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FCC Compliance

This equipment generates and uses radio frequency energy and if
not installed and used properly, i.e., in strict accordance with
the operating instructions, reference manuals, and the service
manual, may cause interference to radio or television reception.
It has been tested and found to comply with the 1limits for a
Class A computing device pursuant to Subpart J of Part 15 of FCC
Rules, which are designed to provide reasonable protection
against  such interference when operated in a commercial
installation. If this equipment does cause interference to radio
or television reception, which can be determined by turning the
equipment off and on, the user is encouraged to try to correct
the interference by one or more of the following measures:

1) Reorient the receiving antenna.

2) Relocate the equipment with respect to the receiver.

3) Move the equipment away from the receiver.

4) Plug the equipment into a different outlet so that equipment
and receiver are on different branch circuits.

If necessary, consult your dealer service representative for
additional suggestions.

The manufacturer is not responsible for any radio or TV
interference caused by unauthorized modifications to this
equipment. It is the responsibility of the user to correct such
interference.
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11/23+ MICROCOMPUTER

INTRODLHCT ITON

The compact 11/232+ microcamputer system is desianed to  i1ncrease svetem
perfarmance and provide efficient backelane utilization. This low-cost, lé-=bat
microcamPuter can address up to four full meeabytes of parity MOS MSVII-F memarsy
while affering full processor functiopalitv. It is compatible with a wide range
of saftware and hardware desian. using the Extended C(-Bus.

The 11/232+ CPU module contains diagnostic and bootstrar ROM. a memory managsement
urnits line—=time claock, two asvynchranous serial liness and three sackets for the
Commercial Instruction Set (CIS) and Floating PFoint Instruction Set aptions.,
Because of this unique packaging densitws maost applications will fit in a sinale
FowerFrame unit.

SFECIFICATIONSE

Identification KOF11-R
Size Cluad
Dimensians CPUY chassis is 1Z2.2 cm hiah = 42,3
cm wide x A3 cm deerp (5.2 in = 1%
in 2 26.8 in)
Fower Consumption +5V 5%, at 4.4 A max. (at 4.5 A tve)

+12V %, at .7 A max. (at .2 A tve)

Bus Loads 2 AC unit lToads
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1 DC unit load
Non—aperatinag Environment =40 C to && 0 (=40 F to 151 Fy, 10%
to 20% relative humidityw, rnon—

candensing

Hreratins Environment S0t B30 C (41 F ta 122 F), 104 to
Y574 relative humidity

Maz=imum

5 C
Altitude Ta
(2000

Rased
)

«Instruction Timine

Interrupt Latencw
iz2. 4

EIZ)

@ . 625
aff)
V. 750

an)

Interrupt Service Time

1.325

IMA Latencv

NOTE:

assume a KIOF11-BE with
enabled and

DESCRIFTION Central

Frocessar

The 11/232+ central proacessing unit is co
data. which reside an a single 40-pi

standard Memary Managsement Linit (MML) is
resides on a 40-pin carrier. 11/23+
Pplus three extra sockets which are reser

(CIZ) or floating point aptions.

The architecture of the 11/22+ 1is highlwy
structure. The control and data chies

with the external 11/23Z+ loaic, aver the
and Chirp Data and Address Line (CZLOA

15,25

aperating enviraonment.

9.7 microsecands
micrasecands,

= e eSS
54,225

micrasecands,

autlet temperature rise of
(% F) abave &40 C (140 F)
km (50,000 feet) for non-—

To Z.44 km

FAGE

P

0

feet) for oPerating envirorment.
an 75 ns intervals (see APpendix

(tvrPical)
max. (exceprt EIS
micrasecands, max.

microseconds (memory

micraseconds (memory

maxe

Interrurt and IIMA latencies
memoary
using MEVI1I-F Memary.

rntained on two LSI chirs, control and
n ocarrier (a dual in—-line Package). The
cantained aon one LS chip which alsa
contains sackets for these two carriers,
ved for the Commercial Instruction Set
expandable because aof its internal bus
cammunicate with each other, as well as
Micra Installation Bus (MIR)Y <15:00>

L) <Z21:00% bus. 11722+ Jaosic

)

(includine

management

management

management

interfaces
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these chips ta the Intermal Data and Address Line (IDAL) <15:00> bus and the
external Extended —-Rus. The IDAL bus provides additional leading caracity on
the chip set hus. Foarr an illustration of the pasitions of these busses, Pplease
refer to Figaure Z—-1, the 11/23+ functiconal block diasram. '
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FAGE =-4
FIGURE 3-1 = Functional Black Diaaram
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The 11/23+ boot and diagnastic ROMs, lime clack, and serial line units reside an

the IDAL  hbus. Memary  and additional perirpherals interface to the Extended
H=Rus, Bidirectiaonal interfaces (COAL/IDAL) transcelvers and COAL /BOAL

transceivers an the 11/23+ CPU module connect the CDAL <21:003 bus with the IDAL
<1500 bus. 11/23+ lagic supparting LSI chip set . includes the master clock
contral lagic, MIER decade lagic, fixed data logic, service lagic, reset logic,
and J0OT7T leogic. Logic pertaining to the Extended G-Bus includes the bus control
logic, bus swnchronizer, and the CODAL/BOAL transceivers. Logic pertaining to
the IDAL bus peripherals includes the bus cantrol JToeic, COAL/IDAL tramscelivers,
the IDAL address decode, the baot/diasnaostic ROMs, the line clack loeic, the
canscle and second SLU legic, the baud rate generator,. and the =12V charse pPump
circuits.

Floatina Point Optian

Foartv=—six»x flaatine paint instructicons are available as a microcode option

(KEF11-A) an  the 11/232+ pProcessar to supplement the i1nteger arithmetic
instructions in the basic instruction set. The Floatinge Foint Instruction Set
executes floating paoint operations much faster thanm equivalent scoftware

routines. It alsa pProvides boath single—pPrecision (2Z-bit) and double—-pPrecisian
(44-bit) noPerands, and conserves memory spPace by executing in microcode instead
af saftware. This aption implements the same Flcecating Foint Instruction Set
available with the 11/24, 11/60, and 11/70 minicaompPuters.

Commercial Instruction Set

The Commercial Instruction Set (CIS), a microcode opticns. adds character strina
instructions to  the basic 11/22+ instruction set. These character strins
orPerations imPlement functions of commercial data and text ProOcCessing
aprlications. CIZ microcode resides in six MOS/LESI chips which are mounted on a
single double—width 40-pin carrier,

Line Clock

Line frequency clack praovides the svstem with timing information at fimed
intervals. The intervals are svnchronized with the line freauency of the user”s

inrPut Pawer. The line clock generates bus request level & interrupts to the
processor  at  time intervals determined bw the BEVENT L sianal. The BEVNT L
signal is obtained from the power supply via module pin BR1 at 14 2/2 ms  or 20
ms intervals, deprpending on  the line frequency saurce (L0 Hz or 50 Hz,

respectivelw).
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Line Clock Status Resister

The cantents of the line clock status register cansist of a single read/wrijte
bit. The eprasram communicates with the line clock via a status register at
address 777 S44. Proaram recognition of this register, along with the
recoanition of the bocts/diasnostic regsisters and second wire-wrar (J11) jumeers
when installed, forces the line clock interruprt enable bit to the set canditian.
The line clock status register bit assigrnment is shown below.

FIGURE 3-2 - Line Clack Status Register (LKS) 777 S4&

15 ¥ b S

UNUSED UNUSED

LINE CLOCK INTERARUPT ENABLE |

RIT: 15:7 FUNCTICON: lUnused
RIT: & (Read/Write) NAME: LINE CLCOCK Interruprt Ernable FUNCTION: When Set,
this bit allows the BEVENT line to initiate pragram interrupt requests. When

clear, line clack interrupts are disabled. LCIE is cleared by Power—-up and
BINIT. LCIE is held set when the LTC ENJ L Jumper is installed.

BIT: S:0 FUNCTICN: Unused

Bootstrap/Diaganostic ROM

The bootstrap and diagsnastic losic features three hardware registers and twae RIOM
sockets for 2K, 4K, ar 8K read-anly memarvy. This 1&-bit read—-anlv memar
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contains diaenostic pragrams, pPlus a selection of bootstrar pPraograms. These
praograms are user—selectable bv setting eight switches an a 14&-rin Dual In-Line
Fack (DIF) switch pack. Froaramming the bootstrar and diagnostic losic consists
of settine the switches far the erograms desired. The bootstrar/diagsnostis
switch configurations and console orerator respanses are described in the
Configuration section aof this charter. The diasnostic erograms  test the
Pracessar, memary, the consaole terminal, and the device to be boaotstrapped.

The user mav replace the standard ROMs with Z714&=tvepe ROMs containing pragarams
af his/her choice, bkut the 11/23+ will have the functicnality described above
anly if the standard boaotstrar/diasnastic ROMs are installed in the ROM sackets.

Table Z-1 lists the error messages assaciated with the 11/23+ ROMs.

TABLE Z=~1 - LIST OF ERROR HALTE

ADDIRESS DISPLAY
F ERROR (OCTAL)Y CAUSE OF ERROR
1732034 01 CPIERR, RO contains address af errar.
Ol 1 72040 05 Sl switch selection incarrect. Error in
switches.
172044 (1] SLU errars CER address for selected device
in errar. Check TSR for selected device
in floating OSSR address area.
1732200 iz ROM Loader errar. Check sum on data block.
172222 0z Memary errar 2. Write address into itself.
17322326 01 CFZ2ERR: RO epoints to cause of errar.
1732240 01 CF4ERR, RO pPoints to address of erroar.
1732462 0z Memory erroar =, Bvte addressing error.
172202 Qz Memory error in Pre—memory data test.
R2Z = Failina Data
RZ = Exrpected Data
RS = Failing Address (0-77&)
172214 Oz Memory erroar. Bit 15 set in one of the

Parity CER"s (172100-1721324) ., Failinga
memory should have the parity lisht on,
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172244 1z
17323276 iz
173526 05
172652 OS5
1724654 01
173246460 0z
CONTENTS

OF R4

20000-277746
177777

072527

125125

[y
N
L
i

o
F
2
ha

TEZ

DRI = SR C % B

For

FAGE 3=2-=

D)
|
[Xx]

RCOM Loader error.
bBlack.

Checksum on address

ROM laader errar. Jump address is ‘add.

RLO1/RLOZ device error,
REOS device error.
Match was not made with

Switch maode halt.
switches.

Memory error in 0-2044 KW Z2-bit memary
test. Common errar halt for six different
tests.

If R3-0, then errar in tests 1-5,

R4 determines failing test.

R4 = Expected data
RZ = Failing data

TEST DESCRIFTION

Address Test, kit 11 to O
[lata Test

Data Test

dd Parity FPattern Test
Bvte Addressina Test

tests 1-5 (RZ = 0), determine ZZ-bit failins

address as +fallows

R1 Bits 11-0 = Failing address b
Rz Bits 15-4 = Failine address b
Erraors in address uniqueness te

Test checks address bits 21-4,

If RZ is not equal to O, then e
this test.

ts 11-0,
ts 21-12.
st.

Test 6.
rror is in

o
b
!

= Expected data

RS = Failing data

RZ = Z22-hit failing phvsical address bits
21-A. v

Failina address bits 5—-0 are alwavs Q.

Memary error in pPre—memory address test for
lacatians 000-774A.

RZ = Failing data )

RS = Failing address and expected data
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1734670 01 Ercar in CPU Test ?.» JER RE failed.
173700 01 Errar CFU Test ¥. JER FC failed.
172704 05 RXO1/RX02 device errar.

172714 04 A "NO" twveped in consale terminal test.
17327324 0z Memarwy erraor 1, data test failed.

Test O-30 Kw with MM off if present.

R1 = Failing address

R4 Expected data (either O or 177777)
RS = Failing data
173740 01 Error CPU Test 7. "RTE" return failed.
172742 03704 Console terminal test. Nao done flas.
1732740 05 TUSZ errar halt.

Hoantstrap and [liaesnostic Registers

The boctstrar and diaanostic loaaic contains three hardware registers that are

software—addressable. Cne of the registers 1is dual-purpose register which
functions as the contfiguration register when read, and the diselay regsister when
written. These registers are assianed serarates individual addresses that
cannat be changed or modified. The particular  desigsnations and addresses af

these reaisters are listed in Table 2-2, below. The registers and assaociated
lagic are described in the following rParagrarhs.
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TABLE Z-2 - BROOTSTRAFP AND DIAGNOSTIC REGISTER ASSIGNMENTS

REAL/ RIT
REGISTER WRITE SIZE AOLDRESS
Fage Caontral W iz 777520
Read/Write R/W 14 777522
Maintenance
Configurations R & 777524
Displawve# W » 4 777524

# [Nual=-Furpoase Register

FPage Contral Register (PCR) 777520

The FCR is a write—anlv regaister which is bath word—addressable “and
bvte—addressable. This register is cleared by Fower—up, and when the “"Restart”

switch on the CFLU mounting box is activated. The FPCR, in condunction with the
ROM  address multiplexer, Ppermit all 20432 locatioms in  the 2K bootstraer/
diagnastic ROM ta bhe accessed by 2546 of the Extended (—-Bus addresses reszerved
for  pPeripheral device addressing. The 254 addresses cover a bvte address ranse
af 772000-772777. Figqure Z-32 illustrates the pPage contral resister.

FIGURE 2-32 - PAGE CONTROL REGISTER

b 1o : 08 Oz 00

[ 1 | | L1 L 1 L | [ W
laTv 128 WORDS 2ND 128 WORDS
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The caontents of the FCR are used to select anv one of the 146 pPases of ROM. Each

page of ROM coansists of 128 word locations. Tab[e =3, bglum, describes the
relationship between the PCR contents ta the PCR page for pPagses 0-17. If the

FCR  is loaded with data 000400, the FCR low bvte caontains data 000, while the
high bwvwte contains data 001. The FCR bvtes can he loaded serParatelw. To select
ROM  lacations 14600-1777, for example, one need anly load the PCR hish bwte with
Ppage 7. In this example, the hish bvte contains 007, while the low bvte is
disreaoarded.

TABRLE =-% - FCR CONTENTS/FAGE RELATIONSHIF. FPAGES 0-17

PCR FAGES FCR CONTENTS PCR HIGH BYTE PCR LOW BYTE
(QOCTAL) (BITES 132:02) (RITS O5:00)
0/1 000400 001 000
2/ 001402 00 002
4/%5 O0O=404 005 004
&/7 O0OZ404 007 OOk
10/11 004410 011 010
1z/13 005412 01z 01z
14715 00414 015 014
16717 007414 017 01&

Read/Write Maintenance Register 777522

The read/write maintenance regaister (RWR) is a 1é&~-bit read/write register which
is both word—- and bvte—addressable. It is used bv the ROM diagnostics ta test
varicus read/write functions before accessing main memory. The reaister is
cleared by Fower—up and svetem reset.

Configuration Register 777524

This &-bit read-anly reaister 1is wused to select diasnostic progarams  faor
maintenance and/or bootstrar pPrograms for  swvstem configuration. The boaot/
diasnostic program selection procedure is described in the Configuration section
of  this «chapter. The interpretation of the switch configsuration is determined

bv the ROM boaotstrar and diagnostic eraarams. The switch reaister is dericted
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below in Fisure Z-4.

FIGURE 3—-4 - SWITCH REGISTER 777524

15 12 11 08 0% 00
NOT USED
IS N N W S B [N SN SN I N
8 ¥ b 5 & 3 2 1
SWITCH NUMBER SWITCH A"
ON=ONE
OFF = 2ERD

Dlisplay Reaister 7773524

This 4-hit write—cnly resister allows the eproaram ta control a faur LED
diagncstic displav. Clearing one of the four displav register bits lights the
carrespandina LED. The displaw reaister is cleared bv Power—uep (which turns all
red LEOs on) and when the svstem is rebocted.

The diaenastic LED diseplav is narmally used when there is no printout ar the

terminal after a failure. It indicates the tvpe of error when a failure accurs
in a diasgncstic test ar boeatstrar pracram. The diseplav will indicate the tvre
of errors described in Table 32-4, below. Figure 32—5 depicts the displaw

reaister.
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FIGURE 3-S5 - DISPLAY REGISTER 777524

15

oF

o4 03 0L 01 oo

[

NOT USED

LED

LOAD ‘0" TO TURN ON LED

Standard ROMs must hbe
bvte) respectively to

TAELE -4

ODISPLAY
(QCTAL)

04

(T

M=D

RIT

aOFF

OFF

aFF

OFF

aFF

COFF

BIT =

OFF

aFF

OFF

ON

acbtain

DIAGNCOSTIC LED

o

ON

CFF

OFF

N

installed in ROM sackets E1Z4&
the described errars.

ERROR DISFLAY#

RIT O

OFF

CIN

QFF

N

OFF

D4 D3 D2 »di

(low bvte) and EL1Z27  (hiah

TYFE (OF ERRCOR
CPU error
Memary

Consale Terminal test
diselavw error

Consale Terminal test
kevbceoard errar

Load device status
errar

Boatstrae code i
incorrect (NOF In-
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structiaon not in
location QOOOOO0)

07 OFF N N N SLU errars nao respdnse
from host

10 N OFF OFF OFF SLUY received done
flas set

11 N OFF OFF N SL message received
in DOCMF format

12 N OFF N OFF ROM boaotstrar errar

i1z TN OFF N 0N Attempted access tao

memory Loc QO—rm
failed. This failure
will mnormally accur
when the memoary does
nat replw

17 N N N N Halt switch on or
unable ta run

# The Tight rattern indicates the corresponding test is inm Progress or
tailed. Zome tests retrv (DECnet). and athers will halt the CFU (CFPU,
memary non=HOECnet boots).

Serial Line Units

The two full-durle:x asvnchraonous serial line units (consale serial line wunit and
the second serial line unit) pProvide the 11/232+ (KOF11-R) with an EIA interface
which is RE-2322-C and RESE-422 compatible. The serial line baud rates are
determined bv a clock signal from an internal bkaud rate generator or an external
clock signal via cannector J1 and J2. Jumrers are pravided to select either the

internal clack oar the external clock. If the internal clock is Jumper—selected,

the serial line baud rates are switch—selectable from SO ta 1%.2 baud. The
cansale serial lime and the second serial line may aperate at different haud
rates. However, a split baud rate is not possible. Each serial line must

tramsmit and receive data at the same baud rate. If desired, 20 ma active ar
passive current looap aperation at 110 baud mav be abtained with DLVII-KA EIA tu
20 ma converter aption. The DLV1I1-KA contains a 110 baud rate clock signal
which is supplied tao pPin 1 or the coansaole serial line J1 and the second serial
lTine 2 connectars.

The consale serial line unit mavy be canfigured to halt in reseponse tao a break
sianal received tfrom the consale terminal. Bath serial lines interrurt the
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processar at bus interrupt priority request level 4 (BR4).

The character format for each of the serial line units selected bv wire—wrar
Jumpers and mawy coansist of 7 or & data bits, 1 or 2 storp bits, Parity ar
no—pParitv, and even and odd paritwy.

The coansole serial line unit is connected to the consale terminmal via connector
1. The second serial line wunit is connected to the line printers, the TUSE
cassette tarpe, oar an additiconal terminal via connector 2.

Zerial Line Unit Registers

The proaram communicates with and transfers data to and from the external
Pperirheral devices via four assaciated with ¢ach serial line. Twa af the
registers (RCSER and TCSER) contain cantral/status information for receiver and

transmitter opPeration. The oather two registers (RBIUF and TBUF) contain data
received. from, and data ta ke transmitted ta the pPerirheral device. The

addresses assianed to the consale and second serial line registers are listed in
Table =2-=5.

TABLE =-5% - SERIAL LINE REGISTER VECTORE

CONZOLE SERIAL LINE SECOND SERIAL LINE

REGIZTER ADDIRESS# REGIZTER ADDRESSE

RIZCZR1 777240 RCSRZE 776Z200%3% T7ES40 %% 3%
RLUIF1 777542 RELFZ 7746502 7746542
TCER1 7775464 TCER2 774504 776544
TRLUF{ 777544 TRUFZ 77465064 77L544

* oLl DIsd L (J14) must be wungrounded.

#3  DOLZ DIS) L (J13) and D2 ADRJ L (J12) must be unercounded.

##3 D2 DISS L0 (J12) must be unegrounded and OLZ ADRJ L (J11Z2) must be
arounded.
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Register Rit Assianments

The consale and second serial line registers have the same bit assignments with
the exceprtion of bhit O of the TCER. Bit O iq used as a transmit break kit (TYX
BRK) in the secaond serial line register (TCSRZ), and it is unused in the cansale
serial line register (TCSR 1).

The bit formats for the registers are shown in the Fisures beloaw, as are the
reaister bit assianments.

FIGURE 2-4 - RECEIVER STATUS REGISTER (RCSR 1 AND ROSR 2)

15 14 1z 412 11 10 09 08 OF Ob 05 o4 03 92 01 00
I | | | 1 | P | I

RSR | © 0o o o 0o © o © o O o|lo O ©
[ N D R I ] L1
—_— — J ~ — -
NoT UseD NOT USED

Rece1Ver DONE(READ oY)

RECEIVER INTERRUPT ENABLE (READ AW RITE)—

BIT: 15:2

FUNCTION: lnused. Read as zeras.

BIT: 7 (read—anlvy)

NAME: Receiver LDane (RX DONE) '
FLINCTION: Set when an entire character has been received and is readv to
be read from the RBUF register. This bit is autamatically cleared whun
RBUF is read. It is also cleared bv Fower—up and Bus INIT.

BIT: - (Read/Write)

NAME: Receiver Interrupt Enable (RX IE)

FUNCTION: Cleared bv Power—ur and Bus INIT. If both RCVR LDONE and RCVR
INT ENE are set, a progoram interrupt 1s requested.

RIT: S:0
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FUNCTION: Unused. Read as zerwos.

FIGURE =-7 - RECEIVER BUFFER REGISTER

(REUF 1 AND

FAGE Z-17

2)

RELUF

15 14 1> 12 11 40 09 08 OF Ob 05 04 03 02, 01 0O
T [ | | J ] | R | |
RBUF '®) I} o o
| | | | | | | I | |
I NOT UseD RECEIVE DATA
¢ AE'RROR (3,8 BIT DATA S RIGHT-TUSTIFIED)
D ON
HEAD ONLY) | PARITY ERROR (READ ONLY)
OVERRUN ERROR L
(READ ONLY) FRAMING ERAOR (READ ONLY)
BIT: 1% (read=anlv)
NAME = Error (ERR)
FLINCTION: Set if anv RBUF bit 14:12 is set. ERR is clear if all RBLUF
bits 14:12 are clear. This bit cannaot generate a eragram interruet.
BIT: i4 (read—onl+)
NAME ¢ Overrun Error (OVR ERR)
FLUINCTION: Set 1f a pPreviously received character was noat read befare
being averwritten bv the pPresent character.
EBIT: 12 (read—=anlv)
NAME = Framine Error (FRM ERR)
FLINCTION: SZet if the pPresent character had no valid star bit. Alsa used
to detect a break candition,
EIT: 12 (read-anly)
NAME ¢ Faritv Errar (PAR ERR)
FUNCTION:® Set if received pParity does not asree with expected Paritwy.
Alwavs O if no Paritv is selected.
NOTE < Error conditiaons remain present until the newt character is
received at which Ppaint, the error bits are updated. The

errar bits are cleared by

Fower—ur and BRus

INIT.
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BIT: 11:&
FLUNCTION: Unused. Read as zeras.

BIT: 7:0 (read-onlvy)

NAME : Received [Mata Rits.

FUNCTION: These hbits contained the last received character. If less
than eisht bits are selected, the character will he right—justified
with the most significant bit(s) readinge zero.

FIGURE 3-& — TRANSMITTER/CONTROL STATUS REGISTER (TC3R 1 AND TCSR 2)

15]14I 15|12,111110 1091 08 OF Ob oslol}]oz;To'Lloi o0

TesA O O 0o O O o o © o o 0 0 o

I I l l I | | | ] ] |

\_______.—,7 \J
NOT YUseD NOT USED

TRANSMIT READY (READ ONILY)
TRANSMIT INTERRUPT ENABLE (READ/NR\TE)—J

TRANSMIT BREAK (READ/WRITE)
TRANSMIT BREAK BIT O 1S USED ONLY IN TCSR2. \T 1S NOT USED IN TCSRA.

RIT: 1S: &

FILINCTION: Unused. Read as ceras.

BIT: 7 (read—aoanly)

NAME : Transmitter Readv (TX ROY).

FUNCTION: Cleared whern TBLUF is loaded and sets when TBUF can receive
anather character. XMT ROY is set b Fower—up and Bus INIT,

BRIT: 6 (read/uwrite)

NAME ¢ Transmitter Interrupt Enable (TX IE).

FUNCTION: Cleared bv Fower—-up and Bus INIT. If bath XMT ROY and XMT
INT ENR are set, a pragram interrupt is requested.

BEIT: S
a

t1
FIUINCTICON: Unused. Read as zeros.
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RIT: O (read/write)

NAME: Ereak (TX BRE).

FLINCTIONS When set, transmits a continucous space. - This bit is cleared
kv  Fower—up  and  Swvstem INIT. This bit is used anly in TCZRZ. - It is
unused in TOSR1.

FIGURE =-% — TRANSMITTER BUFFER REGISTER (TERUF 1 AND TBUF )

15|141 13'12,I 11I10IO9I o8 oa"I Ob 05 O4 O3 02 O1 0O
I T 1 T |

TBUF | 0 O O O O O 0 O

I l l | | | l | l | - | l
v—w\/"W\ —— —r
NOT USED TRANSMIT DATA

(#,8 BIT 1S Ri@HT-JUSTIFIED ON
WRITE ONLy). ON READ =0.

RIT: 152
FLNCTIONS Lnused. Read as

Fas.e

o

-
ot

BIT: 7:0 (write—-only)

FLINCTION: TEUF hbits 7:0 are write—only bits used to Toad the tranmsmitted
character. If less than eight bits are selected, the character must he
right—justified.

CONFIGURATION
Jumper and Switch Configquration

The 11/23%+ cantains two Duwal In-Line Fack (DIF) switch units (E10Z and E114) and
ceveral Jjumpers which allow the user to select the module features desired. The
lacatian of the switch units and Jumpers is shown in Figure =10, The Buoot/
Diagnastic switch wunit (E102) consists aof eight switches that let the
cselect haat and diagnostic pPragrams. The second switch unit (E114)
kaud rate foar the Console SLU and the second =L The module
wire—wrar Jumper stakes and saldered—in Jumpers. The

useEr

cselects the
cantains bath
Jumpers are divided into
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the fallowing functional srcuPs:

1. Test

Jdumpers

2. CFU Oeption JumpPers

3. [levice Selection Jumpers

4, Baot and Diagnastic ROM Jdumpers
S. SLU Character Farmat Jdumpers
. Internal/External SLU Clock Jdumpers

7. @-Bus Backeplane Jdumpers

FIGURE 32-10 - JUMFER, SWITCH AND DIAGNOSTIC DISPLAY LOCATIONS
26 % 293043
1/
* M s [ e 0
-y i = — = —
[ 2 n
. ComoLe — — — — —
A Rl M| BAEER .
L
w oen ﬁ | |er(ertiseornoes | o= =0 Ce
9 [ 4
2 Cix | [y | Sraamounc
;o ens .
oo l COMMEAL LAL BT AW CTON l
-': ! (734 | e
o [ _‘"_ — g <98
FLOATWNG POWT
(XEF 11 AL CFTOe8
(3.3
IR
o0
430 CATA AND CONY ROL.
C."’ o 007/ ow
18 LlecT D DIAGNOSTC (1Y) «
oss Ow ofe O
| O | Omm |0aLe0 MEMORY Mo MAGEMEST
wus (@] O o)
| aa (308
O (]
5| Om (@]
w (S| |2
[— CO| o OO [warer
broatbiinay T oo
e o ca
€@ see °
U U eJie (2]
() S (YT 4 wones
SOCKET ::::; L g TAL LD JUmreRY :z g
‘c\-:s":,o ‘“vj' ein :j:f 1“:;!“00:::;&“
U U [O-LUP0. LN edie ;Jmu"mmmmmn

CONWECTED YO J23,.434 ¢S
NOT CONGC TED.

©. PVITOHES 31 1 14T, AND
32-1,5 ARE 10w 10
“ON< PORITION .

FPAGE

=20
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Manufacturing Test Jumpers

Five Jumpers are praovided for manutacturing testing PUrPOSE&S, These JumpPers
must be confisured as follows in Table Z-4 for normal opPeration.

TABLE 3=-4 — MANUFACTURING TEST JUMFERS

JUMFER

FROM TO STATUS

oA A7 Installed
S I Installed
J20 Jd21 Installed
Nicia Jd24 Installed
d32 JZ4 Removed
27 A2A Installed
A25 d2A Remaoaved

R Opticon Jumpers

Four wire—wrarp stakes provide wuser—selectable features associated with the
arperation of the CPU., The ground stake can be connected to anv combimation of
the other three stakes ta select the availabhle features. Two  pPower—ur made
stakes select one of three power—upP maodes, The halt/trap stake selects the
halt/trar aPtians.

Fower—=llp Mode Selectiaon

The three power—up maodes are available for user selectian. Selection is made by
installing or removing wire—wrap Jumpers between Jumper stakes (U417, JA19) and
the around stake (J1132) in various combinatians., The Jumper configuratian for

the modes are described in the Table -7 below.

TABLE =-7 - FOWER-UF MODE JUMFER CONFIGURATION

MODE NAME JUMFER 19 Jd1E TO 117
4] FCRZ4, FSezs R R

i Consale CQOT R I

2 Bootstrae I R

= Not Implemented I I

*' R = dumper removeds I = Jumper installed
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P

Only the pPower—up mode is affected, not the power—down sequence. The following
rparaararhs describe the sesuence of events after executing common Power—ur, when
selecting each of the four modes. The state of bus sianal BHALT L is
sianiticant in Power—uP made operatian. -

Fower—tlpr Made O (FCEZ4, FS@EZE)

This mode causes the microcode to fetch the contents of memory locaticons 24  and
260 and lowads  their contents into the PO and PSS, respectivelwr. The microcaode
then examines BHALT L. If BHALT L is asserted, the processar enters coansale OOT

mode. I+ BHALT L is nat asserted, the processar begins program execution b
fetching an instruction from the location pointed tao by the P This made is

useful when power—+fail/aute restart capability is desired.

Fower—ldep Made 1 (Console Q0OT)

This made rcauses the pracessor to  enter canscle QOT made immediatelw after
Ppower—urP regardless of the state of anv service signals. This mode i1s useful 1in

a proaram development or hardware debug environment, aiving the user immediate
control aver the svstem after power—up.
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Fower—llp Mode 2 — Start at 772000

This mode causes the pProcessoar  to internally generate a bootstrar starting
address af 7732000 in léA-bit mode with MMU aff. This address is loaded into the
. The pProcessar sets the FS to 240 (PIC07:05> = 7 ) te inhibkit interruepts
befare the pPracessor is ready for them. If BHALT L is asserted, the pProcessar
enters console DT made. If nat, the pProcessar beains execution by fetchine an
instruction from  the location pointed to bv the FLC. This mode is wseful for
turnkey applications where the svystem automatically begins operation withoot
orperater intervention.

Halt/Trar Option — 14

I+ the processar is in kernal mode and decodes a HALT instruction, BFOE H is
I+ BPFOK H is negated, the pProcessor will continuwe to test for BPOE H.

tested.

The pProacessor will perform a normal pPower—uprP sequence 1+ BFOK H becomes asserted
sometime tater. I+ ERBFOK H is asserted atter the HALT instructon decades the
halt/trar dumper (Jd14) is tested. If the Jumper 1is removed, the Processcor
enters consaole  OOT  mode. If the Jumper is connected to J138 (groundl)s a trae

location 10 will occur.

NOTE = In user mode a HALT instruction execution will alwavys result in a
trap to lacation 10 .

This feature is intended for situations. such as unattended aoreratians where
recovery from erronecus HALT instructions is desirable. Table 2-2 describes the
halt/trar Jumper functicns for Kernal and User processar modes.

TABLE Z-2 - HALT/TRAF JUMFER CONFIGURATION

JALMFER FROCESSOR

J1E to 1A MOLDE FLINCTION

R Kernal ' Frocessaor enters Consaole OOT microcade
when 1t executes a HALT instruction.

T Kernal Frocessar traers ta loacation 10 when it
executes a HALT instructiaon.

X llser Halt instruction decnde results in a trae

to lacation 10 regardliess of the status
af the Halt/Trar Jumper.
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On—Board Device Selection Jumpers

Six wire—wrap stakes an the 11/22+ module are wused to select which on—board
Pperirheral devices are enabled or disabled. The around stake can be cannected
to any combination of the other five stakes to obtain the desired configuration.
The Jumper functions are described in Table 3-%, baelow.

TARBLE Z-% - ON-RBOARD DEVICE SELECTION JUMFERS

STAKE NUMEER FUNCTION

410 This wire—wraer stake pProvides a ground source foar the
ather five wire—wrap stakes in this garoup.

J11 When araunded, this signal sets the line clack
interrurt enable flip—flop and allows the GI—-Bus
BEVNT sianmal to request progaram interrupts.

215 When grounded, this sigsnal disables the booat/
diagnastic reaisters, the hbaat/diagnastic ROMs, and
the line clock register.

12 When J1Z2 is ungrounded, the second SLU device and
vectar addresses are as follows:

DEVICE ADDRESSES INTERRUFT VECTORS
RC=R 77500 Receiver 200
RELIF 776202 Transmitter 204
XCER 77L£504

XEBLF 77L50A

When J12 is araounded, the device and vector addresses
are as follows:

DEVICE ALOORESZES INTERRUFT VECTORE
RCER 776540 Receiver 340
REBLIF 776542 Transmitter Z44
XCER 77544
XEBLIF 774544
Jdiz When garounded, this siganal disables the second serial

line registers. When unarounded, the device and
vectar addresses for the second SLU are determined
kv the status of the J12 Jumrer.
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Jd14 When araounded, this sianal disables the console serial
line registers. When ungarounded, the device and vectar
addresses foar the consale SLU are the faollawinssd’
LDEVICE ADDRESZES INTERRLIFT VECTOR
RCER 777340 Receiver Q&0
RELIF 777562 Transmitter 044
XCSR 777564
XRBUF 777566

SLLY CONNECTOR FIN FUNCTIONZ

J1 = CONSOLE J2 o= SECOND Su

FIN S IGNAL FLINCTION -

i EXT CLKE InpPut for an external SLU clock.#

2 Ground

= XMIT+ Tramsmitter auteput.

4 Ground

= Groaund

&~ N Fevs pPin not praovided.

7 RV - Receiver inrPut (most negative).

= RICV+ Receiver inePrut {(most positive).

o Sround

10 +12V Fower +or the OLVI1I-EA option.#% Fused at 1A.

#* If the DLV1I1I—-EA option is installed between the consale SLU and the
congole terminal,. Jumper Jd42—-1432 must be removed and Jumper J4Z2—.041
installed.

#¥ This pPin must be unterminated if the DLVII=-KA aption 1s not
installed,.

Gonsale S Switch and Jumeper Configurations
Four switches af a 1é6—pin DIF switch  Pack (E114) and four Jumpers Pravide
user—selectable features asscciated with the operation of the cansole serial

line unit. A JumpPer is availahle to disable the

Seu.

consale
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Console SLU Baud Rates

Switches 1 throuah 4 of the Z2 switch pack (E114) select 1 of 14 pPossible SLU
baud rates if the intermal baud rate generator is used as the clock source. If
the module is configured to arerate the SLU with an external clack, the
pasitions of these switches are meaninsless. The =L transmits and receives at
the selected baud rate. Split baud orperatiaon is not pProvided. The switch
configurations to select any one of the available baud rates are listed in Table
=10 belaw:

TARBLE Z~-10 - CONSOLE SLU BAUD RATE SELECTION

SWITCH POSITION

S2-4 S2-2 s2-2 S2-1 RALIDN RATE
N N N 0N 50

N N N OFF 75

N N OFF N 110

N N COFF OFF 1234.5
N OFF N N 150

N COFF N OFF 200

N OFF IFF TN Q0

N OFF OFF OFF 1200
CFF CIN iN N 1200
CiFF CIN N JFF 2000
CFF N OFF O 2400
OFF CIN OFF OFF SO0
OFF OFF N N 4200
CFF OFF 0N OFF 7200
OFF OFF OFF N 2 EQ0
COFF OFF OFF CFF 19, 200

As stated previowsly, the LUART can he configured to operate at a baud rate that
i

. & aenaerated externallyw. The baud rate is inputted to the module from the
external device throush connector Al Pin 1. The Jumper woptions are shawn
helaow.

JUMFER RATE SELECTEDN BALD

FROM TG FUNCTION INTERNAL EXTERNAL

142 A4z Connects internal baud rate I R

gencerator to the consale S
LART (Narmal configsuration)

J41 A4z Connects extermnal clock ta the R I
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cansale SLU UART
Comnsale =L Character Formats

Five wire—-wrap stakes select wpticons to establish the consale SLIY character
format. The ground stake can be connected to anvy combination of the other four
stakes to configure the character format aptions.

The followine table, Tabkle =11, describes how to confisure the character
format.

TABLE =-11 - CONSOLE SLU CHARACTER JUMFER EDNFIGURATIDN

JUMPER
FRCM TO A28 CHARACTER FORMAT OFTION
Az IN 7-bit characters
QT S-bit characters
37 QT Twa stop bits
IN e stop bit
NicToR IN Faritv check enabled
auT Faritw check disahbled
J40 IN dd parity if 246 is in
ouT Even pParity i+ J2& is in
* If 2=-bit characters (JZ7 0OUT) are selecteds pParitwy check must he

disabled (24 CQUT).

## U222 is the ground source for these functions. "In" means that a
Jumper connection is to be made to J3E,
Breal: Halt Jumpers
Twa Jjumpers enable and disable the Break Halt feature. If this feature 18
enabled, the detection of a break condition by the console UART causes the
processoar to halt and enter the actal debuseina technigue (JOT) microcade. I+

this feature is disabled, there is no response to the break condition. Below is
Table Z2-1Z, which lists the Break Halt Jumper coanfisurations.
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e

TABLE =~12 - BREAK HALT JUMPER CONFIGURATION

JAUMFER BREAE FEATURE

FROM TO FUNCTION ENARLED DISABLED
N b J4 Connects around R3# I+

te REF HLT H.

N A4 Connects DL1 FE H I K
to R HLT H.

# R = remaoved;s I = installed
Second SLU Switch and Jdumeer Confisurations

The second SLY is contfigured much the same as the comsole  SLU, excert that a
different set of switches and Jumpers are used ta select the availahle S
features. Alsa, the Halt/Break Jumper is not Present. Jumprers are  alsa
available ta select the second SLU, and tao select the range of addresses/vectars
to be used. The switch pasitians forr the second 2L baud rates are listed in
Tabkle Z-173.

TARLE =-12 - SECOND =L BAUD RATE SELECTION

SWITCH POSITION

SZ2-a =2-7 ) S2-5 BALILN RATE
N N N N 50

N (EhY) N CFF 75

N N OFF N 110
N CIN FF OFF 124.5
N OFF N N 150
IZIN CFF JIN OFF 00
N OFF OFF CIN AHO0
N OFF COFF OFF 1200
OFF CIN N N 1200
COFF CiN OIN COFF 2000
OFF N OFF N 2400
COFF N OFF OFF 2600
OFF OFF N N 4200
CFF OFF CIN COFF 7200
COFF OFF CFF CN YEO0

OFF CIFF OFF CFF 19,200
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The secand SLU mavw be confisured to orerate at an externally generated baud
rate. The baud rate is inrPutted to the module from the external device
throuah J2, epin 1. The Jumper aptions are:

JALUMFER RATE SELECTED BALILD
FROM TO FUNCTION INTERNAL EXTERNAL
J44 J45 Connects internal baud rate I R

aenerator to the second SLL
IHART. (Normal confisuration)

144 J45 Cannects extermal cloack to the R I
second SLU UHART.

Second SLU Character Farmats

Five wire—wrar stakes select aptions to establish the second SLI character
farmat. The around stake can be connected to any combination of the other
four stakes to coanfigure the character format ortions.

The Jumper stake functions ares

JALIMPER )
FRCOM TC 20 CHARACTER FORMAT COFTION
A2 IN 7=bit characters
QT S=hit characters
d2w ouT Twa stoe bits
IN e stoe it
dE IN Farity check enabled
CHT Farity check disabled
S32 IN Odd parity 1F 428 i85 1in
T Even prParity i+ A28 is in
* I+ 8-bit characters (J31 OUT) are selected. parityw check must be
disahled (428 OUT).,
## 30 is the eraund scurce for these functions. "IN" means that a

Jumper connection is ta be made to U320,

Boot/Diagnastic Switches and Jumpers

A 1é&-—pin DIF switch pack (E102) and twoe Jumepers on the 11722+ CRU module
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Provide switch—selectable bootstrae
florpy disks ar the custamer’s
the functionality as described in

Diasnaustic/Boatstrar ROMs are

Bootstrae/Diasnastic Configuration

Zwitches S1-1 throush S1-4 are
ProQram. Switches S1-5% throuah
Z1-2 and S1-4 to select the specific

=1 SWITCH CONFIGURATION

i N

= 0N

] OFF

4 CiN

# DECnet boot arsuments are:
SWITICH

BOOT DEVICEs## =1-4

nuvig N

oLvVii1i-E OFF

n_Vvii-rF OFF

## [DOLV1I1-E CESR = 775410
NLVI1—-F CER = 774500

X = Don't care

installed in

Switches

select a

FUNCTICON

T

i

~ L}

FOSITIONS

diagnastic pPrograms for hard and
boactstrar pProaram. The 11/232+ will
following-sectians anly i+ 2K
sockets E126 and E1Z27.

diagnostic and/or a bootstrae
used in condunction with switches
bootstrar Program desired.

execute CPU diagnastic

Pawer—ur or restart

execute memory diagnostic

FPower—upe or restart

select DECnet boot (=1-4
S1-7 are arguments#)

consale test and dialogue
+ CIFF)

aff, sel
Ppatched b+ 51
figuration (5

ect turnkewvw boot digs-—
=5 throuah S1-2 con-
i

-% OFF)

CESR = 760040 1ifF no devices from
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Al baats ather than the above DECnet boots are contralled by the bit
ratterns in the switches Z1-5 throuah Z21-% ar, 1if the console test is
selected, a mrnemonic and unit riambier. The consale test Prompts withs:

TESTING MEMORY

XXXX. KW Where XXXX is the decimal multiple of 1024 wards of RAM
START? found in the svetem when sized from O uwup 1n 1024 waord

increments. The first ward of each 1024 ward seament is
reads then written back inta itself. The sizing routine
anly sizes consecutive memory fraom Tacation O and ue.
NOTE: "Testing memory" 1s only  pPrinted 1if the memaoary
test is selected,. Turnkew mode 1s not selected and memory
gsize is greater than 27 EW with memory manasement present.
Allonwed ™ resPonses are a twa—character mnemonic with a aone digit octal
unit number (default O) or one of two special single—character mnemonics.
The respanse must be fallowed by a returns the special sinale-character

mremonics ares

Y : Use switch settings in S51-5% throuah S1-52 to determine
boot device

R N7 HALT = Enter Microcode O0OT

"TURNEEY" BOOTSTRAP PROGRAM SELECTION

SWITCHES Zi-5 RN ) =i-7 Sl-2 FROGRAM MNEMIONT
OFF CFF CIFF N RECOA Boot DM nl2
OFF OFF N CiN RLO1 or RLOZ Baot Ol n<4
OFF OFF N W] TUz2 (L at D0 mel2
77L500) Boaot
OFF N OFF OFF RXO1 Boot OXn nl
OFF N Y OFF RXOZ Boot oYrn n<lz

Boaot and Diasnastic ROM Jumpers

Twa Z4~pin scckets (E124 and E127) are pravided far the installation of ZF = &
ROMs  ar EPROMs. Whern EFROMs are inserted in the twoa ROM sockets, +5 valts
must he arrlied to pPin 21 af each socket. Far- all other ROMs uysed in this
ortian, ROM  address bit 12 (BTRA 132 H) must he applied to pin Z1. Note that
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FAGE =

ot T

supprlied devices mav be either ROM ar EFROM tvre.
JAUMFER MEMORY TYFE
FRIOM TO RiOM EFROM
A24 22 I+ R
S22 dT3 R I
# I = Installed, R = Removed
HB—-Bus Backelane Jdumpers
Two soldered Jumpers must be installed when the 11/23+ is wused in a backelane
in which the (—Bus (o Extended G—RBus) is connected to both the AR and CO
rows. Fard-Higgins supplied backrlanes of this twvpre include: H®Z270, HZ27%5,
and the DOV11-R. The Jumpers pProvide caontinuity for the interrupt ackrnowledaes
(BIAE) and direct memary access arant (BOMG) 0-RBus siganals.
MIMFER FUNCTION
Wi Connects backelane pins CMZ and CNZ
providinag continuity for RIAK L
Wz Cannects hackelane pins CRZ and =2
praviding continuity faor BROMG L
NOTE : If the KIDOF11-FE is imstalled in a LEI-11/C0 RBackelane (HYZ72-A)
and the W1 amd W2 Jumpers are in, pin M1 158 shorted ta CNI1
and pin CR1 is shorted to CZ1 on slot 2. Therefore, dao
rnot install perirPherals in the slot immediatelw folloawing the

FIF11—-B 1+ thevw use these lines.
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TABLE 2=-14 = FACTORY JJIMFPER CONFIGURATION

JUMFER JUMFER NAME JUMFER STATE FLINCTION

Wi BIAK I Frovides backelane continuity
for BIAK signal. Must be
installed when a LSI-11/
LZI-11 backplane is used.

Wz BOMG I Fraovides backeplane continuityw
forr BOMG sianal. Must be
installed when a LSI-11/
LEI-11 backelane is wused.

JLUMPER JUMPER NAME JUMFER STATE FLINCTION
FROM TO
J22 J2F +5V R Whern EFROMs are used,. Jjumper

J2q tao J23 is removed and
Jumper J2Z to J2Z is
installed.

Jd24 J22 BTRA 12 H I Connects ROM address bit 132
to Pin 21 of both ROM
sockets (E1Z&6 to E127)

S3 14 oLl FE H R Ernables BREAK HALT feature.
The detection of a break
condition bv the consale SLLU
cayses the pProcessor ta halt
and enter OOT.

AT 14 DLl FE H R Na halt aon break.

s A7 Master I Ernables internal master
Claock clocks do not remove.

R Ny FHASE I Connects PHASE signal tao Fit

chip clack driverss do nat
remove.

Jd1d Jd10 LTC ENEBJ L R Allows BEVENT signal to
request interrupts anlyw 1f
bit 4 in the Line Clack
Register (777324+4) is set.

J12 J10 oLz ADUR L R Selects the followins device
and vector addresses for the
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DEVICE ADDRESSES

RCER
RELF
XCER
XBUF

A1E JA10 oLz pIrsJd b

Jd14 A10 ODL1 OIsd L
DEVICE
RC=ER
RELIF
XC=R
XEBLUF

1S d410 BOE OIS L

A1 A Jd1E TRAF OPJ L

A17 1 s FLF CDoG L
J1 1= FUF COIJ L
JdZ0 21 XTL H

25 A2 RZV IN

77E£500
776502
7746504

77 L5064

ADDRESSES

77 L5460
77562
776564
T774L564

R

FAGE

SR,

VECTOR ADDRESSES

Receiver =00
Transmitter 3204

Enables the OLZ ADR.J L
Jumper to determine the
device and vector addresses
forr the second SLLUL

Selects the faollowing device
and vector addresses for the

consale SLLUL

VECTOR ADDRESSES

Receiver Q&0
Transmitter 04&4

Enables boaat/diagnostic
registers, boot/diagnastic
RiMs and the line clk
reaister.

Ernter consale OOT if the
Processar 1s executing a
HALT instruction and the
Fracessar is in Kernal

maode.

Rootstrae

Fower—up code

bit O Fawer—ue
Fower—ur code Maode 2

bit 1

Connects baud rate
cscillataer to the bkaud
rate generatar. Remaved
forr manufacturing test
anlv.

test

Console Loop—back dis—

r_t_.l
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A27

=
Yl

440

44

A4k

0
il

u]

[IX]

el
[x]

A4

XMIT QuUT

oLz

oLz

oLz

DLz

FARJ L

STid L

CH7.J L

oot L

DCORCZR H

LINITF (1) H

oLl

oLl

oLl

OLI

EXT

INT

EXT

INT

FAR.J L

STi. L

CH7.J4 L

ano L

CLEZ H

R

FAGE

X}
i

o

£33

abled.

Connects console SLU outeut
to the consale SLU connectaor.

[lisable

secand SLIU character
rarity chec

k.

T

Second SLU character contains
ane stop—bit.

Secaond S character contains
bits.

Second SLL parity check dis—
abled bvw DOLZ CODU L.

Installed only durine manu-—
facturing testina.

BINIT L clears consaole SLLL

Disables coansale ZLU char—
acter Parity check.

Consale ZLU character coan-—
tains one stor bit.

Console S character con-—-
tains & bits.

Console Parity check disabled
kv OLI FARD L.

Disconnects EXT CLE 1 ineput
from the consale SLLL

Caonnects baud rate clack to
the consale =L

Discaonnects EXT CLEZ inmput
from the second SLLU,

Connects baud rate claoack ta
the second SLLL
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TAEBLE =

SWITCH
NLMERER

1

(x|

NOTE:

=15 - BOOTSTRAP/DIAGNOSTIC FACTORY SWITCH CONFIGURATION
=5 (E102)
FOSITION FLINCTICON
2N Execute CFPU diagnostic upPon Power—upP or
restart
N Execute Memorv Diasnostic upon Power—up
or restart
OFF DECnet boaot disabled
N Consnle test and dialosue Enabled
QOFF
OFF
N RLO1/RLOZ Bactstrar Frogram selected
OFF

With the switch caonfiguration shown, the KFOF11-B uran Fawer-LUp
ar restart, will execute the CFU diasnostic, the Memary Diag-—-
nastic and then enter the Console test. I¥ the orPerator wishes
to terminate the Memory diagnostic and immediatelw enter the
Console test, the Control/C kevs must be depressed aon the
consale terminal. If the memory test is terminated hefore
completian, some memary locations maw have wrong fParity written
into them.

Z-3A
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TARLE 2-14 -  SLU BAUD RATE FACTORY SWITCH CONFIGURATION

SWITCH =z (E114)
NIMEER FOSITION FUNCT ION

1 CiN

= OFF Consale S set for 7400 baud eper Table
2=-10

= OFF
4 OFF
5 N

& OFF

7 OFF Secand SLU set for 2600 baud per Table
T—-13

[}

OFF

L






CHAFTER 4

Z40 FOWER DRIVE

INTRODIICTION

The DC40 is the first of a familvy of hiah perfoarmance S—inch disk drives that
incorPorate aprplicable elements of Winchester/Whitney technolaayw. lnformatted
storage carPacity of the DC40 is SZ.Z2 megabvtes, with 24.4 megabvtes in an
ANZI-standard remavable cartridee and Zé&.6 megabvtes on a fixed medium,

FIGLIRE 4-1 - DC40 BASIC COMFONENTS

Read/Write Electronics

Linear Motor/Carriage

Assembly

Cartridge Insertion
and Positioning

Mechanics Servo Electronics

Hub/Spindle Assembly

Cartridge Door

Logic/SMD Intertace Electronics
Operator Control Panel



nc40

BASIC

Basic

#

#*

FERFO

The p

FOWER DRIVE

COMFONENTS

comPonents in the drive are shown

in

Figure 4-1. Thew consist

Spindle with integral spindle drive mator and fixed disk

Cartridese inmnsertiaon and pPositioning mechanism

Linear serva motor and cartrideae assembly with read/write heads

Read/Write electronics

Serva rive electranics

Logic/SMO interface electronics

Air coaling and filtration componen

ts

Operatar control switches and indicators

RMANCE CHARACTERISTICE

er-faormance characteristics of the 40 [Disk Drive are shown

TARLE 4-1 - FERFORMANCE CHARACTERISTICS

CAFRACITY

nformatted

Faormatted

Cartridae 26046 Mbvtes 21 Mbvtes

Fixed Disk Z26.6 Mbvtes 21 Mbvtes

Total S52.2 Mhbywtes 42 Mbvtes
CONFIGURATION

Number of Disks 1 Fixed, 1 Removable (Cartridee)

Data Surfaces 2 Fixed, 2 Removable

Data Heads 4 (1 Per surface)

Serva Embedded

Tracks Per Surface &44

Track Density 555 Tracks per Inch

Track Capacity Unfarmatted: 20,4672 Bvtes

Farmatted: 14,334 Rvtes

in

FAGE 4-2

afe

Table 4-1.
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Actuataor

Acces

1]

Average Latencwy
Rotation Sepeed

Data Transfer Rate
Start Time

Stor Time

Star Time (Fower aoff)

Interface
Recordine Method

Recordine Density
Flux Density

FHYSTICAL DIMENSIONS

[lrive Heiaht
Width
[Derth
Weiaht

Cartridae Height
Width
[epth
Weiaht

FERFORMANIZE
Linear Voice-Coil Motor

Time (Seek and Latency)

Track to Track: 10 msec.
Average: 35 msec.
Maximums: 55 msec.
.45 msec.
2545 RFM
1.229 Mbvtes/sec.
4% seconds
15 secands
120 secands

READ/WRITE
=MD
Whitnev, 2Z—af—7 run lensth
code
10.,38% bits/inch
725% flux—reversals/inch

4.2 1n (117.4mm)
2,55 in (217.1)
14.00 in (255, 6mm)
26 lhs (11.8ka)
1.0 in (Z5mm)
2.2 1n (Z02mm)
2.2 1in (21 1mm)
1.5 Ths (0. 7ka)

Timit

FAGE 4-3
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FIGURE 4-% - OFERATOR CONTROL FANEL

Powen

LoaD

e
PROTECT]

L anlar 3
rAoTECY

oN  80dT RuN
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OFERATION

Operator Controls and Indicataoars

The lTacations of the aperatar controls and indicators are shown in Fisure 4-2.
A1l operator controls and indicaters are on the front panel. A full operational
description of these controls and indicatars are given in Table 4-2.

TABLE 4-2 -

CONTROL OR

INDICATOR

START/STOF
Rocker Switch

CONTROLE

AND INDICATORSE

OFERATIONAL

DESCRIFTION

To initiate a spin—up and load heads sequencing of
conditions have

the drive, assuming the faollowins

been met.

A. All eraper D power has been pProvided

R. The cartridee is loaded

. The cartridae door is closed and lacked

. The head carriage is homes in 1ts unloaded
rpasition

E. The loacal mode aption is selected (if the
remote aption is selected, the hold contraol
line should be at a low Togic level)

Fressinga the START switch enersgizes the spin motor
and brings the disks up to normal sepeed. while a
Purge pPeriad is under wav. After the Purge period
the heads are loaded anta the disks and a seek

to cylinder zera 1s performed.

Duringe the
diagnaostics

start sequence a resident set of
will have been executed.

[rive Readv is achieved in 45
indicated when the Readw

and 1s
1it.

secands
indicator 1is

Fressing the S2TOF switch durine the spin—ue
sequencing, ar when the drive 1s Readw inmitiates
head retract to the home positicon and seindle
braking. This requires arpraximately 15 seconds

for the caomplete spin—~down seqguence. Whern the
LOAD indicator is 1it, the cartridese mav he
removed. An automatic safety latch secures
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WRITE FROTECT
Roacker Switch

FOWER
LED Indicator

Loan
LED Indicatar

REALDY
LED Indicator

WRITE FROTECT
LEDl! Indicator

the cartridge access door clased any time the
LOAl indicataor is nat 1it.

The START/STOF switch will aleo clear a
Pprimary fault and initiate a reset procedure
bvw cveline the switch fraom its current
position and then hack asairn. See "ERROR
CONDITIONS ANDN ACTIONS, "

Allows the arerator ta Place the drive’s
fized media in read-only made for file
praotection PurrPoses. Fressing this switch
will turn on orr off the Write Frotect
indicator (towards indicators: ans awaw
from indicatars: aff). When the
indicator 18 1it, writing on the fimed
disk 1s inhibited,. and any command ta
write in the pProtected file will cause
an erraor. Ta update fixed volume data
the Write Frotect indicator must be
turned off, allowing both reading and
writing.

The Write Frotect switch will also clear
a secondary tvpe of device fault and
initiate a recavery rprocedure hbv cycling
the switch from its current position

and then back agsain. See "ERROR CONLD-
ITIONS AND ACTIONZ, "

Write Frotect status for the removable
cartridae 1s governed bv a removable
write enable talk on the back of the
cartridase. When the tab 15 remoaved,
writing in the remaovable valume is
inhibited. Anyvy command to write in the
protected files will cause an errar
canditian.

Indicates that [ power i1s on.

Indicates that drive is available
forr disk cartridee insertion or remaoval.

Indicates that drive is readv to receive
commands for data transfer to/+from hast.

Indicates that fixed media has hbeen
write eratected.

FAGE A-4&
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Neotes When anv of the indicators are flashing on and aff, an error
candition code i1s being indicated to the oreratar. Refer tor
section an errar conditions and actions.

COrperating FProcedures

The foallowineg procedures are for nparmal dav  to davw use  and cshould oanly he
rertormed after installation amd initial checkout has been performed.

Fower Lip

Arrly Pawer to disk system epower supPprlies or with the oepticonal DC power suppPly
Pplace the ON/OFF switch tao ON. Both the POWER and LOAD indicataors should now hbe

Start/Sein-Lp

1. Install disk cartridae as per the "CARTRIDGE INSTALLATION®
Procedure.

e Flace START/STOF switch to start. The LOAD indicator will
e=xtinguish as the cartridee door is lTocked and the sein motor
coames yp to speed.

a8

. Within S0 seconds the READY indicatear should illuminate. If
after 20 seconds the READY indicatar is naot 1it,. am errar
condition may exists see the pPracedure on errar conditicns
and actions.

Write Frotect
1. Remave write tah from disk cartridese as shown in Figsure 4-3.

2. Ferfoarm Start/Sein-Up pProcedure.

0l

. Flace drive in Write Protect mode bwv depressina the WRITE FROTECT
switach, The WRITE FROTECT indicator should now be 1it.

Stor/Spin-Down

i. Neprress the START/STOF switch to STOF. The READY indicator will

]
0
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extinauish as the spin mator spins down. After 10 secands the spin
motor should have stopped and the LOAD indicator illuminated.

Lo Remove the disk cartridae, if desired. as per the "Narmal Caftridge
Removal" Procedure. Remember the cartridee door does not unlock
until the LOAD indicator is 1it.

Fower Down

Remave power to the disk svstem power surplies ar with opticnal DO pPower supply
Pplace the ON/OFF  switch to OFF. A1l indicators should now be off. With no
Power pPresent it is imPoscible to  aren the cartridee normally. See the
"Emergency Cartridae Removal'" eprocedure.

Cartridee Handline and Storaase
Whern handling or storina the removable disk cartrideae,. shown in Fisure 4-3, the
following practices should bhe observed.

1. Never manually trv to oren the door ta the air inlet and head part
GREMNLNDS.

e Store the disk cartridee in its protective dacket when not inserted
in the drive.

G Avald stacking the disk cartridgaes on one anather. Cartridees can
bhe stored an edae or flat.

4., When the cartridae is removed from its pProatective dJacket, stoare the
Jacket in such a wav as ta prevent dust fraom callecting inside.

£

. Oisk cartridees showuld be stored in a cool, drev place and kert free
aof dust accumulations. Freferably stored in the same computer raam
ar office as the drive ar in an equally clean and temprerate enviran—
ment.

o Cartridaes should he keept awaw from masnetic sources. [l not place
cartridgaes an tap of drive enclosure ar near CRT diserlavs.

7. Feerp cartridaes out of direct sunlight and away from sources of
heat.
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FIGURE 4-2 — REMOVAELE DISK CARTRIDGE

Door Open Sensor

Armature
Door Opener Plate

Protective
Jacket

Slide-in-Tab Air Inlet

Opening Head Port

Cartridaee Stabilization

The remaovable disk cartridee must be allowed to stabilize to the same
temperature as the drive at least one hour pPrior toe installation and use. In
the event a cartridee is brought in from a temeerature environment sianificantl-y
calder thanm the operatine temperature, below &LHO degarees F (1 ), the
Ppassibility of candensatiaon in the cartridee exists. I¥f condensation occurs,
disk cartridges should nat be used for at least Z4 hours atter all condensation
disaprrPears fraom the exteriar surfaces.

Error Condition Codes

When anv of the LED indicatars are flashing on and off, an error conditiocon or
fault has accurred. The indicators will be flashing repetitivelw a three diait
hexadecimal code in the form FXX, where the hexadecimal digit F indicates the
start af the strina and XX are the actual two digit hexadecimal error code.
Table 4-% contains all error codes and a descriptiaon of each.

Operator Actions
There are twa tvpes of error conditions: Pprimarvw device faults and secandary

device faults. The faollowine are a list of the required actions.

1. Ta clear a secandary device fault anmd initiate a recaverys cvele
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al e

A list aof all
Table 4-3=.

in

TAELE 4-% -

ERROR

CODE

1%

i1c
10

°

Carl
froom

the WRITE FROTECT switch

cvicle of the
alsa be
the

clear a

START/STOF

If neither
cantact

Procedure se
o r

errar

ERROR

FASGE 4-10

from its

current pPaoasitiaon for one complete
flashing lights, and then back again. These faults

cleared and recovered by lssuing a fault wlear command

Contraller.

Pprrimary device fault and initiate a recoverwy, cvole the
switch from its current epaosition and back asain.

@ms successtul ar the rroblem pPersists,
Presentative.

[

service @

cades and required aperatar actions are contained

CONDITION CODES AND OFERATOR ACTIONE

ERROR FALILT TYFE OFERATOR
[DESCRIPTIONG F/= ACTIONS
HAROWARE - EBasic

No carriage return from terminal F 2,3
Deadman timer too short i F 2,3
Deadman timer too lone

Write current unsate F e
Fower unsafe test failed F JER
Not Lsed

Not Used

Naot Used

Nat Lsed

Not Used

Not Used

LDownload checksum error F PERR
Naot llsed

Nat Used

HARDWARE — Contral

Not Lsed

Cannot finmd svnc F 2.3

Serva field error = 1,2.2

Not Lsed

Noo inde = 1,2

Write gate fault = = 1.2

Write aate fault 1 = 1,2

Actuatar current detected F 2,3

Hardware fault F 2,3

Actuataor command with no = 1,2,3
caommand in

N [x]

affset

o
Wi

directed, but have

1.5,
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=y,

Py i

=0
ZE

IR IR | 1:7: l:_h .B X

I D DRt

mo oD

47
44
45

4
47
4=
4%
44
4K
41
4L
4E

FOWER DRI

com
Have
+au
Nat
Nat

Oper
orde

Togale

1. Togale
Z. Contact Service

SPIN
Will
sein
SRin
Not
Not

Trving ta

Naot
Nt
Nat
Nt
SPin

=pin
SePin

ACTLATOR
s nat
s retracted
operation

s did nat
taading Heads
emeraency

Head
Head

Head
No spin
Head
retract
Heads naot
Not llsed
Nat lLlsed
Not Lsed
Nat lsed
Not lsed
Not llsed
Not llsed

Not

Ceerator Actions to
r-aone at a time.

ar-de

VE

mand

detected fault,

1t
lsed
ileed

ator

r one

not sein
wrone direction

nina

up too

leead
lised

USG‘ g

lLlsad

llsed

US(-? rj

down
Not seinning for Hall

t‘ [ Eu)
t‘ i

& did nat

lsed

Actions ta
at a time:

be taken

WRITE FROTECT switch
START/STOF switch
Rerresentative

sPpin—-upP when naot starped

unloaded
during normal

bhe taken

H]

Fl

T

TmToTm

o

FAGE 4-11
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(ORI RN S

LS I ) ) R I ) B QR R B
L1

0D g

H

&C
&0
LE

71

1. Togale WRITE FROTECT switch
2. Togaale START/ZTOF switch

Z. Contact Service Representative
SERVO
Na end conversiaon ADC

A/D out of tolerance

/A cut of tolerance

OFff track—-pasitian

COf+f track—-address
Nat Used
Not Llsed
Noat llsed
Not Llsed
Not Used
/A to A/D disagree
Seek error — did not arrive

at tarset

ek duration tao long
eek retrv — too marny

MISCELLANEOUS

Software interrcupt

Fower unsate interrupt

ICF interruept

CF interrupt

TOF interruet

Terminal interrupt

NMI interrupt

Dooar switch closed when
salenoid energized

ODoar orened during normal
aoreration

Not encush cvlinders in inner
auard bkand

Not encueh cvlinders in auter
auard band

Not Used

Not sed

Not Llsed

Oreratoar Actians ta be taken in
aorder one at a time.

1. Toaale WRITE FROTECT switch
2. Togale START/STOP switch
Z. Contact Service Representative

OFERATOR and =MD INTERFACE
Nata pParameter entrv erroar (kewvhd)

mmT™

]

wmm

0% 00

T

TTmTmMmTmmTm T

—
NN ]

.
g

1,

[

1,
i,

[

SO

RS S CU S S U S I (U O
AR RO RO R

i
b

1
0 {

1
)

1,2,2

FAGE 4-12Z
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7z Cartrideae not in pPlace F JEPRC:
7z Doar not closed praoperlwy F 2.3
74 Cvlinder request over ranse = 1,2,
75 Not Used
76 Seek attempted when not readwy, = 1,2,2
not on cvlinder, seek error
ar fault
77 Both rev. and fwd. offset received = i,2,32
73 Invalid user command = 1,2,%
7 Taga-2 received when not ready = 1.2,3
74 Nat Lsed
7k Not Llsed
7 Not llsed
70 Not Used
TE Not Used

Operator Actions to be taken 1in
arder ane at a time.

WRITE FROTECT switch

T

. Taogale
T 1

X N

. naale START/STOFP switch
. Coantact Service Reepresentative

Environmental Caonsiderations

Both the Maodel DC40 and Cartridae have been desiganed to opPerate in a comPuter
I o or tverical office envirornment. Table 4—-4 summarizes the required
enviraenmental conditions.

TABLE 4-4 - ENVIRONMENTAL CONSIDERATIONE

TEMFERATURE

Orerating Orives 50 to 104 F (10 tao 40 ) with masximum 9radient
of less than 2 F (1 £) per minute. nat to
exceed 12 F (1 C) pPer hour.

Nan—Orerating Orive: =40 to 140 F (=40 ta &0 )
Cartridoae Storage:d O tao 115 F (=15 to 446 )

Notes Cartridoes must bhe alloawed to stabhilize
to the same temperature environment as the drive
for at least one hour pPrior to installation and
Use,

RELATIVE HUMIDITY
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Operatineg rive:
Norn—Operating Orive:
Cartridae Storage:t

Operating Drive:
Non=UOperating lrives
Stoarages

Cartridae

Fower Requirements

The LIC pPoawer surply used
valtages, Table 4-5, wi

drive coannectar.,

TABLE 4-5 - DC FOWER REGUT
VOLTAGE INFLUT  TOLERANCE
@ 25 0
+5 0V +/= 4%
-G.2 V +/— 4%
-12 V +/— S
+24Y +/ =

Interface Cables and Conne

The DC40 uyses an industry

cables. The "A" cables
cable, 24 lines, contains
each cabhle are listed 1in

Tabkle 4-7.

FAGE 4-14

20 ta 280%, non—condensing
5 to 95%, non—condensing
& ta 95%. non—condensing
ALTITUDE
1,000 feet (300 m) below sea level tao
10,000 feet (2 km) above sea level
1,000 feet (200 m) below sea level ta
40,000 feet (12.2 km) abave sea level
Same as Non—UOperating Drive.
must ke carable of delivering the followinsg DO
thin the specifications provided for @ach at the J10
REMENT=
REGULATION LIOAD CLURRENTS
OVERLOAD RANGE MAX MIN
+/—- Q.=5% an =A
+/—- 2% ZA 1.5A
+/~— 2% JERTAY Q. ZA
- 4. 54 0. 154
ctars
standard SMI interface, consisting of two flat ribbcn
&O liness caontains all the control signals and the "B
all the read/write signals. The pPin assignments for
Table 4—4 and the general characteristics are Qiven in
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TABLE 4-4 — =MD INTERFACE CAEBLE FIN ASSIGNMENTS,. A CABLE

S IGNAL DIRECTION OF SIGNAL BALANCED =TGNAL - NOTEZ
NAME CONTROLLER DRIVE FINZ (=,+) :

Tas 1 e 1,31
Tag = = e =
Taa = = e e I

Bit © 0 e e e 4,
Rit 1 = e e 5,
Bit = S by
Bit = e 7, =
Bit 4 0 meememmme e =, 3
Rit & 00 e e 9, T
Fit & = s 10, 40
Bit 7 = e 11,41

EHit & = e 12,47
Eit ¥ mmmmmmmemee e 13,43

COrpen Cable

Netect = = i4,44
Fault = —eccceee—eee e 5. 45
Seelk Errar 00 0 —eemmemmm e 10y 4ba
O Cvlinder ————————e—ee— e e 17,47
Index = s 15,48
Init Ready  ——————————e e 19,4%
Address Mark

Faound = e 20, S0 1
Busy 000 e 21,51 =
Init Select Tag ——————————————— e LS
Unit Select 2 @ ———mmemmmm e T, S
Uit Select 2 2@ ———————mmm e 24, 54
Sectar 00000 eeme———————————— e e e
Unit Select 2 2 —————ememememee e Ty St
Unit Select 22— =757
Write Frotected ———————————e———— e 28,52
Fick = e e e o i) =
Hald 00000 e e = 4
Not Used e e e 20, 0

NOTES: 1. Alwavs lagic rera if unit selected

2. Daisv chained sigsnal, not generated

e Not balanced sianal, daisw chained naot interpreted
4, Not balanced signal

Ground =000 meee—eeme e i
Servo Clack @ ——memmmeme e e .14
Ground 00 @ e 15

Read Data @ ~ = S, 1A
Ground 0000 @ e 4
Read Clack 0@ e 5,17
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Graund
Write Clock
Ground
Wr-ite [lata
Ground

nit Select
Seek End
Ground
Index
Graurnd

Sectar

TABLE 4-7 -~

A CABLE Tvrpat

SMIO CABRLE CHARACTERISTICE

20 Pair, Flat Cable

Twists Fer Inch: 2
Impredance: 10Q0+/-10 Ohms

Wire

Sizet 22 AWG, 7 Strands

 Froepagation Time: 1.4 to

Ma=imum Cahble Lenath: 100
Voltage Ratina:

B CARLE Tvpeas

26 Conductor, Flat

Flane and DOrain Wire
Impedance: &5 Ohms

Wire

Size: 28 AWG, 7 Strands

Fropagation Time: 1.5 to
Mazimum Cahble Lenath: S0

Voltage Ratina:

Configurations

When using the Daisv—Chained disk swywstem
is allowed ta have A
DIF resistor packs he

board of each drive in the chain excert for
bhe unsed the internal resistar packs must be

the last drive)

that four 14 ePin

The following pracedure lists the steps

recsistor packs (refer to Figure 4-4).

CAUTION: This procedure should anlw
Ppersannel.

i. ODiscannect all power and intert+ace cables from the drive.

200V rms

Cable with

Z00 V rms

sianal
remaved from

T

be pPerformed b

nsec./+t.
cumuylative

Graund

neec./ft.

drive

et

terminators.
their
If external
remoaved,

trained service

FARGE 4-14

(usually

This requires
the base FLC
terminators are to

terminator
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e Remave the six screws

(three

unit that secures the base FC

. Lower the FC board from the drive
Cautiaon

ribbon cabhle and ground wire.

comranaent

4., Remove th

their OIF

resistaor

The inter

e =

b3

Rereat Procedure

FIGURE 4-4 - DAIZY CHAINED

ecure the
i removed screws.

s can be

@ foaur lé6—-ePin
Use an

sochkets.

nal Jumper

for all

damaged b

base FC board back

resistor

aprtions should he

required drives.

a side)
board to the

an

Packs,
IC extractor
packs for pPossible future

o

disconnecting the
must he
electrostatic

s,

the bottom

INTERFACE CONFIGLURATION

DAISY CHAINED SYSTEM

along the
drive.

shawn

in Figure
if availahle.
set at this time.
5. Replace inter—board ribbon cable and sround wire.

of the drive
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Unit Address Selectian

The lwgical unit address is set for each disk drive by selecting the rFroper
switch setting for the DIF switch block that resides behind the weerator contral
Ppanel on the base FC baoard. See Figure 4-0. To @ain access to these switches,
Just fliep the contral Panel ue. A list of rFPossihle addresses and their settings
are aiven in Table 4-3,

TABLE 4-% — LNIT ADDRESS SWITCH SETTINGS

LOGICAL LUNIT  ALODRESS RITS SWITCHES
ANDRES= 2 2 2 2 i =2 2 4

0 O O O 0 N CIN N N
i Q 0O o0 b N ZIN ZIN OFF
= 0O o 1 o N N CiIFF N
= O 0 N N FF OFF
4 8] 1 O 0 N OFF CIN N
b o 1 0 CIN OFF TN JFF
& o 1 i 0 N COFF OFF i
7 O 1 i (Y OFF OFF OFF
= 1 O O O OFF CiN N N
= 1 o o 1 OFF N CiN OFF
10 i 0 1 0 0FF 0N OFF N
11 i o 1 1 COFF N OFF OFF
12 1 i Q Q OFF OFF N CIN
= i i 0 OFF OFF N OFF
14 1 i i o0 OFF CIFF CIFF N
15 i i i i OFF OFF OFF OFF

O+ the two aother switches, switch &4 is naot used and switch S 1s far the remote

sPin—uP artion. See Tabhle 4-7.

Internal Jdumper Optioan Selection

Several user selectable Jumper aptians exist on the base FO board. A list af

the Intermal Jumpers is contained in Table 4-%.

The fallowine procedure lists the required sters to cselect the aPPraorriate
Jumeper optiaons.
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CALITION: This procedure shauld only be performed by trained service
persannel.

1. Discannect all power and interface cables from the drive.
unit that secures the hbase FC board ta the drive.
ribbon cable and around wire. Caution must be used since

comPanents can be damaged bv electostatic discharse.

4. Select prorer Jumper options by referring to Table 4-%.

i
8
o
g

pltace inter—board ribbon cable and 9round wire.

>~
B

TABLLE 4-% — INTERNAL JUMFER OFTIONES

2 Remave the six screws {(three on a side) altong the bottom of the

e Lower the FC board from the drive, discannecting the inter—board

FAGE 4-1%

Secure base PO board back to bottom of drive using the six removed

DEZCRIFTION ROARD SETTING= FACTORY
LOCATIONS DEFALILT
S5 Remote Sein-Ue Switch Lipz Local Spin-Ue
Block [own: Remote Spin-Ue
Z1 Regad Oriver Enahle A7 Forr Maintemance Onlw
272 Read Clock Polarits ~7 is2% Normal
ZsZs Inverse
Zf Zeek On Head Change E11 G: Automatic Seek On
Head Change
= Seek Command Reaquired
After Head Change
Z7 Interface Serva J5 1.2 Freauency Lacked
Clack Saurce Claock
23t Serva Field Clock
27 External ROM M10 For Maintenance Only

Emulatar
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OC Power Cabkle and Connmector

If the aeticonal I power supply is not being used. make sure the D0 supply cahkle
consists  of eight single wires, 18 AWG, and the cable connector is a Molex 2139
Teries or equivalent female cannector. Zee Table 4-10 for the J10 DD pawer rFin
assignments.

FIGURE 4-5 - BASE FCRB, INTERNAL .JLUMFER LOCATIONS

T T =L r(HHHH
79 m;
3
Nits
i 2
2386
L
2
oD 72
@o Z1

[ 17
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TARLE 4-10 -~ 110 POWER FIN ASSIGNMENTS

FIN NLMEBEFR LISAGE

+24 V
Ground
Ground
-1z V
Ground
-5V

Graund
+5 0V

LOCREN S | I ~ S T S I

GROUNDOING

T ensure reliable orerations, a good 0D arcund should exist between all drives
arnd the controller o compPuter svystem. Heimg a low impedance braided cahle,
cannect all the drives in the disk svstem togsether with the svstem ground. If
oprtional M2 power supplies are beins used,. thev too should be connected to this
araugnd.

INITIAL CHECEDQUT AND START LUF

The followinae procedure is wused to make the initial Ppower apprlication ta the
-4 Fower Orive. This Frocedure assumes that the pPrecedinge proacedures and
requirements af this section have heen perfoarmed.

1. Ensure the svstem AL pPower circuit breaker i1s aff.

e Verifvw the START/STOF racker switch 18 in the af+ poasitiaon.

N Install the DL power cable from the OO Power supply ta the J410
connector at rear of drive (connector not keved).

4. Camnect the A and B interface cables accordine to the disk
svetem configuration.

=, Turn on the subswstem AC pPower circuit breaker.
Foo Turn an svstem power switch. The FOWER and LOAD indicatears

should be illuminated. The WRITE FROTECT indicator mawv be ans
derpending an the pasitiaon of the WRITE FROTECT rocker switch.
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7.

Insert a disk cartridae into the disk drive. As the cartridae
dooar closes, an audible "clunk" should be heard when the
cartridee seats on the spindle.

Fosition the START/STOF switch to START. The spin—-upP sequence
is initiated: the spindle should begin ta rotate, the laoad
indicator extinsuishes and the cartridee door locks.

Ensure that disk is caeperatineg normally, and no error
Mmessages aCcur.

G-

e
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OFTIONS .

The i1tems in Tahbhle 4-11 are accessories to the DC40 Power Drive.
TABLE 4-11 - OPTIONS
DESCRIPTION FART NLUMEEKR

Removable Cartridae ORZ2-007753-001
0OC40 Fower Supply, 120 VAC 101 -00150~-001
N-40 Power Sgeply, 220 VAC 107-01074-001
Cable, Fower Surpely to Orive 102-004923-~-001
Cooling Fan Assemblvw, 120 VAL 1O7-01067-007
Coaline Fan Assemblw, 220 VAL 107-0104L7-002
SMIr Contral "A" Cable 10Z2=00147-0XX%#
=MD R/W "B" Cable 10Z2-00142-0X X%

#Last twoe digits denote cable lTensth

CABRLE LENGTH = 4 &
(in feet)

b}

10 1% =20 25 20

il

n

40 =0

"A' Cahle 01 0z 0z 04 0% 04 07 08 O 10 11 12
(Radial)
102-00147-0XX

"A"Y Cable =1
(w/Tlaisv Chain
Connectar)
102-00147-0XX

ta
A
100
Tad
Y

H
n
L
o~
et
~d
1ok
1
)

ey 40 41 4=

"B Cahle 01 Oz
102-0014=2-0XX

bl

[

04 QS 04 O7 03 0% 10 11 12
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CEo6 DISE CONTROLLER

INTRODMICT ITON

Described in this manual ie the installation, aPeratian, Programming,
troubleshoating, and theory of aperation for the Ford-Higgins Ltd. CEO& Disk
Controller. The contraller interfaces the 11/23+ computer to one or two SMD I/0
disk drives, includineg S— and 14-inch Winchester,. ZMO pack and CMD cartridee
tvre drives. The entire contoller occurlies one auad module in the backrlane.
Full sector  buffering in the caontaller matches the transfer rate of the disk
drive and the CFLL The coantraller 18 compatible with REOA/REQ7 software drivers
in RT=11, REX-11, and RSTS/E.

CONTROLLER CHARACTERISTICS

The CO0A Disk Controller links the 11/7232+ computer to oane or two disk storaae

units. The cantraller receives and interprets commands froam the compPuter and
transtates them inta a Fform compatible with the dislk. Buffering and sianal

timing for data transfers bhetween the comeuter and the disks are alsa handled b
the cantraller.

The sequence and timina of the controller isg a microPraCessar. The cantral
information is stored as firmware instructiaons in read—-only—memory (RIOM) an the
contraoller  board. A diagnostic program contained in the ROM  tests the
functional areratiaon af the cantraller. This self—-test is Performed

automatically each time pPower is arFrplied. A areen liaht on the coantrol board
indicates 1f the self-test is successful.

Data is transferred directls to and from the computer memoary usina  the [IMA
facility aof the 11/2Z2+ @-Bus. The cantraller monitors the status of the disk
units and the data heing transterred and syPrPlies this information to the

caomPruter uPan request, An error carrectian code  with a S46-bit checkword
carrects error bhursts ue to li-bits. Tao compensate tfor media errors, bad

sectars  are skiepped and alternates assianed. There is alsao an auvtamatic retrwv
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feature for read errors. The cantroller 1s carable of addressing wuer  to  four
megabvtes and contraolling up to two disk drives in variaus configuraticons ue to
a total on—-line formatted capacity of Z20.32% megabhvtes. cFigure S5-1 is A

simplified diagram of a disk svstem.
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FIGURE

LSt

N

S—-1 - DIzkK

Q 8uUS

CONTROLLER

SYETEM DIAGRAM

CONTROL (14)

CONTROL (15)

\

DATA (16¥ ADDRESS (22)

CONTROL (8)

POWER GROUND ?

N

-

COMPUTER
INTERFACE

MICROPROCESSOR
DisC
CONTROLLER

J2

Ji

oi1sCc
DRIVE
INTERFACE

J3

FAGE S5-Z

26-PIN DATA CABLE

26-PIN DATA
CABLE
< > oISC
DRIVE
]
60-PIN
CONTROL
CABLE
0isC
DRIVE

FOR SECOND DRIVE

11/22+ —=RBus Interface

Commandss, data and status transfers hetween the contraoller and the computer

executed
direct to memary
under programmed I/0.

TAEBLE S-1

RiI=

via

PIN

ACZ,AIL,AML, AT,

EB.1,

EM1,BT1,BCZ,

Coz,Ca1,CM1, 071,
ncz,oi1.0M1, 071

AN1

AF1

AR1

the pParalliel
via the DIMA facilitwy
Controlier/H=bus

CONTROLLER/GQ—RIUE

MNEMIONTIC

GNII

BOMR L

BHALT L

BREF L

I1/0 bus

a¥

CONTROLLER
INFLUT/
QUTRUT

(&)

(8]

N/A

N/A

(—~bwus)

af the
H=hbuss

the
interface

INTERFACE LINEZ

comPuter.

lines are

cammands

DESCRIFTICN

=

Zional

Direct Memarsy

Access

listed

and
in

(OMA)

request from controller:
active low.

Stops pragaram execution.

Refresh
Console

Memaor v

Refresh.

and I'MA i1s enabled.
aPeratiaon

Data transfers
status

Table

Ground and DOC return.

is enabled.

are
are
e

-1,



ZR0A

EA1

EER1

EN1

ER1

ARZ
DAz

Az

AF

AHZ

A

AkZ

AAt

AMZE
ANZ
CMz

DISK CONTROLLER

- BAZ, BV1, CAZ,

- B2

»ARL1, ALZ, BF1

BOZOE. H

EBFOE H

BZACK L

EEVNT L

+1=

EOOUT L

BRFLY L

EBOIIN L

BIYNC L

BWTET L

BIRG4L, 5,
L7

BIAKI1T L
BIAK 1D L
BIAKZI L

N/A

O

N/A

I/70

I/

/0

I1/0

I/0

FAGE

O power ok, A1l OC valtages
are normal.

Frimar+ pPaower ok. When 1ow
activates Fpower fail trare
SequUuence.

Select Ackrnowledae. Inter-—
Tocked with BOMGO indicating
contraller is bus master 1in a
[MA sequence.

External Event Interrupt Re—
auest. Real Time Clack Con-—
tral.

+5 vaolt svstem Power.

+12 volt gvatem pPower.

Oata Tut. Valid data from bus
master 1s on the bus. Inter-
locked with BRFLY.

Rerplw from sltave to BOOUT ar
BOIN and during IAEK.

OData Input. InrFPut transter to
master (states master 1s ready
for datal). Interlocked with
BRFLY.

Svnchronized! becomes active
when master Frlaces address oan
huss stawvws active during
transter.

Write Bvte: indicates autePput
sequence to fallow (DATO ar
ODATOR)Y ar marks bvte address
time durina a DATOR.

Interrupt Request.
Serial Interrurpt Acknowledae

ineut and ocutrput lines routed
from B=Rus, throuah devices, and
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CNZ BIAKZO L. a back to processaor to establish
and interrupt priorcity chain.

ATZ BINIT L I Inmitialize., Clears devices an
I1/00 bus.

AlLlZ, AVZ, BEZ, BF 2, BOALO L

BHZ. BHZ, BEZ, BLZ through 1/0 Data/address lines, 0—-15
EMZ, BNZ, BFZ, BRZ, BOAL LIS L

RZZ, BTZ, BLIZ, RVZ

AR BOMGIT L 1 IMA Granmt Ineput and Cuteput.

ASZ BOMG1O L o Serial IMA pricrity line from

CRZ BOMGZTI L I coameruter, throuah devices and

c=z BOMGZO L back to computer.

AFZ BB=7 L I Bank 7 Select. Asserted by bus
master when address in upper 4k
bank is placed an the bus,

ACL,ADL,BCL, BO BOAL 14 L i Extended Address Bits 14-21.

RE1.RBF1 -BOAL 21 L

Interruert

The interrupt vector address is factoryv—set to address Z10 (ar 254). The vector
address is Progarammed in a FROM on the controller,. allowing user selaectian.

Interrurt resuests are senerated under the faollowing conditionss:
i. When the Contraller Ready bit is set wuron comeletion of a command.

z. When any drive sets an associated Attention Flas in the Attention
Regaister and the Controller Ready bit is set.

. When the contraller or any drive indicates the Presence of an errar
bv setting the combined Errar/Reset bit in the Coantrol and Statwus
Reaister.

4. Whern the Controller Readyw bit is set by conventiornal initialization
upon comPletion of a cantroller command or when an erraor condition
is detected. A forced interrurt mawv be generated bv the
Controller Ready anmnd Interrupt Enable bits for test pPurposes.
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Oisk Intertfarce

The
I+ two drives are
drrive O and 1. The
controller tao  each
The maz=imum lenath
interface signals,

TARLE S-2 -~

SIGNAL NAME
(FHL. TERM)

elect O
elect
elect
elect
Select Enable
Set Cvlinder
Zet Head Tag
Contral

Device !
Device
Device
Device

0w

G b

Taa
(TAGD)

elect

)

Bus COut O (BITO)
Bus Tut 1 (BIT1O
Bus 1wt 2 (BITZ)
Bus Tut = (BIT3)
Bus Cut 4 (BIT4)
Bus Cut S (RITS)
Bus Out & (BITA)
Bus Tt 7 (RIT7)
Bus Ot 2 (BITZ)
Bus ut % (RIT?)
Bus Out 10 (BIT10)

Device Ernables (000D
Inde:x (INDEX)
Sector Mark (ZED)
Fault (FAULT)

Seek Errar (ZERR)
On Cvlinder (ONCYIL)
Lnit Reads (LNRDY)
Write Frotected
Address Mark (AMF)
Bus—Dwal=Fart Cnlw
Sequence In (FICE)
Heold (HOLID

interfaces
used,
Z2h—-Prin
drive.
af the
and Table -3

(TAGZ)

(WFRT)

ane or
the A0-pPin
cables

The
2E~Pin

two
control

di

(IIEII

CONTROLLER T DRIVE 1I/0

sk

cable)
Mass 1 mum
cable
lists the

1s

INTERFALCE:

FIN FOLARITY
(ACTIVE)

(UZELOQ) ==
(LIZEL1)
(LISELZ) 2h
(LIZELED
(LIZTAG)

(TAIG1)

DN R LD Ry e

e
]

1z

o

DL I ORT U U N
O

£t

+

o och

PRI}

AN

o3
I~

I

i
[

S0 0 D0 D0 D)

RO I RN T 1 B~ Y

!
ol

1 0l

5
'_Aw

KRR

0

drives throuah &0-—
cable ("A" cable)

are connected
lengath of the #0—-P1

Table
interface

[
AT

S0 feet.
Sh—=PLrn

“A" CARLE

SOIRCE

Controller
Contraoller
Coantraller
Contraller
Contraltler
Contraller
Contraller

Coantraoller
Coantraller
Contraller

[}

antraller
ontraller
antroller
antraller
antroller

|

LA

10

Contraller
Contraller
Controller
Contraller
Contraller
Drive

Orive

Oir
Lir

ive
ive
Orive
[rive
Orive
Lrive
Orive
Controller
Contraller

1

FOGE S

and ZA-pin cahles.

is dalsv—chained ta

serparately +from the
n cable is 100 feet.

2 lists the

signals.

AO—=R1M
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TABLE S5-3 - CONTROLLER TO DRIVE 170

FIN FOLARITY

SIGNAL
(FHL. TERM) -
Ground
Servo Clack (ZCLOCE) =
Graound
Read Data (RIOATA)D =
Groaund
Read Clack (ROLOCE) b}
Ground
Write Clock (WCOLOCE) &
Ground
Write DOata (WOATA) =
Ground
it Selected (LIZEL) 22
Seek End (SEEE) 10
Ground
Reserved for Inde:x: iz
Ground
Reserved for Sector 1=

NrPerating Svstem Compatibility

RT—-11¢ The emulation is transearent to

usine the standard device hand

INTERFACE: "RB" CABELE

(ACTIVE)
+ GRICHIND SORCE
i
i4 Driive
15
14 [lrive
4
17 [rive
iz
1% Contraller
7
20 Controller
21
v [rive
23 Orive
ii
=4
=

ler supplied

REX—-11: The emulation is transerarent to t
4.0 apPerating svstems, using the standard

Contraoller Specifications

(Controller specifications are

RST=/E: The emulation is transparent to
svstem. wusing the standard device handler

sybhject tao

the RT—-11 versian

b FHL.

he REX-11M and REX-11iM-FLLUZ
device handler supplied bv

the RSETS/E version

supPpPlied by FHL.

change without notice.)

7.z

4.0 opPeratineg

P

FAGE S-7

svetem,

version

FHL.

aperatina
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MECHANTICAL: The Model CROA js
10.44 inches wide hyvy 3

the 11/22+ bhased hackelane.

entirely o
inches

deer,

Computer I/00

Register Addresses (FROM selectable):
(RECZZ1)
777 44%
777 444

Control/Ztatus Regaister 1
Word Count Register (REWD)
Bus Address Register (REBA)
Disk Address Reaister (RELDRA)
Contral/Status Register 2 (RECZZ
Irive Status Register (REDZY 777
Errar Register (REER) 777 454
Attention Summary/Iftset Register
[esired Cvlinder Register (REDLD)
Extended Memorv Address Regaister (R
Nata Buffer Register (RELORB)Y 777 444
Maintenance Reaister 1 (REMR1) 777
ECC Position Register (REKECFZ) 777
ECD Pattern Register (REECFT) 777 4
Maintenance Reaister (REMRZ)Y 777
Maintenance Register (REMRZY 777
Erable Real Time Clock Cantrol

>
4%

77

O R EEEEEEE:

.
-
o

Transfer

# Methaod: [DOMA

#  Mazimum black size transt+erred 1n a
Bus Laoad

+* 1 std unit lToad

Address Ranwes

¥ Itisk drive: up to ZZ0O.ZZ megabvtes
#  Computer memaor oyl up to 2 megawaords

Interruprt Vector Addresses

#  FROM selectahle, factary set at 210

(REAS/OF)

(REERTIZ)

antained on one guad module
and pPlugs into and requires ane

777 440

777 444

77 450

Bt]
-

777 454
7 440
EXMA)Y 777 442
4 i
470
72
474
474
777 S44

csinale aperatian

(ar 2594) epriarity level

18 A4E

waords,

BRS

FAGE

slat

e
1T

MmeasurLrns

11
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Ilisk Nrive 1/00

CONNECTOR — ane AO0—pin tyre "AY fFlat ribban cabkle mounted on outer edae ot
contraller module. Twa  Z&~pPin tvrPe "g" ribban cables 1 for each drive

interfaced with).
SZIGNAL - =MD A/E flat cable compatible

FOWER — +5 valts at 2.5 amps, +17 valts at 200 milliames from computer Power
surPpPlv.

ENVIRONMENT — aperatine temperature 40 dearees F. to 140 dearees F.oos humidity
10 to 237 non—candensing.

SHIFFING WEIGHYT - S paunds, includes documentation and cahles.
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INSTALLATION

Installation instructions for the disk drive are contalned in the disk drive
marnual. Befare installimg any compPonents of the disk svstem, read the manual.

Figure S-2 illustrates the confiauration of the controller. Tables S—4 and S5-5
describe switch and Jjumper settings.

FIGURE S-2 - CONTROLLER CONFIGURATION

O zV’ o
o o nv\ 7 J2 © o

4
PIN 1 J3
Cc23
S1
D17 s8
S1
D19
Pe
S9 Re °K
L] o. S
®
E16 B
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TABLE 5-4

CONFIGURATION SWITCHES

LOCATION D17 SWITCHES

s3
(MSB)
J

S1 S4 S5

{LSB)

S2

v

3inary Number of the first

logical unit of the second
physical drive.*

ON = Bootstrap ON = Controlier error

enable correction
OFF = Bootstrap OFF = CPU error
disable correction
°For example, if there are four logical
units (numbered 0-3) in the first
drive, set the switches for the fifth
logical unit (number 4) as follows:
(LSB) (MSB)
S1 S2 S3
0 0 1
Note

FAGE S—11

S6 S9

\(LSB

S7 S8

(MSB),

~—
Binary number of last
addressable logical unit.

ON = Enable Real Time
Clock Control. When
enabled, emulates the real
time ciock register,
address 777 546
OFF = Disables Real Time
Clock Control.

If S1, S2, and S3 are off (000), the controller will default to all logical units on the tirst physical drive (drive 0). Because of
the characteristics of some operating systems, the switches should be set for two drives even if only one drive is

present.

LOCATION C23 SWITCHES

Switch Posltion
Si ON
OFF
S2 ON
OFF
S3 ON
OFF
S4 ON
OFF
S5 ON
OFF
S6 ON
OFF
S7 ON
OFF
S8 ON
OFF

Logical Unit
and Emulation
LUO = RKO7
LUO = RKO6
LU1 = RKO7
LU1 = RKO06
LU2 = RKO7
LU2 = RKO6
LU3 = RKO7
LU3 = RKO06
LU4 = RKO7
LU4 = RKO6
LUS = RKO7
LUS = RKO6
LU6 = RKO7
LU6 = RK06
LU7 = RKO7
LU7 = RKO6
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TARLE 5-% - JUMPER INSTALLATION

BOOTZTRAF
ALDRESS JUMFERS El14

I #A to B (standard) 77 000
I, . A
. B A to O (alternate) 775 000

LDEVICE
ANDRESS JUMFERS 01w

R ta K (standard) 777 440
Interrurt Vector = 210

R to F (alternate) 774 700
Interrurt Vector = 254

# O the 11/232+ computer, baatstraer address 775 000 must be used.

ITnetallation

To install the cantraoller module, proceed as follows:

CAUTION: Remove OO Power from mounting assembly before inserting or
remoaving the coantroller module. Mamage to the backelane
assemblv mayv occur if the contraoller module 1s plugaed in
backwarde.

1. Select the backelane location inta which the controaller is tao he
inserted. Be sure that the disk controller is the loawest pricoritey
IMA device in the computer excert 1f the [IMA refresh/boctstrar ROM
arPtion module is installed inm the swvwstem. The lTaowest pPriarity
device is the farthest from the processor module. Note that the
contraller contains a bootstrar ROM.

Figure %-3 shoaws twveical backeplane canfisuratiaons. Note that
the processor module is alwavs installed in the first location
af the backelane or in the first lTocation in the first backelane
atf multiple backeplane svstems.

It is imepartant that all aption slots between the processar and
the disk cantraller be filled to ensure that the daisvy—chained
interruert (RBIAK) and IIMA (RBOMG) signal be complete to the cont-—
raller slots. If there must be empty slats hetween the controller
and any aeticon board,. the fallowing backelane Jumpers must be
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installed:

FRIOM TO SIGNAL
(N o0 M2 BIAK1/LG
o . oo RZ BOMGL /L0
(last full (contraller
artion slat) slat)

Insert the caontraller into the selected backelane position. Be
sure the contraller is installed with the components facing row
ane, the Processar.

The contraller module is equirped with handles on the side
aPpPosite the slot connectors. Gentlv pPpositiaon the module
slot connectoars in to the backelane, then press until the
module connectors are firmly seated into the backelane. Baoth
handles must be pressed simultanecusl-. When removine the
madule, applv equal pulling pPressure to both handles.

Feed the module connector end aof the disk I/0 cables into the
controller module connectors. Make sure that pin 1 is matched
with the triansle an the connectoar as shown in Figure -4, Install
the cable conmectaors into the module conmectors, Verify that the
connectars are firmly seated.

Connect the disk—end of the I/0 cables ta the disk I/0 connectors.
Be sure that the bus terminator is installed at the last disk

in the svstem.

Refer to the disk manual for opreratine instructions and arFly
Ppawer to the disk and computer.

(bhserve that the green diagnostic LED an the controller board
is 1it.

The svstem is now ready tao aorPerate.

S-1z
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FIGURE S-32 — TYFICAL BRACKFPLANE CONFIGLURATION
PROCESSOR
LOCATION A 8 c ) MODULE
1[ T . .
, OPTION 2 OPTION 1 .
COMPONENT SIOE
GND
g | e ___OPTIONI OPTION 4 gno SOLDER SIDE
] . __OPTIONE oPTION 5 B
PREFERRED DISC
CONTROLLER LOCATION
H9270 MODULE INSERTION SIDE
PROCESSOR
MODULE
A 8 c D € F
]
OPTION | 2 OPTION | 1 2
v o OPTION | 3 OPTION | « 3
-svi e OPTION | 6 OPTION | 5 .
+5V| @
.sve| © OPTION | 7 OPTION | 8 5
GNOD | O OPTION | 10 OPTION | § ' 6
GND | ©
v @ OPTION | 11 OPTION | 12 7
POWER OPTION | 14 OPTION | 13 8
TERMINAL
OPTION | 15 OPTION | 16 9

BLOCK /
PREFERED DISC

CONTROLLER LOCATION

Srounding

Te prevent erounding problems, a
the camputer DO grournd paint to the
disk drives at the OC around pPoints.

astandard
disk

T
USER DEFINED
SLOTS

arcund braid should be installed

S—-14

fram

drive OC arcund point and also between
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COFERATION

Introduction

This section contains procedures for arerating the comPruter system with the

controller and a disk drive or drives. An understanding of DEC aperating
procedures is assumed. The material here is provided for "first time wusers"” af

disk subsvstems and describes Procedures for baotstraprinag, tormattine, and
diaanostic testinea.

Frecautions and Fre—operational Checks

The following eprecautiaons should  be obhserved while arerating the svatem.
Failure to observe these precautions could damase the controller, the disk
cartrideae, the computer, ar could erase a partion or all of the stored hardware.

i. If the contraller bootstrar is to be useds set controller

switch =4 orns, and disable other bootstrars that reside
at that address.

L See Figure S—-2 foar proper pPositions of the switches and Jumpers.
T

ables S—-4 and S-5 for switch and Jumper settings.

= Lo nat remove ar replace the contraller board with pPawer arplied
to the compPuter.

Before aperation the following checks should bhe made:

i. Verif+v that the caontraller board is firmly seated in backeplane
connectar.,

2. Verifv that the cables between the controller and the disk drive
are installed.

. Be sure the disk drive cartridae is installed (if it is to he
used).

4., Arrly Pawer to the compPuter and the console device.

5. Verifvy that the sreen diagsnostic light an the controller board
liahts.

o Be sure pPower is applied to disk drive and READY light is on.

RBaatstrar Frocedure
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FROGRAMMING

Frogaramming Definitions

FUNCTION = The expected activity aof the disk swvstem (write, ce
read, etc.)

I
g
—

-

COMMANID — To initiate a function (halt, clear, 9o, to.)

m

INSTRUWCTION — One aor more orders executed in a prescribed sequence
that causes a tfunction to be Performed.

ANDRESZS — The binary code pPlaced in the BOALOLS lines bv the bus
master to select a register in a slave device. NOTE: far
memory ather than computer internal memorv, i.e.,. Peri-
rheral device registers,. the urrer 4K (Z58-32E) address
sPacCe 1s used.

m

REGIZTER — An assaciated arour of memary elements that react to
a single address and store information (status, cantral,
data) far use bv other assemblies of the total computer
sysatem. Classicallyw, registers have been made up of
arours of flir—flaprs. More and maore often, registers
are the caontents of addressed lacations in solid-state
arooCare Mmemary,

ODisk Contraoller Functians

The disgsk cantraller performs 14 functions. A functian is initiated b A G
command after the ProcCessar has issued a series aof instructians that store
tfunction—cantral information intoe contraller reqisters. To accert a command and
rerfarm a functiaon, the contraller must be Properly addressed and the disk
drive({s) must he pPowered up, he at aperational speed. and hbe ready.

The functions pPerformed bv the controller are established bwvw bits O1, O, 0=,
arnd 04 of the contral status regaister (RECS1). The +unction and bit codingas are
aiven in Tahbhle 4-1. Descriptions of the functions are given in the faollowing

Paragararhs.

Nate that the cantraller automaticallw pertorms certain functians durinag  each
commmand. For example, the coantroller alwavys performs the following steps:
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1. Necodes instruction

2 Selects drive

e Acknowledaes rPack

4. Executes oane of the following remalining nine

(tests for REOL/REOTY

TARLE %Si—-4&  —  FUNCTION CODES

(Reset Attention

(Restore Drive and Reset Fault)

BIT

4=21 COMMANL

Q000 Select Hrive

OOO01 Fack Acknowledae
0010 ODrive Clear

001l Unlaad (No Op)

Q100 Start Spindle (No Op)
0101 Recalibrate

0110 O+ fset

0itl Seek

1000 Read Data

1001 Write NData

1010 Read Headers (1 Track
1011 Write Headers

1100 Write Check

Select Drive

Fertormed automatically as
(connects drive).

Fack Acknowledae

Fertormed automatically to
related to drive selection.

Irive Clear

Resets attention status in

rpart of all

drive

Ztatus)

af Headers)

functians

(Format Track)

verify emulaticon

Controls

REAZ/OF.

bit

(W

functiaons

related

(REOAL/REOT7) as

in

RELE.

t’ fu}

rart

dr-ive

o+ atl

FAGE Z-31

selectian

tfunctioane
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S

Recalibrate

Relocates the heads to cvlinder zero and clears the cvlinder address realist

Alsn resets all fault caonditions. Sets attention bit in REAS/OF.

)
2
.

Offaet

Sete drive attention bit in REAS/OF.

Fertormed automatically as rart of all functions related to drive selectian.
Sets attention bit in RKAS/OF. During Overlarped Seeks, Toads cvlinder address
into REMRZ (Maintenance Register 3.

Read Data

Causes the fFaollowing sequence to be executed: A Seek to the cvlinder in REDD is
Ppertormed. Headers are read and compared with the desired disk address until
the correct sectoar is found. Transfer of data througah the data buffer to memorw
is initiated. When the sector data transter is complete, the ECC lTogic is
checked to ensure that the data read from the disk was error—free. I+ a data
errar aoourred, the ECC coarrection logic is 1nitiated to determine whether the
errar 1s correctables when tinished, the command is terminated tao o allaw
software ar hardware (as selected) T arprly the correction informatian.
Assuming no data errars, the word count in REWD is checkeds it MOn—=Z&r s, the
data transter aoPeration is rerpecated into the next sector. The word count is
checked at the end of each sector until it reaches zeéera, at which time the
command is terminated bv setting the Readw kit.

Write Mata

Causes the fallowing sequence to he executed: A Seek to the cvwlinder in REILINC 1s
partarmed. Transfter af data from memory  to the data butfer i1s beaun,. and

headers are read and compared with the desired disk address until the correct
sectar is found. Freamble, Data (254 words), and ECC hits (54) are written on
the disk. If the ward count in REWD aoes to zero during the sectoar, the rest of

the sectar is zero—filled. After the sectar transfer, the word count is REWD,
is checked. anmnd if non—zera, the data transfer operatiaon is continued intao the
next sectar, The word count in REWDS is checked at the end of cach sectaor and,

when 1t egquals zera. the command is terminated by setting the Readyw Bit.
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Read Headers

A Seek ta the cvlinder in REDC 1s performed. " This function causes the
contraller to read all headers starting at the Index mark. Each S—woard header
is read in the arder in which 1t appears aon  the disk. If an ECC error is

detected 1in the header, the HRE bit of REKER is set.

Write Headers

A Seek to the cvlinder in REDZ igs performed. The contraller then waits until
Index 1is detected. When detected, zeraos are written until Index is again
detected. This "cleans" the track of pPotential spPuricous sienals. After Inde:
is detected a second time, T header words and a ZZ-hit ECC are written after

ach sector pPulse. When Inde:x is next detected, the anmand is terminated and
he Ready bit is set.

NOTE: A1T fFive words and the ECO code are prepared bv the format
routine (software) and treated as data by the controller.
Only ane camplete track can be foarmatted at a time.

Write Check

Causes the followine seguence ta he executed: A Seek to the cvlinder in REDC

is
Pertarmed, The salected drive provides data as in a Read command. and data 1s
cbtained from memoary as in a Write command. Tha data are camPared  on A

word—-for—-word hasis wuntil the word count reaches zero or until a failure tao
CamPare OCCurs, If the data tails to COMPAres the Comman d is terminated
immediatelv.

Marpring and Mar UOverride
In a tvrical FHL disk subswvstem,. the method bv which the disk drive finds the

Frroper location to read data #raom or write data to is ace follaows:

1. The arpplication software eroaram running under the orerating
system sends a recaord number to the disk device driver software.

. The device driver converts this record number inteo head, sector,
and cvlinder numbers.

ZF.  The driver then sends this information to dedicated hardware
registers on the disk controller.
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4, The controller in turn pPasses these parameters on to the disk
drive aver I1/00 interface cables.

S, The drive interprets these sianals and activates electranics and
electromechanics enabling it to seek to the exact ehvsical
location where i1nformation will be recorded or retrieved.

In an FHL subsvetem which includes the CO-04 contraller. the abave procedure 18
the same ur ta step 4. But instead of Passing on the head, sector and cvlinder
infoarmation to the drive, the contraller first takes that infaormation sent by
the device driver software and recaonverts it to the orisimnal record number.
Then by invoking a special algorithm, the caontroller develors a new head, sector
and cv— linder number. This is called "maerrPing” and 1t 1s a necessary Procedure
whenever the disk drive that is attached to the CFU does not contain  the same
specifications as the drive sueplied by the CPU manufacturer.

Mar Override is nothing more thanm a special aperating mode of  the disk
contraller  which allaows it to transfer the disk address to the drive as

deccribed in sterps 1-5, byrassing the maprinag procedure. Tveicallw, this
feature is onlwv wsed in an environment in which the wuser reguires the entire
dick drive to be formatted as one larse lwgical unit. In other words, one

Togical unit would equal one phvsical unit.
FFrable Real Time Clock Control

The real time clack Yine is fraom the A0-cvocle Power aupe ]y in the LSI. The
Drerating Svatem uses thae clock tor time and date. The line on the HB—-Bus.
BEVUNT., can be disabled by a switch an the cantraoller, which when ON enables real

time claock cantral, ar wher (OFF disables contral. The reaister, address 777
544k, dis shown at the end of this sectian.

REGIZTERES

A summarsy of the registers is shown in Figure 5-5, fallowed bv a descriptiaon ot
@ach reglister.



CRO&L DISK CONTROLLER

FIGURE S-5 - CONTROLLER REGISTER CONFIGLURATION
Ms8 Lse
BIT POSITION [Ts] ulu] ‘zjnl10]09105]07]06]05[04103]02] m]oﬂ

CONTROL AND STATUS 1
777 440 (RKCS1)

WORD COUNT
777 442 (RKWC)

BUS ADDRESS
777 444 (RKBA)

DISC ADDRESS
777 446 (RKDA)

CONTROL AND STATUS 2
777 450 (RKCS2)

DRIVE STATUS
777 452 (RKDS)

ERROR REGISTER
777 454 (RKER)

ATTENTION SUMMARY AND
OFFSET 777 456 (RKAS/NOF)

OESIRED CYLINDER
ADDRESS 777 460 (RKDC)

EXTENDED MEMORY
ADORESS 777 462 (RKXMA)

READ/MWRITE BUFFER
777 464 (RKDB)

MAINTENANCE 1
777 466 (RKMRY)

ECC POSITION
777 470 (RKECPS)

ECC PATTERN
777 472 (RKECPT)

MAINTENANCE 2
777 474 (RKMR2)

MAINTENANCE 3
777 476 (RKMR3)

ENABLE REAL TIME CLOCK

CONTROL 777 546 (RKERTC)

€rR] 01 | 0 |Gap| 10| o8| xmEm JcrR] €] o FUNCTION GO
AST 07
[ WORD COUNT |
[ . BUS ADDRESS
r HEAD ADORESS l SECTOR ADDRESS

[ 0 Iwce] o ]NEDINEMI PE luosf 0 l 0 [ ) ISCLIIBA[ 0 I os

1 [sciee] o [we ss;;nes o |orfossel ofor 0| 1
ookl ou [ or [ o [wee] 1o [coe|ure|ase|necotel o | o | o [ s fue
[ ATTENTION I NOT USED IONJ 091 NOT USED ]

[ DIAGNOSTIC MODE [NOY ussol

CYULINDER ADORESS

[NOT USECﬂXMFT NOT USED[XMF[ NOT USED I 8ITS 16-21

-

DATA BUFFER

NOT USED FIRMWARE
MODEL
[ NOT USED ] ERROR POSITION
[ NOT USED J ERROR PATTERN
[ HEAD MAPPED I SECTOR MAPPED
[ NOT USED l CYLINDER MAPPED l

Jenrc]

FAGE

=
P

e



CR0A OISHE

CONTROLLER , FAGE S-24

CONTROL § STATUS REG@ISTER L F3F 44@ (Rkesi)

BRIT (=)
OO0

O1-04

O7

DEFINITION

G0 — When set, this bit causes programmed commands (function
codes) to be executed. When set, anly two other bits can be
set (excert in the diagncostic mode)s thew are: Eit 1%, CCLR,
in RECZ1, and Bit 0%, SCLR, in RECSZ.

FUNCTION CODOE-—-—

BIT
4321 OG0 H2TAL COMMAND
OO0 1 01 Select Orive
Q001 1 0z Fack Acknowledas
0010 1 0= Orive Clear (Reset Drive Fault)
0011 i 07 Linload (No Ceeratian)
0100 1 i1 Start Srindle -
Q101 i 1z Recalibrate (Restore DOrive
Reset Fault)
0110 1 15 Offset
0111 i 17 Seek (No Oreration)
1000 i 21 Read Data
1001 1 R Write Data
1010 1 25 Read Headers (1 Track aof Headers)
1011 i =7 Write Headers (Format Track)
1100 i 1 Write Check

SFARE — ALWAY= O

INTERRUFT ENABILLE — When this hit 1s set, the contraller is
allowed to interrupt the Pracessar under anyv of the followina
conditiaonss

# When the Contraller Ready bit (kit O7 in RECE1) 1s set
uPan comPletion of a command.

¥ When anv drive sets an associated Attention flag (ATN7-
ATND) 1nm REAZ/OF, and the Controller Readv bit is set.

# When the cantroller or any drive indicates the presence
aof an errar by setting the ERR/RST kit in RECES1.

In addition, via eroagram control, an interrurt can be forced
b+ the simultaneous setting of the IE and ROY bits in RECEL.
The IE kit can be reset via pragram control as well as by
conventional imitialization (INIT, CCLR. SCLR).

CONTROLLER READY — This is a read—only bit. It is set via
conventional initialization (INIT, CCOLR, SCLR) upon compPletion
of a cantraoller command. or when an erraor condition is de—
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tected. The RIOY bit ie reset when the GO bit (bit OO in RECE1)

EXTENLDELD RUS ADNDRESZ — These hbits constitute an extensiarn of
the 1&4&—-bit Bus Address register (REBA), which contains the
memory address for the current data transfer.

REOQ&L/REO7 SELECT - When set, this kit selects REO7.  When

reset, REOAL is selected.

OFERATION TIME QUT — When sets this read—-only bit indicates
that the GO bit has heen set for a specified time period and
the current command has not been ewecuted within that time
Periad.,

GAF CONTROL — In the Write Header command (or write format)
it 12 will direct the controller tao generate a long gae
(24 bvtes) ar a shart gar (14 bvtes) between sector and
header. NOTE: Whern bit 12 is set, the Word Count Register
should be set for SZ20 bvtes.

Bit 12 1 Short Gap

2 = Lona Gap

In the Write OData aor Read Data command, bit 12 will . direct
the coantroller to Write or Read a sector data field (512 bvtes)
with or without ECC (7 bvtes) to aor from memorsy.

Bit 1=z 1 512 Bvwtes + 7 Bwvtes

(DATA) (ECC)

0O = 512 Bwvtes
SFARE - ALWAYS O

DRIVE INTERRLUFT ENARLE (ZEEK OR RESTORE) — This hit is set
during a Seek or Restore aperation or when any attention bit
ise set in the REAZ/OF reaister. The bit is reset by Bus
Initialize (INIT), Zubsvstem Clear (SCLR) ar bv DOrive Clear
commands asserting attention.

COMBINED ERROR/RESET — When readine bit 15 via pProsrammed
cantrol, a zero indicates an cperation complete with aoaod
statuss a one indicates an orPeration complete with an error.
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)

WORD COUNT REGISTER 777 442 (REWD)

15

WORD COUNT

This 1s a Read/Write register. The bits @f this register cantain the Z7s
compPlement of the total number of words tao be transferred durine a Read, Write,
ar Write Check aperatiaon. The register is incremented b
transfer. When the regsister averflows (2all WC bits ao ta
comPplete and caontraller action is terminated at end aof the pPresent disk sectar.
Ol the number af woerds specified in the REWD are transferred. It is cleared
bv INIT ar RESET functions.

ane after cach
zeral), the transfer is

BUS ADDRESS REGISTER 777 444 (REER)

15 00
BUS ADDRESS
The Rus Address Regaister is initially loaded with the low-order sixteen bits ot
the bus address that reflects the main memaryv start lacation far- a data
transfer. With the low—arder bit (bit OQ) alwavs farced to Tera, the Rus
"Address Reaister bits are combined with bits 07 and 02 aof the RKZC1 register
(RA17, BAL1A) ta form a coamplete even—numbered,. 12-bit memoryv address. Faollowina
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T

each data transfer bus cvecle, the Bus Address Regist
the next even—numbered locatiaon.

DISE ADDRESS (TRACK AND SECTOR) REGISTER 777 444 (RKDA)

FAGE S-3%

r is incremented to select

15 08 07 00
HEAD ADDRESS SECTOR ADDRESS
BIT(=E) DEFINITION
O0—-04 SECTOR ADDRESS - Inm the emulation mades hits Q0-04 select
(O0O=-0Q7) up ta 2O sectors of jé&~=bit words. In the maer averride

maode, bits 15, 14, 13, 12 in the Desired Cvlinder

Reailister 777 440, are set to 1, O, 0O, 0O, reseectivelw.

The Sector Address then uses bits Q0O=07.

0z=10 HEALD (TRACK) ADDRESS — In the emulator mode, hits 02-10
(O=-150) cselect heads 0, 1, Z. In the mar averride modes

S, 14, 12, 12 and in the Desired Cvlinder Address Rea-—
ister 777 440, are set to 1, O, O and 0O, respectivel- .

The Head (TRACE) Address then uses hits 02—-15.
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STATIS REGISTER 2 777 450 (RECEZ)

15 14 13 12 11 10 09 08 07 06 05 04 03 02" 00
0 |wce| o |~eo|Nem| PE [MDS| o | o | 1 |scL{iBA| O DS
L l— DRIVE SELECT
L SPARE—ALWAYS 0
INHIBIT BUS ADDRESS
SYSTEM CLEAR
INPUT READY (ALWAYS 1)
OUTPUT READY (ALWAYS 0)
L SPARE—ALWAYS 0
L MULTIPLE DRIVES SELECTED
L PROGRAM ERROR
L_NONEXISTENT MEMORY
L —NONEXISTENT DRIVE
L SPARE—ALWAYS 0
L~ WRITE CHECK ERROR
L —SPARE—ALWAYS 0

DEFINITION

ODRIVE SELECT - These bits specify the drive to be selected.
ZFPARE — ALWAY=Z O

INHIRIT EUS ADDRESS INCREMENT — When this bit is set, the Bus
Address reaister is prevented from incrementina durine data

transfers.

SYSTEM CLEAGR — When this hit is set, the controller and drive

are reset.

INFLIT REALDY — ALWAYZ 1
OUTFUT READY — ALWAYZ O
SFARE — ALWAYES O

MULTIFLE DORIVES SELECTED — This kit i1s set when mare than one
drive has been selected at the same time. This bit can anlw
he cleared bv INIT or SCLR.

PROGRAM ERROR — This read-anly error bit is set 1f anv
cantroller register is written (CCOLR and SCLR excluded) while
the GO bit in RECEZ1L is set.

NONEXISTENT MEMORY — This read—only error bit is set when the
cantroller attemets te execute a bus cvole and SEYN is naot
returned within the srecified time pPeriod.

NONEXISTENT DRIVE — When set, this read-only error bit indi-

S-40
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cates that Select Acknowledae (ZACK) has not heen asserted
kv the selected drive in response ta a Se]ect Enable sent
te the drive. ’

15+ SFARE - ALWAY=Z O

14 WRITE CHECK ERROR — When set, this read—anlvy bit indicates
that a data woerd read from the disk (durine a Write Check
command) did not comepare with the data woerd in main memarsy.
If a2 Write Check erraor is detected and the IBA kit (kit 04
aof RECEZ) 18 cleared, Bus Address register will coantain

the memarv address af the mis—-matched word plus two or
Plus four.

15 SPARE, - ALWAYS O

#Causes hit 1S in RECS1 to set.
DRIVE STATUS REGISTER 777 452 (REDS) REALDRN ONLY REGISTER

15 14 i3 12 11 10 09 08 07 06 05 04 03 02 0Of 00

1 SC | PP 0 WP | SPARES 08/ | OR| DS | SE 0 OF (4] ] ]
R o7
[‘ L SPARE—~ALWAYS 1
SPARE—ALWAYS 0
SPARE—ALWAYS 0
DRIVE FAULT
SPARE—ALWAYS 0
SEEK ERROR
ORIVE SELECT
DRIVE READY
RKO6/RKOQ7
‘— SPARES—ALWAYS O
~— WRITE PROTECT
— SPARE —ALWAYS 0
— POSITIONING IN PROGRESS
L— SEEK COMPLETE
——SPARE—ALWAYS 1
RIT(S) NESCRIFTION
Q0 ZPARE - ALWAYS 1
01 SFARE - ALWAYS Q
0z SFARE - ALWAYS O
oz DRIVE FALULT — When set, indicates an errar condition is
detected within the drive and is prohibitine all operations.
This bit is reset manuallv bv clearing the fault conditiorn

within the drive.

04 SFARE - ALWAYS O
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SEEK ERROR — When set, indicates a seek was not completed
within a specified time pericod after i1t was initiated.

ODRIVE SELECTED - When set, the drive is selected and on—line.

ODRIVE READY - [rive Readv is a read-onlw bit which when set
indicates the selected drive is up ta cpeced, the heads are on

cvlinder and the drive i1s ready to accept commands. It is
reset when these conditions are not met or when drive is
ceekina,

REOE/REOT7 — When set i1ndicates REQO735 when reset indicates
REOA.

SFARES - ALWAY= O

WRITE FROTECT — When set, the selected disk is write
Protected.

SFARE - ALWAYS ©

FOSITIONING IN FROGRESS — When set, the selected dicsk is
write protected.

SEEE INCOMFLETE — This read—anly bit sets when the drive is
N CYLINDER. SEEE ar REZTORE 1s completed.

ALWAYSE 1

ERROR REGIZTER 777 454 (REER)

15

14 13 12 11 10 09 08 07 06 05 04 03 02 01 00

DCK

ouU | Ot 0 |WPE COE| HRE | BSE | HEC| DTE | FE 0 0

ILF

St
L l7ILLEGAL FUNCTION

SEEK INCOMPLETE
SPARE—ALWAYS 0
SPARE—ALWAYS 0
FORMAT ERROR
'— DRIVE TYPE ERROR
“— HARD ECC ERROR
L — BAD SECTOR ERROR
HEADER READ ERROR
— CYLINDER OVERFLOW ERROR
— INVALID DISC ADDRESS ERROR
‘— WRITE PROTECT ERROR
— SPARE—ALWAYS 0
‘— OPERATION INCOMPLETE

— DRIVE UNSAFE

— DATA CHECK

S—-4z
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ODEFINITION

ILLEGAL FUNCTION — When set, this read—only bit indicates
that an 1illegal command has been lToaded into the RECS1S
reaister.

SEEE INCOMFLETE — When set. this read—-oanly bit indicates
that a seek areration has not been completed by the
calected drive.

SPARE - ALWAYS O
SFARE — ALWAYZS O

FORMAT ERROR — When set in condunction with bit O%, indicates
that the sector pPulses are too close togsether. Oiagnastic
message is "SECTOR SIZE ToOO =MALLL. "

IRIVE TYFE ERROR ~ This read—only bit is set when the drive
tvpe statue does not compare with Contral Orive Twere bit
(RECZ1, bit 10), i.e.5 REOA instead of REOQO7 or vice—versa.

HARD ECC ERROR — When sets, this read—only bit indicates that
a data erroar detected bv the ECC logic cannot be corrected
usina ECC.

RALD SECTOR ERROR — When set, this read—only bit indicates

that a data transter was attempted to or from a sector and
the sector is had.

HEAIER READ ERROR = When set, this read—only bit 1ndicates
that an uncarrectable ECC errar was detected on a sector
header durine a data transfer. I+ bit 12 1s alsa set, the
errar indication is "HEADER NOT FOLINDL "

CYLINDER OVERFLOW ERROR — When set, the word count is not
equal taoa zero and the operation is programmed to continue
bevond the last logical sector on the disk. This will ocour
on a Read aor Write data operation.

INVALIDO DISE ADDRESS ERROR — When set: this hit indicates
that an invalid cvlinder address or an invalid head address
has hbeen detected durine a Seek command or Write/Read

data command.

WRITE PROTECT ERROR - When set, this read—only bit indicates
that the drive received assertion of Write Gate while in the

write protect mode.

SFARE - ALWAYS O

-4
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ATTENTION

BIT(=)
O0Q-0z

Q=

04

CONTROLLER FAGE

COFERATION INCOMFLETE - When set, this read-only bit indicates
that durine a data transfer, the desired header coauld not he

faund. This errar can result from any one of the followina:

# Head Mis—poasitian

* Incorrect Head Selection

# Read Channel Failure

#* Impraorer Fack Formatting

[RIVE LINSZAFE = When set, this read—-onlyv bhit indicates that a
Read/Write Unsafe caondition has bheen detected.

ODATA CHECK = When set, this read—-anly b1t i1ndicates that a
data errar was detected when the current sector was read.

SUMMARY ANLD OFFSET REGISTER 777 454 (REAS/OF)

15 08 07 05 04 03 02 00

ATTENTION NOT USED ON | OP NOT USED

ODEFINITIMON

SFARE - ALWAYES O

OFFSET FOSITIVE — Offsets the head in the rPasitive direction
from the centerline of the track (pasitive is from the lower
cvlinder number toward the hiaher cvlinder number).

COFFSET NEGATIVE - (Offsets the head in the negative directian
fram the centerline of the track (negative 1s from the hisher
cvlinder number toward the lower cwlinder number).

=

)
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O5-07

O=-15

SFARE — ALWAYS O

ATTENTION — The eiahlkt Attention bits, oane for each drive,
carrespand to the Toeical wunit number of each drive. Each
kit indicates the state af the Drive Status Change flip—flae
in the corresponding drive. A1l af the ATN bits are
continuously scanned and updated (pPalled).

DEZIRED CYLINDER ADDRESS REGISTER 777 440 (REDD)

BIT(=Z)

OQO—0%

10-11

12-1°

15 12 11 10 08 00
DIAGNOSTIC MODE | NOT USED CYLINDER ADDRESS
L SPARE—ALWAYS 0
DEFINITICON

CYLINDODER ADNDRESE — The cvlinder address in REDC is the emulated
address. The actual mareped address 1s contained in REMRZ. The
cvlinder number 1is written in actal in the register.

SFARE - ALWAYS O
DIAGNOZTIC MODE - These bits are as foallows:

1% 14 1z 1z

O QO O O REOQA/REOQ7 Emulation Mode

1 0 0 0 MAF OVERRIDE MODOE - These bits can be set bv the
Pproarammer ta averride the marrina algarithm.
When set, the head, cvlinder, and sector add-
resses supprlied to the controller specify
absaolute address to the disk. Could bhe twpi-—-
cally wsed to permit the device handler ta he
madified to take advantagse of the head per
track aeptione available in some disk drives.

S—-4%
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i Q O [MA BUFFER TEST MODE - Allows Readina/Writina
af the controller data buffer usins the computer
IMA interface. The contraller word count and
memary address registers are used ta set up the
IMA transfer with a maz:ximum transter of 1024
bvtes starting with lacation O of the data
buffer. The write command, 23 5, will write
from the butffer. The read command, 21 > willd
read from the data buffer.
i i 0 ECC TEST MODE
i Q 1 I/0 BLE INTERFACE TEST MODE
i 1 i I/0 W/R INTERFACE TEST MODE
EXTENDED MEMORY ALDDRESES REGISTER (22-hit) 777 442 (REXMA)
15 14 13 12 11 10 09 06 05 00
BITS 16-21
L— SPARE—ALWAYS 0
EXTENDED MEMORY FLAG BITS
SPARE ALWAYS 0
EXTENDED MEMORY FLAG BITS
SPARE—ALWAYS [v]
EBIT(Z) DEFINITION
OO=-0% BITS 14-71 - These bits. when set, define bits 14-21 of the
F2—hbit extended memorv.
O6—=0% SFARE —~ ALWAYS O
10,13 EXTENLDED MEMORY - When bits 10 and 12 are set, the ZZ-bit
address is used. -
11-12,
14-1% SFARE - ALWAYS O

S—-4L
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REAL/WRITE BUFFER REGISTER 777 444 (REDE)

DATA BUFFER

DEFINITION

The DNata Buffer Register is a Read/Write resister. Writins
into the register loads data into the controller data buffer,
one word at a time. Reading the reaister reads data from the
controller data buffer. The commands INIT. CLL,. and SRC
clears the Data RBuffer address allowing writine or readina

of the Data Buffer startins at leocation O. Readins from or
writing into the buffer will increment the address reasister.

REGISTER 1 774 4&4

02 00

NOT USED

15
BRIT(Z)
O0=-15
MAINTENANCE

BIT(=)

OO—-O

LmHRMWAREMODEL

DEFINITION

FIRMWARE MODEL. - These three bits define the model number of

S-47
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the firmware wused in the controller.

O0Z2-15 SFARE - ALWAY= O

ECC FOSITION REGISTER 777 470 (REECFS)

15 14 13 12

NOT USED ERROR POSITION
BIT(S) DEFINITION
QO—12 ERROR FOZEITION - These read—-only bits define the start

atien of an error burst (containing from
bite) within a Z2S54&—-word data field, sequence. The
is valid if the error is ECC correctable.

1215 SFARE - ALWAYS O

ECZ PATTERN REGISTER 777 472 (REKECFT)

15 11 i0

ane to eleven

NOT USED ERROR PATTERN

FAGE

@rror
position

(R

B
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BIT(Z)

O0O=-10

1i-1%

CONTROLLER FAGE

DEFINITION

ERROR FATTERN = These are read-only bits that provide an
ii-bit correction epattern for an error burst that does not
exceed 11 error bits in length and is therefore ECC
correctable.

SFARE - ALWAYS O

MAINTENANCE REGISTER 2 777 474 (REMRZ)

BIT ()

OO—-07

O5—-15

15 08 07 00

HEAD MAPPED SECTOR MAPPED

MEFINITION

SECTOR MAFFELDl — These hits define the actual marped sectaor
address in the disk as orposed to the emulated address.

HEALDN MAFFED - These bits define the actual marped head
address on the disk as appased to the emulated address.

¢

1
Eey
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MAINTENANCE REGISTER 2 777 474

15 11 10 _ 00
NOT USED CYLINDER MAPPED
BIT (=) DEFINITION
O0—-10 CYLINDER MAFFED — These bits define the actual mapped

cylinder address an the Jisk as oppased to the emulated
address.

11-15% SFARE - ALWAYZ O

ENABLE REAL TIME CLOCK CONTROL REGISTER 777 S44

15 07 06 05 00

NOT USED ERTC NOT USED

LENABLE REAL TIME CLOCK CONTROL

The Erable Real Time Clack Control register performs a  separate  function  from
the aother registers. [lurine a read operatiaon, bit 04 is alwawvs reset. [uring a
write operation bit O&4 is set, 9@iving the real time clock control. Switch 5%
must ke ION to enable this functian. .
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TROUBLESHOOTING AND THECORY

This section describes troubleshooting procedures at three levels of complexity:
basic svetem, controller svymptoms and detailed analwvwsis. Basic svstem
troubleshoating procedures are visual checks not reauirina  test equirment and
mavw be pPertormed by the aperatar. Contraller svmptaom eprocedures may require a
scopPe, meter, extender board or diasnostics, and should be pPertormed by a

technician. etailed analvsis is troubleshaoting at the IC level, and is
Frecsented foar enaineers oar svetem analyvsts for cantraller evaluyation. The

tatter method mav require the use of test equiepment and the material presented
heras board lavout, term listine, theory of aperation and laeic diagrams.

CAUTION:  Make sure the pPower is aff when connecting ar disconnecting
board or Pluss.

Bacsic Swvstem Troubleshoating

The foallowinag should be checked hefore pPower is arPrrlieds:
1. Verifty that all signal and power cables are epraorerly connected.
Ribkbaon cable connectors are not keved. The arrows on the
connectars should be prorerly aligned.

e Verify that all switches are prorerly set,

. Verifv that all modules are properly seated in the computer and
prorerly ariented.

The following should he checked during or after arprlication of pPower:

i. Verifyw that the computer and disk drive gsenerate the proper
respoanses when the svetem is Powered ue.

. Verifv that the computer panel switches are set correctly.

=, Verity that the console can be operated in the lacal mode. If
nat, the comsale mav be defective.

4, With the drive power switch an, verifyw that the drive READY liaht
is an.

h

R Verifv that the areen diagnastic liaht on the contraller is on.

Controller Svymptoams
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Controller symeptoms, pPossible causes and

checks/caorre

ctive actiaon

FAGE

are

in Table S—2=. Valtage checks should be performed bhefore troauble-— shoating more
complex Prablems. The +5V source maw be checked from anv compPonent shoawrn on
loglc dlaqrans
Fhvseical Lawvaut
The phveical laveut of the beoard is shown in Figure S—4&
TERM TESTING
The inPut and cutput terms for e¢ach logic diasram are described in Table S-—
TABLE S5-7 — TERM LISTING
Term Origin Description Term Origin Description
LXRF - 11 |Load External Register RAM TSYNC 3 |Transmit Synchronize
Destination TWTBT 3 |Transmit Write Byte
MRQB + 3 |Memory Request Q Bus UNRDY 17 | Drive Unit Ready
OCD +/~ 16 |Open Cable Detect USELO0/1/2/3 16 |Drive Unit Select Bits 0, 1, 2, 3
ONCYL +/~ 17 |On Cylinder From Drive USELA/B 18 |[Drive Unit Select A, B
PICK 16 | Power Pick USTAG 16 |Drive Unit Select Tag R
QBUSA 2 |QBus Access VEC - 8 |Vector Address Register
Q3 10 |Q Register Shift Line Select
RAM3 + 10 |Shift Output of ALU RAM WDATA + 14 |Write Data Bit Stream
RCLOCKA/B + / 4 18 | Read Clock From Drives A or WCLOCKA/B +/ - 18 |Write Clock To Drives A or B
B WDATAA/B +/ - 18 |Write Data To Drives A or B
RDATAAIB +/ - 18 |Read Data From Drives A or B WPRT 17 |Drive Write Protect
RDATA + i8 |Read Data WREN - 3 |Write Enable
REP 19 |Read Error Pattern XSDO 11 |External Source Decode Slave
RESET 4 | Reset Signal to Controller Address
RMCLK 3 |RAM Clock XSD1 11 |External Source Decode Data
RSYNC - 13 | Read Synchronize Input MSB
RWCK - 18 | Read/Write Clock XSD2 11 |External Source Decode Data
R/WSRE + 3 | Read/MWrite Shift Register Input LSB
Enable XSD3 11 |External Source Decode CPU
SELA/B 18 |Drives A or B Selected Bus Status
SENDA/B 18 |Drives A or B Seek End XSD4 11 |External Source Decode Data
SCLK 3 |System Clock Buffer
SCLOCKA/B 18 |Servo Clock From Drives XSDS 11 |External Source Decode Disc
SDB08 + 2 |Slave Data Bus Bit 8 Drive Status
SEEKA/B 18 |Seek End From Drives XSD6 11 |External Source Decode Seek
SEC+/- 17 |Sector Pulse From Drive End Status
SERR + /- 17 |Seek Error From Drives XSD7 11 |External Source Decode Error
SUIN + 2 |Slave Interrupt Acknowledge Status Register
Request XSD8 11 |External Source Decode
TAG1/2/13 16 |Tag Lines To Drives Bootstrap PROM
TOIN + 3 |Transmit Data In XSD9 11 |External Source Decode
TOOUT + 3 |Transmit Data Out Configuration Switches
TOMG + 2 |Transmit Direct Memory Grant XSDA 11 [External Source Decode
TOMR + 2 |Transmit Direct Memory Literal PROM
Request Xs0B 11 |External Source Decode RK06
TIAK + 2 |Transmit Interrupt Switches
Acknowledge XSDF 11 |External Source Decode RAM
TIRQ + 3 |Transmit Interrupt Request Y0O/YQ7 10 |Y-Bus Bits 0-7
TRPLY 3 |Transmit Reply ZERO + 10 |Zero Qutput of 2901
TSACK 2 |Transmit Select Acknowledge IKOV + 15 [1024 Address Counter
Overflow

dJescribed
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(TABLE 5-7 CONTINLED)
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Term Origin Description Term Origin Description
AMF 17 |Address Mark Found From CPS 12 |[Control Pulse 5
Disc CP6 i2 |Control Pulse 6
BA0O-BAQ9 + 15 |Buffer Address Counter Bits ceP7 12 |Control Puise 7
00-09 CRCER + 13 |Cyclic Redundancy Check
B8BS7L BUS (AP2) |Bus Peripheral Address Select Error
B8BS7 + 4 |Peripheral Address Select CR1-017 9 |Control Register One Bits 0-7
BC4 + 13 |Bit Count 4 From Bit Counter CR2-017 9 |Controi Register Two Bits 0-7
BDALOOL BUS (AW2)|Bus Datal/Address Line 00 CR3-0/17 9 |Controi Register Three Bits 0-7
BDALOIL BUS (AV2) |Bus Data/Address Line 01 CR4-017 9 |Control Register Four Bits 0-7
BDALO2L BUS (BE2) {Bus Data/Address Line 02 CR5-0/7 9 |Control Register Five Bits 0-7
BDALO3L BUS (BF2) |Bus Data/Address Line 03 CR6-0/7 9 |Control Register Six Bits 0-7
BDALO4L BUS (BH2) {Bus Data/Address Line 04 CSAQ +/CSA9 + 8 |Control Store Address Bits 0-9
BDALOSL BUS (B12) |Bus Data/Address Line 05 DA16 + 3 |Extended Data/Address Bit 16
BOALOGL BUS (BK2) |Bus Data/Address Line 06 DA17 + 3 |Extended Data/Address Bit 17
BDALO7L BUS (BL2) |Bus Data/Address Line 07 DATO + IDAT7 + 14,15 |Data Butfer Bits 0-7
BDALOSL BUS (BM2){Bus Data/Address Line 08 DBWCH + 13 |Data Buffer Write Control In
BDALOIL BUS (BN2)|Bus Data/Address Line 09 DBWS - 13 |Data Buffer Write Strobe
BDAL1OL BUS (BP2) |Bus Data/Address Line 10 DBWS1 - 13 |Data Buffer Write Strobe In
BDALI1L BUS (BR2) |Bus Data/Address Line 11 D800 + /D807 + 6 |Data Bus Bits 0-7
BDAL12L BUS (B8S2) |Bus Data/Address Line 12 DB08 +/DB15 + 7 |Data Bus Bits 8-15
BDAL13L BUS (BT2) |Bus Data/Address Line 13 DEN ~ 6 |Data Enable
BDAL14L BUS (BU2) | Bus Data/Address Line 14 DMG! + 4 |DMA Grant In
BDAL1SL BUS (BY2) |Bus Data/Address Line 15 000 + /D07 + 2,3,49,11, |D-Bus Bits 0-7
BDAL16L BUS (AC1) |Bus Address Extension Line 12,14,17,
16 18,19
BDAL1I7L BUS (AD1) |Bus Address Extension Line EADD + 3 |Enable Address
17 EADD - 6 |Enable Address
BDAL18L BUS (BC1) |Bus Address Extension Line EBITC + 3 |Enable Bit Count
18 ECCO + 19 |Error Correction Code Out
BOAL19L BUS (BD1) |Bus Address Extension Line EDATA + 3 |Enable Data
19 ENRD - 13 |Enable Read Data Register
BOAL20L BUS (BE1) |Bus Address Extension Line ENWD ~ 13 |Enable Write Data To Buffer
20 FAULT 17 |Drive Fault
BDAL2i1L BUS (BF1) |Bus Address Extension Line GDATA + i3 |Gated Read Data
21 GSCLK - 3 |Gated System Clock
BDINL BUS (AH2)|Bus Data In GTIRQ + 5 |Gated Transmit Interrupt
BDIN + 4 |Datain Request
BDMGIL BUS (AR2) |Bus DMA Grant In 1AKI + 4 |Interrupt Acknowledge In
BDGOL BUS (AS2) |Bus DMA Grant Out 1AKIG = 2 |lInterrupt Acknowledge in
BOMRL BUS (AN1)|Bus DMA Request Grant
BDOUTL BUS (AE2) |Bus Data Out INDEX 17 |Index Pulse From Drive
8DOUT + 4 |Data Out INIT + 4 |lInitialize
BEVENT BUS (BR1) |Real Time Clock Control LXRO ~ 11 |Load External Register Data
BFULE + 3 |Enable Buffer Full Out MSB )
BFULL - 15 |Buffer Full LXR1 - 11 |Load External Register Data
BIAKIL BUS (AM2)|Bus Interrupt Acknowledge In Out LS8
BIAKOL BUS (AN2)|Bus Interrupt Acknowledge LXR2 ~ i1 |Load External Register DMA
Out Address MSB
BINITL BUS (AT2) |Bus Initialize—Clear LXR3 ~ i1 |Load External Register DMA
BIRQ4L BUS (AL2) |Bus Interrupt Request Level 4 Address LSB
BIRQSL BUS (AA1) |Bus Interrupt Request Level 5 LXR4 - 11 |Load External Register Data
BIRQ6L BUS (AB1) |Bus Interrupt Request Level 6 Buffer LSB
BIRQ7L BUS (BP1) |Bus Interrupt Request Level 7 LXRS - 11 |Load External Register Data
BITO-BIT10 16 |Control Bits to Disc Drives Buffer MSB
BIT7 4, ~ 13 |“Complete Byte" Output of LXR6 ~ 11 | Load External Register Data
8it Counter Buffer
BPOK-H BUS (881) | Primary Power O.K. LXR7 - 11 | Load External Register
BPOK - 4 |Primary Power O.K. Extended Address
BRPLYL BUS (AF2) |Q Bus Reply LXRY - i1 | Load External Register Drive
BRPLY + 4 |Q Bus Reply Control Tags
BSACKL BUS (BN1)|DMA Select Acknowledge LXRA - 11 | Load External Register Drive
BSYNCL BUS (AJ2) |Bus Synchronize IO Control Bus Bits
BTSPF + 2 |Bootstrap Flag LXRB - 11 |Load External Register Vector
BWTBTL BUS (AK2) |Bus Write Byte Address
BWTBT + 4 |Bus Write Byte LXRC - 11 | Load External Register
BYTCK + 13 |Byte Clock System Control
COuUT + 10 |[Carry Out LXRD - 11 |Load External Register
cP1 12 |Control Pulse 1 Bootstrap Address
CcP2 12 |Control Pulse 2 LXRE - 11 | Load External Register CPU
CcP3 12 |Control Pulse 3 Bus Control
cP4 12 |Control Pulse 4

e
A
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— CONTROLLER

SYMPTOMS

FAGE

Symptom

Possible Causes

Check/Corrective Action

1. Green DIAG light on the
controller is OFF.

. Microprocessor section of con-

troller inoperative:

. Bad oscillator

. Short or open on board

. Bad IC

. PROMs not properly seated

Qo oe

. Controller/Place controlier on extender

board. With a scope, check the pins on
the 2901. All pins except power and
ground should be switching. Check for
“stuck high" or “stuck low,” or half-ampli-
tude pulses. Check + 12V and - 5V power
and + 5V at various IC’s. Check PROMs
A1 through A7 for proper seating. Check
oscillator.

2. No communication be-
tween console and
computer.

. 110 section of controller “hang-

ing” Q Bus:
a. DEN always low

b. Shorted bus transceiver IC.

c. Bad CPU board.

. Computer interface logic of controller/

a. Check signal DEN for constant
assertion.

b. Check /O IC's. Remove contraller
board to see if trouble goes away.
(Ensure slot is filled or jumpered.)

c. Run CPU diagnostics.

3. No data transfers to/
from disc.

. Disc not ready, bad connec-

tion, or bad IC in register sec-
tion of the controller.

. Disc/Consult the disc manufacturer's

manual for proper setting of disc
switches, or READY, NO FAULT, or UN-
SAFE lights. Check cable connections.

Controller Registers/Using ODT, examine
the Drive Status Register. The DISC
READY and SELECTED must be *‘one’s.”
Using ODT, deposit “ones’” and “zeros” in
the remaining disc registers and verify
proper register data.

4. Data transferred to/from
from disc incorrect.

. Multiple Causes:

a. Bad memory in backplane

b. Noise or intermittent source
of DC power in computer.

c. Bad IC in disc /O section of
controller.

d. Bad area on disc.

e. Disc heads not properly
aligned.

. Computer-controller-disc/

a. Run memory diagnostics.
b. Check AC and DC power.

c. While operating, check lines from con-
troller to disc with a scope for short or
open.

d. Run the Format and Diagnostic Test
program (Section 3). If errors occur at
the same place on the disc, it is prob-
ably a bad area on the disc. Assign
alternate tracks as specified in Section
3.

e. Consult disc drive manufacturer's man-
ual and align heads.

5. Intermittent failure—
Controller runs for a
short time after power
is applied and then
fails.

. Failure of heat sense

component on controller.

. Isolate the bad component by using heat

and cooling methods (heat gun, freon
spray) and replace the bad component.

S-S54
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THEORY

The contraller may he examined as three pParts: compPuter interface., disk
interface and contraller internal functions. Sienals from and to the compPuter
are described in Table S-1. Sianals from and to the disk drive are described in
Tables S-2 and S-3. Figure S-7 is a simplified block diagram 1llustrating the
interfaces and some of the Ffunctonal compranents, Zinale lines in the
illustration represent serial data and the wider lires represent Parallel data.

FIGURE 5-7 - SIMPLIFIED BLOCK DIAGRAM

RIT TA
« <{OATA/ADDRESS DATA _ DATA _ > | WRITE DATA
w 3
5 o4
w
¢ compuTER K DATA icRopRocESson [K_DATA PERIPHERAL | hOOATA T
3 INTERFACE INTERFACE s
w
O CONTROL CONTROL CONTROL contRoL &
CONTROL TIMING TIMING | status "
« DATA INPUT REGISTER « TIMING SOURCE « DATA RECEIVER/DRIVER
« DATA OUTPUT REGISTER - CONTROL CENTER « CONTROL DRIVER
« ADDRESS DECODE DRIVER « REGISTER STORAGE * DRIVE STATUS RECEIVER
« ADDRESS DRIVER « DATA BUFFERING ¢ ECC LOGIC
« BUS RECEIVER/DRIVER « SOURCE/DESTINATION DECODE

° BOOTSTRAP LOADER

Comeuter Interface

The PurPose of the compPuter interface is to (1) buffer lines between the I-Eus
af the 11722+ camputer and the controllers and (2) to svynchronize infaormation
transfers, The cantraoller is a slave device durins initialization and
status—transfer sequences. The contraoller is selected bv base address 777 440 .
The contraller is bus master durine data tramsfers and either receives data from
or outputs data to the computer memory via the 11/Z23+ DMA facilitwv.

The contral lines request information transfers, se
o transfers, and synchronize the transfer
uni—directiaonal and used for “"bus arbitration.” u

lect the tvre and dJirection
S. The control lines are
s svnchronization 18 Fully

sy



CO06 DISK CONTROLLER FAGE 257

contraolled by the controller microprocessar, This allows the computer bus to be
used by other devices when the disk caontraoller is busw with internal functians
and contraller/disk data transfers.

Data bus driver/receiver reaisters 13H throuah 14&H buffer the inFut data and
distribute it as DR O0-1% in the contraller. The OB sianals are roayted to a
data input MIX and address decode reaisters.

Outeut data and addresses from the microprocessar Y-Rus (YOO-Y0O7) is latched b
reaisters 130G throuwsh 114G, and transferred to the H-Bus via bwus driver/receivers
i2H thraush 1&H.

Nate that the Device Enable siganal (DEN-) is active when either Address Enakle
(EAND) or Data Ernable (EDATA) siganal is active. DEN coantrols the orperating mode
af all data and address driver/receivers, under controal of the firmware, via the
Y—-RBus.

Disk Interface

The disk is connected to the controller by separate data and control cables. &)
SO contral cahle 1a daisv—chained t boath drives inm a multiple—drive
contiauratian, while separate data cables are alwavs used.

Zerial read data is received bv receivers 14&0 0 ar 150 and then converted to
parallel data by the read/write shi+t reaister 0 In the reverse direction,
rparallel data from the data butfer is converted to csarial data bv  the shift
reaister,; then sent to data cable drivers.

The Contral Cable drivers 7B, ZE, 2Bs and 10R are alwavs enablied and are driven
kv the autPut of registers 20 and 100, which act as latches to carture the Y-EBus
data from the microprocessaor,

Controal Cable recelivers iitBE and 12B  superly data to the disk status
register/multirlexer 1z2C at all times. The data is availahle to the

microprracessar via the [D-Bus when signal XSO5— is active.

CONTROLILER INTERNAL FLUNCTIONS

The microprocessar is the timing and control center af the controller. The
microProcessar is contralled bv instructions stored in progerammable read—onlsy
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memor (FROM) . The instructions. called "firmware," cause the microprrocessar to
aoPerate in a pPrescribed manner durine each of the coamputer—-selected functions.
The +unctions are established bv a series of instructions i1sswued by the. 11/723+.

Because the disk and computer transfer data at different rates,. 1t is necessarsy
to  huffer data going to and from the disk. High—-speed RAM allows a full sectar

af data to be buffered during read and write opreratians.

A1T data transfer and compPuter/disk protocol is  under microapPracessar  control.
This feature allows madification of controller operating characteristics b
making only changes to the firmware. InPut/cuteput logic remains essentiallyw
unchangaed.

The autput from the micraopracessar is the "Y-Bus." Y—-RBus instructions aovern all
contraller aoperatians b+ actinge as the controller source for all receivers and
drivers either directly or throuah the source/destination decode IC s,

The "I—Bus" is the data ineput ta the microprocessor. Tri—-state drivers allow
many sianal SOUrces toe he connected tao the bus while onlv aone at a time 1s
enabled bv the soaurce/destination decode losic. The fallowing list describes
[l~Bus enabling signals:

FUNCTION TERM ENAEBLEL

Slave Address X0 14&F

ata InmPrut (MSR) X=hl 14F

Nata Input (LER) X=h: 15F

H—-Bus Ztatus X=nz 12F

OData Buffer X=n4 =

[lisk Status XE05 130

Seek End/Unit Select XEéA 14

Errar Status X=07 “F

Boaaot FPROM Xanse 12F

Switches Xsne 17F

Literal X=DA 7H

REOQOA Switches XsDE 210

Secratch RAM Enable XSDF =ZH, 7H
A1l data on the [D-Bus is under control of the firmware as decoded by source
FROMs 11H, 150, The micropracessor selects the prorper inPut data bw enmabline

ane af the abave lines.
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The Y—-Bus 1is the microprocessar auteput. Outeput of the microcade PROM  SH is
deraded bv 1ZH and 17H to select the destimpation of the data on the Y-RBus. The
fallawing list describes Y-KBus ernahbling sigsnals:

FLINCTIION TERM ENARLETL

Data COut Register LXRO 136G
(MZR)

Data ut Register LXR1 iaG
(L=R)

['MA Address (MZR) CLXRZ 145

IMA Address (LER) LXR= 1415

[ata Butfer Address LXR4 110,120
(LER)

lata Ruffer Address LXRS iz2C
(MZR)

[lata Buffer Load LXRé& 70,86

Load Extended Address LXR7 120

[rive Contral (Tags) LXR% 10C

Orive Contral (Bus 0-7) LXRA P

Load Vector Address LXRE 100G

Svestem Caoantraol LRXC 130G

External Event LRXD s

H—=RBus Cantral LRXE 170G

RAM DNestination LRXF =H, wH

With the single exceprtian of bus reply detectoar ZI1IE, all Y-Rus data anmd address

activity is controlled by the 15 sianals shown abaove.

Each LXR (L.aad External Register) sianal activates a reaister, which, ir
conJunction with Y-=Bus data, latches the arpropriate data waoard.

Coantrol Reoisters CR1 througah CR& are the outputs of the microecode FROMs., Thece
sianals coantral the MICraPrOCessar functions and Pravide the data to the
csource/destination decode Togic.

ata Buffer

Iata Transfers to and from the buffer are bath two—-step aperatianc. First, an
entire sectar of data is loaded inta the buffer during either a read or write
operation. Once 1onadeds the buffer contents are then transterred to dicsk ar
11722+ memory in a comPletelw serparate orperation. Figaure 5-2 illustrates read

and write arerations to and from the RAM data buffer.
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Durine a write operatian,. rarallel data (YOO-YO7) is transferred from 11723+
memary  via  microprocessar to the write data register 20G. The data (DATO-DAT7)
ie then transferred to the buffer 100 and 110 Farallel data (DATO-DAT7) from the
buffer is then transferred to shift register ?0, converted to serial data (W
DATAY>, and transferred to the data cable driver 1%A.

Durinme a read oreration,. serial read data (R DATA)Y from the data cable receivers
is ANDED with Enable Bit Count (E RIT £) reswulting in the signal G DATA. This
signal enters the shift register F7 and is transferred as rarallel data ta the
Read Data reasister &80, for transfer ta the data buffer while the ne=t byvte is
being shifted throuah shift register 20, The read data from the buffer
(DATO-DAT7) 1e transtferred to driver SF to the microprocessor for transter ta
117232+ memarwy.

The counter located at 110, 120 and 120 is used to address the lacation in the
buffer inte which data can be written or read from. The counter has the
carability of heina preset to a specitic startine address via the Y-Bus of the
MICHrOPHQCESsSOr,

ERROR CORRECTION CODE (ECC) LOGIC
Functional Oeperation

The EZC Generatar does not correct errorss it generates codes during write and
read orPerations and during readine generates a syndrame. A syndrome 1s the
result of merging check characters being read with check characterse wenerated.
A zerao svndrame indicates OO oerrors; a noan-—zera syndrome indicates an erroar.
This svndrome contains all the information necessary ta find the error Tocation
and the error pPattern, i.e@., to allow erraor correction.

The error location is found by countine the number of clock rpulses reguired 1o
mal e the EF ocuteput ao high. The error pattern is then availahle an the LFO-LF3Z
and RO—27 cuteputs and can be used tao exclusive OR with data. Derpanding upan the

pasitian of switch S5 (lacation 017), either the computer or the controller
carrects the errar, Note that some error patterns cannat be carrected. These

are flagged to the compPuter.

Component Descrirptian

During a write aoperaticon, a 22-bit ECC i1s aeprpended to the header record and a
Sé-bit ECC is arrended ta the data record of each sector of information on the
disk. ECl"s are alsa aenerated while information is beings read fram the dishk.
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The codes aenerated during the read operation are comrared with the equivalent
codes pPreviously written. DiscrerPpancies detected (errors) are signalled ta the
microrrocessor and corrected 1F pPossible.

The ECC Generator (7E), alsa referred tao as the Burst Error pProcessor, 18 used
in three different tvpes of orperations: writes read,. and correct. LDetailed
information about the ECC aenerator is aiven by an  AMD, AMPEZ0/ 220465 product
specificatian.

urine writing ar reading, information is connected to the DO throwuash 7 inputs
af the ECC Generator. Select inpPuts 20 and S1 determine whether a 22— or S46-bit
Ppalvrnomial i1s heina used. The ZZ-bit Ffalvnomial 1s used for ECC header checkss
and the S4—-hbit poalvnomial is used for data record check. The Data Bufter Write
Straobe (DBWS) 1is the saurce of Clack Fulses (CF) to the ECC Generator.

Control information for the ECC Generatar from the Y—Bus is stored bv LXRS  into
EZC Control Register 206G,

When MF— i1s asserted. the logic is initialized. Asser-tina REF (Read Errar
Fattern) makes autputs LFO-LFZ and GO-0307 active. Cantral ineputs FO-F3 are not
weed. The ECC Generator functions selected by the CO-0Z inputs are as follows:

(o i () FLNCTION

I L L Comeute Check Rits

L L. H Write Check Bits

L H L Read Narmal

H L I_ Ll:la_lj

H H L Correct Normal

Check bit outeputs RO-07 are connected to the DATO-DAT7 lines one byvte at a time
under  control of REF and CO-CZ. The remaining outruts of the ECC Generator are
stored in ECC Ztatus Register “F by clock GSCLE. The microprocessor monitaors
ECC status on the D-Bus duringe X507 time.

Outrputs LFO-LFPZ (Lacated Error Fattern). tosether with outeuts G0-37, Provide
the 12-hit errar pattern. 27 is the MEB and LFO is LZB of the pattern. Duteuts
LFO—-L.FZ are active aonly when REF is asserted. Cuteut AE  (Alianment Exception)
is asserted 1§ the error rattern  will ot line up automatically during a
correction sequence. This can occur because  of  the methaod of palvnomial
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divisiaon implemented in the ECC generator.

Outeut EF (Error Fattern) is asserted when the error pattern has been lTacaterd
during the carrection sequence. Duteput ER is asserted if an errar was detected
aftter the last check bvte had been read duringe a read function.
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FIGURE S—2 — DOATA FATHS
A. WRITE — MICROPROCESSOR TO RAM
3E, SE 8G 100, 11D
2901 Y00-7 WRITE DATA DATO-7 - RAM
MICROPROCESSOR REGISTER > DATA
BUFFER
10 14 15
8. WRITE — RAM TO DISC
10D. 11D 9D T9A
RAM DATO-7 READ/WRITE WDATA DATA
DATA SHIFT - CABLE
BUFFER REGISTER DRIVER
15 i4 18
C. READ — DISC TO RAM
a0 8D 10D, 11D
G DATA READIWRITE DATO-7 READ DATA DATO-7 RAM
e
SHIFT REGISTER DATA
REGISTER BUFFER
14 14 15
D. READ — RAM TO MICROPROCESSOR
10D, 11D 8F 3E, 5
RAM DATO-7 BUS D00-07 2901
DATA DRIVER $1 MICROPROCESSOR
BUFFER
15 14 10

o

o
&
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+12 VOLT ToO -5 VOLT FOWER SLUFFLY

The +12 to -5 valt power supply 1g a do—to—-dec converter that Produces the -5
valts reauired for the current mode line driver to the disk(s).

InFPut Power is aobtained from the +12 valts on the backrlane. Oscillatar RI1%,
[ 14A pravides rectangsular Pulse that drives current switch ©1. When the
csscillator turns 21 anm, +12V 1is applied to L1 and an increasinge current 1€

Producaed. When the aoscillator turns off @31, the eneray stored in L1 produces a
negative voltage (at the top of L1), charsing diodes 04 and C5 throuah diade
CR1. Suyccessive oascillator pulses cause the valtase across G5, 54 to build ue

to arproximatels =5 valts., Circuit 21A 1is a zener—referenced resulator that
produces a  threshold contral valtage that resulates the dutv cvcle of the
oscillator drive valtage applied to 81 (increasing or decreasing YONT time) .
Circuit 21A thus controls the eneraw stored in L1 to maintain and resulate the
valtaae on G5, G4 at =5 valts under normal load conditions.
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M SEMICONDLICTOR MEMORY

INTRIZDUCT TON

The M2 memory card is an add—in memoryw  for the FHL FowerFrame svstem. The
standard memory caracity  aof  the MY memoary module is 512K words by 12 bits
D29, 288 woards = 18 bits). Opticnal memory carFracity 1s available uron  reauest.
Zee Table &-1.

TABLE -1 -~ MEMORY CAFACITY

MEMORY SIZE NO. OF DATA BRITS CER
A4E Wards i4 Rits Nz
A4E Words 1= RBits Yes
Wards i4 Rits N
L Wards i3 Bits Yese
o Words 14 Rits N
E o Words 1= Rits Yas
- Words 14 RBits N
'E Words 1% HRits Yas
Oepticns
Battervw backur can he utilized on this maodule. The +5% batterv backup vaoltase
PIinNs are caomratible with those that FHL praovides an the MEVII-L MOIS memars card.

Tabhle -2 gives Jjumper requirements.

TABLE 4-2 - BATTERY BACELF

W1 W= W4
For +5 hattery backue I I R
For- non=hattery backuer R R R
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# I = Install
R = Remave

This maodule has the carability
(4MR) . Table &=3 @ives Jumper
TARLE 4#-2 - ALDDRESS RANGE
For 1228KW Address Range
For Z2MW Address Range
# I = Install
R = Remove

The C

R can be ernabled

FAGE &-2

far address
cettinas for

decoding,

this

yp to
aptian,

Z megawards

e Az24
R I
I R

arr disabled bv installine and remaoving the
Proaper JUmPers. Table A—4 shows the selections.
TARLE &—-4 - CSR ORPTION
=1 A=z
Far CSR Enabled 1 R
For TSR Disahled R I
# I = Install
R = Remaove
The MIZS4 has aon—board eparity generatiaon and checking. The 1/0 pase is
factory set for 4kW.

Modes of Oreratian

The MOZ54A memory module is carable of aperating in the three modes required b
the 11/23+ svstem.

1. DATI (Read)

2. DATO, DATOR (Write)

= DATID,. DATIOR (Read-Modify—Write)
The read maodes operate an the Ffull 1é&-bit memory word. The write modes aperate
either o the full woerd or a bvte bhasis. The memary Provides its oawn refresh

timing and addressing.

Timing
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The MOZ5A perfarmance for access and cvocle time is Tisted inm Table &-5. e ta
S00ns mav be added to the cwvocle times if the memoryw is doing a refresh aoperation
when a memory cvcle 1s requested. Cwvele time 1¢ defined as SYND H  ta SYND H
negated at ma=imum allowable 11/22+  bus speed. [ATI cweocle access time is
defined as internal SYNZ H to RPLY H with Z25ns from SYNC to OIN H. DATO (R
cycle  access  time is defined as internal SYNC H to RFLY H with SOns from the
SYNC H to DOUT H.

TABRLE 4-5% - ACCESS AND CYCLE TIMING

MEMORY FUNCTION BUS CYCLE TYFE ACCESS CYCLLE
TIME (MAX) TIME (MAX)
Read OATI 1¥0ns 470ns
Write ODATO (R 20ns =220ns
Read—-Modifv—Write DATIO (R) 700ns 1000ns

¥ Timing values given are referenced to 1.5V level.

Fower Reauirements

Takle &-4& is a list of pPower requirements needed for the MOIZEA memory module.

TABLE &4-4 - FUOWER REGUIIREMENTE

SUFFLY VOLTAGE OFERATICONAL CLURRENT REGLIIREMENTS

STANDBY OFERATING
+5V SV +/- 5% 2. A 4.0 A max
+SVEER 5V o+/—- 5% 1.9 A 1.4 ma

Envirornmental Specificaticans
The MBZSA is designed to arerate in a wvariety of enviraonmental conditians,
includina:

#  Temperature — Ambient air temperature range of O O ta +50 C

# Thermal Shack — The memory can withstand a thermal shoack with
a maximum rate of change of 20 O per hour during aperation.

# Humiditvw — The MOZSA can operate from 107 to 207 relative
humidit+ (withaout condensation).
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Shiprping and Storaaqe

* Temperature -
af =40 2 to

# Thermal
minute

Shock

can
¥ Altitude

Mimensiaons

Table

=7 aives

TABLE &-7 -

FCR Thickness

Width
Lenath
Ma: component height

Total thickness max

+325

dimensians

DIMENSIINS

- A thermal
bhe taolerated b

— A shieppina altitude

an the

. OSA
10,457
=L IR0

a
R TN
]
iy
-

W0NY D0
|

~ate
the me

During shierment or

can be withstood bev

MO 254

inches
inches
inches
inches
inches

1

[} 1:

af 40, 000

storaae, a temeperature

the memoryv.

rangse

changee as hiah as 10

Mar.

Per

feet can be withstood,

module.,

meEmor sy

quad module
(includes handles)

FAGE

(=)
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THEORY AND COFERATION
Interface Specification

Bus Receivers

InpPut Low Valtase e SV mamimum
InPut Hiah Valtage 1.7V minimum

Maximum inPut current when connected tao 2.8V is 20uA even with no
power arplied.

Bus LOrivers

OutrPput low valtage when sinking 70uA  is IV AVIR Maximum auteot

current when connected to 2.8V i1s Z5uA even 1if no Power 1s applied.

Interface Silganals

Tabkle &-2 aives a list af input cantrol siganals to the memorvy,
madule pPresents one stamdard bus Toad to the 11723+ svstem bus for

toallowing signals:

TABLE &-2 -  CONTROL SIGNALS

STIGNAL NAME CONNECTIR FIN
BOOHIT L AEZ
BOIN L AHZ
B=YNC L Al
BWTET L Ak z
RE=7 L AFZ
ROWC:OEH BAil
BINIT L ATz

[lescription of Cantral Sianals

#  RBODUT L - When this signal is asserted it indicates that a write
cvcle (DATD), or the write partion of a Read—-Maodifv—=Write ocvale

(DATIOY is ta be performed by the memoary.

# BIOIN L - When this signal is asserted it indicates that a read
cvcle (ATI) or the read epartion of a Read-Modifv—Write is to

be pPerfarmed bv memory.

FAGE

fhiah

The

@anch
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o~
!

leakaae

e Mee £y
ot the
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# HISYNC L - When this signal is asserted, it indicates that a valid
address is on the bus. When the address is in the orerating range.
of memory, BIYND will alsao initiate a memory cwvole. The twvee of
memary cwvecle will be determined by BOIN, BOOUT, or BWTRERT.

# BWTBT L — When this signal is asserted during a leading edae of
a BEYNCD signal, it indicates a write cveole 1s to be performed
(DATO, DATOR) . If asserted during the duration of a BDOUT,

a bvte write (DATOR, DATIOR) will take rlace. The bvte to be
written is determined by the state of BODAIO durine the leading
edae of BIYNLC. BOAIO = O indicates Bwte O3 BOAIO = 1 indicates
Bvte 1.

# BRZ7L - When this sianal is asserted, it indicates an I/0 aper—
ation. If address bits 1-12 match the CER address, then a CER
Write or Read will occcur.

# BIOCOE H — This sianal aaes active hiagh foar 23ns minimum, atter
OC power is arplied. It falls low Su minimum hefore DT
valtages are out of tolerance. It is wused to Frevent the memorw
module from being selected or Power upP or Power down.

# BRINIT L = The MIZS4A uses this signal to reset the Coantrol and
“R) .

Status Regsister (CZER

Nescrirtion of COuteput Sianals

Table A-% aives a list of ocutput signals.
TABLE &-% —  OUTFUT SIGNALS
SIGNAL MNAME CONNECTOR FIN
FARERR AC1l  (BDAL. 149
Al (BDAL 17)

BRFLY ALz

¥ FARERFK
EOAL 14 is wused to indicate memory parity errar.

BOAL 17 is the memory enable line.



MU

I/00 Connector Fin
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#  BRFLY

This sienal
Placed

hae

auteat

¢ I/00 Connectar

TABLE &-10 -

COMPONENT

SIDE

A Connectar

EoAlL 14 L
ROALLT7 L
+5V RATT

Ground

oo

Geaurd

+5V BATT

(aprtian)

Captian)

B Connector

BOCOE H

BOAL 140
EDAL 1%L
BDAL ZOL
BROAL. 210

Ground

List

Fin

is aenerated b
1ts data
data +rom

on
the bus.

List far

FIN

Al
El
[
i
Ei
F1
Hi
Sl
k1
L1
M1
N1
F1
R1
T1
i
Vi

Al
E1
1
iR
E1
F1
H1
J1
11

the

FIN

the
the RIOAL

hgs, o

Mmemory O

I/70 CONNECTOR FIN LIST

memary

modul e
r that

ard

SOLDER SILDE

+5 Valts

Ground

BOIOLT L
EBRFLY L
BOIN L

BSYNC L
EBWTEBT L

EIAKI L
BIAED L
BE=7 L
BOMGT L
BINIT L
BOALDD L
EDALOL1 L

+5 Volts
Ground

EOALOZ
EOALOZ
EOALO4
EDALOS
EDALOA

-

to

is shown

indicate

1n

that

it has accepted

1t

Table &=10.,

FAGE

k7
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Sroaund

Ground

+5 Valts

Graund

Ground

L1
M1
N1
F1
K1
=1
T1
Lt
Vi

Al
B
=1
o1
El
Fi
H1
1
K1
L1
M1
N1
F1
R1
=
T1
i1
V1

Al
E1
-1
o1
E1l
Fi
Hi
J1
k1
L1
Mi
N1
Fi
R1
=1
T1
11
Vi

SR

Vi

-_I <l

1

.

S2
Tz
s

V&

EBOALOT7 L
BOALO= L
BROALOZ L
BOAL1O L
EBOAL11 L
BOALLIZ L
BOAL 1= L.
BIlAL14 L.
EBOALIS L

+5 Valts

Ground

ERIAKT L
BEIAED L

EIMGI L
BOMIGD L.

+5 Valts

Ground

FAGE

-
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Timina

Timing is dane bv usina a Z00ns delaw line fed by the Read/Write flie  flaor  and
the refresh arant flip flap. Arerrorriate tars are selected for enable RAT and
CAS latches. CAS is disabled during a refresh  ocvocles theretore onlvy a RAS
retresh cvole 1s rPerfoarmed.

The following figures are the timine charts of DATO, DATOR (Figure A-1)3% LATI
(Figure A-2) anmnd DATIO, DATIOR (Figure A-3). :
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FIGURE 4—1 - DATO or DATOR

R DAL (®) >< R ADDR >< R DATA X (3)

— 25 min

\\\7 /
SynNe 25 /]
—3 ™n 100
; 150
— m™Min > —
—_— z%n e mMin
bouTt
150
min <_\ r 300 Min - _4
-y NS

=T X >< (3)

— 25 <—

min

WTRT (=) /| 7 \< ASSERTION=BYTE >< ©)
>%‘ '% 25 min

1. Timing shown at Bus DOriver Inputs and Bus Receiver Outputs.
2. Zignal name prefixes are defined below:

T. Bus Oriver Ineput

R. Bus Receiver CJutput

Don“t care condition
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FIGURE A-2 = DATI Bus Cyveocle Timing (Read Memor )

groae X raon X X Team X G)

25 ns — 5 125 ‘ — 100 max
— -25% max € Omin
SVNC ///7 Omin — \ /
150
—) F5ns [— <— 150 min -—1 min
min \\<>\

/K<:\\\:>// 7 je—- 300 mirn —>

BRPLY \;\

BBS? (5)X >< (3)

> 25ns
M}

WTBT (3)>\ /< ’(3)

. Timing shown at Bus Oriver Inmnputs and Bus Receiver QutrPputs

Y. Tianmal name Prefi=es are defined below:
T. Bus Oriver Input '
R. Bus Receiver QOutput

Z. Don't care conditian

4. A1Y timine given in manoseconds
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FIGURE &4-2 — DATIO ar DATIOR Bus Cvacle Timing

N v N DATA
Brow T x(RAa0R X ) X T oaTa @ X R§ X3
: 100 25
- '3"5'.\ —> rmax - min
25
R SyNC _—/ min _" e
5 125 — 150
= 1#1 = 1 max — min
A oour N\
RpoiN .
i50 N
— oax t."‘"’q k- ~4 "
T RPLy B\ L
N
R BSF (3) >< l /< (3) ‘
25 min  Kk— “*;§;
R wrer (3) PN /< (3) ASSERTION =ByTE X(E'))
— ?'nsm <—
1. Timineg shown at Bus Driver InPuts and Bus Receiver Outeuts
2. Sianal name prefixes are defined below:
T. Bus [river InPut
R. Bus Receiver Outrut
. Don’t care candition
4. A1l timings are given in nanoseconds
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Coptral anmd Status Register

The MOZS4A ueses the Contral and Status Regaister (C5R) far Proaram coantraol [hs
certaln Par ity functions and contains diasncstic information, should a parit
erear acour., The SR has a —-Fus Address, Therefore, 1t can he accessed b A

s  master. Bus INIT (L) will clear S ome o f the ©CZR bits (see Sional
[Nescriptiaon foar an itemized list). Bus INIT 15 asserted an svstem Fower Ll or
bv a reset instruction. Refer ta Table =14 far TSR Address selection, and

Table =11 far CSR Bit allacation.

TARLE 4-11 — TSR ALLOCATION

15 144 13 12 11 10 09 OB Of Ob 05 04 O3 02 01 OO

NOT |NOT Al |A1z3 A1 | A4 [NvOoT |NOT NOoT

USED [useD OR | OR | OR | oR |useD |useD USED
AL? |A1b [A15|A21 |A20]|A19 [A18

| | Y 1 PAi \"Nr

zgggz ERROR ADDRESS WRITE
WRONG SRROR
PARITY ENABLE
EXTENDED
CSR READ
ENABLE

NOTE = CZR Rits 01, 02, 04, 1Z, 1% are nat used by the
CER. These bits will always be read as 17s,.
Wr-iting into these bits will have no effect an
the CER. :

% =R ORit O:@ Farity Error Enabiles This bit 1s a Read/
Write bit and is set to a O aon a Bus INIT or a Fower
e, If a Parity error shaould ever accur on either a
DATI or DATO(R) cycle to memary and CZR Bit O = |,
then BOAL 14 and BDAL 17 will be asserted (L) on the
bus simultanecuslv with data.

—

CEROBit 1: Nat Used.

*

#* DR ORIt 2o Write Wronge Faritwvs: When this bit 15 cet
tao a 1 and a DATO(R) ovcle to memaory accurs, the parcit oy
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Farity

The MIZ54A has the provision on board for Pparity qenceration and checking.

Par ity

(OAT

RAMs will receive wronga parity data. The bit is a
maintenance bit used to check Parity errar logic and
2R failed address information. The bit is a Read/
Write bit = Fower e oar Bus INIT sets this bit to a O.

TSR OBit 3 Naot llsed.
TR Rit 4: Not llsed.

CER Bits S—-11: These are Read/Write bits, and are nat
cleared bv Bus INIT or Fower Ue. If a Parity errar occurs
anoa DATI or DATO(R) memoary cwvwcles. then address bhits All-
Al7 are stored in CSR bits S—11 and address hits Al=S-AZ1
are latched. Only ane read is required on the CSR faor

W svstems (12 bit address). For svestems larger than
122KW (22 bit address) a second read of the CER must be
done. The use of 2R bhit 14 is required to da this. The
rarity error address will be narrcwed to a 1K seament of
MEmary.

CER ORIt 12: Not eed.
CER Bit 13 Mot lsed.

=R RBit 14: Extended TSR Read Emables This bit i1is not !

unsed on a 122KW svetem and 1s read as a 0. Svetems with
more than 122KW use this bit to read address bits A1ZS-AZ1
which are staored in CER bits S througeh 2, respectivelw.

When readine a parity error address larger than 1258KW, the
first ster 1s to set CZR bBit 14 to a O. then read the CSR.
Fits S—11 wof the CZER will caontain address bits All-AL7. The
cecond ster 1s to set OSSR bit 14 to a 1, thenm read the OSSR,
Fits 5—2 will contain address bits A1Z-AZ1. The CZR will
isolate the failinge address to a 1E seament of memorwy.

This hit will be set to a O anm a Bus INIT or a Fower Ue,
and is a Read/Write bit.

CER Bit 15: Farity Errar: This bit will be set to a 1 1f
a Parity errar should occur. This 18 a Read/Write hit and

a Fower e or Bus INIT will set this bit to a O.

Generation and Checking

=14

A

agnerator and checker 1s done on a pPer bvwte basis. O all write cvoles
parity 1s aenerated rPer bvte. O oall read cvizlas (ODATI) Parity 1¢e
checked pPer hbhvte.
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If a pParity error should asccur on either bvte,. a parity error sianal 18 a@ated
arito the RBIOAL 14 and BDOALL 17 O-Bus lines. These sianmals are checked by the
Procescsar during the memory read DATI ocvole.

The rarity circultery can he functiconally checked by writine a 1 into CER Rit 25
which CaLses bad eparity to bhe written during a DATO cvcle. Bv doime a IIATI at
the same address the parity ERROR sienal will be set to BOAL 14, BOAL 17.

Reserved 1/ Space

When Bank Select Seven (BBRE7 L) 1is asserted, the memory is deselected during 170
operations. ERBZ7 L 1s alsa wused to determine i+t CSR address selection ocours.
The MOZSA 1s factory set for a 4kEW I/0 space.

Mechanical Descrirtion

The MOZ254 i completely cantained on one multi-laver erinted circuit moduyle.
This memary modiglae is desianed to pPlua directlw intoe the standard HYZ7O
("aquad"). the HYZ72A LEI-11 backelane/card suide. the HPZ275 11/23+, and the FHL
expansian unit.
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INSTALLATION
Introduction

This sectiaon coantains basic information for installatian af the MOAZSE memorw
module. The MIZ54 can be installed in and is electrically compatible with the
11/22+ swvstem. Na special toaaols are reguired far installation of the MIOZSA.

Freliminary Frocedure

Rur all svstem exercisers oan the swvstem ePriar to installation. to insure cvetem
intearity. If a praoablem 1s faund it should be noted and fized before Proce@dinq
with the installation of the memory card.

Starting Address Selection

Jdumpers J4—-112 provide the starting address selection. Tables =12 and A1
aive a detailed list for startineg address 5&1cction. Startine ddjluaa selectian

is dane in 4k increments. "Far addresses larger than 125HW, A3 must o=
installed. Tables (=12 and &-132 are USed toaether foar starting address. Refer

to Figures &=4 and =5 for proper arientation of Jdumerer locatians.

CER Address Selection

The MIZ254 containe an an board Control and Statuse Register (CER) which cantalns
error  information in the event of a parity error. There are eight possible CER
addresses which are listed on Table 4£—-14. Refer to Fisures &—4  and &=5 0 fFor
proper arientation of Jumper lTocations.

Memoryw Size Selectiaon

The MIZSEAE may he set from a minimum of A4EW tao a mazimuom of S1ZEW. Tabhle 4&-15

lists Jumper settinss for selecting memory size.
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FIGURE A&-5% ~ JUMFER LOCATIONS

ut70 fg J31
3 o
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g
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VIEW A VIEW C VIEwW B
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TARLE A-12 - ADDRE=Z SELECTION

§ STARTING JUMPLERS*¥ I
{ ADDRESS* J4 J5S Jé J7 J8 1

8
§
i
§
§
i
1
i
i
!
[
§
L]
8
)
|
!
i
f
i
!
!
[}
i
!
!
L}
|
[}
!
[}
L}
]
§
i
i
{
t
!
[
[
]
i
§
[}
]
8
f
[}
8
[
]

s ? ]
| !
] ! ]
! 1 !
i ] 1
| 1 ]
] i i
§ | |
f [} 1
[} [} ]
§ i |
] [} ]
] 1 {
{ | |
i { !
] [} 1
[} ] |
[} ] |
| ] ]
] [} ]
{ L} i
] [} {
i ] !
§ | !
{ 1 |
] ] |
1} i |
] ] 1
8 | |
§ | |
i [} i
i | {
{ { |
] | i
[ ! i
| { i
] | \
i i {
] ] i
i i |
8 ] [
{ ] ]
f i i OO0
§ I ]
| i {
§ i ]
0 § i
| i ]
§ § |
? { §
] [} f OO0OO0QO
| § §

§ §
} !
| ]
§ ]
] f
] §
{ i
] §
] §
] !
{ ]
§ 8
§ b
] §
] §
] i
§ ]
§ ]
i ]
i §
| ]
§ ]
§ §
§ §
§ §
i {
i f
f i
! [
4 §
i ]
] §
] i
i i
f §
] ]
§ i
{ i
f f
i §
§ §
§ §
f f
§ §
§ i
! i
§ |
§ i
§ |
i §
] : 0O00O0
i

Bed pmd d B4

i
]
]
]
{
i
]
|
t
]
i
§
]
|
]
1
|
b
|
|
1
i
]
]
]
§
{
i
i
]
i
|
!
§
|
{
!
!
§
§
]
|
§
i
f
]
§
!
)
§
{
§

]
i
]
]
§
|
|
|
|
|
f
]
]
§
i
]
8
]
§
§
§
]
{
§
1
i
]
]
!
]
i
]
i
i
]
]
i
§
§
§
i
!
i
§
§
I
g
§
3
§ e et Bt
i

O = Removed
Note:

[
1"

Installed

*¥ Standard configuration External address option
: Jumper 24 installed
J23 removed
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TARLE A—1% — JUMFER 23 INSTALLED

ADDRESS JUMPERS%*
RANGE J9 Jio 11 Ji2
0K-12§K* 0 0 0 0
4P — R
OK~-128K*x 0 (0] 0 (o}
1268K-256K 1 a o] 0
256K~384K o} I 0 (o]
3IB4K=512K 1 I 0 o)
512K=-640K o (o} 1 (o]
640K-768K I (o] X 0
T68K-896K o] I I (o]
896K=-1024K I I I 0
1024K-1152K 0 (o] o] I
11S2K-1280K 1 0 0 1
1280K-1408K o] I o I
1408K~-1536K I 1 Q 1
1536K~-1p64K (0] (o] 1 I
1664K-1792K X 0 1 1
1792K=1920K (o) I 1 I
1920K~-2048K 1 1 I I
Address Range Selectlon
0 = Removed
Note:
I = Installed
* Non Extended Address
*x Extended Address QOptlon
J24 removed
Jd23 installed
J23 J24
Extended Address 1 R
Non Extended Address R 1
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TARILE 4-14 - CZR ADDRESE SELECTION
m q
22 Bit 18 BitC JUMPERS
CSR CSR Ji J2 J3
Address Address
17772100 ° 772100 I L I
17772101 772102 o] 1 1
17772104 772104 I o) I
17772106 172106 9] 0 I
17772110 772110 I I 0
17772112 772312 6] 1 g
17772114 372114 I (0] 0
17772116 772116 0 4] 0
_
Q = Remove
I = Install
TARLE A—-15 — MEMORY ZSIZE SELECTION
“
MEMORY JUMPERS
SIZE Ja7 Jd2s J29 J30 J25 J26
65KW [o] I I o I 0
128KW I 0] I O 1 0
256KwW I (o] (0] I I 0
S12ZKW I 4] o] I 0 I
Remove

- O

Install
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TABLE &—14 — JMIMFER DEFINITIONS
JUMPER PURPOSE CONFIGURATION
J22, Ji15, Ji14 Factory Test Aid * Standard Configuration
Jig8, Ji9 R = Pactory Test Only
J21, J16, J13 Factory Test Aid I = Factory Test Only
Ji7, J20 X R = Standard Configuration
J4 Extended AdQdress I = 128K wWord Address Range
© QOption ¥ R = 2 Nega Word Address -
Range
J23 Extended Address *¥% I = 2 Mega Word Address
option Range
R = 128X Address Range
Wi, W2, W3 +5 Battery Supply 1 = Battery Back-up option
%* R = Nomn Battery Back-up
W4 +5V Supply s * I = Non Battery Back-up
R = Battery Back=-up option
J3i CSR Enable ¥ I = Standard Configuration
R = €liminate CSR
J32 CSR Dlsable I = £El1iminate CSR
* R = Standard Configuration
I Install

R = Remove
* Standard Configuration

x% Jumpers will be facltory set to
customers configuration
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Add

A.

E.

L.

o n

Installation
Set all perirherals to "unload" conditian.
Turn svstem pPower aff at this time.

CAUTION: [N NOT O INSTAILLL the memary module with rFrower
to the backelane. Damage to memory may ooCUr.

Verify Jdumper confieuration far startine addresce. CER Address,
and memory S17é.

ITnstall memary module caretully into the selected slat. Insure

that the comeanent side faces the correct direction and the module

is aligned in the card auides. Caution gshould be taken not to allow
compPonents to rub adiacent modules. Fress FIRMLY when module enoages
backerlane connectoars making sure module i1s seated pProarerly.,

Turn svstem Paower "ON".

Run memary diaanostics. (See followina section)
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TROUBLESHOOT ING

Introduction

to
to o a faulty
procecssors  with

This section describes how
isolate a taillure 1n memarsy
Praocedures are used on

ee
RAM.
o

software switoch regsister will be in Location
ZEMA: This diaanostic will test O0—-Z54AKEB of

Switch Setting Summary:

RIT 15(1i00000) SW1S=1 Halt on Errar
BRIT 14(040000) 3 SW14=1 Loar an Test

EIT
BIT
BIT
EIT 1O0CO0Z000) 3
BIT O COOTO00)
BIT

BIT O7 (O0OZ00) s
BIT OA(OOO10O0) S
RIT QS (000040) 3
EIT Q4 {O0000Z0) 3
BRITS  ==0

SW1E=1
SWlz=1
SWl1=1
SW10=1
SWOw=1
SWOZ=

SWO7=1
SWOA=1
SWOS=1
SWO4=1
SWE-0

Inbhibit Error
Enable
Erable
Halt After

Faritwy
Each

Langa

Inhibit Memoary

# AT TION:
test

The lona

e

Gallor Test will

times a factar of Z5.

Runming ZEMA

i. Loaad erogram ZEMAZT inta memory

into the

NCOTE :

satting bhits
above switch sattings.
11 arnd 12 set (014000).,

Select artions bev
ta the
e bits

Start prosram testina

with no errors detected will

Frintaoagt:

4. A Pass
samerle

O0OO0O00-7S7777
FARITY

the memoary

memor sy

Testing Above

Testing
Test

Inhibit Frogram Reloacatiaon
Tvere First Faitlure
Gallorp Test #
Sizin=
Inhibit End Fass

Irnhibit Frintouts
Begainning Test Number

(L ZEMATT

switch
Neor-mal

APFR&Ar

FAGE &-24

diaenostics
Standard XXDOF
hardware
1764,

1 troubleshoaot and
Toading and starting
switch reagicterss the

aon the 11/23+ computer.

Frintauts

TEk

in 4K EBank

Frintauts

increace

SR .

reaister. Faeter
switch settinas would

similar to the taollowine
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LIOZATI
177210

LOCATI

SO0 =

BALN =

Fo= FROGRAM COLUNTER AT ERROR
= FATLING ERROR NLUMEER

ERROR
FARZFLG

tleinga

addres
be zer
= 0000
RAaMs (
theref
tao det

M
-

Switah

EIT
BIT
BIT
BIT
EBEIT
RIT
RIT
EIT
BIT
BIT

z :
757777

TCONDLICTOR MEMORY

BNE O
EBNE 1
ENE 2
ENE =
ENE 4

&

DO I IR Wy

e
-

ol ek b b ek s

ENE
ENE

e e e e

Iy}
Lot

RéLDC
T=T1iz BNE O
ENIDN FASE 1

e fallowing is an @xamele

(I GO EAD
177774

177777

af a tyeica

Fi ERRLOR
125 10

PASFLG
[TSTO]

ON = FAILING MEMORY LOCATION

GO DATA (DATA THAT WAS

EXFECTEILD

RALN DATA (DATA THAT WAS FOLUNDD

CALL

= CONTENTS OF ERROR FAZFLG (THIZ MAY NOT BE RELEVANT)

the above printout as an
s rangae O=122KRB (177210
] this is determined bv
Llsinme Figure 4-1.
Since 1t is
are  he L. The F

-1y,

Setting Summarwy

SW1S=1
SWi14=1
Sz
12(010000) 3 SWiz=1
11C004000) 3 SWil=1
1000000 ) s SW10=1
OZ{(OOI000) 3 SWOw=1
OS(000400) 3 SWOE=

"""" SWO7=1
SWOA=

This epraogram has the abilityw  ta
(O=Z242KER of memary) s

@xampel e, the fallure would

is between O and O0OZIT77774&H). The

comearing aood data with bad

the tailine RAM is foawund ta he
krnown that bit O is
ERRCOR and FASFLG information are
armine the failing RAM and are not needed in this examele.,

refer to the diasnaostic

bad, the

lieting for ZEMA.

test memarsy £rom

the 11/23+ pProcessor,

Halt on Error

Laar an Test

Inhibkit Errar Frintouts
Inhibit Memaor+ Manasement
Inhibkit Subtest Iteration

Rimna Bell on Error

Loar on Erraor

Loor an Test 1n SWRC4: 0>
Inhibkit Frosram Relocation
Inhibhit Farity Error Detectian

errar mescsaae printout:

b

data
10

rot

address

*

recrmal by

FAGE

i

failing bit
(L77777-177774
first

RAM

th e

I e

wenes o

[T

must

ree el

e 7

‘i_' [}
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BIT OS(O00040); SWOS=1 Inhibit Exercising Vector Area

EIT= 4

Runrmins

1. Lead

o E;G' ] &
ta t
e b

S& T

Star

4. I+t
tao t

E
i

Fu
R

-0 ZW4-0 Beginnina Test Number

With rarity error detectiaon enabled. a memary failure
can Cause a Parity errar. The error printaut aon a
Pparity error does not tvee the aood data, Thus, a bit
dropred or Picked up will not he twrped as such.
Therefore, it is hest to run the prosram for 1 pass
with rarity disabled. then restart the prosram with
Parity enabled,.

ZEmMC

Proaram ZEMIP? into memarsy, (L ZOMCT?? <CRX>) .

ct oeptions bv settime bits inte the switch resister. Reter
he above switch settinas. NOTE @ Normal switch settings would
it 4 set for the Ffirst pass (000100), and no hits set for the

nd Frass (OQOOQOO0) .,

t eprogram testine, (= <CR>).

here are no errorse detected the Frrintout will aserpcsar =zimilar
e following formats

Tii (MEMORY MANAGEMENT) AVAILARLE
EMIIRY MAF:

ROM OO0O0Q00 TO 797777

ARITY MEMORY MAF:

EGISTER AT 172100 CONTROLS

FROM QOOO000 TO 757777
FROGRAM RELODICATED T 720000
FROGRAM RELLCOCATED TO OO0O0000

E

T Ther
Froas

brelo
i
V/FLC
F/F

TRF /P
MA

NI FPOSS i

@ 18 a total of 31 twepes of error reports generated by this
ram. Some af the kew column heading mnemaonics are desoribed
w Ffar clarity:

FROGRAM COUNTER OFF ERROR DETECTION CODE.
VIRKTUAL PROGRAM COUNTER.  THIS IS5 WHERE THE ERROR DETECTION
CODE CAN BE FOUND TN THE FROGRAM LISTING.
= PHYSICAL PROGRAM COUNTER. THIS IS WHERE THE ERROR
DETECTION CODE IS ACTUALLY LOCATED IN MEMORY.
FHYSICAL FROGRAM COUNTER OF THE CODE WHICH CAUSED 4 TRAP.
. MEMORY ALDDRESS

i

1

R
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REG
F=

FARITY REGIZSTER ANDRESS

FROCESSOR STATLS WORD

TUT INSTRUCTIONS LINODER TEST

/R WHAT CONTENTES SHOULD RE (GOOD TATA)D
WAas = WHAT CONTENTS WAS (RAD DATA)

IR

The fallowinge is an examele of a tvrical errar message printouts

V/FC F/FLC MA =
QOAZO0 QOOLZO0 47273z 1=

Usimng the ahove printout as an e=ample, the failure  would be found in the
address range 128KB-Z254ER. (472722 is between QQA4000000 and OO777774H). The
failine bit would bhe bit "14"; this is determined bv comparing aood data with
bad data. (Z/B with WAS), and doing an EXCLUEIVE OR of the two (1337321737322 =
040000), and lacating the bad actal bit, it 14", Using Figure &—6, the
failina RAM is found to be in the second row of RAMs, (LI19-LIZ4) .

Zince 1t is known that kit "14" is had, the faulty RAM must therefore ke LEZE,
For & messages that do not diselayw the +failing address and good and bad
data, refer to the diagmostic Tistinag +far ZEMC,

In the 11/23+ swvwstems a diasagnostic/booctstrar ROM  pProvides the necessary tect
functions. Tabhle A=17 lists the memory errar MESSages.
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TABLE 4-17 -  MEMORY ERRCOR MESSAGES

ALNDMRESS F ERROR DIZFLAY (OOCTAL) CALSE OF BERROR - COMMENT

173

O Memary Erroar 2. Wrilte
adidrece to 1taelf.,

173

O Mamary Error 2, Byte
addrescina errar.

o Mamoary @rror i Fra-
memory test,

data

Zzmaewpected data

I mnx
1 kg
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T=farlang addrese

1732314 0 Memoary errar-, Hib 15
set 1n ane aof the
. r .

(172100-
o Failing mem-—
arcy should have the
Far ity LELU an.

1732860 0 Matnoary eerar 10

O=2044E W, FE okt mem—
ary test., Coammon errar
halt for siw ditfter
testa., I+ RE=0, then
errar 1n Test 1-5. Then
F4 determines Failina
teaet.

EXRN

R4 = supected data
Fal

&= 1ha data

li

CONTENTS OF F4 TE=ST TEST OESCRIFTION

SO0OQ=-2T T T A 1 Address Test,s bt 11-0
V77777 =
IRISTRINIS)

[lata Test
[lata Test
e Farity Fattern Test

Fvte Addressina Teot

FAGE



MG SEMTCONDUCTOR MEMORY

F10EHRE

Rov A

Rov 8

Revw C

Rev O

Rew E

Rov F

Row €

Rovw K

Dste
Bic

st = RAM/ROM CHART
vl U2 33 Ué Ul ué u7? va U9 uio | ull | ul2 | y2d | uls | UL |ule | Vi? ,U:;-
vig | vzo | var | v22 | u2y |v2e [u2s |uv26 ju2? [u28 |u29 |UO U3l | U32 | VI3 | ule | U3S | Ul
U37 | ud8 | U39 | ve0 | U4l | UG2 | ULI | VAL | ULS | UL6 [ U4T jULB U49 | LSO | USl | US2 | U3d | U3
UsS | use | uSY | USE | US9 | USO | U6l | w62 | UG) UL UGS |U6S u6e? | us8 | U9 | U0 | UTLl | ur2
U?3 | U6 | uls | uls | U171 | u78 | U9 | UBO | UBL |UB2 |UBLI |UB4 uss | wee | usy | ues | uss | ug0
U9l us2 | u9d | uge | u9s | uss |u9r fugs |u9s9 |uloo juiol [ulo2 |ulo3d |ulos |UIOS |UlOS |UlOT (ulod
viog |uiio juilll jull2 | ulid g ulie futis [ulle | Ull7 julle jull9 U126- ul2l |ul22 |ul2d jul2é |ul2s (U126
Ui27 |ut2s ur29 lut3o | utdt | ut3z | uidd juide |Ul3SuUl36 |Ul3T [ULI8 |UI39 |ULA0 |UL&L |Ul&2 [UL&d (Ul4s
0 t 2 3 & 3 6 7] PO Tl 8 9 10 11 12 13 16 15
Rov A = 0-64Xw  (0-00377776) Rov £ = 256Xw=320Kv (0200000N-023771775%)
Rov B o  6LKu-128Xw (00+00000-00777776) Rov P = J20Xw-J84Kv (02400000-02777776)
Rov C @ 128Xw-172Xw (010CCCOC-01377776) Rov C = 284Xw-&LEXw (03800000-0337777¢)
Rov D © 192Xw=236Kw (01400000-C1777776) Rov H = L98rw-512Kw (03400000-03777776)
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For Test 1-5 (R3=0) determine 22 bit +failinz address as falloaws:

29!
Rz

Er" ror
18- s

R4
RS

hite 11=C +ai1lina address hits 11-0
bits 15—4 failina address bitse 22-12

tn

1

1l

[l

FAGE

in adriress uniauengse test., Test checks address bits Z1-4& Test A,

equal tao O then ercar 1s 1m this test.
H
exrected data
failirmng data
FE2=kit tailing address bits Z1-4 fallins address

Fits S—0 are alwawvs 0.

173444 O Memary @rror in pre—meEmoty address
s test for locations O=7764.

R = failinag data

RS = failine address and exrected data

1737324 D Memory errar 1, data test fax1led.

! Tecst O=30 with MM aff 1+ eresent.

~i = failina adidress
(et ther OODOGO0

R4 = gxrected data
ar Y77777)
RS = +ailine data

Lo 2D

I+ Rz



Please take a few minutes to complete this form. Your responses and comments will help us to
improve the quality and usefulness of our publications.

Is the manual clear, complete and easy to understand?

Which features of the manual are the most useful?

Did you find any problems or errors?

Does the manual address your questions and answer them competently?

Do you have any other general comments?

Would you like a representative to call you?

Name Street

Title City

Company State/Zip Code/Country
Department Telephone No.

Part No. 52001200
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