporary Word Count Regists;16 bits
Status Hegister 8 bits
Command Register 8 bits
fempor~rv Register 8 bits
Mode Registers 6 bits
Mask Register 4 bitS

Request Regist8! i 4 bits

CURRENT
WORD

COUN':
'Hl'

REAfYWRITf, flUi'fEH

CURf,lEkf

ADD\< r:5.S
'B'

D.G1A Contro ler Bock DiagramF"igure

'lM!N0
AND

CONTROi

PkCI'lEMENTOR

EMP 11'0110
COUNT REG flu'

CLOCK

RESE'

DflfOll·DflEOJI

l'flf.Q

DA(:KU-O'I,{':;l(S
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The DMA Controller contains ree basic blocks of control logic.

e Timing Control block generates ernal timing and externa
cont 1. signals for e DlvlA Controller~ The Program Command Con-

trol lock codes the various commands given to the 1)]\1/\ Controller

type of DMA

by the microprocessor prior to servicing a 1)]\,1A

deco s the Mode Control word used to select the

ues t, It al s ()

during the servicing. The Priority Encoder block resolves

p iori t contention bet\veen DMA channels requesting serl/ice

s .imul taneous y

fhe T ming Control block derives internal timing from th
input,

4.2.2.2 DMA OPERATION

clock

rhe DMA Controller op{,::rates in two major cycles~ '[hese are called

Idle and Active cycles. device cycle is made up of a number

of s t::ltes. [he DMA Controller can assume seven separate states,

ea composed of one full clock period. Sta,te 1 (51) is the

inEtctive state, It is entered \vhen the DM;\ Controlle has no

va id Dlvt)\ req ues ts pending. While in 51, the D1'·JA controller IS

inactive but may be in the Program Condition, being programnled

b e processor~ State 0 (SO) is the first state of a DMA service"

rh,e

yer

DMA, Controller has requ,ested

returned an acknohiledge. An

a hold, but the processor has not

acknowledge from the CPU Signa S

t at tans rs rnay begin. 51, 52, 53 and 54 are working states of

the Dlvli\ Ser\T1Ce" If more time is needed to complete a transfer

than is avail Ie t-vith normal timing, wait states (51V) can be

inserted between 52 or 53 and 54

the \)1'''1A Control1er~

the use of the Rea line 011

Memory-to-nlemory transfers requlre a read from and a write-to-

memo to complete each transfer. T'bo 5 tates, wbi res Ie the

rmal working states, use two digit numbers for 1

t states are required for a single transfer.

4-47
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12, S]~3 514) are used r YO om~memo

11.a f

\,VT' t

d the ast four states (S21, 322, 523 and S 4

co-memory half of the transfer.

fo

a,n,nel is recl.uesting serl/lce, the DivlA Control1e

e Lei e cycle andperfcrrn \IS1\1 st(ltes~ Tn th 5 cY'C E::: J

e D~...tA Controller samples lines every clocK eye] to

det rnliI1c L1 anY" eha.nnel :LS rc:questlng a DMA Ser\iLCe, rhe clev.i e

looking Co a.n attempt by tIle m:i ror c,ess r tel

r [2 or read the internal registers of e DMA Cont let" Whc:fj,

Oh; and HREQ is low, the IH,liJ, Con roller en e1's th g rarn

OTldi tOft" ]1e CPU can now establish, change or i peel tne

dell ition of e part by reading from 0 writ ng to

t t registers" .'\ddress l.int::s AO'~j\3 are Inputs to the de'cri

ich registers are to be read or written fhe

a.Dd lines are used to select and time reads or tes

t.he er and size of the i.nterna.! registers ~ an In e D,

t tp f1 is used to generate an it anal bit of addres h s

bi is used to determine e upper or lower byte of e

L\.d 'less a.:nd Word. Count regis ters 0 The flip/flop is

Mas er Clear a Reset. A separate software command can so

rf~sct th.is lip/flop.

c a] soft\-'Jare commands c:an be executed the DMA Cont 011 r

the rag am Condition. These commands are coded as ~;ets f

ess~;\vt and The commands no ma,ke e of the:

,.j t c!. bus 0 struetioDS include Clear Firs ast Fl p/ 0 and

lear ~

4.2.2.4 ACT VB CYCLE
W en the D~11\ Control er 15 in the Idle cycle and a cha.nnel

Teq stsa 1)1\1/\ service ~ the del/ice outputs a to the rn ,..

pro essor and enters the Act ve cleo t 15 l.n this cycl that

the ,DMA serv ce takes place in one of three modes;



In Single Trans

grammed to make one transfer only.

e device lS p

The word count is decrement d

and, the ad,d.ress decremented or iIlcremented following ea

When the word c()unt goes to zero" a'I'erminal C,:ount ('re
t <JUS fe

Autoi tialize if the channel has been programlned to so,

must be ]leld active until DACK becomes active in orde t b

}>ecog.rt zed" [f is held act ve thro out the singl.e t

goes inac:tive a,nd releas("-:s the b1.1S to the s ste.m~ [[ Vi 11

agaIn go active and upon receipt of a new HACK, another sIng c

transfer 1S per rmed. In 808 9080A syste 1.5 l"i-iII ensure

one f1J1 rnachinc cycle execution between DNtA transfers,

to continue making transfers durLng the servi.c

Bloc Mode. tn Block T' ansfer mode, the de\/lce LS ac:t

uuti] a rc J caused b)l t.he word count going t.o zero J (JY an e [

DACK becomes active.

End of Erocess (EOP

act ve unt

is encountered~ DREQ need only be held

ai~ an Autoinitialize DC urs

at the end of the service if the anne] has been prog ammeJ for

Demand 'Trans In Demand 'Trans r mode} e device 1.S

programmed to continue making transters until a re or external

tS enco:untered or until goes inacti\,le ~ rhus ans fe rs

m,3,y

/\fter

t Tlue until

the I/O device has had a chance

exhausted

to ca,tch ul')-1 the

vice 1.5 re-established by med.ns of GI. DREQ~ Dur iTLg tb,e LfHC'

bc::t\,veen Ser\/lces en the microprocessor is allowed to er e}

the intermedi.a,te va.lues of ress and word count are stored 1

the Df-,V\ Controller Current dress and Current Word Count

ters0 Only ;In can cause an Autoinitial ze at the end of th

serVIce 0 is generated either rc or b)T an external signa



transfers JDOVe data frem memOI'Y

ve (lata tram an

ree

device to the memory

fhese are Read, Write and Ve i

active transfer modes can pc forme thrc'

r tra.rlsCers

dev ac ivating MEMR an TOIV • \/eri tr Cl.DS rs

fhe DMA Cc)ntrol1er T'clt 5 as Xl Read '-/ l\'r Le

rs gene atlng addresses, and responding to t

mory a:nd [/0 control lines all t:--erna n LIlL]

[0 perform b oc moves of data rom one 'He.moev

adclrc,:s space.':' te) another Vvith a lninimum of progra.TH et ort an

the rolle]' includes memory-to-memo rans ey FE:; t re

jJrogral1! III t e Command registe selects a.flEel s n.n

to memo Y'- to'''memory ransfer channels. <l..ns Fe r

nit at.e b 58 ting the software for cl1anne I't---.,.ll

i)[\l/\ Con t 0 qtIC ts a IJMA se \/icf; in the norma manne (te I

I-Ill, K the ,rlce.~ using ej t'-state tra"ns

s er mede} reads cia a the memo The c:hanne

i\ddrc ,s s gIst\'.:- s the source Cor the address usc'.:J

aecre erl ~ or 1 Cre!llented n the normal manner. rhe d.ata te

rea '. memory is stored In e D~ti-\ Contro ler l.IT e ,J,

Chann.eI then writes the data from

and
, .
Gecremen Lng/\.(ldr C' S

reg ster

gis ter

to memory us 1 g

Lncrementing or

e a.ddress In r'r nt

L tn the T1oTru;:il

e1" rk
.1.1.1. eJ 1 Current Word C unt 1.S dec ernenLed,. W'hen

the: rd CCJun t fJt Char1.I1CI 1 goes tozerD} a s ge.D.e a

C·d.US ng ,;}ft o ut termi at ng the service.

C:h o r'd. be prog amme to retain the same address for

fhis al ows a single word to be written a a hlo k

() me .r'j

r h {":' r}~,L'\ t Le.r res tel (; t rna SIgna s durIng me

o iHE:"mO trans s " Data comparators In block sea ch schemes



use is upnt to terminate the se ce when a ma.t 15 un d"

channel may be set up as an Autoinitialize channel.

Au By programming a bit in the Mode reg ste~ a

IJuring Auto~

init.ial:i a.tion~ the original values of the C:ur:rent r\d,d.ress and

eu ent Word Count registers are autoffii:ltical1y restored the

Base

fo 11 owing

ss and Base Word Count registers of that eha-nne

The base registers are loaded simultaneous

I,V i t.h e current registers by the microprocessor and remain

un.cha.nged -thro out the DiviA service" The mask bit is not set

\'17he,:n the cha.nne1 is 1.nAutoinit1a1ize" Following Autoinitialize,

the lIS ::C8 a to perform another service without CPU

TIle Dfv:tA Controller has two types of priority encoding

i,n t er\T(':.fl t i on.

as software selectable options. The first is Fixed

Priority which fixes the channels in prlori order based upon

ne aescending value of their number. The channel with the

to"vc-st prioTity IS 3 followed 2, I and the hi est p l.OT:l

channel, O~ AfteT the reco ttion of anyone ehanne] for serVlce,

tJ-le athe channels are prevented from interfering w:ith that ser-

v c until it is complete"

'l'he 5 econd s erne is Rotating Prj_or:i The las t chaTlne to get

service becomes the lowest priority channel with the others

rotating accordi y.

ht Service 3rd Sefvice

highest

lowest

o '2 __ £ervice~3 --... $efvice
1~service~ ,J __......m" request 0

2 ,0 1
:3 1 2

With Rotating Priori Ie Dl\!IA system, any del/ice

requesting serVlce 1S guaranteed to be recognized after no more

than th ee hi er prl0rl serVlces hav~ occurred. is prevents

anyone anne from monopolizing the s stem.
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achieve even greater thro

5)7 5 t'.E::m

o

HrEl.cterist 5 prrni t r the Dj\;f/\ (on t 1 ca.Tl

he tr sfe]" time to two oek cy 1(,;; t e 3 L 5

ed ex,t d the ccess tilne reLld IOful 5 e" remC)\/I,Hf,f,

the read p 5e widt maGe tho or te n 5 e

hf dJICJ ra.nsfs C,OI15 5 ts onl o:f stilt S2 to

ssaCl 5 ta.te {] to per:fo e rea rite" s sst j 1

o c when A8-AlS ne d updati lse Address Generation).

e order address b ts ~n ththe COl

n COUJ1L: y the 1)11/\

addre scthe hl

t hI

is used to output

n ardel" to reduce

tate SJi 1125

its LU an ex rnaI latch from whi h y rn:';-lY be T)aC(~ th

Lng Address Strobl;; r 13 ) 5 U,Se

t.o JO es bits frOTH the data li .5 t.o la. t i\dd:ce s

5 used to enab e th its onto the addres us

th tl1 e -state enable. e lower order a,ldress b:i 5

u. ut rc;ct v Lines AO-A should be connected to th

ss

o and Demand Transfe mode s rvices which n I

s rs ~ the sses generate are seque'·tt I, I

t ansfe 5, the data he d n the external addre
,
j

rna n5 th a:me ~ [his data e only change when a r

h A8 takes place in the normal sequence f

1\j save tIme an speed transfers, the DMA tTO 1

5 ta.te y when updating of A8-A15 n tch s

[h 5 means for long servi es, Sl states UT

011 :L eve
-
~) transfers, a savlngs of 255 clock cy 5

6 tT:xt1sfers.

~{EG STER SCRJPTION~

The address 1S alltomatic 1 y In

reg steT holds the value of e Ct(lc.1ress

Cu rentanne J hasEa

ng DMA trans

4= 2



mented or decremented after each

val Lies of e r8SS are sto:red

transfer, Cl.nd the intermediate

in the Current Address register

dur e tr;;:l,ns is register is li\j'r:J tten or r8 the-

microprocessor in successive 8-bit bytes. It may also be

reinitialized by an AutoinitiaJ.ize back to its orig na vallIe

Autoinitj Ilzation takes p.lace only after an

Current eel Count Each channel has a 16 bit Curren

Word Count register. This register holds the number of transfers

to bepc~rforme'd~ The \.\Tord COlm.t 15 decremented after ea.,ell trans~'

Y. e intermediate value of the word count is stored in the

register during the transfer. When the value in the register

goes to zero, a Te is generated. This register is loaded or

read In successive 8-bi't by'tes by the microprocessor in the

Prograrl1 Condition. Following the of a DMA servic:e~ it may

also be reinitialized by an Autoinitialize back to its origina

value. Autoinitialize can occur only when an occurs.

E~ Jell cha.nne J has aCount

paJ.r () ress and Base lVord Count registers" rhE,~ 6 t

regIsters store the original values of their assoc at cd current

registers. During i\utoiniti;;llize, these values are Llsed to restore

the current registers to their original values. fhe base registers

aye written simultaneously with their correspond ng curre t

register in 8-bit tes in the Program Condition by the micro

processor. fhese registers cannot be read by the microprocesso

B

fhis 8-hit register controls the oporation of

[t is programmed the microprocesso In e

Program Condition and is cleared b Reset. See figure 4- r

the function of the command bits and able 4-11 for add ss co ng.
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6 5 4 3 2 o .-..'~. Bit Numbe!

r 1 I I I I I i
I f{

i

L'~"i

I
I

I

'. i

\) Memory-tn·memory disable

j Mernof)'·to·rnernof¥ en<1bie

o Channel 0 address !lold disable

Ch;mnei Q address hold en,lble

X tnt 0 0

o Controller enable

Contr-olkr disable

[) Normal timmg

1 Compn:ssed timing

X if bit 0 1

o fixed Priority

ROldunq Priofltv

o L,iltl! wfl1e selection

Extended wnw selection

X !f bq 3

DAEe] sense il!l::tivp low

[) D/\CK 5,~~rHe acuve 'ow

DACK sense ilCtive high

Dl\U\ Controller Command Bits

4-54



Tab I e 4 - II. DMA Controller Word Count

and Address Register Command Co s

r ! Signoh IChannel
!ntarM! Oii'H:a Bus

R®'gi$'!:Iltr Operatmon cS; iOil" iow A 3 A2 11.1 All Flip/flO!> DBa DBl !

a i Base & Current a 1 0 a 0 0 0 0 AO.I\ 7
Write

i\cli]ress 0 1 0 0 0 0 0 1 AS·A15

Current 0 0 1 0 0 0 0 0 AOA7

.Addl'f:sS
Read

0 0 1 a 0 I) I) 1 A8·A 15

Base &' Current (I 1 0 I) (I I) 1 I) WI)·W7

Word Count
WrIte

(I 1 0 (I 0 (I 1 WSW15

Current (I 0 1 (I 0 (I 1 0 WO·W7

Word Count
Read

0 0 1 0 0 0 1 1 WS·W15

Base & Current 0 1 0 Q 0 1 I) I) .AO·A7
1

Address
Wnte

0 1 Q 0 Q 1 I) 1 A8A15

Current 0 0 1 0 0 1 Q 0 AO·A7

Address
Read

0 0 1 0 0 1 (I 1 A8·A 5

Base & Current 0 1 0 0 0 1 1 0 Wf).W7

V\!ord Count
Write

\) '1 0 1) IJ 1 1 1 WOW15

CUTrenl 0 IJ j (I 0 ·1 j 0 VIIU-W7

Word Count
Read

0 (J 1 IJ IJ j 1 W84V1S
...

2
Base & Current 0 I 0 (] I 0 0 AD-A.?

J\r:kir:f;$S
Write

(J ·1 IJ 1) 1 0 (I 1 .A8-,li, 5

Cunrent (I 0 1 0 1 0 (] 0 ,t.,O-/\7

A,ddress
Read

(] 0 ~ (] 1 0 0 1 AB-!'\ )5

Base & Current 0 1 Q (J 1 (] (J WOW!

Word Count
Write

(] 1 (] (J 1 0 1 I WO·W1S

Current 0 0 1 0 1 (] 1 0 WOW!

Word Count
Read

0 0 1 0 1 0 1 I W8-W15

3 Base & Current 0 1 0 0 1 1 0 0 AD-A?
Write

Address 0 1 0 0 1 1 0 1 AO·A1S

Current 0 0 1 0 1 1 0 0 AO-A]

Address
Read

0 0 1 0 1 1 0 AO·A15

Base & Cu rrent 0 1 0 0 1 1 1 0 WO·W7

Word Count
Write

0 1 0 0 1 1 1 1 W8·W1S

Current 0 0 1 0 1 1 1 0 WO·Wl

Word Count
Read

,10 0 1 0 1 1 1 WBW15



,iJch channel has a 6~bjtModc regIster a:,~l\'lode Re

vii th e register ].5 being written to b t

c j at

mI ru

processor in the Program COlldjt on, bits a dIld d.c terJ]l

channeJ i\'1ocle regIster LS to be h'cjtten~ or

ma register bit configuration~

6 5 4 3 2

I I I I I I

T:~

i

0-0 Channel {) select

01 Chanrwi 1 seiect

10 Channel 2 se!eCl

11 Channel 3 select

00 Ver;fy (,<indIO';

01 Writ\' Filiy;(cr

10 Read uansfer

11 ilie9<1j

XX !fbitsD;;.nd

() !\'..;t{NHtlffij'te d'ut!]."

AutowitiaiiZ\! eni;\blr'

00 DWT\iwd 'TlO(le wlect

01 Smgle mode st~!ect

10 Sieve/( mode select

11 Citsc&de mode select

DtvL'\ Cuntrc)11c::r f\lc)de I{c: IsLer

4." S (j



uest Re istere The DMA Controller ean respond to requests

r IJM/\ SCY\Iic,c \t\'!h:ich are initiated software as well as

a JJREQ. Each channel has a reqllest bit associated with it III

tJ1.e four bi t Llest register" [hese are nonmaskable arId sub-

Je t to prioritization by the Priori Encoder netwo k~ r:,' ;:1 ch

register bit is set or reset separately under software control

or is cleared upon generation of a Ie or external rhe

ent re register is cleared a. Reset~ To set or reset a bit

the software oads the proper form of the data word. See Figure

4-9 or the request register b t configuratj.on and Table 4-11

:c address cocling

6 5 4 J :I

00 Select channel 0

01 Select channel 1

10 Select channel 2

11 Select charmei 3

o Reset request bit

1 St)t request bi~

DMA Controller uest Register Bits

Software requests will be serv ced ollly if the channe

Bloc};,: modeM lVheH initia,ting a mernory-to-nlemory tra.nsfer~ the

software request fa channel 0 should be set.

Each mask bit

Each channel has associated with it a mas

which can be set to disable the incoming D

bLt

IS set when Its associated anne] produces an Lf the ann.c·l

lS 110 programmed for Autoinitialize. I; bit of the ur bit

Mas register may (11so be set or cleared separa.tf::ly unde)' '30ft-

\",ja.re control ~ The entire register i.s also set by a Reset,

T'his disab os all DlvU\ requests until a clear rVla.sk reg ster

instruction allows them to occur. rhe instruction to separat

set or clear the mask bits is si.milar in form to that used with

the Request register. See FiguI'e 4-]0 for the ma~k registeI' bit

configuration and '[able 4-12 for Register instruction codes.
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765432 0- Bit Nurnber

All four b ts of th

00 Select channel 0 mask bit

01 $elect channell mask bit

10 Select channel 2 mask bit

t! Select channel 3 mask bit

(} Clear mask bit

1 Set mask bit

Mask register may

also be written w tb a s 1e command~

6 ;) 4 3 2 o ---8It Numtw!

:::::::=====Lr.1TLr-T-J1 0 Clb)l Channel 0 mask bit

1 Set Channel 0 mask bit

1 Set Channel 2 mask bit

o Clear Channel 2 mask bit

Clear Channel 1 mas.k b11

1 Set Channel 1 mi!!$k bit

I
L--··--i ~

Clear Channel 3 motsk bit

Set Channel 3 mask bit

Figure 4 ..,10. DlvU\ Controller tvJask Register Bits

Table DMi\ Controller Register Codes

Op'@fartion

A2 A1 AO

Write 0 0 0 0 0

Mode Write 0 1 0 0 1

Request Write: 0 1 0 0 0 1

1\11••• Set/Ae'»'!':'!: 0 1 {) 0 0
Mos. Write 0 1 0 1 1

Temporary Rea.d 0 0 0 1

Status R••d {) 0 0 0 0



e Status register 15 available to be yeSta.tus

of the oller by the mIcroprocessor. contains

out

info r~

matIon out e status f the device at at point,

inforrnat Lon Inc..! s which channels have reached a termillal count

and\1ihich channels have pending DMA requests.

e \re 11T1(:' a rc S reached by that channel. fhese bi ts are

cleared upon Reset and on ea Status Read. Bi ts c:j. 7 are set

Clr corresponding ChaJlnel IS requesting ser Ice.

See status register bit configuration.

6 5 4 :3 2 o _.,~ Bit Number

I I I I iii I !

-~

~.~.-

Channel 0 hdS reac!wc1 TC

Channell has reached Te
Channel 2 has re3ched TC

U\diHWI 3 has ,edcl"red TC

Channell request

Channel 2 request

CfliH"IiWi 3 request

memory- to-rnemor-'- trans fers ~dur

r:'igure 4~ 1

s tc 1'.

nivLA (:,)ntr011 r Statu.s RegIster Bits

rhe TempOI"ary register is used to h ld data

Following the completion of

the t:rrUlS fers} e l:::1.st v,lord moved can be read by the mlcro-

processor in the Prog ani Condit all. The renlporary register

alwa~s contains the last byte transferred III the previous

meIllory-to-memory ope ation, unless cleared a Reset"

So \\l(11'e Commands 0 I'hese are additional special software

CODlmanJs wh ch can be executed tn e Progranl Condition. v

do not Jepend on any specLfic bit patteI'u on the data bus

[he two software corr1llldilds arc"
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Cleo Firs Last Flip/Flop: Is command is execnted prior

to \ATTiting or reading ne1-<J address or word count information

to the DMA Controller. This initializes the il /flop to a

state so at subsequent accesses to register contents
hv the microprocessor will address upper and lower tes In

the correct sequence.

The Command, Status, Request, Temporary,

Master Clear:

a,s the har

This so

Reset.

are instruction has the same e ct

and Internal First/Last Flip/Flop registers are cleared

the fyla,sk register LS set $ The DMA Controller enters the e

cycle"

commands 0

able 4-13 lists the address codes for the software

DlvLi\ Controller Software

Command Codes

Master
Clear Command

Status
Request
Temporary
internal
First/last
Flip/Flop

Ma,k

o o o



FIRST-IN FIRST-OUT (FIFO) BUFFER MEMORY (07, US),

This VIce IS an expandable faLl-through typo,hjgh,'speed ust,,!n

First-Out (F!FO) buf r memory optimized for high speod 5C or

tape controllers and communications buffers. It is organized

as 16 wo by four bits and may be expanded to any nurnbe]" of

words any eY of bi ts ( n multiples of 4). Data may be

entered or extracted asynchronously in serial or parallel. r"inc

device has tri-state outputs.

Buffer connections.

See Figure 4 12 for the FIFO

PIN NAMES

DO D3
Os
PL

crSi

iES

1'1'5
CSES

ros

TOP

h.~R:

EO

cpsa

00 °3

Pa,,,ilel Dilti' jnputs

S€rlal Datil input

Parallel Load Input

5e",,1 InpUl Clo(:k (Operale~, on

Nqjatlvc·Golng TranSl1iOf1i

Senal input Enable (Annfc LOW)

TFan~iu to Stack 1nput {Ar;t'v,' LOW)

Ser!al Output Enable Input

(Active l..CJWi

fransfec Out $eflai Input

(Ac,lve LOW)

Transfer Out Parailel Input

Master Res£t jActi'le LOW)

Output Enable (Active LOW)

Seriaj Output Clock !nput

(Onerate$ on Negative·GQing TranSltioni

riEaiie! Data Outputs

Serial Datfl Output

inpwt Register Full OUtPUt

(Active LOW)

Output R0gistfH Empty OutPut

(Active LOWj

,"

'3_ HlP

l)!

lOGIC SYMBOL

FIFO

licc ~ P,,, 24

GND ~ P,n 12

CONNECTION DiAGRAM
DW (TOP VIEW)

Figure 4~12~ FIFO Buffer Connections



4" 2" :L 1 FUNCTIONAL DESCRIPTION"

As shown in the Block DiagTam in FiguTe 4-13, the deifico consists

OF e parts:

An

as ·well
Register with Parallel and Serial

as control uts and outputs for

Data [nputs

hand-

shakIng and expansion.

2. A 4-bit wide, 14-word deep Fall-ThTough Stack with 5e f­

contained control logic.

An Output Register

as well as contToi

with Pan.llel and Serial Data uts

uts and outputs for output hand-

shaking and expansion"

Since these three sections operate asynchronously and almost

tly, they will be described separately in the following

paragr

VOO"'PI",:1'4 @;
"55 '" Pi.n ]2o w Pm NWl'm.w'"!!

, -" o ~,1i,0
,- • I"~ T" I""
-,---<: ''''''\HOAT·...

'NFlH
.•,

E---<; GOmMOI. ".I'\)y. A:~{",1$T~1Il

0)'---c r
r<

D " ...
I>-~ <;.,>'<>

l~" 14S,A,(;"
l;O/'<Hml.

I
r

itI
[--e

I-
.... ....

, ·----<0 "'"-- OUT.....' OV1f'\1f. IlHiISVU' @cn",r~Ol

t}@'----<0 f OVTI'1J.f !).II,TA

0----<0 I
~ ~

"'0,
0

F ., ., Q, '"

(06
\.:.3) 100'

GT~

@&so

Figure 4-13. FIFO Block Diagram
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[NPUT REGISTER (DATA ENTRY).

The Input Register can receive data In either bit-serial or in

4·*bit para.lIel form" store it until it is sent to the a.ll·,,·T'hro

Stack and gene ate and accept the necessar)T status

s gnals"

cant raj

I~ gure 4-14 is a conceptual logic diagram of the input section.

As SCI' bed a,ter, this 5-bit register is initialized b setting

the F, lip~Fl and resetting the other flip-flops. fhe Q' Output

of the as t lip- F:lop (Fe) is bra t out as the n TnYiut Regis tel'

Full H au put After initialization this au Jt is HIGH.

oW", ~,

Pl!lSI OJ ""'f r" ~

'h
-~--,,,,,,,,,,

I'" '"'7 '.

d
_. e J t~

!
,-.L ,..,.,i-. ~l-.

_....
; , , ,,~,

" 0 (i

'J 'J ,
'" "

r< I" r< ,.
" '" " " "~r

T T I.-f- T T
~-"~-

~
--._~~'-~

OM;;)"

l- t
I ,,
--~...-..._-.- -1""1"''*''\1'''; rc

Figure 4-14" FIFO Conceptual Input Section

Pc1ral1el En A HIGH level on the PL Input 10 the J)0-D3

Data I uts into the FO-F3 Fiip-liurs and sets the PC Flip-F ep.

ichforces I LOlV, 1 eating trlnput Register 'FuJI 0 II D

nputs lnust De stable He PL is HIGIL During pa a lei entry,

the
I t) Ii'
'-..i \ ..., ~ \' ,

Jnp t should be LOW; the Input may be eith r HIGH or



r e fourth clock transition,the four serial data bits are

aligned In the four data nip~flops and the FC FI ~Flop is set,

forcing IRF LOW (Input Register full) and internally ihiting

ther clock pulses. Figure 4-15 illustrates final

positIons resulting from a 64-bit serial bit train. 80 is the

first bit, 863 the last bit.

"'WUl %,"'" """<1'"
n.!"'.,~'.! ':

Figure 4-15. Final Positions in a FIFO

Resulting from a 64-Bit Serial Train

4.2 .. 3 TRANSFER TO THE FALL-THROUGH STACK.

The outputs of Flip-Flops FO - F3 feed the Stack. A LOW level on

the Input attempts to initiate a "fall-through" action. f

the location of the Stack is empty, data is loa into the

Stack and the input register is re-initialized. Note that is

initialization is postponed until PI. is LOW again. Thus, auto­

matic FI FO action is achieved by connecting the IRF output to

the input.

Data falls through the Stack automatically, pausing only when it

IS necessary to wait for the next emp location. The MR input

on initializes the Stack control section and does not clear

the a.

Serial Data on the DS I is serially entered into the

F3, F2, FI, FO, FC Shift Register on each HIGH-to-LOW transition

of the Clock I • provided and PI. are LOW.
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4.2. 0304 OUTPUT REGl STER (DATA EXTRACTION) 0

ut Register receives 4-bit data words from e bottom 5t ck

locat on, stores it and outputs data on a 3-state 4-bit parallei

data bus or on a 3-state serial data bus. The output section

generates and receives the necessary status and control signals.

Figure 4-16 is a conceptual logic diagram of the output seCtion.

o~~~__o~_()ulf'1.J\ ""n.t~'A<.R '~~'~~"W_-~-~_W'~~'-l

I

Figure 4-16~ FIFO Conceptual Output Section
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after a LOWFIFO is empWhen

• the Ou ut Re ster Empty Out

a has been entered into the FIFO and has fallenj s LOtV r\fte

pu.Is e1..5

Fa.ralle

thro to the bottom Stack location~ it 1S trans rred into

ou register ~ provided th,e tlT Tans l' Out Parallel!! (TO.P)

fnput is HIGH, and the Input is LOW. As a resu] of the

data transfe~ goes HIGH indicat valid data on the data

outs (provided the 3--state buffer LS

now be used to clo out the next word.

goes LOW indicating that the output

enab led) . fOP can

When TOP goes LOW,

ta has been extracted,

but the data itself remains on the output bus until the next

LOW to-H GH transition of TOP trans 1'5 the next word if

avaiiable) [,nto the output register as explained above" Dur ng

para leI data extraction, ,and should be LOW.

Seria When e FIFO is empty after a LOW

pulSE.: 15 applied to MR, the ut Register Empty output

is LOW" After data has been entered into the FIFO and has

fall Ii thro to the bottom Stack location, l t is trans fer cd

into the au ut shift register provided the "Transfe Ont

Ser a,I d is LOW. TOP must be HIGH, and and rnus t

be OW~ i\.S a result of the a transfer, ORE goes HIGH ndi~

eating valid data in the shift register. The 3-state serial

Data Output 1S automatically led and puts f5. s t

data bit on the ou ut bus. Data is serially shifted out on

the HIGH-to-LOW transition of The fourth transition

empties e shi reg ster, forces LOW and s les the

serial au ut OS. For serial operati the ontput may

e tied to the input, request a new wo from e Stack

as soon as the previous one has been 5hi ed out.
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4.2.3.5 HORIZONTAL EXPANS ON.
~rhe vice may be horizontally expanded to store long wor ( i

multip es of four bits) without external logic. "rhe intercon-

nections necessary to form a 16-WD 12-bit IFO are shown

:L 11 gUI'C 4,""17" Using same technique, any FIFO of 16 words

b 4 X n bits can be constructed. en expanding in the hori-

z()ntal direction.1 i.t is uSl.lal to connect: the and ou uts

o tI1e 1 t most device (most significant device) to the

and ts respecti\re of all devices to the left (less

signif cant devices) to guarantee that no operation is initiated

befo all devices are rea

i

~~~-+4~'f---"'"-'-"'-~'7IM•.-hcf,.+._ ......._ ..-"±Id,,,j.--..--l
L. i··.······_·· __• ..--"A«A,li< i.''''~.U,''i'l' .... _~~_._~-~_ ..,,_.~.I

Figure 4~1 F FO Horizontal Expansion Scheme

.FFO BufFer 'fim

5 hOI'JD Figures

of various configurations

4-18 thro 4-25.
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Concli tions : Stack not fUll, , PL LOW

Figure 4~18" F FO Timing -

Serial nput, Unexpan d or Master Operation

~~\-==-J\=~=~='\··.·~l·-\." j:/ ~

..if2.·,,··w.lc·"lIffik.;?JfIj .~~=, -~----~
---<>1 """"" ~~ ! :-----------""1,,\ i"Ji"--

c itions: Stack not fUll, HIGH when initialized, PL LOW

Figure 4-19. FIFO Timing ­

Serial Input, Expand Slave Operation
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Cond.itions: D(lta in stack, TOI) HICH,

LOW when inL tialized, 013S LOW

Figure 4-20. FIFO Ti ng-

Serial Output, Unexpanded or Master Operation

[-ITGH when

Conditions: Data in stack, TOP HIGH

Lni tial I zed

FIFO T'imingFIgure 4- 2L

Serial Output, Slave eration

4 69



Conditions: IES LOW when initialized,

LOW. Data available in stack

Figure 4~22. FIFO Tim - Parallel Output,

4~Bit Word or Master in Parallel ansion

itions: TTS connected to IRF, TOS connected

to , IES, OES, ,CPSO LOW, TOP HIGH

FIFO Fall Through Time
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tions:

igu.re 4~24~

Stack not full,

FIFO rJmlng

LOW when initialized

Parallel Load Mode,

4 BIt Word ( anded) or Master in Parallel ans :L o:n

Conditions. Stack not full, devIce IuitialIzed

(Note I) IVLth HIGH

Figure 4~'25~ FIFO lmlng - Parallel Load, Slave Mode

I ~ 7 1



4~2"4 CYCLIC GENERATOR/CHEC (U23).

lie cy Check (eRe) Generato Checker is a 6- it

progr Ie device wh ch operates on serial data streams

pray s a means of teet transmission errors. clic

encodi

o:n pol

a.nd c,oding schemes for error detection are based

al man ulation in modulo arithmetic. For encoding,

the ata stream (message polynomial) is divided

pol a1. Ih s division resu ts a remainder

a selected

1 IS

bits. For error e ing,

a and eck bits 5 divi dt

e message as e

b t stream conta} ng both

e same selected polyn()mial~ r f there are no tect.able

errors, this division rosults in a zero remaiL I\lth

it is possible to oose many generat polynomials of a given

gree, stan exist that speci a small er of useful

appropriate logic levels tc the

01 also This

in Table 4~ 4

vice

lying

implements e polynomials listed

58 ect Dins SO, 51

Figure 4~,26.

52. The ORC connections are shown}

1he device consists of a 16-bit register, a Re Only Memory

an associated control ci try as shown in the Blo

Diagram. The pol al control code present at inp s SO,

Sl an S2 is decoded by the ROM, selecting tbe sired pol miai

y establisbing shift mode operation on the register with Exclu-

sive OR gates at appropriato uts. To generate the check

b ts, the data stream is ente via the Data I uts (D • uS1ng

the HIGH to LOW transition fee ock Input 15 ta

is gated w] most s ificant ut (Q) of e register,

and controls Exculsive OR gates (Figure 4-27). C ck

Word Enable (CWE) must be held HIGH while the a is being

entered. After e last data bit is entered, the eWE is bra t

LOW and the check bits are shifted out of the register and

en d to e data bits using external gating (Fi 4-2



To all. 'incoming message for errors, both ta and e
bits are entered thro the D Input with the eWE Input held hi

·The de\rice s not in the data ath, but only monitors the message.
The.: Error ut becomes valid after e last check bit has been
entered into the device a IGH to LOW transition of If

no detectable errors have occurred during the data transrniss on,

the resultant internal register bits are all LOW and Error

ut is LOW. If a detectable error has occurred, ER is
H CH FR remains valid until e next HICH to LOW transition

of or IJntil the device has been preset or reset~

asynchronouslyA HIGH on the Master Reset Input

registe LOW on e Preset Input as ronous

ears the

sets the

ent e reglster if control co inputs speci a 16-bit

po ial; in the case of 12 or 8-bit check polynomials, only

the most significant 12 or 8 register bits are se and the

rema nlng bits are cleared.

LOGIC PIN NAMES

Vee p,,, 14

GND "'" 7

CONNECT~ON

DW (TOP VIEW)

Poivnomial $elect lnputs

DaHl Input

Clock (Operates on HIGH to

LOW Tr"nsiiion) !npu~

Check Word Enable Inpu~

Preael (AcH¥e lOWi Input
Master R0W~ lAc~i'lle HIGH) input

Dati! Output

Enor OutlXJl

Figure 4-26. CRe Checker Connections



CRC Polynomial Select Codes

H

POL YNOMIAL REMARKS

CRe-Hi

CRC-16 REVERE"

CRe-12

H

H K

H LRG-S

CRG-cenT

CRe-cern REVERSE

Figure 4~ 2 '7, CR£ Equivalent Circuit For XI6 +X I5 + +1

NOTES
1 Chf!Ck wQr<;l E'ubl" ,$ HIGH whli<'; daHl ,~ tw-".,-g <;.jOGI<OO. LOW d""ng If&n$ITHnH:>O of Ch<!'ck tt,t~

7: 9401 mu£l boe reset Of prC$l'1 beh"" l!~h COmp,gillt,OI'!

J CRC check b,'~ "'re ~nNlI'Il!'d and apPf!n~ w t:latlll tm~.

CRC Check Word Generation



,5 16 K (2 K x 8) UV ERASABLE PROM (U2 J) .

IS ce is a 6,384-bit ultrav olet erasable and electrically

programm Ie rea only memory (EPROM).

PIn ConfIguration

21111i

BLOCK DIAGRAM

Figure 4-29. PROM Connections

ER!\SlJRf, CHARACTERl ST I CS,

fhe erasure characteristics of this vice are such that erasure

beg TIS to occur when exposed to Ii t Wl wavelengths shorter

ban approximately 4000 troms. It should he noted t sun-

Ii t and certain es of fluorescent lamps have wavelengths

Ln e 3000-40 ange. Data show constant exposure to

room level fluorescent lighting could erase the typical device

in ap YO imately 3 years, while it would take approximately

1 week to cause erasure when exposed to direct sunIl If

the device 5 to be exposed to ese types of light tions

fa extended periods of time, opaque labels are available whi

should be pla.cccl over the l'\itndo"!''f to prevent unintentiona.l erasure.
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DEVICE OPERATION.

It should be noted that all inputs for the

Ihe five modes of operation of e ce are listed i Table 4-15.

ve rna 5 are at TTL

red are a +5V vee and aleve So The power

power supp

supplies re

must be at .~ during the ree programmIng

rna s. and mus t be at 5V in the other two mo 5"

Table 4-15. PROM Mode Selection

"".

Read Mode~ The device tv"i'O control etlans, both of

must be logically satis cd ln order to tain ta at e 0

En ab Ie e power control and should e used

for ce sclee_tioD. ut Ie (DE) is the ut. co 1'01

and sho Id be used to data to e output plns, e

a vice 50 eetion. Assuming that sses are stable, add ess

access time (tACC) is equal

Data 1S available at the

assumLng that

to the lay from CE to a ut (tCE).

5 120 ns (tOE) after the falling

has heen low and soes

been 5 Ie r at least tACC - tOE.

The vice has a standby mode which re ces the

active power dissipation hy 75%, 525 mW to 1:\2 mW. The

v ce 15 placed in the stan y mede by applying a TTL hi signal

t

hj

e input. When in stan y rna the

edence state, independent of the

eutputs

input.

are n a

same data bus. Only one should have

e outputs of two or more vices may be

i 5 ut selected (DE low) to prevent a bus contention



between devices in this configuration.

shouid be deseiected raising the DE

The outputs of

input to a TTL hI

othors

1e ve 1 ~

p

the device

Initially, and ter each erasure, all hits of

are in the nI n state ~ Data is introduced seJ;cc=

tive programmIng liO i SI! into the desired bit locations" Al
only P! 5\\ will be programmed, both !Ill S11 and no f sft can be pre­

sented in e data word. '1'he only way to change a non to a fll"

is by ultraviolet light erasurem

device IS in e programmIng mode when the pOlver supp

1S at 25V and is at VIA. The data to be programmod Is applied

8 bits 1n parallel to the data output pins. e levels required

for the address and data inputs are TTL.

When the address and data are stabie, a SO msec, active 1

1'T program pulse is appli to e PGM input. A l"ogram

lse must be appl ed at each ress location to be programmed.

One can program location at any time -- either individually,

sequentially, or at random. lhe program pulse has a maximum widrb

of 5S msec. The de ce must not be programmed with a DC signal

a lied to the PGM input.,



4 @ 2" 6 024· X 4 'T' STATIC RANDOM :\CCESS

i.s if.Ie IS a 40 6-bit stati Ra,ndom Access Memory organized

J bits a,nd no s or refreshing to

fhe clata 1.5 read out structive.1v a.no ha,s the sameopera.te e

pola.r as e U.t cia.ta" ornm.()Tl inIJut/ou ut plns are provided

and a sepan te chi se ect lead allows easy sel Ion ()

an 1. divJdu 1 pacKage

BLOCK DIAGRAM

\".11<0"" "'Q'4Y
f,a ROWS

;;~ CDI.!!MN',

LOGiC SYMBOL

c g +~ 50 RA.0'!. onnee tons
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4.2.7 TRI-STATE BUFFERS (U39).

ese vices provIde six, two-input buffers in ea package.

One of the two inputs to ea bilf r IS used as a control line to

gate the ut onto the high-impedance state, while e other

input passes the data thro e buffer~ The outputs are placed

in the t i-state con

con yol pins.

tion lng a high logic level to e

Logic and Connection Diagram Truth Table

u ,.

GI HO

Figure 4-31. Tli-State B

4-79
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4"28 B1JS CO-MPARATOR CU37)~

s e c:omp :£ tl,<j-O to six b:its lengt

;:iTld C[lt S !1l;:,lt iug (btt fo,r-bit of the 't\,y{) wor rnp

re 1'T1, nputs J '\iI/he rci.1S in.puts of e se

I ce fCC Lvers dT':) \ien a terminat d dat bus. e

ou UT has a latch ;1 t: 5 strobe controlled. The tra,I1sfe

in rm Lio OU llt OCClirs when the 1.11p goes from

the logical

a 10

the

of Ihe

ogle o state~ [nputs may be ctt

1, with ut af ctIng the sta e

gi D_iag am onnection Diagram

t. '"""
I" I" I" I" I" I"

F"

"
OM l'IT'

I'uth Table

BtlS ornparator Connee ions
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4.2.9 SCHMITT TRIGGER (U27).

Min Max

Positive-going Threshold Voltage

Lye-going Threshold Voltage

y

'I U nun _

1.4

0.5

1.6

0.8

1.9

:1 ~ (]

Figure 4-33. Schmitt Trigger Connections
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4
0

2
0

10 D POSITIVE~FDGE-TRIGGERED ELlP~FLOPS WITH PRF AND

CLEAR (D2, D16, D25, D26, D(6)0

TRUTH TA8LE

D Flip-Flop Connections

4- 82



4.2 TRI-STATE BUBBERS (UI4, U38).

Thi,s vi e rovides eight, two-input buffers in each package

that emplo low power Schott rTL technology. One of the two

uts to each buffer is used as a control line to gate the out ut

in,to e h,j mpedance state, while the other input passes the

ugh the bulle. The outputs are placed in the tri-state

cond tlon by apply ng a hi logic evel to the enable p ns.

ti()gic and onne tioH Diagran: Truth Table

A

H

Figure 4-35. Trl-State Buffer Connections
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DECODER ({lID, U17

ese are Schott -clamped Clrcults signed for memory-deco Tlg

shOTt propagator ::1.= 1'0

lay tmes

Lng app ications requiring ve

T is D P decodes one of ei t J s} has on

coneli ons at ree binary select 1 s and the ree enao

Connection and Logic Diagrams D.b (.'

"L, "'L "c 1"

r~

:C
ff'W ,,,.,

INPUTS;

ENA'" ,,' ,r, (lUff'VIS

G' Gr , , A yo y; vz y; y; Y; H y;

Y H " " H H H H ,., M

"
, y , H H M H M M

M M t' M

H ; M y H M H Y

H l H ; H Y M M M

M I H H M H M M

H I't K H H

y l H M

H l H Y Y Y H

M ; H H M Y M M

(;2" G',2A" G2R

M " HiI*' lG"d < t. ~ k<w le".,{. )("' ;:to,,'\ C;H~

F gure 4-~~6~ Deco

4 ~ 84

r Connections



4.2.13 DECODE DEMULTIPLEXER CU22)"

These S tt -clamped circuits are designed to be used in hi

performance memory decoding or data routing applications requiring

very short propagation delay times. This device contains two

separate two-line to four-line decoders in one pa age ~ rho

active-low enable input can be used as a data line in demu 1-

p exing applications. fhe device features fUlly buffered inputs,

presenting only one normalized load to its driving circuit. All

5 are clamped ivi

suppress line-ringing.

high pe formance Schottky diodes to

Connection Diagram Logic Diagram

Pigure 4"'"37~ Decode Demultiplexer Connections

4 - 8 'i



2~LINE TO I-LINE DATA SnLECTOR/MULTIPLEXIR (US)"

Th 5 data selector tiplexer contains inverters and drivers to

su_pply full on~ data selection to the four outpu gates,

separate strobe input lS provided. A four-bit is select d

from one of tVIfO sources and is routed to the fou.r ou uts

Connection Diagram

"[. M " " " ",,,
" " " " " •

~ -

"
,

J:M"'" I. "Il\n~l,If

,,,"n
(HHI"lIf

IIU'\ITI

Truth Table

Logic Diagr

Figure 4-38. Quad 2-Line to I-Line

Data Selector/Multiplexer Connections.
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esc 8-bit registers feature totem-pole three state outputs

des gned specifically for driving highly capacitare or relatively

ce 10d. l edance third state Lncreased

hi -logic level drive provi these registers with the capabili

o being connected directly to and driving bus lines. Transpclrent

0l-e at n Incans that while

ell the data Lnputs ~

e enable (G) .15 high, th.e Q outputs

When the enable IS low, the au ut

1S latched at the level of the data at \\ias set uP* The ()

control dues not af e t the internal operation of the 1 t s

ih L 5 , o old data can be retained or new data can be entered

ven nl~e the outputs are off.

eetion Diag am

th ,Jble

OUTPUT ENABLE

Logic Diagram

OUTPUT il!

'41
ZD

ii'
.1D

'8!
4D

ENABLE
G

Lgu:ce 4 59 ~ pe Transparent Latch Connections

:1-- 8 7



!+,·R IT RINARY\.6

fhese devIces cont n e1

5) •

t master-slave flip-flops d t j (Jot"}Ll

ye available from each counter 50 that any submulti

l)aralle'-\ DutIle, each with a clear and cIa
theo

Tl

ut,

lement two individual four bit counterstogat

1np t count frequency IS aVcll bIe ~

Connee ion Diagram Lo g i cDi ag, (1m.

;''''''''~'' !<j9'C H,,!I;

)ulf><d' .,.,'"-1

Truth, {'able

COUN'f 5~.OUENCf::

il;ACH CQtJNHRl

H, H L, N K

H ,
K K

6 H H

K K K

B ,
9 K

W K

!1 K K

" H

n )-' H

" H H K

K

guy,e 4-40 ~ 4~Bit Binary Counter Connections



4.2.1 7 TRI-STATE D FEIP-FEOPS (U4, Ul , U12, U13, U30, U31, U41).

5e 8 bit registers conta n D- e flip-flops with totem pole

tr state outputs capable of driving high capacitive or low

IlTJDe e 10d.ds ~ hihcn e output control is taken to a hi logic

12\1(,:1 ? e au uts go into edance 5 tate, Wh c~n a 10\"/

Logi is applied to the au ut control, data at the D i uts

d.Te loaded to th,eir respective flip-flops on e next -positive~

go rallsition of the clock~

Connection Diagram Di;'Jgra.m

'fruth Table

Trl-State D lip-Flop Connections
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SECTION 5

MAINTENANCE AND TROU13LESU.DOTING

r (\
J. \.1 IN'-rRODUCTTON ~

The AM-SOD circuit board performs to I capabl11 w:t

mlnlmum of maintenance. This Sec,tioD describes maintenan ~

an tro leshooting procedures and procedures for han ing

warral1ty returns.

5.1 IRCEIT BOARD CHECKOUT.

The A~-J=500 circu t bOclrd \-\/ClS ft1 ly tested before it left /\1 a

Microsystems an will operate satisfactori in th.e systeTli

if the hardl'1!are and software requirements of Sections 'I'wo [lYle]

Ih ee 0 this manual are met. Should a problem arise after

the circuit card has been in operation, use tJ18 fol owing

procedures to ideIlti and locate the fault.

L Lac all cabling for proper seating of connectors.

Check the circuit board for proper seating in the slot.

Check all power connections for COr'I"ect voltages.

4. Check jumper options to ensure correctness of

application.

J~ Ver:i that the fault is in the AM-SOO and not

LTl the system or in the peri erals. This can best

be accomplished with substitution of a known good

circuit boa

6. Perform the diagnostic tests included with the

ircuit board as described in parag

5- L



rhis C1rC

E

board 1S cO-\,Tered arranty issued bv AJ lId

[vIi I'os 51 enlS In ~ 1.. e te d<~' ils of
\7 (1}'e inc 1 d w th the circuit board. Shou!

problem ar S2 w th this ci cu t board~ call your dea er or

the /\.1 D 1''1ic c In erna,tional Support SeT V ces (;1'0 or

in:furrnatioTl"

5.~ fROU LESfiOOT NG PROCEDURF~.

Oiagnost c test ng software 1 lud.ed with e i\.l'J 00 C l

board d ShOllld be used fa t.raubleshootin,g and t(J veT I

proper operat on. fest description dIld operating procedures

are contai ed in the following paragr s.

EST DESCRIPTION EXFRC SF 0:10DE.

I'his test formats all specifie

disk under test and then c.l i

t r ::1 C', .k: s

I<.edun c

C:heck (CP~C:'j ver'.L fi(~s at all sector addresses

and codes are writteII correctly.

f'est-··n) rest C J T'est D) fest I-:~ These tes S hl1'1

specified tracks a data word supp ied by e

Ihey then read all sectors wri.tten \fe, r 1

cor (:~c:t da,ta. Sectors are written dJld e en

This test WI' es random data to

Addressing is also random.

11 s e

E,ach

s ctor will be written to anI once during 1 S te

/\.ft(:r alI propriate sectors have been writte

\/e r 1 operati.on is performed using

addressing scheme.

T.his test 'rirites to oil1 speci.fie:d Lr;;o\

an i crementing data pattern.

5 - 2
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ell ternates between two coun.tBrs; one counting

maXlffium specified sector address, and e

other counting up from e minimum specif ed sector

address. OnlY odd numbered sect.ors arehlritte:n

when address ng from e counter counting down, and

onlv even numbered sect rs are wri,tten to w]len

address from trt e counter counting up. \Vh e:n

appropriate sectors have been written, a read opera-

1. begins us ing e same data and addressing scheme.

,j res t~r'J~ "rhis test forces error condit.ions wh ch

should be detected the drive. F'irst, ; 1-
L "

ries

to aCCess an Llleg 1 sec.tor add.rE:3SSo Se ondl it

tries to see an illegal cylinder address. Both

cases sho ld cause detectable errors.

c roy code j,5 not rc-.:turned

An rror is recorded when he proper

either the Hawk or the \M 500.

or ex ie' During the 1Jil1egal cyli 'r l
" portion of thl':.'

test, a cYlinder address of 500 is sent to the Hawk.

ddress llegal and should cause the Hawk to send the

approprJate error status back to the program. Ii' the act.ual

tatu.s does not indicate that an Ll1egal cylinder add.resstva.s

r ce J d b e ["1;:;1.1,.\71(, the l)I'ogra,El reco:rds ;:-In error,

NO'fE

Be re ttempt.ing is test, one SWlt st-;tting

mus t be anged on the Hawk. rhe switch to be

changed 1.S 10 ated Or'L the I/O bO,1rd, which :i5

the PC board dire tly below the 50 pin ribbon

ca e comlng from the AM-SOD. [he switch itself

(54 IS Joca.tc::d in tIle 10hr er l.e:ft hrlnd (~orner

set position :I 'ON" pestt10n

(s ee; 19u,:re '1).

t.o

Whe11 the 5v,rit

e

has been located,
~ . . .

as cleSCYlbed



to its proper sett

e g c
,

l T1 rJ

, 1~ co: 5 hi h J ,'~; r c:' r Ll e, , d

S 1 () 5 d c n0

in r:igux'e

rogram IN

ad.dre ses ~

f s

1 no t L E' 1:

r~ns U'X' e t11 L t

ange ts no

~"%::,q'."

"',~'" "'*""',,-,.,-,-

made;>

Tn the above) Sl>j< >

to the HON H yosi
f in coni

made e£J,-ch unit: that 18

1. 10ft ShOllO\iT1

the 8W1 tch
t used, t:h
to be sted,

the HOFF H posi
on the left

switch sett

ion t

§ i ;J.e

t be

gu e ,) 1 Disk L ve C) on



TEST DESCRIPTION - ADJUSTMENT MODE.

Performs one nRE,STORJ~;n operation on the

clisk under test~ Ihis causes the disk to reset

its internal logic and seek cylinder O.

Performs an alternate seek between any

two USBr specified cyl nders without performing

a read operation.

3. Seeks any iegal cylinder head and enables

the drive select and read gate.

5.3.3 TIST OPERATION.

:;" :5" 3 • .1 RUNN NG TI-IE PROGRi~\J\il.

Load HWKTST ~PRC~into memory and un by typing l'HWKTST(! fol1o\."ied

b a arriage return.

OPERATOR INPUTS.

The operator must specify a disk number (0-7) to indicate

wJlich disk will be subjected to tests.

operator must speci the test mode (exercisor us tInent) .

J i e ustment mode was selected, the user must select a

te:';;! from tll,e tlmenun presented the program~ If either

test B or C 5 chosen, the user will be prompted to ente

add tional data regarding e cylinders and head to be used.

If the exercise mode was selected, the user may define a

sequence of tests to be performed. to 20 test characters

may be entered Followed a carriage return. i\ letter may

be repeated, which will cause the test to be repeated. fhe

standard default is all tests (l't,BJC,DyE,FyG (1 II) and 1.S

selected by entering a carriage return only.



Some tests ,B,C,D,E
to Cn] define thenL

&F) require additional operator

If any of thoso tosts aro selected, the

operator w 11 be prompted to enter the approp iate data.

DeE J values will be used the operator enters only a

ar-riag re, urn :1.n response to these p:rompts" Belovi IS a list

of parame ers and their standa defauIt values:

PAIlAl\lET

l'vkLxirnum frack

IeJinimum I'ra

est-B

Cest-C

s t- D

res t-

res t F

80 1

a
a
a

FFFF

0333

39CE

FFFF

fheus may suppress all error outputs answerlug yes (YJ

to the fi st user option.

f errors are not to be suppressed, the user may include a

of the AM-SaO data buf rafter oa data scompare

1'he llser may elect t,o dump an error summary after each test

bj/ aus er ng yes to the appropriate prompt.

[lIe us r may elect to pause after each test. To continue,

the r es a carriage return on e controlling termin 1.

The user may eloct to continuously loop through the ontlre

test sequence, or only loop X times as specified by the user.

5-6



\11

!Ii\:;DL r
sk errors will be printed as ey occ,:ur unless e user

hEtS elect d the option suppressIng error printouts, The

lise may also select an option which will cause the AM-SOD

its data buffer after every data miscompare. Addj

tionally, error summarIes may be au ut after each test or

ust a final error summary after all tests are complete.

H.ROR 'f"{ I) ES 0

r 1's come under two es ~ fhe first e v/ould be disk

'-'-'-ro s ~ suc,h as seek} sector not-fou.nd, and. sentinel, T'hese

types of errors Wi 1 cause up to four Ye-trys to occur before

g :1-V l n.gup f the error D8r515t5 f'or three or more ce-trys,

15 considered a hard e1'ra an is marked as sue]l in the

5 UmlTla Ir the errOl' corrects itself in less than

th ee 1'e-trys, it is marked as a soft error in the errOl' summary.

e' sec:u d, t pe \-\/ould b co.. c ata errors . Thes e errors re due

to Elta rnlS mpElres d rIng opera.t:Lons" These e 1:0 5 are

dL\-vd.'lS rna.I' d asl\ha1' 1\ e rors n the error summary~

rho

r R!vlI NAT I ON ~

1- IJrograrn Hli:ly be abort-eel at LUI)! t.ime by I,fig jC'rH.L"C~j\

3 3 BUFFER PRESETS.

o o.e

an. (1 111

make disk read transfers apparent, tests A,B,C,D

e A]\i.l~ sao buffer hi th com,plemen,t data pri or to

eac:n rc opercltion~ he buE r is not preset in other tests

5 11 cc: a a will never repeat between any two conse ut ve reads.

WORS1 CASE DATA PATTERNS.

The following data patterns generate worst case data patterns

f{)r the disk.



I'

FFFI'

Produces highest amplitude, lowest uency.

This is the de t pattern for tests A and B.

Produces lowest amplitude, highest uency.

This is the I' ttern for test C.

33 Worst case for peak shift.

pattern for test D.

This is the default

9Cl: Worst case for one-bit amplitude.

default pattern for test E.

Ihis Is the

5.3.5 DISK ERRO.R CODES.

ERROR

N

5 Disk not rea or fault exists.

undo

II

65

68

69

Write protected.

Seek error~

Sector not

eRe "rror.

Sentinel field error.

NOTE

Al other "rror codes are illegal at this time.

If any other codes appear, the AM-SOD board may

have problems.



5" 3" [1 RECOH'vIENDED TEST PROCEDURE"

l'he fol1o\!Jing sequence is recommended as a short but compTe·"

hensive test an,d will take about 7 minutes;

e HWKTST followed a RETURN"

Enter DISK NUMBER when promr1ted

Select the EXERCISE MODE (II ),

program"

\Vhen, prompted to enter tes t sccluence CA,~I-I), entE':r a

carriage return¢ This will cause a predetermined

sequence of tests which consists of tests A,B,

E 2 F,Gy.H in at order.

\rvhen asked :f'or t1IiTCHEST rR,ACK))! enter 220.

asked for t\ OWESI' TR,'\CK,~' enter 200 ~

Enter a return for each of the following:

fermat Data Word= fest B Data Wor

fest l, Data Word"" rest D Data Word"'"

Test L Data Word=

When

En t era n ! for n re:,.;s all er.roy messages. \1

Ente f!NHfor data and CR(~ error tallies

after each test0 H

Enter \ NH for HPause after each test~ 11

Enter 2 for number of passes.



eq

SCTl

1 US(~; L11

In l;aragra

of tho fault ta values

etl,on of the tests,

ERRORS exi 5 t:?

e program will give an ERROR

t rt the program and se the

ii1Ti t:q ce that \'JElS \lsed origin l1y J viith one e:Kcopt

,j V,I ttl !f UF'PRESS L ERROR f'IESS/\.GES enter iN if

rhL hI uS the progrLuH to utp t an error IHe sage each

r 1S detected~ ind c ting t.h.e test t::hat was be Tlg

the error wa~ aeto ted
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4 :3 2 1

[J

C'

SPARES

[J

c

8

r::.
, I

U27
Sf'. $.

-"~L~LS14

U34
51'~__

---'-"V74l.S04

\J18

W"~'J.iL
.- VJ4LS04

034
~"8
-1~4

lJ34
11 t"-:>o1JL..

-~74L.S04

2< U15 2200/3300 RESISTOR
ARRAY.

L"M323 TO 8E ATTACHED TO
THERMRlLOt S002 HERTSINK.

NOTES: UNLESS OTHERWiSE SPECIFIED

C AM-500
DISK CONTROLLER
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(J :3 2 1

Uj

osc

~lOCK

+SV

+5Y

75451

C3H 5 71

1.122

{SH 12)

o

c

ISH 9,12)

(SH 3,

iSH 9,101

_REfiiLl_0G I C

74l~SOU

+5\1

B

INI~~B! IZEiRUN ~yNTROL

PRRT OF Jl

E.t1S

ISH 5)

75451

C3H 7,11)(SH 5;

1SH C~)S,9,12)

i:j1DWFn- ISh 2) tYRL([j·j iSH 9)

'5\'

H



4 3

+5'1 +5V

o

QBj,i;~~2:D:n1i2_ REGISTER

+5'1

(SH 5,8\7,8,10,11,12)

U14

(-5V
~5V

23 ',- ~~~~~~~~~~~~~~'"j'),)L"4~)"'CI..X

(8H 5 1 13 1 7 1 8 1 11~1:2)

(SH 5,S,7,8,i.O,li~12)

(SH 5,8,7,8yiO~jl,i2)

(SH 'S .8,10,'

iSH 5,8,7,8,10,1t)

rSH '5,8,7,,8,10,1) 121

'8H S,8,7,8,iCLil 12J

R



4
DATA TRRNSFER BUFFERS

c: I

o

c

B

~ri~
, 88

ii 32
,,8 ",,,,,',",',", (SH 8)

47
INIT [5H 3J

r-t j 74i,930

? ' '',

OArRD l3H 2) """-~)
, , ._." '" 74LS08

----.i.Ql; (Sri So --m!pg\.8 "'-'-0.;-,--, \SH 7 _, i OJ
8U3m:: (SH 81 " j

74LS32
SA'-', c

RUN (SI-! 3) "',j
74LSOO

iSH n,,31t')29: ?

iSH 4)

(SH 41
(SH6;' ~ (SH (Sf-! 4)

74LS32
(SH 4)

(SH 4)

(Sf-! 4)

tfRTiTRf (Sri 2)~'~1"'1 1 (SH 41

r-"""D7 (SH 4,1
,

eLK n ? elY i,
38 01

1
?

35 r
?

04.' Di rs Li~

88
? is !

88
i?1 112 !

38
i I"39 1 15

40 1 is " ie

Ls~
li ,19 " iq

-'4iS374 u;'i ?n~!

COMRNO (SH 9)----------·-· STSRD iSH 2J ----",,--._.------.-

CMDWR'\'" (SH 2) -~ STRTUS (SH 9) "''';--:1-1 'I

PRR:?
o elK Q:: elK Q l: 95 \0

9410
U30 is U31 I,

41 10
3 13 b

42 \0

! !

10 J!! " b
31 10

1 l? 1 ,19
32 10

I i,s " Ii,
",- 93 io

IF n, 15 13 1,3
~Io' ... ,

-'4, 9374 v;,,, ?nl

D

L

B

n
r-!

~

,;:';'Q!~Mf-)H.Q_ REGjiiI§:.8.
~Jj'lTL!.;; RECilS,' S:B

i"'","''''' ,........., -, _ ", , i F!

DWL.~00500-XX
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D

L

~
~

,QMFI RE.QUEST LfIU;:.ds"
DR~fwRT iSH 2; ,

ETtOR (SH 5) ·~"+(:iY

DATRD (,Sri 21

OIoTI (SH 5) +~..__.i'f.(:LK

DRU;['R (SH 3) .-------J,-- --- ---- -- - ----."

3

CLOCK [SH 31

RUN iSH 3)

2

PMFi ,6NO INTERNAi __.lli&

020

1

o

(SH 2)

(SH 2)

iSH 2)

(SH 2)

iSH l2i

(SH 12i

iSH 5)

8

GREG3 (SH31

DMRSEC (SH 9)

BUSRK [Sf-! 5)

DO (SH 4)

01 (SH 4)

02 (SH 4)

03 (SH 4J

04 (SH 4)

05 iSH 4)

DS iSI-! 4)

07 (SH 4)

UiJ 01 Vi:::: U:;;i !J4 U::t Ub U/ HU RI HC' Hd lUrC~~ ~~,",,! ,,,,,,I :>01 :>7' ::IC"I ':>0>1 '5'5T"5TI""3"'5tC'>-:>1 'OlAJ -:><:::i ,a ",oc>",o

~5V

(SH 10)

(Sf-! 5J

ISH 5)

(SH 5)

2)

R

P,Q iSH

Al (SH

A2 (SH

1'-13 (SH

2)

!2)----

2) ............•.•....•.•••.-'

fOp" iSH 5J

rOw iSH 5J -_ ..J

-- A

Ie Ar1··500
OISK CONTROLLER



4 F:J,,' ? 1

CSH 4J

-SH 4J

CSH 4:1

(SH 4)

rSH 4)

rSH 4'1

rSH 41

'SH

SCHEMATIC AM-SOO
UISk CUNTRCU..ER

' , "~ ,1

I~OM ,..BHQ",Bftti

74LSOB

......... I

I

WR iSH 8)

RRMSEL iSH 3)

RI '" RJ 10,

ES
-----" lACES

r

f U6 U5,
,. i·· I

.._,
A3 2114 ......., .. 2114

3

2 2

1, 1

18 18

15 iCi

n n 01 i ,-
14 13 iC 1 i 13

1

'2 1

----'! AD 2718 9 ,

01 10

8 11

5 13 ,
U21 14

:; 15

....... 2 18 , ......
17

23

l 22

18

i"i" "
18'(20' CX~r,;

Si-----Mc;;;:;', i i IRV
81 i

r410 !SH 8 1

0 ,
1'10 (SH 2J

Al 'SH 2J

A2 (SH 2J

A3 (SH 2)

A4 (SH 2J

AS (SH 2J

RS (SH 2J

RI rSH 2)

38 rSH 5)

RS (SH 6J

B

H



~ ~ 2

tJ.l.;.MDRY RNCL.]EGISTJ;"R ~_LECTlQtj

[J WR

74LS08

PH (SH SJ

fU5 (SH SJ
U22

(SH 8)

iSH 8)

(SH S,lJ

AO [SH

AiiSN

INIT (.SH 31

(SH 5)

(SH ill

(SH 1

(SH J.1)

iSH 5) ID
[SH 41

(SH 3)71

74LS32

FIFO SYNCRQNlZING_LOGIC ,-

TRF' (SH 10)

74l.,532

iSH j)

8

CRC .GENf;&3]J]B:.LCHECKER_U!§lC ;·5'1

iSH 10)

......... "'" 1.', ,_, Fl

(SH 12)

(SH 4)

(SH 12)

5ffL" (SH 10:

Rum lSH 11) ..... i···._~ ....+ -L11A3

ReeoeR (SH 3) ·······················f······~iAl

CET.-l (SH:l; ······-er··············+ ---"18
RD,9T.>l iSH 3: +._.. _~

WRiTE ISH

:"iDi~- F' i.s~i \ 0) -_....,...- ------~",182'

r~,;
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4 3 2 1

RUN (SH 3)

CNTRL (SH 9)
I

0
DO [SH 4)

D1 (SH 4)

02 (Sri a)

03 (SH 4)

04 (SH 4)

05 (SH 4)

06 (SH 4)

D7 (SH 4)

c

B

p

cr[RDR (St-l 9)

DRVSEL (SH 9)

_12
! t:. iSH 121

Iii I
/74l504

PART

CL.K b r~ 37
i 41

Ul1 23

, ! 18

,e I~ i.::
1 15

(Sf-! 3,9)

(SH 9J
PART

1 Ie

"
U/ 14-

U1 iSH 3,1O'J 11

·'41 q,i
10

'4
9

l;;.Q.!iIRDL..~EG I STER 8

75451 7

5

Ili, L.-
elK c i,

Q1io 39

Ull Ql ~.........

J7

2
40

12 12
33

I IS 28

17 14
35

I I 18 15
31

-741 8074
11

DRIVE ll~~IST~~_:L

"i I
7 eLKl b

Olis 24

U13 is 26

2 04 ~;
13

15

I "
46

I 12
47

15 12
43

"741 2374 .~
DRIV,: REGISTER #2

00
-V7
RRUPT
NES

D

c

B

__ A
EM:)

I C Ht"I'~'500

CONTROLLER

DWL.-00500-XX
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BILL # DWE-OOSOO-OO RETA.IL PRICE $ o~oo

REV ~ AO.'3 WHSLE P.RICE $ 0.00

NET PEIC.E $ o~oo

DEc)CHI,P'I'ION DISK CONTROLLER .AM~ 00

DESCEIPTION QTY

AM··SOO

L

2

2

2

1

\

3
4
4

I

1

,2

I

L
i
1

}

2
2.
1

I
I

10
2
6

19
3

7
11

PCB DISK CONTROLLER
SOCKET 40 PIN DIP
SOCKET 24 PIN DIP
SOCKET 20 PIN DIP
SOCKET 18 PIN DIP
SOCKET 16 PIN DIP
SCCKET 14 PIN DIP
SOCKET 8 PIN DIP
lC HEX BUFFER
C:.APACITOR 15 UF 20V
CAPAcrrOR ,,047UF
HEATS INK 1.500 X 1.810 .SOGLG
ICREGULATCR +5V' '1'0 ..·.. 3
RESISTo.R 100 OHM ~4W 5% CAR
RESISTOR 2.2 K 5% CAR
IC DUAL 4 BIT BINARY COUNTER
Ie DU!..\L IN'l'ER:FACE D.HIVER NT OC
Ie 8 INPUT NA.ND G.ATE
CO.NN HEl.l:.DEP, 5 OF IN ~ 09 2.LG RT ANGL,J~

Ie: Btl.FFER OCTj':l,L
Ie OCfI'AL D FLIPFLOP
I OCTAL D FLIPFLOP
Ie OCTAL D F\LIPPLOP
IC DUAL D FLIPFLOP
IC 8 BIT FIFO
IC DECODER 3 TO 8 LINE
IC HEX INVERTER
Ie 2 INPU'I AND GAI'E
HAN 2. 56 X 4 BIT ST1\TIC
IC DECODER 2. TO 4 LINE DUAL
IC CO}\,1PARATOH 6 BIT
Ie 2 TO 1. DA'TA SELECTOP,
Ie CI-~NERATOR eRC
Ie HEX TNVE.R'I'ER STERESIS
Ie 2 INPUT NAND GATE.:
Ie 2 INPU'I' OR GATE
IC OSCILLATOR lOMFlZ
RESISTOR PACK l4PIN DIP 22 3300HM
Ie CFlIP DM;~

IC [vlICRO.PO£\.CESSOTZ Z - 8 0
SCREW 6~32 X .375
NUT HEX 6-.. 3 2 STL 3M PA.T;l'ERN
vLL"SI-rEH LOCK 6--32
Ie DUAL D FLIPFLOP
ROM 2K X 8 BIT

RS2 00222--00

Dy.JF,~00500····00

C'NS~O(J040~OO

024~OO

CNS,,",OO 20-00
CNS~-OOOlB~OO

CNS~OOOl 00
eNS 0 0.14 00
ct\,1s--000GB ".. 00
Iel 74367 00
CPP~00156~01

CPN-00473-01
HDfvl~.. OOOOl 00
1CL~O 323--00
[:;;'52-001 01~OO

I ~743 3~01

1C1 ..·7::)451 00
1CI--07430-~01

CNT;' ..··00002·~lJ ..
C1 ....,08.197 1

[C1- 4373 ..-01
1C1·--74374-01

Cl 74374 02
1C1,-07474 01
1 C5-·, 0 94 0 3- 0 0
ICl,~ 41 8-0

C1- 7404,~Ol

C ·--0 408,~Ol

o 4·~04

let 4139 01
TCl 8.131-00

Cl 74] 7-00
ICE)·-09401~OO

1C1·.... 0"/ 14 01
ICl·-O 400 01
TCI 0743 ..-01
ICS~·~O()OO ..~Ol
j-\,SN·,·~00003 00
IC:3-~09 ::117 ~oo
TC:'S,,-00080~OO

UDS··00632~01

HDN 006.3:2~Ol

.i<II)1j,[ ..- 0 0 6.3:2 01
TCI 0'7474~·O:(:

lCM-00501·~Ol

7
8.
9.
D

lL

27~

13¢
\4,

5 "

:1
24
.2:3 ~

20~

41 .

28

,
~4

35 "

43..
44.
4 5 ~
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