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1,06 INTRODUCTION,

ovides

%

maintenance

and

This operat

for the Hard iley Circuit Board

by Alpha Microsystems located in Irvine, (Call

ins truct i
manufact

Forni:

ons

e

Circuit board description, operating and usage instructions
programming, theory of operation, and maintenance instructi
are included to provide the user with the information neces

to utilize full capability

S
weel

OARD DESCRIPTION.

fhe AM=500 lard Disk Controller Ciyrcuit Board provides
processing, control and interface capability between a
S-100 bus system and one to four CDC (Hawk) hard

A CPU du a A module, a 16 x 8 First-In-First-0Out
memory and (K of dom Access Memory (RAM) provide th

ticated data contr ok

for
2K Read

*)f’*‘x’u‘! &

proce necessary D

A

dri

ten=megabyte disk

contained on board to load

T N . - C e i N O -
and also to contain the microcode thea

operation.

A stmplified block diagram of the civcult board is sh
Figure 1-1. For a complete detailed description of o

see Section 4 of this manual. For

requirements, see Section 2 of this manual.

APPLICATION,

fhis circuit board provides the data and
essary for operation of up to Ffour CDC I

disk drives for a

mne

¢l

time.

mory Ly per drive. boavr

mended any other disk drives

Ow it

progra:

P

o}
Gc

ircutt

L

ons
58ry

is .

B
P
£

ning




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

the Contrel Data Corporation 9427H Hardware Maintenance Manual.



BMEMTAY

AN
FEGIST
SELECT

ey, AREMOARY
! " TAMIRGH

|

COMMA

REGIST

. N DRIVE
DATA FIFG CONTROL

s srNC B

N AEGISTER LOGIC i 2 i
i 1
! AN ]
|
I
; (A
i
|
|
; GATA BUS

H N .







93]
vl
-
7
-
Sae”
;
‘"/
.

\
(-
1

o]

5
Al

A}

=

Z
e
.

.

g

=2

pose |
=

2.0  INTRODUCTION.

This Sectlion contains mnformation on the use

Disk Controller circult board., Capabilities
Jisk Controll i 1t board Capab ,
jirving, and user option descriptions are provid

essful integration of the AM=500 into the user's

2.0 CAPABILITIES

ECIFICATIONS.

Ihils circult board operates from the standard 5-100 bus structure
ce with the CDC 94274 {(Hawk) hard disk drive with 10

megabyte capacity (Five fixed/five rvemovable). A single AM=500

board can support up to four drives for a total capacity of 40

C memory. Uetalled spec]

rh

lcations are




AM«500 Specifications

SPECIFICATION

CPU Interface

Standard 5=100 Bus =~ Interrupt Driven

Storage Capacity,

Fach Drive

10 Megabyte Total; 5 Megabvtes on
fixed surface, 5 Megabytes on removable

cartridge,

Maximum Storage
capacity from each
AM«500 Controller

Board

40 Megabytes with 4 Drives connected.

AM« 500 to disk Bit

Transfer Rate.

[3™]

.5 MHz.

Sector Size

512 Bytes/Sector plus CRC Error Code

and Sentinel Check byte.

CPY Interface

Description

Multilevel interrupt driven,; full
sector block transfers from or to

internal sector buffer,

Circuit Board

Standard 5 x 10" with 100 pin

connectaor.




2.2 INTERVFACE DESCRIPTION AND WIRING.
k

The AM=500 Hard Disk Controller Circuit Board provides interface

capability between the Standard $-~100 bus and CDC 942Z7H (Hawk)

hard disk drives.

2.2.1 5=100 BUS INTERFACL.

The AM=500 circuit board is fully $=100 bus compatible. The
board and its associated disk drives are addressed through the
address lines and data is transferred through the standard

data in and data out ports. The S~-100 bus connections are made

via the bottom edge connector and are described in Table 2-12.

Z2.2.2 DISK DRIVE INTERFACE.

The AM~500 circuit board accommodates a maximum of four hard

disk drives. Unit select outputs from the circuit board select
any one of the four drives individually and in arbitrary sequence.

AlLl disk drive interface signals are described in Table 2-3

O
L]
A



Table 2-2. S$=100 Bus Interface Signals List

o NAME

Nq

=
-
prad

DESCRTPTION

0 79 116 bhits of $=100 addres

95

ing.

&
A - -
A3 3 31

6 842

<

&)
(W]

(@]
f
RN

A G Address § 34
510 Address 10 37

Uy oL
ot [
N
at GO
(9] N|

Us
pore
[Wa
4

Data Bit 0 95 | Data input port, Bus
Data Bit | 94 |master input from slaves.
Data Bit 2 41

Data Bit 3 472

IN input Data Bit 4 91
92
DATALIN 6 Input Data Bit 6 93
43

o3

5 input Data Bit

~J

DATAIN 7 input Data Bit

o

Data Bit 0 Data output port. Bus

o

T
1 Output Data Bit 1 master output to slaves,
t

D

Data Bit

w
oo oo
W oo w1 O

31 Output Data Bit

£
N

41 Output Data Bit

4
LA
o O W o

TAGUT 5] Output bData Bit

DATACUT 6§ Outpur Data Bit 6

o

Cutput Data Bit 7




(Cont.). S-100 Bus

signals List

DESCE

Read enable. Used by bus

3 P |
master to request addressed

[
[

Lave to place data on

Phantom

R

Disables phantom controlled

memories when asservted.

Write Strobe

Write strobe. (Genevated
by bus masters as write

command to slaves,

AM-500 reset input. -

170 lnput Cyvcle

Status Line

Current bus cvele is a bus
master input from an /0

address,

Memovy Cvcle

ine

foent,

Input Status

H

15 a bu

ent bhus cve

Ui

master input from a memory

[/0 OQutput Cycle

i.ine

Current bus cvuele is a
hus master output to an

T A0y S R QN -~
[/0 address.

Ui

Vectored Interrupt
Vectored Interrupt
Vectored Intevrrupt
Vectored Interrupt
Vectored Interrupt
ored Interrupt

nterrupt

9]
i
[
G
—

P

Vectored Interrupt

ECO N N
o [

i

4 o

Jumper selected interrupts.
Standard interyupt

tevel = 4.

HIN
i
7




Table 2~2%2. Disk Drive Interface Signal List

MNEMONIC NAME PIN DESCRIPTION

39 | The absoclute addre

f—

Cvlinder Address Bit
Cylinder Address Bit 2 17 ttion of the cvlinder to

Cviinder Address Bit 4 40 |which the heads are to bs

Cvlinder Address Bit 8 33 I positioned,
Uylinder Address Bit L6 |28

Cvlinder Address Bit 32 |35

Cyiinder Address Bit 64 {31

viinder Address Bit 128111

CA 8 Cyviinder Address Bit 256§ 24

o

Cvilinder Address Streobe 118 | Gates cylinder address infore
mation into the <¢ylinder

address rvegister and initiates
serve controlled head posi-

tioning.

DRVRDY ODrive Ready 30 U Unit 1is ready to se o, vead,

OTrT Write.

EGATE Era G

e (ate 37 { Enahles erase current to

Ui

9
N

flow through selected head.

FAULT Fault 22 | Attempted to write or erase
when net on cvlinder,
Attempted to read when write
or erase 1s enabled. Current
fault during read, write, or

erase.

)
e

HDSEL Head Select 1 1=Select upper head.

(=Select lower head,




Table 2=3 (Cont.). Disk Drive Interface Signal List

MNEMONLC NAME PIN DESCRIPTION

[}
~J

Index Mark Index mark once per disk

revolution (25 msec),

ONCYL On Cylinder 45 | Seek operation is complete
and unit is ready to

read or write.

Platrter Select 13 Select fixed disk; Q=

1=5
Select removable cartridge.

CLOCK Read Clock 44 | Separated clocks concurrent

with read data,

READ DATA] Read Data 12 | Separated

RESTOR Return to Zero Seek Positions the heads to

s
L

cvliindeyr zero {clears

N

errovry,

N
®
o
=

Read Gate 41 | Enables separated data and

clock to the interface lines.

SECTOR Sector Mark 29 | Sector mark pulse (2 mseg .

SEKERR Seek Error 5] Seek operation did not

complete within 500 ms.

Unit Select 46 | Selects any one of the 4

L
N

Unit Select disk units individually

w
e

Unit Select and 1n arbitrary sequence.

T
oc

init Select 4




c=3 (Cont.). Disk Drive Interface Signal List

i1 NAME, PIN DESCRIPTION

Write Gate 2% i Hnablies write current to

tlow through selected hea

3

[N

WOROT Write Protected 34 t Inhibits erase and write

-

currents, I=Inhibit;

J=Enable.

o
A
m]
o

i
b

Data Double freguency encoeded

clock and data.

{not used) 43 | Power and ground,

fu—

L

=
o
N -
f A

2.2.3 WIRING AND CONNECTIONS.

When the AM=500 circuit board is recelved, 1t 1is ready for use.

49

No adiustment or calibration is requivred for operation. Th
hardware requirements for use are described in this Section and

the software requirements are described 1n Section 3.

First ensure that the proper power wiring 1is available and

the vorrect voltages are connected to the various pins as shown

onn sheet | of the schematic. All power connections arve made

it
I

through the bottom edge connector,

I connections to the 5-100 bus are made through the bottom
edge connecter (Table 2-2) and connections to the disk drive
are made through the top connector {(Table 2-3}. IEnsure that
thess connections are correct before plugging the AM=300

circult board into the system.

[
i
el
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2.3.3%3 PHANTOM FEATURE.
A pnantom fteature can be used with the AM-500 Hard Disk

controller. This feature is supported in opevatin g system

release 3.0 and later and will not operate if a

t

aisplay module (VDM) is being used for software progranm

because the system memory overlaps the VDM memory
(see Alpha Micro Operating System AMOS manual). Also, the

memory board must support the phantom feature,

The AM-500 circuit board comes from the factory configured
te epnable the phantem feature. it it is desired to disable
the phantam feature in order to use the disk drive as a
peripheral device, it will be necessary to cut the etch that

‘ween J1-67 and U35-3. Cut the etch between the two

holes on the solder side of the board. The 3-1u00
pins on the back of the card start at 51 on the right and

count up to 10U on the left.

already has the phantom signal connected to pin 67

{0 e S~ 100 bus Tiring heoe c F gy ‘f"}'\ o ftine coes i oty [

SLTHT 2 LU DS DUuring oco tsty a0, tne 11neg goes LOoW G}
t

"he upper memory board or anv board that monitors the

phantom line., The CPU starts executing the bootstrap PROM

at location F400 and moves it into location 76000 octal or

&
7C00 hex. The bootstrap then starts executing from memory.

Any memovry board that overlaps the bootstrap FROM must have

N

phantom enabled and all the others must have it disabled.

5.4 BOOT OPTIONS.

Since the AM-200, AM-210 and AM-400 alsoc contaln internal
bootstrap loader PROMS, the user may desire to disable the
bootstrap from the AM-S500 and boot from one of these other
circuit beards. The following paragraphs describe the

requirements for these options.

&N
¥
it
[



2.3.4.1 THE AM-500 AS A PERIPHERAL TO THE AM-200 OR AM-210,
Remove the 74LS30 [C (U40) from the AM-500 (bottom row, 6th

chip from the right)., IFf the AM-200 or AM-210 are using phantom
(phantom must be used if vou have more than 56K of memovryl,

the phantom etch must be cut on the AM-500. Turn the AM-500
board over (component side down) and cut the etch going to

pin 67. Cut the etch between the two evelets so a wire may

be inserted between the two evelets at a later date to reenable

o

) pins on the back side start at 51 on the

<

hantom, The S-10

o

right and go to 100 on the left.

Boot the system with both the AM-500 and AM-200 or AM-210 in

T T 3

Log into arvea 1,4 on the floppy disk and modify vour SYSTEM.INI

o add the following:

BITMAP HWK,606,0,1

Be sure that the DRVTBL command in the SYSTEM.IN!L contains

RS

Log into area 1,6 and do the following
COPY HWK.DVR=HWK500.DVR

Now reboot the system again and by mounting HWKO and HWKI,

vou may access them as peripherals te the AM-200 or AM-210.
Remember when in this mode the fixed platter is always HWKO.

2.3.4.2 OPERATING THE AM-500 WTITH THE AM-400/TRIDENT.
When running these two in combination, phantom must be Jdis-
abled on the controller that is not the system device. [t

1t 13 desired to remove phantom on the AM-400, remove 232



pin 5 from the socket so it sticks out. [f vou are booting
from the AM-500, disable the PROM on the AM-400 by removir

, which 1s the IC to the left of the header in the bottonm

proper bltmap sizes and device names must be in the

SYSTEM. INT {ile to accommodate the proper configuration.
Be sure the proper driver 1n area 1,6 is renamed to the same

name as the device vou defined in the DEVTBL. The bitmap

e

sizes are 567 for the T-25, 102

T-80, and 1620 for the T-300,.

For the T-50, 1534 for the

i1s off the AM-500, initialization must be from the
This is deome by running a program. For the ['-25,
T-200 use TRIINI.PRG, and for the T-80 and I'-300

ilize it, Just type TxxINI followed by

b

PRG,  Te ut
a carriage return. The program should return a status less
than 3 octal., 1f vou do not run this 1nitlalilzation program,

the drives will show as NOT READY on a SYSTAT.



SECTION 3
PROGRAMMING

2.0 INTRODUCTION.

This section describes the programming requirements for the
AM-500 clrcuit board. Circuit board addressing, bootstrap
loader, and AM-500 internal programming are described for
complete system compatibility.

When the AM=500 circuit board is received, it is ready for use
with the CDC 9427H (Hawk) disk drive as described in Section Z
of this manual. The bootstrap loader and the microcode con=

tained in internal firmware 1s designed only for this disk

5.1 ADDRESSING.

The AM~500 and associated disk drives are addressed through

e

the S-100 bus address lines. The circuit board address i
jumper selectable by the jumpers connected to U37. Jumpers
round select the board address on 5-100 bus

to either +5V or g

address lines ADZ-AD7. The board alwayvs occupies four 1/0

ports even though only two are actually used.

3.2 INITIALIZATION.

On initial power-up or reset, the AM-500 goes into a dormant
state waiting for initialization. With the phantom option
enabled, the phantom signal 1s activated, disabling any memory.

1
The S~-100 bus 1s enabled to access the bootstrap loader
contained in the AM-500 PROM,

The 16K PROM (UZ1} contains both the bootstrap routine and the
caontroiler microcode. The microcode resides in the first LK
bytes, and the bootstrap routine resides in the second 1K byvtes

of this PROM. The current bootstrap routine is written in



AM=-100 code, and other user codes may be used if the microcode

in the first 1K bytes is duplicated exactly.

NOTE
t£ the user code contained in the AM«500
PROM 1s changed from the current boot
routine, the microcode in the

£
of memory must be duplicated exactly.

Initialization of the AM~300 is accomplished by writing 2z zero
byvte into the AM~500 command regisﬁer during system initialization.
The CPU finishes initialization of the disk controller and

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

3.3 COMMAND REGISTER.
The command register receives AM-500 commands from the 5=-100

e

bus It is accessed by writing to the selected address {see

> e

paragraph 2.3.1). The legal base addresses are 1n multiples

of four from the first address 177400 {octal}, 177404 (oct 13,

cctal), through 177774 (octal). A software hand: jake

must be used for the command transfer (see pavagraph

There are two basic types of commands used for operation of the

AM=500 system; non-disk commands and disk commands. Both

types arve described in Figure 3-1.

5.4  STATUS REGISTER.

The status regilster 1s used to determine the current status
of the AM-500 controller. It is accessed from the S+100 bus
bv reading from the user selected hase address of the circuit
board., The format of the status register is described in

Table 3-1.



NON-DISK COMMANDS:

[nY D6 D5 04 Da D2 D1 (o]

iE CLR M M F A /W 1 "}

R e
e O = READ 1 = WRITE
-~} = TRANSFER 1=
00 = RAM BASE
i - 01 = DATA BUFFER
) - 10 = USER POINTER
i11=@USERP0|NTER
e { = CLEAR INTERRUPT
1 = INTERRUPT ENABLE
0= INTERRUPT DISABLE
DiSK COMMANDS:
D7 D6 D& D4 D3 02 D1 Do
IE CVT SEEK !} R/W F TRK 1
»WW
I = ENABLE
INTERRUPT 000 = READ STATUS
0= DISABLE CHECK
INTERRUPT 001  RESTORE

1= CONVERT]

RELKEY ;

1« SEEK L

TRACK{

Figure 3-1.

AM=500 Commands

919~ READ RECORD

011 = READ TRACK

100 ~ WRITE RECORD

101 = WRITE STATUS
CHECK

110 = FORMAY RECORD

111 = FORMAT TRACK




Table 3-1. Status Word Formats

J
E
oF
O]
e
[ @S]
N
1
Ll Koo
It
-
=4
-
{
Pt
-
A
¥

,
eo]
<
o]
by
-

oot
o)

Disk Not Ready

Write Protected

fo
o~
Lows
R,
<
\

-

ot
]
L)
o
ko

Seek Error

fo)
o]
Is._‘

[
v
<
o
D
Eon)
fot
o
N

sector Not Found
0 CRC Ervror
CR 1 o0 0 0 1 a 1 Sentinel Field Evror

RECEIVED, ARED, 1=RECE]

x

<
<o
<o
[
<

The

error indicates that data was not correctly

transtevred within the AM=-500. The sentinel feature checks

bvte 513 for the corrvect code 3\ (hex) after a 512 byte transfer

3.5  INTERRUPL MODE,

errupt mode in the AM=5300 can be selected by both disk

o
1§Y
—
—
P
o+
w

and non-disk commands. If the interrupt mode 1s selected

-+

interrupt occurs at
The interrupt must be cleared by the user by setting bit 6%l

of any non-disk command.
5.6  HANDSHAKLE SEQUENCE.

A handshaking type interaction is required between the AM-500
circuit board and the CPU any time a command 1s sent to the
AM=500. This handshaking is a software operation tnat uses

ister. Handshake operations proceed

N

bit 7 of the Status Regi

in the following sequence:

1 A command 1s sent from the S5-100 bus to the
{Command Reglster.

2. The system software waits for bit 7 of the Status

Register to become a 1 to guarvrantee that the

+ ;
3 - r.l

he completion of the current AM=-500 command,



AM=500 has received the command.
2. The system scoftware writes a zero into .the Command

Register to clear the previous command.

i
"
o
ot
s
-
U

syvstem software walts until bit 7 of the Status
Register becomes a 0 indicating that the Command

Register has been cleared.

This completes the handshake operation and the program con-

5.7 RELKEY DESCRIPTION.
The term RELKEY vefers to a double byte number which points to

one of 9696 possible sectors on the disk. The user loads a
number from ¢ to 9695 into the Relkey bytes of the DMA buffer

to indicate which sector 1s to be operated on. If bit 5 of

the disk command is a 1, the microcode converts this number along
with the drive select byte into an absolute disk address and
stores i€ back into the DMA buffer. The microcode replaces

the drive number and Relkey bytes of the DMA buffer with the
converted absolute disk address. Since all DMA buffer loca-

tions are accessable

N

, the absolute disk address can be retrieved

1f necessary.

user has the desired absolute disk address, it can be

in the DMA buftfer, and the Relkey conversion can be skipped.

accomplished as follows:

1. Place the actual drive number (1-3) into the second

bvte of the buffer.

2. Place the low byte of the track address in the third
byte of the bulfer.

3. Place the high byte of the track address (which
specifies the surface, the platter select, and the
sector address) into the fourth bvte of the buffer

4
i

as =shown below,



]

37 D6 D5 D4I B3 DY

Lm L@Hléf Bit of Track Address

Sector {(0~11) Surface (Head 0 or 3)

Platter {Fixed or remcovahle

Nt

~Not Used

fer 1s contained in the first LK RAM in the AM=300,

i1l data transfers to or frem the disk memory wmust pass through

is accessed by addressing the AM-500 base address
plus one and all data between the AM~300 and the S$S~100 bus must
yass througn this single port. No DMA type operations ocour
between the AM-500 and system memory because they are handled

on a programmed basis only., The microcode initializes the
ouﬁier and sets the DMA <hannels for proper operation as shown
in Figure 3-2. The Handshake sequence 1s shown in Figure 3-35,

and the data transfer sequence is shown in Figure 3-4.

FFER QPERATION FOR DISK WRITE.
Transferring data to the DMA buffer and then performing .5k
write opevations takes place as follows:
L. Send DMA write command X068 {octal) to AM-500 command
register and perform a handshake. (X depends on

selectlion of interrupt mode,)

I.  Send retryy count te AM~500 DMA buffer.
3. Send disk number (0-73) to DMA buffer,

d low byte of Relkey to DMA buffer.
. Send high byte of Relkev to DMA buffer.

1 data (0-512 bytes) to DMA buffer.

573

<&
A
=
-

7. Send disk write command X71 {octal) to AM=500
command register and perform a handshake.

8, HRead the AM=-500 status register and check for zero



SET STACK INDEX
NO,3 FE» 5P

SET DMA MODE
WOREL INDEX
NO. OB = HL

DMACH O
MODE =
SINGLEMIRITE

OMA CH t
MODE =
SINGLEMEAD

DM& CH 2
MQDE =

DMACH 3
MODE =
DEMANDAVRITE

CLEAR
CONTROL REG

CLEAR
DRIVE SELECT
REG

SET
RUN MODE
FF

Pashl
( CALL RST 7

N

e

STATUS REG

P e
)f
i\ CALLHST;M\\}“W“'

B

[N]

-

“INTERRUPTS
ENABLED
2

DMA Buffer Qperation

SET

INTERRUPT




AST 7 )
1,;
SN a
READ }
COMMAND i
REG |
P
"
/ \*’*\

</M/N0N$ERQ NO
?
-

P

-
}' YES

SAVE
COMMAMD
IN QS

ACKNOWLEDGE
COMBMARND
RECEIVED

BEAL
CORMMAND
REG

ORI e S

RETURNM

s et e

Figure 3=3. Handshake Sequence



RESET DMA
AND
KET REG INDEX

D!SK
op 7
Dm

-

COMMAMNDISTATUS

DRAA

DSKOP

PPN ~
7 CLEAR N1
Q{MTERRU?T ? :}-—«w

{08}

Ci.EAR 1
INTERRUPT i

i

o
P

ACTIVITY
BIT SET ?
ol

/

e

e

)

RETURN ]

e
o

<7 USER 1
e . T e -
< ADDRESS P ]

o

PRESET USER
STORAGE

INDEX »Hi

INDEX =X

s
o
INDIRECT ?
(D4}

CHANGE TO
USER DEFINED
STORAGE
{RAM +3 FE &= Hi )

. (os {NO. RAM +3 FE »=HL} -
. e
ha s 5
o ¥
!
A
- O
7 exEe \\ GO TO USER
< XECUTE ? - PROGRAM
e UMP @ HL)
— //" —
\(Q
PRESET DMA
FOR CHO
NFUTE)
777777 O w3
7 . RESET DMA
e RITE #
< Wfﬁi?} FOR CH 1§
) IREAD} 1eD
P
\\\ ./‘7
SET DMA ENABLE DMA CLEAR
ADDRESS & TRANSFER STATUS CODE
COUNT D =DM +A} NO 0w A}
Figure 3~4, DMA Transfer Sequence

2w

.x””_”“‘_‘_'_”"\\

RETURN )

N



tion indicating no error,

. Continue with next command 1f no errors were detected,

Iransferring data from the disk into the DMA buffer and then

as follows:

reading the DMA

DMA write command X{36 {Q&t&i? to AM~50% command

retry count inte DMA buffer,

3. Write a disk number (0-7) into DMA buffer,

low byte of Relkey 1into DMA buffer.

high byte of Relkey into DMA buffer.

&. Send disk READ command X35 (octal) to AM-300 command
register and pertform handshake,

7 Read AM~500 status register and check for zero

cendition indicating no errvors occurred.

%,  Assuming no rors occurved during the disk read, send

oD
L]

the DMA read command X12 (ectal) to the AM~500 command

and perform the normal handshake.

fter and

of data from the DMA b

4

byte is alwavs invalid data).

a

10, Read valid data, 1 te 512 bytes, from the DMA buffer.

COMMANID,
The restore command is used to reset the disk logic and force
the disk head to return to track zero. The user may force a

K
restore command with a disk command 3 (octal), or the micr

Il exercise the restore command on its own following

It a disk fault occurs, the microcode attempts one restore and
then checks the fault status again. If the fault still exists,

the microcode aborts the command opsration and reports an error

.
i,

St

.0 the CPI



3.10 DISK FORMATTIN

There are two disk formatting commands, Format Record and

G COMMANDS.

Foymat Track, that are identical in function. Both commands

cause the currently addressed track to be formatted.

CAUTION

The Format Record and Format Track commands

broth destroy previcusly stored data on
the addressed track by writing all new

records with data fields of zeros.

I

5.1 STATUS CHECK,

The Read and Wyite Status check commands are used to access

specific status information from the disk drive.

The Write Status check command 001 (occtal) is used to determine
1f the currently addressed disk is write protected. [t does
not attempt to actually write anv data. If the addressed disk

1s write protected, error code 13 (octal) is placed in the

status register.

The Read Status check command {if SEEK bit 4 1s on) seecks for
‘rently addressed track and then returns. Data i3 not
from the disk. [f a seek error occurred, an error code

14 {octal) is placed in the status register.

.12 ERROR CODE REPORTING.

The operating system does not normally report soft disk evrors.
A soft disk error i1s defined as a non=recoverable error after
a set number ol retries, usually 4 on the AM-300. If after {4
retries the error is non-recoverable, the system aborts the

command and reports an error.
To enable reporting of the ervror type the operator should type:

SET DSEKERR

S
i
p—
it



The AM=500 error codes are as follows:

1 - SEEK ERROR
2 = NOT USED

SECTOR NOT FOUND
4 -~ CRC CHECKSUM

5 - SOFTWARE CHECKSUM

L
L]



SECTION 4

FUNCTTONAL SORY OF OPERATION

4.0  INTRODUCTION.
Fhe AM=500 Hard Disk Controller circuit board contains integrated
circuit elements for the necessary data processing for the per-

formance of the functions as described in Sections L, 2 and 3

(@

of this manual. This Section describes the functional theory

]
Ty

of operatvion of the c¢ircuit board and also provides information

for each of the

o
o

integrated clrcult elements.

4.1 CIRCUIT BOARD OPERATION,

lis civcuit board provides control and intertface capability
between the $-100 bus and the CDC 9427H (Hawk) hard disk drive.
he functional block diagram of the circuit board 18 shown In
Figure 4-1, and the circuit board schematic 1s contained in
Section 6 of this manual. Table 4~1 contains a list of the
stgnals used in this circuit board with detinitions of their
functions, For $-100 bus interface signals, see Table 2-2.

For Havrd Disk drive signals, see Table 2-3,

POWER-UP RESET.

On tnitial power-up, the clrcuit beoard is in a dormant state

i¥

walting for initialization. System clocks are generated from

[
*

the 10 MHz oscillator on Ul and divided down by U2, U22 and U4
to generate CLOCK, ONE

res

clock sig

-?.

clrcuilt gctivates

U,

> & r

}.»«

ops. the RUN signal

the PHANTOM signal to enable

any memory under phantom control, and the INIT signal sn&b1@5

1-
-1

o+

e boot logic so the $-100 bus can access the bootstrap program
contained 1n the PROM UZ21.

4-1/4-2 Blank
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Table 4-1,.

AM«500 Signal List

o

P

> LGNAL

NAME

SCHEM
PAGE QF
SOURCE

ADDRESS STROBE

Strobes upper address bvte

into external latch,

AEN

"ADDRESS ENABLE

7

Active high that

1

external latch

upper bvte of address, and

disables svstem during DMA

cvele.,

12

S=100 Address Lines.

Bus

BCOT LOAD

Fnables a boot load from

*ROM.

latvy!}

1
tne

BUSAK

ACKNOW-

BUS

Active low CPU output to indi-

cate to the reguesting device

that the CPU address bus, data

bus and tri-state control

b
signals have been set to theilr

high impedance state.

BUSRQ

BUS REQUEST

Regquest to the CPU for control

of the system hus.

N

i
prend
ot

CELL

,
e
a3
)
o
!
>

Ao
e
~
[N

Clock generated for clock

data output to disk drive.

CLOCK

4.5 MHz (CLOCK

[

Clock genevator outputl.




]
e
wed

amend

N
o
=

S I ONAL

NAME

FUNCT 1¢

COMMAND W

RITE

jag

Sets initialize

Clocks data fre

{(DO0-07) inte

COMAND

COMMAN D

of

place

Enables the output

mand register to

tents on the Data Bus

IN

PUT

Clock input for serial

input to memory stucl

-
h

<
7N
o
ol
fS—

o

Py

{Input to FIFO.]

CYCLIC REDL

DANCY CHEC

-
e
i

9

Data output chezker.

CRC CLOCK

“

Clock input to

generated from
RCLOCK.

WRITE=0Q selects

WRiTE=1

Data input to CRU checker.

CRC ERROR

‘rror output of CRC checker,

CYLINDER
ADDRESS




{Cont. ).

AM=500 Signal List

s
.~
o
=
=

SCHEM

PAGE OF

SOURCE

FanY
1)
o
N
o~
et

DMA

ACKNOW-

DMA controller ocutput.

DMA ACKNOW-

LEDGE 3

o

controller outpurt.

Master reset

Memory and CRC checker.

DATRD DATA RLAD 2 Detects Read Cvyvcle.
DATWRT DATA WRITE 2 Detects Write Cycle.
DIOR DATA 1/0 READ 5 Enables data on 5-100 bus

DOO-DO7 to be placed on

internal Data Bus and resets

DREG O to DMA controller.

DIOwW

Resets DREQ1I to DMA

DMASEL

9

Chip Select input to

DPMA Controller.

DATA LINES

Tri-State bus internal to

AM=-500.

DMA REQUEST O

DMA Request input.

DREQ 1

DMA REQUEST 1

DMA Reqguest input 1.




Table 4-1

(Cont.}.

AM-500 Signal List

SCHEM

PAGE OF

SOURCE

FUNCTTUON

DMA Request lnput 3.

Clears DMA reguest latches

and presets the RUN flip-flop,.

DRVSEL

9

Clock for Drive Register 1.

DRVSTS

Gates status data from the disk
drive onto the internal data

bus.

F1FO MEMORY

EMPTY

Enables the CRC checker and

write logic when the FIFO

memory 1s not emptly.

FSYNU

FIFO MEMORY

SYNC

Enables c¢lock input to PIFO

memory .

INTTTALIZE

Reset signal to CPU.

/0 READ

Bidirectional, active low,

three state line.

I/0 SELECT

Fnables the circgult board when
address lines ADZ2-AD7 match
the address code on the

address jumpers.

1OWw

1/70 WRITE

4= 10

Bidirectional, ac¢tive low,

three state line.




Table 4-1

{Cont.}.

AM-

500 Signal List

NAME

SCHEM

PAGE

SOURCE

N T
OF

[RF

REGISTER

ey
—
-’

Active low output of

FIFO memory when its

register its full.

VER INPUT
GISTER FULL

1¢

Active low of
FIFQ

register

ontput
1ts

when
full.

memory

is

the lower

input

QUTPUT

LOWER
REGISTER EMPTY

Active low of
FIFO

register

output

memory when 1ts

Ls empty (FIFO ORE},

MEMORY SELECT

the memory

56

ilect

ONE

for

o~

Clock generated

data output

to disk d

lock and

rive.

ORE

OUTPUT REGIS-
TER EMPTY

10

Active

o
a
jos}
o
-
(J’l

FIFO memory whel

regilster

St
U

PARALLEL LOAD

10

Parallel load

FIFG memory.

RAM MEMORY

SELECT

Chip Select signal to

the two Random Access

modules.,

TN 1 .
enahle

Memo ry

ROLOCK

Clock input

from disk




Table 4-1 (Lont, ). AM-500 Signal Lis

N
o
o
o
et
<
s
o}
o
O
£,
s
o
o)
—
-
pny
o
S
e

drsk read wmode.
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e
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o
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oder

1/0 2

9 Clock input for
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Table 4~1 {(Cont.). AM-500 Signal

SCHEM

-
o~
\_J

OF FUNCTI
SOURCE

STONAL NAME

FER OUT 10 FIFO memory input to ftransfery

PARALLEL parallel data intoc its output

WDATA WRITE DATA 10 Serial output of FIFO memory

to be written onto disk.

WRITE GATEH 11 Write enable ocutput to disk.

WR MEMORY WRITE 6, 7 Tri-state CPU output, active
low indicates that CPU hold
valid data to be stored 1nto

the RAM.

NRITE 11 Control register output for disk

WRITE

-

write mode.,

Address data 1s received from the S$-100 bus on address

[
J—
s s
st
jon
o
7

AWO-ALG. This address data 1s transferred to a tri-state
iddress bus for use by the controllers and memories within
“he clrcult beoard and is also used for direct addressing of

board.

[ I
jon

147

“y

b o ¥
[

7y

<

pon

¥

Tri-State Buffers on U338 and U39 gate the address data to the

when

internal bus, Initialize signal INIT contyols these gates
g :

set by the Command Write signal CMDWRT.
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W
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4,1.3.7

The

and

Ii1sted

COMMAND

non-disk commands

operation of the
functions are lig

in Table 4-3,

i

TYPLES.

AM~500
to
d-2

o

control

The

issued to the are used for

logic internal the circuit card.

ted in Table and the commands are

Dis used to control the

the

k Commands are

status information from drive, Disk

isted iln Table 4-4,and disk command

codes are listed in Table 4-5,
Table 4-2, Non-Disk Command Rits
BiT NAME FUNCT EON

0

4

1
&

It

Indicates non-disk command

Activity Bit,

Read/W

rite G=read l=swrite,

Comman

d Function O=transfer l=execute

.

-
T3

Laoc

Lo

is

to

ation in DMA buffer where data

5 DMA retrieved or stored,®
& CLR Clear current interrupt O=nop 1=cleax
7 (= Interrupt Enable 0=disable l=enable

Locaticn

RAM

1 Data

Base (Direct}

Buffer

User Pointer

¢ User Pointer (Indirect)




Table

4-3. Non-Disk Command Formats

[}

{

FUNCTION

Initialization/Boot Load

Write data to DMA buffer {(RAM Base)

Write data to DMA buffer

-
s

Read data from DMA huffery (RAM Rase}

Read data from DMA buffer {Data Base]

fon]
[oaw]

o

j—

0

—

Clear Interrupt (Clear Only)

<
e
e
o)
("’\
D
-
Yot
pa
i
out
—t
3

Clear Interrupt (Plus some otl

disk command}

X X ¢ 01 L0 Lead user milcrocode pointer

XX 1 L0 3110 Indirect load via user pointer

Xx1 110610 Execute from users microcode pointer
XX 1 1 o0 10 Indirect vread via user pointer

.
<

<

£y

[

[l

Read user microcode pointer




Table 4-4. Disk Command Bits

NAME

BSK

Always

1

for disk tvpe commands

TRK*

Part of

command function

BN

N

Command

Z2 and 3

function comprised of bits 1,

taken as a whole

R/W*

0=Read

1=Write

I3

Seek

CVT

Convert

Relkey

I=Convert 0=No Conversi

€

~y

>

¢
i

}

Not used

Interrupt enable

0=Disable 1=Enable

* See Table 4-5

4~17
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Table 4-5. Disk Command Codes

3 5 1 {
A2 & b

0 { ¢ Read Status Check

0 0 0 Restore to Cyvlinder Zero

‘_m
—
=
6]
o
i
i
=
o
=

0 L

Write Record

i G 1 Write Status Check

1 1 { Format Record (same result as

1 i 1 Format Track (Same resu

The Data Out register controls the transfer of data from the

S~ 100 bus data lines to the data bus internal to the AM-50

s

board and consists of the register on Udl. The input

Datag Out rveglster comes from the 5-100 bus data lines

o

37; and the output, when enabled, goes to the internal

data bus DO-D7.

Data from the S-100 bus data lines 1s clocked into the bata vut

=D g
i

register by the Data Write signal DATWRT. his comes trom the

1/0 command register when the AM-500 1s addressed and au=1

and Al=0. When [/0 Qutput signal (SOUT) from the §-100



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

Latch for a DMA service request. The DMA controller issues an
acknowledge (DACKD) that is combined with address bit Al15=1 and

& Read Qutput from the CPU to generate Data !/0 Read signal

— . B N © s -
DIOR. Signal DIOR transfers the contents of the Data Out
Register onto the internal data bus and also resets the DMA

request latch.

CPU Input data 1s transmitted from the AM=5300 by the S$-100

data and control lines. It is transmitted from the AM-500

by the Status Register and Data In Register.

400,44, 1. STATUS REGISTER.
T'he sStatus Register 1s used to determine the current status

Controller operation and consists of the register

The input to the Status Register comes from the
AM-500 internal data bus D0-D7; and the Qutput when enabled,

~

goes to the 5-100 bus data lines DIO-

&../

Data from the internal data bus 1s clocked into the Status

Register by the STATUS signal from the Register/Memory Select
AG,

lers

logic., This ocuurs when the board is addressed and lines
Al and WR are all low. The Register/Memory Select decod
ssue the STATUS signal to clock the data into the Status
Register from the internal data bus. The contents of the
Status Register are applied to the S-100 bus data lines by the
Status Read signal (STSRD) f(rom the 1/0 Command Register.

This signal is 1ssued when address line A0=0, Write Strobe

Y

PWR is false (high), Read enable is True (high), and Activate

is high.

dob04, 2 STATUS WORD FORMATS

Status words contain information regarding the operation of

4= 19



Information and formats of the status
Table 4-6., Bit 7 is the Command Recei

g=Cleared.

Tabhle 4-5,

o
Formats

7E I
i [

o
o
j e
]
et
o

) FUNCTLION

,u,
-
—
S’
o]
[
ek
.
-
[

Disk Not Ready

a o 0 i o 1 1 Write Protected

7N
{
v
o
<>
[
o
)
>
S
[

Seak Frror

R SRS N § S 0 S A Sector Not Found

,m

)
G
o]
Sk
o
)

CRC Error

CR 1 90 ¢ 10D Sentinel Field Error

ot

y,
I
o)
o
1 j

OR = Command Received 0=Cleared, eived,

ans fer of data b

data line

ral data and the output, when

goes to the 5-100 bus data lines DIO-D17.

Data from the internal bus is clocked into the register when

elther Data /¢ {(DIOW) is true or RUN is false, Signal

(RUSAK) and Write (WR) from

the Memcry/Register Select

15 placed on the 5-100 bus data lines when in

Bootstrap Mode or when the 1/0 Command Register 1ssues

s addressed and AQ=1 %Lﬁﬁ} Read Enable PDBIN 1is true (high)

and Write Strobe

420

‘s Read DATRD command. The DATRD is issued when the board

Ve d

input to this 2gistes
i 2



card and
with
place on
in

supplied

wWas set
nresets

transparent

data

dirve

ctliv

bootstrap prog

reads the

SMEMR

enables

Regist

low

4

the

from

OAD PROCEDURE.

cuLt

I
LA

board ¢

)
L
b s
~
N

the ROM on U21 The for int

LK

microcade

is also contained in the first of

ram 1s contained in the

CTE
cha

mine,

code 1is nged from the

current o0b rTou the microcode

bootstrap load preogram by addr

reading from 172000 (octal) up. This a
from the 5-100 bus and a high INTIT si

ROOT

131l start-up,
the PROM (U2
The

signal through

the

ot

ink gene
3]

clock

vates
enables the
the

U3z2. Th

and

er of Data 1

input
RUN

initls

bv the
by

RUN
fatches
PROM

gate
1 1

1 remains so
In Re
conditio

data

and
Data

start-up

tlip-flop. The gister

that under these

the

5 Q

1

the enters internal bus

to the 5-100 bus data lines,

ontains a bootstrap load

second

1K of memory must be duplicatec

untilt DI

routin

o
o

ernal AM~ 500

ROM memory.

1K of memory.

in

essing the
ddress,
which takes
of
n Reglster is

e RUN signal
RLCLR

cons i
ns, the

and

When

.
the
FE R

block

data

trans

sfer of

the

boot

loader 1is

comp i

;
etad,

the phantom

the

commands ,

occurs at the completion of the cur

CLrdL

interrupt n

software

and the CPU and DMA modu

that

is disabled

it bhoard so it can accept

TERRUPTS.
be

sets

AM-500

disk o

mode can tor

selected
bit 7

interrupt

op

program in either

When the mode is selected,

ent AM-500 co

les initialtize

commands .

- " C D e P S
27ation wherl

r non-disk

the inte

mmand.

ot



internal data bus by the control

(U11) and connected to the S$-100 bus vectored inter:

the seven interrupt lines (VIi0-VI7) mav

AN

ey from pin 3 of U35 to the selected line.

errupt mode may be cleared by the software program so
40 not occur. the program clears the interrupt

bit 6 in any non-disk command to a one (see

PDISK DRIVE.

oard transfers disk write data and controls
through the write data leogic and drive control

for a complete list of the signals

B
wi

the disk drive,

Q.

reuitt board an

WRITE LOGIC.

fhe data write logic provides the double frequency encoded clock

and Jata sutput necessary for the disk drive write circuitry,

twhen the AM-500 15 in the write mode, the WRITE signal i1s high,

b

whivh sets the multiplexer in the CRC logic (U9) to
the write Jdata (WDATA) from the FIFO memory stack

23

i

checher module he serial data i1s then sent

flop 25 and also toe the data write logic
occur, CRCERR signal goes high and sets bit 7 of

status buffer.

FIFQ memory 1s not empty, FEMPTY 1is high enabling the
and gating the serial data output of the FIFO

where 1¢ is combined with the

EDATA output to the disk drive

curvent 1s flowing through the disk write head trom

command the CELL c¢lock i1s also combine inta the

4y

ommand through OR gate U43., When the FIFC memorvy
;“’-k’ﬁ\ lL 2

is empty, FEMPTY 1is low, gating CRC data to the



4.1.7.2 DRIVE REGISTERS.
The disk drive registers control the selection and operation
of the disk mechanism, Three flip-flop registers (Ull, Ul2

Ul3) perform these functions when enabled by the RUN signal.

No. 1 controls the address data to the disk drive,

ata i

5

contalned on the internal data bus and is
b

o D

=~

ive Register No. 1 CYLADR from the register

the c¢vlindery address,

(‘"‘
i

select logic., When the software selec

data bus into Drive

sy
st

cilocks the data from the interns

Drive Register No. 2 controls the disk and head select data to
the disk drive., This data 15 contained on the internal data
hus when the software selects the drive commands and 1s ol

\S
into Drive Register No. 2 by the DRVSEL signal from the register

[he Drive Control Register handles the gate signals for the
disk vead and write operations. This includes Write Oate
k4

{WOATET, Erase Gate (EGATE), Read Gate (RGATE),
I

Address Strobe (CYLSTR) and return to Zero Seek

in addition, this vegister generates the READ
z - o 3
ternal control and the S$-100 bus interrupt

is clocked into the Drive Control Register

from the register select logic.

4.1.8 INPUT PROM DISK DRIVE.

The AM-500 circuit board receives memory data and status [(rom

the disk drive threough the data read logic and drive status
register. See Table 2-3 for a complete list of the signals

between the circuit board and the disk drive.



eceives i

It

of the disk drive and applies them to the clock and preset

tp-flop. When the AM=500 1s not

mode , the

Tip-flop in

The flip-flop output (RDATA) and the input clock

SEEN
i

[FO mewory. When the

-

and RDATA are

he serial input
of the CRC logic.
2 DBRIVE STATUS BUFFER,

irive Status Buffer receives status informaticn from the

disk drive and also the error signal the CRC checker.

When the CPU interrogates the Jdisk status from the AM=5L00

I=4 and 4-5), the DRVSTS cutput of the register
is low which transfers the status data f{rom the

b,

to the internal data bus for transfer to

format its as follows:

> DRIVEREADY
o WRITEPROTECTED
7 CRC

See lable 2-3 for a description of the disk interface stignals.

4-24

¢ separate clock and data output
+
t

N



4.1.9 FIFO MEMORY AND CONTROL.

d Control cirvcuitry consists of two 4-bit

T e

memory modules connected for a stack of

16 8-bit bytes. See paragraph 4.2.3 for a detailed description
£ the module. The FIFO memory is used for both disk read and

write operations. [t converts the serial data from the disk to

parallel data for internal processing and transfer, and converts

parallel data to servial for disk write operations. The data

1s transferred between the FIFQ and 1K of the Random Access

Memory (RAM) by the DMA controller., For memory full or memory

P

5 -

empty conditions, the FIFO synchrontzing logic makes the DMA
service vequests to the DMA controller to ensure that the

DMA controller runs at the disk speed.

The DMA buffer is contained in the Random Access Memory (RAM]
modules Uh and Us. All data transfers to or from the disk

memory must pass through this buffer.

DMA requests (DREQO and DREQL} are generated by the DMA request

Y

latches on Ul6. TFor DREQO, the Data Write (DATWRT) command

is received from the [/0 command register, setting the DREQO

Flip-fiop. The acknowledge from the DMA controller {(DAC

"y

and the 1/0 Read (10R) are combined to reset the DREQO flip-flop

by DIOR. DREQ! flip-flop operates in a similar way; set by
Data Read (DATRD) and clocked by DIOW. Both request ftlip={lops

are cleared by DMA Request Clear DRLCLR.

L
3
(Wl



4.2 CIRCUIT MODULE DESCRIPTION.

describes the operation of the individual

e
packages (DIPS} contained on the AM=500 circuit board.
1s handled by the CPU and DMA controller modules,

M

in detail. The control logic and inter-

G thess

.

face modules are also described with lopgic and conne

grams for each one.

15 a block diagram of the CPU, and Figure 4=3

o

register configuration which contains 208 bi

‘vite memnory that are accessible te the programmer,

ters include two zets of six general purpose reglsters

indryidually as 3-bit registers or as la-bizt

regrster pairs. There are also two sets of accumulator and

E i

zglsters. The programmer has access to elither set of

eor alternate registers through a group of exchange instruc-

alternate set allows foreground/background mode

of operation or may be reserved for very fast Interrupt response.

contains a lo-bit stack pointer which permits
simple implementation of multiple level interrupts, unlimited
subroutine nesting and simplification of many tvpes of data

handi ljiﬁ\ .

wo ib-bit index registers allow tabular datae manipulatlon
and easy implewmentation reifocatable code. The Refresh register

of
automatic, totally transparent refresh of external

B

ories. The 1 register i1s used in a powerful infterrupt

response mode to form the upper 8 bits of a pointer to an interrupt
service address table, while the intevrupting device supplies

the lower 8 bits of the pointer. An indirect call is then made

svyvice address.
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Figure 4~4 shows the CPU pin in configuration and Table 4-7

contains a Llist of the CPU signals.
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Table

4w 7
e .

-
5
ot
]
L
"
o

PIN

B

Us

fri=state output, active hig

fexd

[ERN

AU-A15 constitute a i6-hit address

an 8-bit bidirec~

3= Y g ey 3 I T g = v [ S B T S P
ticnal data bus. ine uata Dus Lz

Qutput, active low. ML indicates

curvent macunine ovale 1%
the OP code fetch cvcle of an

instruction executlon.

Tri~state output, active low. TIhe
memory reguest signal indlcates

the address bus holds a vali«

for a memory read or memory write

operation,

I REQUEST

Tri~state cutput, active low.

signal indicates th
hatf of the address bus holds a valid

- TOFes

1/0 address for a 170 vead oy write

cperation. An IORQ signal

o
g

nerated when an interrupt is being

ate that an

acknowledged to indil




Table 4=7 (Cont.). CPU Signal List

interrupt response vector can be

placed on the data bus.

RD 21 {Tri-state output, active low. RD

MEMORY READ indicates that the CPU wants to read

data from memory or an 1

v

The addressed 1/0 device or memorvy

should use this signal to

onte the CPU data bus.

WR 22 [Tri~-state output, active Jow. WR
MEMORY WRITE indicates that the CPU data bus
holds wvalid data to be stored in

the addressed memory or 170 device,

o]
<0

Qutput, active low.

7

that the lower bhits of the

bus contain a refresh address
dynamic memories and the current
MREQ signal sheculd be used to Jdo a

refresh read to all dynamic memories

HALT 18 |Output, active low., HALT icates

STATE that the CPU has executed
software instruction and 13 awaltbing

ther a nonmaskable or a maskabis

[

e

interrvrupt {with the mask enabled)

before operation can

halted, the CPU executes NOP's to

maintain memory refresh

4~29




indivates

24 jlInput, active

= CPYU that

WALT to bl

i)
Fa

-

or [/0 devices are not ready for a
data transfer. The CPU continues to

enter walt states for as long as this

16 llnput, active low, The interrupt

devices. A request

at the end of the current
tion 1% the internal so0ftwares Con-

trolled intevrupt enable flip-

17 Jinput, active low. The

interrupt request line h

priority than INT and s always
recognized at the end of the current

instruction, independent of the

status of the interrupt enable tlip=~

26 jlnput, active 1ow.

s

izes the CPU as follows: reset

interrupt enable flip-flilop, clear
PC and registers I and R and set
interrupt to 8080A mode. During
reset time, the address and data

bus go to a high impedance

4= 30




Table 4-7 (Cont.). CPU Signal

e
[
og]

+

STGNAL PIN FUNCTLON

and all control cutput signals go

to the inactive state.

fo-
A3
)
[aN]
L

Input, active low. The bus request
BUS REQUEST signal has a higher priocrity than
NMI and is

at the

end of the current machine cvcle and
is used to request the (PU address
bus, data bus and tri-state output
control signals to go to a high
impedance state so that other devices

can control these busses.

BUSAK
BUS ACKNG

Qutput, active low. Bus acknowledges

S
N

NLEDGE 1s used to indicate to the requestin

i

ata

e

e
device that the CPU address bus, «
bus and tri-state control bus signals
have been set to their high impedance
state and the external device Can now

control these signals.

4,2.1.1  INSTRUCTION OP-CODE FETCH

The program counter content (PC) is placed on the address bus imme-

diately at the start of the cyel One half clock time later

€.
goes active. The falling edge of MREQ can be used directly as a
chip enable to dymamic memories. RD when active indicates that the

memory data should be enabled onto the CPU
data with the rising edge of the clock state T3. Clock states 13
and T4 of a fetch cycle are used to refresh dynamic memories while

the CPU is internally decoding and executing the instruction. The

data bus. The CPU samples



refresh control signal RFSH indicates that a refresh read

23

4

namic memories should be accomplished.
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ve oy
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Ao, 2 MEMORY READ OR WRITE

P

lllustrated here 1s the timing vead or write cyc

The MREQ and RD

~

othey than an OF code fetch (M

o

signals are used exactly as in the fetch
of a memory write cvcle, the MREQ als

it can be used directiy

r¢

the address bus 1s stable so tha

a chip enable for dynamic memories, The WR line is activ:

&
~

tp]

when data on the data bus 1is stable so that i1t can be us

_(
jou
ja
o

dirvectly as a R/W pulse to virtually any type of semico
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4.2.1.3 INPUT OR OUTPUT CYCLES,

1/C operations a

single

Llustrated here is the timing an I/0 read or 1/0 write opera-

automatically inserted (Tw*). The reason for this is that
[/O operations this extra state allows sufficient time for an /0

port to decode its address and activate the WAIT line if a wait
1s required,
g e o 3 i
NIV H W e W S N A
Y] FOAT ADORL 5 ‘ T
nDRG w F_A—_’V‘L ‘ |
RO T MI f'wm'm“_ N e
- bom
20 )
TS s S S S W S A
et P i o —
D s | I ouY
t 1
4, 2.01.4d I REQUEST/ACKNOWLEDGE CYCLE.
The interrupt signal is sampled by the CPU with the rising edge
of the last clock at the end of any instruction. When an inters=

H

A

special ML cycle ts

the IORQ signal becomes
that

cvele, active {(inst

indicate the interrupting device

on the data bus. Two wait states (Tw?*) are au
to this c¢vele so that a ripple priority interr

genera

can plac

Durin

of MREG
g-bit

ted.

3

ead
e an
tomatical.

scheme,

upt

as the one used in the peripheral controllers, can be easily
implemented.
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4,2.1,5 CPU INSTRUCTION SET.

15 a summary of the CPU instyruction set showing

The followil

assembly language mnemonic and the symbolic opervation performed
by the instruction. The instructions are divided into the fol-

lowing vategories:

loads Miscellaneous Group
loads Rotates and Shifts
es Bit Set, Reset and T
Block Moves Input and OCutput
Memory Block Searches Jumps
8~bit arithmetic and logic Calls
lo~bit arithmetic Restarts
General purpose Accumulator Returns
§ Operations
in the table the following terminclogy is used.
b = 5 bit number i any §-bit register or memory  d Z any &-bit destination yegistel i MeEmony fovslion
location dd = any le-bn destimation register of memary location
ce = fhagcondibon code E = Rt signed 2's complemenst displacement used in
NZ = nonzere relative jumps and indexed addressing
£ = zero L = ¥ special call locations in page zero. In decimal
NC = non carry notation these are 0. 8, 16, 34, 32 40, 48 and 56
¢ = carry n = any 8-bit binary number
PG ® Panty odd o1 no over flow nn = anv {6-bit binary pumber
PE = Panty even or over flow z any 8-bit general purpose remster (A B C D B
P = Positive H.oor 1)
M Negative {minus) 5 = any R-Bit source register or memory incaton
Sy = a bitwma specific &-bif register 07 MEMOry jocation
5 = any Le-bit seurce register o memory [ocation
subscript LT 2 the jow order 8 bits of a 16-but register
subscript "HY 2 the hugh order 8 bits of a 16-bit register
{1 = the comntents within the ¢ ¥ are t¢ be used as 2

pointer 1o a memory lacation of /O port numbe;
H-bit registers are A B, C.D. E H L. land R
to-hit register pairs are AF . BC . BE and HL
to-bit registers are SP.PC . IX and 1Y

Addressing Modes implemented mciude combinatons of
the tollowing.  Immediate indexed
immediate extended  Regster
Modified Page Zero implied
Relative Register Indirect
Extended Bi

4~ 54



8-BIT LOADS

16-BIT LOADS

EXCHANGES

MEMORY BLOCK MOVES

Takle 4-8

. CPU Instruction Set

Mnemonic

Svmbolic Operation

Comments

LD d oy
LDan
DA

LDd. A

(X Fey Y +ey
d = (HLy ¢
(PX+ed (1Y +e)
d=(HiL.
(1X+e) (IY+e)
s =(BCL (DEY
(nny LR
d=(BC). (DEL
{(nn). IR

LD dd, nn
LD dd (nin}
LD nny, ss

LD SP ss
PUSH ss

POP dd
EX DE HL
EX AF.AF

EXX

EX (SP). ss

dd ~ nn

dd « {nn}

(nn) < s

SP o+ 55

éSP*! } A Sﬁgi\ (SP“:) “« SS;

DE < HL
AF - AF’

/BC BC
DE }--| DE'
HL/ \HL,

(SP) -~ 88y . (SP+i) - sy

dd = BC. DE.
HL SPIXTY
dd = BC. DE,
HL. SPOIX 1Y
ss = BC. DE,
HL.SPIX 1Y
ss = HLOIX. 1Y
ss = BC. DE,
HL,AF X 1Y
dd = BC. DE.
HLOAF IX 1Y

m

W

s = HL X, 1Y

LDI

LR

LDD

LDDR

(DE) < (HL). DE ~ DE+!
HEL « HL+1 BC =~ BC-1
{DEY « (HL). DE « DE+1
HL « HL+1. BC < BC-1
Repeat unul BC =0
{DE) — (HL). DE « DE-1
HL < HL-1.BC « BC-}
(DE)} « (HLY DE = DE-|
HE = HL-1.BC « BC-}
Repeat until BC =0

o
3
o
|2l




MEMORY BLOCK SEARCTHES

{-RIT ALU

{a-RIT ARITHMATIC

GRACC ANTD FLAG

ble 4-8 (Cont.). CPU Instruction Set
Mnaemaonic Svmbolic Operation Comments

CPi

PR

Ph

CPOR

ADD s
ADC s
SUBs
SBC s
AND s
OR s

C XOR s

CP s
ING

DEC d

A-(HL), HL = HL+!

BC = BC-

A-{HL) HL = HL+1

BC < BC-1. Repeat
untif BC =0 or A = (HL)
A-(HLY, HL « HL-!

BC « B(C

A-(HL}. HL < HE -1

BC « BC-i. Repeat
unud BC= 0 or A = (HI)

A-{HL) sets
the flags only.
A is not affected

A Ats
A A+s+(Y
Ae A-s
A= A-s-CY
A~ AAs
A—AVs
A A®s

o

e

Y 15 the
carry flag

s=ron (HL)
(X+e) (1Y+e)

s=r.n{HL)
{(IX+el (1Y +e)

d = (HL)
t1X+e), (1Y +e)

R T,

TR
ADD HL . ss
ADC HL s
SBC HL . ss
ADD X s

ADDIY s

INC dd

DEC dd
i

HEi «~ HL + ss

HE o~ HL + e3¢ Y
ML o« WL -ss - (Y
[x - 1X +3

Y « 1Y ¢ss

dd « dd + |

dg < dd - |

sz = BC, DE
HL, 5P

ss = BC. DE,
X, SP

ss = BC, DE,|
iy, SP
dd = BC. DE.
HL.SP, IX. 1Y
dd =BC, DE,
HL.SPIX 1Y

DAA

CPL
NEG
CCF
SCF

SRR
Converts A contents into

packed BCD following add
or subtract.

A=A

A= 00~ A

Y = €Y

Y -~ 1

Operands must
be in packed
BCD format




MISCELLANEOUS

ROTATES AN SHIFTS

BIT S, R, AND T

INPUT AND OUTPUT

¥

IN £ {C)
NI

INIR

IND

INDR

1+ {C)

(HL) < {C) HL « HL + 1
B«B-!

(HL) < {C),HL « HL + |
B+B-1

Repeat unul B =0

(HL) <= (U}, HL « HL - §
B<H8-]

(HL} = (Cy HL « HL - |
BB-.i

Repeat unul B =0

fable 4-8 {Cont.). CPU Instruction
Mrnemonic Symbolic Operation Comments
NOP No operation
HALT Halt {'PU
DA Disable interrupts
El Enable Interrups
MO Set interrupt mode O R0K0A mode
Y Setnterrupt mode 1 Call to 0038y
M 2 Set nterrupt mode 2 Indirect Call
RLC s (V{7 T
s
RL s L (e
s
B
RR s e
s
SLA s CYpm—] 7 e ) s=r (HL)
’ (IX+e). (1Y +e)
SRA s G
_§ s
SRL s (59{:25;%" B
s
RLD [ J“[N: 7 4] T
A mred S|
RRD 7 A T\'; T 4[3 0]ese
BITb.s Z - % 7 1s zero flag
SET b.s Sy * ! s = {HL)
RESb. s S5 0 (IX+e) (IYte}

Set flags

o

)



Table 4-

INPUT AND QUT?PUY

JUMPS

RESTARTYS

RETFURNS

8

(Cont.).

Mremonic Svmbolic Operation Comments

OUT(nY. A 1 (n)~ A

OUTIOY v ((C)

GUTY (Cye (HL) HL <~ HL + 1
B+~RB-1

OTIR (Cre (HL), HL « HL + 1
B B -1
Repeat unul B = ¢

OUTD () e (HLy HE « HE -
B B-1

OTDR (Cy< (HEVHE < HE < 1
B<B-1
Repeat unul B = &

P nn

oo nn

JR ¢
JR kk.¢e

JP {ss)
DINZ ¢

CALL o

CALL co,

Bnn

e s ——
(SP-1) = PCy

maskable interrupt

PC < nn
{f condinion oo s frue

PC o« nn. else contnue

PC «PC+e

If condition kk s true

PC « PC + e else continue

PO« 53

Be«B-1 tB=0
contnue, clse BC « PC + ¢

Kk NZONC
£ C

s = HL IX 1Y

(SP-1) « ?("H

{SF-1% ?{\i PO o« nn
If condition v is {alse
continue. else same as

P(.-L L

PCyy + (SP+ 1)
i condition w18 faise
continue . eise same as RET

Return from interrupt,
same as RET

i Return from non-
3

4-38
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4.2.2 DMA CONTROLLER (U20).

This device is a multimode Direct Memory Access (DMA) controller

or microprocessor systems. 1t enhances system performance hy
allowing other devices to directly transfer information to or from
memwory o1 to transfer data from one memory to another, Figure 4=3
shows the DMA controller conmections and Table 49 lists these

signals with thelir functions.

the three basic transfer modes allow progralmaQTL ity of the types
of DMA service by the user, Fkach channel can be individually pro-
grammed to Autolnitialize to 1ts original condition following an

End of Process (EOP).

Fach channel has a full 64K address and word count capabllity.

An external EOP signal can terminate a DMA or memory-to-memory
transfer. This is useful for block search or compare operations
using external comparators or for intelligent peripherals to

ahort erronecus services,

CONMNECTION DIAGRAM

Top View
Gh {1 @ P [ e A7
] ""“""S z 2% ::}-~—;»— AS
MERR o 3 L S S U
e A7 [ e a4
(NOTE 13} ~——em{__1 & 30 L Jo——em £GP
READY ,__»v..,c: ] s :j-n————ﬁ» A%
NACK -~-——»-c-{:: 7 34—~ a2
ADSTH *&-W“‘E: L 3% b Ay
agy w———y 18 . EPE i Y
OMA

wnea LA oy | gg?! e Ve sy

L e i BL 30 [ J=——e D80

cuK —f———q 2 28 {Jrmem g3
RESET = 13 28 e g2
packz ——{ ] 14 2? %: = 083

DACKE ~e——ef ] 16 28 —— B4
oreas ——={_§ 18 25 o DACKD
DREQZ ——e{__} 17 24 [}——= DACKI
DREQY ——={_1 1@ 22 Yo DBE

DREQY —~——me{ 1 10 22 !-}-:—ﬁ-» D86
1GRT} VEE —M——-(: 20 2v [ oB?

Figure 4=5, DMA Controller Connections



Table 4-9. DMA Controller Signal List

SIGNAL PIN PUNCTTON

VS5 20 1 Ground

CLK

i
[
o

This input controls the internal

CLOCK, INPUT operations of the UMA Controller
and its rate of data transfers. The

“

input may be driven at to AMHz

for the standard DMA Controller and

up to 4MHz for the DMA Co

11 1 Chip Select 1s an active low input

SELECT, INPUT used to select the DMA

13 {Reset 13 an asynchronous acti.e

BT, INPUT high input which clears the Command,
Status, Request and Temporary regis-
ters, Tt also clears the first/
last flip/flop and sets the Mask
regirster, Following a Reset the

device is in the Idle cycie.

(3

[

READY & | Ready 1s an asynchronous input u

¥4

READY, INPUT to extend the memory read and wri

!_M
I

pulses from the DMA Contrelier to
accommodate slow memories or {/0

peripheral devices.




Table 4-8 (Cont.). DMA Controller Signal List

HACK 7 [ The active high Hold Acknowledge from

&

HOLD ACKNOWLEDGE, the CPU indicates that control of the

system buses has been relinquishe

DREQO~DREQZ 19,1 The DMA Request lines are individ
DMA REQUEST, TNPUT 18,1asynchronous channel reques

1.
¥

7, lused by peripheral circuits to

16 tobtain DMA service. In Fixed

Lty , DREQO has the highest priority

has the pricerity.
1s generated by activating

line of a channel, DACK

will acknowledge the recognition ot

the DREQ signal., Polarity of
is programmable. Reset initialilzes

these lines to active high.

DBO~DB7 30,{The Data Bus lines are bidirectlonal

29,1l three-state signals connected

15, The outputs

o

INPUT/QUTPUT 28,1the system data b
27,lare enabled in the Program Coendition
26,{during the I/0 Read to output the

23,jcontents of an Add

rary

d
2 Status register, the Tem.

21 fregister or a Word Count reglster

to the CPU. The outputs are dis-

abled and the are vead during

Write cvcle when the CPU 13

programming the

trol registers, ing DMA cycles

the most significant elght bits of




fable 4~9 (Cont.).

,u
e
-t

A Controller Signal Li

S5TGNAL PIN FUNCTION

the address are output onto the data

"

bus to be strobed into an external

fon

latch by ADSTRB. In memory=to-memery
operations, data from the memory

comes into the DMA Controller on

the data bus during the
memory transfer. In the write-to-
memory transfer, the data bus outputs
place the data inte the new memory

location.

I/0 Read i1s a bidirectional,

/70 READ, low, three-state line. in the idle

cycle, it 1s an input contre

o read the control

used by the CPU t
registers., In the Active cyvele, it
is an output control signal used by

the DMA Controller to access data

from a peripheral during a DMA

Write transter.

[/0 Write is a bidirectional, active
1/0 WRITE, 1ot

™2

three-state line, In

=3

E
INPUT/OUTPUT cycle, it 1s an 1nput control signal
used by the CPU to load information
into the DMA Controller. In the

Active cycle, it 1s an output control

o)
44
)
fovd
Yoy
b
s
"
-
o]
e
=
s
=
)
-
4]
oo
5
o]

signal used by tl
oad data to the peripheral during

a DMA Read transfer.




Table 4-9 (Cont.).

DMA Controller Signal List

STGNAL

FUNCTION

EOP

END

I

OF PROCLSS,

fYYEY

E

ur/ouTPuT

FOP is an active low, bidirectional
signal. Information concerning the
completion of DMA services 1s avall-
able at the bi-directional End of
Pracess {Eﬁ?ﬁ pin. The DMA Con-
troller allows an external signal to
terminate an active DMA service.

This 1s accomplished by pulling the

EQP input low with an external LEOP
signal. The DMA Controller also
generates a pulse when the terminal

count (TC) for any channel 1i1s reached.

This generates an EOP signal which
is output through the EOP line. The
reception of EOP, either internal or

external, will cause the DMA Control-

9]

ler to terminate the service, reset
the request;and if Autoinitialize

is enabled, to write the base regils-
ters to the current registers of that

channel. The mask bit and TC bit in

the status word will be set

currently active channel by EOI

unless the channel is programmed for
Autoinitialize. In that case, the
mask bit remains clear. During
memory-to-memory transfers, LOP will
be output when the TC for channel 1

OCCuUYs. ‘




4-9 (

Table

Cont.).

DMA Controller

Signal List

516

NAL

PIN

FUNCT LON

i

icant address

YUY e D TG
o3 Tda

stgnals, Iin the ldle they
inputs and are used by the DMA Cone

a3
=
-

are
1

outputs

provide lower bits of the

put address.

s, OUTPUT

i

[N
200
-

[§N)
2
»

o

four most significant addre

lines are three-state outputs

provide four bits of address.

lines are enabled only duri:

DMA

service.

10

Hold Request

1s us to re of

gquest <o

system bus, f the corresponding
r

mask bit is af

COe presence

DMA con-

DMA ACKNOWLEDGE,

QUTPUT

25,
24,
17,
16

DMA

Acknowl te notify

individual one has

n granted a

-

these lines 1s

Dr QErapjnan 1o,

tive 10w,

set inlitlializes them to

F.
S




Table 4-9

{Cont.),

.

DMA Controller Signal List

PIN

FUNCTLON

The Address Lnable is an active high
level used to enable the output of

the external latch which holds

upper byte of address, and to dis

the system bus during the DMA
Note that during DMA transfers, HACK
and ABEN should be used to deselect

all other 1/0 peripherals which may

erroneocusly be accessed as programmed

1 /0 during the DMA operatiocn.

DMA Controller automatically

selects itself during DMA transfer,

—
o
_—
Neird

yol
vl
N
o

OUTPUT

The active high Address Strobe is
used to strobe the upper address

byte into an external latch.

MEMR
MEMORY

ourpuT

oy

READ,

-

The Memory Read signal 135 an actiive
low, three-state output used to
access data from the selected memory
location during a DMA Read or a

memory=-to-memory transter.

MEMORY

ouUTRYT

WRITE,

The Memcoyy Write signal 1s ap active
low, three-state output used to write
data to the selected memoyy location

during a DMA Write or a memovy-to-

memory transfer.
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lable 4-10G. DMA Controller Internal Registers
Mame Size Number
Base Address Registers 16 bits 4
Base Ward Count Registers 16 bits 4
Current Address Registers 16 bits 4
Current Word Count Registers 16 bits 4
Temporary Address Register 16 bits 1
Yemporary Ward Count Register 18 bits i
Status Fegister 8 hits 1
Command Register 8 Dits 1
Temporary Register 8 bits 1
Yode fegisters 6 bits 4
Mask Hegister 4 bt 1
Hequest Register 4 bits t
DECREMENTOR INCCDECREMENTOR
TEMP ANKRO TEMP ADDRESS
FOF womi] LOUNT REG (18 HBEG 1161 3
BEFET o i
. 18 BiY guUs
I J— 16 817 BUS g b
READY oo =1 f 3
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Figure 4-6. DMA Controller
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The DMA Controller contains three basic blocks of control logic.
The Timing Control block generates internal timing and external
control signals for the DMA Controller. The Program Command Cone
troil block decodes the various commands given to the DMA Controller
by the microprocessor prior to servicing a DMA Request, It also
decodes the Mode Control word used to select the type of DMA

during the servicing. The Priority Encoder block resolves
priority contention between DMA channels requesting service

simultaneously.

The Timing Control bleck derives internal timing from the clock

input,

4 b >
o ox leon

(5%

DMA OPERATILION

G
[

Yhe DMA Controller operates in two major cycles, 'hese are called
le

Id and Active cycles. Each device cycle is made up of a number
of states. The DMA Controller can assume seven separate states,

3

each composed of one full clock period. State 1 (S1) is the
inactive state. It is entered when the DMA Controller has no
valid DMA requests pending. While in SI, the DMA controller is

tnactive but may be in the Program Condition, being programmed

bv the processor. State 0 (S0} is the first state of a DMA service.
The DMA Controller has requested a hold, but the processor has not

vet returned an acknowledge. An acknowledge ftrom the CPU signals

that transfers may begin. Sl, 54, S3 and 54 are working states of

1

I more time is needed te complete a transfer

vy

TN -
oe

e,
available with normal timing, wait states (SW) can

inserted between SZ2 or S$3 and S4 by the use of the Ready line on

Memory-to-memory transfers require a read-from and a write-to-
memory to complete each transfer. The states, which resemble the
svmal working states se two digit numbers £ 1 ification
normal working states, use two digit numbers for identificatien.

Fight states are required for a single transfer. The first four



are used for the read-from-memory

tates (S21, S22, $23 and S524) for the

channel 1s requesting service, the DMA Controller will

enter the idle cycle and perform "S1" states. In this cycle,

the DREQ lines every clock cycle to

regquesting a DMA servvice. The

samples €S, looking for an attempt by the microproc

write or read the internal isters of the DMA Controll

CS 1s low and HREQ is low, the DMA Controller enters the

Condition. The CPU c¢an now establish, change or inspect

'r-'h)

R \ £ 1 ey oy N I . [ . A b
definition of the part by reading from or writing to the

tnternal registers., Address lines A0-A3Z are inputs to the device

lect which registers are to be read or written.

and T0W lines are used to select and time reads or writes. Due

and size of the internal registers, an internal

1,

rate an additional bit of address.

o
b
N
&
1y
Fad
-
o
e
<5

the upper or lower by

gisters,

e
——
r""}
-
O

he flip/flop is reset

o
-
¥
o2
&
-
[
¢
jeh
s
o
ol
=
v
i
22
o~
P
81

™

rarate software command can a S0

tal software commands can be executed by the DMA C
ram Condition. These commands are decoded as sets of
addresses with C5 and 1OW, The commands do not make use of the

structions include Clear Firvst/

When the DMA Controller 1s in the Idle cycle and a channel
requests & UMA service, the device outputs a HREQ to the micro-
processor and enters the Active cycle. It 1s in this cyvcle that

the DMA

k-‘w\

1571

ervice takes place in one of three modes:

4-48



Single Transfer Mode, In Single Transfer mode, the device 1is

grammed to make one transfer only. The word count is decremented
and the address decremented or incremented following each transfer

vhen the word count goes to zero, a Terminal Count (FC) caus

1

Autoinitialize if the channel has been programmed to do so.

ield active until DACK becomes active in order to be

DREQ is held ¢

ctive throughout the single transte;

“wve and releases the bus to the system. le will

again ¢o active and upon receipt of a new HACK, another sin

j8)e0
j-
%

(¢
oy
-
o
.
~
&

transfer 1s performed., In 8080A/9080A systems, this will

one full machine c¢ycle execution between DMA transfers.

i

o

Block Transfer Mode, In Block Transfer mode, the devic

£
vated by DREQ to continue making transfers during the service
until a TC, caused by the word count going to zero, or an externsai

1

(EOP) is encountered. DREQ need oniy Dbe

b 1
4

End of Process

active until DACK becomes active. Again, an Autcinitialize oClurs

at the end of the service if the channel has been programmed for

Demand Transfer Mode. In Demand Transfer mode, the devive i3

programmed to continue making transfers until a TC or external

EOP is encountered or until DREQ goes inactive. Thus transfers

may continue until the 1/0 device has exhausted its
to

device has had a chance

s
Ty
o
W
[
I
e
vl
-

catch up,
vice is re-established by means of a DREQ. During the time

between services when the microprocessor is allowed to

the intermediate values of address and word count are

the DMA Controller Current Address and Current Word Count regis-

ters. Onity an EOP can cause an Autoinitialize at the end of the

service. EUP is generated eilther by TC or by an external

4-49



nree active fTransfer modes can

ner

transters, i

hese are Rea Write and

&
o

data an [/70 devige

transters

V¥

mo

Tom

transfers

1

Read maeve Tom me

R

and 107

Controller operates as in

addresses, responding

memory and 1/0 control lines

To perform block moves of

with a minimum of

prog
2

ey includes memory-to-memory

"y

inn the Command seleac

-t -~memo ry chann

the softw for
a DMA service

memory. 1

the add

g

source

normal
the DMA Centry

ncremented manney

MEMOry is storec

Channel 1 then writes the

Mmemory usii the address

ster and incrementin g or dec

4 d
Manner, the channel | Current Word Count is de

1

terminatis ng

channel

ui

the ward £0eS

the

service,

to retain

single word

«

The DMA Controller responds to external EGD sig

sfers, Data compavators in block

Uf

[ ¥

the m

form

Verify
emory

Moy

all rem:

5

el

channel

[he

®

oll
data

1. it

B

dx.

Write
act ivats

H e

ats

byte

ternal

&

nt

normal

cremented, When
1S generated

nals

arTe

-

during

h

s MEMOTry =
b




may use

Autoinitialize.

this

input to terminate the service when a

By programming a bit in the Mode regis

channel may

[
¢

71

[N
ot

4

Current Wor

Cm T s im
foilow [ 494

with the

unchanged £l

1

th

when e ¢

the

R
Py

avatrlable

Priovity

the descend

channel, 0.
the other

vice until

e second

3
v
.
G
¥
s
-
3
o

ac

With Rotat:
reques ting
three

than

any one cha

ltalization,

o

Base Address

EQP

current

annel

which

st priority

onann

N S 3 =
sgnpeme LS

becomes

nnel

Autoinitialize channel.
of

automatically

be set up as an

the original values the Current

Count registers are restored

and Base Word Count registers of that

. The base reglisters are

registers by

t 18

The mask b

hroughout the DMA service.,

1s in Autoinitialize. Following

ready to perform another service without

1s

DMA

software

Controller has two types priority

selectable The first is

the

options.

in pricrity order

The

fixes channels

ing value of their number. channel with

3

the recognition of

15 followed by 2, 1

After any one channel

els are prevented from interfering with
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4,2.0.6 REGISTER DESCRIPTION.

Address Reglster. ERach channel has a 16-bit Current

Address register. This register holds the value of the address

used during DMA transfers. The address is autematically incre-
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Mernory-to-memory disable
Memory - ta-memory enable

f 0 Channel 0 address hoid disable
2 1 Channel O address hoid enable

§
J——
o<

Xt Gre 0

G Controller gnable
ii T Controller disable

3 Nosmal sming
1t Cornpressed timing
Kty 0= 1

g 0 Fixed Priority

z i Raotaung Pronty

(G Late write selecton

I Extended write selection
X ltbhad -1

R EQ sense active figh

{IREQ sense active low

0 DACK sense active ow

DACK serse acuve high

s mtntonn

DMA Controller Command Bits



Table 4-11.

and Address Register Command Codes

DMA Controller Word Count

. Signals ] t Data Bus
Channe$ Hegister Operation e nierna )
e CS I0R I1I0W A3 A2 Al AL Flip/Flop 080 - DB7
Base & Current ) 0 K O g 0 0 0 3 Al A7
0 ) Write
Adddress ¢ 1 4] 0 ¢ 0 0 i AB-ATS
Current g 0 1 g 0 0 0 g AD-ATF
Read
Address g 0 Tt 0 0 0 0 1 AB-A15
Base & Current 0 1 o} o 0 9 1 0 WO-W7
. Write , .
Word Count o1 0 0 0 0 1 1 W8-W15
Current o o ] 0 0 0 1 0 WO-W7
~ Read
Weord Count 0 0 i 0 0 0 1t i WB-W15
Base & Current 0 1 o a 0 v 0 & AQ-AT
1 . Write
Address o0 0o 0 0 t 0 1 AB-A1S
Current 3 0 1 g 0 1 @ 0 AG-A7
Read
Address 0 0 T8 0 10 1 AB-ATS
Base & Current » g 1 0 o o 1 3 0 WO-W7
[ Write o
Waord Count 9 H {} a 4 1 g 1 WHW15
Curren (¢ G % a0 o 1 O WO w7
N . Read o
Waord Count g ¢ 0 0 3 1 1 WHWIS
Base & Current | ) ) ] 0 [T S ¢ B )] Al-A7
2 o s Write . . .
AL Ess 4} i 0 . 0 ¢ 1 AY-STH
Cusrrens I 0 1 (- I g 0 G AQ-A7
. Read
Adddress 0 0 ¥ 0 1t 0 0 1 AR-ATS
Base & Current . a 1 6 ¢ t 0 1 Q WO-W7
o Weite ) )
Word Count 0 G 2 1 0 1 1 WB-W15
Current s a 1 g 1 a0 1 0 WO-W7
e Read ]
Waord Count ] ] 1 0 1 ] 1 1 WHE-WI15
3 Base & Current Write & 1 0 a 1+ 1 0 o AQ-A7
Address Q 1 0 o 1 t 0 1 AR-A1H
Current 0 0 1 o 1 1 O a AG-AT
Read
Address 0 0 1T 0 1 t @ 1 AB-A1E
Base & Current ) a 1 g o v 1 1 0 WO-W7
. Write
Word Count g 1 0 g 1 1 1 1 Wa-Wis
Current Read 0 G 1 g 1 1 1 O WO 7
Word Count o o 6 1 0 1 1 1 1 WB-W15
4=55




Mode Register. EHach channcl

with 1t. When the register bv the mivro-

in the Program Condi determine

channel Mode register is to be written see igure 4-3% for

mode register bit conftiguration

~l
el

5 4 3 2 IO =B Numbes
SEREN
RN

) - § (00 Channet D select

i 01 Channei 1 seigct
10  Channel 2 select

51 Channel 3 selest

00 Versty transfes
i 01 Write ranster
| P 10 Reag vanster
1% Hiegal
XX Hbouts & anag 7 4]

O Awtorntiabige disable

T Misoinitiatize enable

{ .

] b Agigdeasy irmrenant select
%_ 1 Address decrement select

{00 Demand mode select
j 31 Single mode wlect

E 10 Riock mode sefect
¥ Cascade mode select




T

Request Register. he DMA Controller can respond to requests

for DMA service which are initiated by software as well as by
a DREQ. Fach channel has a request bit assocliated with 1t in
the four bit Request register. These are nonmaskable and sub-
Ject to pricoritization by the Priority kEncoder network, [Each
register bit is set or reset separately under software control
he

entire register 1s cleared by a Reset,. Te set or reset a bit,
1

o]

or 1s cleared upon generation of a TC or external

the software loads the proper form of the data word, See Figure
4-9 lor the request register bit configuration and Table J4-11

for address coding.

7 6 H a4 3 2 30 =e—— 30 Number

EREEERRE

i 00 Select channel &

Don't Care i
Lm 03 Select channel !

10 Select channet 2

. 11 Select channei 3

_.u_mm__‘{ 0 Reset request bt

1 Serrequest it

Figure 4-9.
Software requests will be serviced only it the channel s in
Rlock mode. When initiating a mewmory-to-memory transfer, the

software vequest for channel 0 should be set.

Register, FEach channel has associated with it a mask bit

can be set to disable the incoming DREQ. Each mask bit

is sct when its associated channel produces an EOP if the channe.
is net programmed for Autoinitialize. FBach bit of the four bit

Mas k

~

eglster may also be set or cleared separately under soft-
ware control. The entire reglster is also set by a Reset.
This disables all DMA requests until a clear Mask register
instruction allows them to occur., The instruction to separately

set or clear the mask bits 1s similar in form to that used with

the Reqguest register. See Figure 4-10 for the mask register bit
configuration and Table 4-12 for Register instruction codes.

J=5
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!

G -w— B Number

N

L[]

I

|

Don't Care

All four

also be w

T
|
!
!

N

‘
i 0
% 1 Set mask bit

bits of the

ritten with

T

|

Con't Ca

Figure 1-10.

Table 4-12

e

R

00 Select channet {1 mask bit
01 Select channel 1 mask hit
1) Select channel 2 mask bt
11 Setect channel 3 mask bit

Ciear mask bt

Mask register may

a single command.

0 ~w— Bt Numbe;

Se: Channel 0 mask it

]
!
i ‘{ O Cleat Channel 0 mask it
1

O Clear Channel 1 mask bt
1 Set Channel 1 mask nt

a Clear Channe! 2 mask bit
1 Set Channel 2 mask bit

f ¢ Clear Channel 3 mask bit
'g 1 Set Channel 3 mask bit

roller Mask Register Bits

. DMA Controller Register Codes

Register Operation Signals

€85 I0R IOW A3 A2 A1 AD
Command | Write 0 1 8] i 0 6 0
Mode Write G % O 0 1 3
Request Write 0 1 V] T 0 0 1
Mask Set/Reset 0 1 0 T 0 1 0
Mask Write G 1 0 1 1 1 3
Temporary | Read 0 G 1 i T 0 1
Status Read a 0 1 1 0 ¢ ¢
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Clear First/Last Fli?/?lop: This command is executed prior
to writing or reading new address or word count information
to the DMA Controller. This initializes the flip/flop to a
known state so that subsequent accesses to register contents
by the microprocessor will address upper and lowery bytes in

the correct seguence.

Master Clear: This software instruction has the same effect
as the hardware Reset. The Command, Status, Request, Temporary,
and Internal First/Last Flip/Flop registers are cleared and

the Mask register is set. The DMA Controlley enters the ldle

cycle. Table 4-13 1ists the address codes for the software

commands .,

Table 4-13. DMA Controller Software

Command Caodes

Operation Registers | _ — Signals

Affected % I0OR OW Az A2 A1 AD

Ciear FF internal 0 1 Q 1 t 0 @
First/Last
Flip/Flop

Master Clear: 0 1 0 1 0 1
Ciear Command
Status

Request
Tempaorary
internal

First/Last
Flip/Flop
Set: Mask

4~-60



4,2.3 FIRST-TIN FIRST-0UT s

L]

(FIFO) BUFFER MEMORY (U7, .

This device 1is an expandable fall~-through type, high-speed Fivst-

First-Out (FIFQ) or

buffer memory optimized for high speed disc

tape controllers and communications buffers. 1t 15 organized
as 16 words by four bits and may be expanded to any number. of
of 4).

in serial or parallel. 1

words or any number of bits (in multiples Data may be

3
3

entered or extracted asynchronously

device has tri-state outputs. See Figure 4-12 for the FIFO

Buffer connections.

CONNECTION DIAGRAM

PIN NAMES LOGIC SYMBOL
DIP {TOP VIEW)
Dg Doy Parailel Qata ioputs 6 < <
Dg Serial Data tnput | l I ! {
PL Parallel Load (nput - i : i ¥ P
£PSI Sersal tnput Clock (Operates on — o v {30
—od en by ”
Negative Gomng Transition =Y s
) ) e Y ‘ -«} A
Serial taput Lnable {Actve LOW) -y
Trarsie: 1o Stack input (Actve LOW) e FIED ‘ ’
—af 10y ¥ - Tiox
Sersal Quiput Enable Input ; ot H
(Achve LOW) e L o pde
TOS Transfer Qus Senal Input JOS P o fde
, o YO s Ty
{Acuve LOW) 3 { l 1 ] ‘ s A
TOP Transfer Dut Parallel Input ! 207 % s 06
- 8 g oo 2 2 F g 45 RS
MR Master Reser {Active LOW) o v sty [y e
Eo Output Enable {Active LOW) .
......... Y ER s 3
GRS Serial Gurput Clock nput by O o H
{Operates on Megative-Going Transitian} Vee - P 28 7 L B0 o
Qp - Q3 Paraitel Data Outputs GND = Pyn 12
Ug Serial Data Quiput )
IRE input Register Full Quiput L
{Acuive LOW!
ORE Dutput Register Empty Output

{Active LOW]

P

Figure 4-1

. FIFO

Buffer

Connections

ot



4.2.3.1
As

of

shown

three

FUNCTIONAL DESCRIPTION.
in the Block Diagram in Figure 4-13, the device consists

parts:

1. An input Register with Parallel and Serial Data lnputs
as well as control inputs and outputs for input hand-
shaking and expansion.

2. A 4-bit wide, l4-word deep Fall-Through Stack with self-
contained control logic.

3. An Output Register with Parallel and Serial Data Outputs

as well as control inputs and outputs for output hand-

shaking and expansion.

Since
independently,

paragraphs.

they will be described separately in the

these three sections operate asynchronously and almost

following

D,
on 0,000
© n o1 P
_ WPUT BAT:
c’?‘ o o [ A .
5O conraOL INFUY REGETER Conmnet
S - o)
4K
Q! M e :_ut:gg\_ } 14 X 14 STACK
i ﬁ
o
@m SR - D’-mmmml
() o mrror Y ouTeUT AESISTER )
@"’5 — ’ | QUYRUT DATA
sl et @
g
Yoo = Fin 24 Do 4
vge = Pn 12 Oy [%2 % |%
) » #in Numiers ®Oe®®

Figure 4-13,

4-62

FIFQO Block Diagram



4.2,3.2 INPUT REGISTER (DATA ENTRY).
The Input Register can receive data in either bit-sertal or in
d-bit parallel form, store it until it is sent to the Fall-Through

Stack and generate and accept the necessary status and control

Figure 4-14 is a conceptual logic diagram of the input section.

As described later, this 5-bit register is initialized by setting
the F3 Flip-Flop and resetting the other flip-flops. The § Output

of the last Flip-Flop (FC) 1is brought out as the "Input Register

Full™ output {(IRF). After inttialization this output Is HIGH.
f — &P Data 1
i gDJ }5? ED’ s%
» g
H
« rim . !
i _ A
% Y o
v @ ° LI ] o o N
v3 22 € £0 i
e A = T . o i OF ~dce o A%
T il s R e i
{
:Sl»\ ﬂ;)q"rxu\:{xr’.{: ROAE T4 1

¢

o DA T A MEUTY 10 ST CK [

Figure 4~14, FIFO Conceptual Input Section

o the PL Input loads the DO-D3

1
~-F3 Flip-Flops and sets the
t

inputs must be stable while PL 1s HIGH. During pavaliel entry,

the TES Input should be LOW; the CPS



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 irnhibiting

,
further CPS1 clock pulses. TFigure 4-15 illustrates the final
positions resulting from a 64-bit serial bit train. BO is the
first bit, B63 the last bit.

[ R R o

[ 1]

NPT 63002 B BLU

LREwisTUR

L "r——.« o,

RE Q%59 4 K2 3 o R& s
[E RN PRSP Y

Figure 4~15., Final Positions in a FIFO

Resulting from a 64-Bit Serial Train

4,2.35.3% TRANSFER TO THE FALL-THROUGH STACK.

The outputs of Flip-Flops FO - F3 feed the Stack. A LOW level on
the TTS Input attempts to initiate a 'fall-through' action. 1f
the top location of the Stack is empty, data is loaded into the
Stack and the input register is re-initialized. Note that this
initialization is postponed until PL is LOW again. Thus, auto-
matic FIFO action is achieved by connecting the TRF output to

the TTS input.

Data falls through the Stack automatically, 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 DS Input is serially entered into the
Ex, F2, F1, FO, FC Shift Register on each HIGH-to-LOW transition
of the CPSI Clock Input, provided IES and PL are LOW.




4.2.3.4 OUTPUT REGISTER (DATA EXTRACTION).

The Output Register receives 4-bit data words from the bottom Stack
location, stores 1t and outputs data on a 3-state 4-bit parallel
data bus or on a 3-state serial data bus. The output section
generates and rveceives the necessary status and control signals.

Figure 4-16 1s a conceptual logic diagram of the output section.

e QUTPY R BORE ST AGR =i s

T T
»g % I
[ , s

A B O O

S UAD / BOM 51 ACK

o Dy s

A
r*l)‘
e

2

A
T
]
1

:

7

L1 1.9 A e ouTeUY DAY of So 9

Figure 4-16. FIFO Conceptual QOutput Section
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Parallel Data Extraction. When the FIFO is empty after a LOW

pulse is applied to MR, the Cutput Register BEmpty (ORE) Output
iz LOW., Atter data has been entered into the FIFO and has fallen
through to the bottom Stack location, it is transferred into

the output register, provided the "Transfer Out Parallel™ (TOP)

Input 1s HiGH} and the OES Input is LOW. As a result of the
data transfer, ORE goes HIGH indicating valid data on the data
cutputs (provided the 3-state buffer 1s enabled}. TOP can

now be used to clock out the next word, When TOP goes LOW,
ORE

[ES]

goes LOW indicating that the output data has been extracted;
but the data itself remains on the output bus until the next
LOW-to-HIGH transition of TOP transfers the next word {if

available) into the output register as explained above. During

parallel data extraction, TOS, CPSO, and OES should be LOW.

Serial Data Extraction. When the FIFO is empty after a LOW

pulse is applied to MR, the Output Register Empty {(ORE} output
is LOW. After data has been entered inte the FIFO and has
fallen through to the bottom Stack location, it 1s transferred
into the output shift register provided the "Transfer Out
Serial' (TO5) is LOW. TOP must be HIGH, and OES and CPSO must

3

be LOW. As a result of the data transfer, ORE goes HIGH indi-

cating valid data in the shift register. The 3-state serial
Data Qutput QS is automatically enabled and puts the fivst
data bit on the output bus, Data is serially shifted out on
the HIGH-to-LOW transition of CPSO. The fourth transition
empties the shift register, forces ORE LOW and disables the
serial output 08, For serial operation, the ORE output may

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

45 soon as the previous one has heen shifted out.



4.2.3.5 HORTZONTAL EXPANSION.

The device may he horizontally expanded to store

multiples of four bits) without

neactions necessary to form a lo-word by

e,

i

Weaar —

ooy

M
i

in Figure 4«17, Using the same

n bits can be constructed
direction, 1t is usual to
right most device {(most s
to guarante

are ready.

POy 0y DB

external logic.

12-bit FI

echnigue, any FI

. When expanding

connect the TIRF

spectively of all
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Figure 4-17, FIFO Horizontal Expansion Scheme
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a

IES LOW when initialized,

Figure 4-20.

Conditions: Data

in

stack, TOF HIGH,

FI1FO Timing

serial Output, Unexpanded

or Master

OES

LOW

Operation

Conditions: Data

TES HIGH when

Figure 4-21.
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in stack,

initialized

FLFO Timing

TOP
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Slave Operation
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Conditions: IES LOW when initialized,
ECQ, CPSO LOW. Data available in stack

Figure 4-22. FIFO Timing - Parallel Output,

4-Bit Word or Master in Parallel Expansion

Conditions: TTS
ES,

connected to IRF, TOS connected
OES, EO, CPSO LOW, TOP HIGH

to ORE, 1

Figure 4-23, FIFQ Fall Through Time



O Y 5TABLE

| RS ——

Ty
SOYE 3

o0 w"— Teg ke
TISINDTL 21 !

Conditions: Stack not full, TGS LOW when initiali

1. FIFO Timing - Parallel Load Mode,

4-Bit Word (Unexpanded) or Master in Parallel Expansion

SIABLS

A

Conditions: Sta

ck not full, device initialized
(Note 1) with TES HIGH

Figure 4-25. FIFO Timing - Pavallel Load, Slave Mode



4.2.4 CYCLIC REDUNDANCY CHECK (CRC) GENERATOR/CHECKER (UZ3).

Cvcelic Redundancy Check {(CRCY Generator/Checker is a 16-bit

programmable device which operates on serial data streams and

provides a means of detecting transmission errvors. Cyclic

ST AT T Ay 0 = < £ A 3 are hased

envoding and decoding schemes for error detection are bhased

on polvnomial manipulation in modulo arithmetic., For encoding,

the data stream {(message polynomial) is divided by a selected
h

18

polynomial. This division results in a remainder which 18
appended to the message as check bits. For error checking,

the bit stream containing both data and check bits is divided
by the same selected polynomial. 1If there are no detectable
grrors, this division results in a zero remainder. Although

it 15 possible to choose many genevating polynomials of a given

degree, standards exist that specify a small number of usefuyl

(«—r

polvnomials. This device implements the polynomials listed

in Table 4-14 by applying the appropriate logic levels to th
select pins 50, S1 and $2. The CRC connections ave shown in

Figure 4-26,

The device consists of a 16-bit register, a Read Only Memory
{ROM} and assoclated control circuitry as shown in the Blook
Diagram. The polynomial control code presented at inputs 50,

51 and S22 i1s decoded by the ROM, selecting the desired pelynomial
by establishing shift mode operation on the register with Exclu-
sive OR gates at appropriate inputs. To generate the check
bits, the data stream is entered via the Data Inputs (D}, using
the HIGH to LOW transition of the Clock Input (CP). This data
15 gated with the most significant Output (Q) of the register,
and controls the Exculsive OR gates (Figure 4~27). The Check
Word Enmable (CWE) must be held HIGH while the data is being
entered. After the last data bit is entered, the CWE is brought
LOW and the check bits are shifted out of the register and
appended to the data bits using external gating (Figure 4-28).



To check an incoming message for errors, both the data and check
bits are entered through the D Input with the CWE Input held high.
-The device is not in the data path, but only monitors the message.
The Errvor Qutput becowmes valid after the last check bit has been

entered into the device by a HIGH to LOW transition of (P, If

D

no detectable errors have occurred during the data transmission,

the resultant internal register bits are all LOW and the Error
Cutput {ER} is LOW, If a detectable error has occurred, ER is
HIGH; ER remains valid until the next HIGH to LOW transition

>

£ CP or until the device has been preset or reset.

A HIGH on the Master Reset Input (MR) asvnchronously clears the
register. A LOW on the Preset Input {(P) asynchronously sets the
entire register if the control code inputs specify a 16-bit
polvanomial; in the case of 12 or 8-bit check polynomials, only
the most significant 12 or & register bits are set, and the

remaining bits are cleared.

LOGIC SYMBOHL Pi NAMES
: s S{) - 52 Boivnomiat Setect Inputs
& ! 9_ Data (nput
Co b 2 cF Clock {Dperatas on HIGH
:; E LOW Transitien} input
o ST i CWE Check Word Enable [nput
i P Preset {Active LOW! Input
‘ MR Master Reset {Actve HIGR] input
vee Pt Q Date Dutput
GND - & 7 ER Ereor Outpui
CONNELTION DIAGRAM BLOCK DIAGRAM
DiP ITOP VIEW)
?W:} « RN
' . 3 N Dk (2
S sk oAy

wisEY 3
i 1o
Sy (AL :}m DATs

G gt AgfasTER Ofee i PRTA
o

DOanfnno

. K TPUY
- Y
LS N 9 BALT
J CHI
it BEL
0 ranns
Pinx 6 and 9 not connected.
Ve = 14
NOTE. GND- 7

The Figtpak werscon hes the iame
pmouts (Connection Dipgram) as she
Dusl {n.Lone Peckaga.

Figure 4-26, CRC Checkey Connections



Table 4-14., CRC Polynomial Select Codes
SELECT CODE POLYNORMIAL REMARKS
£V Sk Sn
L L L X V8% 154 %24y CRC-16
L H H X164 3 14a % +1 CRC16 REVERSE
: H t X 16450154 x 134 X Pa xBa M2 x T4y
L H ot XI5 1 s x3ex 2y 2y CRC-12
# L & *xBax T4 x5 x8e 241
w L H x84y LRC-8
# # L K164 x 124 XDy CRC-CCITT
v = “ X16ex11ax%ey CRC-CCITT REVEASE

t

i

"

Bl e

o ~-;) rneh

V"Q('?m L e F’O”W ;w(! s [-{’CP““
. L 2 i i i
“igur 7. CRC Equi: 16,15
Figure 4-27, CRC Eguivalent Circuit For X "+X " "+X
wref ol 'rl NWA\N:(:' B :Al:;:"; ‘VY;
NG ANE 1!5 - 1 v
e L

NMOTES.

t Check word Enabie 1« HIGH while data 1 Deing clocked, (OW duning transmssion of check bits
2. 8401 musi be reset or preset belore gach compuiation.
3  CRCcheck i are penerated and appended 1o dats s,

Figure 4-28,

CRC Check Word
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4.2.5 16K (2K x 8} UV ERASABLE PROM (U21).
This device is a 16,384-bit ultraviclet erasable and electrically

programmable read-only memory (EPROM).

Pin Configuration

2716

v
2
X
é
3
BLOCK DItAGRAM :
‘ z
Dais GUIFUTE :
VET, Qe = oo :
(Y ‘;“-mf .
R ;IT¥{¥[ iR
. BERNRE .
P (AT T w—
cemom _=ang EOFGI{‘. QUTPUT BUETERE
J—y v i Srae
; Rhane OICQOER ST ¥ QATING
A <
s ) PIN NAMES
S X : 1§ 284 817 )
! =5 oecoora M ceuy werIx jrvart EoRiise
| Qpensonst 2 26
= i
S m’_”“_
1 Oy ~Dy STPITE

Frgure 4-29, PROM Connections

The erasure charactevristics ol 1is device are such that erasure

1

begins to occur when exposed to light with wavelengths shorter
than approximately 4000 Angstroms. It should be noted that sun-
Light and certain types of fluorescent lamps have wavelengths

in the 2000-4000& range. Data show that constant exposure to
reom level fluorescent lighting could erase the typical device
in approximately 3 vears, while 1t would take approximately

£

e

I week to cause erasure when exposed to direct suniight.
to be exposed to these types of lighting conditions
or extended periods of time, opaque labels are available which

should be placed over the window to prevent unintentiocnal erasure,

4=75



4,.2.5,2 DEVICE COPERATION.

The five modes of operation of the device are listed in Table 4-15
it should be noted that all inputs for the five modes are at TTL

levels. The power supplies required are a +5V VCC and a Vpp

5.

-

The Vpp power supply must be at 25V during the three programming

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

Table 4-15. PROM Mode Selection

\ PING Chreows & vep b ver | Ouveuts
. 118 - W | ooe | oot e
MOOE \\‘ 1
Boss M Vi 1] -8 Couy
Srontby Vs Qo 3 Caw & 8 Mgh ¥
Broge Pulyess M ¢t Vs Vi = o4 By
Reogarn Vae oy Vit I sy 8 Boyut
Seograrn tnoiges Vi Vit ® a8 segh £

Read Mode. The device has two control functions, both of which

rmraecrecaH SRS,

must be logically satisfied in order to obtain data at the out-

5
puts. Chip Enable {CE} is the power control and should be used
for device selection. OQutput Fnable (OE) is the output control
and should be used to gate data to the output pins, independent
of device selection. Assuming that addresses are stable, address
access time (tACC) is equal to the delay from CE to output (tCE).

Data i1z available at the outputs 120 ns (tOE) after the
edge of O

falling
, assuming that CE has been low and addresses have

been stable for at least tACC - tOE,

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

active power dissipation by 75%, from 525 mW to 132 mW. The
device is placed in the standby mode by applving a TTL high signal
to the CE input. When in standby mode, the outputs are in a

high impedence state, independent of the OF input.

Qutput Deselection. The outputs of two or more devices may be

OR-tied together on the same data bus. Onply one should have

its output selected (OE low) to prevent data bus contention



between devices in this configuration. The outputs of the others

should be deselected by raising the OEF input to a TTL high level,

E3)

Programming. JInitially, and after each erasure, all bits of

the device are in the "1" state. Data is introduced by selec-
tively programming "0's"™ into the desired bit locations. Although
only "0's"™ will be programmed, hoth "1's" and "0's" can be pre-
sented in the data word. The only wayv to change a "0" to a 1"

is by ultraviolet light erasure.

The device 1s in the programming mode when the Vpp power supply

o]

is at 25V and OF is at VIH. The data to be programmed is applied
§ bits in parallel to the data output pins. The levels required
for the address and data inputs are TTL.

When the address and data are stable, a 50 msec, active high,

TTL program pulse is applied to the CE/PGM input. A program

pulse must be applied at each address location to be programmed.
One can program any location at any time -- either individually,
sequentially, or at random. The program pulse has a maximum width
of 55 msec. The device must not be programmed with a DC signal

applied to the CE/PGM input.



STATIC RANDOM ACCESS MEMORY (UL, H6e).

-hit statlce Random Access Memory

1

ocks or rvefr

et

1ts and regquires no ¢

read out nondestructively and has

data, Common input/output pins are provided

FIN CONFIGURATION LOGIC SYMBOL BLOCK DHAGRAM

- Goaty

MEMOG Y #ay

OW
* 84

SELELT

demnrroy

S L&

FIN MAMESR

ADORESS NEUTS | v POWER 4BV | O o summens
WHITE ENABLE  GRII GRGUND
Ches SELELT L ,
YO, - 18], DATH INCUTOUTRGT | |

Firgure 1-30,



4.2.7 TRI-STATE RBRUFFERS (U39}.

These devices provide six, two~input buffers in each package,

il
x

One of the two inputs to each buffer is used as a contrcl line to
gate the output onto the high=impedance state, while the other
input passes the data through the buffer. The outputs are placed

state condition by applyving a high logic level to the

in the tri-s
control pins.
Logic and Connection Diagram Truth Table
oy 44 AR o8 As s A8 e INPUTS OUTPUY
!w " w %S'& i‘? ;u ;w is & A ¥
i “ % s 2
_} L n #
L} L L

i
: fa }:; ls Ek ga 5v P

a2 YE A% ¥3 880

Figure 4-31. Tri-State Buffer Connections
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5 COMPARATOR (U37).

for one word

it oa

B enyeur
PTIRL

.

é::' T g i FWWM%,_T .

I ﬁiiggao»«? ¥ oo JJE ORI T
- DRET 3]
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ion fo the output ocours
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Connection
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£§
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i1 H ¥ & kS H H &
i i
51 71 8 EH £ OREEE gan
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%?rﬁ.ﬁéﬁ # Do, ;¢ .QN:’

i R ] [ L #

P T#8 L 8 ¢

‘Latenad in pravious siate

gure 4-32, Bus Comparator Connections




Sernod

4.2.9 SCHMITT TRIGGER (U27

Min Tvp Max

Positive~-going Threshold Voltage 1.4 1.6 1.9

Negative-going Threshold Voltage 0.5 3.8 1.0
Y=A

-

&% v

bl

Af

4-33%, Schmitt Trigger Connections



4,2.10 D POSITIVE~EDGE~TRIGGERED FLIP-FLOPS WITH PRESET

CLEAR (U2, Ul6, U253, U26, U36).

¥ox CLR K [5] LS PRE w a?
TRUTH TABLE l 1 ﬁ i
te 52 4 i 3 edBe
INPUTS QUTPUTS L !
PR s ik o | 0 @& % ! E
L M x X ML t
b LA
i B X % L ¥ F’ &
& % x % “eooMo .j
H 4 t ¥ oo i
H B t t # . ) Sveanmiasiisvmali
H = L X | oo do -
i ] ¥ 3 ¥
2T TR VR S TR IR

Figure 4-34, D Flip~Flop Connections



4.2.11 TRI-STATE BUFFERS {U14, U38),

This device provides eight, two-input buffers in each package

that employ low power Schottky TTL technologv. One of the two
inputs to each buffer is used as a control line to gate the output
into the high impedance state, while the other input passes the
data through the buffer. The outputs are placed in the tri-state

condition by applving a high logic level to the enable pins.

Diagram Truth Table

A INPUTS | OUTPUT |
!
= i
12 i 13 G A } Yi,j
H x I

L 2] H

1

3 I ;

[ Im

A1 ¥t Ar w2 Ay 1 A% Y4 GND

Figuve 4-35, Tri-State Buffer Connections
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NATH
BUTRTE

Decoder

4~84

DiP decodes one of eight lines, bas

he three binary select inputs and the

Truth Tabie

requiring very short propagation

bed clvceuits designed for memorv-decoding

INPUTS

= — DUTPLTR

ENABLE SELECT
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4.2.13 DECODER/DEMULTIPLEXER (U22).

These Schottky-clamped circuits are designed to be used in high
p@rf@rmance memory decoding or data routing applications requiring
very short propagation delay times. This device contains two
separate two-line to four-line decoders in one package. The
active=-low enable input can be used as a data line in demulti-
plexing applications. The device features fully buffered inputs,
presenting only one normalized load to its driving circult. All
inputs are clamped with high performance Schottky diodes to

suppress line-ringing.
Connection Diagram Logic Diagram

e — o
—~—Z'"3_m v
WILET BATA OFTPETE
FE2T T P
Yoo &t a2 B e p141 i ”i FRARLE ;4—-—(& { (RPN
1

hd iﬁ " 3 * iﬂ Lol [3

feLrLy “ = 0
{ :{(\ moxees 1% §
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r’ 1.1 1 -
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ivR
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I

gs 7 3 ;4 i& !e ’x ;’a"’ | e
! -
1HRGLR AT 2t 4R vy e ivi 280 f Az %
* MLgLE
ey DATA GUTPUTS U ;

Figure 4=37, Decoder/Demultiplexer Connections
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4,.2.14 QUAD 2-LINE TO 1-LINE DATA SELECTOR/MULTIPLEXER {US8).
This data selector/multiplexer contains inverters and drivers
supply full on-chip data selection to the four output gates. A
separate strobe input is provided. A four-bit word is selected

from one of two sources and is routed to the four outputs.

Connection Diagram Loglic Diagram
T 121
BPYTH WEYYTE Y :
SRR m—et—mon QUYBUT e QUTRYY e . 1 ,
Ver S EYd 86 ¥ Ax a3 w3 . “>W =

iu §m 1 1 52 i " } ] " *ﬂ_"i::}»J
A i -
i 5
N k*"':i-‘t}miwq‘" o
ni s
=

Mw} o
oo ¥E
—

18
Ea 7 7 3 v 5 7 § 0l =
e
3 As 8¢ (3] a3 [ 33 v END @ |
BELERY  mwr—ord  BUTMUT oo UTPUT Muec ""“’{:)0’*"‘0{:}

1Py Ty THPUTE

W
fwes sl 8¢ § ety A e [Lryevp L ,.w.._...c{>._4

Hogh bl 3t § esterss B mpai

Truth Table

INPLITS QUIRUT ¥
P
sTroBe | seEct | oa “ 67 11BIA L5158
LEIG?, 8357 5158
# X X X t #
£ (8 t X 3 M
% t X H L
H “ X N 1 M
i 1] X 144 ¥ i

H = High Lavel 1. = Low Lewsd, X =~ Don'i Care

Figure 4-38., Quad 2-Line to 1-Line

Data Selector/Multiplexer Connections.



4,2.35 D-TYPE TRANSPARENT LATCHES (U42).

These 8-bit vegisters feature totem-pole three state outputs
designed specificallyv for driving highly capacitare or relatively
low impedance loads. The high impedance third state and increased

h-logic-level drive provide these registers with the capability

of being connected directly to and driving bus lines. Transparent

means that while the enable (G) 1s high, the Q outputs

low the data (D) inputs. When the enable is low, the cutput
1s latched at the level of the data that was set up. The ocutput
control not affect the internal operation of the latches.

1

old data can be rvetained or new data can bhe entered

AU e .
rhaxtn L

even while the outputs are off.

Connection Diagram Logic Diagram
. (TOR VIRV ‘ outeur 0
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Figure 4-39. D=-Type Transparent Latch Connections
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U4s).

S

These devices contain eight master-slave filip~flops
gating to implement two individual four bit counte

with a clear and clock input. Paral

from each counter so that any submultiple of the
N : R PR
input count frequency 1s available.,
Connection Diagram Logic Diagram
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4.2, TE I FLIP=-FLOPS (U4, Ul1, U1Z, UL13, U30, U31, U41).

These 8-bit iisters contain D-Type flip-flops with totem-pole

tri-state ocutputs capable of driving highly capacitive or low

[
[
)

imy loads. When the output control
level, the ocutputs go into the high impedance state. When a low

applied to the output control, data at the D inputs

o~
]

T mgy 3
L8 L

are loaded into their respective flip-flops on the next positive-

going tyansition of the clock,

taken to a high logic

Connection Diagram Logie Diagram
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SECTION 5
MATNTENANCE AND TROUBLESHOOTING

RODUCTION,

0 circulit board performs to full capability with a
£ maintenance. This Section describes maintenanceé

handl

shooting procedures and procedures for

returns.

RCULT BOARD CHECKOUT

circuit board was fullv tested before 1t

Microsystems and will operate satisfactorily in the

if ot

he ha

rdware and software requirements of Sectio

this manual arve met. Should a problem aris

res to identify and locate the fault.

Check the circuit board for proper seating

Check all power connections for correct vo

Check jumper options to ensure correctness

application.

Verify that the fault is in the AM=500 and

in the system or in the peripherals, This

be accomplished with substitution of a known gc¢

Pevform the diagnostic tests included with

circult board as described In pavagraph 5.

SYS

b
-~ T
s i

in

ltag

can

ing

ult card has been in operation, use the following

e,

e

ood

cabling for proper seating of connectors.

st



issued by Alpha
Inc., lyvine, California. Complete details of

ave included with the <circult hoard. Should a

problem avise with this circuit board, call vour dealer

the Alpha Micre International Support Services Group fo:

informatsion,

JOLING PROCEDURES.

testing software is included with the

-4

should be used for troubleshooting and

proper operation. Test description and operating proced:

sre contained in the following parag

DESCRIPTION -

c1es that all

and codes are written correctly.

-5, Test-C, Test-, Test-E. These ¢t

Sts write

@

3

to all specified tracks a data word supplied by the

user, They then read all sectors wriften to

sctors are written and read

T
]

U

&

correct Jdata.

ata to all specl-

oz

st writes random

50 Tandom. Fach

ot
m
o~
e
r—
~
5
o
n
2y
5
@
S -.
=
@
o)
)
o
vt
o
o1
Py

1s a.
sector will be written to only once during this test,

After all appropriate sectors have been written, a
n

-
~
fooe
~
»
e
Jond

1s performed using the same vando

4. Test-46, This test writes to all specified tracks

using an incrementing data pattern. Addressing

&
|
Fod



alternates between two counters; one counting down

from the maximum specified sector address, and the

[

other counting up from the minimum specified sector
address. Only odd numbered sectors are written to
when addressing from the counter counting down, and
only even numbered sectors are written to when
addressing from the counter counting up. When all
appropriate sectors have been written, a read opera-

tion begins using the same data and addressing scheme.

H, This test forces error conditions which

should be detected by the drive. First, 1t tries
to access an illegal sector address. Secondly, 1t
{

tries to seek an illegal cylinder address. Both

cases should cause detectable arro

»-~;

S5

fest-H erroy reporting. An error is recorded when the proper

error 1$ not rveturned by either the Hawk or the AM-500.

lFor example: During the "illegal cylinder"” portion of the
13 sent to the Hawk. This
cause the Hawk to send the

to the program. 1§ the actual

an illegal cylinder address was

am records an error.

test, one switch setting

st be changed on the Hawk. The switch to be

=
e
i

is located on the 1/0 board, which 1Is

board directly below the 50 pin ribbon

.
Calrie

oming from the AM-300. The switch itself

(S4) is located in the lower left hand corner

{see Figure 13. When the switch has been located,

set position 3 to the "ON' position as described
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SWITCH POSITION 3

is shown in the “QFF"

figure above, $4, Pasiviow 3

5

Ta gh i
it to the TONY pﬁ&iklwn by depressing the switch on the left band .
If a daisy chain configuration is being used, this switch settfing must be

made on each unit chat is to be testad.




seek

(0-7)

operation
disk
G.

to

nder

betwee

r head

ing "HWKIT

to

exercisor

3.53.2 EST DESCRIPTION - ADJUSTMENT MODE.
i. Test-A., Performs one "RESTORE™
disk under test. This causes the
its internal logic and seek cyli
2. lest-B. Performs an alternate s
two user specitied
a read operation.
5. Test-C, Seeks any legal cylinde
the drive select and read gate.
5.%.3 TEST OPERATION,
5,.3.3.1 RUNNING THE PROGRAM.
Load HWKTST.PRG into memory and run by typ
by a carriage return.
5.3.3.2 PERATOR INPUTS.
Ihe operator must specify a disk number {
which disk will be subjected to tests.
The operator must specify the test mode (

he adjus

tment mode was selected, the

test Erom the "menu" presented by the pro
test B or C 1s chosen, the user will be

additional d

1f the exerc

sequence of
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standard def
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e
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(A,B,C,D,E & F) require additional operator inputs

to fully define them. If anv of these tests are selected, the

<

operatoy will be prompted to enter the appropriate data,
Default values will be used if the operator enters only a

in response to these prompts. Below is ¢

ft
-
Ui
Py

1d their standard default values:

PARAMETER/TEST DATA

Maximum Track 807

Mainimum Track 0

n (1333
Fest~n jeckh

3

Test-F FEFF

M\
i
—

suppress all error outputs by answering ves
to the first user option,
I'f errors are not to be suppressed, the user may include a

dump of the AM-500 data buffer after each data miscompare.

jab]
3
ey
ot
L
o8
I

The user may elect to dump an error summary after eac

by answering ves (Y) to the approprlate prompt.

The user mav elect to pause after each test. To continue,

the user types a carviage return on the controlling

o]
ey
g
£
s
—
ot
~t
s
fx
i
.

The user may elect to continuocusly loop through the entire

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



ATL disk erron i1l be printed as they occur unless the user

has selec suppressing error printouts. The

option which will cause the AM-300

to dump its dats after every data miscompare, Addi-

ticnally, error summaries may be output after each test or

just a final ervor summary after all tests are complete.

- ¢

3.5.3.5  ERROR TYPLS.

fo—
ot
'n
W
o
~

rrors come under two types. The first type would be dis

ors, such as seek, sector-not-found, and sentinel. These

tvpes of errors will cause up to four re-trys to occur before

givi up. Lf the error persists for three or more re-trvs,

Lt 1s considered a hard error and is marked as such in the
erroy summary. If the error corrects itself in less than

three rve-trvs, it is marked as a soft errov in the erryoyr summ

data errors. These errors are due

ring read operations. These errors are

errors in the error summar Yo

TERMINATLON.,

The test praogram may be aborted at any time by typing "CURL-C

5.3%3.3.7 DBUFFER PRESETS.

make disk read transfers apparent,

the AM-500 buffer with complement data prior to

read operation. The buffer is not preset in other tests

since Jata will never repeat between any two consecutive read

t case data patterns

5..7

ary.

-t



DATA EFFECT

0 Produces highest amplitude, lowest frequency.

This 1s the default pattern for tests A and B.

FEFE Produces lowest amplitude, highest frequency.

This is the default pattern for test C.

333 Worst case for peak shift. This is the default
pattern for test D,
39CE Worst case for one-bit amplitude. This is the

default pattern for test E,

DISK ERROR CODES.

ERROR
NUMBER DESCRIPTION
5 Disk not ready or fault exists.
11 Write protected.
65 Seek ervor.
67 Sector not found,
68 CRC error.
69 Sentinel field ervor.

NOTE
All other error codes are illegal at this time.
1f any other codes appear, the AM-500 board may

have problems.



5.3.6 RECOMMENDED TEST PROCLDURE.

Ihe following sequence is recommended as a short but

hensive test and will take about 7 wminu

—

L&

)

vipe HWKTST followed by a RETURN.

Inter DISK NUMBER when prompted by program.

elect the EXERCISE MODE (#1).

When prompted to enter test sequence {A-H), ente

compre-

T oa

carriage return. This will cause a predetermined

sequence of tests which consists of tests A,B,C,

E.F,G,H in that avder.

When asked for "HICGHEST TRACK,' enter 220, When

asked for "LOWEST TRACK,Y enter 200.

Enter a return for each of the following:
Format Data Word= Test B Data Word=
Test C Data Word= Test D Data Word=s

lest © Data Words

Enter a "Y' for ""Suppress all ervor messages.'

Enter "N for "Dump data and CURC error tallies

after each test."

Fntey "N for "Pause after each test.!
!W?Ii!

Enter "N for 'Loop continuoustiy?”

Enter 2 for number of passes.

.
D,
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te sequence will use all of the defaul

which were described

srogram will give

N

Art the program

with

use the program toe output
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