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arnd

This

maintenance iﬁﬁﬂfuﬂ?iﬂ‘ﬁ

for the AM=00 Hard Disk Controller Circuit Board manufactured

i)

by Alpha Microsvstems lInc., located in Irvine, Californi:
Lircuit board description, operating and usage instructions,
programming, theory of opervation, and maintenance instructions
are included to provide the user with the information necessary

to utilize this circult board o its full capability.

.1 CIRCUIT RBOARD DESCRIPTION.
The AM«500 Hard Disk Controller Circuit Board provides data

p, vontyol and interface capability between a

5-100 bus syvstem and cone to four CDU 9427H (Hawk) hard

1A module, a 16 x 8 First-In-FHirst-0ut
memory and LK of Random Access Memory (RAM} provide the sophis-
ticated data processing necessary for control of up to

ten=megabyte disk drives. A 2K Read Only Memory [(ROM) is

contained on the board to provide a bootstrap load program

cl

and also to contain the microcode necessary for the (PU module

eperation,

A stmplified block diagram of the circult board is shown in

tion of cilrcuit

Figure 1-71. For a complete detailed descrio

board aperation, see Section 4 of this manual, Tor programming

requirements, see Section 3 of this manual.

1.2 APPLICATION.

his ¢ircult board provides the data processing and interface

o

capability mecessary for operation of up to Ffour (DO 942
(Hawk) hard disk drives for a maximum of ten megabytes of
meEMoOry capacity per drive. This circuit board is not recon-

o

mended for any other disk drives at this time. 5See bection



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.
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2.0 ERNTRODUCTION.,
This Section contains information on the use of the AM=300 Hard

Disk Controller civcuit board, Capabilities, specifilcations,

interface wiring, and user option descriptions are provided
for the successful integration of the AM=500 into the user's

SYSTam.

2.1 CAPARILITII

This circult board operates from the standard 5=-100 bus structure
to interface with the CDC 94274 (Hawk) hard disk drive with 10
(five fixed/five rvemovable), A single AM=L00

to four drives for a total capacity of 40

sk memory. Detailed specifications are

¥
i



AM« 500 Specifications

SPECIFICATION

CPU Interface

Standard §=-100 Bus -~ Interrupt Driven

Storvage Capacity,

Fach Drive

10 Megabvte Total; 5 Megabytes on
fixed surface, 5 Megabytes on removable

cartridge,

Maximum Storage
capacity from each
AM=500 Controller

Board

40 Megabytes with 4 Drives connected.

AM=300 to disk Bit

Transfer Rate,

]

.5 MHz.

Sector Size

512 Bytes/Sector plus CRC Error Cods
and Sentinel Check byte.

CPY interface

Vescription

Multilevel dintervrupt drviven; full
sector block transfers from or to

internal sector buffer,

Standard 5" x 10" with 100 pin

connector,




A

.2 INTERFACE DESCRIPTION AND WIRING.

ihe AM<500 Hard Disk Controller Circuit Board provides interface

ot

capability between the Standard S-100 bus and CDC 9427H (lHawk)

hard disk drives.

2.2 5=100 BUS INTERFACH.

The AM~500 civcuit board is fully $~=100 bus compatible. The
board and 1ts associated disk drives are addressed through the
address lines and data is transferrved through the standard

data in and data out ports, The $-100 bus connections are made

"y

via the bottom edge connector and are described in Tahle 2-72.

SRFACE.

AM=500 circurt 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.

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

I
4
A



Table 2~2. &=100 Bus Interface Signals List

NIC NAME PIN DESCRIPTION

A LS e B K oy - N ~ -y PP - .
Al Address 0 [ 16 bits of S5«100 addressing.
Al Address 1 80

A7 Address

et
e

i
o
o
i
in
i
Lad
—

A Address 4 30
A5 Address 5§ 29

Al Address 12 33
AL3 Address 13 85
A4 Address 14 846

s

15 Address 15 32

i fnput Data Bit 0 95 | Data input port., Bus
i input Data Bit 1 94 | master input from slaves,
t Data Bit 2 41
3 Input Data Bit 3 42
4 ITnput Data Bit 4 91
a2
& Input Data Bit & 93
43

[

5 input Data Bit

)

DATAIN 7 Input Data Bit

[

01 CGutput Data BRit 0 Data output port. Bus

[

Ly Output Data Bit |1

BATAOUT 237 Output Data Bit
DBATAOUT 31 Qutput Data Bit

master cuitput fo slaves,

N
LESI v S B &
(LR v AR ¥ B

DATAOUT 4] Output Data Bit
OuT 5 Cutput Pata Bit

SATAQOUT & ! Outpur Data Bit &

L
A ks LA
o O A o

UDATAGUT 71 Cutput Data Bit 7

[
§
i




Table 2-2 (Cont.). S-100 Bus Interface

NAME PIN

1 78 | Read enable. Used by bus

=
w3
o
ped
o
i
fereed]
"

master to reguest addressed
slave to place data on

input port.

T
-

. : . R
Phantom Disables phantom controlleq

memoeries when asserted.

Write Strobe 77 1 Write strobe, Genevated

by hus masters as write

command To slaves.

Reset 75 | AM-500 reset inputl. .

170 Input Cvcle 46 | Current bhus cvocle is a bus

Status Line master input from an

address,

47 1 Current bus cvcele

Line master input from a

- . 4

I/0 Output Cycle 4534 Lurrent bus cyele 13 a

Status Line bus master output To an

]

vectored Interrvupt 4 1 Jumper selected iy

—
i
o
Lald
4
it
.

e
S
fd
52
B

Vectored Interrupt

,w
-
3
ey
o
o
o
[
ik
1
o
fa
e
e
ek
*
[

s
3
-

et
)
[
[3
£
-
4
[
]
s
[y
O
=
T
ot
1
i

interrupt

Ll
3

o
&

-t
o
6!
i

Interrupt

e_x
o
[
o
e
-y
@
o
i
o

Interrupt

,,
ot

L
s

cored Interrunt

Vectored Interrupt

SR
— o

Vectored Interrupt




Table 2~3. Disk Drive Tnterface Signal List

MNEMONIC NAME PN DESCRIPTION

Cyvlindery Address Bit

—y
]
2

The absolute address locae

oA 1 Cviinder Address Bit 2 17 1tion of the cylinder ta
Address Bit 4 44 which the heads are o he
nder Address Bit %

linder Address Rit 16

i
@)
ot

T

<
f—
it
bt

e
‘fi
fooend
,...a
9
ik

positioned,

»

o
.
[
]
v

i

3
™
(93]
¥l

iyijﬁﬁer Address Bit 3.

8

Cyiinder Address Bit 64
Cvlinder Address Bit 12

CA Y Cylinder Address Bit 256 24

[ o
o

Cylinder Address Strobe |18 | Gates cylinder address infore

mation into the ¢ylinde

i

address register and initiartes

serve controlled

tioni ng.

URVEDY Drive Ready Ry oy Unit is ready to

or write,

Erase (ate 37 | Enables erase Current to

flow through seo

FAULT Fault 22 JAttempted to write or erase
when not on cvlinder,
Attempted to read when write
or erase is enabled. Current
favult during read, write, or

erase.

HDOSEL Head Select 1

)
R

I=5elect upper head.

=Relect lower head,

[ae]

= {3




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

NAME PIN DESCRIVTION

Index Mark 27 1 Index mark once pey disk

revolution (25 msec),

On CUylinder 45 | Seek operation 1s complete
and unit is ready to

read or write.

Platter Select 13 ¢ I=Select fixed disk, (=

Select rvemovable

EADL CLOCK T Read Clock 44 | Separated clocks concurrvent

with read data,

Head Data 42 1 Separated

RESTOR Return to Zero Seek Positions the heads 1o

[
g

cviindey zero {clears

Read Gate 41 | Enables separvated data and

clock to the interyface lines.

BECTOR Sector Mark 29 | Sector mark pulse (2 msed.

SHKERR Seek Evror 51 Seek operation did not

complete within 500 ms.,

Unit Select 46 | Selects anv one of the 4

i

Unit Select disk units individually

rl

Upit Select and i1n arbitrary seguence.

dnit sSelect 4 48




»3 (Cont.).

Bisk Drive

Interface

NAME

poaent
jo
-

e

Ll

&

fae

Write (a

]
3

Ll

Hnable

g

write

curveaent

flow through selected

wWri

=y
A

Protected

Inhibi

Led

curren

O=Enab

ts
ts.,

T
L&,

erase

I=Inhit

and wri

T

Data

clock

Double freguen

CYoenco

data,

{not

)

GNE
GND

LGN

used)

Power

R

e
B

arnc

ground,

7 3 k

s e e oot

When the

the

edge con

mads

ale

tment or calibration is required for operation.

solftware

e

AMe 500

requirements

that the
feltages

the

crroult

requirements
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3.5 PHANTOM FE
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Z.3.4.1 THE AM-500 AS A PERTPHERAL TO THE AM-200 OR AM-210.
Remove the 74LS30 IC (U40) from the AM-500 (bottom row, 6th

chip from the right). If the AM-200 or AM-210 are using phantom
(

phantom must be used 1f you have more than 56K of memory)

Py

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

be inserted between the two evelets at a later date

pins on the back side start at

f:}

antom, The 5-1460¢

right and go to 100 on the left,
& £

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

the system,

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

to add the following:
BITMAP HWK,606,0,1

Be sure that the DEVTBL command in the SYSTEM. INT contains

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

Now reboot the system again and by mounting HWKG and HWKD,
yeu may access them as peripherals to the AM-200 or AM-
[

Remember when in this mode the fixed platter is alwavs HWKO,

2.3.4.2 OPERATING THE AM-500 WITH THE AM-400/TRIDENT,
When running these two in combination, phantom must be dis-

abled on the controller that is not the system device. Lt

it is desired to remove phantom on the AM-4030, remove 232



pin 5 from the socket so it sticks cut., 1f vou are booting
From the AM-500, disable the PROM on the AM-400 by removing

» which is the IC to the leftr of the header in the bottom

proper bitmap sizes and device names must he in the

SYSTEM. INI file to accommodate the proper configuration.

Be sure the proper driver in area 1,6 is renamed to the same
name as the device vou defined in the DEVTBL. The bitmap
sizes are 562 for the T-25, 1022 for the T-50, 1534 for the

T-80, and 16320 for the T-300.

LE booting is off the AM-500, initialization must be from the
AM-400. This is dome by running a program. For the I-25),

TINLLPRG, and for the T-80 and T-300

T-200 use

TR
[.PRG, To ut
Th

e 1t, just type TxxINI followed by

Li

et
I

¢ program should return a status less

than 3 octal. £ vou do not run this initialization program,

the drives will show as NOT READY opn a SYSTAT.



SECTION 3
PROGRAMMING

3.0 INTRODUCTION.

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

500 circuit board is received, it is ready for use

E

15

When the AM-
with the CDC 942 {Hawk) disk drive as described in Secticn £
of this manual. The bootstrap loader and the microcode con-
tained in internal firmware 1is designed only for this disk

drive.

3.1 ADDRESSING,

The AM=500 and asscciated disk drives arve addressed through
the S=-100 bus address lines. The circult board address is
jumper selectable by the jumpers connected to U37. Jumpers
to either +5V or ground select the board address on 5-100 bus
address lines ADZ-AD7., The board always occupiles four 1[/0

norts even though only two are actually used.

3.2 INITIALTZATION.

On initial power-up or reset, the AM~500 goes into a dormant
state walting for initialization. With the phantom option
enabled, the phantom signal is activated, disabling any memory.
The 5-100 bhus is enabled to access the bootstrap loader
contained in the AM-500 PROM.

The 16K PROM (UZ1) contains both the bootstrap voutine and the

caontroller microcode. The microcode resides in the first 1

=
oy

-
ot
b

hvtes, and the bootstrap routine resides in the second 1}

gf this PROM. The current hootstrap routine is written in



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

in the first 1K bytes is duplicated exactly.

NOTHE
t the user code contained in the AMe 500

PROM 13 changed from the current boot

routine, the microcode in the first 1K
of memory wmust be duplicated exactly,

Instialization of the AM~300 is accomplished by writing a zervo

the AM~500 command register during system initialization.

The CPU finishes initialization of the disk controllier and

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

5.3 COMMAND REGISTER.

The command reglster receives AM-500 commands from the S-100

by writing to the selected address (see
paragraph 2.3.1). The legal base addresses are in multipies
of four from the first address 177400 {octal), 177404 (oct 13,

177408 {octal), through 177774 (octal). A software hands iake

e

sequence must be used for the command transfer (see paragraph
.61,

There are two basic types of commands used for cperation of the
AM=5300 svstem: non-disk commands and disk commands. Roth
types are described in Figure 3-1.

L
o f

fand

Tis REGISTER,

us register is used to determine the current status

o~

A
The stat
of the AM-500 controller. It is accessed from the Se100 hus
by reading from the user selected base address of the circuit
board. The format of the status register is described in
Table 3-1.



MNON-DISK COMMANDS:

e = READ 1= WHITE

1= EXEQUTE

07 DE 0% 04 na 0z 01 o0
e CLR M M F R/W 1 0
AR T T P S
) = TRANSFER
00 = RAM BASE
01 = DATA BUEFER
’ o 10 = USER POINTER
11 = @ USER POINTER
b { = GLEAR INTERRUPT
12 {NTERRUPT ENABLE
0= INTERRUPT DISABLE
DISK COMMANDS:
07 06 D& D4 nz D2 o1 030
iE CVT | SEEK R/W £ TRE 1
. - .
1= ENABLE
INTERRUPT 000 =
0= DISABLE '
INTERRUPT 001
916 =
L ]
100 =
4 = CONVERT] 1ot =
BELKEY
RELK { .
11] =

1= SEEK :{

TRAGKY

Figure 3-1,

AM= 500 Commands

FREAD 3TATLE
CHEGK

RESTORE

READ RECOHD
READ TRACK
WRITE RECORD
WHRITE STATLS
CHECK

FORMAT BECORD
FORMAT TRACK



Table 3-1. Status Word Formats

3
i
o
.
L
[N
-

FUNCT ION
Disk Not Ready

oy
f
L]
Yoot

)

Wyite Protected

D
Lo}
-
Bl I Rl
R fret A {:D

w—\
4
v
i
o
[
o
f—
foel
[

Seek Lrror

1 Sector Not Found

b=

e}

L

L S
-

LS I
Lo

CRO Error

f-\
3
o
—
fa)
[
"
ot

Sentinel Field Frror

:ntinel Ffield error indicates that data was not correctly

Lransterred within the AM~500. The sentinel featrure checks

byte 51% for the correct code 5A (hex) after s 517 byvte trans

.3 INTERRUPT MODLE.

The interrupt mode in the AM=500 can be selected bv both disk

and non-disk commands. If the interrupt mode is selected, the
interyupt occurs at the completion of the current AM-50{ command.
The interrupt must be cleared by the user by setting bit 6=1

of any non-disk command,

5.6 HANDSHaKE SEQUENCE.
A handshakling type interaction is requirved between the AM-500

circuit board and the CPU any time a command 1s sent to the

*“S
s
fs
o
fd
?w
ot
o
i
W
o

AM=500. This handshaking is a software ope

bit 7 of the Status Register. Handshake operations proceed

in the following seguence:

1 A gommand is sent from the $-100 bus to the
Command Register.
-F

Z. The system software waits for bit of the SHtatus

Register to become a 1 to guarantee that the

7 F
il ;E



AM=500 has received the command.
5 The svstem software writes a zervo into .the Command
Register to clear the previous command,

The svstem software walts until bit 7 of the Status
T

“

becomes a § indicating that the Command

T
Register has been cleared.

This completes the handshake operation and the program con-

5.7 RELKEY DESCRIPTION.

The term RELKEY refers to a double byte number which polnts to
one of 90696 possible sectors on the disk., The user loads a
number from 0 to 9695 into the Relkey bytes of the DMA buifer

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

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

the drive unumber and Relkey bvtes of the UMA buffer with the

converted absolute disk address. Since all DOMA buffer loca-

tions are accessable, the absolute disk address can be retrieved

user has the desired absclute disk address, 1t can be

in the DMA buffer, 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 bvte of the track address in the third

cvie of the buffer,

o

St

.00

specifies the surface, the platter select, and the

tace the high byte of the track address (which

sector address) into the fourth bvie of the buffer

i 1

as shown below.



%ﬁ? b6 DS ﬁ@g DEF Dz

Lm i@iigf Bit of Track Address
r 3]

Plattey {(Vixed or remcvabl

Sector {0=-11) Surface (Head 0

[

0]
—

AT

Not Used

The DMA Buffer is contained in the first 1K RAM in the AM- 500,

oo <

11 data transfers to or from the disk men wory must pass through

The DMA buffer is accessed by addressing the AM-5300 base address
pius one and all data between the AM-300 and the $-100 bus must
pass through this single port. Ne DMA type operations occur
between the AM-500 and system memory because th gy arve
en 2 programmed basis only, The microcode initializes the
buffer and sets the DMA channels for proper operation as shi
in Figure 3-2, The Handshake sequence is shown in Figure 3-3,

and the data transfer sequence i1s shown in Figure 3-4.

PUPFER OFERATION FOR DISK WRITE.
Transferring data to the DMA buffer and then performing sk

wiite operations takes place as follows:

L. Send DMA write command X086 {octal) to AM=500 command
reglster and perform a handshake. (X depends on

selection of interrupt mode, )

. Send rvetry count to AM-500 DMA buffer.

A
P
£

send disk number (0-7) to DMA buffer,

A
5
v‘)
"ﬁ

end low byte of Relkey to DMA buffer.

o

. send high bvte of Relkev to DMA buffer.

LA

on

Send data (0-512 bytes) to DMA buffer.
7. Send disk write command X71 {octal) to AM=500
command register and perform a handshake.

8. Read the AM=500 status register and check for zerao
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cendition indicating no error.

9, Continue with next command 1€ no errors were detected,

the DMA buffer and then

is performed as follows

1. Send DMA write command X086 {(octal) to AM=500 command
and perform a handshake.
. ‘etry count inte DMA buffer,

5. Write a disk number {0-7) into DMA buffer,

low byte of Relkey into DMA buffer,

5. Write high byte of Relkey into DMA buffer.

6.  Send disk READ command X35 {cctal) to AM=500 command
register and perform handshake,

Jo Read AM-500 status register and check for zero
condition indicating no errors occcurred.

fad

fo

ing no errovs occurved during the

&

isk read, send

the DMA read command X12 {octal)l te the AM=500 command

register and pﬁff@rm the normal handshake.
T

e of data from the DMA buff

3

always invalid

W
-
i
]
a
o
B
o]
£
poa
R

F...
i
-
i
i
iy

.
L
o

o
el

o5
o
)

datal.

bytes, from the DMA huffer,

-

1s used to reset the disk legic and force

sturn to irack zZero. may force a
restore command with a disk command 3 {octal), or the micracode

will exercise the restore command on 1ts own following certain

[T a disk fault occurs, the microcode attempts one restore and
then checks the fault status again. I1f the fault still BXLSES,
the microcode aborts the command operation and reperts an error

to the CPU.

3=10



3,10 DBISK FORMATTING COMMANDS,
There are two disk formatting commands, Format Record and
Foymat Track, that are ldentical in function. Both commands

a
cause the currentlv addressed track to be formatted.

CAUTION
The Format Record and Format Track commands
both destrwy previocusly stored data on
the asddressed track by writing all new

records with data fields of zeros.

3,11 STATUS CHECK.
The Read and Wrlte Status check commands are used to access

specific status information from the disk drive,

The Write Status check command 001 {octal) is used to determine
i1f the currently addressed disk is write protected. Tt does
net atiempt to actually write any data. L1f the addressed disk
15 write protected, error code 13 {octal} is placed in the

status vegister.

The Read Status check command {(if SEEK bit 4 is on)} seeks for
the currently addressed track and then returns. Data is not
read from the disk,. [f a seek error occurred, an error code

14 {octal) is placed in the status register.
. £ =3

3.12 ERROR CODE REPORTING.

The operating system does not normally report soft disk errors.
A soft disk error is defined as a non-recoverable error aftery

g set number of retries, wusually 4 on the AM-500. 1[ after 4
retries the error is non-recoverable, the system aborts the
command and reports an error,

i

To enable reporting of the error type the operator should type:

SET DSKERR

#4
H
e
bt



The AM=5300 error codes are as follows:

I - SEEX ERROR

- NOT USED

5 - SECTOR NOT FOUND
4 =~ CRC CHECKSUM
SOPFTWARE CHECKSUM

fa

L
H



SECTION
FUNCTIONAL THEORY O

-

]

OPERATION

4,0  INTRODUCTION.

Fhe AM~500 Hard Disk Controll circult board contains integrated
circuit elements for the necessavry data processing for the pere
he functions as described in Sections 1, 2 and 3

- This Section describes the functional theory

of the cirvcuit board and also provides information

for each of the integrated circuit elements.

4.1 CIRCUIT BOARD OPERATION,
This civcuit board provides control and interface capablility

080 bus and the CDC 9427H (Hawk) hard disk drive.

[,

between the S«

Yhe functional bleck diagram of the circuit hoard is shown in
Figure 4-1 and the circuit board schematic is contained in

4-1 contains a list of the

Section 6 of this manual.
signals used in this circuit board with definitions of their
functions, For $-100 bus interface si Lgnals, see Table 2.2,

-

For HMard Disk drive signals, see Table 7-3.

4.1.1 POWER-UP

Un initial power-up ~uit board is in a dormant state

v
~h
jocys
!a
a~<

walting for init dLiZﬁi;Oﬂ» System clocks are generated from

the 10 MHz oscillator on Ul and divided down by UZ, UZ2Z and U453,

to genevate CLOCK, ONE

the PHANTOM signal to enable

Sk
o]
g
L
o
o
fon
=
o
o
0
[#3]

any memory under trol, and the INIT signal enahles
the boot logic so the S-100 bus can access the bootstrap program

contained in the PROM UZ21.

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

AM=-500 Signal List

NAME

CHEM
PAGE OF
SOURCE

INCTION

"‘J
r--l
o,
x.../

ADDRESS 8§

TROBE

7 strobes upper address

ints external latch.

ALN

ADDRESS

ENABLE

7 Active that enes

i

high

[

external latch which

i

upper bvte address
disables

cvelie,

svstem durin

ble

leg
hold

, an

=

3
4

g DMA

ALDRE

Z, 6, 121 8-100 Bus Address

BOOT LOAD

7
ot
b
3
o
f—
ol
i
0y

BUSAK

BUS ACKNOW-
LEDGE

& Active low CPU output
to the
CPU

and tri-

cate regquestin

that the address

bus state con

Signals have been set

high impedance state.

o
¢ de
bus,

frol

indi-

vioces

BUS REQUEST

7 Hequest to the CPU for

of the svstem bus,

control

CELL CLOCK

3 Clock generated

L wl
oy C

data cutput to disk dri
&

Ll

Clock genevator

output




Table 4-1 {(Cont.). AM-5300 Signal List

NAME

FUNCTION

CMOWRT COMMAND WRITE

£y

S5ets initialize

CONTROL G Clocks data from Data Rus

(D0-07) into control register,

COMAND COMMAND 9 tnables the output of the com-
mand register to place its con-

tents on the Data Bus {(DO-0

GRS SHRILAL INPUT 1G Clock input for ssrial data

input to FIFO memory stack.

o
[
e
-
o]
3

ol
—
o
i+
WO

{Input to FIFO,

CRC CYCQLIC

DANCY

G Data o checker,

o
o
Py

R
-
o
]
H
s
[

CRO CLK CRE CLOCK 9 Clock input to

generated from
RCLOCK, WRITE=1 selects

WRITE=0 selects RLLOCK.

CHO DAT CRO DATA g Data input to CRU checker.

CRC ERROR 2 Error output of CRC checker,

LYLOADR CYLINDER Y Clo

1
ADDREZSS into Drive Register 1.




{Cont.Y,

AM-500 Signal List

w2l
=

SCHEM
PAGE
SOURCE

OF

DMA ACKNOW-

LEDGE 1

nt

DMA controller output.

3

DMA ACKNOW-

LEDGE 3

o}

DMA controller output,

DATA RESET

Master reset input to FLED

Memory and CRC checker.

Detects Read Cycle,

[

Detects Write Ovole,

Enables data on =100 bus

BOG-007 to be placed on

internzal Data Bus and resets

DREQ O to DMA controller.

BI0Ww

Resets DREQL to DMA controll

=y
fe

T

s

DBMASEL

g

Chip Select lnput to enable

PBMA Controllier,

DATA

LINES

Tri-State bus

AM=- 500,

DMA REQUEST

~y vy
0 /

DBMA Request input.

DA BEQUBST

1 7

Kot

DMA Keguest input 1.




Table 4-1 (Cont.). AM-500 Signal List

SCHEM
S1TGNAL NAME PAGE OF FUNCTION
SOURCE

DEEQ 3 DMA REQUEST 3 9 UMA Reguest input 3,

DRLOLR DMA REQUEST g Clears DMA reguest latches

LATCH CLEAR and presets the RUN flip-fiop,

DRVSEL DRIVE SELECT G Clock for Drive Register 1.

DRYSTS DEIVE STATUS 9 Gates status datas from the disk
drive onto the internal data

bus.

FEMPTY FIFD MEMORY 9 Enables the CRC checker and
EMPTY write logic when the FIFD

memory 1s not emplty.

FRYNO FIDO MEMORY o Enables clock input to FIFO

SYNC MEemOTy .

INIT INITTALIZE 3 Reset signal to CPI.

IGR V/O READ 6 Bidivectional, active low,

three state line.

,..m
o

P70 SELECT 2 Enables the cirguit board when
' address lines ADZ-AD7 match
the address code an the

address jumpers.

10w 170 WRITE f Bidirectional, active low,

three state line,

4=10




Table 4-1 {(Cont.). AM-500 Signal List

SCHEM
PAGE OF FUNCTION

SOURCE

LRF INPUT REGISTER 10 Active low output af the uppar
FULL FIFQ memory when its input

register is full.

LIRF - LOWER INPUT 14 Active Jow output of the lower
REGLISTER FULL FIFO memory when its input

register is full.

. ¢

RE LOWER OUTPUT 14 Active low output of the lower
o

)
-
sy
o

STER EMPTY FIFO memory when 1ts output

register is empty (FIFG ORE).

MoL MEMORY SELECT 4 Enables the memory select

decoder,

ONE ONE CLOCK 3 Clock generated for clock and

data output to disk drive.

ORE OUTPUT REGIS- 10 Active low output of the upper
THR EMPTY FIFO memory when its ocutput

register is empty,

L PARALLEL LOAD 10 Farallel load signal to the

FIFO memory.

to enable

[

RAMSEL RAM MEMORY 9 Chip Selesct signa

ECT the two Random Access Memory

=

SE

modules,

RCLOCK READ CLOCK 3 Clock input from disk.
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Table 4-1 {Cont.}. AM~300 Signal

it
ok
it
o

W

SUHEM
SLGNAL NAME PAGE OF FUNCTE
SOURCE

P
\w-"

Tor TRANSFIOR OoUT Lo FIFO memory input to ftransfery
PARALLEL parail@i data 1nto 1ts output

agister,

WDATA WRITE DATA 10 Serial output of FIFO memory

to be written onto disk.

WRITH GATH 11 Write enable ocutput to disk.

3

WH MEMORY WRITE 6, 7 Tri-state CPU ocutput, actliwve
low indicates that CPU holds
valid data to be storsed into

the RAM.

WRITE WIRITE 11 Control register output for

Ja—

write mode,

T

Address data is received from the 5-100 bus on address lines
AO-ALS, This address data 1s transferred to a tri-state
address bus for use by the controllers and memories within
‘he circuilt beard and is also used for direct addressing of

i
the ¢ircuit board.

ers on U38 and U39 gate the address data to the

initialize signal INIT controls these gates when

set by the Command Write signal CMDWRT.




Address AT are wired directly to

i

civouit board innuts
inputs

T either

e

board address, ssertad

address line address of

o

generates 1,0 commands when

Ei

control sz in decoder UL7

@

1k ‘rom G0 (hex) in

¢ the

and rol lines, Tt is received in the
Register and Data Out Register,

G0

Tegl

the AM-

and consists of the

from

Cm

voenabled,

5-100

the

the briis

£ o
T

Command

ster

o vegl

rere.  When signal

/0 Qutput
CMDWRT ¢

the 5-100 bus is asserted,

from bus data lines into the

thsa

whern
th

combined

COmD

COoe

produce the desirved

£

£

The b

151

i

clocked
CMDWR'T .

Tagks

increments

AM-500 hy
AM~ 500

e

goes

i

ey

addr

4

command regis

th

100

This

arator Us7

from jumper

P
[ESes

rd.

3

i } !
card address

of 4,

o= 100
the

the data

Lom

by

CeLve

a0,

o
O
hus dats

to the

ta the command

comes from

essed and

e command word

stey

for

mand

rternal

also sels the initialize flip-{flop U3%6 to begin an AM-5 Cy
Flip-flop U346 remalns set until the HESET pushbutton is pressed

oy
L33

Cry
address

LESUes

A

When the
and

selact

POowWar

low a high) lines

rer/Memory decoders i

ter T

er the command regis

the

O

4 Memor
and Al

L0

the

Read

};

ATe Lero,
MAND signal

P
cata

AM= 500

| I
Dils .



4,1,5.2 COMMAND TYPES,

The non-disk commands issued to the AM-500 are used for control
and operation of the logic internal to the circuit card. The
bit functions are listed in Table 4-2 and the commands are

listed in Table 4-3, Disk Commands are used to control the

7

]

access status wnformation from the drive., Disk

disk drive and
command bit functions are listed in Table 4-4, and disk command

"

codes are listed in Tabhle 4-5,

Table 4-2, Non-Disk Command Rits

sl
e
.

T NAME FUNCTION

{ 0 =0 ¢ Indicates non-diszk command

[
i
-

Pl Activity Bit,

2 R/W Read/Write O=read l=swrite.

A TN Command Function (=transfer l=execute

Location in DMA buffer where data is to be

e
fwwd
[
T

ratrieved or storved.®

CLRE Clear current interrupt U=nop  1=cle

=
)

I Interrupt Enable O=disable l=enable

L OBit Location

010 RAM Base [Direct)
0 1 Data Buffer
114G User Polnter

i & User FPointer {Indirect)




Table 4-3, Non-Disk Command Formats

3]

L
L
i
o

FUNCT ION

P}

B

G0 0000 inltialization/Boot Load

oo 116 Write data to DMA buffer [(RAM Base)

401 001 10 Write dats to DMA buffsy

O 06 0 0 10 Read data from DMA ©

(-

ufter [(RAM Base)d

O 50 040 10 Read data from DMA huffer {Data Base;

[

o

dear Only)

Famy

o o060 Clear Iz

G

errupt {

P

e
]
e
e
it
)
S
it
o
6]
o

{ Clear Interrupt {(Plus some o

p)

nan-

P

disk command)

01 1 G Lead user microcode pointer

-l
o)

Indirect lvad via user pointer

fpen

-y

Pioloe 1o Execute from users microcode pointer

S A B O T ¥ Indirect read via user pointer

5

S S N A 4 Kead user microcode pointer




Table 4-4., TDisk C

ommand Bits

FUNCTI

ON

Always 1 for disk

tvpe commands

Part of command function

s

Command function ©

Z and 3 taken as a

omprised of hits 1,

whole

[

RAW*

J=Read I=Write

s

Seck

oVl

Convert Relkey I=Convert 0O=No Conversion

Mot used

Interrupt ensable

O=Disable 1=Fnable

% See Table 4-5

4-=17




Table 4-5. Disk Command Codesg

{ { (3 Read Status Check

0 { Hestore to Cylinder Zero

{ i

b
o
==
o
E
02
.
ot
et
[t
o
e
Il

(; Write Status Check

1 1 (3 Format Record {(same result as 2109

1 1 1 Format Track (Same result as 011)

the transfer of dara from the

=100 hus data lines o the data bus internal to the

clrcuirt hoard and consists of the gistey on U411,

re
to the Data Out register comaes from the 5-100 bus data lines
t

BUG-DO7; and the output, when enabled, goes to the internal

AM-500 data bus DO-D7,

Data from the S-100 bus data lines is clocked inta the Data Out

ter by the Data Write signal DATWRT. This comes from the

I/G command register when the AM-500 is addressed and A0=3}

and Al=0. When 1/0 Qutput signal (SOUT) from the $-100

Fon
H
-
ey



bus is asserted, DATWRT clocks the data word from the S-100

bus into the Data Out Register and also sets the DMA Tequest
latch for a DMA service request. The DMA controller issues an
acknowledge (DACKD) that is combined with address bhit Al5=1 and
a2 Read Output from the CPU to generate Data 1/0 Read sisnal

0To

o

. Signal DIOR transfers the contents of the Data Out

i

Register onto the internal data bus and also resets the DMA

request latch,

NPUT,

£
B
i
.
{
o

CFU input data is transmitted from the AM=500 by the $=100
data and control lines. It is transmitted from the AM-500

by the Status Register and Data In Register.

4.0.4, 1, STATUS REGISTER.

fhe Status Register is used to deterymine the current status
of AM-300 Controller operation and consists of the register
on U3l. The input to the Status Register comes from the
AM-500 internal data bus D0O~-D7: and the output, when enabled,
gees to the 5-100 bus data lines DIO-DIT.

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

loegic, This occurs when the bhoard is addres

ed and lines AQ,

s
Al and WR are all low. The Register/Memory Select decoders

issue the STATUS signal to clock the data into the Status
Register fyrom the internal data bus. The contents of the
status Register are applied to the $-100 bus data lines by the
Status Read signal (STSRL) from the 1/0 Command Register.

This signal is issued when address line A0=(, Write Strohe
E P

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

Imput (SINP} is high.

WORD FORMATS,

Status words contain information regarding the operation of



nformation and formats of the status

77

words are contained in Table 4-6. Bit 7 is the Command Received

(CR} bit and i=Received, (=Cleared.

Tabhle 4-58, Status Word Formats

TE (‘

WA
i,
L
B
=
o

o0 0 1 0 1 Disk Not Ready

7
H
i
—_
G
L]
o
b
o
Y

[ Write Protected

CR 1 o 0 0 o 0 1 Seek Frror

(O S T I S R § R A Sector Not Vound

Pl

ORO Hrror

,m

)
ol
<
S
)
o

CRO1 2 46 ¢

[
-]

o 1 Sentinel Field frvror

® CR = Command Received O=(Cleared, l=Received.

LH

the AM-300 to the $-100 bus data lins:

on W42, The input fto this »oglst

lines DO=D7 and the output, when

goes to the 5-100 bus data lines DIO-DI7,

Bata ftyvom the internal bus is clocked into the register when

0 Write (DIOW) is true or RUN is

13

gither Data T,

Silgnal

comes by

Bus from
B

by the Memory/Reglis!

i

knowledge (RBUSAKY) and Write

Ac
ia selected

when

=

joi
5
e

s

on the S-100 bus data lines when 1in

15 pla

0

Bootstrap Mode or when the Command Registery ilssues

4 Read DATRD command. The DATRD is issued when the board

Head Enable PDBIN 1s true (high)

essed and AG=1, Al=0,

and Write Strohe

false (high

R

@

&
ke

By
A



5 BOOT LOAL PROCEDURE,
{he AM-300 civcouit board contains a bootstrap load routine

stored in the ROM on U211, The microcode for internal AMw

451

200
operation is also contained in the first 1K of ROM BEMCTY .

The bootstrap program is contained in the second 1K of memory,

NOTE

It the user code is changed from the

{‘J

current boot routine, the microcode in

the first 1K of memory must be duplicated

]
P
E
o
o
s
i
.:_\v;
foin
i
(%3
o
%

Card and rveading from 172000 (octal) up. This address, combined
N

place on initial start-up, generates the BOOT

e

forerd

T

with SMEMR from the $-100 bus and a high

signal enables the PROM (U21) and enables the
Data In Register. The clock input of the Data In Register is

supplied by the RUN signal through gate U32. The RUN signal

[

was set low by initial start-up and remains so until DRLC
presets the RUN flip-flop. The Data Tn Register consists of
transparent latches so that under these conditions, the boot
adata from the PROM enters the inteynal data bus and transfers
directly te the 5-100 bus data lines.

When the block data transfer of the boot loader is compisted,
the phantom is disabled and the CPU and DMA modules initialize

the circuit board so that it can accept commands.

4,16 ENTHRRUPTS,

I'he interrupt mode can be selected for AM-500 operation when
the software program sets bit 7 in either disk or non-disk
commands . When the interrupt mode is selected, the interrupt

occcurs at the completrion of the current AM-500 command. This

bootstrap load program by addressing the circuit



HE internal data bus by the control
s to the 5-100 bus vectored inter:

Any one of the sen intervupt lines (VIO-VI7) may

umper from pin 3 of U35 to the selected lin

o

interrupt mode may be cleared by the software

do not oceour. The program clears

ang bit 6 in any non-disk command to

DLSE DRIVE,

200 circuit board transfers disk write data and controls

of the signals

drive,

WHRITE LOGIC.

IThe datas write logic provides the double £ reguency encoded clook
and data sutput necessary for the disk drive write clrreultry,

when the AM-300 15 in the write mode, the WRITE signal is high,
which sets the multiplexer in the CRC leogic (U9) to

TA) from the FIFO memory stack to

o

The serial data is then sent o

and also to the data write logic.

ocour, CRUERR signal goes high and sets bit 7 of

status buffer.

vy 1s not empty, FEMPLTY is high enahling the
ng the serial data output of
Eégig where i1t is combined with
@%Y?%EK?E'Quipat to the disk

current is flowing through the disk write head from

command the CELL clock is also combined into the

PR

[ERE

ommand through OR gate U433, When the FIFD memory

iz low, gating CRC data to the

PN
H

[

[V



4.1.7.2 DRIVE REGISTERS,
The disk drive registers control the selection and operation

¢f the disk mechanism. Thres flip-flop registers (Ull, Iz,

J13} perform these functions when enabled by the RUN signal.

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

The address data is contained on the internal data bus and is
transferred into Drive Register No. 1 by CYLADR from the register

select logic. When the software selects the cvlinder address,

CYLEDR ciocks the data from the internal data bus into Drive

controls the disk and head select data to

data is contained on the internal data
bus when the software selects the dyive commands and 1s olc

into Drive Register No., 2 by the DRVSEL signal from the reglistey
x ; £ i

I'he Drive Control Register handles the gate slgnals for the
disk vead and write operations. This includes Write Gate
J. brase Gate (EGATE), Read Gate (RCATE),

(WOAT
Address Strobe (CYLSTR) and return to Zero Seek

In &ddiii@ﬁ; this register generates the READ

DATA signals for internal control and the $-100

signal. This data 1s clocked into the Drive Control Register

signal from the register sele logic,

4.1.8 INPUT FROM DISK DRIVE.
The AM-500 circuit board receives memory data and status from

the disk drive through the data read logic and drive status

nals

¥

f?

veglster. See Table 2-3 for a complete list of the si

between the circuit hoard and the disk drive.



separatre clock and data cutputs
applies them to the clock and preset

When the AM=500 is not in the read

nolds th fiip-flop in the clear

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

FIFO memory. When the

and RIDATA arve selected

for checking bv the

into the serial input of the

cutput of the CRC logic,

4.1.8.2 DRIVE STATUS BUFFEI

v

i -
R

¢ Status Buffer recelives status information from the
disk drive and also the error signal frem the CRC checker.

AA

When the CPU interrogates the disk status from the AM=500

{see Tables 4=-4 and 4-5)}, the s output of the register

low which transfers the status data from the

A e T
FE

e
=

che internal data bus for transfer to the

The data formar is as Ffollows:

>
st

"

C:j 5
P’ B
FROE B

VEREADY
& WRITEPROTECTED

"l

i
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sz
jax]
e
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ot
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o
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by
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i
54
e
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4.1.8  FIFO MEMORY AND CONTROL.

the FIFO Memory and Control circultry consists of two 4-bit
First-In=First-Out memory modules connected for a stack of

16 8-bit bytes. See varagraph 4.2.3 for a detailied description
of the module. The FIFO memory is used for both disk read and
write operations. It converts the serial data from the disk to
parallel data for internal processing and transfer, and converts
paralliel data to sevial for disk write operations, The data

ls transferred between the FIFOQ and 1K of the Random Access
Memory (RAM) by the DMA controlier. For memory full or memory

empty conditions, the FIFO synchronizing logic makes the DMA

service regquestls to the DMA controller to ensure that the

UMA controller runs at the disk speed,

4.1.10 DMA BUFFRER,

The DMA buffer is contained in the Random Access Memory [RAM)
modules US and U6. All data transfers to or from the disk
memory must pass through this buffer.

DMA rvequests (DREQO and DREQL) are generated by the DMA reguest
tatches on Ul6. For DREQO, the Data Write (DATWRT) command

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

flip-flop. The scknowledge from the DMA controller

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

by DIOR. DREQ! flip-flop operates in a similar way: set by

Data Read (DATRD) and clocked by DIOW. Both request flip-flops

are cleared by DMA Reguest (lear DRLOLE.



describes the operation of the individual circuit

packapges [(DIPS)Y contalned on the AM-500 circuit hoard,

the CPU and DMA controiler me

contrel logic and inter-

topie and connection dia-

CROPROCESSOR (U1is)
is s 53&@&@ D1P module that handles the

AM~ 500 circuit boasrd.

diagram of the (PU, and Figure 4=3

3

configuration which contains 208 bits

memory that are accessible to the proprammer.

include two sets af six general purpese reglsiers

individually as 8-bit registers or as 16-bit

re are also two sets Qf accumulator and

-l

. The programmer has access to either set of

alternate registers through a group of exchange lastruc-

alternate set allows foreground/background mode

of cperation or mav be reserved for very tfast Inte

o
fars
et
fot
e
ot
o
Ji
e
-
o
et
1
£
i

also ocontains a 1l6-bhit stack pointer which

ementation of multiple level intervupts, unlimited

nesting and simplification of many types of datas

by gy AT 2y o
Adneling.

it6-hit index registers allow tabular data manipulation
o

implementation of

for automatic, totally transparent refresh of external

H

memories. The regiaiﬁf is used in a powerful interrupt

ponse mode to form the upper 8 bits of a pointer to an interrt
]

vice address table, while the interrupting device Sa?piiﬁﬁ

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

to this sevrvice address.

relocatable code. The Refresh register
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Figure 4-4 shows the CPU pin in configuration and Table 4-7

contains a list of the CPU signals.
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g i6-bit addre

bus provid

(up

bus . T

used for data exchanges

:

and 170 devices,

(]
-3

Output, active low. M1 indicates

current machine cvole 13

the OP code fetch cvele of an

instruction execution.

MREQ

19 (Tri-state output, active low. The
MEMORY REQUEST memory request signal indicates that

the address bus holds a valid address

for a memory read or memory write

cperation,

‘ri~state outpul, active low,
g F

TORG signal indi

by o b
[

b

3 F=3
[t -

i

f

half of the address bus holds z valid

T F :

i/0 address for a 1I/0 read or write

ceperation. An IQRQ signal 1

i

generated when an interrupt is being

P

acknowledged to indicate that an




Table 4=7 [(Cont.}. €CPU Signal List

PIN FUNCTLON

interrupt response vector can be

pliaced on the data bus.

RE 21 (Tri-state output, active low.

MEMORY READ indicates that the CPU wants to

data f

rom omemory or o an iy device.

The addressed 170 device or memory

should use this signal to gate data

onto the CPU data bhus.

WR 22 |Tri~state output, active low. WR
MEMORY WRITHE indicates that the CPU data bus
holds valid dats to be stored in

the addressed memory or /70 device,

o]
0

Qutput, active low. RFS

REFRESH that the lower 7 bits of the
bus contain a refresh address forx
dynamic memories and the current

MREOQ signal should be used

o
o
<
/
o
-
<
-
i~

refresh read to all dynamic memories

18 [Cuiput, active low, HALT ind

that the CPU has execcuted a

software instruction and is
either a nonmaskable or a maskable

interrvupt {with the mask enabled)

before opervation can v
halted, the CPU executes NOP's 1o

maintain memory refresh activity.

4=29




)
]

P
N

Input, active

T . 1 . iy e e .
to the CPU that

=
=y
fu—

or L/0 devices are not ready for a

data transfer. The CPU continues to

Pl

g

2L

i

er wait s

T

ates for as long a5 this

signal is active,

16 linput, active low. The Interrupt

RBGUEST Reguest signal is

1y

rated by L/0

£

devices. A reguest will be

at the end of the current

tion 1f the internal software o«

tryolled interrunt enable flip-flov
i

NMI 17 Vinput, active low. The non-maskable

infterrupt request line

pricrity than INT and is always
ecognized at the end ¢f the curvent
instruction, independent of the

status of the interrupt enable flip»

automari

P to restart to

p—
i
€3
ot
)
s

Input, active low,
izes the CPU as follows: reser
interrupt enable flip-f{ioy
PC and registers 1 and R and set
interrupt to 8080A mode. During
reset time, the address and data

bus go to a high impedance state

4= 30




Table

4=7

{(Cont.).

CPU Sdignal List

SLGNAL

FUNCT

LON

and all control output

to the inactive state,

[
[ a]

Input, active low. Th

signel has a
NMI and

end of the

higher pr

is alwavs reco

current mac

15 used to request the

bus, data bus and

centyol signals o

2R
=Y

impedance state so tha

can control these buss

e bus request

tovity than

gnized at the

hine and

cvele

tril-st:

to &

t oither devices

ACKN

OWLEDGE

]
LA

low. 5!
tao

Gut@uﬁ, active
d to
that

and tri-

LS use indicate

device the CPU ad
state

Lo

bus

hean sot their

and the

have
state axternal

control these signals

contro

us dbknOﬂECxéC

bhus

dress bus, data
13

high

device

goes actlve.

chip enable %
memary data

data with the

in

3

should

of a f

-
The

3

visi

etch

ter

oy

start

rnail

content

3

4

FON QP -

dvnamic
he
ng edge of the

CORE

of the cvale.
falling edge of
memories.

enable

cycle are

decoding and executing

FETCH

W

{(PCy is placed on the
half clock
he

active i

Une
ZREO
RD when

=d onto the CPU

can used

clock state T3,

to refresh dynami

the

used

data bus

instruction,

address bus

time later
directly
ndicates that

5. Fhe CPU
Clock state
Comemories

The

the

samples

while



control

dvnamic memories

indicates that a refresh

should be accempliished,
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tilustratec
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are usad

signals

of a memory writ

the address bus
a chip enable fo

he

when on I
directly as

MEHGTY .,

AG A5

MERELD

w
e

WAt

read or write

The MREQ and

cvole.

¢

timing of

(M

is memory

A

cvele).,

g5 in the fetch in

activea

£
al

it

s begomes

e cy

can be used dir

v dynamic memories. The WR line is ac

data bus 1s stable so that 1t can he

Ammoey ok Oyl

Tz T
S N LSS
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DaTE pUT
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4=5%2

read o
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cyeias

RD

ti

usad

5

a4l

a R/W pulse to virtually any type of semiconductor
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4.2.1.3 INPUT OR OUTPUT

Pllustrated herve is the an I/0 read or 1/0 write opera-
tion, Notice that during I[/0 operations a single walt state is

automatically inserted (Tw#®). The reason for this is

I/0

cperations this extra state allows sufficient time for an [/0
port to decode its address and activate the WAIT line if a wait

is reguired,

B s DY s W e S e G e

A ag T R T mwn&s;s T

9RG ﬂmmm_—h\L : . AR

o e
ae ! y o N
a0 § > Aot
. [ Lok
Y
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. i
JE N————— : st
s I L e
; . ¢ Cgele
DU E e { v DU? | e
t * g

REQUEST/ACKNOWLEDGE CYCLE,

is sampled by the CPU with the rvising edge

the end of any instruction. When an inter=

special MI cyole is generated, [BDuring this

M1 cycle, the TORG signal becomes active {(instead of MREQ) to

indicate that the interrupting device can place an 8-hit vector

on the data bus. Two wait states [(Tw®) are automatically added

to this cvele so that a rvipple priority interrupt scheme, such

a5 the one used in the peripheral contrellers, can be easily

Lams B Dvete
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4.2.0.5 CPU INSTRUCTION SET.
The fol is a summary of
assembly language mnemonic and

I
f
A

The instr

Block Moves

Memory

Memory Block Searches

the CPU instyuction set showing the
the symbolic operation pertormed
uctions are divided into the fol-

t oand

vtoarithmetic and logic Calls
»it arithmetic Restarts
ral purpose Accumulator Returns
& Flag Operations
n the table the following terminoclogy is used.

= s bhit number inoany &-bit register or memory
location

= fag condition code
HNE = nown zero

F

Z rero
ML NCHY CarTy
¢ CRITY

Parity ndd or no over flow
Parity even oy over flow
Positive

Negative {oinus}

PG
PE

P

e ROy IOCELION

any H-bu destination rogister o

dd  #= any le-bi destinalion register of memaery locaton
g = Bbit signed 25 complement displacement used in

celative jumps and mdexed addressing

4 speciat call focations in page zero. In decimal
notation these are 0. 8, 16, 24, 30 40, 48 and 56
any #-bit binary number

n =
nn # oanv [6-bi Dinary number

# any %-bit general purpose regester (AL B O D B

Hoor iy

H = apy R-BiE source register oF memory iovation
5k = g bitin a specilic 8-bit register or memaory Jocslion
53 = any Hebit source register of memory location
subsernipt LT = she low order 8 bits of 8 16-bat regster
subscnips "HY 2= the hugh order 8 bits of 2 i5-bit register

the contents within the { j are to be used as a
pointer to a memory location or L0 port number
registers are AL B, O, DUE H L Tand R

register pairs are AF, BC DE and HL

registers are 8P, PO 1K and 1Y

i =

Hobrit
té-bit
Po-bit

Addressing Modes implemenied niclude combinations of
the following:  Immediate indexed
immediate extended  Hegister
Modified Page Levo imphed
Helative Hegister ndirect
Exiended B

i~ 54



B-BIT LOADS

[e-BiT LOADS

EXCHANGES

MEMORY BLOCK MOVER

d-8,

CPU Instruction Set

Mnemonic

Symbolic Operation

Comments

EDes

Ehdor

Lhan

Eix a s

LiZd A

H Y
g 1
d

sE o {HL .
(IX+eyr (1Y +ey
d =Ly s
(IX+ey (1Y e
d=(His

(1 +e) {IY +ea}
s = (B (DR
funi bR

d = {RBC (DE}
(nnh IR

LD dd, nn
LD dé.{zm}
LD {nng, ss

LISF sy
PUSH 35

POP dd
X DEHL

EX AF AFS
EXX

EX (8P ss

dd ~ nn

dd = {nn}

iNn} =

P - gs

(&P-1) - s8g4. (5P-2)

ddy < (5P} ddyy + (SPH])

DE — HL
AF - AR

"BC 8BS
DE [ DE
HL HLY

(SPY -~ 55 . (SP+it -

dd = BC. DE,
HL, 8P IX.1Y
dd = BC, DR
HE 5P, i
ss = B, DE.
HLOSP IX 1Y
ss = HL X 1Y

55 = B,
HiL, AF IXTY
CDE.

 ay

ded = B

s = HLOIXTY

5SH

LI

LBDR

(D) = (ML DE « DE+|
He <« HE+1 BC = BO-
{(DE} = (HL)L DE « DE+1
HE «~ HiL+1 BC < BC

Repeat uniil BC = §

{DEy ~ (HL) DE « DE-)
HL « HL-1. BC « BC-]
(DE) « (HL). DE = DE-1
HL = HEL-1, BC « BC-3

Bepeat unul BC =0

fion

E
Lot
L




Table 4-8 (Cont.}. CPU Instruction Set
Maemaonic Symbolic Operation Comments

MEMORY BLOCK SEARTHES

BBET ALU

H-BIT ARITHMATIC

OGP ACC ANTDIFLAG

P

ADDNHL, ss
ALC HL s
ADDIX s

ADDIY s

INC <dd

DEC dd

{PL
MEL
TCF
SOF

A-{HLY HL - HL+1

BC o« BO-8

A-{HLy, HL = HL+j

BC — BOC-1. Repeat
il BC = 0o A = (HLD
A-{HLY HL « HL~1

B o« B4
A-(HL), HL = HL 1

BC « BC-1 . Repeat

untid BO= 0 or A = (M)

A-HE Y sers
the flags only.
A iz not affecied

SR
A A s

A At Y
A o Aok
A A g Y
A A A
Ao AV g
A A®g

P

—

PRE o+ HL + 58

HE o~ HL 4 v Y
ML -~ HL - ss 1Y
P o 1R oy

Y = % + se

dd = dd +

dd - dd - |

Converts A contenis into
packed BCD following add
or subiract.

A A&
A e 00— A
Y ~CY
€y -

4- 36

% iz the
carry {lag

s ron {HL)
(IRee) (Y +e)

s=r n{HL)
(1X+e). (1Y +e)
d =, {HL)
{1X+ey (1Y e}

ss = BC, DE
HE , 5F

ss = BC, DE,
iX, 5P

ss = B8O DE,
iy, 8P

dd = B, DE,
HL,SP, IX 1Y
ded = BC, DE,

Operands must
be in packed
BCD format




MISCELLANEOUS

ROTATES AND SHIFTS

BIT S R, ANDT

INPUT AND QUTPUT

£

able 4-8 (Cont.). CPU Instruction &
Muemaonic Symbolic Operation Comments
MOP Mo operation
HALT Halt {PU
i Disable Interrupts
El Enable Interrupts
THERY Set interrupt mode O S08OA mode
iM i Set interrupt mods 1 Call to 0038

RiCs

selinterrupt mode

Indirect Call

BB .
Repeatunid B =0

RL s L a7 e
§
R ——
RRC 2 L&[‘i i ‘) ;\:E
S
RR s T
5
5LA s U] T e e & (HLY
s (iX+e) (1¥+e)
SHA s o i
¥ s
SRL s
; AL
- ¥
RLD sl T
Ao TR
L3
RRD Ol o PR el
. S|
BiT b s L % £ is zero flag
SETb.s S, + | s =1, {HL})
RES b 5 5§ v 0 {IX+e) (1Y ve}
IN & fn) A = {n)
NS 1o {60} Set flags
I {(HL) = (O3 HL « HL + ]
B+8-1
INIR (HLY < (CyL HE < HE +
BeB-1
Repeat untii B =0
IND (HL) (T3, HL « HL - ¢
Be§.1
INDR (HL) < (U HL < HE -

r



Pable 4-8 (Cont.). ©PU Instruction Set
Mnemonic Svmbolic Operation Comments

{}ET’?{ 1 }q A {'ﬂ}g - A
QU r (e

GUTH (Che (HL) HE « HL + 1
B~B.I
OTIR (€)= (HLL HL « HL +
INPUT ANB QUTPUTY BeB-i
Repeat unnl B =0
GUTD (Ve (HL ) HE - HE -
BB
OTDR {(Cy= (HLyL HL « HL -

{fcondition o s true £, PE
PO = i, else continue SN WGP
IR e PC o= POt e < M
HIMps . .
FR kk. e Hcondiion Kk s true o T NE NG
PC o PC 4 e else continue KK ¥ q
P iss) PO gy sgo= HE IX_ 1Y
DN ¢ BeB-1 ifB={
continue, olse PO < PC + 2
T T g 5
{‘Aii 1 {SP* !} A ﬁ%% {v’ - -
' ; - _ NE PO
(8P-2% - P - PO o+ nn 7 P
CALLY T OALL ool nn 1 H condition o is false we N{ p )
continue. else sarme as C Y
CALL nn
QS«E E. {SP* %} = W%‘ﬁ
RESTARTS S R P{"E ) P{"’H o {}
PO o« L '
CRET POy~ (SP).
M‘H i {&P@ iy
RET o Hcondition o is faise g’;\;z B3
B TR NS continue. slse same a3 RET N J’ | P
BRET! Heturn from interupt, N{ ;
(. :

same as RET

RETH Return {rom non-
maskable inierrupt




4.2.2 DMA CONTROLLER (U20).

This device is a multimode Divect Memory Access (DMA) controller
for microprocessor systems., It enhances system performance by
allowing other devices to directly transfer information to or from
menory ar te transfer data from one memory to another, Figure d=5
shows the DMA controller conmections and Table 4=9 lists these

slgnals with their functions.

The three basic transfer modes allow programmability of the tvpes
of DMA service by the user. FEach channel can be individually pro=-
grammed to Autoinitialize to ifs original condition following an

End of Process (FOP),

Bach channel has a full 64K address and word count capability,
An external EOD signal can terminate a DMA OF Mmemory-to-memnory
transfer, This is useful for block search or compare opevations
using external comparators or for intelligent peripherals to

ALOrt erronecus services.

CONNECTION DIAGRAM
Top YView

& e LU S———_——y
ELY iy DU
38 i]-w% Ag
a7 ::z—wm—-m Al
M e £
L
34 e~ Az
3 :_}vw--w-m A%

3 i S ———

AR e

O e
T
S e ]
IMOTE 18 rone] ]
BRADY ~——w=]
HACK —-———eni ]

B s I
Y

DA
HREQ e ] JMA

SONTROLLER
s e W CONTRO Rsa per—e- o0

T e 2§ [ ey
RESET -~ 117 28 e (g
sacy i ] 14 7L gy
YN e pu—— 1.1 EL
oaEns el 218 b e BALKA
DREQE ——=f k37 20 e DACHT
DREQT ——el ] W 28 [ g
DREQR —raf Y 18 22 [ pmese DRG

{GMI VEBE — 7] 20 21 e 387

b R R

£

Figure 4-5, DMA Controller Connections
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Table 4-%. DMA Controiler Signal List

SLGNAL PIN FUNCTION

31 0 +5 Volt Supply

V55 20 1 Ground

GLK 12 JThis input controls the internal
CLOCK, INPUT operations of the UMA Controller
and its rate of data transfers. The

input may be driven at up to 3MHz
for the standard DMA Controllier and

up to 4MHz for the DMA Centroliler,

11 ¢ Chip Select is an actlive low input

SHIR SELECT, INPUT used to select the DMA

as an 1/0 device during

13 {Reset is an asynchronous active

o

he Command,

[

BT, INPUT high input which clears

Status, Reguest and Temporary regils

ters., It also clears the first/

iy

tast flip/flop and sets the Mask

£n
fd

rTepls

er, Following a Reset the

device 1s in the Idle cycie.

6 | Readv is an asvnchronous input used

INPUT to extend the memory read and write
pulses from the DMA Controllier to
accommadate slow memories or /0

peripheral devices.




DA

Contreller Sign

PIN

LN

active Hold

Ny

high

the ndicates

s tem buses has heen

4
e
wn

tha

Acknowledgs

tocantrel of

relinquish

ed.,

The DMA Reguest lines

asvnchronous channsel

o

used by peripheral o
chtain DMA service.

DREQO has

and @REQS has the low

Lty the hi

generats

the DRI line of

a ch
acknos the

DREQ
programmable,
to

will ledge

the signal. Pol

is

these lines gotive

Rese

area

reguest inpu

ghest

est priority

a

annal,
recognition

arity of

1

nigh°

activart

Loy
.
T LY

H T Ty

UBT
JATA BUS,

INPUT/0UTRPUT

Data Bus lines ar

three-state signal

the svstem data bus,
in

Lo

are enabled

during the
contents of an
Status register,

register or a Word

to the CPU. The outp
abled and the inputs

an 1/0 wh

Write cyale
programming the
trol

registers

the most significant

53 "’()Li

Cou

when

uring

The output

rogram Condi

the

ocutput

f&"f‘

ey

nt

are dis

uh s

are vead du

the CPU

register

tion

-

riTigE

controller cone-

DMA oy

niLts

aight




‘able 4-0

(Cont.}.

Controller Signal List

5 IGNAL

PIN

PUNCTION

the address arve ocutput onte the dart
bus to he strobad into an exterosl
latch by ADSTE, In
sperations, data from

comes into the DMA {

memory transier. In
memory transfer, the data bus cutput
place the dats 1nto the new menory

location,

a

I/0 Read is a bidirectional, active

iaw?three—st&t@ line. 'n the idle

cyele, it 1s an

the

utput control signel used by
the BMA Controller to access data
Froys b seripheral during o 3}'\‘1"%

TTom a E.e ST ?:j nerTal durin i a0 MA

Write transfer.

P70 WRITE,

INFUT/0UTPUT

o

I/0 Write is a bidirectional, active

low, three-state line, I
¥

cycle, it is an input control signal

used by the CPU to leoad information

inte the DMA Controller, in the

Active cycle, it i3 an ocutpul contro.

signal used by the DMA Contro
1o data to the peripheral duriag

ad
4 DMA Read transfer.




Table 4=9 (Cont.),.

DMA Contreller Signal list

SIGNAL

FUNCTION

BOP
END OF PROCESS,

INPUT/OUTPUT

EQP 1s an active low, bidirectional

signal. Information concerning the

completion of DMA services is avail-~

able at the bhi-directional Bnd of
(EQP} pin. The DMA

allows an external

Process Con-

troller signal to

terminate an active DMA servi

Ce

[
e

i

This 1s accomplished by pulling

BEOP dnput low with an external LOP

signal. The DMA Controll also

er
generates a pulse when the terminal
TC)H

generates

channel 1is

I

count [ tor

This

any

f

]

an b signal which

ECP line.

fer to terminate the service, resst

|5
the request; and 1f Autoinitiallze

channel. The mwask bit and TC bit in
the status word will bhe set for the
currently active channel by 2OP

d

he

unless the channel is programmed for

Autoinitialize, In that case,t
During

LOP

channel

mask bit remalns clear,
will

1

transters,

TC fo

memory- to-menory

be output when the r

GUQUrs. ‘

reached,

1s output through the The
reception of EOP, either internal or
external, will cause the IMA Control-

15 enabled, to write the hase regis-
ters to the current registers of that

+
|8




Table 4-9 {(Cont.} DMA Ceontroller Signal List

[ |
B WA SN
-

L
3]
ot
-
o

]
h
-
o
W
5
ot
poac
s
ks
ot

d
]

DMA Do

and

provide the lower 4 hits of the out-

L
]

a
P
-

four most sipnificant address

o

y, OUTPUT 38,1 1inss are three-

P

L

tate outputs and

3
s
-

provide four bits of address. These

EES
-

lines are enabled only during the

DMA service.

HEEQ 10 ' This is the Hold Request Lo L2

ot
3]

to reguest control of

fols

HOLD REQUEST, and is us

i

e
QUTPUT system bus. If the corresponding
r

mask bit

DACKD-DACKS 25,1 OMA Acknowledpge is used to notify the
DMA ﬁﬁﬁﬁﬂwiﬁﬁﬁﬁy 24,V individual periphevals when one has
St

]

Pl 17,ibeen granted a DMA cycle, The sense
16

o
[

these lines is programmable.

Keset initializes them to aciive Jlow.

S
i
g
e




Tabie

=9 {Cont.),

DMA Controller Signal List

L PN

FUNCTLON

g

The Address FEnable is

ADDRESS ENABLE, level used to enable the output of
CUTPUT the external latch which holds the
upper byte of address, and to dics
the system bus during the DMA cyole,
Note that during DMA transfers, HACK
and AHN should be used to deselect
all other 1/0 peripherals which ma
erroneously be accesssd as programmed
L/G during the DMA
DMA Controlier asutomatical
selects 1tseld during DMA tx .
ADST 8 | The active high Address Strcbe 15
ADDRISS STRORE, used to strohe the upper address

OUTPUT

byte intoe an external latch.

MIIMR
MEMORY

OUTPUT

The Memory Read signal i3 an active
low, three-state output used to
the selected
DMA

transter.

access data from

menory

Read or =z

o

location during a

menory-to-memoery

MEMW
MEMORY

ouTPhuT

WRITE,

The Memoyy Write signal is an active

lowg putput used To write

data to the selected location

DMA Write

MOMOoTY

during a oY g memory-to-

memoery ftrans ter.




FTROLLER FUNCT IO

v bhlock diagram shown in Figure 4-6 includes

yiocks and all of the internal registers,

paths are also shown. Not shown are the

Blocks., The DMA Controller

,M
e
s
A
[
W
-
fad
3
@
e
ol
o
o
&

in the form of regis

10 lists name and shows the siaze
A aetailed ana their
functicns can be founc .
Table 4«15, DMA Contryoller Internal Registers
Mame Bize Bhrbar
Base Address Registers 16 hits 4
Hase Word Count Registers 16 bits 4
Current Address Registers 16 bt 4
Current Word Count Registers 16 bits 4
Tamporary Address Register LT bits H
Temporary Ward Count Heglster 16 bits f
Sratus Flegister £ bits i
Command Reglster & bits T
Temporary Negister 8 bits 1
dode Regisiers G bits 4
hask Hagister 4 bt 1
Brguest Register i 4 bits 1
DECREMERTOR IMODECREMENTOR Al AL
L) RIFFER - b
TEP WORD TEMP ADDHEES _' L
- UMY REG {181 HEG {16 i
e R — H
ST — g ) i
) 6 T HUS
CE 16 BT BUS ]
RE ALY oo g CUTPLT i
. . QUFFER S
LR i NG AEAL BUFFER READARITE BUSFER N i ¥
P ” N ARl i
A AT RO BAKE % BASE + g CURREMNT s o
P o 4 BWORE WA
i ADORESS i Coune I count
T — e : ey P
ME Gy e ] % &
* COMBEANE
T & SONT O
- — .MME f ‘1?
;
5 WRITE BLIFRER BEAD JUFFER
3 R 9
i g
% | | 9t 7 -
D E O DR EOS -_7»“"-#" SRIEITY i CEMBRE MM TS RS t:: m?_sawm, ATA BUS . — HO BUFFER
HARE oo EWOCODES =
ARD H
HEEQ spveend  ROTATING Pk P
FRIOBITY i LY H =
DACKEDACKE - Loen ¢ < REAL AT E H i
B STATUS I TEMPORARY (§)
£ T EREE T

T s RECRIEET ()

Figure 4-~6, DMA Controller Block Diagram
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The DMA Controller contains three basic blocks of control Togio,
The Timing Control block generates internal timing and external
control signals for the DMA Controller. The Program Command Cone
trol block decodes the various commands given to the DMA Controller
& microprocessor prior to servicing a DMA Reguest, It also
decodes the Mode Control word used to select the type of DMA
during the servicing. The Priority Fncoder block resolves
priority contention between DMA channels reguesting service

simultanecously,

Fhe Timing Control block derives internal timing from the clock

input.

402,20,

Ihe DMA Controller operates in two major cycles. These are called

[}

idie and Active cycles, Each device cvcle is made up of a number
of states., The DMA Controller can assume seven separate states,
cach composed of one full cleck period., State 1 (S1) is the
inactive state. it is entered when the DMA Controller has no

valia DMA yequests pending. While in S1, the DMA controller 1is

Lo

[

inactive but may be in the Program Condition, being programmed

{5 is the first state of a DOMA servige
eg

i

by the processor. State 0

303
Phe DMA Controller has requested a hold, but the processor has not
vel returned an acknowledge. An acknowledge from the CPU signals
that transfers may begin. 81, 5Z, 53 and S4 are warkiﬂg states of
the UMA service, T more time is needed to complete a transfer
than is available with normal timing, wait states (SW) can be

1

inserted between SZ2 or 83 and S4 by the use of the Ready line on

Memorvy-to-memory transfers require 2 read-from and a write-to-
memory to complete each transfer., The states, which resemble the
normal working states, use two digit numbers for identification.

a

Eight states are reguired for a single transfer. The first four

447



states (511, 512, S13, 814} are used for the read-from-memory

half and the last four states (S21, S22, $23 and $24) for the

channel is requesting sevvice, the DMA Controller

tdle cyecle and perform V"SIV states. In this

Controiler samples the

lines every clock

requesting a DMA service.

an attempt by the microy

isters of the DMA Controller

€S is low and aaz&g 15 low, the DMA Controller enters the Prog

Londition. The CPU can now establish, change or inspect the

-

R O R il S PR R s [ [ k NP 14 S - S N
internal delinittion of the part by reading from or writing to the

itnternal registers., Address lines A0-A3 are inputs to the device

st which registers are to be read or written.

lines are used to select and time reads or writes, Due

to the number and size of the internal registers, an internal

1

15 used to generate an additional bit of address. This

b1t is used to determine the upper or lower byte of

Master Clear or Reset. A separate saftwaye command Ccan 8. 50

e commands can be executed by the DMA Controller

",

e

ondition., These commands are decoded as sets of

X

sooand 10W,  The commands do not make use of the

&

S Instructions include Clear First/Last Flinp,

Khen the DMA Controller is in the Tdle cvcle and a channel
requests a UMA service, the device ocutputs a HREGQ to the micgro-
processor and enters the Active cycle. It is in this cyeoie

ne DMA service takes place in one of three modes:

4-48



single Transfer Mode. In Single Transfer mode, the device

grammed to make one transfer only. The word count is dec

and the address decremented or incremented following each
Tty

When the word count goes to zero, a Terminal Count (TC) causss an

Autoinitialize if the channel has been programmed to do sao

must be held active until DACK becomes active in order te be

recognized, If DREQ Is held active throughout the single transfer

2

tnactive and releases the bus to the svstem. To will
active and upon receipt of a new HACK, another single

is performed. In 8080A/5080A systems, this wil

Bt

machine ¢vele execution hetwegen DMA transfers,

Block Transfer Mode, fn Block Transtfer mode, the device is acti-

vated by DREQ to continue making transfers during the service

oy o 1 . T .
until a TG, ca

-

sed by the word count going te zero, or an external
bad of Process {EOP) is encounteved. DREQ need only be held

active until DACK becomes active, Again, an Autoinitialize ocours

at the s#nd of the service 1f the channel has been programmed for

T
=

Demand Transter Mode. In Demand Transfer mode, the device 1is

— s my e vy sy §
Gr o external

programmed to continue making transtevs until a TC

hus transfers

OP is encountered or until DREQ goes inactive,.

may continue until the 1/0 device has exhausted its data capacity.

Atter the 1/0 device has had a chance to catch up, the sere

vice 1s re~established by means of a DREQ. During the time

between services when the micreprocessor 1s allowed to operate,
the intermediate values of address and word count are stored in
the DMA Controller Current Address and Current Word Count regi

¥

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

[ d

service, EOP is generated either by TC or by an external si

4=49



Bach of the three active transfer modes can nerform

transfers. Kead, Write and Verify

move data device to the memory

R, Read sfers move data from memory Lo
and IOW, Verify transfers

Controller operates as in Read or Write

addresses, and responding

and I/0 control lines all remain inactive.

To

Nary ., Block moves of data from one

ace to another with a minimum of pro

i

Controller includes memoryv-Lo-memory tran

ing a bit in the Command register selects channels

memory transter channel The

the software DREG tor channel 0. The

BMA service ln the normal manner,
using eight-state transfers in Block
from the memory. The channel U Jurrent

source Tor the address used and is

or incremented in the normal manner, The data byte

read fTrom is stored in the DMA Controllsy internal

then writes the data from the

p
Yt

Temporary oo Uhae

js¥]

nne

-

t0o memory using the address in its (Qury

L the normal

e

and 1ncrementing or decrementing

MANN ST, The channel 1 Currvent Word Count is decremented,

channel 1 goes to zevo, a TL is generate

itput terminating the service.

nrogrammed to retain the same address for all

allows a single word to be written to a bhlock

of memory.

The Controeller responds to externmal EBOP signals during memoerys

nemnes

to-memory transfers, Data comparators in block search scl

o
i
£
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may use this Input to terminate the service when a

Auteinitialize, By programming a bit in the Mode

Autoinitialize channel.,
of

automatically

channel may be set up as an

original values the Current

reglsters are restored

and Base Word Lount registers of that

. The base registers are

the current vegisters by the microprocgessor and

unchanged throughout the DMA service. The mask bit is
g

the channel is in
gl is

1terventio:

when Autoinitialize., Following

the channe ready to perform another service without

2

DIMA

software

Controller has two types of priorvity

selectable The first i3

the

of

a5 options.

~ 1

ch channels in order base

the

whi fives

Priori

1t Y

Driority

the cending value iv number., The channel with

aes
est or

lowes iority is 3 followed by 2, 1 and the

channel, 0., After the recognition of any one channel

the other channels are prevented from interferine with tl
s [

complete.

e

last

second scheme is Rotating Priority. The

service becomes the lowest priority channel with the oth
rotating accordingly,

st Service Frwd Service 3rd Service

? e $ETVICE 3 ot gREVICE
% e semre\ St mquefit\{}
&2

loweest 3 2

highest

With Rotating Pricvity in a single chip DMA system, any

sarvice is recognized after

This

requesting guaranteed to be

than three higher priority services havé occurred.

any one channel from monopelizing the system.
- o

£

match

registe
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for
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encoding
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In order

racteris:
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(see Addr

o @utpuz the highe

may he

strobe

to lead these bits from the data lines to the

k and Demand Transfer mode services whigh 3
AL addresses generated a Farx
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uring DMA transfers. The address is sutomatically incre-
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mented or decremented after each trans¥ ey, and the intermediate
values of the address are stored in the Current Address register

du

st

ring the transfer. This register is written or read hy the

MLCTOPTOCessor in successive 8-bit bytes. 1t mav also be

reinitialized by an Autoinitiallize back to 1

Autoinitialization takes place only after an

Current Word Count Register. FEach channel has a 16-bit Current

Word Count register., This register holds the number of transfers
to be performed. The word count is decremented after each trans-
fer. The intermediate value of the word count is stored in the
register during the transfer. When the value in the register
goes to zero, a TC is generated. This register is loaded or

read in successive 8-bit bytes by the microprocessor in the
Program Condition., Following the end of a DMA service, it may
also be reinitialized by an Autoinitialize back to its original

vaiue. Autelnitialize can ocecur aonly when an EOP cccurs.

3

g
o
5

Base Address and Base Word Count Registers. fHach channel

IS
s
g
]
e

palr of Base Address and Base Word Count registers. These
registers stove the original values of thelr associated current

registers. During Autoinitialize, these values ave used to restore
the current registers to their original values. The base reglsters
are written simultanecusly with their corresponding current

register in #-bit bytes in the Program Condition by the micro-

-
b
3

processor. These registers cannot be read by the microprocessc

ommand Register. This 8-bit register controls the operation of

the DMA Controller. It is programmed by the microprocessor in the
Program Condition and is c¢leared by Reset. See Figure 4-7 for

the function of the command bits and Table 4-11 for address coding.
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P8 b 4 3 Z oo e By Numiber

1] ! ;
; § I Memory toomemory disable
,} 1 Memory [o-memory enabie
§ 0 Channel (0 address hoid disabie
s 3 Channgd ) address hold enatile
'ﬁ A HopaDe0
5 G Controtigr enable
—«E U Corerolier disable
3 Mosmal proing
. 1 Compressed immg
A e e d
§ O Fixed Priority
% 1 Fatsning Prionty
§ G Late write selection
1 Extanded wrnite seiection
E A ol 3
i
! I DREQ sense active high
i
z TODRED sense active low
0 DACK sense active o
i
E i DACK serse aoiive Migh
Figure 1-7. DMA Controller Command Bits



Tahle 4-11,

and Address

DMA Controller Word Count

Registey Command Codes

hanned Hegister Oper aticon S "_W;Sirgrna!s Emﬁ“"é }aém Bus
LS I0R 1O0W A3 AZ AY AD Flin/Flop D80 - DET
Base & Current ) { 1 0 ¢ 0 6 0 t A48T
& o Write
Addiress ¢ & 0 0 0 0 H AH-ATR
Current Head g 0 1 AT B ¢ T a Ald-ATF
Address ' o o 1 g o 0 0 1 AR-ATE
flase & Current g i G g o o 3 & WO-WT
Word © Write ] !
2f0 aunt o i a 4 0 1 i WH-WIH
Current g o 1 a o o 1 g WO-w7
- Read
Waord Count o o i 2 0 0o 1 § WH-WIE
3 Base & Current Write H 1 0 G 0 1 0 e AT
Address ’ g o 0 0 1 0 1 AB-ATH
Cusrent Read 2 0 1 O 9 1 ¢ % AL-ATF
ea
Agddress 4] { H g 0 H {F H AR-ATE
Pase & Current . 4] 1 ] 7 S I B & WOW 7
Al N Write
Waord Count Y 1 £ 9000 1 1 WEWIS
Crrresn Read iy o 3 4 o 1 3 o YL
Ward Dourt g 0 D) T ¢ S 1 WHWIR
Base & Current ) { i 0 9 v 0 0 {3 A7
2 . e Write ) )
Adiiress ¢ O T B T i AR-ATE
Currans Read 3 0 1 g 1 9 0 ¥ Al
Addrass i g4 0 1 AT R ¢ H AR-ATE
Hase B Current _ I a 4 1 g 1 G WO-W?
Waord Count Weite . o
vora Lount o3 G o9 7 4 1 1 WH-WIS
Currant ] G 1 4 1 4 1 Q WHI-WTF
e Read )
Ward Count o0 L S B B 3 WEBW15
3 Base & Current Write 0 1 0 a 1 1 0 O A
Address 3 1 b g 1 HI i AB-ATH
Current Read HI H g 1 1 0 AG-AT
Addrass 0 0 0 1 10 1 AB-ATH
Base & Current . 0 1 g g 1t 1 1 th WI-W 7
Waord € Write
org Lount g 1 N B T 1 WBWIE
Current Head 3 0 L g 1 1 i i WO
Word Count 0 I ‘E LN 1 1 1 WHWER




Mode Register. EHach channcl

i +

with 1t. When the register "o by the

-

Condz

e}

processor in the Prograw detern

channel Mode register is to

“igure -3 for the

mode register bit configuration,

e
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3 i G =81 Number

‘ ; E 00 Channe! 0 select

2% Channel 1 seigel
i
10 Channel 2 selact
i1 Channel 3 setecy

G0 Weoty ranste
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S — T F=ad transfer
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Request Register. The DMA Controller can respond to reguests

1oas b

o

for DMA service which are initiated by software as we

v

a [DREQ. Each channel has a request bit associated with 1t in

the four bit Request register. These are nonmaskable and sub-

Ject to prioritization by the Priority Encoder network. GHach

replster bit is set or reset separately under software control

o

or is cleared upeon genevation of a TC or external BOP

h

]

=

entire register 1is cleared by a Reset. Teo set or reset a bit,
the

the software loads proper form of the data word., See Fi

or the request register bit configuration and Table 4-1

for address coding.

76 K & 3 2 P ww—— 30 Number

Ll

H

-

e 03 Select channel &
Don't Lare i
Lm 01 Seiegt channet 1
10 Select channet 2

L 11 Select channet 3

L} O Fesetrequest iy
T SBerreguest Dit

Figure 4-8, DMA Contrveller Regquest Register Bits

Seftware requests will be serviced only if the channel is in

.

£

ock mode, When initiating a memorv-to-memory transfe

el

it
et

software reqgquest for channel 0 should be set.

Mask Register. Each channel has associated with it a mask bi

which can be set to disable the incoming DREQ. FEach mask bi

15 set when its associated channel produces an HOP i€ the c¢h

is not programmed for Autoinitialize. Lach bit of the four

Mask register may also be set or cleared separately undey sof

ware control. The entire register is also set by a Reset.

This disables all DMA requests until a clear Mask register

—
&

instruction allows them to occur. The instruction to separa

set or clear the mask bits 1s similar in form to that
the Reguest register, Sse Fipgure 4-10 for the mask

P

contiguration and Table 4-12 for Register instruction codes.

gure

i

tely




6 5 4 3 2 1 -em—— Bit Number
R 1 1
NEEEEN
3 ; |

Don't Care

21 Select channel 1 mask ha

) Select channel 2 mask bit

E 11 Select channet 3 mask bt
N
=

g 30 Select channel {1 mask bt

} {tear mask hit
i Setmask bit

All four bits of the Mask register may

also be written with a single command.

T8 3 4 3 07 PO em— i Numbe:s

s % {1 Cleas Channe! { mask iy
Gon't fave i

i Get Channel 0 mask bt

P& Clear Channet 1 mask bt
i o Ser Channet T mask hit

§ G Clear Channel 2 mask b
} 1 Ser Channet 7 mask

§ 3 Ciear Channel 3 mask Dy
Set Channel 3 mask bit

Figure 4-10, DMA Controller Mask Register Bits

-

Table 4-12. DMA Controller Register Codes

T

Regster Operation Signals

CS IOR TOW A2 A2 A1 A0
Command | Write 0 1 0 i 0 0 0
Mode Write 0 K i LI R B
Request Write 0 H i FIN ¢ TR O B
Magk Sat/Resev 0 i O 0 1 8
hdask Weite 0 1 G (T R B
Temporary | Read & & 1 Tooro0 1
Bratus Read 4 0 1 Y0 6 0




status Register. The
of

the DMA Controller
mation about the stat

intormation includes

and which chann

read

a terminal

have pending DMA requests, Bits 0-3 are

out

infor-

every time a TC is reached by that channel. These bits are

teset and on each Status Read. Bits 4-7 are

channel is requesting servic

T
i
ék—r T Channet 3 has reached TO

b T Crannet 1 has reached TC

T Channel 7 has reached TC

Z
Channet 3 has reachied TO

1 (Channe O reguest

i Channet T reguest

T Channel 2 reguest

1 hannet 3 reguest

ure 4-L1.  DMA Controlley Status Reglster Bits

3

rary Register. The Temporary register is used to hold

sel

@

the transfers, the last word moved can be read by the micro-

processor dn the Program Condition, The Temporary rvegister

alwa the last byte transferred in the previous

menory-to-menory operation, unless cleared by a Reset,

software Lommands. These are additional speclial software

be executed in the Program Condition.

The two software commands are:

any specitic bit pattern on the data bus,

They

5
Y

Lo

sel

data

memory-to-memoery transfers. Following the complietion of

e
.



Clear PFirst/Last Flip/Flop:

to writing or rveading new address

tTo

known state so that subsequent accesses

by the migroprocessor will address upper and lower bytes

the

Master Clear:

5

and

the DMA

correct

Contreller.

seguence.

This

seftware

the

hardware

Iinternal

Reseat,

This

The Command,

or word count

instruction has

Status,

the same

Reguest,

This command is executed priocr
information
initializes the flip/fliop to a

to reglster contents

i

effact

Temporary,

First/Last Flip/Flop registers

are

cleared and

the Mask rvegister

cycle, Tahle

commands .

Table 4-13.

4-13
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lists

Command

The

the

DMA Controller

address codes

DMA Controller

fo

Software

Codes

Operation

HRegisters

Signals

Affectad
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IOW AZ AZ AT AD

Clear FF
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First/Last
Flip/Flap

0 1

¢ 1 1 a0 0

Master
Clear

(iear:
Command
Status
Reouest
Temporary
internai
First/Last
FiipdFlop
Set: Mask
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4.2.3  FIRST-IN FIRST-OUT (FIFQ) BUFFER MEMORY (U7, U8).

This device 1s an expandable fall-thvough type, high-speed Fivst-]

First-Out (FIF0} buffer memory optimized for high speed disc or
tape controllers and communications buffers. It 1s organized
as 16 words by four bits and mav be expanded to any number. of
words or any number of bits [in multiples of 4}, Data mav be
entered or extracted asynchronously in serial or parallel. 1
device has tri-state outputs. See Figure 4-12 for the FIFD

Buffer connections,

FIN NABMES LOGIC SYMBOL COMNECTION DIAGRAM
DHP {TOP VIEW)

- Dy Paraitel (ata faputs

: ] = € b
Seral Date input | i i i ! ;
Paraliel Load Input i ; v Y s
v G BN
Serial tnput Clock (Operates on B : N
Negative Gomng Transmion e - .
i ) JEE—. N 8 R 2
Senal input Dnabie {Actoe LOW)
Tramsier 1o Stack Ingul {Actve LOW] g oe FIED

Serat Dutput Enable Inmnt
tAcne LOWI

TOR Tegrgfes Out Senal input
{Actve LOWH

Transter Qut Parailet Input
Master Feser {SAatve LOW)

ats [ fs
Output Enable [Active LOW}
serial Output Clock Input os [
{Giperates on Megative-Gomng Transitiont Ve - Pin 74 ror {3
Cp - (g Paraliel Diate Duiputs GND = Pun 17
Gig Serial Data Qutpur
RE input Aegister Fudl Duipuy &
{ctive LIW]
ORE Chtput Hegister Emoty Outpus

{detive LOW]

Filgure 4-12. FIFO Buffer Connections



As shown

of three

.

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

parts:

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

A 4-bit wide, 1d-word deep Fall-Through Stack with self-
contained control logic.

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

shaking and expansion.

Since these three sections operate asynchronously and almost

independently, they will be described separately in the following

paragrvaphs,

o" 0000
@,im‘ [1 :[.ri%.
L &
(:?’5:.! o - WPUT GATA -
#o— comrae: INFUT ARG RTER A
R p— {
Fi
@ [ T—— -:.c;;?ggl 4 5 1STACR
a%?z
() Bt el e
\\‘?) Fre— C‘:’)‘;’q‘f':“(;h TRIT AEGISTER . @
@‘T’f‘“"—"ﬁ ! LHATPLT DATA
g
Mgy~ e B4 1L e % A
vgg = Pin 12 B [P
1 v Pon Bumtiers &

Figure 4-13.

482

FIFQ Block Diagram



4.2.3.2 INPUT REGISTER [(DATA ENTRY).

The Input Register can receive data in either bit-serial or in

S

-0t parallel form, store 1t until it is sent to the Fall-Through

stack and generate and accept the necessary status and control

signals,

[ BT 2o . oy gy N 3 T : :
Flgure 4-14 is a conceptual logic diagram of the input gection.,

As described later, this 5-bit register is initialized bv set

r

the F3 Flip-TFlop and resetting the other flip-flops. The O Ou
of the last Flip-Flop (FC) is brought out as the floput Repgister

Full' output (IRF). After initialization this output 1s HIGH,

&3

[

L

£
wiazen . é
[ < [ o 4 3 g
B3 i it
o] TP . ol P il O 3] &
i a B

HhEL AL, o
TULTIE DE BTG RO 1T 3 E—

e — e AT A BRLE T TG 5 Y R s i o s

Figure 4-14, FIFO Conceptual lnput Section

Parallel Entry, A& HIGH level on the PL Input loads the DO-D3

Bata Inputs into the FO-F3 Flip-Flops and sets the Flip-Flop,

which forces IRF LOW, indicating "Input Register Full.”

must be stable while PL is HIGH. During parallel entryv,

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 sert,
forcing TRF LOW (Input Register full} and internally inhibiting
further CPST clock pulses. Figure 4-15 illustrates the final
poesitions resulting from a 64-hit serial bit train. BO is the
first bit, B63 the last bit,.

[ T

L)L

LT #6317 el bl
| BEuGTL A L
(I -
outPuT b Gy
HE TN KT oRY mt o )
3 Oy [T =2

Figure 4-15, Final Positions in a FIFO

Resulting from a 64-Bit Serial Train

4,2,.3.3 TRANSFER 70O THE FALL-THROUGH STACK.

The cutputs of Flip-Flops FO - F3 feed the Stack., A LOW level on
the TTs Input attempts to initiate a “fall-through” action. If
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 cennecting the TRF output to

the T16 input.

Data falls through the Stack automatically, pausing only when it
is necessary te 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, FZ, ¥Fl, FO, PFC Shift Register on each HIGH-to-LOW transition
of the CPST Clock Input, provided TES and PL are LOW.




4.2.3.4 OUTPUT REGISTER

™
L

data bus or on a 3-state
generates and receives the

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

L LMD ¢ BCIN Y ACK

he Output Reglster recelives

serial data

nesessary

(DATA EXTRACTION).
d-bit
location, stores 1t and outputs data

data words from the

bhottom Stack

on a 3-state 4-bit paraliel

bus. The output section

status and control

o (FU TP Y RO % ARG, s o

L

4

7
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[

ooy

Figure 4-146,

T

I-
i
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i

FO Conceptual

ETEUT BAT,

OQutput Section

g

sipnals.

Sedtion.



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

pulse is applied to MR, the Cutput Register Empty (ORE) Output

i LOW. After data has been entered into the FIF0O and has fallen

through to the bottom Stack location, it is transferred into
the ocutput register, provided the "Transfer Cut Parallel®™ (TOP)
Tnput 1s HIGH, and the O0ES Input is LOW. As a result of the
data transfer, ORE goes HIGH indicating valid data on the data
cutputs (provided the 3-state bulfer is enabled). TOPF can

now be used to clock ocut the next word, When TOP goes LOW,
ORE goes LOW indicating that the output data has been extracted;
ata itself remains on the output bus until the next

£
available) into the output register as explained above., During

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

&
LOW-to-HIGH transition of TOP transfers the next word {

serial Data Extracticn. When the FIFO is empty after a LOW

3

p
-

Ise is applied to MR, the Output Register Empty {(ORE! output

et

is LOW. After data has been entered into the FIFD and has

fallen through to the bottom Stack location, it ls transferrved

srr

into the sd?puf shift register provided the "Transfer Cut
Serial' (TOS) is LOW, TOP must be HIGH, and OFF and CPSO must

be LOW., As 3 result of the data transfer, ORE goes HIGH inadi-

cating valid data in the shift register. The 3-state serial

o

Data Output 08 1s automatically enabled and puts the first

data bit on the output bus., Data is serially shifted ocut on

the HIGH-to-LOW transition of CPSQ. The fourth transition
mpties the shift register, forces ORE LOW and disables the

serial output 05. For serial operation,the ORE ocutput may

be tied toe the TOS input, reqguesting a new word from the Stack
43 soon as the previous one has been shifted out.



d4.2.353.5 HORIZONTAL EXPANSION.

The device may be horizontally expanded to store long words (in

muitiples of four bits) without external logic. The intercon-
cessary to form a 16-word by 12-bit FIFO are shown

Using the same technigue, any FIFO of 18 words

be constructed. When expanding in the hori-

it is usual to connect the IRF and ORE outputs

device {(most significant device) to the TIS
1

devices to the left {(legss

Gomteie:

spectively of a

to guarantee that no operation is initiated

devices are ready.

PARAEL LB BATA BT

Coy oy 0o Ty Gy e D Gy Pag g Py
AN
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b
L H
1
i : B § Py
_j vy A Ca o e i, G Dy o
15 3oz o T A
‘g‘”} . B LR - S
1 S B o
- el 1 - o
oy H . -
20 j Tow ipe
L tivi i) prom—octiille P . Bt Eae]
an= AN Fetlfh (1 0 TE Fpo
TP U ety R P 1 s T L
® k4]
e
sy
R DATE
nE e
W R TN 2 J“iu?. ,

PABAL LE G DATE QLTI e

Figure 4-17, FIFG Horizontal Expansion Schene

FLFO Buffer Timing of various configurations and conditians is

4

3 . o

snown in Figures 4-18 through 4~25,



Conditions: Stack not full, TES, PL LOW

Figure 4~-18., FIFO Timing -

Serial luput, Unexpanded oy Master Operation

Conditions: Stack not full, IES HIGH when initialized, FL LOW

Figure 4-319. FIFO Timing -

Serial Input, Expanded Slave Operation



Figure 4-20, FIFQ Timing -

Serial Output, lUnexpanded or Master Operation

i3

Conditions: Data in stack, TOP HIGH

TES HIGH when initialized

Figure 4-21. FIFO Timing -

Serial Output, Slave Operation

i-69



ity

TP t
G4mOy R X P TP

Conditions: ITES LOW when initialized,
ECQ, CPS0 LOW. Data available in stack

Figure 4-2Z. FIFO Timing - Parallel Output,

4-Bit Word oy Master in Parallel Expansion

,«, . hJJ
Py Oy %;’w

Conditions: TTS connected to IRF, TOS connected
to ORE, T1ES, OES, EQ, CPSO LOW, TOP HIGH

Figure 4-23, FI¥Q Fall Through Time

4-70



RS ANDITL B

Conditions: Stack not full, TES LOW when initialized

W

Figure 4-24. TFIFO Timing - Parallel Loa

¢ Mode,

4-3it Word {(Unexpanded) or Master 1n Parallel

- 14

Fxpansion

HEYAELS

%

ions:  Stack not full, device initialized

(Note 1) with IES HIGH

e

Condi

4
S

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



4.2.4  CYCLIC REDUNDANCY CHECK (CRC) CENERATOR/CHECKER (UZ23).
Cyelic Redundancy Check (CRC) Genervator/Checker is a
programmable device which operates on serial data streams and
nrovides a means of detecting fransmission errors. Eyaiig
encoding snd decoding schemes for error detection are based

o polvnomial manipulation im modulo arithmetic, For encoding,
the data stream (message polynomial) is divided by a selected
polynomial. This divislion results in a remainder which is
appended to the message as check bits. For error checking,

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

it is possible to choose many generating polyncmials of a glven

degree, standards exist that specify a small number of useful

!mwr»

polynomials. This device implements the polynomials listed
in Table 4-14 by applying the appropriate jogic levels to th
select pins 50, 81 and SZ2. The CRC connections are shown in

Figure 4-406.

The device consists of a 16-bit register, a Read Only Memory
(ROM) and assoclated control circuitry as shown in the Block
Diagram. The polynomial control code presented at inputs 50,
$1 and 52 i1is decoded by the ROM, selecting the desired polynomlial
by establishing shift mode ope eration 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 (CPy. This data

st
bk
-

is gated with the most significant Output (Q) of the register,
and controls the Exculsive OR gates (Figure 4=27), The Check
Word Enable (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 ocut of the register and
appended to the data bits using external gating (Figure 4-28).



o check an incoming message for errors, both the data and check

bits are enterved through the D Input with the CWE Input held high.
~The device is not in the data path, but only menitors the message,
The Ervor Qutput becomes valid after the last check bit has bheen
entered into the device by a HIGH to LOW transition of 0P. 1f

o detectable errors have occurred during the data transmission,
the resultant internal register bits are all LOW and the Ervor

1>

)
4T

Output {(ER) is LOW, If a detectable ervor has occurved, bl

3

AiGH; BER remains valid until the next HIGH to LOW transition

of TP or until the device has been preset or reset,.

A HIGH on the Master Reset Input (MR} asvnchroncusly clears the
register. A LOW on the Preset Input (P) asynchronously sets the
egister if the control code inputs specify a 16-bit
polynomial; in the case of 17 or 8-bit check polynomials, only
the most significant 12 or 8§ register bits are set, and the

remaining bits are cleared.

LOGIT SYMBOL Pil NABMES
; P w By - Sn Poivnomiat Setect Inpuis
cl; | o Diata (nput
oo i CF Cioek {Operates on HIGH 1o
—f
e 1= i - LOW Transition} Input
s o i nml CWE Check Word Enable Input
i i Froset {Active LOW! Input
) MBR Master Reset IActive MIGH! Input
Meg o P e Q Data Dutput
GND - P T ER Errar Duiput
COMMEDTION DIAGRAM BLOCK DIAGRAM
P LTOP VIEW)
T R o 10 RIS I
Ik N :} 0
e gu iy Ei%? .-
k] ML 3\? mrser g

b 5 pata
fn

EN e E e min

BT BFgsTER O
ENE wax i 8

tib :J ]

L

F Rtz
wsrecton (Y 3 penns

Pany & and 8 not connecied,

Mg = 14
MOTE. GO = ¥

The Fistpak wersion has the sameg
penoaiie {Connection Dhagram! as vhe
Dt inbene Pechages.

Figure 4-26, CRC Checker Connections



Table 4-14. CRC Polynomial Select Codes

SELELT DORE POL ¥ NOR AL REMARKS
£V K Bg
L i L PL IR EY CRO1G
L L ] PRV RIS EY CRE16 REVERSE
L ,»« L X B335 ) 13a 0 Ta B K 2am ey
L H i WIZa Tl de e ey [tz alt o]
# L L w8 Te e xde x4
= L ] wBey LRCE
# e—% L FALTF R EAY SR8 CRC-GOITT
v + B 2 e w TTa xbey CRC-COITT REVERSE

]

F)'-é
-
-
e

o

Wﬁm Wac;’w— WWMN mqwun Wmmq u
ek w——%(;. ; ? ? ? ? @

e 5
Figure 4-27. CRC Eguivalent Circuit For X1Q+X*bfxz+i
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TreARY

RO AND 1

Data Pyl
LG B TS
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¢ Oheck word Ensbie s MIGH whiie gata s beng ctocked, LOW duning ransenssion of check bris.
2. 8401 must be reset or preset belore gach compuiation.

3 CRO check s are generated and appenced 1o date s,

Figure 4-28. CRC Check Word Generation
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4.2.5 16K (2K % 8) UV ERASABLE PROM (uz1)
This device is a 16,384-bit ultraviolet evasable and glectrically
programmable read-only memory (EPROM).

i

Pin Configuration

276
secfs o ek ves
£y 5 sfnag
s {fE B
ag £ FiE0 ver
A‘Ggg @ BII08
BLOCK DIAGHRAM iat It S
. as{§7  wm  efifE
DAES QUTFITE a8 g0y
T o —— z
q“ i) alds a3
TR G o ; ¢ By O
FPR At ?IT i ffz LR RN 35 10a
IBNEE £ oy iy
[T - T ENRRLE S
]
CRP g e OF gc,agfgﬁ’??n QUTPLT BUEAEUE
——
g TTH arcecen s ¥ GRTING
Jo-ssg — PIN RARSES
TR Y e % . 18308 01T
oo GLCODEH s GELh METRIN Lhg-he | abDAEWEL - :
E Wiie’ B Hhe | GNP SRARLE PROGIAR
__f___w BUTPUT FNARCE
UGy | DUTPUTE

Figure 4-29. PROM Connections

4.2.5.10  DRASURE CHARACTERISTICS.

iy
X

The erasure characteristics of this device are such that erasure
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 f{lucrescent lamps have wavelengths

in the 3000-4000& range. Data show that constant exposure Lo
room level fluorescent lighting could erase the typical device
in approximataly 3 vears, while i1t would take &ppraxima?e}y

. 4

o
~+

I week to cause erasure when sxposed to divect sunligh
the device is to be exposed to these types of iightiﬁg conditions
or extended periods of time, opague labels are available which

should be placed over the window to prevent unintentional erasure,
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4,72.5,2 DEVICE OPHERATION,
The five modes of operation of the device are listed in Tabie 4-15
I+ should be noted that all inputs for the flive modes are at TTL

ie
L

o
<%

els. The power supplies required are a +5V YOO and a Vpp.
The Vpp power supply must be at Z5V during the three programming

modes, and must be at 5V 1n the other ftwo modes.

Table 4-15. PROM Mode Selection

T B Elisens i v § Wge | BUTRUTE
™. 18 a8 e Eope | M YE ARTE
RDOT \‘\%
weg Wag Wig o - Dyt
Fupntiy Yypg Dos's G nl oty g £
Begraen B0 Wyg 0 Vs Vs R ) of g
[Ip————— g, Wit <35 8 [
Fragram Intgny Wig Wite ) o4 St £

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

puts. Chip Bnable (CE

N

must be logically satisfied in order to cbtain data at the outw

"y is the power control and should be used
for device selection. Output Enable (OE) is the output control
and should be used to gate data to the ocutput pins, independent
of device selection. Assuming that addresses are stable, address
arcess time [(tACCY is equal to the delay from CE to output (tCE}.

Data is available at the outputs 120 ns (tOE) after the ling

fal
edge of OB, assuming that TE has been low and addresses have

heen stable for at least tACT - tOE.

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

active power dissipation by 75%, from 525 mW to 1352 mW. The
device is placed in the standby mede by applying a TTL high signal

to the CE input. When in standby mode, the outputs are in &

high impedence state, independent of the OE input.

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

OR-tied together on the same data bus, Only 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 OF input to a TTL high level,

Propgramming. Initially, and after each erasure, all bits of

the device are in the "1' state. Data is introduced by selec-

Lively programming "0's" inte the desired bit locations. Although

LA o 3

anly "0%s"™ will be programmed, both "31's" and "0's" can be nre-

Tt

sented in the data word. The anly wav to change a "0 to a "1

aviol

i
e
<
o
Yook
t
=y
i

6

t light erasure.

The device is in the programming mode when the Vpp power supply
is at 25V and OF is at VIH. The data to be programmed i3 applied

§ bits in parallel to the data output pins. The levels requivred

for the address and data inputs are TTL.

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

ITL preogram pulse 1s applied to the CL/PGM input., A program

pulse must be applied at each address location to be programmed.
Une can program any location at any time -- either individually,
sequentially, or at random., The program pulse has a maximum width
0f 55 msec., The device must not he programmed with a DC signai

applied te the CE/PGM input.
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4,2.7 TRI=-STA

BUFFERS (U39},
These devices provide six, two-input buffers in each package,
One of the two inputs to each buffer is used as a control line to

.

ate the output onto the highwimpedance state, while the other

TR

input passes the data through the buffer. The outputs are placed

in the tri-state condition hv appiving a hiegh losic level to the
) PP g g B

Logic and Connection Diagran Truth Table

Hex INPLITS DSTPUY
g ) & a8l ¥
H x 7
L M ¥
L L L

Figure 4=31, Tri-State RBuffer Connections

A
¥
-
s



4.7.8 BUS COMPARATOR (.

TwW o
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3o ~

Far ane word are 1

agram
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whe

i apveur

5 4 M.

i

& o sagh fenpadoven
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iy
i

tgure 4-32.
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Min Tvp
Poesitive~going Threshold Voltage 1.4 1.6
Negative-golng Threshold Voltage 0.5 0.8

Figure 4~33, Schmitt Trigger Connections



5 POSITIVE-EDGE-TRIGGERED FLIP-FLOPS WITH PRESLT AND
U2, ule, UZ5, U6, U36).

TEUTH TABLE

IPLITE QUTPUTS
s CLE CER § o @
i L2 x X il L
+ H X ® L ¥
& L X E (LR
1Y H H 4] # i
b 121 t. L b
I B L X ag  {dc

Figure 4-34. D Flip-~Flop Connections



4,203

L1 TRI-STATE BUFFERS {(U1l4, U38),

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

that employ low power Schottky TTL technology. 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.

Connection Diagram Truth Table

a8 ik WNPUTSE | OUTPUT §
= i
1% i1 G A ¥ |
H o I
i ] [
! i
L S J

A
[} ;m

4 GRE

Figure 4-3h, Tri-State Buffer Connections
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4.2,13% DECODER/DEMULTIPLEXER (U22).

These Schottkv-clamped circuits are designed to be used in high
perfermance memory decoding or data routing applications requiring
very shoert propagation delay times. This device contains two

The

active~lcw enable input can be used as a data line in demulti-

separate two-line to four-line decoders in one package.

plexing applications. The device features fully buffered inputs,
presenting only one normalized lead to its driving circuit. ALl
inputs are clamped with high performance Schottky dicdes to

suppress line-ringing,

Connection Diagram Logic Dlagram
e e
peer e en e et 1Y)
WIELT BETA DETPRTR
Eageg i 180 £
Yer &F az oF e e il ieH ERABLE szw»—c@ 'E[:}*“E’ wr
3 éﬁ W4 ix ;!; in iv& Ee
{ 121
ar
aj SELEES -
ARFHYE I,
5(“{ P
Ante
GHTPETE
EARLT srﬂ'w-ﬂﬁ",‘:
%s ¥ 7 E:; Eg Ee Ey g‘g" ] i LI,
HABLE A 5t e w1 2 Wi AR f L ",{1}»»»1 P
a3 - bl
seeeny haT B AETRETS i;ai;i oy . ‘{;} W‘fﬂ;}mﬁ,gn

Figure 4-37, Decoder/Demultiplexer Connections
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4.2.14 QUAD 2-LINE TO 1-LINE NATA SELECTOR/MULTIPLEXER (U9)
This data selector/multiplexer contains inverters and drivers t
supply full on-chip data selection to the four ocutput gates. A

separate strobe input 1is provided. A four-bit word 1s selec

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

3 Tl -
Sl R I 1 -~ AN RN Rl A REL
Connaction Diagram Logic Diagram
TS PTE B " _mmmm'zmji
SYRBEE et GUTOUT e, QUTPET - R - .
Yig ] £ 85 ¥a A% 3 %3 . o ! ‘M}mﬁww
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%1& %m I iz 57 it i gﬂ wim}
1 A5l
i S S S :,,
e ¥ F
u . P
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Figure 4~-38. Quad 2-Line to l-Line

Data Selector/Multiplexer Connections.



402015 D-TYPL TRANSPARENT LATCHES (U42).
These 8-bit registers feature totem-pole three state outputs
designed specifically for driving highly capacitare or relatively

]

high-logic-level drive provide these rvegisters with the capability

vy

low impedance lcads. The hi impedance third state and increased

ey

of being connected directly and driving bus lines. Transparent

T
on means that while the

operat enable (G} 1s high, the Q outputs

("'J

tlow the data (D) inputs. When the enable is low, the ocutput

The output

I—’”l

i1s latched at the level of the data that was set up.

control not affect the internal operation of the latches.

1

Thax the old data can be retained or new data can be sntered

even while the cutputs are off.

Uonnection Uiagram Logic Diagram
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Figure 4-3%. D=Type Transparent Latch Connections
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4.7.16 TDUAL 4-BIT BINARY COUNTER (U45).

contain eight master-slave £1lip~flops and ad

four hit counters 10

two LI

with a clear and ciock 1nput. Parallel ouf)

i

from 24 ch counter so T hat any su bmultl % e

frequency is available.

Conpnection Dlagram Logic Diagram
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Figure 4-40. 4-Bit Binarvy Counter Connections
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SECTION 5
IANCE AND TROUBLESHOOTING

5.0 INTRODUCTION,

The AM=500 circuit board performs to full capability with a
minimum of maintenance. This Section describes maintenance
and troubleshooting procedures and procedures for handling

warranty re TUuTns.

5.1 CIRCULT BOARD CHECKOQUT.

The AM=500 circuit board was fully tested before it Ieft Alpha

i

Microsvstems and will operate satisfactorily in the systen

if the hardware and software reguirements of Sections Two and
Three of this manual are met. Should a problem arise after
the cirvcuit card has been in opevation, use the following

procedures to identify and locate the fault,

cabling for proper seating of connectors.

2. (Check the circuit board for proper seating in the slot.

(g
B

Check all power connections for corrvect voltages.

4,  Check jumper options to

application,.

5. Verify that the fault is in the AM=500 and not

in the system or in the peripherals. This can best
be accomplished with substitution of a known good
clrcuit board.

3

6. Pevrform the diagnostic tests included with the

3

circuit board as described in pavagraph 5.3,
Fard
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TEST DESCRIPTION - ADJUSTMENT MODE.

[y
s

L
£

I, Test-A. Performs one "RESTOREY operation con the

disk under test. This causes the disk to reset

its internal logic and seek cylinder O,

2. lest-B. VPerforms an alternate seek between any

two user specified cylinders without performing

a read opevation.

3. Test-C, Seeks any legal c¢ylinder head and enables

the drive select and read gate.

L
%

]
“
Lk
e
g
o
-
—
Lt
i

ERATION.

5.3.3.1  RUNNING THE PROGRAM.

or

Load HWKTST.PRCG into memory and run by typilog "HWKTSTY followed
T

.3.05.2 OPRBRATOR INPUTS,

fhe ogperator must specify a disk number {0-7)1 to indicate

which disk will be subjected to testis.

(“F
o
a1

The operator must specify the test mode (exercisor adjustm

I'f the adjustment mode was selected, the user must select a
te trom the "menu" presented by the program. If sither
test B or C 1s chosen, the user will be prompted to enter

additional data regarding the cyvlinders and head to be used.

L the exercise mode was selected, the user may define a

sequence of tests to be performed. Up to 20 test characters
may be entered followed by a carriage return, A letter may
be repeated, which will cause the test to be repeated. The

standard default is all tests (A,B,C,D,E,F,G § H} and is

L

selected by entering a carriage rvreturn only.

[
H
[



5

Some tests (A,B,C,D,E § F) require additional operator ing

e
fad

uts

£

them. If any of these tests are sel

te fully define lected, the

&
operator will be prompted to enter the appropriate data,

-

Default wvalues will be used if <he operator enters onlv a

.,

carviage rveturn in response to these prompts. Belew is a list

Darameters andg their standard default values:

PARAMETER/TEST DATA

AT

Maximum Track RG7

P
pa—

the user may suppress all error outputs by answering ves (Y
to the first user option,
If errors are not to be suppressed, the user may include a

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

The wser may elect to dump an error summary after each test

by answering ves (Y) to the appropriate prompt.

the user may elect to pause after each test. To continue,

the user types a carriage return on the controlling terminal.

The user may elect to continuously loop through the entire

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

T
3
Zh



AL disk errors will be printed as they occur unless the user
has selected the option suppressing error printouts. The

also select an option which will cause the AM-5300

to dump 1ts data buifer aftey svery data miscompare. Addi-

tionally, eryor summaries

be output after each test or
*

Just a final ervor summary after all tests are complete.

Y

OR TYPES.

3.5.3.5 I

TGIs O

jan

me under two types. The first type would be disk
errors, such as seek, sector-not-found, and sentinel. These

tvpes of errors will cause up to foury re-trys te occcur before

up . 1f the ervor pevsists for three or more re-trvs,

1t oils considered a hard errovr and iz marked uch in the

&

I

2}

erroy summary. 11T the eryor corrects itself in less than

three rve-trvs, 1t 15 marked as a soft errvror 1n the error Summary.

The second These errors are dus

1SR e Y TOors are

in the error summary.

TERMINATION,

The test program may be aborted at any time by tvping "CTRL-C.T

read transfers apparent, tests A

ardd buffer with complement data prioy to
@ach read operation. The buffer is not preset in other tests

since data will never rTepeat between any two consscutive reads,

The following data patterns generate worst case data patterns




DATA EFFECT

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

FEEW Produces lowest amplitude, highest frequency.
This is the default pattern for test (.

333 Worst case for peak shift. This is the default

pattern for test [,

LA
(o]
™
et

Worst case for ocne-hit amplitude., This iz the

default pattern for test E.

DISK ERROR CODES.

ERROR
NUMBER DESCRIPTION
3 Disk mot ready or fault exists.
11 Write protected.
65 Seek error.
57 sector not found,
68 CRC error.
54 Sentinel field error.

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

have problems.



5.5.6  RECOMMENDED TEST PROCHDURE,

The following sequence is recommended as a short but compre-

oy

hensive test and will take about minutes:

Tvpe HWKTST followed by a RETURN,
Punter DISK NUMBER when prompted by program.
Select the HXERCISE MODE {#17.

prompted to enter test seguence [A-H}, enter a
carriage return., This will cause a predetermined

sequence of tests which consists of tests A,B.U,D,

E,r, G0 in that ordery.

When asked for VYHIGHEST TRACK,' enter 220, When

asked fop "LOWEST TRACK.Y enter 200,

Enter a rveturn for each of the feollowing:
Format Data Word= Test B Data Words
Tast  Data Word= Test [ Data Word=

L
fest E Data Words
Enter a Y7 for "Suppress all error messages.’

Enter "N {or "Dump data and CRC ervor tallies

after each test.,V

Fater "N {for "Pause after gach test.!

Enter "N'" for "Loop continuously?’

o

fnter 2 for number of passes,
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BILL # DWR-00R00-00 RETATL PRICE
BEY. A0R WHSLE PRICE

22 MAY 19879 NET PRICE

RISK CONTROLLER AM~-500

DESCRIPTION

PCH DISK CONTROLLER AM-500
SOCKET 40 PTN DIF
SOCKET 24 i DI
SOCKRET 20 DER
SOCKET 18 BIp

Las B

Ko

[

@ 9

S SCCKET i6 DIR

7. SOCKET 14 PIN DIP

a. S5GCKET 8 PIN DIP

ER IC HEX BUFFER

1o, CAPACITOR 15 UF 20V

CAPACITOR .04 7UF
HEATSINK lwﬁao X 1.810 L500LG
I1C REGULATOR +5V TO-3
RESISTOR 1@@ OHM 4W 5%
RESISTOR 2.2 K YW 5%
IC DUAL 4 BIT BINARY COUN
5100 IC DUAL INTERFACE DRIVER
IC1-07430-01 IC 8 INPUT NAND GATE

19. CNF- 0000211 CONN HEADER S0PIN  .092LG RT ANGLE
2 ‘ ) 1¢ BUFFER CCTAL

IC OCTAL D FLIPFLOP

IC OCTAL D FLIBFLOP

IC OCTAL D PLIPFLOP

IC DUAL D FLIPFLOP

IC 8 BIT FILFO

C DECODER 3 TO 8 LINEH

C HEX INVERTER

IC QUAD 2 INPUT AND GATE

Wi oog

. 101475451

N-0OGO03-00 HESLISTOR PACK L4PIN DIpP 220/3300FHM

ey H RAM 256 X 4 BIT STATIC
30 1O DECODER 2 TC 4 LINE DUAL
31, I IC COMPARATCOR & BIT
A2, H IC QUAD 2 TO 1 DATA SELECTOR
33, L 10 GENERATOR CRC
34 . i I HEX INVERTER W/HYSTERESIS
A5, i ¢ guUab 2 It T NAND GATE
36, 1C LC n}AW 2 INT}E:*L‘ OR GATE
7. H GOGORI-01 IC¢ OSCILLATOR LOMHZ

0 &
A 3 =095 TG0 1C CBHIP DMA
40, Q008000 1O MICROPORCESSOR  Z2-80
T3 0063201 SCUREW 632 X ’3
44, QO632-01 NUT HEX 6-3Z2 SMOPATTERN

HOW-00632.01 WASHER LOCK 6o
4 L.07474-02 IC DURL D FLIE
45, TOM-Q0R01 01 ROM O ZK X B B
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