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SECTEON |

AL DESCRIPTLON

HIE TRODUCTION,

This Manual providos operating

-

for the AM-300 Hard DOlsk Controllesr Circuit Board wanufaots

by Alpha Microsvstems Inc., lccated in frvine, Caltfornza.

Clreuwit poard description, operating amnd asape

programming, theory of aperation, and maintenance Lnstruc

-

[t
—t
[
oy
2
o
L=
=
i~
i
ot
-
[
pad
i,
T
=

Are 1nolude

to utilize this circui® 2card o its imil capanbitity.

o~

ryaller Olrcult PBoard orovides

interiace aaq)ahi_iity'Edetwemwi i

to Four ODC 91270 (Hawk] hard

A CPH modote, a MA module, a2 156 x B lFirvst-In-First-dut

memery and (K of Rundom Access Memory (RAM) provide the

ticated data processing DeCassayy rorv control of up o

ten~negabyle disk drives. A 2K Read Only Memory (| RUM)

,w.
e

contained on the hor

and also to contatn the microcode

hiock Jdiagram of

ation, see Sectrion 4 of this manual.,  For pro

H

<, ses mectron 3 oof this nmanual.

Lo APPLICAVION.,

[

his circult board provides the Jdata processing and int

capability neccssary for operation of up o Four ODO 942

(tHawh} hard disk drives for a maximum of ten megabvies

MEMO Y <capaclty oer Jdrive. Inis crreult board i3 a0t raecom=

meaded for anvy otHE‘ disk drives at this time. Hee heo

LPL

And mainftonance instructions

i

i

datu

Ly shaown

to provide g bovislrap load program

v

witn the informdtion necess:

i gi

TR
30

modale

L
For a completa detalled description of clrvcutt

pram

tion

Lg




of this manual for wiring instructions and system interface
information. For complete information on the disk drive, see

the Control Data Corporation 9427H Hardware Maintenance Manual.
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2.1 CAPARTL T LS
Shiks o cireult obhoa

ttteriaco with

I W
iy Tes ol pard
Pisted 1 a2

Oft COntanns

rd operuates

information

2l

1iith

LA

rcurt hoard.  Capab

A7 uder o I Tion doessr: i TI0RS

-

Integration of the AM=500 17
AND SPLOIPICATLONS,

the
o removabled,

Four drives for a totdl

disk memory. Detalled specificatio
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Table 2-1.

AM«503 Specifications

FPARAMETER

SPECIFICATION

CPH Interface

Standard 5=100 Bus = Interrupt Dyviven

S,

L Storage Capacity, 10 Megabyvte Total: 5 Megabvtes on
Fach Dirive filxed surface, 5 Megabytes on removable
cartridge,
Max imum Storage 40 Megabytes with 4 Drives connected.
capacity from each
AM=300 Controller
Board
AM- 500 to disk Bit Z.5 MHz.
Transfer Rate. g

Sactor Size

512
and Sentinel Check byte,

Bytes/Sector plus CRC Error Code

P Interface

Hescriptlon

full

From or to

Multilevel Interrupt driven,
sector block transfers

internal sector buffer,

Sirouit Board

Standard 5" x 10" with 100 pin

connector,

]



REACE DESCRIPTION AND WI
Y

AM- 500 Hard Disk Controller ©

Capability between the Standard &
hard disk drives

200 B-100

The

BUS INTERFACL.

s Fullwy
disk

tyans fo

AM- 5000 Sircuit board

board and its assoclated drl

dddress and data is

he

and data out ports. T

via tho botrom edge connector and
202,02 DISK DBRIVE INTEREFACE.

The AM=5300 board accommod

clrcult

disx drives. Unit sclect

outputs

any of the four drives indivi

QNG

1L disk drive Intevrface signals

RING,

ircult Board provides interlace

=140

-

bus and 942710 (Hawk)

5=100 bus compatible. The

ves arc addressed through the

rred through the standard

Se 100 bus connections dare made

LI

are described In Vabie 7-4

a

ates a maximum of foeur hard

from the circuit hoard select

dually and In arbitrary scquonad,
1

are Jdescribed iIn Table 2-3



Tuble Z=-2

= A

-

S= 108 Bus

Intertace Signals

List

NAMLE

Aaddres
1 H H ‘. -
Ayl s
dddres

Vo
P R
AGdres

Hi

Gres

[

A
By

addres

i

[

[

Addros
Addres

LR S B
Aadres

Addres

Addres

Addresy

Address

Address

dAddress

Adldross

W

€1

A

[F 8

[

'rl

]

s

50

Fal

16 bits of 5-L40

itata
ltata
-_} Gt 0 _I_ 1

lata Bir

Bit 0

.
it -
~t
-

i~

L+l

=
[+
e
-
=

o
et
—+
e

Bit 7

91

Data input port. Bus

from xslaw

5

t

master 1lnputl

T e

Gerpa

Jutput
Gutuut
Jutpur
dutpur
Butout

Gutput

Dttt

Bit O
Bit I
Rit 2
Bit 3
Rit 4
Bit
Bit
Bit 7

oo

36
35

38
40
G0

master output o

Data output port. Hus

slaves,




a4 . S-100 Bus Interfacc 1.

MNFMOM LU NAME PN

78 ! Read enahlo,  Jsed by bus

-t
e
i
o
e}

mastor to request addressed
slave to place data on

iupul port.

1es phattom controells d

i

Vi

q - . P S B
cles whon dasserie

=
i
-
=

=
=

Write Strobe 7 Write strobe. Genarated
by bus masters as wrlte

camrmand to Sl1aves.

kel

Reset S50 AM- 200 vesel input, -

Current hus o

by

SN A0 lnnput Cvole

Status Line master nnot fromoan LSO

addres

i

Memary Cvole A7 | Current bus ovole 15 a4 bus
Inpul Statoes Line master iapur {rom a memory

dddrass,

vele 5 1 Current bus cvalo is A

Status Line bus master ourput booan
ARy I -
[ /0 addyess,

vectored Tpterruprn O

e
]
o
i
2+
o
.
]
v
-
Py
o
e
~
b
i
~
-
\..r
s
W
"

-
adl
el

Vectored Interrupt 1

-
.,
ey
=
[
qx
.
[
o
ot
T
e
e

—
=

o
-
o
=
o
}.__
1

Tnterrupt 2

oy

atervupr 3 7

nterrupt H 3

A
e

sterrant

fnterrupt o 10
Vectored Interrupt 7 1




Tabhle 2=3. Disk Urive Interviface Signal List

WNLMONTO NAME PIN PDESCRIPTION

Cvlinder Address Bit | 39 1 the absolute addre

[

Cylinder Address 3it Y7 ptten of the oviinder to

!

i
.

r Address Rit which the heads are 1o ho

£

ITic

.
e
—
-

A
[ww]
i

e
]
el

Cyvlinder Addres: positionad,

.

o
]
00

Ovlinder Address Bit

)

e
b -
—
t i
]
s
i

Cvlinder Address

Cylinder Address

£ Iy
e T v
B
b Fa e
— o
SRR
il

Lvlinder Address

o

E Cyiinder Address Bit 250§ 24

Cvlinder Address Strobe 18 | Gates cylindeyr address infoors §
mation inta the wvlinder
address registey and initlates
seyve controiled head posi- {
i tioning.
DRVEDY Jrive Ready W oitUnip is ready o se a4, vead, "'
or write.
;
Erase Gate 37 Lt Enables ervasoe curvent fo i

flow through seloeciad head,

FAULTY Fault 22 jAttempted to write or erase

when not on cylinder.

Attempted to read when writs
or erase 1s enabled. Current |
fault during read, write, or

i erase,

DS EL Head Select | 2% | 1=%elect upper head.

J=8Select lower head,

=6



Table 2«3 {Cont.). Disk Drive Tnterface Hignal L.

NAME PN PESCRITTION

LNDEY ndex Mark 27 1 tndex mark once ner Jisk

revolution {23 msaoi.

On uylinder 45 ) Seck operation is complete
apd unit is ready to

read or write.

-
=
H

slatter select Select (iaed desk,; s i
i

g
Select removable caroridges.

REAL CULOCK Read Clock 44 | Separaved cloci

e

Soconcurrent

; wilth read data.,

KEAD T1aTAL Read Nata 42 V| Separated data invut,

AESTON Return to lervoe Seek 14 § Positions the heads to

cyvlindey zerov [(clears

segok error),

- 4 N V- | 5 . 1 i
Htecad Gate 41 1 Hnables separated data and {
clock to the interface lines.
i
SECTAOR Sector Mark 291 Sector sark pulse {2 msog.
SHKRER Seek FError 51 Seck operation did not
completo within 500 m,
Jnit Select 1 48 | Selects any one of the 4
5 o - - F doaoe i ” s oo - Eoar !
Unit Select 2 47 1 disk unlts andividually :
nit Select 3 49 1 and in arbitrary sequenco,
Uit Select 4 e




sk

Nrive

Interface Si

TE Write fSate 2% JEnables write
flow throupgh selec

currant fo

Inmhibits
clurrents,

B-Fnable.

Erase

an<d write

I=Innibit;

Doubkle

clock and

frequency eneoded

data.

inoet used)

and 2

&

Powaor

rouid.

- "
5 W

wlien the
(. PO R
SO b i lds

harduware

st

the

(L]

Cipronit

THING AND CONNEUTIONS.
AM= 500 crrcutit
ginet
requirements far use

rogulrements are

Woed 1

that the nroper
volitages

the

are
Lot schemaric,

bottom edge

to
(Table 21=2}

through the top

CLons

CLGT

and

nuechions are correct

Board into the system.

Boavd 1s
o7 calibration s

ara

[_‘. ey
vconnected

All

connoctar |

recelved, 1L is

described

desceribed

ToOwWaT

CONRNeCLor.,

connections

]

wilring is

te the

renqulired far operation,.  The

in

the S5~100 bus are made through

To

Fabhle 2-3%,

.

hefore plupging the

this

Ay i
VATLOUS

connections

the

Teady

v

SHelrTion

in Saction 5.

table and

pinsg as

are

Ty v += &, ym
bottum

the

disk drive

Ensure

AM= 580

that



GPTIONS,
Several teatures of the AM=300 cirvcuit beard can hoe junpor

seiected at the vser's option. These jumpers must be installed

setore the AM=5340 circuit board is instalied in the svsten.

e standard Jumpey connectlons are shown in Firgure Z=1,

e s G .

i \\\ \
AT ”~ » - LATER BEAED vERY IoMS
o v MAVE JEMPERS INCORPORATER
TE B SR ER TN M- ST, fNTe EToH :
KR By {MITALL PN £R No. T XY APRE RN W (O

AT ©3 “PROM ADPEINS w8 Ky

Figure 2-1. Standard Jumper Connections

Jo30 10 abBRESE COLE

iveul iy hoovd addressing can he selected at the user's option
for any address block (in incremsats of four) on the address

?

AP-A7. Connect juppery wilres ta 5%V or ground tor the

s lred address,  Jumper pads ave located on

{schematic sheet 2. The stendard 170

S A0S INTVEHRRUPT LiNbS.

ntervupt compatirhi ity oy any 5-100 bus s

wor Ui rumpers Looany ol the vectored interrnpt i

Lhe jumper wire from the pad connected to pin 3 ol U35

tw the desived interrupt tine {schemallic sheet L1},  fumper

vads are located on the circult beoard directly below

Flie soandayd interrupt level s V.



Vopnantom feature can he used with the AM-300 Hard Disk
Lontroller.  This feature 1s supporied in opevating systeom

seftware release 3,0 and later and will nct operate i[ a

rodule (VIM) 1s belng used for software propvan
HYSTAT because the svstem memory uvverlaps the VDM memery

i

Uperating Svstem AMOS manual),  Also, tf

Alpha Micro

i}

doi

memory poacd must sappart the phantaom leoature,

board cames from the factory configured
vt i

om fteataroe., PEodr ks desived to disabile

in order to use the disk drive as a

1t will be necessary to cutr the ehoh thar
tween J1-67 and 35%-3.  Cut the etch between the two

thry holes on the solder side of the board. The =100

on the back of the card start at 51 opn the zight and

cowat up to 299 on the left.

already has the phantom signal connectad to pin 57

i the 5-1060 bus. During bootstrapn, the line goes low

ding the upper memory beoard or anv board that monitors the

phantom Hine., The CPU starts execuring the boctstrap PROM
2t location P30 and wmoves 1t into location 76000 cctal or
TOOU hisx.  The boeoetstrap then starts executlng from mamory.
Any mewovy board that overlaps the bootstrap PROM muyi have
phantom enzhled and a1l the arhers must have it disabled.
20504 ROOT GPTiONs.

Since the AM-Z00, AM-210 and AM-400 also coataln itnternal

T

boctstrap {rem the AM-500 and beoot freom one of thesa other

hoot

e
4

ap Ioader PROMS, the usey mayv desire to disable the

it boards., The followlng paragraphs describe the

reqgquirenanty four these aptions.



2.5.400 0 THE AM-500 AS A PERIPHERAL TO THI AM~200 OR AM-210,
Remove the T4LS3G [0 (U403 from the AM-300 (hottom vow, &th
chin from the right). 1F the AM-200 or AM-210 are using phantom
{ohantom must be usced if vou have more than 56K of menmooy i,

the phantom otch must he cut on the AM~300. Turn the AM-500

board over {component side down) and cut the etch golag to

pin 67, ilut the etch betweep the two evelets 3o g wirs may

fe tnserted between the two evelots at a larer date to
phantomn, The S-100 pins on the back side start at s

right and go to 100 on the left.

Boot the svstem with both the AM-504 and AM- 200 or AM-I10 1n

The svstem,

TN

Lop into arvrea 1,4 on the floppy disk and modify vour o

to add thoe following:

o~

BiITMAR HWK,600,0,1
Be sure that the 2RVTBL command in the 3YSTHEM.IND contains

HWKD prnd HWET,

Log dnte darsa 1,6 and do the following:

COPY HWK.BVR=HEKS00, DVR

Now relioot the system ggain and by mounting HWKO and Hwki,

vou may access then as peripherals to the AM-200 or AM-210.

Remember when 1n this mode the {ixed platteor 1s always HwKO,

2. 3.4.2  OPERATING THE AM-5300 WITH THE AM-400/TRIDENT,
When running these two in combination, phantom must he Jdis-
abled on the controller that is ant the system device, it

- o

ttols Jdesired to remove phantom on the AM-400, remove 132



min 5 aticks

PROM

socket 1t

the AM-200,

from tho 50 T vou

out,

the

are

from

disable the oI
T

S2%, which 1s the U to the laft of the header in th

I

Ihe proper bLitmap sizes and device names must be in
InNi fize to accommodate the nropar vonfliguratll

He tree the proper drlver tn zres 1,6 is venaned Lo

narte as thy device you defined in the DEVTIEL. The b

iLzes ave st for the T-25, 1032 for the T-30, 1334

i, and 1820 for the T-3090.

booting is aff initialization must he

404,

the AM-3500,

s dome by running a program.

LN

tThis oy

(-5, and T-200 use TRIINLI.FRG, and for the T-80 and
nse TRCINTLPFRG,  Te utilize itt, just type TxxIND fol
r carriage rerurn, Phe program should return

thais 3 outal, PE vou do not run this nitiralization
the drives will show as NOT READY on a SYSTAL.

T
[

AM- 400 by e

sthalls 1

Tile same
Prmap

for the

from Lhe

PYogran,



SECTION 3
PROGRAMMING

3.0 INTRODUCTION,

This ssction describes the programming requirements {for the
AM- 040 Civourt board, Circocult board addressing, bhootstrap
loader, and AM-500 internal programming are described for

complete svstom compatibility,

When the AM=50U circurt heard 13 received, 1t is readv for use
with the CHC 54271 {(lawk) disk drive as described in Section £
of this manual, The bootstrap loader and the microccde cons

tained in ointernal fivmware is designed only for this disk

drive.,

3,1 ADDRESSING.

fhe AM-500 and associated disk drives are addressed through
the S=1048 bus address lines. The circult hoard address i3
jumper sciectahle by the jumpoers conncected to G437, Jumpers
to sither «3V or ground select the board address on S=1010 bus
address llnes ADZ~-ALY, The board always occupies four 170

ports even though only two are actually used,

3.2 ENTTIALLZAATION.
O inrtial power-up or resct, the AM-500 gocos Into a dormant

tate waiting {or initlalization. With the phantom ontion

i

gnanled, the phantom signal is activated, disabling any memory,
Phe L1100 hus 1s enabled to access the bootstrap loader

contained in thoe AM=-300 DPROM,

The loK PROM [UZ21) contains both the bootstrap vroutine and the
controlier microgede. The microcode resides In the first iX
bytes, and the bootstrap routine resides in the second 1K bvtes

¢ this PROM.  The curvent hootstrap routine is written ia



AM-T0G code, and other user codes mayv be used 1f the microcvode

I the first 1K bytes is duplicated exactly.

NOTE
LY the uwuser code vontained in the AM-500
PROM 1s changed from the curvent boot
routlne, the microcode in the Tirst

of memory must be duplicated exact

-
=
et

of the AM-300 i3 accomplished by writing a zevo

Dyvite into the AM-5003 command register during syvstem initialization.
The CPU finishes initialization oi the disk controller and

releases the Phantom signal. See paragraph 2.3.4 for beat options.

5.0 UOMMAND REGISTUR.
the comwand register receives AM-500 commands from the 5=108
sus ., Leois accessed by writiong to the sclected address {secc

2,310, The legal Lase addresses are 1n multiples

>

o) Four from the flrst address 177400 foctall), 177404 {por 1),

7408 ‘foctaly, through 177774 (octal). A software hands iake

seguence must be used for the command transfer (see paragraph

3.6,

There are two basic types of commands used Tor operation of the
AM=30G system; non-disk commands and digk commands. Both

tvpes ave described in Figure 3-1,

.40 STATUS RUEGISTER.

The status regilster 1s used to determine the current status
Gf the AM-500 controller. 1t 1s accessed from the 5=100 bus
by veading from the uscr sclected base address of the circuit

ozrd,  The format of the status register is described in

5"’ 1’}



BN DESK CORMBIARN (DS

1
! D7 06 05 14 01 oo 4'
g CLR Y N 1 0 _]
_ o
e B = READ 1w WRITE
L———M-n = TRANSFER 1 - EXEULAE
i 00 = RAM BASE
- D1 ~ DATA BUEFER
- 101 = USER POIMTER
D11 - & URER POINTER
by LULEAR INTRREUPT
1 - INTERRLIPT ENABLE
0= INTERRUST DISASLE
DiSK COMM ANSE.
......... . 1 —
D7 DG 05 D4 03 e 01 o0
‘ IE CVT | 3ESK! RMW F THK 4
i = ENABLE
INTERRUPT | 900 - READSTAIUS
3 = DISABLE CHECK
INTERRUPT 01 AEZSTORE
910 READR RECOMD
L a11 = AEAD THASK
100 = WRITE RECOB G
1= CONVEHTl 1071 = WRITD §TATLIS
SONVER ] CHECIK
RELKEY il o ea e e
10 = FORMAT BECORG
141+ FORMAT THACK
1= SEEK L |
TRACK{
Figure 3-1., AM=500 Commands



AR

I-1. Statvus Word Formats

I R P32 10 FUNCT LGN
O | N | 1 Bisk Not Hesdy

o
L
eI v

Write Protoctod

Seek Lrror

“
<
=

!
= f ]

i
-y
fre)
~y
[

Sector Not Foung

R yooa 0 0 0 OR{ Frror
O a1 0 1 o 3 Septinel Ficld Eryror

The

1
L

¥i

"

RECEIVED, O=CLBARED, 1=sRECEIVED.

P

the AM-500, The =

ot owode 34 (hex) aiter a

IWTLRRUPD MODE,

nterru

v

eryor indicates that data was not oo

2t made in the AM=5300 cvan be seslected by bhoth

interrupt occurs at the completion of the current AM=- 500

Rl

fhe

i

AL B
A

civeuit hoard and the CPU any time a command 1s s

3

bandshaking

Il

nrevrupt omuast | A

vonon-disk command,

FANORHARE SLGULRNTE.

tvype intervaction i3 required belweon Uhe

fuel

AM-=500G,  ihis handshaking is 8 software operation fhat

it

L2

3

th

af bl

o following seqguonco:

. A command is sent from the 5-13040 bus to the

Command Register.

2. The system software waits fov bit

7

Register to become a 1 to pguarantee that the

ot
'
i
I~

-

be cleared by the user by ssgtting bt

AM= 5(H)

nrincl feature Chelk

Lhe

on disk commands., 1 the interrvupt mode 135 selsuled,

of the Status

s Status Register. Handshake osperations procead



AM=500 has received the command,

i

. The svstem software writes a zevo into the Command

Register to ¢lear the previous command,

pL
i
—
-~

-

syvatewm soltware walts until bit 7 of the Status
Register becomes a [ indicating that the Command

1

Regisler lias been cloarod.

This completes the handshake operation and the program con-

tnies,

G070 RELKBY DESURIPLION.
Ihe term RELKEY refers to a double byvte number wiich points to
one ol Y085 possible scctors on the disk, lUhe user loads a

numher

im0 to 9695 into the Relkey bvtes of the DMA hurfer

to indicate which sector 1s fo be operated on., Tf hit 5 of

the disk command Is a 1, the microcode converts this nuebsr along
with the drive select bhyte 1nte an absolute disk address and
stores 1o hack into the DMA buffer. The microcode replaces

the drive oumber and Relkey bytes of the DMA bufier with the
converted absclute disk address.  Since all DMA buffer loca-
tions arce accveszable, the absolute disk address can be retrisved

1 onecessary.,

1 ths user has the desired absolute disk address, it can be

placed tn the BMA huftfer, and the Relkey conversion can be skipped.

Fhis s aveomplished as follows:

7. PFlace the actwal drive number {1-3} into ithe second
hvte of the bulfer.
2. Place the low byvte ul the track address 1un the third

buffer,

—~

2y le ok e

5. Plave the high bvie of the track sddress {(which
specifies  the surface, the platter select, and the
sector address) into the fourth bvte of the huffer

dxn =houwin bhelow.,

Ll



The 0

The
plus
DSy

and ot

‘e oand sets

R ¥
LB LEY D LR

1

y 3]s}

JZ2 bl B

SeCtor

(A

BidEFER.

- . v - T
Liarcuaga tiris

i-
o |

programnmed basis onlv.

.

Jata

[y=
OMA BUFFER
ferring data
operarions
L. Send DMA

replster

saelection

T - N
FROLY

Send
b, send
command

Read the

2 AM-500

The

trans fer

takes

TCLTY

disk npumnber

high hyvte
data (0-512

disk writc

Hipgh Bit ol Track Address

Surface {Head 0 or 3)
Platter {lixed or removablio)

o b Used

MA Hutier 15 contained in the first 1K RAM in the AM=5300,
#la transfers toe ov from the disk wmemory must nass through
butfer

MA huf is avcessod by addressing rhe AM-300 base address
pie and all data betwaen the AM-300 and the S5-100 hus must

single port.  No DMA (vpe operations ooour

£
o

amd svsrem ory because thay sre handled

mems Ty

fhe microcode initializes the

ve [MA channels

for proper operation as shown

Handshake sequence 1s shown in Figure 5-35,

sequence 13 shown in F

WRY K.

the NMA bulter and then performing

OPLERATION FOR DIEK

Lo LR K

pDlace as tollows:

X0n to AM~ 500 command

handshake.

write command foctal)

and verform a (X depends on

of itnterrupt mode,)
to AM=500 OMA buffer.
(0=-73 DMA buiter,

byte of Relkey to DMA buffer.
DMA buffer,
BMA

{ocrall

count
Lo
to

of Kelkey

to builer.
71 AMa=

register and perform a handshake.

bytes)

comman 0 ROG

AM-500 status register and check for zero



EVART

SET STACK INDEX
W, 3 FEeSP

SET Dida MODE
WORD INDEX
NG, OB =ML

DA GH
MODE =
SINGLEMRITE

BMa CH 1
MEYIE =
SINGEEMEAD

DA O 2
MOOE =
BLOCEIREAD

 SUNPP

A CH 3
MRE =
DEMANDIANRITE

CLEAR
COMTROL AEG

CLEAR
ORIVE SELECT
BEG

SET |
RUN MODE
FF

e
SET INTERRUPTS SET
N STATUS REG ENABLED INTERRUPT
e ?

ure 3-2,  DMA Buffer Operation



TN
AST 7 )
s — /‘/’){

READ ]
CONRE AT !
REG

P

-

3@55

SAVE
COAMBAND
N Ce

ACKMNOWE EDGE
COMMARMD
RECEIVEDR

NG e SEATUR, )

o— A

REMAD
COMMAM D
REG

E

A

- N

P "
/I‘
<:\\\ ZERG ;:;lﬁiwm__
_ oe

YES

e
REYTLIRM

e e e e

Figure 3=3. Handshake Seguence

[ELw,
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Q HET 6

-y e e et et

AESET DMA
AN
SET REG INDEX

R

COMMAMDISTATLS

1
< P 7 | DISKOP
‘\\‘ y
e

INDEX =Hi

DA INDEX » X

<7 SLEAR TS

= 1
< INTERRLPT 7 ]

e

CLEAR
INTERRLIFT

.«"‘// -
T ALTIVETY
. BIT SET 7

[N -

T

P -
7 useR Lt | emeseT uses
< AnDRESS 7 \\,»-ﬁ—j STORAGE

. o8 .

//:ND:HECT ?

INO. FAM +3 FE »HL) ...\ L

R%

—

CHANGE TQ
USER DEFINED
ETORAGE
IRAM +3 FE w-Hj |

SN

[t

t

P

/’/ \\\ v

o ENECUTE? \Biw— {
-~ i

", 3

s,
o
\'--\ /_//
T D

PRESET DMA,
FOR CHO
WFITED

|
|

Qi

» )\ R
- .

g AN

{IMP @ R

GO TO USEF;\
PROGRAM

J

7 EnTE 8 0 RESET DMA
™ - {READ} 1m0
\\\ =
.t"""! I
]
[
f SET DM A, ENABLE DMA, GLEAR
E AODRESS & - TRANSFER - STATUS CODE
| COUMT {0 =DMA +A) 1 NO Q= A)
Flogure 3=4,  OMA Transtfer Secuence




i

condiftion

indivating noe error.

. {fentinve with next command 1F no errvors were detootad,
L GEURATION FOR DRISK READ,
fransferring data frowm the disk inte the MA buffer and thenp

A bhuffer

s

1. Send DMA write uoumand
TELLSteTr

retry count into

3 Write 4 disk number [0

jow hyte of

e Lo rmed

e
HE

Relkov

as follows:

NOD foctal) to AM-sSO0 command

afte, perform a handshake,

DA buffer,
DA

MA

huffer.

1nto
1nto

5 Write high bvte of Belkey inte DMA buller.

&, send disk READ comand X35 {gctal) to AM-300 commanid
register and perrform handshaks.

7. KRead AM-300 status rvepister and check {or zaro
sendirion ipdrcating oo errors ocourrad.

R, Agsuimdng 0o errovs ooouryed Jduring the disk read., send
the DMA vead command 212 {ectall toe the AM=300 command
register and periorm the normal handshake.

3. Resd one hyvte of dara {from the DMA bofler and dis ard
1t {ihe {1rsi byte is alwavs invalid data).

o, Read vaird daga, } to 510 bByvtes, from the DMA buirier,

.5 STORL COMMANI,
Fhe restore command 18 used to vesct the logro and f¢
tive disk head Lo return Lo fravk zerao. Fhe user may force a

e command with a disk wor

srercise thae restore

ot
o
=4
=

i a o

then ol e fault

the microcode aborts

ey
L

the OGP,

nmansd 3

coammanid

status agaln.

the command operation and repoerts a

fovtal), vy the microcode

on 1ts own followi

ng Ui

5, the microcode attempts one rvestore and

1# the fault still exists,

44
i~
b
~

-



.10 DISEK FORMATTING COMMANDS,
There are two disk lormatting commands, Format Record and
Format Track, that are tdentical in function, 3oth gommands

causs the currently addressed f{rack to be formatted.

CAUTION
The Format Record and Format Track commands
both destroy previously stored data on
the aadressed track by writing all new

records with data fields of zeros,

F.0L0 STATUS CHECK,
The Read and Wrlite Stuatus check compands are nsoed to aocess

specitic status information fron the disk drive.

The Wrifte Status check command 001 {octal} is used to detsrmine
11 the currently addrossed disk is write protevted, it docs
not attempt o actually write any data. 11 the addresred disk
s wylte protected, ervor code 13 [(ocrtall 1s placed in the

stdtus replster,

The Read status check command {17 SFEFK bit 4 15 on} seeks for
the currently addressed track and then returns. Data 135 not
read From the disk, {0 a seek error oceurred, an error code

t4 {ovtaly s placed 1n the status register.

s.12 DRROR COBE REPORTING,

The operating system does not normally report soft Jdisk ervrrurs,
A soft disk error is defined as a non-vecoverable error after

7 set nmumber ol retries, usually 4 on the AM-300. 1 after 4
retries the error is pon-recoverable, the system aborts the

command and rveports an error.
To enable reporting of the error type the operaloy should fype:

SET DHKERR

3=11



The AM-500 errver ¢odes are as {follows:

1 = SEHK ERROR

2 NOT USED

3 SECTOR NOT FOUND
R CHECKSUM
SOFTWARE CHECOKSUM

Lo
H 1 5

e
H



SECTION 4
FUNCT EONAL THEORY OF QPERATION

A0 INTRODUCTLON.

The AM=5G0 tard Disk ontroller circuit hoard contalns integrated

cLrouit elements for the necessary data processing for the per-
formance of the functions as described in Sections I, 2 and 3

7
of this manual. This Secrtion describes the functional theory
of opsrarvion 0f the circuit haard and also provides information

tor each ol the integrvated clreuit elements.

4. b UERCUHDT BOARD OFERATION,

This circult board srovides contrel and interface capabillty

between the 5-100 bus and the ODC 842710 {Hawk} hard disk drive,

J
the functional block diagram of the circult bouard Ls shown in
Flgure d- L and the circuit board schematic 18 contalned tn
Sention 6 of this nanual.  Table d-1 contains a list of the

slgnais used L this Clrcuit board with definitions of thelr

uinctlens . Fov 5-100 bus intertace signals, sec fable 2-2.

o3
rw\l

e 7-3

L

For Hord Disk drive signals, seae Tal

FEAUP O RESET.

Uin inltial power-up, the civeult heard 15 in a dormant state

walting for initiatlzation. System wclocks are pgonerated from
- -

the 12 MHz osvillator on Ul and Jdivided dewn by U2, Ud2 and UAG,

i
!

o arate CLOCK, ONE clock sign fhe powey-on
res toachivates T oand RUN flip-
- i . Wi :

biops. o fThe RUN signal ctgnal to enable

3

and the INTT sazgnal spadies

b
[

ANY  MEeme under phantiomn

ie]

the boet logic so the S-100 bus can access the hoststrap progran

i,

sontalned i1z the PROM U271
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Table 4-1. AM=500 Signal List

SCIIEM
NAML PAGE Ok BN
SOURCE

Y

—l
I
e
Pt

AR ATDRESS STROBE 7 Strobes upper address bvte
12 .

i

1l

into external lutg

fr—-— e -
AEN ADDRESS LNABLL 7 Active high that enables

external latch which holids
npper byte of address, and

disables svstem during UMA

M-S ARBDRESS LINES 12, a6, 121 5-100 Bus Address Lines.

Frables a hoot load {rom

tha PROM,

BT BOOT LOAD

¥R

BUS ACKNOW-

()

Active low CPU output fo tndi-

LEDGL cate to the reyuesting device
that the CPU address bus, dara
bus and tri-state control bus
signals have been set to their

hilgh impedance state.

T
o
A

BUS REQUEST 7 Request to the CPU for control

of the svstem bus.

clock and

{LLL CeELL CLUCK 3 Clock generated fo

e
data output to Jdisk drive.
x

Clock genevator wvutputb.

CLUCK 2.3 Milz CLOCK




MAME PAGE 0D FUNCTION

CMDWRT COMMAND WRITE 2 Sets dinitialize [lip-flop.

TR CONTROL Y Clocks data from Dutas Bus i
{D0-07) into control ragistev. !

COMAND COMMAND 4 Frnables tho output of

mand regliter to place

tents on the Data Bus

IRy Clogk input for sorial Jdata

LUK input to FiU0 memory studk.

LSO SERTAL DUPUT 2 (Input to PFLEO.]
CHGOE

CRE CYCLLE REMIA- 3 Data cutput of CHRC chooker.

CRL CLK CRC CLAOCK e Clock input to
generated

RULDOCK .,  WRiTh=1

WRITFE=0 selocts ROLOCKE.

from

CRC oAt CRO DATA ; S Data lnput to (RO checkor. !

RO FRR CRE ERROR @ Frryror ocutput of (RO checker.

OYi ADER CYLINDER ; 9 Clocks Data from Nata Bus

i

ADDRESE . into Prive Register |},




able -1 {Cont.)y., AM-S500 Signal List

SCHIEM
STURAL NAME PAGE QF FUNCT PON

SOURCE

{3 DMA ACKNOW- ki DA controiler output,

LEDGE 1

DACK 3 OMA ACKNOW- 7 DMA controliey ourput,

LEDGE 8

HATA DATA WRESDT 1! Masrer reset lonput Lo JLFO

-7

Memory and CRC checker.

b
T
et
/Tj
—
L
e
e
[

Detects Read Tvale.

PATIER] DAVA WRITE 2 Netects wWrite Ovale,

iR DATA /O READ 3 Friables data on S«180 hnus
BOO-007 to he placed on
internal Dats Pus and vosots

DREC O teo DMA controller,

e
o

3 DAVA 170 WRiTE 2 Resets ODREGL to DMA controlier.

DEACEL aMAC SELECT g Chip Select dnput to enanle

DMA Controller.

IR BATA LINES 3 Tri-State hus internal o

Al 500,

DREG U OMA REGUEST 1 7 IMA Request input.

! s REQUEST 1 v DMA Request input

a—




Tuble

i-1

(Cont.).

AM- 500 S5ignal List

NAME

SCHEM
PAGE OF
SOURCT

e

4= 10

DREG 4 DMA REQI 3 9 E OMA Request input 3,
4
tRECLR DOMA REQUEST a | Clears DMA reguest latches
LATCH CLEAI f and presets the RUN f{ilip-Floop.
1 DRVSEL {ODRIVE SRLECT G Clock for Urive Reglster 1.
i
E DRYVSTS DRIVE STATUS 9 Gates status data from the diy E
drive onto the internsz! data
bus . %
|
PRMPTY FIRG MEMORY 9 Fnables the CRC cheocker and
EMETY write logic when the FITFO
memory 15 not cmpty.
4 . . e i
3
FEY NG ELp MEMORY 9 Enables wlock input to FLFD !
BYN{ memory. ;
- %
INTT INTTTALTZE 3 Reset signal to (P, i
{OR [70 READ 6 Bidirectional, active low, %
three state line. f
| |
FOSET T/0 SELECT i 2 Fnables the circulit board when j
address lines AD2Z-ADT match :
! the address code on the %
address jumpers. !
: é
T 170 WRITE & g Kidirectional, active low, %
é threc state line. |



Table 4-1 (Cont.}. AM-3504 Signal List

SOHEM
NAME PAGE OF FUNLUU TGN
SOURCE:

LRI LNFUT RECTSTER a Active low output of the uppsv

[
o

FULL FIFC memory when [is input

register is full.

LIRF LOWER INFUT 1a Active low output of the Tower
REGISTHER FULL FLFO memory when 1ts inpat

register s full.

LR LOWER OUBTPUT 14 Active low output of the lower
REGISTER LMPTY FITO memory when 1ts output

repister ls enpty (FLFGC ORED,

ML MEMORY SELECT a9 Fnables the mewmory selecl

decodsr,

DL ONL CLOUK 3 Clock generated fov clook and

data output to Jdisk drive.

ORE QUTRUT RhGisS- 10 Active tow output of ths upper

TER EMPTY FIEO memory whean 1S outpur

register 1s empty
Pl PARALLEL LOAD 10 Parallel l1load signal to the
FLFCG memory.

MAMS L RAM MEMORY 4 Chip Select signal to enable
SELECT the two Random Access Memory

modules,

<CLDCK READ CLOCK 3 Clock input from disk.




el
-
o
[y»
P
i
b
e
—
b
#

MS L 53 Chip seledt wiugnal o
Memorvy generzted Peos

;
Y . !
oy I I - . :
o P MY T S 0 i
Ta wejelt Bl
RN itisk drive Ccvile sionsl,

S5 SBELECT 4 Clock 1nput for Status TE
STATUS Z Erables contents of stat
register To be placed op S~100
duata linos 7,




4«1 {Cont.y.

AM~500 Signal List

S LGNAL

NAME

SCHEM

PAGE O

SOURCE

TRANSFER OUT

PARALLEL

1o

FITG memory i

parallel data

register.

o o transfer

nput

ints its output

o
=1

Serial output

of FIT memory

-
=
r
@]
5\ 1.
P
]
=

Lo bhe wrliten

WEATE WRITE GATH i1 Write enable output o

MEMORY WRITEH Tei-state CP output, act jve

low indicates: that DPH heolds

valtd data to be siored Intao
tho RAM,
WRITE WL LT 11 Contyrol reglstler ourput for lisk

wirite mods.

NG
veceived from the

data

d.1.2  ADDRRIESST

Mldress address lines

5-1G90 bus

transferred mo a

data 18 on

Al Al This address 15 tri-state

[

address bus for use by the controllers and memories within

the clrouit beoard and is also used for direct addressing

the ¢ir haoavrd.

—t

Ccill

U39 the address data

srgnal

J38 and

in1tialize

Tri-Stats Butfers on gate

Ltaternal bus, INIT contyols these gates

set by the Command Write signal CMDWRT,




B L " : +
crroult board addressing, The other inv
g ‘

assertad

the S-100 bus and consists of the 7

sTipul to the command register comes from

Plmess DG0-DA7.gnd the output, when epabled, go

Lster whan Lhe AM- 500

5 the inttialize tlip-fliop 36 ¢
1

Flip-clap G336 rvemaing set unti:l the HESL

crouower fTurned off.  when the CFPU 1ssue

(RIV Tow and WR high) and address lines Af

the Register/Memory Select decoders issu

to transter the command register content

.

When (/0 Qutput s1g

L

€

is asserted, CMDWRET olo

A

o~
i g

when

nouo
I'h

NONIEG

tht

mh i

& b

From

. ~ .. 1
ground to prodice the desired

£

ned

Gard

crements ot

by the AM-300 to

21t

ts clocked

fenal CMDWICT.

is addreswood

T

{1

tafta linpss tntao Lthe command r

the

hyv

o the

A TAT O

T

AR
[

he

& Lgmman

ek

mory Read

the

.
[
o
s
—

o= 100 dat

PR
LT

e
%
Li
d woy

Comma

i

bl

.

-

It



1.3.5.2 COMMARD TYPES

The non-disk copmands issued to the AM-500 are used for contreol
and operation of the Tegic internal to the circuit card., The
it functions are listed in Table 4-2 and the vommands are
Iisted in Table 4-4, Disk Commands are used to control the
Gisk drive and access status infarmation from the drive., Disk
command hit functions are listed in Table 4-4, and disk command

codos arve listed in Tablo 4=3,

Tabte 1.2, Nan-Disk Command Bits

T ] NAME LB T BN

sl

Indicates non-Jdizk command

Actilvity Bit,

2 B Read/Write  O=read l-ewrite,

3 BN Commuaund unctilon O=transfer l=executs

4 RUT M Lacation in DMA buffer where data is ta he

3 DAMA e relrieved or stored,®

& CLR Clear current intarrapt =nop l=cicar

B interrupt [inable 0=disable l=enable

P Bit Lacat tosn

nqo RAM Base {Divect:
0 1 Nata Buffer
A Jeer Pointer

B M lser Fointer (Indirvect]

415



table

d- 3,

Nonr-Disk Command Formats

BiTs
FE - T S O R ¢ EUNCTTON
O ¢ ¢ 008068 Initialization/Boot Load
AN SIS N I B T 5 Write dara fto IBMA huffer {(KEAM Base]
S S £ S T B R S Y Write dava to DMA buffer ‘Uata B
XX 0890 1 Read dats from DMA buffer (RAM Based
Xl ou L ag Read dats from DMA bhuffer {(Data
St N A Clear Interrupt {Clear Only)
Yl oX ¥ X X LoD Clear interrdpt {Plas some other non-

disk command)

X % RS I B N T Lead usor microcode peinter
X b Lnoroton Tndirect Ivad via usel pointer
L O T A Execute from users microcode pointer
XX 11 ¢ a0 10 indirect read via user polinter
21 8064610 Read user microcode pointer




Tablie 1.

4. Disk Command Bits

FUNLTLON

i

Alwavs 1

for disk type comnands

Part of

command function

Command

4

4 and 3

function comprised

taken as a whole

vt bits L,

J=Read

I=Write

Seek

Convert

Relkey i={Convert

O=No Conversion

e

Not usod

Interrup

t enable  J=Disable

l=Fnable

% See Tahle 4-5

417




tak Command Codes

3 g i SHMOTTON

o
e
i
3--

=i
I

(3 ¥ 1 Read Status Chaok

4
-
I
for
~
-
o
-t
]
b
(s
~
o
—
i~
e
-
B
]
i
G

(3 M i Read Track

e
i

Wt te Hooord

LI (i i Wyite S5tatus Cheok

. "
I 1 3

ormat Record {same result z2s

-

“ormat Track {same result as 4110

et
o

1ol 303 DATA T REGISTEHR,

tater controls the transfer of dara from the

e
i

S-000 bus duta Dines to the data hus wnternal ro the AM- a4

cirouit board and consists of the registey on Udl.  The input
Cut o rogister cames from the H-100 bus data lines
the output, when snabled, goes to the taternat
data bus DO-37
ata trom the S-104 bhus data lincs s clocked into the bLata vut
repister by the Data Write signatl DATWRT. This cemes from the
I/0 command register when the AM-300 1s addres e ]

and Alsi, When [/7Q Cutput signsl {(S0UT) from the 5-100

1-15



bus is asserted, DATWRT clocks the data word from the S-100
bus into the Data Out Register and also sets the DMA revaest

—
i

Latch for 4 DMA service request e DMA controlley issues an
dcknowledge (DACKDY that s combined with address bit A13-1 and

4 Read Qutput from the CPU to generate Data /0 Read Signal

""T ™ F e T . cm e T R 1 - a T .
STOK,  Signat DIOW transfers the contents of the Dutx Out
Register onto the internal data bus and also resets the DMA

reyuest latch,

.04 CRFU O INPUT,
LPU input datva 15 transmitted freom the AM-300 by the 5-100
dara and control lines. 1t is transmitted from the AM-500

Py the Status Register and Data in Repister

4.0,4, 00 =TATUS REGISTER.

The status Register is used to determine the current status
of AM-5{(0 Contreller operation and consists aof the register
en 31,  The lupuft to the Status RBegister comes from the
AM-500 intevnal data bus DU~D7. and the outpul, when enabled,
soes to the 5-1040 bus data Linmes Dig=-D17,

Data from the internal data bus is clocked into the Status
Register by the STATUS signal from the Register/Memory Select

lagic. This ocuours when the board is addressed and lines AQ,

Al and WR are sll dlow. The Register/Memory Sceloct decoders
issue the STATUS signal to olock the data into the Status
Repister from the dinternal data bus. The contents of the
Status Replster are anpised to the 5-100 bus data lines by the
Status Read signal (STSRD) {rom the /0 Command Register.

‘his sipnal 13 issu&d when address line AU=0, Write >trobe

MWR odis talse {highy, Read enable 43 Troe {highd, and Activate

fnput {(SINP) is high,
S WORD TORMATS,

Status words contain information regavding tho oporation of



tha AM=-500 controlliser. Informat lon and formats of the stut

words @re contained In Table 4-8. Bit 7 is the Command Recelved

i
I

(CEY bBit ang 1=

[SE

P

rived, O=Cloared.

Tahlae 4.5, Status Word Formats

I
PN
ot
i
—

S Disk Not Ready

Write Protected

Lo
—
L

I S S T T 4 ¢ R | Seaek Trror

O T DS S ) ! Sector Not Vound

(ol g9 o9 0 1 3000 ORE Errer

Lk I DY o1 Sentinel vield Errory

R A T P v B T T S R TR R T -l
LEo= lommand Received O=Ulsared f=Reaeceved,

dodL A0 BALA TN REGISTLR.

Data In Registor controls the transtfer of data rrom the

] . T A -y . . o R T e e T L.
Lote the AM-500 1o the 52-100 b dAata L

tnternal data ines

rhe A-1040 bus Jdats

Pora Fyowm the internal bus is clocked inte the registar when

Write (DIOW) is true or RUN 1s {alse. mignal

i Bus Acknowledge TBUSAK) and Writo (WRY from

M 18 selected by the Memorv/Reyglstar

i dara 15 wlaced on the 5-L00 bus Jdata lines when 1n

Command Register issues

G Bata Readd RO command. } DATRD is 1asued when the board

iy addressed and A=y, Al=0, Head tnable PDRIN 13 true {high)

d Wyite Stryobe {(PWRY is false (high),



4.1.5 en

BOOT TR

AM=500

LOATD
Clrount

ROM

CEDURE.

board contains 2 boot

The

Lhe U215, The microcode

]

fored in

a5

aoperation Ls also contained in the

the bocsrstrap 15 contained in th

progran

Ui the user ¢ode 1is changed fr

current hoot routine, the
the first 1K of memory mist be

exactlv,

the UPH roads the bootsirap load program

Y72000
=-100

card and readiung from {octal;

with SMEME fyrom the bus and a

o
S

[—

ace op inttial start-up,

P ROM

EENOT ALosS

sipgnal euables the (U217 und ena

Data [n Register. Tthe clock input of

supplicd by the RIUN signal through gate

was set low by inirial start-up and rewma
vy ts the RUN Zlip-flop. The Data In

latches that unJdery these

PROM

transparent 50

dara enters thoe internal d

5- 100

fvom the

to the bus data lines.

5

When thoe block dava transier of the hoot

The phantom s disabled and the CPU aad
the circuit board so that 11 can accept
4,1.6 NTHRRUPTS,

salacvlied ¥Yor A

bz

interrupt mode

n, B
[ R

il

the Sets L 7 in elthe

DYoL YU

commands Wwhen the is

ae

ouCurs a4t the compleiion of the current

First

microcode

stra n load routine

fovy ioaferpal AM- 500

¥ ROM memory.

of

second 1K o

33
w

0Om the
111

duplivated

by addressing the

tThis address,

MEmOry

INTT signal which takes
BOOT signal, the BRODT
s the autput of the

e Data In Replsiar its

s, fhe RUN signal
s oso ountli DRLOLE

Registey consists ot
conditions,
and transfers

ata hias

loader 1s
DIMA

commands .

maduios

= T

M- 500 ation when
Jisk
tected,

AM-3500

opor

r G oo disa

Conunar .



in Ttaken from the internsal data bus by the contrel reg!d

CHTTY and connocred to the $-100 hus

pne ol the seven Interrupt tines (Vio-VI7) mav he se

by oa jumper From o pin 3 of U385 ro the selected Line.

Pac interraps mode may be clearcd Dy +the software Pros a5

the tnterrunts do not ocour.  The progranm clears

oo

oornlerrups

v oseLtin

g DU b igoany non-disk commam) to d one
Table 3-31,

DESE DRIVE.

Phe AM-500 crveust hoard trassfers disk write data saud contro

te the disk drive through the write data logic and drive contro
reginters,  See Table Z-3 fov a complete list of the signals

AM- 200 civeult beoard snd the disk drive.,

POl naTA WHITE LOGIC.
che duata write legic provides the double Preguency soonded clock

dand Jduta sutput necessary for the disk drive write circurtry,

is in the write mode, the WRIIL signal s hign,

Wittt wots the multiplexer 1n the CRO logic [UDY to select
the wrtte data (WDATAY from the FIFD memory stack to the (RQ
“d 1ls then sent to the IFG

data write ifogito.,  smhould

When the FiFQ memory 15 not empty, FEMPTY 15 hig

the serial data outpur of

it ig combined with

e

owing through the disk wri

command, the CELL ciock is also cvombined

command through (R gate Ud s, When the F

vy, PEMPTY 18 dow, gating CRC data to the WR

[

A
1
v



4.1,7,2 DRIVL RLGISTERS.
The disk dyive registers control the selection and operation

rT

of the disk mechanism, Three £lip-flop registers (Ull, UlZ,

H135) periorm these functions when epnabled by the RUN signal.

Drive Hegister No. L controls the address data to the disk drive,
the address dats is contalined on the internal data bus and is

into Prive Register No. § by CYLADR from the register

[

transferre

T

selecn loglao.  When the software scelects the oviinder addre:

CYLABDR cleocks the data ifrom the internal data hus into Drive

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

the dislk drive, This data i35 contained on the lnternal data

hus when the software selects the drive commands and 1s oiookod
a

into rive Register Mo. 2 by the DRVSLL signal from the veglster

aeloot

he Drive Control Register handles the gate signals for the
disk read and write operations. This includes Write
(WUATED, Frasce Gatse (EGATE), Read Gate [RGATE), Cvliader
Address Strebg [(OYLSTRY and return o Zero sSeek
In additien, this register penerates the READ, WRITE, and

DATA signals fory internal controil and the $-100 bus intorrupt

data Ls ¢locked into the Drive Control Register

signal. T

by the CNTL signal {rom the register select lopic,

DESK ORTVE.

board receives memory data and status from
the Jdisk drive through the data read logic and drive status

repister,  Sege Table 2-3 for a complete list of the sipnais

hotiwesn the civcult board and the disk drive.

,,,
1

T

L



DATA READ LOGIC.

The auta vewd Loglc receives the separate ¢
of the Jdisk drive and applies them to the «
g tlip-flop, When the AM-5320 is

“
4

i

holds this
RIATA)

RLEAD signal fiip-flop

Sflon output [ d the input

Ml

sent to the RO Tegie and also te rhe FIFO
is i the Read mode, the ROLOCK and
gic (U3} fo
tato the se

autput of th

preives status anf

r

ervor signal from

¢s the disk status f

fsee lables Jd=~4 azud 4 51, the DRVETS output
select logic i3 low which transfers the sta

Y Jr T S | Jd. .. M - . . gt
dia intrernal data bus for tra
95 followe
5 S N S I R Y

0 WRITEPROTECTED
7

for a descriprion of the disk

A

i

4~

the

3

Tock and data ontputs

ook and nreset

T

in

the

F=3
f

net the reoad

e

in

clock

the

Whon

ME MmOy,

RIBATA anre selected
v checxing by the

rial the

CRE

input of

: T i1 e
il P i 1

agrmaticn from the

chaocker.

LRE

rom the A= 300

of the registar
tus data from tha
nsfer to the UPU.

interface signals.



4.7.8  TFLIFO MEMORY AND CONT

The

write opervralions, |

FLFQ Memory and Control

i-bit bytes. Sco paragr

ROL. .

CLTroultry conststs

st-dut menmory modules connected for

ot

ch

TS

=14

aph 4.2.3 for a detailed d

the module.  The T1I0 memoryv is used for hot

Lonve

ot

saraliel data for internal

pavallel data 1o serial for

LS

transferred between the

Memory {RAM) by the DMA con

amply condliions

., the r1FQ

S8TVice rvoequests to the NMA

dod

RN

LA

controller runs at the

o DA BUPERER,

DA buifer is contalned

moduies Us and 6. ALl dat

memory must pass through th

DIMA

regues ts (DRUEGE and ORE

Latches on Ulé&.  For DREQO,

15

Vii

Qe

recalved [rom the /0 co

i

s-flop.  Tho acknowledge

e 170 Read (TORY are

rts the serial data

by

fr

disk

am ot

processing amnd transier, a

disk write operatio

e

FEEG and 1K of the Random

crelisy,  Fov memory
synchrontzlng logic

.

controller o ensur

disk speed.

Ly the Random Acces
a transfers to or fr

15 buffer.

2l} are generated by

;
M

P
furl

S

[

Lit i
1 . -
mas

that

Meno

the

I

Jeb it

kK oof
e5Cription

vead and
b wi1alk Lo
ad oconverts
ha dat
ACueds

OO T

Ty TLAM]

disk

e DMA reguest

the Data Write {(DATWRT! o

OmT A

mmand repgister, selting tha

From the OMA coutroller

combined to resct Th

DIOR.  DREQY flip-flop operates in a similar

I

Cleared by DMA Tlequest

-

.,

esr DRILCLR,

o
La

I

W

DRI

ava

s Read (DATRD) and clocked by DIOW. Both request
1

¢ flip-ilop
set by

Clip=flops



d.04 CIROUTT MODULE DESCRIPTION,

=1
40

1e pdividual clivourt
Sivoult hoard. Mon T oond
DMA controller nmodules,
control looe.

tople and connection dia-

module that handies the
data processing of the AM-300 cilrcuit board,

Peogore d-4 1y oa block diagram of the CPU, and Figure 4-3 Jdetatls

H Al recister configuration which contalns 208 bits
vE Headys Write memory that are scdessible te the programmer,
he registlers inolude two sets of s pUrpose regliters
that may he used individuallv as 3-% ers o7 s lo-Dit
reslster pairs.  There are also two sefs of aocwnulator and
Piap regilsters,  The nrogrammer has access Lo aelther sel ot

mEin ar dliernate registers through a group of exchangs lnsiruc-
set allows foreground/hackground mode
reserved for very tast Intoryupt NS

a lo-bit stack pointer whioh porml e

et
.
ey
P
44

of multiple level interrupts,

simplification of many tvpes of dald

1

fhe twao lo-bit indox repgisters altlow tabular data manipulation

ouvatable vode. The Retfresh reglsterv

-

slewentation of re

provides for automatico, toetally transparent refresh of external

momoricos,  The I o register s usced in oa powerful interrupt

mode to farm the upper B bits of a poilnter 'o an 1

dress table, while the iaterrupting device suppllas

the lowuwr § bits of the pointer. An indirect call 15 then made

to this sevvice address.

126
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Figure 4-2, CPIMU Block Diagram

Mk N RLEG SE) ALTTRMNA L BEG 3E;
i —
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. i | ARG AL
JI FURPTSE
W ARGIETEAS

Figure 4-3. CPU Reglisters

7

Figure 4-4 shows the CPU pin in configuration and Vable 4-7

contains a List of the CPU signals.

L
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i
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Figure 4-4, CPU Pin Configuratlion




Table

Ao

= e

Pix FUNLT
Tri=-state cuthut, active Hlah.
VI-A1n constilute @3 ld-hilr address
R The adidress 5o tho
Gaddress Tor g [R5
data exchanges S
data exchianges.,

Do-7 {ri~gtat ptout, adii .
DATA RUS HIEESE: an S-Bit o bi

tionazl Phe data has s
Lusad For data wllrn moma sy
and 10 devices,

27 ictive low. ML oindicates

(SR

TonT machning vaole
Feteh ovale orf

EXECUT Lo

MEMOTRY

REGUEST

Tri-state

ol

TR I TV

rerue
the address
for o memory

cperation,

tout, actlve

st osipnol andicar

bus holds o wvalsd

regd or

26

ocperation,
zenerated wh

acknowledged

1-78

. g . 3 .
tput, actlive Low,
ipdicates that tho Y

Folds o valblid

for a2 1/0 rveud or wrilte
An LORQ signal 1: also

@i an interryupt is

to indioate that




Table 4«7 {(Cont.}. CPU Signal List

SLGNAL PIN FUNGT HON

intevrupt rosponsc voctor can be

placed on the dats bus,

R 21 {Tri-staftc output, active low. RO

MEMORY READ lndilcates that the CPU wants 1o road

data from memory ov an

Tho addressed P70 device or memory
snpould use this signal to partse data

onto the OPU data bus.

YU Ty . . - Code e L 'R";-"
iR 22 Fri=state ourput, active 1ow, e

MEMORY wWRkty tndicates that the OPU data bus

holds valid data o be stored in

the addressoed memory or /O device,

=
—
]
o

Outlput, active low. RYSH indicaotes
REbHEESH that the lowey 7 bits ol the audyoss
bus contain a vefresh address for
dynamic memories and the vurrant
MREG signal should be used to o a

refrash read to all dvmamic memories,

8 [Cutpurn, active low, HALT ludicates

STATE that the CFU has ecnecuted a HALL
seftware instruction and s awalbinog
either a nonmaskabls or o naskablie
Imterrupt {with the mask enabled]
before operation can resume,  While
halted, the CPU executes NOP's 1o

maintaiyn memory refresh actlvitey.




SHGNAL PN FUNCTIGON

¥ T - -y TR 1T P L — ey e
24 qTuput, active Iow. WAIT indicates
HY P e ] - T a P . P H - . . 3 . [ P
WA ET to the CPY rhat the asddressed momory
or 170 @

data trvansie The OPU vontinuss to

antor wal

- A |

slgnal

m
=

fupat ) active low, fhe Interrupt

Reguest signal is penerated by 17O

devices., A reguest will be noeno:

at the znd ol the current inzbtreig-

ot
C:
and
)
et
iy
o
o
e
-
13
i
—
P
b
o
i
i
-t
.
i
.
o
i

(LFT) i3 cnaonled,

i7

aput, acrtive low.  The non-maskab

e

ARLE interrupt request

T prisvity than INT

recognized at the

instruction, 1ndepa:

Tomat o

to{o

RitsEY 26 {input, active low,

—-
.
]

iz

the (PU as follows: rea o

1nterrupt enabls flip-
PLoand registers [ oand R oand sex
interrupt ta E050A mode. During

reset time, the address and data

bus go to a high impadance st

4= 30




Table 4«7 (Cont.). (PY Signal List

STGNAL FIN FUNCTTON

and 21} control output signals

e
[

to the 1lnactive stafre.

Taputr, active low., The bus veguest

51 signal has a higher briocrity than

NMI and is alwavs recogniced at the

end of the current machine cvele and

is used to roquest the (PU address

bus, data hus and tri-state outpur
control sipgnals to go fooa high
1npedance state so that other devices

ran control these busses.

a

BUSAKR 23 Jutput, active low, Bus acknowlodpos

BHis ACKNOWLEDR

15 used to lundicate o the reguesting
device that the CPU address bus, dats
bus asnd tri-state confrol bus signdals
have been set to their high lmpedance
state and the external dovice can now

contral these zsignals,

4,2,10. 0 INSTRUCTION OP-C0ODE PETCH

3

The program counter content (PCY is plavced on the

diavely at the start of the cvele. One half clock

goes active, The talling edge of MREQ can be uscd divectly as a2
o

chip oepable to dyvnamic memorres.  RD when active indicates thar the

memory Jdata should he enabled onto the CPU dats bus. The CPU samples

data with the rising edge of the clock state T3, Clock states T3
and T4 of a fetcn cvele are used to refresh Jdvnamic momories whilo

the IPLU i1s internally decoding and executing the instruaction. The

¥
i



1 RESH

coptrol silgna
showld be

memnsries

DI
T T

e

"y T

indicates

that a

accenpllshed,

R W e N

PRSI . i wtm;m ApR

wio T W B s W
=0

AT .

i 1

R DT e - _ﬁz“:} .

. R —

=R R

MEMORY R

[

I OOR WRITE CYCLLS.

here 1

i:} l)

fliustrated the timing of

ofheyr than an ferch (M1 ovel

sigmnals arve used exactly as in the f¢

Write

ob

Nemory cvels, the MREQ als
the address bus is stable so that it

4 ¢hip enable for dvnamlc memories.

when data on the Jdata bus s stable

divectly as g RSW pulse to virtuall

Me e Iy,

50

steh uvele,

Ty

B

ZE

that

any type of semluonduc

refrash

Decomes
used
The WR line

1t

in theo

[
Wllexly

tive

Hil

diTectly
is activoe

- - - - g
can be used

- [T YT e [P o
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1.20003  INPUT OR QUTRUT CYCOLES

L . .

Ftiustrated here is the timing for an 170 read or 1,

tiow, Notice that during /0 operations a single wailt state is
avtomatically inserted {Tw#®). The veascn for this is that

FA0

crations hiis extra state allows sufficient fime for an |0

port to decode its address and activate the WATT line iF a wajt

18 reguired,

wh
[ty
A
e axd
Crile
“Fr
- S S S
L H ’_ 1 H
- S
ks LT
{ Gwae
] EE B

QW1

REUFT REQUEST/ACK
The tnterrupt signal is samploed by the CPU with the

ob the tast olock at the eud obf any instruction.

speclal ML cyole ts penerated.

M owvale, the signal becomes active {instead of MRLGY to
indicate that tae iaterrupting device can nlace an 8-bit veltor

on the data bus. Two wailt states (Tw®) are agutomatically added

to tiis ovele so that a ripple priority interrupi scieme, sudh
4 the one used 1ln the peripheral contvollers, can be easily
pmplamented.

Lorw e byae

o e U S
Ll | Suade T, . ) i L 5
°r
Ad =15
-
WREC
SHE

Y VP U [N S,
L L) ; ‘




INSTRUCTION SLT.

4,205 CRu
The followlng 15 a summary of the COPU Instyuction st snowing the
assemblyv Ianguage mnemoenic and the svmbolls operat ic
v othe ipstiroction,  The instructions are divided
TOWing vatepors
s-bit loa Miscollaneous Group
in-hir Toads Rotates and Shifts
Exclranges Brt Ser, Reset and fest
Memary Block Moves laput and Ouitput
Memory Biock Searchos Junps
B-hif aritnmetric and logic Calls
e~pit arithmetic Restarts
Genegral purnasce Accumulator Heturns
& Flup Opcerations
in the table the following terminclopy 1s usad,

e

= g hitoaumber m any 8 bt regster or memaory
focatien ded
= itag condstion code 2
MNZ T man 18T
& 5orero L
NC = non carny
. = garry o
PG Parny odd o ne over How 1
PE 2 Panoy sven or over Hlow
P = Posigive
M = ONegUIIVE (iU ) 4
*h
55

sutdrser
LI
| ¥

by

Horel
Febit
fonedstt

Addre

Zooany K-bat destriation register o eTioey Sl
= oany 6 deslinaton regrsler Gl MEMOry [Oeairon
P spned 2w complement displacement used in
relative Jumps and ndexed sddressing

& spectal gall locations i page cere. In decimal
notaton these wre (0, 8, 16, 24, 3030, 48 and 56
any Bt binary number

anv Tabit bmary pumbe

= any ¥-bit general purpose regster (A4 BLO DB
H.our i

ATy ®-BAT source 1egs1ar of Memery Hvation
ahitm g spectfic ¥-bri register o memorny Jocalen
¥ loralen

any 1ot souree register o mEmor

pt LR the Jow order 8 b ot g LAt regmsle
e HT R ke hgh order B biis of 4 to-bie register

= the comtents within the {3 are b Do used as 2
pOInEET o a memary location o 174 port numbes

the inlliwing.

Maditied Page Zero
Relative
Fxtended

registers are A, B U B E H L.{and R

regisier pasts are AP B DE and HL

registers are 5P, PUUIX and 1Y

ssing Modes jmplemented meiude combunations ol
immediate Inadexed
Immediate extended  Regisier

impled
Regrster Indirecy
Bit



LT LOADS

Ta-BET LOAGS

PROHANGLES

WEMORY BLACK MOVES

Table 4

4w

8, CPU Instruction

Sot

{ omments

sy notHLY.

(¥ b2y (1Y 4oy

Jd ekl gs
(P4 (LY res
d=fHi
{(IX+ey {TY +e}
S T {RCH (B
fany. 1R

d =080 DEL
{ani I K

LD dd_ (i
LD imng, s

D SE ss
PLISH 55

POF Jdd

EXX

EX ISPy ss

EX DR HL
EX AR AF

Mnemanic Symboelic Operation
LD s T T
RS g

LDan d o

Lit A . Aoy

Lixd. A 4 A

LHdd nn dd — nn

dd + fang
fnn} = sy

SP 3y

ddy - SPY.dd, v (SPe])

DE «» Hi,
AF -~ AF

'BC 37
DE (-1 DE
HL Hi

[ 58y . {SP+1¢t-- S5y

iSP- 17 - Mgy (&P~ 85y

Ht .

dd = BC. DE.
HL SP X 1Y
dd = B8O DE.
HIL SPUIXTY
56 = BC.DE.
ML SP IX 1Y
sy = HLOIX,HY
»y = BE DE
Hi. AF. IX. 1Y
deb = BODE
AR IX 1Y

"

s6 = HLOIX, 1Y

[l

LEME

LI

[.I3DR

(DEY+ (HE DE ~ DE+
HE o« Hiad RO+ BU-L
(DB« (HIL), DE - DE+4]
HE = Hi.+t BC = Bi' -1
Repeat unt BC = O
(DEY - (MY DE -~ DE-d
ML T B« BO-
(DEy - (HL) DL - DE-
HE ~ HL-1. BC — BC- ]
Repeut untl pC =0

o
|
el
i




MEMORY BLOCK SEARCHES

tabie 4-8 {Cont,}, COFL Tastruction
Mnemaunte | Svmbobic Operation ! {nnmenis
CPy A—CHLY HE + HE+1 N
BU o+ BO-d
CRIR A-{HE L HL « W AfHLY sely
P - BO-1 . Kepeast she flags only.
Panth BC = 0o A= (HLY f As not affecied
SEE A-{HI 1 HE o HE -1 '
B « BO -3
CPOR A-{HL) HE - B

Pe-BEY ARITHMATIC

GF ALC ANLE F LA

ATy HiL 58
AC HL 5

WO o« BO-i Repea
unnl BO= 0 ur A = (M)

A Ats

AR s Av A+ (Y Y s Fhe
SR A Ao cairy thag
SR s Mo Ao Y s=¢ p. ML)
AND 5 A = ANy (1Xsey {IYre)
R s 4 AVs
XOR L A Ams
OR A - s (ML
{1X+el (1Y +e}
PNg g ot |
d= L (HL)
i} {iX+e) (1Y re)
] 1 A ded -
PR

IS TIETE & | BT
FHE o~ HE +se 0 OV

55 = BC. DR

. . HL, P
SEBOHL . s HEL « M -s - OY
ADIYiX s IX = IX + s¢ = BCDE,
%, sP
ADMRIY s | EY ~ TY v s 55 = HO. DE,
Iy, SP
INC dgd dd « dd + i dd = BC. DE. :
HL.SPIX. 1Y |
DEC 44 d4¢ v dd - dd = BC, DR
HE, SPIN 1Y
T ]
DAA Converls A contents into {Operands must
packed BCY Mmllowing add | be in packed
arosub et BCD format
CPL A= A
NEG A DO — A
CCE 0y - %
SO POy = |

1- 36

Set



MISULLLANEQUS

REFTATES AND SHIFTS

BITS ROAND T

NPy AN GUGPUT

Be-B-1
Repeatunnl B =0

able 4-8 {Cont.). CPU Instruction §
Mriemanic Svmbolic Operanian Comments
NOGP o operation
HALT Halt 'PL
1 Dysable Interrupos
F1 Enahic Interrupts
IM 3 Selmterrupt mode 0 HOROA minde
M Set terrup! smode ! Call to 0038
!E N Setanterrupt mode indirect {all
KLU s
RE s
RRC ¢
RR s
SLA s s=y (HL)
B (IX 41 (EY +e)
SEHA 4 e il ]
(7= "
1 S .
RLD E_.' 5 o0 ['?_h [ _'\jj]mu :
A F_TET
RED [ 4y« [;i a:lf—iml
DU SR
BIT b5 L5, 7 s zero Nag
SET b, s s s = {HL)
RES b s 5t 0 (IX+e) (1Y e
IN A, (n}
PN O 1= {{} Sel flags
INI EHL <« (O LHL 81+ ]
B« -
INIR (HL) < {Cy HL = HiL + 1
B+B-I
Repeat unnl B =10
NI (HIy = (Cy, HL + HL -}
B« B
iNDR (R <UL HL « HL -

%

=



INPEIT aNf GUTRLT

FLMPS

CabLS

R STARTY

RETL RNS

S
Mpemaomec

Coamments

LTy A
OUT)
aUTY

TR

AT

[ OTDR

i

F )
Fa—- ¥

iili

i B oo an

o
TR kk.ow [

IP iss)
MNZ ¢

W

fny« A

(U o

(€3¢ (1L y HE = Hi+
BeB -

(O ¢HL HL »~ L + !
BBt

Repeat urid B =3

Ve dHL L B« Y -
B B

(Cre (HELHE -t -
I S
Repeat untd B = 4

PC « nn

fEcondition cu s piue
B = nin. else coatnue

IS SNEC & B

H o condion kk s true

PC o« ™M+ e else cpntinue

B = ss
B+«B-1 it B=1
conlmnue, alse W« PO oz

MNP
Z PE
wis T
i M
LONE NG
Bk T

sy = ML IX 1Y

CALL nn

¢ abi oo, nn

RET oo

RETH

RETN
i
 —

G CALLne
(SP-1)« POy

(SP-1) = Uy,

{SF-Y - ?’Cl P e o
H condstion oo o5 false
coniiue. clse same as

{S_F—}E) - P{_'i . P’CH = {}
P(l L |
L+ (5P}
;{H *- !SP+ l}

H conditton @ 1 faise
contnue sise same 35 RET

Return from mierrugt,
same as RET

i Return from non-

maskable nierrupt

NZPO
7 PE
¢ M

{nNg PO
i Pr
wNayeop
*-\t' A




1.2.2 DMA CONTROLLER {U20}.

This device is a multimode Direct Memory Access (UDMAY contrulier
oy microprocessor systems. 11 enhances svstem performance by
allewing other devices te directly transfer Information toe or i{vom
mewoyy or te Lransfer data from one memory to another. Figure d4-3
shows the DMA controller conmectflons and Tahle 4=9 Lists thesa

signals with thelr functions.

The three basic transfer modes allow programmability of the types
of DMA service by the user, #Fach channel van be individually pro-

+

grammed to Autointtialize to its eriginal condition followling an

fnd of Process (EQOT 1.

Lach channel has a Full 64K address and word count capabirlity.
An external FOP signal can terminate a DMA or memory-to-memory
transfer, This is useful for biocck search or compare aperations
using external comparators or Lor intelligent peripherals to

abort erronecus services,

CONNECTION DIiaGRAM
Top View

N ..
T ...,_,.Gt » s 1Y s PESSY
R —— 2 Wl as
[7r 7 RN 3 28 3 ...... —a 4k
9 R T 0 I S
OTE 31} w1 B L I S ]
qEADY el _E 8 ELY M SR
HACK — ? M - a
ACHTE ~a— ] B [ heean A%
AEN ~m-ee {: [ a2 !3--——«-— an

{""‘ 0 EA PRI iy J— P RN

HREQ GONTROLL&R I Er R
L g BT 30 e DD
CLKE —-ﬂq 12 M :}“'_"" [#]:8]
RESE] =i 12 2a Rl P
oatry =————{ 14 7 g" R
paruE oaeef__1 16 E:N S ot )

DREQT —“"'-{: in 2% —— DAZK(
AREQZ ——-a-{:: i7 dd ] P QALK

oo —=={_4 @ 2 | e — pian
DRAEQE ——-m{ " 1R 22§ e —  B6
‘M WEE —- 20 FA Lar

Figure 4=5, DMA Controller Uennections



Table 4-~8., OMA Contreller Signal List

SEONAL AN FUNCT EON

Vi 31 1 +5 Volo Supply

s 20 1 Cround
(1K L2 | This tnput controls the internal

GLOTK, INPUT charvations of theo UMA Contiollerv
and its rate of data tyassiers. The
inpul may bz driven at up to sMHzZ
f'or ihne standord DMA Cootrolier and

up to 4Miz for the DMA Controller,

—
I

[

—

Chip Select i1s an active

b E SELECT, TNPIT used to select the DMA O

FO device during rie Ldie

as an 1,
cvoele.  This allows CPU communi-

cation on the data hus,

13 T Reseat iy an asyvachronocus acti.e

PRPFUT high input which clears the Commsnd,
Status, Reguest and Temporary regise

ters, bt also clears the first/

th

last fl1ip/f{lop and sets the Mask
regester,  Pollowing a Reset the

devive i1s in the ldle cveie.

READY 5§ Ready is an asynchronous input usead
READY , LNPUYT to oextend rhe memory read and wrilte

pulses from the DMA Controiier to

accommodate slow memories or /0

peripheral devices.




Tahlec 4

-0

(Cont.).

DMA Uontroiler Signal List

STGNAL

P

i

JI‘\-

HACK

HOLE ACKNOWL

ELGLE,

active high Hoid

Acknowledy

& from

the CPH tndicates that contre!l of the
system buses has Zeepn rvelinguirsned.

3
1

TNPUT

the o riori

and DREQ3 has 5t @

The DMA Reguest lines arve Lundlviduatl
asvnchronous channel reguest inpuis
used by peripheral Circuits to
ohtain DMA service. fep Fimed Priors
Ly, BREGQO has the highest privrity

ty .

& vegues! is generated by activating
the DREQ line of o channel.

will aclknowiedyge the recopni

the DREG signal, Polarlny

15 programmable. Resef inrtializes
these lines to active hish,

DRd=-0B7 An, i The Data Bus lines are Sidlrectiocnal
BATA BlUS, 29 ithrec-state signals connedted o
INPUT/OUTPUT 28, 1the svstem data bus, The ocntputs 3

27, lare enabled in the Frogram Condrtion
Zo,{during the 170 Read to outpul the
23 dcontents of an Address yepister, o
22,i5tatys registeyr, the Tew
21 ftrepistevr or a Word Lount
ta the P, fhe outputs
abled and the inputs are
en 170 Write cvole when the O 1w
progpramming the DMA coptroller oone
trol reglsters,  Durving DMA cycles,
the mos! signtficant clght ol

S




fable 4=9 {Cont.]}.

SEONAL P FUN

the address are output onto the data
hus to he stvobed into an oxiorna]
taron by ADSTE. In memoery-to-memovy
vperations, dauta frowm the memory

comes into the DMA Zontvrolls

(D!

i~ trom-

the data bus duving the ©

memary transior, in the write-to-

memory transfer, the s outpurs

place the de inte the now memory

focation.

[OR ] 170 Read 1s a bidirecutonsgi, active
law three state Tinc. Py the ldie

TRUT cyele, 1t 1s an dnput rontrol slgosad

uaed by the PU to vead the controel
registors, T the Active ovale, 1o
L all output contrat signal asod by
the DMA Controller to avees=3 Jars

from a pervipheral duriog a 2MA

Write transior.

pa—
—
Ry
=
Tl

T/ Write is a bhidirectional, aative

PAOOWRITE, low, three-state line, i the dle
ENPUT/OUTRUT cvele, it Is an dinput cenirei signal

used by the OPU to load infermation

inte the DMA Controller. i the
Actvive cvole, 1t 1% an outputl control
signal used by the DMA Controller to

load data to the pevipheral during

2 DMA Read transfier.

Y




Table

4=9 (Cont.),

IMA Controller Signal List

STGNATL

FUNCTLON

- P
LN OF PROCESS,

ENPUT/QUTPUT

AP is an active low bidirectional

signal. Information concerning the

completion of DMA services 1s avail-

sbhle at the hi-ailrectlonal Frod of

[

(EOPY

allows an

Process

pin.,  The DMA Cone

troller external signal fo

terminate an active DMA servico.
This

is accomplished by pulling the
FOP input low with an external

signai. The IIMA Uentyoiler also
sensrates a pulse when the terminal

ceunt (TCY for any channc! i1s veached.

This generates an BEOP signal which

is output through the E0P line, lhe

reception of EOP, eithor internal or

external, will vause the IMA Control-

it

ler to terminate the servive, Tes

the request,and i1 Autoinitiallze
is enabled, to write the base
registers of that

i tevs to the current

channel. The mask bit and

the status word will he sat

currently active channel by

et

mless the channel is programmed fo

Aupgioinitialize. in that

mashk bit remains clear. During

memory-to-menocry transfers, will

he output when the TC for channel |

acours., !




Table 4-8 {{Jont.}.,  DMA foentryrelleor Si1gnal List

SEGNAL PN HIIN T LGN

A~ AR 32,1 The four least sighifican? adidress
ADDRLES, Fé,vlines are bhidirvectional, three-si

INPUT/C stegnals. in the 1dlie

st
-

I

i

ol
o]

inputs and are used by

trollay - ;
ter to é
ACtive i
provide the lower 4 hirvs of thoe our-
put address.
Ad-AT 37,iThe four most significant address ;
GUTEWY 38,0 ines are three-sztats outputs and ;
3G Inprovide four hits of address These i
10 Tlines are enabled only during the !
DMA seyvice. \
]
HERLO 10 fvhis is the Hold Reguest to =
HOLD REQUEST, and 1s used o reguest contvol of foe

QUT P sy=stem bus. 1§ the corresponding

mask bit is clear, the
any valid DREG causes the IMA con-
[

roiier to i1s3ue the HREQ.

LOMA Acknowledge is used to notify the
DMA AUKNOWLEDGE, 24, tindividual peripheralyg when uane has

HITPuT 17, been granted a DMA cyal

16 jof these lines is proprammablo.

Resat initializes them o astive low,




Table 4-9 (Cont.), DMA Contyoller Sienal List

STONAL PN FUNCTEON

Y] The Address Fnalblie is an actlive hlgh
ADDRLESS HNABLE, level uzed to enable the output of
SN the external latech which holds the

upper bvte of address, and to dis

the svstem bus during the DMA

Note that during DMA transfers, HAC
arred AEN should be wsed to deselect
atl other /0 pevipherals which mav
erronceously be accessed as programme:

VOO duering

the DMA operation,  The
1

OMA Controller automatically dew

Selects 1tsel ! during OMA trunsfer,

ADSTE 5 | The active high Address bhtrobe i3
E, used to strobe the upper address

OUTPUTY hvte into an external latch,

MI-MRE

E]

The Memory Read signal 13 an active
MEMORY RQEAD, low, three-state output usaed to

QSUTPUT data [rom the selectod momory

focation during a DMA Read or

IHE=HILON W to-memor W trans faer,

SEMW 4 Pihe Memory Write signal is an
MEMORY WRITE, Iow three-stafe output uscd o write
SUTEUT data ro the selected memory Locarion
during a DMA Write or 4 memory-to-

memory transfer.




gure A~ dncindoes
al reglsters, lhe

are fhe

SHOWT

LH A

Not

The

foorm ool repis

Froure 4-10 1ists these registers by name and -hows the sloe
D caash. voaetatled description of the registers and their
functieny can be found under Regiruter Uesorintion.
Pable d-10 IMA Controiler ir ls5ters
Mame Siza Burher
Base Address Registers 16 s 4
Base Weard Count Hegisters 14 bits 4 ;
Currenr Address Registers 16 s 4
Gurrent Word Count HBeagisiers 18 bits 4
Tamporavy Address Regizter . RE hits i i
Vo Yernporary Word Count Register 8 Difs i
i Status Hemster : ks ¥
i Commend Register 8 bits 1
P Yemporary Register 8 hits H
b sude Hegistars £ ois 4 !
P Mask Reqistes C A imts 1
| Apguest Register . dts : J
3 i DECEREMENTOE MR CREMENTOR 'y Al A4
i L . P GUEFER )
H TENE MOIAD FEMP ADDHESS T “_ b
L G e 184 e ——— i
LR o] g couinT REG '8 HEG 136 Ap—— i Lm‘
HESE e _g ) !
) 1 811 BUS i
o R— p_— W BT RLIS - [
ETE P e— - [ ! § GUTPLET ko ATRLK,
e R ve :
GLICH e e A REAL BLUFFER FEATWHITE AUEFER BUFRER l»)
ALN e D E T _
O T AL HASE BASE cusAEm: § o FHEREN v
AL TH e g abowess | WORD ADGGEESE wosn
i SoLMT . foocouw
MEHE o« - ALY E g ; ol
MEREE orcn] 7 T 2
[P i u: COMMANG
o SEMET R
R e v ! T - __..,é
: 1
’ WHITE ALFFER BEADBUFFER |
| | = 1
. T i 7 1] {?f N
DRECODAEDS —rfrf o nie 4 LT MDY 13 <:_ , - INTEANAL DATABIIE - _“;} 1O BUEFER
LT Yo ihﬁg&?m i G o {-? L./ i‘-
b i : :
WRED mem—af R T TERRG ‘ '\}’ H [ X
‘. BRIAIYY  E S dr .<::’ H .
DACKILDALKY owngpiond LIRS MAEE 18 i " i BEADWHITE J S
! | MIEE STATL TEWPOR MY ()
] S | 14 ¥t
g REQUIEET 10 i
Freure 4-6,.  DMA Controller Block Diagrds

4=16




Fhe DMA Contreller contains three basic blocks of conrrol logic.
Phe Timing Contral block gensrates internal timing and oxieruval
vontrol signals for the DMA Contveller., The Program Command Cone
trol block decodes the various commands glven to the DMA Uontyoller
by the microprocessor prior to servicing a DMA Request, 1t also
decodes the Mode Control word used to seleoct the tyvpe of JMA

during the sevvicing. The Priorvitv Encoder block resalves

priority contention between DMA channels recuesting service

.

simul taneouslv,

the Fiming Coutrol bleck derives internal timing from the ¢lock

bl UMA O OVERATION

fhe DMA Controller operates in two mailor oveles, lThese are callad

idle and Active cycoles, Fach device cvele is made up of a4 numbar

ot states.,  The DMA Controller can assume seven separate states

i

sach composed of one full clock period. Stote L 151} iz th

stats., Pro1s entered when the DMA Controlloer has no

inact

;m
o

valld DMA reguests pending.  While in Si, the TMA contvoller 13
inactive bur may be in the Program Condition, being programmed

v the processor.  State O (507 13 the first state of a DMA service.
The DMA Contraller has regunested a hold, but the processor has net
vel returned an acknowledge.  An acknowledpe from the UPU signals
that rransfers way begin. 51, 52, 53 and 54 are working states of
Lhe UMA servioe, L wmore time 1s needed to complete a lransfer

than is avaliable with normal timing, wait states [(5W) can Dbe

inserted booween S22 or $3 and 54 by the use of the Ready linc on

=

th

A Lontrollor.

£

Memory - to-memory transfers requive a read-from and a write-to-
meno Ty te complete each transfer. The states, which resemble the
normal working states, use two digit numbers for tdentification.

Fight states are required for a single transfer. The first {our
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may use this input to terminate the service when a match is found.

Auroinitialize. By programming a bit in the Mode register, a

Channe i may he set up as an Autodinitialize channel. Thuring Auto-
initialization, the original values of the Curvent Address and

Lurrent Word Count reglsters are automarvically restored from the

,««

Base Address and Base Word Count registers of that channel

o
s

o]

folicewing DOF. The base reglisters arve loaded sinultansouslty

with the current vegisters by the microprocessor and remain
inchangea throughout the ODMA service. The mask bit 1s not set
when the channel is in Autoinitialize. following Auteinitialize,

the channel is rveady to perform another scorvice without CPU

The DMA Lontvoller has two tvpes of priority encoeding

svailable as softlware selectable options. The {first i35 Fixed
Priovity which fixes the channels in priority order based upon
the descending value of their number. lhe channg. with the

lowest pricrity 1s 3 followed by 2, 1 and the highest priority
coannel, 0. After the recognition of anvy upe chanpne! for service,
the other channcls are preventsd frewm inteviering with that ser-

vice until it Is complaote,

The second scheme iLs Rotatling Priority, The last channel fto get

service becomes the lowest priovity channel wlth the others

rotating accoerdingly,

st Servics 2nd Service 3rd Service
fighest o 2 o serVIGH 3 it SR ICE
¥ e gRFVICE o PR UE ST [
2 ﬁ\\a 1
DWESE 3 i P

with Rotating Priovity In a single chip DMA svstem, any device
reguesting service i1: guaranteed Lo be recopgnizcd alfter no more
than thyee higher priorvity services havé cccuryed. This prevents

any one channel from monopollizing the svstem.

w51
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nented or decremented after each transfer, and the intermediats
values of the addross are stored in the O ent Address Tepister
Failues ol the addryess arye stovaed n the Lurrent Address reglstbe!

duving the transier. This register is written or read by fhe

mioreprodesser in successive 8-bilt byvres,  in may also be

reinitialized by an Autelinitialize back to 1ty ariginal value,

Autoinitialization takes nplauve only atfter an EOD

Carrent Word Count Registoer. &ach channel has a Lo-Rit {urrent

Word Count register. This repgister holds the number of transfers
to be performed.  The word count is decremented after zach frans-
fer. The intermediate value of the word count is stored in the
register during the transfer. When the value in the register
goes o zere, a TC is generated. This register 1s loaded oy

read In succcssive 3-blt bytes by the microprocessor in the
Program Condition. Tollowing the end of a DMA serpvice, LU may
also be rveiniltialized by an Autoinitiatiize back to its criginal

value, Autoinitialize can occur only when an BEOP socurs.

Fase Address and Base Word Count Registers., Dach channel

of Base Address and Base Word Count rvegisters. These 1o-bit

1 i
isters store the original values of their associated curyent

isters. During Autoinitialize, these values are used to restors

he current registers to thelr original values. The base reglsters

are written simultaneously with their corresponding ourrent

-

register in 8-hit bytes in the Program Condition by the micro-

processor.  These registers cannot be read by the microprogassor,

Command Register, This §-bit rvegister controls the operation of

the DMA Controller. It is programmed by the microprocessor in tne

Program Condition and is clearved by Reset. See Figure 4-7 lor

the function of the command bits and Table 4-11 for address codling.
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Table

4-11.

IMA Controller

Word Count

and Address Register Command (odes
e 5,9,,&., s ! -~ | ..r:}aw "
Channa Hegister Operation SOV nterna : :
_ Cs DR IOW A3 AZ A1 AD Flip/Flop Dag-- DRF
é Base & Current ; o 0 ¢ 0 4 D o AG-AT
i+ Write
Agdiress ; 3 1 {2 LE TN N 9 B 3 A8 ALE
Lutrent g 0 L O 0 0o 0 g : AD-AT
; Head !
Address o 0 ! 6 &6 O 0 1 AR A5
Base & Current w o 1+ o 0o 92 9 1 0 WO-W7
: Ward Count fite 0 i 0 o0 000 i WEWIH
: Currant ; 0 O i o o o ¢ 0 W7
Read
Waord Count 0 4] i o & o 1 § WH-W15
Base & Current H] i 0 o g 1 G i AKO-A7F
i o Write
] YU ITNY ! 0 1 i o a 1 0 i AR AS
j Current : a a1 ¢ 8 1 0 o AT AT
Read
Address ¢ a TG a0 10 i AR-ATS
Base & Currer ; Q 1 ] g ¢ 1 % D W 7
i . . i Write -
Wordg Coent H 0 H f a0 i 1 WR W IE
Cuergns [ i o4 3 0 AW T
w Read :
Ward Gownt | o @ oo 891 3 ¥ : Wa-Win ;
— _ B i L e
Base & Current | . 9 1 ao o 1 00 0 Al a7
: 2 i g j Write . ; Y
i N B IR : 4] 4] 4 3 0 0 H AH-300
i : ;
! : Current B0 Lt S T 4 B o : AL AT
iy Read . ; .
: Acdress g 0 o0 to0 o 1 ; AR-ALH
% Base X Current | _ o 16 0 t 9 0 L wWowW?
] : . Write i _ .
i Woro Sount o 1 0] ooy a9 i ¥ Wa-WI1h
i
: Crirrent 0 aQ 1 2 1 { 1 i} WIO-W S
. Read )
Word Count c o T 1 g1 1 WE-W1E
! 4 Base & Current Write e 5 0 1 1 0 e AD-47F
Aglidrass O 1 3] g 1 H & i AR ATS
i L Cutrent noo 1 Q0 1 10 0 ag.A7
Raad
Address o 9 10 1 1 G 1 AB-ATS
HBase B Current . 0 1 0 g 1 i 0 W7
Write )
Waord Coumnt ¥, 1 0 g 1 1 1 1 Wa.wih
H
Current Resd O 0 1 g 1 t i & WO-W T
Word Count # c 0 LI T B B ! WERW IS
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7?6 5 4 3 2 T - 80 Nymber

2 Select channel £ mask it
! 0% Select chanoed 1 mvask b
1 0 Select channel 2 miask bt
11 Setect channel 3 mask hit

Dan't Carg
{ I Clear mask it
¥ Set mask Lo

ALl teur bits ol the Mask register may

also be written with a sinzgle command.

¥ o 3 4 3 Z {1 =—H.1 Meririimer
BENREREN
I L | d
o . I ! U Clear fdvarrmed G oonask it
e e Cace bd o )
| 1 Ser Channed O mask b

& Clear Chanped ¥ mask bt

) b1 Sel Channet 1 mask

é o Ciear Ghanpei 2 mask Dt
I 1 Sat Chanae! 7 mask bt

b Clear Chanmei 3 mask bt

Ser Crannel 3 mask bt

Figure 410, DMA Contreller Mask Register Bits

Table 4-12, DMA Controller Register Codes

Registey Dperation Signals B
T3 IOR [OW A3 A2 A1 AD |
Command  Write 0 ¥ O F I VI ¢ B
Mode Cowrite 0 1 0 1T 0 1
Request Write ] 1 3 T8 001
Mazk Sat/Reset 4} 1 L8 A2 £ R B
Pask Write 0 1 a 1 i % v
Temporary | Bead 2 i 1 i LI § i
Status Read | 0 0 1 1t 0 0 0 J

.,
]
Wi
Ve



Status Repister, the Status register is available to be reoad out

P

af the BMA Uontroller by the microprovesscr. 1l uontains infors
rarion zdout the status of the device at that point, fThis
tnformation inciudes which channels have rescned a tevminal count

AEdVe pending DMA reguests., Bite U-5 arve sat

[P

75 3 4 3 Py 1 0 me— Bt NG e
- _I_}, o ‘_ T — :
{ L

[—- U Chasrer Foogs reachea T

E i T
H s
| ! . .
| - P Ufanned T onas ceacned 10
! e - Uhannel Zonasceacnen TO
. I—W”W----------M—---'-'— P Uil 3 nas cpgenad TO
. i
i i
: ! Crmarie O
i 1
{ b P dngrenel T oregLest
[ . 4 or
ENF D L 1RY 5N
— — T fngnned 3request
Ty et g e ' ' RS P T TR, o I - PO o e - .
Frgure 4-01,  OMA Controllery Status Reglster Bits

Terporary Register,  The Temporary registoer 15 uscd to noild data

disving momeory-to memory fransiers, Following tho compiction of
the transfers, the lust word moved can be read by the micro-

Hitron,  The Temporary rveglster

dlwavs contalns the last bylte lransferred in tac previous

Memory - to-mencry operation, unltess cleared by 8 Reset,

ate addifionagl special softwars

SoFTwa e Lommands .

comprands which can be executed in the Program Condition.,  They
Joonotr Jdepend on oany specitic BIT opattern on the data bus.

The two =suofiware commands are .



Cleay Pirst/lLast Flip/Flop: This cowmand is executed prior

T

: or word count information

[

e

oowriting or reading new addres

to the DMA Controller. This inttializes the tlip/flep to a

th

knowan state so that subsequent accesses tao register contents
By fhe micreoprocessor will address upper and lower bytes in

the correct segquence.,

p S

Master Clear: This software i1nstruction has the same elioct

@s the hardware Reset, The Command, Status, Reyuest, Temporary,

and Internal First/lLast Flip/Flop registers are c¢leared and
the Mask vegister is set, The DMA Controlley ontevs the idle
cvele,  Table 3-13 lists the address vodes for the soltwaro

commands .

Tablie 4-13. A Controller Software

Command Codes

Operation | Degisters Signais

Affected ;| C5 1DR IDW A3 A2 A1 AD
Ciear FF friernal ! 0 1 0 1 1 g 0 ]
First/Last
Flip/Flap

Master Ciaar: {1 1 ] 1 1 G 1
Ctear Command
Status
Request
fempuorary
internat
First/Last
Flip/Flop
Set: Mask

4-~610



4,2.3 TIRST-IN FIRST-0OUT (FTEO) BUFFLR MEMORY (U7, U8},

This device 15 an expandable Fall-thvouph tvpe, high-speed Flrst-|)

Frrst-0ut (FIFOQ} buffer memory optimized for high speed disc or
tape controilers and commuanlvations buffers, Tt 135 organized
as 1o words by four bits and mav be expanded to any number. of
words or anvy npumber of bits {in multiples ol 4), Data mav he
antered or extracted asvachrenouslv in serial or pavallel. The
device has tri-state outputs. See Figure 4-12 for the [IFO

Buifer Conmections,

FIN NAMES LOGIC $YMBOL COMNECTION DIAGRAR
EIP TR W IEW
Oy g Farailel Deta bynets o e s
Dg Serial Daza input [ [ [
Pl Pavallel | oad inpur — Lol - g
______ . - T I
Y] Sevial toarst Clock (Qpes aes on i Y
sn =z r— f Pl
Beganive {3oimp Transitannt Y e
. . ¢ i IR dad "t
H Beral capai Srabee AT LW D
TG Tramsise 1o Stack input (A b OW) T e FIED -
— R PR B i .
[t Sl Dutpus £nable 'npuat ) L1
o, .
cAcTive LW NN P Copd
_I'-{)g Yrangbee Dag Beal inpai —ae] & o . b1
(At LOW] v T1‘1fl 0
Tramsfer Dt Parailel inpug ’ ‘ o £ e
) s P,
Masrer Roset {Achive 1.0 : 1 Fy e
Dutpnt Enable TACtive LOW! 5
s i
Serial Uetput Clock fnput s
iGperates on Megatve-Gomg Transition} Ve - P Sl o pke
ORI Y Faratei Datz Qutputs AN = P 12
Cig, Sersat Data Qutput
s s
18 gLt Remster Full Qutput ok

LAcTive [LOW0
ORE Outpu Register Empty Output
tActive L EIW]

Figure 4-12., FILED Bufficer Connections
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A.2.501
As shown

0f three

|

FUNCTIONAL DESCRIPTION.
in the Bleck DPiagram in Figure 4-13, the device consgists

parts.:

An input Register with Parallel and Serial Data Inputs
43 well as control inputs and cutputs for input hand-

snaking and cxpansion.

A 4-bit wide, 1d-word deep Fall-Through Stack with self-

contained control logic.

An Outout Register with Parallel and Serial Data Outputs
as well as control inputs and outputs for ocutput hand-

shaking and expansion.

Since these three sections operate asyachrenously and almost

independently, they will be described separately in the foilowing

paragraphs.

@ oY ofoYe!

2y n
"
@ Fore ) IRBUT JATA e
—. TP Y
HEE L E Rt LONTABL IWPLY REGHTEA
w1
@ TG e o @
.':__‘J . P ;,(j:?g(':x P tHOR T4 aTACN
| :
)w
) i1l
(f‘)ﬂi ] ENLE : OUTRIT AEGISTER o
\]__ﬂ Tw——— om0 . @
'Eﬁ)'m — : 1 QUTRUT Bats
&,
Qe

voo v Pn 2 @‘U * /
vgg = Pin 17 B |02 {7 %
O'ﬁnNumn @@@@

Figure 4-13., FIFO BRlock Diagram
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4.2.3.2 INPUT REGISTER [(DATA LDNTRY}:.
fhe Tnput Heglster can receive dJduata in either bit-serial or in

N

d-bit naraiicel {orm, store 11 until it ts =zent to the Fall-Throusgh

’

Stack and generate and daccept the necessary status and control

slgnats.

Figure 3-14 1s a conceptual logic 4

iagram of the input sectlon.
As desoribed later, this 5-bit register is dinitialized by setting

Tip-tlops.  The

Outpal

o oand resetting the other

of the last Fhlip-Flop (¥C] is brought out as the “iuputl Hepglstery
Fuail'™ osutput {(IRTYI . Alter inttialization this output is HIGH.
. — — WPt DAt 1
N " i o
:
; _ A
LY 'J -
il i u [T o u o S
[ e i P
gl ¢ F e [ rq oF ] B el U0 = ~ AR

Rt e

Lotra
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b e e VAT A T L R RO e e

Fipure 4-14.  FIr0 Conceptual Tnput seotion

Parvallel Fatvy, A& HIGH level on the PL Input loads the RO-D3

Data ‘nputs into the FI-F3 vlip-tFlops and sets the VO flip-Flop,

1 T

indicating "input Register Full, The

v

which Cforg

inputs uust he stable while FPL 15 (HIGH. During purallal entry,

the input should be LOW:; the input may be either HIGH ov

1
LA



After the fourth clock transition, the four serial data bits are
aligned in the four data flip-flops and the FC Flip-Flop is set,

forcing IRF LOW (Input Register full) and internally inhibiting
further CP5T cilock pulses. TFigure 4-15 illustrates the final
positions resulting from a 64-bit serial bit train. BO is the
first hit, B63 the last bit,

1. Ly
| 1]
L HE i B R
AT
L JE TP
THTPUT —
Wl T wioORM KD pE
T S

Figure 4-15, Final Pesitions in a FIFO

Resulting from a 64-Bit Serial Train

4.2.3.% VRANSFER TO THE FALL-THROQUGH STACK.

The outputs of Flip-~Flops FO - F3 feed the Stack. A LOW level on
the TT5 Input attempts to initiate a "fall-through" action. If
the tep lJocation of the Stack is empty, data is loaded into the
Stack and the Lnput register 1s re-initialized., Note that this
initialization jis postponed until PL is LOW again, Thus, auto-

matic FIFO actlon is achieved by connecting the IRF output to

Data falls through the Stack autematically, pausing only when 1t
is necessary to wait for the next empty location. The MR input
only initializes the Stack control section and does not clear
the data.

Serial Entry. Data on the 1S Input is serially entered intoc the
F3, F2, F1, FO, ¥C shift Register on each HIGH-to-LOW transition
of the CPST (lock Iaput, provided TES and PL are LOW.




~
B

g

I
.

- 3.4

Outpu

UTPUT

Keglster

REGISTER

L e
LAl

i-bit
it and outputs

recelves

4
L

lgcation, stores

dgats bus or on a 3-state serial data
epnerates and recsives the

g NeCes5ary
Figure 4-16 1s a conceptual logic

e e T TP | PO S AR
P i

data

status

data words
on

bhus,

dlagram of the output

(DATA DXTRACTIONY.

from the 1 Stack
a 3-stote 4d-bit paralliel
The

and

0L Lom
output section

control signais.

e I | r } .
- ! |
| }
- ' o a 0 ~——L~ ey,
) r w 1T .
e s o5 i e | mof -y
| oL ]i O I I N I A [
i -4 ; i
L AN
- v Y v Y
ant W] % OUTET AT o %
Figure 4- 16, FITO Conceptual Output dectlon

465



ara Extractlion. When the FIFO is ompty afrer a LOW

, the Cutput Registoer Empty (0

EIC S T U Aftey data has been enteved into the FITFE

through to Lhe bottom Stack lovation, it is transferred into

. provided the "transiery Out Parallel™ (TOP)}

the Sutpult register

Input 15 HIGH, and the CLS Input is LOW. As a2 result of the

"

data transter, ORE goes HIGH indivating valid data on the data
outputs {provided the 3-state buffer is enabled)., 1UFP can

now be used to clock out the next word., When TOF gocs 1.0W,
GRE goes LOW landicating that the output data has been satracted;
but the data {tsclf remains on the ovutput bus until the next
LM~ ro-HIOH transition of TOP transfers the next word {:if
availablie} into the osutput reglster as explained above., During

parallel data extraction, TO5, PSSO, and OES should he 1LOW.

Serial Data Extraction., When the LFITO is empty after a LOW

pulse s applied to ﬁﬁ} the Qutput Register Hmpty {ﬁﬁﬁ} output

pe LW, After data has heen enteved into the FIFQ and has

falien through to the hottom Stack locatvion, it is transtferred

into the osutput shift register provided the "Transfer Out

Seriat™ (TOS} iy LOW. TOP must be HIGH, and OES and CPSC must
be LOW. As a rvesult of the data transfer, ORE goes HiGH indi-
cating valid data in the shift register, The 3-statc serial
Data Output Q5 is automatically enabled and puts the first
data bit on the cutput bus. Data is serially shifted ocut on
the HIGH-to-LOW transition of 0PSO, The fourth transition
empties the shift register, forces ORE LOW and disables the
serial output 05. For serial operation,the ORT output may

be tied ta the TOS input, requesting a new word from the Stack

as s00m as the previous one has been shifted out.

4-66



d.2.3.05  HORIZONTAL EXPANSLION.

ihe device may be horizontally expanded to store long words (in
muitiples of four bits) without external logic. The intercon=
nsortions necessary to form oa 16-word by 12-biv FIFD are shown
in Figure 4-17, lUsing the same technigue, any FIFO of 19 words
Aotz bilts can be constructed.  When expanding in the hovi-

1

R
w
i

contal direction, it 1s usual to connect the IRT and OKRb optputs

sF the vight most device {(most significant device} to the TTR

inputs respectively oi all devices to the lett (less
stgni{icant devices) to guarantece that no operation 1s nitiated

before all devices arve ready.
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Flgure 4-317.  FIFG Horizontal Hxpansion Scheme

FLEFC Buffer Timing of various configurations and conditions is

s

shown in Figures Jd=18 through 4-215,
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Conditions:

tBES LOW when initialized, OFES

1-20,

Figure
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Conditions: TES LOW when initialized,
EO, CPSD LOW. Data avaitable in stack

Figure 4~22. FIFO Timing - Parallel QOutput,

4-Bit Word or Mastcr in Parallel Expansion

. o —— I —
ME
o o I
e e e
LS | H
P — |
e ‘o {

Conditions: TTS5 connected to IRF, TOS connected
to ORE, TES, OES, EO, CPSO LOW, TOP HIGH

Figure 4-23, FIFQ Fall Through Time
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Conditions: Stack not full, TLS LOW when initial

Higure 4-24.  TIFD Timing - Tarallel Load Mode,

4-%it Word {lpexpanded) or Master in Parallel Expansic

LTAkLY i

i

Conditions: Stack not full, device initiallzed

(Note 1) with TES HIGH
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Figure 4-25. FIFD Timing - Parallel toad, Slave Made
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4.2.4  OYCLTC REDUNDANCY CHECK (ORCY  GENERATOR/CHECKIR (U233},
Cvelio Redundancy Check (CRE) Genervator/Checker iz a 16-bit
programmable device which operates on serjial data strocams and
rprovides a means of detecting transmission errvors. Lyclic
encoding and decoding schemes lor crror detection are bhased

on polvnemial manipulation in modulo arithmetic.,  Fer encoding,
the data stream {(message polynomial) is divided by a sslected
palvaomiak., This division results in a remainder which 1s
apnended to the messgge as vheck bits., For error chocking,

the bit stresm contdaining both data and check bits is divided
by the same selected polynomial. [f there are ne detectable
errers, this division results in z gzero remainder, Although

it 03 possible tu cheose many generating polynomials vf a glven
degree, standards exist that specify a4 small number of useful
polvnomials. 7This device iwmplements the polynoemials listed

in Table 4«14 by applying the appropriate logic levels to the

select pias SO, 51 and $2. The CRC conpnections are shown 1n

“igure 4«26,

The device consists of a 10-bit register, a Kead Only Memory
{ROM} and assoclated control circuitry as shown in the Bloaok
liiagraw., The nolvnomizl centrol code presented at inputs S0,
St and %2 s deceded by the ROM, selecting the desired pelvnomial
by establishing shift mode operation on the registor with Exclu-
sive OR pates at appropriate inputs. To generate the check

the fIGH to LOW transition of the Clock Input (CP). fhis data

Bits, the data stream is enteved via the Data Inputs (D}, using

18 gated with the most signiticvant Qutput {Q) of the register,
and controls the Lxculsive OR gates {Figure 4-27). The Check
Word Fnable {(OWE) must he held HWIGH while the datas is being
entercd, Alter the last data bit is entered, the UWE is brought
LowW and the check bits are shifted out of the register and

(

appended fTo the data Ditls using external gating



To check dan incoming message Lor errors, both the data and check
bits are entered through the D Input with the CWE Input held high.
+The device i35 not in Lhe data path, but only menitors the messaye,
Ihe Brror Qutput becomes valid after the last check bLit has been

entered into the device bv a HIGH to LOW transition of 0P, 1

b ]

no detectable crrors have occurred during the data transmission,
the yesultant internal register bits ave all LOW and the kyvor
Dutput (ERY 15 LOW, i a detectable error has occurred, BR is
HiGH; ER rewains wvalid until the next HIGH to LOW transition

of 2P or until the device has been preset or reset.

A HIGH on the Master Reset Tnput (MR) asvnchroncusly clears the
register. A LOW on the Preset Input {P} asynchronously sets the
entire register if the control code inputs specily a 16-bit
polvnomial; in the case of 12 or 8-bit check polynomials, anly
the most significant 12 or 8 regisfter bits are set, and the

7
(o]

remainlng bits are cleared.

| e e e —
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Flgure 4-26, CRC Checker Connections
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Table 4-14, €RC Polynomial Selecvt Codes

o SELECT £OD POLYMOMEAL REMARKS
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4.4.5 16K {ZK x 8y  uV LRASABLE PROM [(u21i).

s device is a 16,384-bit ultraviclet erasable and electrically

prograimmable read-only memory [EPROMY.

Fin onfiguration

2716

BLOCK DIAGRAM
e R

DM B e

= T

L of ——F ST T FMABLE t—-
e Mg s I,
g :--wn WO A NG
W“ﬂ SR ]
llDCl'ﬂQ.il s
‘H’!‘:)"ig - . ® e TR AT . . ..
i CINOAEA @ SELL BATRIN | i
I ‘1 : B 1
B = =
frgure 4-29,  PROM Connectians
= A S DRASURDE CHARACTIRISVIUS.,
he charactertstics ol this device arc such Lhat erasure

pepins o occur when exposed to light with wavelengths shorter
than zeproximately 4000 Angstrvoms, [t should be noted that sun-
Drght and certain types of {lueorescent lamps have wavelongths

in the 3000-40004 range, Data show that constant exposure Lo
reom level! flucrescent lighting could erase the typical device

in approximately 3 vears, while 1t would take approximately

I week to cause erasure when exposed to direct sunlight, 1t

the device 1s te be exposed to these types of Iighting vonditions
for oxtended periods of time, opague labels arve availlable which

should bo placed over the window te prevent unintentional erasure,



4.2.5.2 TDEVICE OPERATION.
he five modes of operation of the device are listed in Tabls A-15,
ft should be noted that all inputs for the five modes arce at TUL
;. The power supplies reqguired ave a +3V VOO and a Vpp.

The Vpp wower supply must be at 25V during the thyee progrumming

modes, and must be at 5V in the other two modes.

Table 4-15, PROM Mode Selection

k“\\ “;;m Ehrm & ey | e [ OuTMTE
S, tun b an b 1 et an
Ll \\.
Fnm } Sl Vi * = PouT
Brondie Van Fnn 1 Lo A . g F
¥ oz BT Wpg R [ F- 31 Erim
Frage. var oy Wi Em -25 ) Pour
" rmr A 1 Wy im T +d [T
T - o T I - PR - i . R
Read Mode. The device has two control functions, both of which

must be logically satisiicd in order to chtain data at the out-
puts,  Chip Enable (CTE)} is the power control and should be used
for device selection. OQOutput knable (0EY} is the ocutput centrol
and should be used to gate data to the output pins, independent
of device saelection, Assuming that addresses are stable, address
secess time (tACC) 1s equal to the delay from OF te outpurn (tCE).
Nata 13 avarlable at the outputs 120 ns (tOE) after the falling
edge of 0T, assuming that TE has been low and addresses ha

heen stable foy at Jeast tACOC - tDE,

Standby Mode. TtThe device has a standby mode which reduces the

active power Jdissipation by 73%, from 525 mW to 132 mW. The
device is placed in the standby mode by applyving a TTL high signal
to the (I input. When in standby mode, the cutputs are in a

high impedence state, independent of the OB input.

Jutput Deselection. The outputs of two or mare devices may he

R-tied together on the same data bus. 0Only one should have

its outpnt selected (OE low} to prevent data bus contention



between devices In this configuration. The outputs of the others

shiould be deselscted by raising the ObL input to a TIL high level.

]

Programming. initially, and atter cach erasure, all hits of

the device are in the "1 state. Data is introduced by selec-
tively programming 07's’ into thoe desired bit locations. Although
only "0%s” will bhe programmed, both “1's" and "@'s" can he pree

H)

septed in the data word., The only wav to change a 07 to a "I

is by ultraviolet light erasure.

The device 15 1n the programming mode when the Vpp power supply
is at 23V and CGU is at VIH. The data to be programmed iz applied
£ bits in parallel to the data output pins, The levels reguived

for the address and data inputs are TTL.

when the address and data are stable, a 50 msez, active high,

UTh nregram pulse is applied to the CE/DPGM imput. A program

pulse must be apnlied at each address location to be programmed.
One can prepgram any location at any time -- either individually.
sequentially, or at random. The program pulse hias 4 maximun widtih
of 535 msec, The device must nof be programmed with a DU signal

applied to the CI/PGM input.
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4.4.7 TRI-STATE RUTPFERS (U39},

These devices provide six, two-input buffers in esach package.

o

One of the two inputs 1o sach butfer is used as a cont
gate the output onto the highe~impedance state, while 1
input passes the data through the bufter, The outputs are placed
in the tri-state condition by applving a high logic level to the

Ead

contyol pins,

Toplc and Connection Diagvam Truth Table

3 Ly we CaPuts | output _l

vy L
Y
]
b
e
2
L“m

Figure 4-31., Tri-State Buffer Connections
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STATRE RUFTLERS {Ul4, U8},

provides elpght, two-input buffers in =sach package
P R [ T N LT el -l 1yl T g : _] = {—_ bl Al
cmploy oW power honettky UL technnlogyv. One of the twa

CHER Ao RN ¥ buifor 18 uscd as a control line to gate the output

the high impedance state, while the other input passes the

data thro

o the bufter. The outputs are placed in the tri-statc
T

condition ny applving a high logic level to the ecnable pins,
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Ficure 4-35, Tri-state Buffer Connections
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4.2.13  DECOLER/DEMULTIPLIXER (122).

These sSchottkv=clamped circuits are designed to be used in high
perfermance memory decoding or data routing applications requlring
very short propagatlon delav fimes., This device contalns two
separate two-line to four-line decoders in one package. the
active~low ensble input can be used as a data line in demultis=
plexing applications. The devige features fully buifered inputs,
presenting oniv one normalized toad to its driving circult.  All
inputs arve clamped with high performance Schottky dicdes to

suppress Line-rionging.
LConnection Diagram Loglc Dlagran
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Fipure 4-37.  BDecoder/Demultinlexer Connections
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D-TYPL VRANSPARENT LATCUHES (U42).
These E-bit reglisters feature totem-pole threo state culputs
designed specifically for driving highly capacilare or relatlvely

low lmwpedance loads. Th

[

high impedance third state and increased

hiph-ldogio-level drive provide these reglsters with the capabiiity

s

ol being connecrod directly to and driving bus Iiues. T
operation means that while the enable (G} 13 algh, the U cutpuls

L

rhe data {B) inputs. Whoen the enahle 13 Tow, the sutput

i oat thoe level of the Jdata that was set up.  the output
a5 nol alfect the Llnternal operatilion of the latches,

i, the old data can be retained or new datd can bhe cntered

witile tie cutputs are off,
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TOF VIER: SUTOUT

CONTROL

s

]

Igae oo fLen e DADYE

Iruth table

FHLESEAE

EMABLE |
EA

EMABLE ;31
&5 s

Figure 4535, D-Tyvpe Traosparent Latcon wonnections

4- 8

alsprarent



¢ DUAL 4-BIT BINARY COUNTER
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SECTION 5

MATNTENANCE ANB TROUBLLSHOOUING

<o

LNTRODUCTION,

h

minimum of maintenance, Thiszs Section describes mgintenancth

to full capability with s

o

AMe 500 clrcult board ne

and troubleshooting procedures and nrocedures for aandling

warranty rorarns.,

5.1 CTRCULT BOARD CHECKOUY.
the AM=500 circuit board was fullyv tested hefore 1t left Alphas
Microsvstems and will operate satistactorily tn the svsten

i f the hardware and software reguirements of Sectilons Two and
‘hvee of this manual are met. Shonld a preoblem arise after
the circeit cavd has been iv operation, uvse the following

procedures to fdent Lfy and logate the fault.

all uvabling for proper seating of connectors.

v Uncck the circult beard for aroper seating in the 513

. Check all power connections for correct voltages,

i, Check jumper oprions Lo ensure Correutne:

appilcation.

- - - P

>, Verify that the fault L3 in the AM~3J0 and not

.
Py
ot
o
Y
;

in the svstem ov in the peripheorals.  This car

he accomplished with substltution of a known good

. - Z 3 .
ool noaro.

6. FPevform the dlagnostic tests included with the

circuit board as described Lo pavagraph 3, 3.



5.2 WARRANTY

IRES.,
thils cirouwit board is covered bv warvanty issucd
Microsystems inc., !lrving, California. Complete detall
the warranty ave included with the circuit board. Should g
nroblem arise with this circuit beard, call vour dealer or
the Alphs Micre International Support Sevvices Group for

IBTOTmaf 0.

CE O TROGUBLEAICOTING PROCERURES,

e

saftware i1s incluaded with the

used for troubleshootling and tu weyifs

Proper gperation.  Vest description and opsrating procedures

Dranasg.,

il

sre woniained iu the following para

u-\.i-:ll. P

This test formats all speclfied tre

st and then O

clic Redundanow

Cheole (LREY werifies that all sector addreszes

-

les are written corvrectliv.

2 Teszt-0, VTest-(, Yest-l, [est-L. The

-

e
o
-

specified tracks a data word supplied by the

ST, fhey thaen road 41l sectors writton o varify

vorrect Jdata. Sectfors are writfen and read seauen
rrally,
3. Test-¥. This test te oall speon-

rred trachs. Addressing 1 alszo raundom, il

verifyv ocperation is performed uslng the sane raodon

4. Test-0G, This test writes to all specificd tracks

WS Ing an tacrementing data pattern., Addressing



glternates hetween two counters; one counting down

Fyom the maximum spe ted sector address, and the

sthey counting up frow the minitmum speocified

=
L 1
|45
5
¢
=
port
[
om
et
.
—_
-

address,  Opnlv odd numbered secto:

when addressing from the Countey ¢ounting down, and
ars are written fto when

ttor counting up.  When all

heen written, a read opera-

ing scheme,

LA

ndl Lions which

Filyst, 10 tyries
s, Secondlv, it

Test-H grror renarting.  An error 1s recorded when the proper

errer code 15 not returned by oeither the {lawk uvr the AM-300.
For cxanple:  Duaring the "ilitepal cyliander”™ portion of the

tont, & uvvillnder asddress of 500 13 sent to the Hawlk. [his

1 oand should cause the Hawk to send the

status back to the program. 1t the actual

wicate that an iliegal oviinder address was

reverved by the lawk, The program vecords an ervery,

U=t be caanged on the Hawk., tThe switch fto be

changed 13 located on the 170 bhoard, which 1is

the YU board divectly below the 50 pin ribbor

cable coming from the AM 300, The switan 1
(54 is Jocatsd in the lower left hand corner

fsee Figure 1310 When thoe switch has been locatoc

sot position 3 otn the VONY position asx described

503
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3.3.2  TEST DBESCRIPTICN - ADIUSTMENT MODE,

I, Jest-A, Performs cne "RESTORLY operation uwn the

disk under test. This causes the disk tao reset

its internal logic and seek cylinder G,

4. fest-B., Ferforms an alternate seek between any

two uscr specified cylinders without perlborming

g read operation.

3. lest-L. Seeks any legal cvlinder head and enables

the drive select and read pgate.

5,3.,5,10 RUNNING THE PROGRAM.
Load HWKISL.PRG tnto memory and run hy typing U"HWKTSTY followed

A Carrigge return,

5050502 OUPERATOR INPULS.
the operatoer must spoctily a disk number {0-7) to indicate

which disk will he subjected (o testg,

i}

the operater must speciiy tne test moede (exercisor adiustment),

I

lect a

m
sy

PE the adjustment mode was selected, the user must s

PRt
[N

test drom the "penu’ presented by the program., I[E si

¥ O iy chosen, the user will be prompted toe enter

f
L

tegt R

additional data repgarding the ovlinders and head to be used.

it the exercisze mode was seslected, the user wmav define a
sequesce of tests to be performed. Up to 20 test characters
may be sntered followed by a carriage retuwrn. A letter may
e repeated, which will cause the test to he repeated.,  The
standavd deflault is all tests (A,B,0,D,E,T,G & M) and is

selected by entering & carviage return only,

L
1
oy



bome tests (A,B,C,D,E & F) require additienal coperator inputs

o

ine them. ([ any of these tests are sclocted, the
oneratoy will be prompted to entoer the appropriate lats,
Uefauit valuwes will he uscd 1Y fhe operator sntars only &
carvidage roturn in response to these prompts.  DBelow is a4 Tist
ol parameters and their standard default wvalues:

HARAME

DATA

Masimum Track 207

Mintmunr Track )
Veat-3A il

Post-L FEFT

— -—d
Ed) ('}\.-.
T T
¥ i
ot
1 I
e
[P R e
L T ]
RN
Tt

1T
L
—
T
T
e
-

APTIONS,

ey

teouseT may suppress 41l error sutputs by answering ves

_,,
—
—_
i

..... first ousar option,
Pf eryovs 4are not to be suppressed, the ussr may include a

dump of the AM-3080 data bufter atter each data miscompare.

The wusey may elect to dump an eryor summary after each test
By answering ves {Y} to the approprilate prompt.
The uscer mavy eglect Lo pause after cach test. To continue,

the user types 8 carviage return on the controlling terminal,

ihe user may elect to continucusity loop through the entire

test scquence, or only loop X times as specified by the user.

F



HANDL NG,

FHROR

nrinted as they osuur

SUPPressing arroev

7
o

option which will cause

alter data

CWVETY

tionally, error summarics may be output after
lust & final error sumnary alter ail tests arc

S, 5.3 EERROROTY

rrors come under two rypes. The first 1)
crroyrs, such oas sees, sector-not-tfound, and sent

foeryors will cause up Lo four re-Irvs

givi i 1P the grror persists {orv throe or
1to1d wons idered a havd error and is marked as
©UOY G URHary 1t the grro: itself 1n
three ve-trys, it 15 marked as erver In T
The second type would ze data avrrors. lthese

va Jdata misceompares Jdurlng read aperations. 1

i marked s Yhurd'" errors in the error

R T

sod 500 Thyl TREMINATION.
fhe test wrogram may be aborted at any time hy

disk read transters apparent,

Bai far

Thea

witdd BOPR LD the AM- 300

Suftfer is not presetf

between any Uy

RINL PATTERNS .
Ihe Lterns generate Worst case
[

tnlass

il

te

e

with vomplement data

srintouts,

1 e
\_.1;.53

MESCOMDATE .

tvpe would be

el

complet

OC UL

mayre

such

less

41l

Srrars

SUMMATY .

tvping

L ol

data

£

fhan

e

P11

R

COnsecuti

L

2 =t

0]
H

e

g
Sk E

rror

rs

L
ALH
oy

—

I¥ESE

.

rYe-trvs,

RS

lilel

15 Y .
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DATA LBEFECT

{ Produces highest amplitude, lowest frequency.
This 15 the default pattern for tests A and B,

FIFYE Produces lowest amplitude, highest frequency.
This 1s the default pattern for test .

333 Worst case for peak shift., This ls the default
pattern for test b,

3Q0E Worst case for one-bit amplitude., This 1s the
default pattern for test k.

5.3.5  Disk ERROR CODES.
ERROT
NUMBER DESCRIPTION
5 Disk not ready or fault exists.

Tl Write protected.

G o Seek error,

b7 Sector not found.

aR LRC error.

6y Sentinel field error.

NOTE
A1l other erreor codes are illegal at this time.
1f anvy other codes appear, the AM-300 board may

have probliems.



55006 RECOMMENDED TEST PROCEDURE,

ensive test and will take about 7 mninutes:

followed by a RETURN.

Ennter DISK NUMBER when wrompted by program.

Selact the UXERCISE MOUE (#1).

.

When prombhted Lo enter test sequence (A-HI, enter s«
1 i . K

carriage return, This will cause a predelermlned
sequence of fests which consists of tests AL,L,H,
BLF,0,H In thart order.

when asked For "HIGHEST TRACK,™ snter 220. When

asked for "LOWEST TRACK,Y™ enter 200,

Friter a return for each of the following:
Toprmat lData Words Test B Data Words
Test {0 Dara Word=s Tost D Data Words

Tast B ata Words

Enter a Y7 fov "Suppress all ervor nessages.V

Pnter N for ""Pause after each test.!
P3Y

for "Loop continunusl

tnrer 2 for nuwber of passas,

sequence 1s recunmended as a short but compre-
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