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SECTION 1

GENERAL DESCRIPTION

1.0 INTRODUCTION.

This Manual provides operating and maintenance instructions

for the AM-SO0 Hard Disk Controller Circuit Board manufactured

by Alpha Microsystems Inc., located in Irvine, California.

Circuit board description, operating and usage instructions,

programming, theory of operation, and maintenance instructions

are included to provide the user with the information necessary

to utilize this circuit board to its full capability.

1.1 CIRCUIT BOARD DESCRIPTION.

The AM—SOO Hard Disk Controller Circuit Board provides data

processing, control and interface capability between a standard

S-100 bus system and one to four CDC 9427H (Hawk) hard disk drives.

A CPU module, a DMA module, a 16 x 8 First-In-First-Out (FIFO)

memory and 1K of Random Access Memory (RAM) provide the sophis-

ticated data processing necessary for control of up to four

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

contained on the board to provide a bootstrap load program

and also to contain the microcode necessary for the Cpu module

operation.

A simplified block diagram of the circuit board is shown in

Figure 1-1. For a complete detailed description of circuit

board operation, see Section 4 of this manual. For programming

requirements, see Section 3 of this manual.

1.2 APPLICATION.

This circuit board provides the data processing and interface

capability necessary for operation of up to four CDC 9427H

(Hawk) hard disk drives for a maximum of ten megabytes of

memory capacity per drive. This circuit board is not recom-

mended for any other disk drives at this time. See Section 2

1-1



of this manual for wiring instructions and system interface
information, For complete information on the disk drive, see
the Control Data Corporation 9427H Hardware Maintenance Manual,
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SECTION 2

OPERATING DATA

2.0 INTRODUCTION.

This Section contains information on the use of the AM-S00 Hard

Disk Controller circuit board. Capabilities, specifications,

interface wiring, and user option descriptions are provided

for the successful integration of the AM—S00 into the user's

system.

2.1 CAPABILITIES AND SPECIFICATIONS.

This circuit board operates from the standard S-l00 bus structure

to interface with the COC 9427H (Hawk) hard disk drive with 10

megabyte capacity (five fixed/five removable). A single AM-500

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

megabytes of hard disk memory. Detailed specifications are

listed in Table 2-1.

2—1



Table 2 I, AM500 Specifications

P.A.RA..ME TEE—_
CELl Inte.rfac e

SPEC I P I C.AT I ON

Standard. S 100 Bus Interrupt Driven

Storage Capacity,
Each Drive

10 Megabyte Total; 5 Megabytes on
fixed surface, 5 Megabytes on remo-vabie
cartridge,

Maxim.um. Storage
capac.ity from each
A.M"SDD Controller
Board

40 Megabytes with 4 Dr.ives connected,

AN50o to disk Bit
Tra.ns fer Rate,

H,— "— —, ,,,—-,———

Sector Size

2.5 MHz,

—,,—,,—-—-

512 Bytes/Sector plus CRC Error Cod.e
and Sentine.i Check byte.

C PU Interface
Description

Multilevel interrupt driven; full
sector block trans fers from or to
internal sector buffer,

Circuit Board Standard 5" x 10" with 100 pin
connector,

2a 2



2.2 INTERFACE DESCRIPTION AND WIRING.

The AM-500 Hard Disk Controller Circuit Board provides interface

capability between the Standard S-lOO bus and CDC 942711 (Hawk)

hard disk drives.

2.2.1 S-lOO BUS INTERFACE.

The AM-500 circuit board is fully 5-100 bus compatible. The

board and its associated disk drives are addressed through the

address lines and data is transferred through the standard

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

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

2.2.2 DiSK DRIVE INTERFACE.

The AM-500 circuit board accommodates a maximum of four hard
disk drives. Unit select outputs from the circuit board select

any one of the four drives individually and in arbitrary sequence.

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

2—3



Table 2-2. 5-100 Bus Interface Signals List

].'IIEMON IC NAME PIN DESCRIPTIOIP

AD .Addres 5 1) 79 16 bits of: S 100 add.ress ing..
i:\rNrs 1 80

37 s 2. 8.1

Address 3 31
.Address 5 30

AS :address 5 29
.A6 A.ddress 6 82
A 7 Address 7 83
AS Address .8 84

.Addres s 9 34
.310 Adulresc 10 37

/t ,. ,,-,., :: -\L.Li 8,:, 5 1 .t,

Al.2 Addres 12 33
\l3 Address 1.3

I

A 1. 4 Add .c, s s 1]. 4 86
115' \ddres 13 32

DATAIN 0 Input Data: Bit 0 93 Data input port. Bus
DATsUN 1 Input. Data Bit 1 94 mas ter input from siave.s
ID AT A IN 2•I npu t Dat a B it 2 41
DATAIN 3 Input Data Bit 3 42
P AT.A.I.N 4 In p u 't P a a B 1 t 4 9 1

DATAI.N 5 Input Data Bit 3 92r)''\ IN 6 Input Data Bit 6 93
DATAI N 7 Input. Data Bit 7 43

I)A"f AODT 0 Output Dat a Bit 0 36
j

Data output port. Bus
D,AT.AODT 1 Output Data Bit 1 35 master output to slaves,
]IATAODT 2 Output .Data Bit 2 88
P &TAOUT 3 Output Data Bit 3 89

PA FAOCT 4. O-utput Dat a Bit 4 38

DATAODT S Outo ut Dat a Bit 3 39
PAT.AOD'T 6 Output: Data Bit 6 40

DATAOLIT 7 Output Data Bit 7 90

2,,4.



Table 2-2 (Cont.). 5-100 Bus Interface Signals List

1viJ 11.1. PlC N .i C-
PUP I s

-

NAME P I N

-
IDE S Ciii P P .1, U N,_--

Read enable, Cs ccl by bus
m.aster to request addressed.
s I.s.ve to place dat a on
input portS

Pat a Bus In 78

6i717ni6I Ph an t em 6 7 1) 1 s s.h B e s ph an t 00 coot r 0 1 1 e ci

me.mori es w.ben ass erted.

f)'i7 Write Strobe 77 Write strobe. Gene rated

by bus masters a write
com.mand to 5 laves.,

RESET Reset 75 Al' I"SOU reset inou.t.,

TIN P I/U Input Cycle
St.atus Li.ne

46 Current bus' cycle is a bus
master input from an 1/U

address,

SI•4EMP. Memory Cycle
Input St atus Li.ne

47 Current hu.s cvcse is' a. bus

mas ter input Pr em a me.morv
address

SCU'T J / U Cu tp ut Cy c 1 e

Stat.us Line
4 5 C u r rent bc's' cr ci. e i s

bus ma.ster out.put to) &n

I/U address,

V1T51

VIII
Vii
V7L'T6

V 4

VIE
6

i7"f"V

Vectored Interrupt 0
Vocto red Interrupt 1
'Vect ored Interrupt 2
Vectored Interrupt 3
cct.ored .Interr upt 4

Voctore'd Interrupt s
Vectored Interrupt 6
Ve.cto red Interrupt 7

4

S

6

7

S

U

10

11

Jumper sc-lec.ted interrupts,
St.andard i.nte rrup t
level 4,



Tlthle 23, Disk Drive Interface Signal List

MN VITO N I C—
CAl
cAT 2

CA3
ATAT4T

CA 7

CA S

N.AMB

Cyl mdc r Address Bit 1.

Cy 1 1. n de rAdd re ss B .i t 2

Cyli.nder Address Bit 4
Cylinder Address Bit 8

Cylinder. Address Bit 16
Cylinder Address Bit 3.2

Cylinder .A.ddress Bit 64
Glinder .Address Bit 128
Cylinder Address Bit 256

P 1. .N

39

II 7

40

33

28

35

31.

11

24

DL S C V I PT I ON---
!fhe absolute addres s loca
t ion o f the ylin do rto
which the h.eads areS t.o be
Dos itioned,

Gates cylinder address ialor
m.at ion into the. cylinder
address regist.er an lnlt.lates
servo control led head 05 .i
tioning.

tIni t is ready to so • so

or write,

F nab es ci a L 1 1

flow through selectee beau.

Attempted to wri.te or erase
when not oil c.ylinder,
Attempted to read when un t.e

or erase is enabled. Current
fault duni.ng read, write., or
erase,

CYLSTR Cylinder Address Strobe. 18

DRVRDY Dri.ve Ready 30

T Ir F ca at 37

VAULT

.

Fault 22

II5AIIL Head Select 1 26 VISelect upper head,
D=Select lower head.

2 6



Table 2 3 (Cont,) , Disk Drive Interface Signal •Cist

].4N.E.MON I C

IND.EX

N.piF•

Inde.x. Mark

P I N PD SC RI: i:••T I ON

27

-

Ind.ex mark onc.e per d.isk
revolution (23 msec)

ONCY L On Cylinder 45 Seek op e rat ion is clomp le te
and un.it is ready to
read or write,

PLSEI. Platter Select 13: l=Select fixed disk; 0=
Selectr emova.b le cart rIcice

REA.D C LOCK. Read Clock 44 5 ep arat e d c I.e ck.s con current
with read dat: a,

RE AD O.AT A N.e ad Oat a 4 2 S epa rated dat a i..n n cit,

!(S,i Return to Zero Seek 14 Peal tions the Reads to
cvli.nder zero (clears
seek error)

RGAT( Read Gate; 41 En.ah lea a epara.ted dat a and.
clock to the. i..nterface li.nea

SECTOR Sector Mark 29 Sector mark pu : e. (2 msoc)

SLKERR Seek Error S Seek operat .ion. did not
complete w.ithin 500 ma:

)I;ITTI Unit Sele.ct 1 46 S elects any one of: the 4.

SELl Unit Select 2 41 disk un.its mdlvi dual
SIlLS Un.it Select 3 4.9 and in arbitrary se.quenc.e

ait Select 4 48

7



—-
Write C ate

—
2:3

.

—
.Enab les write current t.o

flow th.roug.h sei.ected. head

h[*j?(Vf krj te P rot e c ted 34 I n.h I I t s eras 0 an Ci O :1. t e

currents, dwlnhihit;
0 wfnab Ic.,

WRITE DATA Wr,i to Dat a 30 Double frequency encoded
clock and data,

3VDC tVDC (not used)
CN,D CDII)

PhD P2Nl)

CDT.) CN ID

13

I
13

3 2

._L

Power and ground,

.

2 ,2,3W I. RING ANI) CONNECTIONS

Whe:ri the AM 300 circuit board
Noadi oat me.nt or calibration I.

hardware re:qoT. rements for use
the so ftware req uc rernent a are.

is received, it is ready for us

s required for operation, The
are des c.rih ed i.n t.h is Sect ion and.
described in Section 3,

hi. rat ens
the .•,orrr
on sheet
thro ugh

ore th..at the proper power
ct vol.tages are connected
1 ot.he schemat.ic, 111 p

the bottom ed.ge con.neL Lor

wi.ring is available
to the various
ower connection

Al .1 connec-t ions to the dw 100 bus are made throo.gh the hot torn
edge connector (Table. dw2) and connections to the disk drive
are made through the top con.necto r (Table 3) Ensure. that
thea e connect ions are correct before pluggi.ng the AM 500
c .rcuit board into the sys tern.

2 8
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2. 3 USER OPTIONS.

Several IC at Urea of: the AM 500
5 e.lected at the user's option,
i.c.ccfone. the AN 300 c.i r cui t board
The s ta.ndard jumper con.nections

ci.rcuit board
These jumpers
isi.ns tat led
are shown in

carL be jumper
must be .i.ns tatl e.d

i.n the system.
Figure 2 1

MVW8Z FOe CI WI S*40
ro fl S( /tp MOW AM'S,
q*C fl, IPlST4a& ON cpu nc,j
ATL13

Figure 2 1 , StandardJcamper Connect ions

2.3.2 [N TP]7..RUPT LINES.

.interrupt compat.ibclity for a.ny S—100 bus system is
with jumpers to any of the vectored i.nt.errnpt lines
5.5 t a cis the j nun e r w .i. I.' e fro.m. the p ad connected to p 1.. a
to rhe des :Lrect interrupt line (schematic shee;t 1.1)

pads are located on. the. circuit hoard di.rectlv below
e 5 t. an. cl ard in t e r r u.p t 1 e ve.l i s V 1 4

Li L__
MSL3 I/ W'hf r'—ia

Ni
L-fl ',-'444' bo°°

.

W
m

LATCP 1304fl yeAh IONS
HAVE JOA'4Pt1&h INcojfOp4TCl
lItre' t'rcfl

X7oeflas' cc
'itsi ,neau PVC

2 1].3t)i5P .1255
11. r c-u. .11. t •h cc a r d

c any addres
.1 .i.nes AU' .A7.

ales .i cccl. addres
pet..we.en 035 an

•is C0-

5 r,

addres sing can he s etec.ted. at the user a Op ti. On

s h .lo c k (in increments of four) on the address
Connect j um,per wires to + :L3v or ground t-nr the
s Jumper pad.s .a re tocatea on the circuit. hoard
d 057 (schematic sheet 2). The standard I/O
(.: 3

ccvi. dc'd

.1 7

3 of: U ss

J -cope r

U 3 5



2.3.3 PHANTOM FEATURE.
A phantom feature can be used with the AM-Soo Hard Disk
Controller. This feature is supported in operating system
software release 3.0 and later and will not operate if a
video display module (VDM) is being used for software program
DYSTAT because the system memory overlaps the VDM memory
(see Alpha Micro Operating System AMOS manual). Also, the
memory board must support the phantom feature.

The AM-500 circuit board comes from the factory configured
to enable the phantom feature. If it is desired to disable
the phantom feature in order to use the disk drive as a
peripheral device, it will be necessary to cut the etch that
runs between Jl-67 and 1135-5. Cut the etch between the two
feed thru holes on the solder side of the board. The S-lao
pins on the back of the card start at 51 on the right and
count up to 100 on the left.

The AM-500 already has the phantom signal connected to pin 67
of the 3-100 bus. During bootstrap, the line goes low di;-
abling the upper memory board or any board that monitors the
phantom line. The CPU starts executing the bootstrap PROM
at location P400 and moves it into location 76000 octal or
7C00 hex. The bootstrap then starts executing from memory.
Any memory board that overlaps the bootstrap PROM must have
phantom enabled and all the others must have it disabled.

2.3.4 BOOT OPTIONS.

Since the AM-200, AM-210 and AM-400 also contain internal
bootstrap loader PROMS, the user may desire to disable the
bootstrap from the AM-SOC and boot from one of these other
circuit boards. The following paragraphs describe the
requirements for these options.
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2.3.4.1 THE AM-SOO AS A PERIPHERAL TO THE AM-200 OR AM-nO.
Remove the 74L530 IC (U40) from the AM-S0O (bottom row, 6th
chip from the right). If the AM-ZOO or AM-210 are using phantom

(phantom must be used if you have more than 56K of memory),

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 eyelets so a wire may

be inserted between the two eyelets at a later date to reenable
phantom. The S-lOU pins on the back side start at 51 on the

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 area 1,4 on the floppy disk and modify your SYSTEM.INI
to add the following:

BITMAP HWK,606,O,l

Be sure that the DEVTBL command in the SYSTEM. INI contains
HWKO and HWK1.

Log into area 1,6 and do the following:

COPY HWK. DVR=HWK500 .DVR

Now reboot the system again and by mounting t-IWKO and HWK1,
you may access them as peripherals to the AM-ZOO or AM-210.
Remember when in this mode the fixed platter is always 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. If

it is desired to remove phantom on the AM-400, remove Z32
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pin 5 from the socket so it sticks out. If you are booting
from the A}4-500, disable the PROM on the AM-400 by removing
129, which is the IC to the left of the header in the bottom
row.

The proper bitmap sizes and device names must be in the
SYSTEM. INJ file to accommodate the proper configuration.
Be sure the proper driver in area 1,6 is renamed to the same
name as the device you defined in the DEVTBL. The bitmap
sizes are 562 for the 1-25, 1022 for the 1-50, 1534 for the
T-80, and 1630 for the T-300.

If booting is off the AM-500, initialization must be from the
AM-400. This is done by running a program. For the 1-25,
1-50, and 1-200 use TRIINI.PRG, and for the 1-80 and 1-300
use TSOINI.PRG. To utilize it, just type TxxINI followed by
a carriage return. The program should return a status less
than 3 octal. If you do not run this initialization program,
the drives will show as NOT READY on a SYSTAT.
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SECTION 3

PROGRAMMING

3.0 INTRODUCTION.

This section describes the programming requirements for the

AM-500 circuit board. Circuit board addressing, bootstrap

loader, and AM-SOO internal programming are described for

complete system compatibility.

When the AM—S0O circuit board is received, it is ready for use

with the CDC 9427H (Hawk) disk drive as described in Section 2

of this manual. The bootstrap loader and the microcode con-

tained in internal firmware is designed only for this disk

drive.

3.1 ADDRESSING.

The AM-500 and associated disk drives are addressed through

the S-100 bus address lines. The circuit board address is

jumper selectable by the jumpers connected to 1137. Jumpers

to either +5V or ground select the board address on 5-100 bus

address lines AD2-AD7. The board always occupies four I/O

ports even though only two are actually used.

3.2 iNITIALIZATION.

On initial power-up or reset, the AM-500 goes into a dormant

state waiting for initialization. With the phantom option

enabled, the phantom signal is activated, disabling any memory.

The 5-100 bus is enabled to access the bootstrap loader

contained in the AM-S00 PROM.

The 16K PROM (U21) contains both the bootstrap routine and the

controller microcode. The microcode resides in the first 1K

bytes, and the bootstrap routine resides in the second 1K bytes

of this PROM. The current bootstrap routine is written in
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AM-100 code, and other user codes may be used if the microcode
in the first 1K bytes is duplicated exactly.

NOTE

If the user code contained in the AM-S0O

PROM is changed from the current boot

routine, the microcode in the first 1K

of memory must be duplicated exactly.

Initialization of the AM-500 is accomplished by writing a zero
byte into the AM—500 command register during system initialization.
The Cpu finishes initialization of the disk controller and
releases the Phantom signal. See paragraph 2.3.4 for boot options.

3.3 COMMAND REGISTER.

The command register receives AM-500 commands from the S-100
bus. It is accessed by writing to the selected address (see
paragraph 2.3.1). The legal base addresses are in multiples

of four from the first address 177400 (octal), 177404 (oct 1),

177408 (octal), through 177774 (octal). A software hanthiake

sequence must be used for the command transfer (see paragraph

3.6).

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

AM-S0O system; non-disk commands and disk commands. Both

types are described in Figure 3-1.

3.4 STATUS REGISTER.

The status register is used to determine the current status
of the AM-S00 controller. It is accessed from the S-100 bus

by reading from the user selected base address of the circuit
board. The format of the status register is described in
Table 3-1.

3—2



NON-DISK COMMANDS;

OD RAM BASE
Dl DATA BUFFER

DDD READ STATUS
CHECK

DD1 RESTORE
DID = READ RECORD
011 = READ TRACK
1DD= WRITE RECORD
101 = WRITE STATUS

CHECK
110= FORMAT RECORD

FORMAT TRACK

Figure 3 1. AM 500 Commands

3— 3

H
1 CLEAR INTERRUPT

= INTERRUPT ENABLE

D = INTERRUPT DISABLE

0—READ 1 —WRiTE:

= TRANSFER 1 = EXECUTE

ID USER POINTER
11 =15 USER POINTER

DISK COMMANDS;

ENABLE
I NT ERR U PT

D DISABLE
INTERRUPT

RELKEY

= SEEK
TB



Table 3 1 Status Nerd lujrua.t 5

CR.CONivL3NJ) RECE IVE.[), 0 C Li BARE .1), 1 RE Cli I RE U,

S e.nt ccnel ii el. C
t ran s: -r e C wi th in
hut e 313 for the cc

error i.ndi.cates that data
the AM 300. The sent .i.r 1
Irr€.ct cod.e IA (hex.) a.fte r

was not corrects.
feat. u re c.h ec .Ic .s

a 5- .12. hr to t rans fer,

3 , .5 .iNPf Fl .3 --' MO .DE

lao sn,terruu t mod.e

anunon-.dss k comman
Interrupt occurs at

3,6 HANDS H..A RE S Li Q u LI .N CE

A handshaking tape interact ion i.s required betw-een the. 3f 300
circuit board and the CPU any t.ime a command is sent to the
AM Sf0, Th.i.s handshaking is a software operat,ion that use.s
hit 7 of t.he Status Register. Handshake operat ions proceed
in the following sequence

A command is sent from the at 100 bus to the
Command R.egister,

2. The system software, wa.i ts for bit 7 of the Status
Register to become a 1 to guarantee that the

B IT

FUNCTION

DLsk Not_Ready
H

K r i to P r o t e c t e 0.

Seek Error
SCL tor Not Pound

3 2 1 0

•Th 0 00010 1
C .3 0 0 0 1. 0 IL IL

Il 0 0 1) 0 0 1

CR 1 0 0 0 0 1 1

L.ft 0 0 0 10 0 CRC Error
CR 1 0 0 0 1 0 1 Sentinel Ei..eld Error

he Ilnt.e rrupt must be cle.ared by
of any non- 0 at com.m.and,

in the AM .500 can be selected. he both d.isk
ds . If the interrupt mode is select.eci, the

the comp let ion of the current. A24 500 command,
the u.ser by set.ting hit 6''l.



AM-500 has received the command.
3. The system software writes a zero into .the Command

Register to clear the previous command.
4. The system software waits until bit 7 of the Status

Register becomes a 0 indicating that the Command

Register has been cleared.

This completes the handshake operation and the program con-

tinues.

3.7 RELKEY DESCRIPTION.

The term RELKEY refers to a double byte number which points to

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

number from 0 to 9695 into the Relkey bytes of the DMA buffer

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

the disk command is a 1, the microcode converts this number along

with the drive select byte into an absolute disk address and

stores it back into the DMA buffer. The microcode replaces

the drive number and Relkey bytes of the DMA buffer with the

converted absolute disk address. Since all DMA buffer loca-

tions are accessable, the absolute disk address can be retrieved

if necessary.

If the user has the desired absolute disk address, it can be

placed in the DMA buffer, and the Relkey conversion can be skipped.

This is accomplished as follows:

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

byte of the buffer.

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

byte of the buffer.

3. Place the high byte of the track address (which

specifies the surface, the platter select, and the

sector address) into the fourth byte of the buffer

as shown below.
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D6 OS D4j D3 02 Dl DO

I I L LHjgh Bit of Track Address
Sector (0-li)

[
Surface (Head 0 or 3)

Platter (Fixed or removable)

Not Used

3.8 DMA BUFFER.

The DMA Buffer is contained in the first 1K RAM in the *14-500.
All data transfers to or from the disk memory must pass through
this buffer.

The DMA buffer is accessed by addressing the A1'd-SOO base address

plus one and all data between the AM-500 and the S-l00 bus must
pass through this single port. No DMA type operations occur

between the *14-500 and system memory because they are handled
on a programmed basis only. The microcode initializes the

buffer and sets the DMA channels for proper operation as shown
in Figure 3-2. The Handshake sequence is shown in Figure 3-3,

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

3.8.1 DMA BUFFER OPERATION FOR DISK WRITE.

Transferring data to the DMA buffer and then performing 'Lsk

write operations takes place as follows:

1. Send DMA write command X06 (octal) to AM-S00 command

register and perform a handshake. (X depends on

selection of interrupt mode.)

2. Send retry count to *14-500 DMA buffer.

3. Send disk number (0-7) to DMA buffer.

4. Send low byte of Relkey to DMA buffer.
S. Send high byte of Relkey to DMA buffer.

6. Send data (0-512 bytes) to DMA buffer.
7. Send disk write command X71 (octal) to *14-500

command register and perform a handshake.
8. Read the AM—500 status register and check for zero
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/
( START

DMA CH 0
MODE

S N 0 LEIWR Ft E

DMA CH 3
MODE

DEMANDMFUTE

CLEAR
CONTROL REG

CLEAR
DRVE SELECT

REOLSET
RUN MODE

FE

( CALL±1
-. NO

ICF6eflREG AF5
YES SET

NTERR OPT

F 2 gur e 2 DMA Buffer Operation

SET STACK NDEX
NO, 3 FE'SP

SET DMA MODE
WORD NDEX
NO, OR ' H L

DMA CH
MODE"

SNOLE/READ

DMA CH 2
MODE"

BLOCKREAD



Figure 33. Han.dshake Sequence
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condition indicating no error.

9. Continue with next command if no errors were detected.

3.8.2 DMA BUFFER OPERATION FOR DISK READ.

Transferring data from the disk into the DMA buffer and then

reading the DMA buffer is performed as follows:

1. Send DMA write command X06 (octal) to AM-500 command

register and perform a handshake.

2. Write retry count into DMA buffer.

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

4. Write low byte of Relkey into DMA buffer.

5. Write high byte of Relkey into DMA buffer.

6. Send disk READ command X35 (octal) to AM-500 command

register and perform handshake.

7. Read AM-SOO status register and check for zero

condition indicating no errors occurred.

8. Assuming no errors occurred during the disk read, send

the DMA read command X12 (octal) to the AM-500 command

register and perform the normal handshake.

9. Read one byte of data from the DMA buffer and dis ard

it (the first byte is always invalid data).

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

3.9 RESTORE COMMAND.

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

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

will exercise the restore command on its own following certain
errors.

If a disk fault occurs, the microcode attempts one restore and

then checks the fault status again. If the fault still exists,

the microcode aborts the command operation and reports an error
to the Cpu.
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3.10 DISK FORMATTING COMMANDS,

There are two disk formatting commands, Format Record and

Format Track, that are identical in function. Both commands

cause the currently addressed track to be formatted.

CAUTION
*

The Format Record and Format Track commands

both destroy previously stored data on

the addressed track by writing all new

records with data fields of zeros.

3.11 STATUS CHECK.

The Read and Write 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

if the currently addressed disk is write protected. It does

not attempt to actually write any data. If the addressed disk

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

status register.

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. If a seek error occurred, an error code
14 (octal) is placed in the status register.

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 after

a set number of retries, usually 4 on the AM-500. If after 4

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

command and reports an error.

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

SET DSKERR
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The AM5OO error codes are as follows

1 SEEK ERROR

2 NOT USED

.3 SECTOR NOT FOUND

4 CRC CHECKSUM

S SOFTW.ARE CJ-IECKSLJM
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SECTION 4

FUNCTIONAL THEORY OF OPERATION

4.0 INTRODUCTIoN.

The AM-500 Hard Disk Controller circuit board contains integrated
circuit elements for the necessary data processing for the pere
formance of the functions as described in Sections 1, 2 and 3
of this manual. This Section describes the functional theory
of operation of the circuit board and also provides information
for each of the integrated circuit elements.

4.1 CIRCUIT BOARD OPERATION.

This circuit board provides control and interface capability
between the 5-100 bus and the CDC 9427H (Hawk) hard disk drive.

The functional block diagram of the circuit board is shown in
Figure 4-1, and the circuit board schematic is contained in
Section 6 of this manual. Table 4-1 contains a list of the
signals used in this circuit board with definitions of their
functions. For 5-100 bus interface signals, see Table 2-2.
For Hard Disk drive signals, see Table 2-3.

4.1.1 POWER-UP RESET.

On initial power-up, the circuit board is in a dormant state
waiting for initialization. System clocks are generated from
the 10 M1-lz oscillator on Ul and divided down by U2, 1J22 and U43,
to generate CLOCK, N! and CELL clock signals. The power-on

reset circuit activates RESET to reset the INIT and RUN flip-
flops. The RUN signal activates the PHANTOM signal to enable
any memory under phantom control, and the INIT signal enables
the boot logic so the S-100 bus can access the bootstrap program
Contained in the PROM U21.
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Table 41.., AMSUO Signal List

S I CNAL NAME P.ACE OP PUN CT I ON

SO i..J RCE—- —
ADSTB P.DDRESS STROBE 7 Strobes upper address byte

into e.xternal .latc.h,

AEN ADDRESS ENA.BLE 7 Active high that enab.les
external latch wh.j.ch h.oll.s
upper byte of address and
di.s ab les sy stern, during DMA
cycle,

AOAI5 I-\DDRESS LIIES 2, 6, 12 SlUO Bus Addres Li.nes,

BOOT BOOT LOAD Enab los a boot loa.d from
the PROM,

BUSAK. BUS AC.ICNOw

LEDGE

6 Active low CPU output toindi
cate to the req ues tiug d.evi cc.
that th.e CPU address, bus , data
bus and tn. — state- control bus
s.ignals have been set to their
hi.gh impedance state,

j

BUSRQ BUS: REQUEST 7 Re.ques t to the CPU for control
of: the sys tern, bus

CET.I CELL CLOCK 3 Clock gene rated for clock and
data output to disk drive,

C.LOC.K 2, 5 PINs, CLOCK 3 Clock generator output,
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T1.Uul..le 4 I CCon.t , .AM 500 S.ign.al Li..s t

S i CN Al—
CMDWRT

N.AME—
COMMAND W.RITE

P40.51 QJ.:

SO j!:5 CIII—
2

P1.JN CT : ON

Sets initialize .21 ip Fl on.

C.N TRJ.. CONTROL 9 Clocks data .frcrm Data. .Bus
(D007) int.o control register..—--,_.—1
P.nah los the output of t.he con"
mand register to place con
tents on the Data 22is (Dat C)

00142290 C0.MMAN1:) 9

CPS I SERIAL INPUT
CLOCK

10 C lo ck inout for s ci at Oat a
input to DI P0 memory at cc

•psn SERIAL OUTPUT

CL C:) C .19

9 (Input to PT. PC),

—— H
Dat a output of C P.C .cke r,CRC

I

CYCL I C! REDUN

OANCI CHECK

9

CRC CL K 1I.RC CLOCK 9 Clock input to CRC .21 ip" f)..oo

Generated from either C.CPLL c.r
RCLOCK 1 s e.I e.c t s CELL
WRTTE22) selects RCLOC.K,

C.RC D.AT CRC DATA
I 9 Data input to CRC checker,

C.Rc .L.RR-- CRC eRROR
..-

9- Error output or cRC checker.,

CII, ADR CYL INDER 9 Clocks Dat a from Dat.a B.us
ADDRESS

I
into Drive RegIster 1,
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Tab Ic 4-]. (Cant , AM-SOD Signal List.
SC i-i EN

SICN.A.L, I\JAjviE PACE OP P UN CT I ON!

SO U ROE——-
flAG K 0 DMA AC KNOW -

L-E.DCE 1

7 DNA co ii trol 10 :r out p u I

D.ACKS

I

DMA.A C KNOW -

LEDGE 3

7 JIMA c. on r o.ll. e. r 0 ntp ut.,

fl/\:
I [)\T A RE S PT 1 1 Mas to r re s e t I rip ut to P F

Memory an.d. CRC checker

J.).ATRD DA!rA READ 2 Dote. ct s Re ad Cyc 10.,

DAT Iv! fl!j! DATA (] I T P 2 I) et cc t s hr r I. t e Crc 1

D .1 OR DATA I/O REAl) S

!

Enab 10S dat a o:n RE 1.00 bus

000-D07 to he placed on
i.ntornal Data Bus and resets
ORF:IQ 0 to DMA con t ro 1 1 or,— —

DAT A. I 0 W RI: T EDI OW

-
S Re s e Is D REQ 1 to DMA c.o n t r 01 i.e

DNLASEL. DMA SE. LECT 9 CL .1. p Sd oct i.np ut to en.ah. 10

0KM Cont roller,

DO - P7 ORE I LINES S Tn - St ate bus' in.te rne.1 to
AM- 500,

DREQ 0 RKL:\ REQLJE.ST 0 7 DMA Peques t input,

D REQ. D.MA RI) Q tIE S'l' 1 7 DMA Req no s t I np ut 1,
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'Table 4 1 (Cont), AN 300 S.i.gnal List

S CNAL

DREQ 3

.NAME

AMA REQUEST 3

SC HEM

PACE OF

SOURCE—
9

—

FUN CT I.

.—
DfI& Request input 3.

URLCLR
.-.—

DMA REQUEST

LATCH. CLEAR

. ..

9

.._____
Clears DMA request la.tches
and pres et s the RUN El ip fiop,

DAMSEL URIYTE SELECT

_______
9

..

Clock :fo r Drive Register I

.. ..

UPVSTS .DRIVE STAJ'US 9

9

Gates status data from t.hedj, s k.

drive onto the .interna], data
AMs.

1.:E.MpTY E .1 FO MEMORY

EMPTY

Enab les the CRC: chec.k e r a.nd

w r I te lo g i c when the FT. FO

memory''.s not empty.

E'SYNC FT FO .IEMORY

SYNC

9 Enables clock input to .F'lFO

memory.

IN IT INITIALIZE 3 Reset signal to CPU.

IOR

.

I/O READ 6 BidIrectional, active low,
three state line.

I'OSFL

I

1/0 SELECT

,

...........,

2

—
Enab les the circuit hoard when
address lines AD2AD7 match
the address code on t.he

address jumpers.
.—,— ........—.— .—.....————

ION I/O WRITE
. 6 Bidirectional, active low,

three state line,
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Table 4l (Cont,)

S C REM

PACE OP

SO U.RC

AME 500 Signa.1 List

from di sic

S I CNA.L NAME

IRE

—
J

I.NPUT RECI STER

FUL:L

-
10 .Active low output of the upper

SI EQ memo ry when its: input.
rcg].L..r .is full,

LIRE . LOWER INPUT

RECI ST ER FULL

13 Acti.ve low output of the lower
El. P0 memory when :i ts Ic.nput

regis: ter is full.,

LORE

:

LOWE.R. OUTPUT

RE C ISTE R EMPTY

10 Ac.t i.ve .l.ow output. of: th.e lower
F I P0 ire morv when i ts out put
register is. emp tv (SI P0 ORE)

55

L__

MEMORY SEE ECT 9 Enables the memory select
decoder.

O NE ONE CLOCK 3

..._ —
Clock generated for clock and..
data outjt t.o dat. k drive.

ORE OL'TPUT R.EClS
TE R. E.MET Y

1.0 Active low ou.tput of the upper
P 1 50 memo ry when i ts outp ut:
register is empty,

EL

I

PARALLEL LOOP 10 Parallel loads i gnal to the
El SO memory

RAMSEL RAM MEMORY 0 Chip Se. 1 e.ct si. gnal. to enab 1

I) CT C
I.., ,'

S EL .ECT t he two Ran do.m Ac ces s Memory
modules

REAl) CL•OCK 3 Clock input

— •1



Table 4•1.. (Contj.. A4TS00 o]7nal List

SI UNi13 N&F
1.:C LIEN

13.13013 OP .pu.NCT .1013

S 0 TI 13.011.

————.
13.91131.13.

----.

131.113,1 1.117113.

—
3:

—-.---
l.a t oh. ed. C a. t .a :1. ap i..ct. P Ic 0 in C 1<'

131113130

I

131313,0 ) 0..t:.i)t of uon.t:rol re.g:is: tee for
disk read. niod.e

RECSEL l 131301511311

s ELt:Ct
9 Inables thc-d.ecod.er to select

a d:isr :Irive register c:ontros,

.1310 MEMORY 13.1313.0 6, 7 1 r1state CP 1.1 out.put, aL,.s. iJe

low indicates that t:b.e 0130

wa,rlts to read :rom inenio

11.13:1's p. 'r,*.
RN'S .11.

131:151:31

-—————

RO1'I 5.13 P13 C I

3

—fl---. I
S

Re s a t. s .1 gn a. .1 fy• o in 5 1. 0 0 0 us

CE C. 7) 5 (3 1, (3 C. 1: 5 ), ('fl 11 .1. 1:0

34 C3.!TI C) r > 130 110 37 5. t 0 Cl C. CI" 0 . C: 0 tlt
RODS 13 11., o r BOO I

1131 N SIlL 130.1.4 S EL 13 CT 9 Out p u t o P inc mc) 'r'
..

C' r'

decoder to se.Iect RON IUC3ITIOI'V.

RUN RUN 3 Di.s k Cr1 ye crc I.e iL,,,. 5 .1 .flat

510 SELECTIID 1/0
POR'I'

2 100 bus innut eneratod from
S I NP o r bOUT 5 1.131133 1 5,

STATUS 51113105 SELECT: 9 Clock .input fo ,r St:at: us Register,

5 I1"SRI) ST/ITO'S RE/ID 2. [Utah RU s conteals of stat us
to g :1. s to r t C) he P .a. ce 0. 0!) 7;" 1. 0 1)

d.at.a l1.nesll'0"i01.7,

4. :1.2



Table 41 (Cant,), AM 500 S.i.gnal List

1c.;r;!.At,- NA?TE

TRANS F:ER OUT

PARALLEL

SCHEM

PACE OP

300.RCE

10

FLNCTI.ON

TOP Fl P0 memo ry lisp at to t. ran s fe. r

parallel data into its output
register.

ADO TA AR I TP. DATA 10 S or i al output. of F I FO me me ry
to be written onto disk,

i\TLATI7 ER I TO CATE 1 1 Ar i t e en ab le out put to d.i.s .1.,

ER

!

MEMORY ER 1.0 6 , 7 T r i s ta. t e C P i.J o ut p ut c.

low indicates that Cpu hol.ds
valid. dat.a to be stored into
t he. RAM.

hJpjJm WRITE 11 Cont rol regis ter output for disk
wri.te mode,

4, 1,2 ADDRESSING,

Ad dress data is received fron the S 100 bus on address. lines
AU -0.15. This a.ddres s. data i.strans ferred to at ri—s tate
address: bus for use by the control 1 ers and memo ri as: vi thin
theci. rcui t board and is als: o us e.d. for direct addre.s 5 lug of
the circuit. hoard..

Tn.— State Buffers on 038 a:nd U39 gate the address ,.Hta to the
int.e rnal boa; , mi t.ial i so s ignal IN IT controls these gat.es wise

set. by the Command Write s .ign.al CMDWRT,

4 1.. 3



Aadre .ss 1..in.es A2.A7 are w.ired directly to comparator 037 .for
c.ircui t. board addressing, T.h.e other inputs come. ro.m iuPapeIc
WI res to e-.r t.ber + 3V or gr owrd to produce t.he de;s .ired c.IL ]:'cui. t
board address Si gaal ;OSPL. •i s ass erted when the bat a fro.m. •the
a ddr irs 5 1 i. no a co.1ro a re wi t.h the aclcire s s of the. c. a rd, lb. .i 5

c ene rates I cjr cad and wr:i te commandswIaen combined wi. th t.he
S - 10 0 ii us coat ro 1 s .1 ga a ls 1. a do code. r 0 i 7 , Tb ci b oa.i' d .add r irs s
.1 s o rog r ;aiam c.b I cc. Or orn 00 to. PC lb. cxl) in inc. re meats •o 17 4.

3 CPU OUTPUT

Out:p Ut: dat a is t ransmi tte cl t.o the
control i.ines It received in
a. e r cEO. d .1.) a a Out Re g .1 s e r.

.1,3 , I ..:(pIwy 0 RE C I s 'IFS TI

cc co moan ci re g 1. 5 to r is us e U. b the A.M— 30 0 tore cci. ye comman cia
t.he S—.l00 bus and cons :ta of the reg:i.ster on. 030, he

rnpott.o the com.mand regis ter comes' from the 5— .100 bus dat.a
.liaes 000— .007; and the output, when enabled, goes to the rateraai
AM- 300 data bus DO -07.

a frc,ni the .5—1.00 bus data l..iaes is clocked in.to th.e coanian,c:l

a t.e r by th.e Command Write s i gnat CMDWRT . Tb is co,mes trom
I/O conic and register w.hea the .AM—S00 is addressed and
a d A. I i re z e ro, When I / 0 Output s i gnat (30 FiT)

the S—tOO bus is: ass ert.ed, CMDTVRT clocks, the comma.ad word
tOes- 100 bus data lines .iato the com.maad regist. er an.d

sets the mi. tial Ice fi .ip- flop 036 to begin an AM-iOU cyL
flop I iT6 remaras set until, the R.ESET ushbutton is ressect

ow or tc.raed o.ff When the c•PU issues a Memory Read Command
].ow and hR h.igh) and address' tI.aes iO) and Al. are zero,
Regis t.er/Me.,mory' Select dec:ode.s is. sue the COMANI) sigaa.l

trans for' the c.ommaad regi.s ter c.oat:ents to the 10— 300 dat. a bus

4 1.
PU

an c].

liar g I

AM-300 by the
th.e 4,fvL3O,Q by

i'-iOO data
the Comma ad

Oat:

he

AU a

Cr o in

rod
a.l:s cc

5.1 :1.

o r'

(R.O

t .b. cc

to

4 - 1.4



4 137 COMMAND TYPES,

The non d.isk commands is sued to the AivI 300 are used for control
and operat iono.f the logic: inte rnal to the ci rc u.i t card, The
hit functions are lis ted in, Table 4 2 and the com.m.ands are
I, is ted in. Tab le 4 3. Disk Commands are used to control the
di.sk drive, and. acce.ss status information from the drive, .Di.sk

commanc1. bi.t functions are 11. sted in l.'able 44, and disk co.mmand
codes are us ted in Table 4 5.,

Table 4 2. NonDi.sk Command Bi. ts

B '.11 SAME FUN CT ION

[_sL
1.

U

1

=5'] Indicates non-disk command
Activity B i. t,

2 p11 Read./Write 0=read lwrite,

3 SN Command. Funct i.on 0=t rans. fe r l=exec.ute

[4
J

S

BUF

DMA

Location .in DMA buffer where data is to heJ retrieved or stored,

6 CLR Clear current i.nter.rupt 0=nop l=clear

'7 IF Interrupt Enable 0=d.isable l=enahle

Bit—

0 0

0 1.

1 0

1. 1

Loc at ion

.

RAM Base (Direct')
Data Buffer
User Pointer
0 User Poin.ter IIn.d.i.rect)



Table 43 N on.-l)lsk Command Formats

r
BITS

-
:7

5 3 4 3.210

0 0 0 0 0 0 0 0

FUNCTION

In.lti.all zatlon./Boot Load
43 U 0 0 1. 1 0 Wr i. te dat a t'o DMA b uf fe r W Bas e)
F A. 0 1. 01.1.. 0 hr I te dat a to DMA buffer (.Dat a Base)

1y 0 0 0 0 :1 0 Rea.d dat af ron dMA buffer (RAM Ba.s e
XI XI U 1. 0 C) 1.. C) Read dat a from DNA bull fe r (13 at. a B as e

O 1.. C) 0 0 0 C) 0

XI 13 xx x 1 C)

Clear Interrupt (C lear Only)
Clear Interrupt (Plus some other non
cli sic commana)

CC. CC 1, 0 0 1, 1 0r
XX.l.1OI 1 0t:--

i1LI 1 C) I 0

L.ead. user m.lc. rocode pointer

IndIrect load vi,a user oointer
-1

23c.ute from users ml.erocode poi.n.ter

lnd.lrect rea.d via, user poanterXI CC 1 1 0 011. 0

XI CC 1 0 0 0 1. 0 Read user microcode pointer

4 1.6



Table 4 4. Disk Command Bits

B I K- NAME- FUNGI' I ON

Always 1 for disk tyi commands0 1)5K

1 TRK Part of comm.and fu.nct ion

2 FN Comm.and funct ion comprIsed of hIts 1

2 and 3 tak.en as' awb.ole

3 R/W 0'kead l'Write

4 SIC Seek.

S CV I Convert Relkey 1Convert ONo Conversion

6 Not used

7 If Interrupt ena.h le. 0=I)isab le l=Enab le

See Table 4-S

4 1 7



T.ab Ic 4-5, Disk Command Codes

BITS .

F FIN Cl 1 I 0 N—--
Read Status C.hec.k

$ 2

.R/W FN-
o 0

:1.

TF..K—
0

0 0H__0 1

0 Restore to CyLinder <.ere

0 Read Record

0 1 1 1 Read Trac.k

1 0 0 Wri e, Record

1 0 I Write Statu.s Check

.I 1 0 Fe rmat. Record (5 a..me •res ul t as 0102

I I 1 1 Format Tra.ck (Same res cit as 1)

.4 .1 , 3,3 .1.) .A TA 0 LIT RE C I ST R

•The bat a Out regis ter cent r-ols the trans for e.1T data •Crem the
.5— 100 bus data 1.i. ties to the data hu.s internal to the AM— 300
clrc.ui.t. board and con.sists of •the register on 041, T.be .input
to the 2)-at a Out regis te r comes: from the 5— 1.00 bus. dat a 1 .ines

bOO- 007; and the output when enaI.. led, goes to the i.ute rnal
10-500 data bus- OO-.O•7 *

Oat.a f•r em the S.— 100 bus data 1 i.nes is locked nto the bata 0cc
reg is: te r hr the Data Write s ignal T5ATi-R?, Th 1.5 come. s tree; the
1/0 cemmand regis ter when, the AM— SOO is addressed and. AO" 1
and A..I.=O. When 1/0 Output signal (SOOT) from the.s: -- 100
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bus i.s asserted, clock.s the data word from the 5—100
bus into the Data Out Register and also sets the D.MA requ.est
latch for a OMA servic.e request, The DMA controller Is sues an
acknowle;c:[ge. (DAdK) that is combined with address h itAl bu 1 and
a Read Output from the CPU to generate Data I/O Read s.I.gnal
tYr1l, Signa.i IJIOR trails fers the conten.ts of the Ds.ta Out
kc:gi.s ter onto the internal d.atii bus and also res ets th.e: DkLt

requ.es t latch,

4, 1 4 CPU INPUT.,

C PU input data is trans.mi tted from the AM— 500 by the 5—100
data and control!. lines , It i.s transm.itted from the AM— 500
by the Status Regis tor and Data In Register,

4. 1,4 ,.l, STATUS RECISTER,

The Status Registe ris used to determine the current status
of Al— SOD Controller operation and cop,s: ists o.f.. the •register
on. US 1 The input to t.he St at us Regis ter comes from the
4M 50Q into rna.i data bus D0—D7; and the output, when enabled,
goes to the 5-100 bus data lines 010-2317.

Data from t e internal data bus is clocked into the Status
Regis ter by the TA.TUS signal from the Register/Memory Selec.t
logic. Th.i..s occurs when the board is addres sed an.d lines A0
A] and wk are all lcw, The Regis ter/Mem.ory Select decoders
issue the STATUS signal to clock the data into the Status
Register from the inte rnal data bus The contents of t.he
Status Regis ter are appl ied to the S-100 bus data ines by the
Status Read signal (STSRD) from the I/O Command' Regis ter,
Thi :si gnal is is sued when address line A0=0 , Wri teStrobe
PWR is false (.hi.gh) , Read enable is True (high) , and Acti.vate
Input (SINE) is high,

4 1 1,2 STMTUS WORD FORMATS

st atu.s words. con.tain in:format ion regarding tb.e opera.t ion 01:
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the .A.M :500 controller, Informat.jcn arid forms.t. a of the status
MO.,. Mt 7 is the:

at) I o 4 , St a i:, us Wo r 0. C) rIO a t tS

5137

P (.1k (7 '0-...
1)1 5 2 Not Re aciy

,..,,,

—

7 * 6 3 4 3 2 1 0-
C: 1: 0 0 0 0 1. 0 1

CR 0 0 0 1 0 1 1 Write P. rote ct. ed
CR 1 0 ±9 0 0 1 Seek Error
CR 1. 0 C 0 0 1.. 1. Sector Not Pound
CR 1 0 0 0 10 0 CRC Error'fl(, 13 3 Sc at ire] McI 0 1 ri 'i

4 :37(7 Cojnrna.nd. Re cc ,, ye c 0 = Cl. e a cc 0. Mkece trod,

r 01: data
100 bus da
inout to

an.d thc
data lines DIMDI7,

,Lrom the.

ta I

this. :gister
tp ut,when

Data from t.he inter.aal hu-.s is ,ockeci into the regi.s to' then
o i the a Os. t a. 1/0 Wr I to (1)1:0). is t 'rue o r RUN is I ala . 5 1. go. al

10 cornea .6 a S u.s A. c .2 now 1 0(1 p e. I MI SAK ) an ci (V r :1. t e (WR) from

the CPU Moon. DMA .15 select ed by' the Memory/Register Se.lo c t
l.ogic, Ds.ta .i.s pla.ceci on the 5" 100 bus d.ata lines when i.n

the Soot a trap Mode or when the 1/0 Command Regis to r 1.5 Sues:

a Ds.mta .Road )iAt]7fl c.ommajid, '('he DAtRD is i.s sued when th.e hoard
is scares sod and A()= 1, A1= 0, Read Enable P1)5 IN' is true (hi
and Write Strobe (.PWR ) is false (high)

4MG

51 (). Os

(CR) ln it and
are conta.i.ne.d. i.n. Table

= 1'lec.e .1 ned 0' = C1.ea r e d

Cornmanc'l Recel.reci

4 ,

at a.

1) at: a

a mimi

RE 0.1 s".i:' P

In Reg.ister coat
trite-rue.] to' the

a I') ci 'c c.) 11 5 a:
.4,.:

comes; from4 the interua.l

rols the. transfe
AIM aGO to the M

of the regi.s ter on' 042, The

ciata.lin.es 00'D7
e.n.ah .].od • goes to the 5" 100 bus.



4 , 1,5 BOOT' LOAD PROCEDURE,

T.he A.M300 circui.t board con.ta.in,s a bootstrap load routin.e
stored i . t.he RC.M on 021, The microcode for internal AM 300
operation is also co.ntairted in the I: rs *1K or ROll memory
The Uoo t trap. pr.og ram is c.ont aincd in the .s econd I. K. 01 memor,

NOT El

If t..he user code is cha.nged from the
current hoot routine., the m.icrocode in
the first 1.K of: memor must be duplicated

act IL )i,

The CPU read.s the hoots trap load program by ad.dres s i.o.g the c i rcu.i t
card and readi.ng from 172000 (octal) up, This address , combined
w i th SMEMR from the 5 100 bus and a high INIT signal •whl ch takes
place on in.i t.i al start-up, generates the BOUt signal , The. i1
s ign.al enables thc• PROM (02 1.) and en.ablee he out.put of the
Data In Regis ter, The OlOc K input of the Data In R.egi s t.cr i.s

sunpl.iod. by the PUN s i.gnal through gate 032. The RUN signal
was set low by mit i al start ul) ann remains so unt. il DRL cL.R
presets the RUN flip-flop, The Data In Regis ter c.ons is tso II
transparent latches so that un.de r these conditions , the hoot
dat.a from the PROM enters the internal dat a. bus and trans lie rs
directly to the 5- 100 bus, data lines

Wh. .i the block data transfer of: the, hoot loa.d.er is completed,
the p 'han.t omis disabled, and th. e CPU and DM.A modules' mi t i. a : e.

thec ircuit board so that it c.a,n accept comm.and.s

4, 1 ,h II NTIi R.RUPT 5,

The lute. rru.p t mode ca.n be s el ec.ted for AM— 300 operat ion, when
the software program sets: bit 7 i.n either disk or non—disk
comman.cts , When the interrupt nodc' is: a elected, thei nte rrupt
occurs' at the compl e. tion of the current AM— 300 comm.a.n.d, .l:his

1— 2



is taken from the internal data bus by the control register
CUll) and connected to the S-lOO bus vectored interrupt lines.
Any one of the seven interrupt lines (VIO-V17) may be selected
by a jumper from pin 3 of U35 to the selected line.

The interrupt mode may be cleared by the software program so
the interrupts do not occur. The program clears the interrupt
mode by setting bit 6 in any non-disk command to a one (see
Table 4-2).

4.1.7 OUTPUT TO DiSK DRIVE.

The AM-500 circuit board transfers disk write data and controls
to the disk drive through the write data logic and drive control
registers. See Table 2-3 for a complete list of the signals
between the AM—500 circuit board and the disk drive.

4,1.7.1 DATA WRITE LOGIC.

The data write logic provides the double frequency encoded clock

and data output necessary for the disk drive write circuitry.

When the AM-SOO is in the write mode, the WRITE signal is high,

which sets the multiplexer in the CRC logic (U9) to select

the write data (WDATA) from the FIFO memory stack to the CRC
checker module U23. The serial data is then sent to the FIFO

sync flip-flop U25 and also to the data write logic. Should

a CRC error occur, CRCERR signal goes high and sets bit 7 of

the drive status buffer.

When the FIFO memory is not empty, FEMPTY is high enabling the

CRC checker and gating the serial data output of the FIFO

through the write logic where it is combined with the TW clock
and applied to the WRITEDATA output to the disk drive. When

the write current is flowing through the disk write head from

the WGATE command, the CELL clock is also combined into the

WRITEDATA command through OR gate U43. When the FIFO memory

is empty, FEMPTY is low, gating CRC data to the WRITEDATA line.
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4. .1. 7. 2 DRIVE RL:GISTERS,

The disk drive registers con.trol the selection and operation
o.f the cask-. mechan.ism, Threef.Ii12 .flop registers (Un., 1112
U.l 3) 'perform these functions when enabled by the JIJT s.i gnal

Drive Register No, 1 controls the address data. to t.ho d.isk drive,
T .ne address data is contained on
transferred into Drive Regis ter
select logri c, When the so ftware
CY.1JA715 ci. ocks. the data from the
Regis t.er No, I.

Drive Regis ter No. 2

the d.i.s k dr.i ye, This
bu.s when., the so ftware
into Un. we Register N'
sc loct logic.

con t r ols
data is
5: elects

c), 2 by

the disk
c o ii t a .i no d

the drive
the PRVSEI.

and. head, select
on the internal,
coremands a.nd is
signal from t.he

d.ata to
U a t. a

c .lo c k. e d

register

The .Dri've
disk read

Eras
Acidres. s: St. rob

I:n a dcii. t.j.on,
DATA signals
signal, This
by the CNTL s

Control Regis ter handles the gates i.gnal.s for the
and write opora.tions, Thi.s incl.udes Write Ga.te

e Ca.te (Eu ATE), Roa.d Gate ('RCiVTE) , Cyli.nd.er
o (CYL5TI''l) and return to Zero Seek (RES'ToR)
thi.s r.egis ter generates the READ, WRIT 1'l , and
for internal con.t rol and. the S IDE bus interrupt
dats. is clocked, into the Drive Control Reg'i. s: ter

igns.l from the register selec.t logic..

Li 1, 5 I N P UT 5' RUM DI 5.1K DRI VIZ,

The All— SOD circul. t board receives memory data. and s ta.tus from
the di.sk d.ni.ve through the data" r cad logic an.d dri.ve. s ta.tus
regi.ster. See 'I".ahle 2--3 for a complete li.st of the signals
het.we.e the circuit board and the disk drive

23

the interna.i data. bus and i.s
No, 1 by' CYJ..ADR from the regis ter
selects the c:ylinder ad.dness

internal da.ta bus.' into Drivo



4. IL,8,1 D.ATA REA.D LOGIC,

The data read logic receives the separate clock and data. out.put.s
o f th -e di s Ic P.r ire an. P. app 1 1. e s t.h e.m to the ci o c.k an a P re .s a l..
inputs of a. f1ipfiop, When ANT 500 is not in t.h.e read
mode , th ci PilAF s I. gn. a.1 ho 1 Ps tn is fi Ii p .I lop in. ti. e c .1 ear a t a. te

The fun .f 1 Op 01st]? ut (RDA].'A) a.n P the :i. np at c bc. Ic (Rc'I.,OCK) a

sent to tne CRC logic and also to t:he F I EQ memory. Whe.n the
;014 500 .i jp t.ho Read mode, the RLL and RLATI, are so 1 actedtbe mul t i1.1 e.xe. r in the CRC lo. gic (1U9) for ch.ecki.ng h t.he

CRC m.o dule Ui 3 and al 5:0 ente r:ed into the serial input of th
I .FO me. mo ry p at e d by th s FSYNC di uto ut of the CRC log i. c.

.RC 2 DRIV.E STATUS BUFFER,
The P r .i ice St atus Buffer re c-c i es s tat us in :1,0 rin a.t ion I.L.rom, the
criss di cc and also the- error s.igna..i from th.e- CRC cneL Per
When the CPU i.nterrogates the disi.c statu.s 'From the AM 5-00-

s:.ee Tables 4 - 4 ceo.cI. 1- 5) , the. FRVSTS output Ot the regis te r
sal act logic, is low which tra.nsfers the status data. front tb.e
di 5, k dr.i ye toUt he :int ama. I dat a bus: to r. trans f'e r to the CPU,
'I' he data format is as •Soll01v 5

0 INLEIX

1. SECTOR

2 ONCYT. INFER

3 SEEKERROR

1 F AU I. 'I'

FRI VB;READY

0 WRITEAfli5tFCTEl.

7 CR.ERR

ec 2 o' a decrip1 on of the disk intei fact RC

4 24



4, .1, 9 F I P0 MEMORY A.NI) CONTROL,

The .F.I .FO Memory and Cent rol ci rcu.i try cons is ts of two 4 hit
Firs t ln. Firs t Out memory m.odules con.nected for a stack of
16 Bhit bytes, See oaragraoh 4,2,3 for a detai.led. d.escri.ption
of: t.he module, The Fl FO me me ru is used •fo r both d:is k read and
write Operations 1t c.onverts the serial data. from the disk to
parallel data for internal processing and trails fer , and c:on.vert,s
paral lel data to serial. for disk wr.i te operat ions ,. The data
is trails ferred het.ween the Fl hO and. 1K of: the Random Access
Memory (RAM) hr the fj\Jj\ cont,rel icr, Fe r m.emory ful 1 or m.emo cv
empty conditions , the FIFO synchroni rAng logic. m.akes the DNA
se:ryi cc requests to the .D.MA controll. er to ens nrc that the
3.614 control 1cr runs' at the disk speed..

4., 1.10 DMA BUFFER,

The, D.N31 h u..f:Fe r is cent ained in the Ran
mod.ules US a.nd 06, All data. trans fe i's
memory must pa'; s th rou.gh thi.s huf.le r,

d.orn Access' Me.m.o ry (R.AM)

to orfr o.m the d.is F:

DMA req ii t

c.o mm an. ci.

the DR.EOD

(D.AC K' 0)

QO El i.r:o- tiOf.)

set hr
f 1 i. p :1:1 Op.

DMA requests I DR.EQO and DREQI) areS generated by t:he
latches on 016, For DRE:QQ the Data Write (l)Al'WRT)
:is rec.ei.yed from the 1/0 co.m.mand register, sett i.ng
:.Flin— .f b-p , The acknowied.ge from the DMA controller
and the. I/O Read (16Th are com.i med to reset the DRE
h UI16JL .0R.F:Q 1 El ip -- flop op e rates in a si..ma I a. r way;
1) ata R.oad (bA.TRD) and clocked hr 310K, Both reque
a.:ce c.lec.red. by DMA Peques t Clear DRLCLR,
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4.2 CIRCUIT MODULE DESCRIPTION.

This section describes the operation of the individual circuit

packages (DIPS) contained on the AM-500 circuit board. Most of

the processing is handled by the CPU and DMA controller modules,

so these are described in detail. The control logic and inter-

face modules are also described with logic and connection dia-

grams for each one.

4.2.1 CPU MICROPROCESSOR (U19).

The CPU microprocessor is a single DIP module that handles the

data processing of the AM-SOO circuit board.

Figure 4-2 is a block diagram of the CPU, and Figure 4-3 details

the internal register configuration which contains 208 bits

of Read! Write memory that are accessible to the programmer.

The registers include two sets of six general purpose registers

that may be used individually as 8-bit registers or as 16-bit

register pairs. There are also two sets of accumulator and

flag registers. The programmer has access to either set of

main or alternate registers through a group of exchange instruc-

tions. This alternate set allows foreground/background mode

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

Each CPU also contains a 16-bit stack pointer which permits

simple implementation of multiple level interrupts, unlimited

subroutine nesting and simplification of many types of data

handling.

The two 16-bit index registers allow tabular data manipulation

and easy implementation of relocatable code. The Refresh register

provides for automatic, totally transparent refresh of external

dynamic memories. The I register is used in a powerful interrupt

response mode to form the upper S bits of a pointer to an interrupt

service address table, while the interrupting device supplies

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

to this service address.
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F.igure 43. CPU Registers

Fig ore 44 shows the CPU pin in. configuration and Table 4 7
contains a list of the Cpu signals V
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Figure 44. CPU Pi.n Conf ura tion
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Table 4 7. CPU 5iga1 List

51 ChAt:-
:*O ".11

.A.1I) Uhf S 5 .B U S

PINI FUNcTION--
Tr:i. "state output , ac. t i., ye h.

A) :5:1 5 c cr1 s t .1 ut e a 6 hi t.a dd. re a s

b u.s , The a. clv us s b us is r 0 vi des t.h e

j OP re. as Pu r m.emo ry 0 P1K by to a I)
data exchanges and for I/O device
slat a exc.hanges

DO U 7

n:VcZ\ BUS
Pr I a t at 0 1. u.n u.t / 0 5 tp 'it , a at :i. vat ii

DO-D1 constitute an S"bit badarec:'
t. I. orsal dat a bus , T.h.e da. t bus is
us: e.d. for dat a XC ,a.u cc. th IHeTLIS)

an 0.1/0 sIc vi. ce
.— — 1
Output , acti .ïe J()t• Ml j p51 atos
t. h a t the cc r r en. t in a c .h iii e c.v a: 1 e is
the OP code, fetch cycl.e of as's

ins truction exoc.u.tion

—
1

NJ\ CU i: N Ii. (i C I.E ON F

.__.

27

'.—'—'

MEMORY REQuEST

19 Tn' state output , act lye low.
memory request signal. 'suds. cates tflat
the address bus holds a valid aucires.s
for a memory ye ad or memo raw r I a e
operat ion,

IORQ 2' 0 Tri"state output , active low .. the
I NP UT / OUT PUT REQ Of ST 0 s I gn al in di cat e 5 that: tab o 1 owe

half of the address bus ho ld.s a val .1 ci
I/O address for a I/O read or' sri te.
operat ion, An IORQ s ign.al is alas)
ce.nerated when. an interrupt .: boins.
acknowle.dged to mdi cate that' an

2.8



Table 4 7 (Contj , CPU Signal 1:1st

S I C.NAL P IN FUN CT J'fl\

— -

inter rupt resr,)onse yen tor can be
placed on the data. bus .

RD

MEMO.RX READ

21 Tri state output , active low,
± udi CT at 155 that the CP Cu ants to read
data. .l7rom memory or an I/O dcvi cc
The addre s s e d. 1. / 0 d.c vi CT. a or ijien.o rv

should. use th.is si.gnal to gate data
onto t.he CPU data bus

NIl

tisMo- IVI'T F
22 Tri. state) oo.tput , active .'i.ow , AR

indicates that the CPU data bus
holds valId. data to he stored i..u

the add'.resse.d. memory or I/O d.ev..ice

RFSR

RF S F-i

28 Output,, active low 1Irr1f indicates
that the I owe r 7 bits of tn e a do.r e 5

bus c.ont sin a. refresh address .10.5

dynam.i c memora es and the current
MM'E signal should be us ed. to so a
re. fresh read to all d'y'n amae memo ra.es

18 Output , activelow, F-TAFT i.o.d.1.cates

RAL:T STATE that the CPU ha.s executed a H.ALT
5 0 1 twa re i.ns t rue t i 0111 and lIST au'a i. t .ing

ci tb,er a nonmas kab le: or a ma.s kab .Ie

inte r'rupt (with the mask e.uahled)
before opera''t ion can resume, While
halted, th.e CT/li exeeu.tes hOP's t.o

iTialntain memors' re tres h an t.iva tv
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labie. 47 (Cent,) CPU Signal List

J

S .i CN.A.L...
hAl A

WAIT

P I N PUNC TI (AN I

24

-.'
Input , active; low WAIT i.ndi ca.t cc
t.e t.he CPU t.hat. the addre.ssed nenier
or I/C devices are not ready toy a
ds.ta transfer, T.h.e C.PU cent in.ues to
enter wait s•tate:s .for as lena as this
signal is active,H -"- -__

±T
R.RU.PFR.EQ LIE ST

—
1 6 1 np ut , s.c t I ye low , T.h e I n. t errup t

Req cc s t .1. gn a lie g e.n.e r st. 1. 0 CI by 1. / 0

dcvi. cc) 5 A req cc s t w :1.. 11 he b one .red

at the end of. the current ins t.r cc-
tien if the. internal software cona
tre lied interrupt enable f.1. ip . flop'
(lEE is enabled.

NMI

MA.SKABLE

1.11 T ERR U P3'

17 Innut , s.cti..ye low. The nen-maskahie
inte. rrup t request I ice b.,as a b. .ighe r

p r i 0 r :11:. than JIJT an. 1:1 .i s Si ii S. V 5

recegnlze.d at t.b.e end of tee curi:e. at
ills tructien , independent of the
status of t]ae inte.rrupt enable L1io
flop , NMI automat i call : ce-s tee
CPU to restart. to lecati.ono 066N,

RESET 26 Input, act ive low, RESET mi tial
:1 lee: the CPUS as fel J. ow s : res cc
me r rup t ena.h I.e flip flop , clear
PC and registers. I and R an.d sc.t
interrupt to SO SOA. mode, During
reset time, the address and dat.a
bus go to a Ic ig.h.i. impedance 5 t.ate

4" 30



Table 7 (Co.nt.) . CPU Signal List

SIGNAL

L< U P

SOS REQUEST

PIN FUNCTION-- --
and all control output sig.nals go

to the inact .1 ye state.,

1 p tit , d ct c Loi 'ho 5 1 cq cc t
signal has a h.igher p ri on ty tha.n
MI and is alway-s recognized at the
end of the curren-t machine cic.ie and
is used to request the CPU address
hu.s , da.ta bits and tri..state outuu.t
co.ntro 1 i I gncd s to go to a h.igh
impedance state so that other deni.ces
can control these busses.

7

T&Ti7;rs

BUS ACKNOWLEDGE

23 Output , active low, Bus acknowledges
i.s used to ind.i. cato to the reques t.ing
device that the CIU address bus, O.ata
bus and tristate con.trol bus si.gnals
ha.ve. been set to their high impedance
at ate and th.e external ccvi cc L -an now

control these s.i. gnals

4,2,1,1 INSTRUCTION OPCOD.E FETCH

The program counte. r content (PC) is placed on the ad.d,res a bus imme
diatelv .at the start of the cycle. One; h.al f clock inc later MREQ
goes active, !rhe falling edge of MREQ can he used direc.tly as a

c h.i.p en.ab le to dynamic memories . RD when. act .ive mdi cates that th.e
memory data should he enabled onto the C.PU data bus . The. CPU a amples
d.ata with the rising edge of the cJock state T3. Clock states T3
and T4 of a t:et ch cycle are u.s e-d to refresh dynamic mt ,io rjes whi Ic
the C.PU is internally decoding and exec.uting the i.ns truction, The
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re.fresh control signal RTSff indicates that a refresh read of all
dnaimi. c memories should he accompi iii hell

H
II

:.

atni

_F--r

1 2 1.42 vIE NC) RY RE Al) OR hR I T C Y CL P S

ii lu.strated here is the tlm.ing of m.ernory read or write eye 1.es,
other than an OP code fetch (Ml cycle) The NCIEQ and RI]

signals are us ed exactly as In the fetch cycle. In the case
of a memory wr.ite cycle, the MREQ also bec.om.es active when
the address Isstab le so that It can he used di rectlv.
a chip enable for dynamic m.enori.es The WK line is actir
wi-ion data o.n the data bus Is stable so that it can he. use.d

directly as a R/W pill so to virtually any typ4e of semi cc'n.du tor
ITlelilo ry

4: 32
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4, 2,1,3 INPUT OR OUTPUT CYCLES,
.1 ins trated .here is the timing for an I/O read or i/O write opera—
t :i. on. Notice that during I / 0. ope.rat ions a s ingie wait. state is
automatically i.nserted (Tw*) , The reason for this is hat dcring
I/O operations this extra state aliews sufficient time fer an. I/O
pert to decode its ad.dress and act.ivate the WAIT line if a wait
is requi.red,

JNoI" ELc "U
"—No__!

—"— ,J—*- "' —.j C-
.

IT",: :' :.rm, INoT,I,T

't—cLF,,,
'L,, ,_j' "—"1:n':o:i,,n:/j— c Cl

4 , 2, 1 ,1 I NT S RRUP TEE Q US SI /AC .KNO N L ED CE CY C ES,

he in.te rrup t signal is s aJnpl e 0. hr the CPU with the ri s lug edge
o f tJ'[ C. I, as t clock at t.h e en.d o f any I as t r cc t ion. , When an i. n to r

rupt is: accepted, a special Ml cyL le is generated. Outing this
1.11 crc J.e • the TR' signal becomes a.cti.ve (ins: toad of MIlIEU) t.o

ind.icate that, the inte.rrupting device can place an 8-bIt voc.to r
on the data bus , Two wait states (Tw* ) are automati calm added
to th.i.s cycle so that a ripple priority i.n.terrupt scheme • s uc.h

as the one us ed inthe peripheral controllers. , can. he e'as I
.implemcnted..

'-'I=t t - - —-

S
S

-t'-, Cl_tJ_,__,,,__e_ -:JnnEJT"TNo---- nfl
3__

:fl "'-.-—"__

______

——F-——————""e' "''—'—"—

ASS

,SSmS C

CC

'SASS

'5,



4,2 1.. s cpu INSTRUCT I ON SET.
The fol.lowing is a summary of tne C.Pu ins truc.tion set showing the
a-s a cob 1 .2.. an g u age. ttinetr.on. i ca.n. d th. e a ni.h o.l .i. Ci OP e rat i.. 0 ft a e r :0 roe d

by ho instruction,
lowing catecories

Bh i.t loads
10Th i.t loads
p5• changes

Memory Block Moves
51'e'ty rv B Ioc:k Searches
8oit art thmetic and logic
l6bit arithmetic
eneral purpos e Accumulator

B. :)1g: Ope rat. ions
Re: turns

In the tab le: the following term..in.o.logy is used,

h a a hit number in any 8•-bit register or memory
Os: a on

cc a: flag c.ondutton code
non zero

3 a
NC Ca

C at

Ph
P

N

d :ttav S-hit dcstinat ion regare :tr memory iocannn
ad t— any I 0-bir de.stination register ci r memory locatton
c 8-bit signed B's complement d isplacemen.t used in

relative jumps and indexed addressing.
C a 5 special call locations in page zero. In decimal

notation these are 0, 8, 16, 24. 32. 40, 45 and SO
any :S'hit binary number

nn any to--bit binary number
a any S-hit general purpose register (A: B, C, 0, 11

at: any S-hit source regisret or memory tocat ton
a: a hit in a specific 8—bit regtste ror nae-rnoty Jocat ton

ss aa any tb-bit so.urce register ot memory locatton
subscript 1_" 5 thelow orderS hits of a id-bit register
suhscrtpt a' the htgh order 8 bits of a I L4it register

.1
the contents within the ( I are to be used asa
pointer to a memory location or I/O port number

S-htt registers are A, B, C. D. B. F!, C. I and R
lO-hit register pairs are AF, BC, DE and HL
tb-hit registers are SF. PC, lX and II'

Addressing Modes implemented tnclude
the following: Immediate

Immediate extended
Modified Page Zero

4', 34

Relative
Ext ended

comb itta ttons of
indexed
Register
implied
Register Irdirect
Si

Tht-t ins truct ions are dl.v.ided zn.to tI.te.

Mis ccl. I aneou.s fz-ourC

Rotates and Shi ft.s
Bit bet-, keset af1u .[ es t
Input an.cl Output

t_tn.tp t;

Cal. Is
Re a t a. r t a-

non cat my
carry
Parity odd or no ovet flow
Parity even or over flow
i'osi tive
Niegative (minus)

or LI



Table 48, Cpu Instruction Set

8BIT LOADS

I S'IatT L.OADS

F. B N LI ES

LD (DL) (DL, DL DE+
H L. H U' BC BC

MEMORY BLOCK MOVES

LDR

LDD

LDDR

(DE) (DL), DL DEn
DL HL÷ BC BC•-

Repeat until BC = 0

(DL) — (DL), DL DL-I
DL HLJ BC BC-I
(DL) (DL), DL '.- DL-1
DL HL—I . B(" BC—i

Repeat until BC = 0

4" 3i

Mnemonic Symbolic Operation Comm.enls

LD.s

LDcLr

LDu.n

LD A s

LDd,A-
LD dd, nfl

,

LD dd,(nn)

LD inn), as

LDSP,aa
PUSH as

POP dl—
LX DL, DL
LX AL, AL'
LXX

LX(SP.ss

—s

dr
dn
A — a

d- A—
dd nn

dd inn)

(nn) at

SP—as

(SPi I hi' ISP-2)

(SF), ddEI ISP+ I)
,

snn.(HLL
(I X*el. ii
do(DLLF

(IY*c')
j:(L)
UX±e), CY+e)

a (BC). (DL: F
Inn), I, R

do (BC).(DLL
Din). I. R

dd BC. DL,
HL,SP,iX,!Y
dl BC, DL,,

DL. SF, IX. ft
ss BC, DL,
DI SF. IX. ft
aaHL,IX,IY
ss BC, DL,
DL, AL. IX, ft
dd BC. DL,
HL,AF,IXHY

ssanHL,IX,IY

-
DL DL

AL ''AL'
/BC\ /Bc
( DL —'1 DL'
\HLJ \HL'
ISP) 55L.(SPI)''ssH



Table 4-B (Coat,) CPU Ins tru.ct.ion. Set

Operands must
be in packed
BCD format

Mnemonic Symbolic Operation Comments

A•-(ML), HL ML÷I
BC— BC-i

A-GIL). ML — HL+i A-(HL) sets

BC <— BC— I - Repeat the flags only
until BC 0 at A (ML) A is not affected

A ML), ML — ETh -I

BC --• BC•-

AIMLL ML ML-t
BC—BC-k Repeat
until BC Our A = (ML)—

LEN

CPIR

CPD

CFDR

-.--
ADDs At- A+s
ADCs A*-A+stCY
SUBs IA—A-s
SBCs AA-s-CY
AND s I A A As

ORs At-AVs
XORs AA$s
CP A-s

I INC d d —d + I

DLCd d—d-t

CYisthe
car flag

s:LnJHL)
(IX+e)..(IY+e)

stn(FELI
(IX+e).(IY+)

d = t•. (ML)
(IX-t'e), (lY+e)

.

—
ADDML,ss ML -MLtss
ADC ML, ss ML - ML + ss+C V

SBCML.,ss ML.'-ML— ss—CV

ADD iXss IX — IX +ss

ADDIYss 1Y-IY+ss

iNCdd dci t-dd+
I

DECdd dd.dd-i

r
DC

)ssBC. DL
IX, SF

ssOBCDE,
IV, SF

ddsaBf,DE,

ML, SF, IX, IV

dsfeBC,DE,
ML, SF, IX, IV

)vIFJS4DRY BLOCK SLA.RCT.ttES

B-t3L1 ALU

6-t IT ARFI'HMATiC

op ACC:, Ant) FLAG

DAA

C'FL

NEC

CC F

SC F

Cnnve us A eon tents i un
packed BCE) following add
or subtract

A ÷- A

A÷- 00 A

t:Y CV

CV — I
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Table 4-S (Cant,) , c.Pu In.styuctjon Set

Mnemonic Symhohc Operatton Comments

j MW No operation

H A LI Ha I C PU

D Disahie Ttterrupts
El Enable Interrupt.s

TM 0 Set interrupt mode 1) 8080A mode
TM Set interrupt mode Call to OO3S
TM 7a_ Set interrupt modefl'a Indirect Call—
RLC s

RLs

RRC

vjTT][_7:
RRs 51
SLAs EHJ)

S

sesoftlL)
(IXte), (1Y+ei

SRA s [-jH?7}-—F2]

SRL s

RU) EII3Ij i4J4Hu

RRD EE±Jowg.a
ZisseroflagBIIh,s

SEIE,s 5b I sor, (ML)
RES b, 0 (IXte), (TYteF

A <-(n)
(C) Set flags

(ML) — (C), ML., — ML t
B — B -

(ML) ,HL — HL +
B — B -
Repeat until B 0

(ML) — (C), ML — ML -
B—B-

)NDR (ML) —(C). ML — ML -
B—B-t
Repeat until B 0

M1SCIAL.LANE0IJS

ROTA.'ITES A.NI,T) st1tt:'Ts

tilT: 5, R, AND T

INPUT AND D-[JTPUT

A, (n)IN

IN

TNT

IN I R

IND

4 — A 7



a

Tabi.e 4-3 (Cant. 1.PU Ins tyuct ion fet

--
esnonw

room), A

OiJT,
I OUT)

Symbolic Operation —

(n) — A

(C)—

(C)— (HL) HL — HL
B B

ntments

tNPtTI AND ('LJ131J'P

OT P

OLITD

(C)—(HL),HL — HLf
B B

Repeat until B 0

(CO- (HL), HL HL -
B '- B

OTOR (C) — (HL), HL H11L

B — B -.

Repeat until B =

tJ N PS

LS

RLS.TAICJ..S

K PT P RN S

aJPnn
•JPt:c:,nt

JRe
JR kk e

JP(ss)

DJNZea
CALL un

CALL cc, fin

PC<—nn
I

(iz PC)

lfcoflditknccictr%Ae ) 3, FE
011. fin else cun tone " NC P

PCPC±e C M

Ilconditton Bk is true INZ NC.Kk(..
PC PC t e. else ccrnnnue C

2-ss ssHL,iXJY
BB- l,i1B'0
Cfifi DC ue,else PC PC + enwa a
(SF-i) ECH (NZ P0

I 3 PB
licondition cc is (aBe cc NC
conitnue. else same as c' wi
CALLnn

WPl)PC
(SP-2) PC1

. PCH
PC

L—--
PC[ -(P).
lklFj
if condition cc is false (Nz PC)

continue, else same as RET J 3 PB

"I NC PReturn from tnterrupt,
C NsamnsRET

Return from non
tmaskable interrupt

TL

RET

RET cc

RETI

RETN
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4.2,2 DMA CONTROLLER (020),
This device is a multi.mode Direc-t Memory Access (.D.MA) controller
for •microprocesscr syste.ms , lt enhances sy stem performance by
al.lowing other devices to directly transfer information to or from
memory or to transfer data from one memory to another, Figure4 S
shows the DNL& controller connections and Table 49 lists these
signals with their functions,

The three basic transfer modes allow program.mabilitv of t.be types
of DMA service- by the user. Each channel can be individually pro
gr ammed to Autoini tial i ze to its original conditi on fol lowin.g •an
End of Process (BOTh

Ea.c.h channel has aful 1 64K address and word co unt capabilIty
An extern.al signal can te-rm.inate a ONlk or memory- to memory
transfer, Thisis useful for block search or compare operati ens
u.s ing external comparators or for intell igent peripherals to
abort erroneous services

CONNECTON DAGRAM
Top Vnw

059 -'C IJ9 fl—-- A?
-o ——----c: 39 :j— AC

4IM9 's-C 33 n"
SIfl** —--—C 4 j—-----s- A4

SlOTS I I ——-—-——C: 30 'Js-__s 5154

SOCOY 0 35 :j-s—----s-- 03
4*00 —-—-——s-C 4 'J,s-— 07

Antis s—--—-r 0 33 :J— A
3504 C OMA

32 j—s-
SIMOn 1000NTROI Ac3t D—--------— 0CC (-hV(..s-c 30 J— 000

ciot ——-s-c: 13 79 J"" 00
ossol —-------C 13 20 J's_-_s- oo
0*002 ———C 14 27 Ths-5' 003
03C03 C 'S 30 ,J"'' 004
00003 —s4'j 10 25 j--—----s- OACO
00E02 ——-'t: 17 24 —s- 0*001
00001 s--C to 23 -s—s- 005
00000 —--——-s-C 10 22 '-s-- 000

10000 On 20 21 5s-s' 007

.Pigur-e 4 S. DMA Cent rol 1cr Connections
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Table 49, DMA Controller Signal List

S.: I CNA.L

VCC

P I .N FUN CT I ON

31 ÷5 Volt Supply

VS S 20 Ore no d

CLK.

CLOCK, INPUT
12 Th.is .inuut controls the .internal

onerat ions of the DMA Controller
and its rate of data trans fe rs T he

i npu. t may he dr i \.e n at. up to 3MHz
for the s t a.ndard DMA Centre 1 J.e. r and
np to dM1-ia for the DMA Co.ntroller,

CS.

CU I P SEI.AICT, INPUT
11 ChinS elect is an act.Iv•e low inp u.t

nsed to select the DMA Contro.1 I.e r.
a.s an I/O device during the Id.le
cycle:, This allows CPU c.omniuni.
ca.tionon the data bus

RESET

R.ESET, IN:'PUT

13 1R.es et i,s an asynchro.nous acti, vO
high input which clears the Command.,
Status, Request an-d Temuorary r e.gis
te rs. It also clears the f.i rs t/
last flip/flop and sets the Mask
regi .; ter, Following a Res. e t the.

devi.L e is in the Idle cycle.

R.EA.DY 6 Ready is an input used
READY, INPUT to extend the memory read and rj te

pul s c.s front the DMA Centre I. I-cr to
a.ccommodate slow memories or
peripheral devices
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Table 49 (Cont,) DMA Contro.l.ler Si..ge.al List

1: CHAd.

H.A.C.K

HOLD ACKN OWL.E.DCL,

IN.PUT

IN

7

FUNCT ION

Th.e active .high Hold Acknowledge .from
the C.PU .indic ates th.at cent rc.l o.f the
sys tern buses h.as been. re I inqu.isheci,

DREQO-DREQ3

DMA REQUPST, INPUT
19,
18,
17,
16

The DMA Request lines are indivi dual
asy-nch rono us channel request inpu.ts
u.sed by peripheral ci. rcui ts. to
obtain. DMA service. In Fixed Prior-
i. tv, DILEQO has the hi ghost priori Cv
and DR[1Q3 has the lowest pri.or.i..tv

re.ques t-rs gen,erated by activating
t h e DREQ 1 i me of: a ch anne 1. DAC K

will ackn.owledee the rec.ognIua.c.ti of
the DRE Q s .1. gn. a. 1, Po I a r I t o :fE p. p

is programmable, Reset ml. ti.al. i sea
thea e lines to active hi..gh

three—state
the sys tern d
are enabled.
during the I

c:on.tents of:

Sta.tusr egis
regis ter or
t.o the CPU,
abled and.
an i/O Write
p r 0 gr ailul, i n. g

trol registe

lines are hidirect.ional
5 ign.als conne:cted. to
ata. bus The outputs
in. the Program Condi. t .i. a
/0 t.o output. the
an Address registe.r, s.

te.r, th.e Tern.porarv
a Word Cou.n t regIs te.r
Th.e outpu.t.s are ass —

e in,puts a.re read iring
cyc.Le when. the C.17U is

th.e P IA con.trol.i.er con—
rs, Durmuc DMA c.yc.les

t.he m.os t sign i fi c.an.t eight ]m, . t s o.f

4 -41

.D B 0 — .DB 7

DATA .BUS,

I..NPUT ,/() UT P UT
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Ta.hle 49 (Contj, DMA Controller Signal. List

SI CNAL P1 N FUNCT I O.N- -__
36 LOP .is an. active low, bidirec.tional

ENI) O.E PROCESS, signal, I nformat ion. co.ncern.ing the
IN:puT/ODTpDT completion of: DMA servi.ces is anal. l

able at the hi directional End. of
Process (EOP oin, The DMA on
trol Icr allows an exte:rnal s ignal to
termna. an active DMA service,
This is accomplished by pulling the

in.put lowwi th an. external E.OP
signa.l, The DMA Controller also
gene rates a pulse when. the. te rni.nal
count (TC) for any chann.e. 1 i.s reached,
Th generates an EOP signa.l which.
is outi:)ut through the TIP' l.ine l:he
reception, of EOP, eith.er internal or
ext. e rnal, Wi 11 cause th.e DMA.. Cont rol

1cr to terminate t.he service , i.'es et
the request; and if Autol.nitiali ze
is. enabled, to write the base regis
ter s to the current registers of: that
channel, Th.e mask bit and: T'C hit i.n
the status word will he set for the
currently acti.ve channel by LOP
unless the channel is programmed for
Autoini tiali. ze, In that c.as e, the
mask bi..t remains clear., During
memo ry to uiemo ry trans fers , 3PTP' will
he output when the TC for chann.e 1 1

occurs
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Table 49 (Cont ') , DM.A Controller Si.gna.l L•ist

S I C SAL P I N °° 1 0 N

A0•.A.3 32,
.Al).DRIT S ST ,

NPUT/OIITPIJT 34,
35

;The four least significant ad.dre
i i no s are hi cii re ct ronal, th Ire. C 5t5 to
si gnais. in the I dIe cycler they 5'e
inputs and are used by the DMA Con"
roller to a-d.d.res 5 the Central regis

t.e.Tto be .loaded or read. in the
Act v'e cYC I e, t.hey are outPuts an ci
provide the lower 4 b its of the out
put address

'\4 .A7

ADD.RESS, OUTPUT

37 ,

38,
39,
40

The fou.r most s .1. gn.i. fi L o.t cid.rces.s

lines are thre.e 5 tate outp uts and

prov'icie four hit.s of ad.dress These
lines are enabled on.ly durrnet..he
DMA service,

HREQ

HOLi) REQUEST,

OUTPUT

10 This is th.e Hold Request to e CPU
and is used to request control ot the
svs tern bus + I f the co rr es panel i up.
rn.ask hit is clear, the.; rese.nce of
any valid DREQ causes the USA con
trol icr to is sue the HRPQ.

DACKO DACK3 25, DMA Acknowledge is: us' ed to no ti. f the
DMA ACKNOWLEDGE, 24, individu.al peripherals when one has
OUTPUT 17, be,en granted a DMA c.ycle:. The sense

16 of these lines is proerarunable
Reset initializes them 'to act.ive low,

4 44



Table 49 (Cont), AMA Controller Signal ist

S I CNAL. P IN F UN CT I ON

i-rUN

DD1D IN\B1 ,

OUTPUT

———.___________
ADSTB

ADDRESS STROB.E,

OUTPUT

9 The Address Enable is an act ire •h 1gb

lcro iztd to orohie *ht ttput f
the external latch which holds the
upoer byte o.f ad dross, and to dis able
tb.o syste.m. bus dur.ine the AMA cycle
Note th.at during DMA t rans fe rs, H.A.C.K
and AEN siould he used to des elect
a.l 1 other I/O oeripherals whic.h may
erroneous lv be accessed. as p roy rammed
1.10 du.ri ny the DMA operati..on. The

DMA Coat roller automat ical l.y d.an

selects its ci f c-luring DMA transfer,

The act ire h i.gh Addres, sSt robe is
us ed to strobe the upper a.ddres.s
byte into an external latch.

S

.MEMR

NFThORY RE.AI),

3 The Memory Roa.d si g.nal .1.. s a.n ac t.L ye

low, three-state. output used to
a. c-ces s data. from thes: elec.tc d memo ru
location duri.ng a DMA Read. or a
memo ry to--memory trans

MEMIN

MEMORY WRITE,

ODTPUT

4 The Memory Write s igna an active
low, three - s tat e output us ed to w r 1 t e
data, to the s ol ecte.d memory loc.at. ion
du.ring a. DMA Wri to or a memory - to —

m.emo rytran s fe r..
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Cf /

Th:C imii
the 'tvi•'''
data mt.
various
CO itt. a. 1. ti 5

Figure 4"
ofe.ach,
:0 un c t. :1. one

so?

set

SC AD V

CL DC 15

15515

15055155

55555555515

5015

005500.0055W

"Ar-Is

"5555°

DAC 015055(5

DMA CON):' RE) Li F FUN 0.1 TI ON \i, I) F 3CR I PT I ON

Cent. rc lie: r 1:) I.oc]c d.i agram shown in Figu.re 4 6 :incl ucies.

r log.i.c blocks and .al I of the internal regis ters. The

e rue nn€. c t. I on oat' h s a real. s .h oar., Ne t shown are 1:1)

cent rol signals between th.e blocks The 11N'k Coat. rol. le i'

344 I) i.t5 C) .f internal, memo c in the fo rut of regi. 5 ters.
1.0 l.is ts t.hes. e regis: ters by name and. shows the s .i ze.

A de t a):. led. des cript .1. on 0:1:1' the regi. s to rs and th.ei.r
can be ioun.d uncle r Regis. to r Des en pt ion

Table 4 1.0, DMA C.ontrol ler Inte.rnal Regi stars
N Sin Number

Base .Address Registers
Base Word Count Registers
Current Address Registers
Current Word Count Registers
remporsry Address Register
lemporary Word Count Register
Stat.us Register
Command Register
Temporary Register
Mode Registers
Mask Register
Request Register

16 bits
16 bits
16 bits
16 bits
16 bits
16 bits
R bits
R bits
R bits
6 bits
4 bits
4 bits

4

4

4

4

4

Figure 46, DILl Controller Block Diagram
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The DMA Controller contains three basic blocks of control logic.
The Timing Control block generates internal timing and external

control signals for the DMA Controller. The Program Command Con-
trol block decodes the various commands given to the DMA Controller
by the microprocessor prior to servicing a DMA Request. It also
decodes the Mode Control word used to select the type of DMA
during the servicing. The Priority Encoder block resolves

priority contention between DMA channels requesting service
simultaneously.

The Timing Control block derives internal timing from the clock
input.

4.2.2.2 DMA OPERATION

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

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

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

each composed of one full clock period. State 1 (Si) is the

inactive state. It is entered when the DMA Controller has no

valid DMA requests pending. While in Sl, the DMA controller is

inactive but may be in the Program Condition, being programmed

by the processor. State 0 (50) is the first state of a DMA service.

The DMA Controller has requested a hold,but the processor has not

yet returned an acknowledge. An acknowledge from the CPU signals

that transfers may begin. Si, 52, S3 and 54 are working states of

the DMA service. If more time is needed to complete a transfer

than is available with normal timing, wait states (SW) can be

inserted between S2 or S3 and S4 by the use of the Ready line on

the DMA Controller.

Memory-to-memory transfers require a 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.

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

4—47



states (Sil, S12, Sl3 S14) are used for the read-from-memory

half and the last four states (521, 522, S23 and 524) for the

write-to-memory half of the transfer.

4.2.2.3 IDLE CYCLE.

When no channel is requesting service, the DMA Controller will

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

the DMA Controller samples the DREQ lines every clock cycle to

determine if any channel is requesting a DMA service. The device

also samples , looking for an attempt by the microprocessor to

write or read the internal registers of the DMA Controller. When
?2 is low and HREQ is low, the DMA Controller enters the Program

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

internal definition of the part by reading from or writing to the
internal registers. Address lines AO-A3 are inputs to the device

and select which registers are to be read or written. The T5ff

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

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

flip/flop is used to generate an additional bit of address. This

bit is used to determine the upper or lower byte of the 16-bit
Address and Word Count registers. The flip/flop is reset /
Master Clear or Reset. A separate software command can a..so

reset this flip/flop.

Special software commands can be executed by the DMA Controller

in the Program Condition. These commands are decoded as sets of

addresses with 3 and TOW. The commands do not make use of the
data bus. Instructions include Clear First/Last Flip/Flop and
Master Clear.

4.2.2.4 ACTIVE CYCLE

When the DMA Controller is in the Idle cycle and a channel

requests a DMA service, the device outputs a HREQ to the micro-

processor and enters the Active cycle. It is in this cycle that

the DMA service takes place in one of three modes:

4-48



Single Transfer Mode. In Single Transfer mode, the device is pro-

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

and the address decremented or incremented following each transfer.

When the word count goes to zero, a Terminal Count (IC) causes an
Autoinitialize if the channel has been programmed to do so.

DREQ must be held active until DACK becomes active in order to be
recognized. If DREQ is held active throughout the single transfer,

HREQ goes inactive and releases the bus to the system. ft will

again go active and upon receipt of a new HACK, another single

transfer is performed. In SOSOA/9080A systems, this will ensure

one full machine cycle execution between DMA transfers.

Block Transfer Mode. In Block Transfer mode, the device is act!-

vated by DREQ to continue making transfers during the service

until a TC, caused by the word count going to zero, or an external
End of Process (EOP) is encountered. DREQ need only be held
active until DACK becomes active. Again3 an Autoinitialize occurs

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

it.

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

programmed to continue making transfers until a TC or externalV is encountered or until DR.EQ goes inactive. Thus transfers

may continue until the I/O device has exhausted its data capacity.

After the I/O device has had a chance to catch up, the DMA ser-

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

between services when the microprocessor is allowed to operate,

the intermediate values of address and word count are stored in

the DMA Controller Current Address and Current Word Count regis-

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

service. !öV is generated either by TC or by an external signal.
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4.2.2.5 TRANSFER TYPES.

Each of the three active transfer modes can perform three different
types of transfers. These are Read, Write and Verify. Write

transfers move data from an I/O device to the memory by activating
MEMW and T. Read transfers move data from memory to an I/O

device by activating MEMR and lOW. Verify transfers are pseudo
transfers. The DMA Controller operates as in Read or Write

transfers generating addresses, and responding to BOP, etc.

However, the memory and I/O control lines all remain inactive.

Memory-to-Memory. To perform block moves of data from one memory

address space to another with a minimum of program effort and time,

the DMA Controller includes memory-to-memory transfer feature.

Programming a bit in the Command register selects channels 0 and

1 to operate as memory-to-memory transfer channels. The transfer

is initiated by setting the software DREQ for channel 0. The

DMA Controller requests a DMA service in the normal manner. After

HACK is true, the device, using eight-state transfers in Block

Transfer mode, reads data from the memory. The channel 0 Current

Address register is the source for the address used and is

decremented or incremented in the normal manner. The data byte

read from the memory is stored in the DMA Controller internal

Temporary register. Channel 1 then writes the data from the

Temporary register to memory using the address in its Current

Address register and incrementing or decrementing it in the normal

manner. The channel 1 Current Word Count is decremented. When

the word count of channel 1 goes to zero, a TC is generated

causing an O'F output terminating the service.

Channel 0 may be programmed to retain the sane address for all

transfers. This allows a single word to be written to a block

of memory.

The DMA Controller responds to external öV signals during memory-

to-memory transfers. Data comparators in block search schemes
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may use this input to term.inate the service when a match is found,

'ionttji ire Bi programm tug a b t tn the Moat rogi s er, a
channel may beset up as an Auto mi tial i ze channel , During Auto
.ini t.i.al i ration th.e original values of the Cu.rren.t .A.ddres s and
Current Word Count registers are automatically- restored fro.m the
Base Address and Base Word Count registers of that channel
Poll ow.ing !.:.UP, The base registers are loaded simultaneously
wi.t.h the curren-t regis ters by the microproces sor and remain
un changed -throughout th.e DNU\ service, The mask b.i t is not set
when the c.hannel is in .i.utoi.nitialize, hollowing .Automnitiali.ze,
t.he channel i.s ready to perform anoth.er service- wi t..h.out CPU
i. n t e rye-nt i on,

j.)1r:!iJ:JdT The DMA Cent ro 11cr .h.as two types of priori t encocii.ng
a'Jai lab-Ic a.s software s electab le- opti.ons , The firs- t is Fixed
Priority which fi.xes the. channe.ls i.n priority order h.ased up-on
t.hc- des cendin.g value of their number, The cha;n..nel w.i th the
lowest priority is 3 followe-d by 2, 1 and the- highe-st prior.ty
c.han.n.c I , 0, A.ftei-'th e recognition. of any on.e cha.nnel for se-i ice
the other channels are. orevented fro.m interfe ring w-o. th t.1.satser
vic.cujitj.l iti 5 cc.mj;lete

The second scheme is Rotating Priority, The la.s t channel to get
5 ei.'v.i cc hec.omes th.e lowest priority channel wi.th t.hc-t-ot.hers
rotat i up accord—inglv

1st Serywe 2nd Senice 3rd Service

hiqhest 0 2 efl-' servce 3
i'e— service\\3 5-"- reues["\0

lowest 3 2

Wi t].i Re ta.t ing Priori t in a sing-ic chip DMA sys- tem,, any-- dcvi cc
reoues ting s-cry icc is; guarantecd to be recogni.zed a Tter no more
than thrc-:e highc-r pri.ority services hay-b occurred, This prevents

one channel from monopoliri.ng the sys tom.,
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Comjcres secil.Im]Jlcx. 1 a or do r to a oh I e no e ve n. p r ee. t e r th r 0 ugh.
put 15 t.em c.harac'teri tc,s ernie t , the DMA Control, Or can
o omprcc:s 5 the t ran Fe. r time to taco clock L.rc.cec) State 53. 15

tie ea to extccncl t.he acces st ime o.k the react pulse. By remo v' ang
5. t at. e ml • the read p ul 5 e a .1 cit a is made equal tot.h. 0 W r .1 (a. cc ul .0 e

i ci :c an ci a t. ran:,s
. e. r c ens 1 s t .s oat V 0 f 5 t. at e S 2 to 01100 ge t Ic cc

a cid.rc'c' 5 5 ajc ci 5 t a ii. cc S to per fo rot t.h.. e re.. c-. d/ a r i to , 5 1 s tat ccs sti. 11
0 c.: K.: c.cr au. en. AS ./P]..3 ne ccc]. u.p o.at. .1. n. (s e cc Aci.c]. re. so Gene rat i on

ckdd:rccs.sue.ucc rat .1 on, In or dcc r t.o c:e do. cc pin. oo can t th. ii oail. Con
cc ro 1].. cc r mu 1 t :.. p.1 e.cce s the cci gic. t h I .ch cc r or do. r acid ress b .r to on t
data lic'cccs State 5.1 1.5 used to output t.h..e: higher order addrccs.s.

c. tii to an. (ccc. t. cc rca .c-. I I at c:h IF ro cc wh i oh t. h. cc y man h e p 1 a c;. cc ci orc. tIc cc

a chi r cc s c; h us f Ic. cc la 1 .1 .1 n. p edg cc of Ad.d ross I: rob cc 1111)5 'F B) .1. cc ci s cc d

cc J''t ci th ccc: cc hi I. s from the dat a ii n.e s to the Ia t. oh ., A. C. res:: s

Fcc.ab.].ccc (1517) reused t.o enable: the hits onto thcc adcir coo 005'

thc'ccccqic:c t:.h recc — S tcctcc e.uah le The lower ord.e addrccs dc b :i to

arcc output 01 rccc. t..Iv I. nccs.AO c•7 shoial ci hoc (IT onacc.c re;c], t..o. .fccc

a.c].tcTcn.c5T bcis

Do r .Ti. lOg B Ic d1 cc Ic an d Dcc man ci IF ran s: fe r nco ae 5 cc r cci. c cc s a ii 1 c:..h. c.a c: .1 ucc. cc

mc .it.i, p icc tr.ans .ccrs the addresses generc..ted are seccoe.atiic For
many ar.s fcc re , thcc dat a he I ci in t.he. ext. cc rn a 1 adcire so: Ia t
rcccn.aras ttccc same, Tih data ae:ecI only c.haage when a co.c.'t.y cc r

I) ccc sccc.c: Oc'ocrc Al to AS takccs. p1. ace .in the. no rmal seq uenc. cc 0 1.1

a cidrcc.c o'5 ccc 5 , Icc s. ave. t Ti. ole an ci s p. cc cc d t rarcs .fe r s , th. e DMA Coic I o ]..1 ci. IF

cccxc. occt ccsS 1 state I oni y when. up ci.at. .1 ag o-f .AS Al S l.a thcc l.a F ch I. s

rc(cclccs cca , Th is mec.cas .for long .s: ervices , 51 5 tatcc.s mac' OL .c.ur

cca I)' cccc ccc. eve ryta: 6 trans te rs a s. av i.ags of: 255 cc]. oc:k cy ccl cc s

iFocc cc.ach 256 t.ran.sc:ers

4. ,22 , 6 P.C C I ST BR D.[.i SCB.] PT I D.N.

Current Address Reister, Bach cha.anel has a 16-h it c'ur_erct
Adc].re:ss: rccccist er Thi.s register holds thcc value o.k the address
uscccll oturc.n.g DM1.'\ trcc.ris lots, The address ].s acctocnati.oal lv inc re—
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mented or decreu.ented after each transfer, and the in.termediate
vaJ.es of the address are s tored in the Current A.ddress register
clu.riing the transf, This reci ste r i.swritten err ead hr the
micreproces sot' in success ire 8—hit bytes , It may a.l.s e he
remit alized hy an .Autoinitialize hack te its orl inal value
Autoini. tiali ration take.s place only after an. fOP,

Current_,_Word Cou.nt Rgyjst,r. Each ch.annei has a lb —bit Current.
Word t ount register, This register holds the number of transfers
to beperforme;d, The word count ss decremented after each trans —

fer , The intermediate value ef the word count is stered in th.e
regis' ter during the trans fer, When the value in the regis ter
goe.s te zere , aTC is ge.nerated. This register is loaded er
read in successive 8-hit bytes by th.e microprocessor in t.he
Program Condi ti on, Fol lowing th.e en.d. of. a DIlA. service, it may
also he re. in.i tial i. red. by an Autoini ti.ali ze hack to its original
value, Autoj iiti.alize can occur only' when an POP occur.s

iahjji ess <ndBisr 1oiJ 0dlltRP,&,,Ltc t'm 1 P0 cbanr OcJ 1

pal r of Ba.s e Addres s and Base; Word Count regis t.ers, These- I(f—b i. t

regis ters s tore the original values of thei r ass ociated current
reg:.isters , During Autoni.tialize, thes,e va.lues are used tor estore
the current registers to their original values, The base regi.sters
are written 5: imul ta.neous ly with. the i.r co rresponding current
regris ter i.n 8—bit bytes in the Program Condition by the micro-
processor, These registers cannot be read by the microprocessor.

onuit9'..R!j:'i�kr, This 8-bi.t register controls the operaticn of:
the DMA Controller, It is programmed by the m.icroprocess'or i.n the
Program. Condition and is cleared, by Peset, See Fig:ure 4—7 for
the function of the command hits and Table 4—11 for addre.ss. coding,
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7 6 5 4 3 2 (7 -e-— Sn NUmr

JjTTI[ LI
o Memory-to-memory disablit
I Memory-to-memory enable

o Channel 0 address hold disable
7 Channel 0 address hold enable
X lfhitOO

0 Controller enable
Controller disable

o F xed Priority
I R-otattnq Prionty

0 Late wnte selection
— —---—-----—---------- Extended write selectton

( X net 3 ••-

O 0660 tenSe active Our
1 0560 tense active low

O JACK- sense actrve low

I I) .AC K sen-se act s e 0 gO

i-i.Cure -4-7. DL& Controller Command Bits
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TaJjle 4ii. DMA Controller Word Count
and Address Register Command Codes

Reqister

0

Signh
CS 0R OWA3A2Al AG

Base & Current
.Ado ress

Cur rent
Address

Base &Current
Word Count

Current
Word Count

Write

Read

Wrue

Read

0 1 0 0000
0 1 0 0000
00 1 000000 1 0000
0 1 0 0001
01 0 0001
00 1 0001
00 1 0001

nterrsal
Fhp/Fksp

0

0

0

0

0

0

0

0

Data Bus
DRO - DB7

AC-Al

A8-A15

AC-Al

AS-MS

W0-W 1

Wa-Wi S

W0-W7

W8-W15

AC-Al
AS-A 15

AC-Al

AS-Al S

Wc-W1

WB-W1 S

W0-W 1

WB-Wi 5

Base&Current
WrtteAddress i

0

0

1

1

0

o

0

0

0

ü

1

1

0

0

Current
Address

0
R cad

J

0

0

0

1

1

0

0

0

0

1

1

0

0

Base&Current
-,

Word Count
.

Write
0

0

1

1

0

0

0

0

0

0

1 1

1

Cur.rent
-.

Word count
Read

0

0

0

0 1

0

0

0

0

1

1

1

1

Base &. Current
A.dd ross

Current
Address

Base & Cur rent
Word Count

Current
Word Count

Write

Read

Write

Read

0 0 0 1 0 0

0 1 0 0 1 0 0

0 0 1 0 1 0 000 1 0100
0 1 0 0 1 0 1

0 1 0 0101
C) 0 1 0101
00 1 0101

0

0

0

0

AC I

AB-A-i5

AC-IC?

AB-AiB

WO-WI

WB-Wi 5

W0-Wl

Wa-Wi s

Base&Current
Address

Wre 0

0

1

1

0

0

0

0

1

1

1

1

0

0

0

1

AO-Al
AB-A15z Read

0 0 1 0 1 1 0 0

Base&Current
WordCount

-

W r te
0

0

1

1

0

0

0

0

1

1

1

1

1

1

0

1

W0-Wl

WS-W15

Current
Read

----—-——— -

0

0

0

0

1 0 1 1

1

1

1

0 W0-Wl

53



Mode Rep list or, Es.ch c.h.a.nno 1 has a F 6.1 t Mo do t.'e p1. a to 1(1 11.330(11111 OP

to t.h :t, When the rei a to r is he.Ingwr 1. tten t.o by tF.o nr.f. crc

processor i.n. the Program Condi. t I o.n , b.Its
chan.nel Mode re gi. ate 10 .15 to he written,
mode reg.ister hit ion,

C) and I do to re .1. cc oh

See ]Figuro 4-' Ftr the

00 (15 en oaf 0 so cc; I

01 Channef I sefect

0 Channel 2 safaris

I Channel 3 select

00 Vastly transfer

01 Writs transfer
10 Reacttrarrster

Ii eqaf

XX If hiss Rend 7

0r:rcssnrrrefrte drsahfe
I A.sssornrtrefrze enable

0 A.dress I tic; rerne I-s S select

1 Address decremeest select

00

01

10

0e risen d r-n ride set en?

Ssrsq4e mode so lent

afock mode select
cascade misdo select

Figure 43 DR .A F ott t. I .11, 0 (1 lOll 0.0 Re p .1. t o r 111 .1. t

4 3 p

7 6 5 4 3 2 1 0 -'—Bst Number

liE IlluIiIlLull
m1

L



Request_Register. The DMA Controller can respond to requests
for IMA' service which are mi ti ated. by so ftware as well, as: by
a DREQ. Each channel has a request hit associ.ated w..ith it in
the tour bit Request reg.i ste r. These are nonmas kable a.nd s uh

I ec.t to priorit.i sat ion by- the Prio ri t)r Encoder network, Each
regi.s tcfl hit is set or reset separate.iy under software. c.ont rd
or is cl eared upon gens.rat ion of a TC or external EOP, The
entire register is: cleared by- a Reset, To set or reset a hit,
tb.e so ftware loads th.e proper form of the dat a word, Se-c Figure
4 - 9 for t.he request register hit configuration and. Table 4—11
for address' coding

7 6 5 4 3 2 1 0 a——' Sc NumberILL
00 Select channel 0Cun t car rr

L. 01 Select channel 1

10 Select channel 2

11 Select channel 3

L j 0 Reset request brl
1 S*rr_ request hit

.Figure 4-9. dMA Controller Request Register Bits

So ftware re.ques ts will he serviced only if the cha.n.nel isin
Block merdt. , When irti tis.ting a memory- to -mem.ory transfer, the
softw-are request for channel 0 should he set,

NiasrkReg:ir'',i:tcrr, Each channel has associated w.ith i.t a m.ask hit
whi.ch. can be set to dis able the incomi ng DREQ. Each mask hi. t
is set when its ass. ocTi ated c.ha.nnel produc es an EQ 1. f tlre channel

S not p ro gr amine d fo r Au to i n i. t i a.l i. no' F r.cln h i t of the four h I t.
Ma.s B. r. 5 ter may al so he' s e.t or clea.red se.pa.ra.tely- under soft—
wa.re control. The entire regis ter is al so s-ct by i Re.se t.
This d.jsah 1 es all DMA requests until a clear Mask regi.s ter
ins truc.tlon allows the.m to occur, lie ins- tru.L t ion to s-epai:-a.telv
5 e-t or c-i,ear the mask hits is, similar in form to that usc-d with
the Reque.s t reg i ste r - See Fi,"ure 1— 10 for the mn.hk regis t.er hit
configuration an.d Tah Ic 4—11.- for RegRet-er in.struction codes

.r.i7



Ci 00
01

H?
Select channel 0 mask hit
Select channel 1 mask bit

Select channel 2 mask bit
Select channel 3 mask hit

o Clear mask bit
Set mask bit

All four hits of the Mask register m.ay
also be written with a single command.

? 6 5 4 3 2 0 —-Srt Number

±

H
0 Clear Channel 2 mask bit

1
Set Channel 2 mask hit

L_______ J

0 Clear Channel 3 mask bit
1 Set Channel 3 mask bit

Figure 4 10. DMA Controller Mask Register Bits

•Table 4— 12.

command
Mode

Request

Mask
Mask

Temporary

Status

DMA Controller Register Codes

Write

Write

Write

Set/Reset
Write

Read

Read

rJmIr[I12 1 0 — Sit Numher

Dnnt Care

-H

LLLLL
Dnnt Care

C Clear Channel 0 mask bit
Set Channel 0 mask bit

0 Clear Channel 1 mask bit
1 Set Channel 1 mask bit

Regnter Operation Sitals
WA3 A2 MAO

0 1 0 1000
0 1 0 101 1

0 1 0 1001
0 1 0 1010
0 1 0 3 1 1 1

0 0 1 1 1 01
0 0 1 1000
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Status Register. The Status register is available to be read out

of the DMA Controller by the microprocessor. It contains infor-

mation about the status of the device at that point. This

information includes which channels have reached a terminal count

and which channels have pending DMA requests. Bits 0-3 are set

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

cleared upon Reset and on each Status Read. Bits 4-7 are set

whenever their corresponding channel is requesting service.

See Figure.4-ll for status register bit configuration.

76 5 4 3 2 1 O—BitNumbe,

t channel o has reached ic
1 Channel 1 has reached ic
I Channel 2 has reached TC

I Channel 3 has reached TC

1 channel 0 fequest

I Channel 1 request

1 Channel 2 'equest

1 Channel 3 request

Figure 4-11. DMA Controller Status Register Bits

Temporary Register. The Temporary register is used to hold data

during memory-to-memory transfers. Following the completion of

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

processor in the Program Condition. The Temporary register

always contains the last byte transferred in the previous

memory-to-memory operation, unless cleared by a Reset.

Software Commands. These are additional special software

commands which can be executed in the Program Condition. They

do not depend on any specific bit pattern on the data bus.

The two software commands are:
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Clear First/Last Flip/Flop: This co:mmand is executed prior
to writ.i.ngr or reading new address or word count information
to the DMA Controller, This initi.alizes the flip/flop to a
known state so that subsequent accesses to register contents
by t .e microprocessor wi.ll address upper and lower bytes in
the co rrect sequence.

Master Clear: This software ins truction has the same effect
as the h.ardware Reset, The Command, Status , Request, Temporary
and Internal First/Last Flip/Flop registers are cleared and
the Mask register is set, The IMA Controller enters the Idle
cycle. Table 4 13 lists the address. codes for the software
co-mmands

Table 4 13. DILA Controller Software
Command Codes

Onration Reg4sten
Atftcted

5ignM—
CS OR OW A3 A2 Al AO

ckarFF nterna
First/Last
Flip/Flop

0 1 0 1 1 0 0
.

Master
Clear

Clear:
Command
Status
Request
Temporary
interna
First! Last
Hip/Flop
Set: Mask

0 1 0 1 1 0 1

I
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4.2.3 FIRST1N FIRSTOUT IFIFO) BUFFER MEMORY
This devi.ce is an expandable fa11through type,
F.i rs tOut (FT FO) bc.ffer me.mory optimized f.or
tape control lers and comm.unications buffers
as 16 words by four bits and may he expande. d
words or any u.umber o.f bits (in multiples of
entered or extracted asynchronously in serial
device has tris tate outputs. See Figure 4 1
Buffer L onnections

PIN NAMES

03
OS

PL

CpS

(ES

ITS
OF S

T05

Top
MR

P0

CR50

La5

IRE

ORE

Parallel Data Inputs
Senal Data opus
Par alIt) Load Input
Serial Input Clock (Operates on
Negative- Going Transit tort

Serial input Enable (Active LOW)
Transttrr to Stack Input lAcsve LOW)
Set a) Output Enable nput
(Active LOW)
Trances Out Serial Input
(Active LOW)
Transfer Out Pare let Input
Macset Reset )Actiae LOW)

Output Enable )Active LOW)
Sariat Output Clock Input
lOperates on Negattue-Going Transition)
Parallel Data Outputs
Serial Data Output
input Register Full Output
(Active LOW)
Output Register Empty Output
(Active LOWI

'1cc Pm 24

GNOPtn12

(117, US)
high-speed First In

igh speed disc or
It is organ.ized

to any numhem-. of:
4) Data mar be
or parallel.

2 for the FIFO

I — t--

.,
55 5 Jar

sa jie
it.

i:tetiLJt
o Li as arts

El tia i-as it

.2L4JJLt

Figure 4-1.2. FIFO Buffer Connections

6.1.

CONNECTION DIAGRAM
DIP ITOP VIEW)

——-4

-a

ii-t
—-5

LOGIC SYMBOL

os FIFO



4. 2. 3. .1
i-\s shown

FUNCTIONAL DESCRIRTIGN

in the Block Diagram in Figure 4l3, the device consists
of three parts:

1, An input Register with Parallel and Serial Data Inputs
as well as control inputs and outputs for input hand"
sha]cing and expansion,

2. A 4"hit wide, l4"word deep FallThrough Stack with self
contained control logic.

3. An Output Register with Parallel and Serial Data Outputs
as well as control inputs and outputs for output haud
shaking, and expansion,

Since these three secti.ons operate asynchronous.ly and alm.c•s t
independently, they will be described separately in the following
parag'.raphs,

4"62

Pm 34

Vsr'Pm 3

Figure 4-13. FIFO Block Diagram



4, 2, 3, 2 INPuT RFGI STER íDAf A ENTRY),
The Inpu.t Register can receive data in either hitser.i.aJ. or i.n
4hit parallel, form, store it until it is seri.t to t.he Fnll' Through
Stack and generate and accept the necessary s tatus an,d cent rol

tma l.s

Pigi.ire 4—14 is a con.ceptual logi.cd.iagram of t.he input section,
As. described later, this S—bit registe*.r is i.nitialired by setting
the P3 Fl i1 - Flop and' res ett .ing the other fI if) f:l. ens, The Q Output
of: the last Fl.ip- Flop IFC) is brought out as the "Inj.ut Reg:is ter
Full" 'output (IRF) , After in.i. t 1. al .1. rat ion this output is RI OH.,

SI 'CS

Figure 4_lu, IIFO Concejitual Input Section

Par'alle Entry, A H.IG.H level on the EL Input loads the. .DO-D3
Pats. l.nputs into the. FOX' F3 Fl ip- Flops and sets the, ftC Flip- Flop,
which fo roes IRF LOW, indi.cat i.ng t1lnput Regis to r Full , The P
in5 .uts must he. stable while PL i.s HIGH, During paral lel entry,
the IFS input should be LOW; the CPSI Input may he e.i.t.her HI.GH or
L,OW

4de3

Ii S. 55
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After the fourth clocic transition, the four serial data bits are
aligned in the four data flip-flops and the PC Flip-Plop is set,
forcing IRE LOW (Input Register full) and internally inhibiting
further CPSI clock pulses. Figure 4-15 illustrates the final
positions resulting from a 64-hit serial bit train, BO is the
first hit, B63 the last hit,

Figure 4-15. Final Positions in a FIFO
Resulting from a 64-Bit Serial Train

4,2,3,3 T1SFER TO THE FALL-THROUGH STACK.
The outputs of Flip-Flops FO F3 feed the Stack. A LOW level on
the TT 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
initiali zation is postponed until PL is LOW again, Thus, auto-
matic Fl P0 action is achieved by connecting the IRE output to
the TTS input,

Data falls through the Stack automatically, pausing only when it
is n.ecessary to wait for the next empty location, The MR input
only initializes the Stack control section and does not clear
the data,

Serial,B,fl. Data on the DS Input is serially entered into the
F3, Fl, Fl, FO, FC Shift Register on each HIGH-to-LOW transition

of the lIT Clock Input, provided ITI' and PL are LOW,
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4,2,3.4 OUTPUT REGISTER (DATA EXTRAGTION
The. Output Regis ter receives 4hit data words from the hott-om Stack
location, stores it and outputs data on a 3state 4b.it parallel
data bus or on a 3state ser.ial data bus. The output section.
generates and receives the necessary s tatus and control s.ignals
Figure 4- 16 is a conceptual logi•c diagram of the output section,

Figure 4 16. FIFO Conceptual Output Section
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Parallel Data Extraction, When the PIFO is empty after a LOW
pulse s appl ie:d to 1IT[, the OutF ut Regis ter Empty (OI) Output
is LOW, After data has been entered iuto the FIFO anda.s fall.en
throug.h to the bottom Stack lOL ation, it is traus.ferred into
the output register, provided the "Transfer Out Parallel" (TOP)
Input is- HIGH, and the OES Input is LOW, As a resul.t of the
d,ata traus,fer, O goes F-ITCH indicating valid data on the data
outputs (provided the 3 state huffer is enab led) TOP c:.an

now be used to cloc-k out the next word. When TOP goes LOW,
ORE goes LOW indicating that the output data has been. e.xtracte-d;
but t:.he data its-elf remains on the output bus-fl unti 1 the o.ext
LOW--- toHIG1:-! transition of IOP transfers the next word if
available) into the output register as explained, above-, During
parallel data extraction, TOS, CPSO, and FF5 should-. he LOW,

SerisA Data Extraction, When the FIFO is empty after a LOW
pulse 5 applied, to RH, the Output Register Empty (ORE) ou.tput
is LOW, A.fter data has been entered into the FIFO and ha.s
fa.li.en I..hrough. to the botton Stack location, it is transfe.rred
into the output shift register provided the "Transfer Out
Serial" (TOS) is LOW, TOP must be HIGH, and OTT and ctso nuist
h-c LOW, As a result o.f the data trans fer, ORE goes H.1.GH indti
cat ing valid data in the shift register, The 3state ser.ial
.Data Output QS is automatically enabled and. puts the first
data hi.t on tt output bus, Data is serially shi.fted out on
the HIGH toLOW transition of CPSO, The fourth transi.tion
empties the shi.ft register, forces ORE LOW- and. disables the
serial output OS, For serial operation, the ORE output may
be tied to t.h.e TOS-input, requesting a new word from the Stack
as s-oon as the previous one has been shifted out,
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4,2,3, 3 HORI.ZONT.A.L EXPAN3 ION,

The 21ev 1.00 may he horizontally- e..xpanded to store 1ong words (in
nu.i.t.i.plos of four bits) without external logic. The intercon"
nect :ions necessary to form a l6word by 12hit .3130 are shown.
in hi gure 4" 17. Us i.ng the same technique, any 3130 of: 16 words
hr 4)2 .0: bit..s can he constructed, When expanding :in the hori"
zonta..1 d.i..roction , us usual to connect. the IRIP a.nd 1T outputs
of. the right most device (m.os t s.igniflcant device) to th.e T3

and Tus i.nputs. respectively of all devi.c.os to the le:ft (less
significant devi.ces) to guarantee that no oporati.on i.s itiated
before all devices are ready,

467

Figure 4-' 17. 3132) Hon ron, tal F:.xpans ion Scheme

FIFO Buffer Timing of various configurations an.d cond,itions is
shown in Figu res 4" 18 through 4 28.



—
cc —%c7--F \,rz//'iflfl,.

Conditions: Stack not full, TTh IL LOW

Figure 4 18. FIFO Timing
Serial Input, Unexpanded or Master Operation

\ThfJTJJ7flflfl
..

Cond itions: Stack not full, IFS HIGH when initialized, FL LOW

Figure 419, FIFO Timing
Serial Input, Expanded Slave Operation

4ô8



H w--.

Condi t ions: Data in stack, TOP 01.00,
Tt L:OW when initialized,

Figure 4- 20. f!I .00 Timing

LOW

Serial Output, Unexpanded or Mas ter Operat ion

Conditions:
IL S [SIGH

Serial Output, Slave Operation

4-69

IEiir- -

C

1-iiiiziiiiriiiiiriiiiSdi :1

Data in stack, TOP HIGH
when mi tial i zed

Figure 4-2L F I SO Timing-



.
*;

Conditions: IFS LOW when initialized,

EO, LOW, Data available in stack

Figure 422. FIFO Timing Parallel Output,
4Bit Word or Master in Parallel Expansion

Conditions: TTS connected to IRF, TOS connected

to ORE, IFS, OES, FO, CPSO LOW, TOP HIGH

Figure 4"23. FIFO Fall Through Time
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H •

G:ondltlons Stack riot full, ?I j ow when inltial.ized

FIgure 4 24. FT FO Timing Parallel Load Mode,
4 B it Word (Linexpanded.) or Has t.er in Parallel Expans ion

TTT'\LJJJJJJ,__J'"
5' ..4 H'

. '1
QTE

Gond.iti ons Stack not full , device initialized
(Note 1) with Ths HIGH

iTi.gure 25. Fl F0 Timi,ng Paral le I Load, Slave Mode
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4.2.4 CYCLIC RBDUNDA1CY CHECK (CRC) GENERATOR/CHECKER (U23).

Cyclic Redundancy Check (CRC) Generator/checker is a 16-bit

programmable device which operates on serial data streams and

provides a means of detecting transmission errors. Cyclic

encoding and decoding schemes for error detection are based

on polynomial manipulation in modulo arithmetic. For encoding,

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

polynomial. This division results in a remainder which is

appended to the message as check bits. For error checking,

the bit stream containing both data and check bits is divided

by the same selected polynomial. If there are no detectable

errors, this division results in a zero remainder. Although

it is possible to choose many generating polynomials of a given

degree, standards exist that specify a small number of useful

polynomials. This device implements the polynomials listed

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

select pins SO, 51 and 52. The CRC connections are shown in

Figure 4-26.

The device consists of a 16-bit register, a Read Only Memory

(RON) and associated control circuitry as shown in the Block

Diagram. The polynomial control code presented at inputs SO,

Sl and 52 is decoded by the RON, selecting the desired polynomial

by establishing shift mode operation on the register with Exclu-

sive OR gates at appropriate inputs. To generate the check

bits, the data stream is entered via the Data Inputs CD), using

the HIGH to LOW transition of the Clock Input (flfl. This data

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 out of the register and

appended to the data bits using external gating (Figure 4-28).
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•To c.hec k a-n .incoming message for errors, both the data and check
bi. ts are; entered through the P input with the Gil, Input held h.igh,
The device i.s not .in the data path, hut only monitors the m.essage
The Error Output becomes valid after the last check bit has been
enteredi nto the dovi.ce by a HIGH to LOW transition of 1V. I.f
no detectable errors; have occurred during the data transmission,
tile; resultant internal register bits are all LOW and the Error
Output (ER) is LOW, I.f a detectable error has occurred, ER is
HIGH; ER remains valid until the- next HIGH to LOW transition
of; 7 or lultil the device has been preset or reset,

A H.IGI-i on the Has ter Reset Input (MR) asynchronously clears the
register, A LOW -on the Pres-et Input (T) as,ynchronously sets the
entire regi.ster if the control code inputs speci.fy a 16-bi.t
polynomial; in the c-ase of 12 or 8-bit check po-lynomials, only
the most significant 12 or 8 register bi.ts are set, and the
rem.aining bits are cleared,

LOGIC SYMBOL J9N NAMES

5 t ;r -— S Polynomial Select tnputr
-- I Data Input

.:, H H caL cr Clock lOperaret on HIGH to

4,;. ., LOW Trentitioni Inout
— ; . CWE Check Word Enable Input

P Pretet (Actrve LOWI Input
- MR Matter Rater (Active HIGHI input

'icc .. t,"'.4 0 Data Output
GNO- tHn ER Error Output

cONNEcTION DIAGRAM BLOCK DIAGRAM
OIP (TOP VIEWI

Ecu
-. ]"

En It and 9 not connecteIt.
-

-

NOTE -

The Fteroek ,eruon hat rIte me H—.

p'floutr tcnnner,ion Oteorami at the
O,aat tn-L,ne Peck.ee

Figure 4-26. CRC Chec;ker Connections
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Table 4l4. CRC Polynomial Selec.t Codes

LcWtflfl
mae

molt tOLl

NOT ES
1 Check woto SneER 1 HIGH while data it betng clocked. LOW dur,n IrenlavItattOn p1 check but
2 9401 mull be ccItt Or preset belore each comptataltpn.
3 CRC check hilt are generaled and appended to date htte.

Figure 428. CT.C Check Word Generation

4m 74

Figure 427. CRC Eq uivalent Circuit For + + +1



42,5 16K (2K x 8)

programmable read only memory

PROM (U2l).

(EPRO.M)

erasable and electri.cally

Pin Configuration.

BLOCK DA6RAM

44-0

___

1111111

rrT1
400'7 14

7447)74
.

- 74744 770

071000J0441

27 t E
45 7504
44 0 21•-4$
47 0 00 74

444 07

44 7 247 07
47 7 l
445 l44-7 07
47 7 77

4447 7401
471 *7 *7 07

II *4 04
— 44 00 00

flN NAMES

'I 8440777777

Ligure 4 29, PROM Connections

4 0 4 .1. p R.A.S U RE C TIARA CT ER I ST I CS

The, erasure characteristics of this device are su.ch that.
begins to occur when exposed to light with wavelengths
than approximately 4:000 Angs troms.
light artd certai.n types of fluorescent lamps have wa.velengths
in the 300040OOi range. Data show that constant exposure to
room level fluoresc.ent lighting could erase the typical device
in approximately 3 years while it would take approxim.ately
I. week o cause eras ure wh.en exposed to direct sun.light. If
the devic:e is to he exposed to these types of: iighting conditions
for extended periods: of time • opaque labels are available
should he piau d over the window to prevent un.intentional erasure,

44775

UP ERASABLE

This device is al6,384hit ultraviolet

e :r as u :r e

s. ho r to r

It should beno ted that sun,

wh i ci



4,2,5,2 DEVICE OPERATION

The five modes of operation of. the device are listed in Table 4:l5
It shou.l.d be noted that all inputs for the five modes are at TTL

levels , The power supplies requir ed are a ÷SV VCC an.d a Vpp..

The Vpp power supply must be at 2EV during the three programm.ing

modes , md must be at SV in the other two modes

Table 4 15, PROM Mode Selection,",
S",,

'O6

s,

,P

u vct wnt.n•,t l,1

lL '11L • ' QU'

',,,r H' ' ,
. P'"w

!,m:;—
v Z ' ' ''.—,a,, ,. 'a,

The device has two control functions,, both. of whi.c

must be- logically satisfied in -order to obtain data at the out
uts, Chip Enable tt) is the power control and should be used

fcr device selec.tion. Output Enable () is the output control.
and should be used to gate data to the output pins, independent
of d.evice se.lection, Assuming that addresses are stable • add.ress

ac.cess time (tACC) is equal to the delay from to output (tCE)
Data .is available at the outputs 120 us (tOE) after the .fa.lling
edge of 'ff, assuming that has been low and addresses have
been s table for at Teas t tACC tOE.

Stand�,,,od The -device has a stand]. y mode whic,h reduces the',

active power dissipation by 7S% , from 525 mW to 132 nth. The

de;vice is placed i.n the standby mode by applying a TT.L high s.ignal
to the ëf input. When in standby mode, the outputs are i.n a

h.igh impedence state, independent of the OE input

2i!!IauLJselecti2a The outputs of two or more devic.es may he
ORtied together on the same data bus, Only one should have
its output selected (OE low) to prevent data bus contention

4" 76



between devices in this configuration. The outputs of the others

• should be deselected by raising the OB input to a TTL high level.

Programming. Initially, and after each erasure, all bits of
the device are in the "1" state. Data is introduced by se4ec-
tively programming ttQttt into the desired bit locations. Although
only "U's" will be programmed, both "l's" and "U's" can be pre-
sented in the data word. The only way to change a "U" to a "1"
Is by ultraviolet light erasure.

The device is in the programming mode when the Vpp power supply
is at 2W and OT is at VIM. The data to be programmed is applied
8 bits in parallel to the data output pins. The levels required
for the address and data inputs are TTL.

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

TIL program pulse is applied to the W/PGM input. A program

pulse must be applied at each address location to be programmed.

One can program any location at any time -- either individually,

sequentially, or at random. The program pulse has a maximum width
of 55 msec. The device must not be programmed with a DC signal

applied to the !/PGM input.
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4 2 6 10 :24 X 4 WIT STA.T I c: RANDOM ACCESS MF2MORY (U0, DO)..

This device is a 4096b it static. Rando.m Access Memory organ.' sod

a.s i 0 24 words by b 1 t s a.n ro p u..i re s n.o ci. o c.k s or re finEs hi ng to

Th.e data 'is read outn ondes tru.ct melt and has the s nate

p0 1 arE. ty as tiE C :Ln.p ut dat a Co 15111011 1 nfl ut / output p.m ns are pro vi. deEd.

and a.se par at e c.b.s P 50 1 0 C t I

an :2 p. d ..L I du a 1 a G.E a g e.

"4

8

8 ——

—

—

'8

-) I
' -- -

1
I

--

Figure 4 .30, hAM Connet .tlon.5

4.,, '7 3

Opt :i'elte

lead allows easy 5: el.ection of

PN C0NflGUF8ATON LOOSE SYMEOL,

SF',
8 PS

8 '8

'"i'0,

PN NAMES: A'i •

L
8418, '.80 118AA 8'1jltOU1''UT



4 2 7 !Rl STATE B tIPPERS (U39)
These devices provi.de six, twodinput buffers in each package.
One of the two inputs to each buffer is used as a control line to
gate the ou.tput onto the high.i.mped.ance state, while the oth-.er
.input passes the data through the buffer, The outputs are placed
in the tn state condition by applying a high logic level to the
control ]7ins

Logi.c anol Connection Diagram Truth Table

A ;purs OUTPUT

Figure dill Tn State Buffer Connections

4,, 70



4 2 3 B3 COMPARATOR 37)

Th s ntev.ie. e eonp ares two binary word.s of two to s ix b t t $ in. ten. ti.i

a.nct infti., cc.LOr, didL oh i.ng (b i t for h it) of: the two words tnpi.rt S

for one we rd .are TtL.inp ut s , who re as i-np utso If the 5 0 con d wor

are Iii gh. imp dan c e re 0.0 ire r 5 hr i en h a ate rut nate P. cI at a bus The

output has a at oh. ti.art is s t rob e cent rot led, The trans .fe r 013

Sn to asiC) n. t.e the o u tp ut ccc: a r s when. the TROBF- n,p ut p•o 0 o m

a tog Ii cat I to a to p .ic at 0 s tat. e trip ut s nay he change wh. i to.

t.he ffb1OJ3E I at. th.o 1.0 p i c. at 1. ci e. I , Wi the at a f f:c c.t. Ii, ng the s t. at. e

0 t the output.

I r us

I'
0:

'

L:onnect ion. O:.cag.r am

Truth Tab In-

-

VII
M / !

I,
1

m U

Figure 1— 32. Bus Comparator Conn.ections
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4. 2. 10 H POSITIVEEDGETRI00iLR1 FLINFLOPS WITH. PRESII:IT .LND

CLE.A.R (112, 1116, U25, U26, u36).

IPUTH TASLE

NPOTS

pr CLt LK Lo 6

L E X H' HH
H H t H H I

H H I H

Figure 4 34. ID F1ipF1pp Connections
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1HZ. :1, 2 1)13 CD IDES. U :t. 0 •1) 1. 7 2

Thes. e are Sc hot tIcy L. amped ci.rc.u.i ts desi. gn.ed for memo r decoding

or data rout.ing appi Scat ions requiring very short propagation

deiayt nes .. •Th is D .1 P decodes on.e of ci ph t 1 inc s , basTed on the

condi tions at the three binary select inputs and the; three enae 1€.

inputs

Connect I on and Logic iliac: rams

I p p

Truth Tab I.e...

H X H H. HHH H HI
L H H H H H H H H H H H

H H H H H H H H H H H H HI
H H H H H HHH. H H H H H

H H H H H H H H.
H HH

H H H H H H H H H H H H H

H H HHL H H H HLHHH]
H H H H H H. H H H H: H H H

H H H H H H H H H H H H HiHJ$HHH
GG2A.HG7B

H HH nH. H How nH. HHCHOflHCHHHH

Figure 4w 36. Decode.r Conn.ections
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4,2, 13 DECOD.LR/DPMUL.TIPLEXER (U22),

T.hese Schottkyciamped circui.ts. are designed to be used in high
perfonn ance memory decoding or.. data routing applications requiri.ng:
very short oropagation delay times. This device contains two
separate two-line to four-line deL oders in one package. The
active— low enable input can he used as a data line in demulti—
piexing applic.at.ions The device features fully buffered Inputs,
presenting only one normalized load to its drivin.g circuit, .All
inputs are. clam.ped with, high performance Schottky diodes to
suppress line-ringing.

Connection Disc- ram Logic Diagram

U ''A TPW
t ,1 T

Is'

Fi.gure 4—37, Decoder/Demu Itiplexer Connecti.ons

4. 83
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4. 2. 14 QUAD 2LINF TO lLINF DATA SELECTOR/MDLTI.PLL.XER (U9).

Thi...s data selector/miiltipleXe1 contaln.s inverters and dri.vers

supply full oiichi.p data selection to the four outpu.t gates
sep arate strobe, input is prO\11ded A fourhi t word i.s select.ed

from one o.f two sources and is routed to the fotr ou.tputs

Connect ion Dis. gram Logi.c DiagJ:am

.

:t >r.

a—— FCr°- '-. L—

OUtPUT V

tVIA ft ttto
L$tS7. VtIV

t- I V. Vt I H

I I H Vt . H t
t H Vt H

V. H Vt H H V.

H O* Vat. I Low LotS, Vt OorLt Cn

Figure
Data Sd

4 38, Quad

e c to r / Mu 1 t ip

2"Line to lLine
lexer Connec flons

4' 86

to

V_It it
It t P It V

Vt V Vt

V Vt It
tlt,tfl ttt fl'tV Vt

totOtTO titttT
VtttVtttItttIItttOO'tttt
tot tot Itt V — I 00,0

'to

Truth Table
tNt t .t Vt S

it



4.2. 15 •DTYPj7 TRANSPARENT LP.TC1-JES (U42).
These 8bit registers feature totempole three state outputs
des igned spec i .fi cal ii- for d.ri isng highly capaci tare or rel.at irely
low im.peuance loads , The high impe-d.ance third state and. increased
h..ig h— :I.ogi c- .leve 1 dri ve pro vi.de these regi.s ters wi. th. the capab ill ty
of being conncc.tcu directly to and driving bus1Ii.r1es Transparent
operat .ILon mea.ns that w.hil e the enable (C) is high , the Q outputs
fo .i..low the d.ata (D) i.nputs , Whe.n the enable is low, the e-utpu.t
is i.atched at the l.evel of th.e data that was set up. The outpu.t
ont ro.J. dues no t .affect the .inte rnal operation of the fat L h.es

That is , the old data can he retained or new data can he entered
even, wn.ile the outnut s are off,

Connection Diagram Logic Diagram

1TOP ITIPW1

H .:±t mIre ±h' .._t&—

H F f
'H1

d-5- . s'—. -

7 -t .1 .t

Truth Table

F
OUTPUT

0 i OUTPUT
9±J.." (IL

llfll il!111110fl 1a0l

40

OUTPUT -

CONIPOL.

30

50

60

ENABLE
0

30

40

50

H •i—

I. L. F

;,

00

TO

$0

Figure 4 59. D"Ty re Transparen.t Latch-. c onnec.t.ions
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ip DUAL 4Bfl B1.NAAI C:OUN1U1 (134 8)

.::hc €1
..:iC\i cos contaun 0.1ght mas s •.1 ave fAX.

a..tI ng to Imp lom.e11t two mini Anal four 3]. t
pacA..ago each wIth a clear an.d ci.oCk jupUt

from each coua1t° so that
input count treoe.uY s ava lao .ie

connect. 1.0. a 3.1 apr am
;TØP VU1W-

OU1PU

. _4

AX flops an add]. tional
coUfl' a a trIple

0 p 1 c D a. gr

5;Cl

c

=

FigUre- al40 alBit BInarY

4 88

Co Un. to r c: on 110:0. 1 011.3

avail-lIP an 37

parallel. .ryntputS
subwult.1.P]5 0:11 the

Truth Tab IC
COUNI
E*CM



4,2:, 17 TRISTATE P FLIpr:Lops (P4, 1311, P12, P13, P30, P31, P41),
hes e 8 hit regis ters contai. n .[)"Type fI iim flops wi.. t.h. to tem pole

tn 5 tat.e outputs capable of driving highly capaci t.ive or low
imnodance aoads When the output control is taker1 to a h.igh logi..c
le. vol , the ou.tputs go into the high impeda.nce state, When a low
logic 1ev el i..s anpl ied to the output control , data at the P inputs
a.re loaded i.nto their res 13Lt ye flip flops on th.e next.. po ti.ve
going trans. ition of th.e clock-.,

iLJ_L'Ji iL iL

Figure 44l,

Truth T ah le

TriState P FlipFlop Connecti.on.s

4 89
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SECTION 5

MAINTENANCE 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 returns.

5.1 CIRCUIT BOARD CHECKOUT.

The AM-500 circuit board was fully tested before it left Alpha

Microsystems and will operate satisfactorily in the system

if the hardware and software requirements of Sections Two and

Three of this manual are met. Should a problem arise after

the circuit card has been in operation, use the following

procedures to identify and locate the fault.

1. Check all cabling for proper seating of connectors.

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

3. Check all power connections for correct voltages.

4. Check jumper options to ensure correctness of

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

circuit board.

6. Perform the diagnostic tests included with the

circuit board as described in paragraph 5.3.

5—1



2WARR.Abn3y PP.00.13 II) ORE L3:f!j circuit board .is covered. by war.:anty issued by Alpha
cros stems I.nc, , .1 rvine , Cal I fo mm, Compi e to det ails o I

t.he ws.rraut.\.' are .included wj.th the circu.i.t board., S.houid a
problem ar.ise with. thj..s ci.rcoi t board, call your de.arer or

he Al p .h.a 11.1 r o l.a to mn a. t i. on a 1 S up po r t S e r I c e s (3m o up ho r
format .1. on

5,5 flp..)
UBLESIIOOTL NC .P.ROC PPC.RES

01. 5(01105 tIc. tes t..tng software l.s included
board and should be us cC. for troub leshoo
P roper ope rat. ion., Test d.es cri.p t ion and
are c.ont,ai.ned.. in th.o follow 1 n parac'r aph.s

5 , . 13 SC K I ].) .1 ON F N.E. RC .1 s .13 .••1()
)I:

wIth the AlP' SOC Hrcuit
ting and toy erorv
oPeIrati..ng proc.odures

e s t A , I s t e s t Co

o.f the disk ujid.erte.s
C h e. c Is (CRC 10.1 I es

ajid coces are written

mmat.s all speci.
t and t.hen. Car I
that ssl.l sector

c 0 mm e c t..1 V

limed. t.mac.ks

Ic Redu.i.i.dan.cv

add.re ss Os

2., lost-il, TestlP,T
to all specif.i.ed
us em, They then
correct. data., So

a 1. .1. y

es 0, Tart- 13, C hose t.e.> s write
tracks a data word supplied by the
read all sectors writ ten to ye. ml

ct.ors are- written and read seouen-

Tb is test wri. ties rand,om data to aS. I. specs
Ci ed t ma.ck.s, Address .i.ng is a]. s.o ra idoin., 135.L

sec tom will he wr.itten to only once during t.his
After all. appropriate s.ecto rs have been wr.i. tten
vE' r i Iv opemat ion .1 per formed us ing the s ame ran
addmes sing 5c neme

4, Test-C,
using an

113.15 testw ri tes to al 1 sPec. i .fi. ed track.s
.i.ncre.ment ing data. paSt tern, AddreSs sing

S — 2.

t es t
CL

Cc' m



alternates between two counters; one counting down

from the maximum specified sector address, and the

other counting up from the minimum specified sector

address. Only odd numbered sectors are written to

when addressing from the counter counting down, and

only even numbered sectors are written to when

addressing from the counter counting up. When all

appropriate sectors have been written, a read opera-

tion begins using the same data and addressing scheme.

5. Test-H. This test forces error conditions which

should be detected by the drive. First, it tries

to access an illegal sector address. Secondly, it

tries to seek an illegal cylinder address. BQth

cases should cause detectable errors.

Test-H error reporting. An error is recorded when the proper

error code is not returned by either the Hawk or the AM-500.

For example: During the "illegal cylinder" portion of the

test, a cylinder address of 500 is sent to the Hawk. This

address is illegal and should cause the Hawk to send the

appropriate error status back to the program. If the actual

status does not indicate that an illegal cylinder address was

received by the Hawk, the program records an error.

NOTE

Before attempting this test, one switch setting

must be changed on the Hawk. The switch to be

changed is located on the I/O board, which is

the PC board directly below the 50 pin ribbon

cable coming from the AM-500. The switch itself

(S4) is located in the lower left hand corner

(see Figure 1). When the switch has been located,

set position 3 to the "ON" position as described

5-3



in F I. pure .11., I .f th is oh. ange .is 110 t made , the
•program wi.11 nor detect i.Iegai, cyi.inder
addresses Er.s ore that oh s it e.h .1 s •.re turned
to .i ts ureiser set t rig whe;n to s i rig .i..s (11.0110

C,

ft7LaJ4°
Si Or: = v; =

.

• Ntfr''

Lg4'"— enTer:
L' 4f r:rsmr—"

1' /1

SW1CH POSON 3
In the figure above, 34, Position 3> is shown in the "OFF" pthn Set
it to the "ON" position by depressing the switch, on the left hand side..
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5.3.2 TEST DESCRIPTION - ADJUSTMENT MODE.

1. Test-A. Performs one "RESTORE" operation on the

disk under test. This causes the disk to reset

its internal logic and seek cylinder 0.

2. Test-B. Performs an alternate seek between any

two user specified cylinders without performing

a read operation.

3. Test-C. Seeks any legal cylinder head and enables

the drive select and read gate.

5.3.3 TEST OPERATION.

5.3.3.1 RUNNING THE PROGRAM.

Load HWKTST.PRG into memory and run by typing "HWKTST" followed

by a carriage return.

5.3.3.2 OPERATOR INPUTS.

The operator must specify a disk number (0-7) to indicate

which disk will be subjected to tests.

The operator must specify the test mode (exercisor adjustment).

If the adjustment mode was selected, the user must select a

test from the "menu" presented by the program. If either
test B or C is chosen, the user will be prompted to enter
additional data regarding the cylinders and head to be used.

If 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

selected by entering a carriage return only.
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Some tos t:s (A, B • C,D, F F) require additional operator innut.s
to fully do fine them. If any o:.f these te.s ts are selected, the-
operate- r wi I I be- Prompted te enter the app repri ate data,
Default values will be used if:: the eperater enters only a
car-ri age- re. turn i-Pr- response te these premp ts , Bel.ow i.s a 1.1st
o .f parame to rs. and their s tandard default va.l ues

PA 1W-IF rjr ER/T Es Jr ]JATA

m.um T rack SO 1

1-1 i n 1 mum T r a c Ilc. 0

s, t - .A (J

t-.B 0

Test- FFFF

c's t- P 0333
Test P 39CF

Test- P F-:FF-F

S ,3,$,3 JSril OPT IONS,
Thor us e-r may suppress all or ror outputs- by a.nswering yes 1)
to the fi.rs- t user option,

f r-rrors are not to be suppressed, the user may mc- lude a
dump of the •\14•- 500 data buffer after each data mescompare,

i-xo user- m.ay elect to dump an error sumnary after each te-t
h-y' answering-yes (Y) to the appropriate prompt,

The us c'r may elect to pause after each test, To continue,
t.he. us- or types a earn. age return on th..e cont roll ing torm.irial

The user may elect to continuously loop through the enti.re
test. 50turence, or only loop x times as speci.fied by the user,
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5.3.3.4 ERROR HANDLING.

All disk errors will be printed as they occur unless the user

has selected the option suppressing error printouts. The

user may also select an option which will cause the AM-500

to dump its data buffer after every data miscompare. Addi-

tionally, error summaries may be output after each test or

just a final error summary after all tests are complete.

5.3.3.5 ERROR TYPES.

Errors come under two types. The first type would be disk

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

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

giving up. If the error persists for three or more re-trys,

it is considered a hard error and is marked as such in the

error summary. If the error corrects itself in less than

three re-trys, it is marked as a soft error in the error summary.

The second type would be data errors. These errors are due

to data miscompares during read operations. These errors are

always marked as "hard" errors in the error summary.

5.3.3.6 TEST TERMINATION.

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

5.3.3.7 BUFFER PRESETS.

In order to make disk read transfers apparent, tests A,S,C,D
and £ fill the AM- 500 buffer with complement data prior to

each read operation. The buffer is not preset in other tests

since data will never repeat between any two consecutive reads.

5.3.4 WORST CASE DATA PATTERNS.

The following data patterns generate worst case data patterns

for the disk:
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DATA EFFECT

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

FFFF Produces lowest amplitude, highest frequency.
This is the default pattern for test C.

333 Worst case for peak shift. This is the default
pattern for test D.

39CE Worst case for one-bit amplitude. This is the
default pattern for test E.

5.3.5 DISK ERROR CODES.

flRROR

NUMBER DESCRIPTION

5 Disk not ready or fault exists.
11 Write protected.

65 Seek error.

67 Sector not found.
68 CRC error.

69 Sentinel field error.

NOTE

All other error codes are illegal at this time.
If any other codes appear, the AM-500 board may
have problems.
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5.3.6 RECOMMENDED TEST PROCEDURE.

The following sequence is recommended as a short but compre-

hensive test and will take about 7 minutes:

Type HWKTST followed by a RETURN.

Enter DISK NUMBER when prompted by program.

Select the EXERCISE MODE (#1).

When prompted to enter test sequence (A-H), enter a

carriage return. This will cause a predetermined

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

E,F,G,H in that order.

When asked for "HIGHEST TRACK," enter 220. When

asked for "LOWEST TRACK," enter 200.

Enter a return for each of the following:

Format Data Word— Test B Data Word

Test C Data Word- Test D Data Word-

Test E Data Word—

Enter a "Y" for "Suppress all error messages."

Enter "N" for "Dump data and CRC error tallies
after each test."

Enter "N" for "Pause after each test."

Enter "N" for "Loop continuously?"

Enter 2 for number of passes.
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SECTION 6

SCHEMATIC AND PARTS LIST

Table 6-1. Component Crossreference List

REF. MFR. TYPE PAR. REF. MFR. TYPE PAR

DESIG. NO. NO.* DESIG. NO. NO.*

U'

U2

U3

U4

Us

U6

U7

U8

Ug

Ulo

U"
U12

U13

U14

U'S

U16

UI 7

UlS
U19

U20

U2 I

10 Mh z

Oscillator

74LS74

74LS08

74LS374

2114

2114

9403

9403

74LS157

74LS138

74LS374

74LS374

74LS374

81LS97
220/330
Res is tors

74LS74

74LS138

74LS04

280

9517

2716

C28498

4.2.10

4.2.17

4.2.6

4.2.6

4.2,3
4.2,3
4.2.14

4.2,12
4.2.17

4.2.17
4.2.17

4.2.11

4.2. 10

4.2. 12

4.2.1

4.2.2

4.2.5

U22

U23

U25

U2 6

U27

U29

U30

1.131

U32

tJ33

US 4

U35

113 6

1J37

lBS
U39

U4 0

U4 1.

U4 2

U4 3

U4 4

1145

74LS139

9401

74LS74

74LS74

74LS14

74LS32

74LS374

74LS374

74LS00

74LS08

74LS04

75451

74LS74

8131

81LS97

8097

74LS30

74LS374

74LS373

75451

74 LS 32

74LS39 3

4.2.13

4.2.4

4.2.10

4.2. 10

4.2.9

4.2.17
4.2.17

4.2. 10

4.2.8

4.2.11

4.2.7

4.2.17
4.2.15

4.2. 16

*Paragraph number in Sect!

integrated circuit logic

descriptionon 4 where a

can be found.
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BILL ft DWB-00500—00 RETAIL PRICE $ 0.00
REV. A03 WHSLE PRICE $ 0.00

22 MAY 1979 NET PRICE $ 0.00

DESCRIPTION DISK CONTROLLER AM-500

PART NUMBER DESCRIPTION QTY

1. DWF-00500—00 PCB DISK CONTROLLER AM-500 1
2. CNS-00040-00 SOCKET 40 PIN DIP 2
3. CNS-.00024—0Q SOCKET 24 PIN DIP 3
4. CNS—00020-.0O SOCKET 20 PIN DIP 10
5. CNS-00018.-00 SOCKET 18 PIN DIP 2
6. CNS—00016—QO SOCKET 16 PIN DIP 6
7. CNS—00014—OQ SOCKET 14 PIN DIP 19
8. cws—000oa—oo SOCKET 8 PIN DIP 2
9. IC1—74367-00 IC HEX BUFFER 1

10. CPP—00156-0J. CAPACITOR 15 U? 20V 7
11. CPN-00473-01 CAPACITOR .04713? 11
12. HDM—00001—00 HEATSINI( 1.500 X 1.810 .SOOLG 1
13. ICL-00323-00 IC REGULATOR +SV TO-3 1
14. RS2-.-00101—00 RESISTOR 100 o*i ¼w 5% CAR 1
15. RS2—00222-.00 RESISTOR 2.2 IC ¼W 5% CAR 1
16. IC1-74393—01 IC DUAL 4 BIT BINARY COUNTER 1
17. ICI-75451-O0 IC DUAL INTERFACE DRIVER NI OC 2
18. IC1—07430—0]. IC 8 INPUT NAND GATE 1
19. CNF-00002-1]. CONN HEADER 5OPIN .092LG RT ANGLE 1
20. IC1-08197-01 IC BUFFER OCTAL 2
21. IC1-74373—01 IC OCTAL D FLIPFLOP 1
22. IC1-74374-01 IC OCTAL D FLIPFLOP 3
23. IC1—74374—02 IC OCTAL D FLIPPLOP 4
24. IC1-07474-01 IC DUAL D FLIPFLOP 4
25. ICS—09403—00 IC 8 BIT FIFO 2
26. ICI-74138-0]. IC DECODER 3 TO 8 LINE 2
27. IC1-07404-01 IC HEX INVERTER 2
28. IC1-07408-01 IC QUAD 2 INPUT AND GATE 2
29. ICM—02114—04 RAM 256 X 4 BIT STATIC 2
30. IC1-74139-01 IC DECODER 2 TO 4 LINE DUAL 1
31. IC1—08131—00 IC COMPARATOR 6 BIT 1
32. ICI—74157-00 IC QUAD 2 TO 1 DATA SELECTOR 1
33. ICS—09401-00 IC GENERATOR CRC 1
34. IC1-07414-01 IC HEX INVERTER W/HYSTERESIS 1
35. IC1—07400-01 IC QUAD 2 INPUT NAND GATE 1
36. IC1—07432-01 IC QUAD 2 INPUT OR GATE 2
37. ICS-00001-.0J. IC OSCILLATOR 10MHZ 1
38. RSN—00003-00 RESISTOR PACK 14PIN DIP 220/3300HM 1
39. ICS—09517—00 IC CHIP DMA 1
40. ICS-00080-00 IC MICROPORCESSOR Z-80 1
41. HDS—00632—O1 SCREW 6—32 X .375 2
42. HDN-00632—01 NUT HEX 6-32 STL SM PATTERN 2
43. HDW—00632-01 WASHER LOCK 6-32 2

44. ICX-07474-02 IC DUAL D FLIPFLOP 1

45. ICM—0O501—01 ROM 2K X 8 BIT 1
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