EK- MRV D-UGG-004

MRV11-D Universal
PROM Module

User Guide



EK-MRVID-UG-001-

MRV11-D Universal
PROM Module

User Guide

Prepared by Educational Services
of
Digital Equipment Corporation



First ==ition, May ~ 983

Soayright ® 1285 y Digita: Equipment Corpocstion. &1 Righis Aezervas.
Printedin LS A

The reoreduciion of this material in oan or whaolg, is siricily prohibitsd. For
sopy Inlarmetiam, contact the Sducational Services Deparmment, Digital
Equiprnent Conparalice. Maynard Massachusens 01754,

The InlaFrmatian In this document & sublecttocm ange withouwt notics Cligitel
Eouipment Sorporation assumes ro responsitility for ary enors that may
apoesr i thes Sacoment

LiniFek & a trademark of Data 10 Corporesion.

“ha lollowding are trademarks of Chgital Equipmen: Corparsticn Maynand
hasgachuzstis

Eﬁﬂﬂﬂ CECw#riter P AT

DEC DIzITAL Prodessional INIBUS
DECmats LA Hainktow WX
DEC A L5l RETS WS
DECUS MASZEUS ASx wT

FOR Work, Processss



CHAPTER1

- T T T T T T T
Mt b B B D ] R -
i el

—.—l-_.
[ A
h f D0

-
ih
h

S

1.8
1.6.1
1.5.2

CHAPTER 2

2.1
2.2
2.4
2.4

CHAPTER 3

a1
32
g2
9.3

CONTENTS

SYSTEM DESCRIPTION

Geraral ..........
Faatures ..........
Configuratian ..

Addresszing Ml:-das et

Direct Addrass Mﬂd&
Fage Modea Addrbssmg
Bootatrap .. .. ..

Fhysical and Enwrunmental EFIEGIfIGEltIDI'E e

Fhysical Specificalions ..

Temperature ...........

Relative Humidity .....

altitude .

Sasg Level Clperatln-g A r[I-;}w

Mechanical Shock ...
Electrizal Spacificalions

Fower .

Ter:hnnlngy......... A

FUNMCTIONAL DESCRIPFTION

Introduction ...........
Direct Mode ...........

Page Mode ..o
Booistrap Mode ... .0

JUMPER CONFIGURATIONS

Irtroduction |
Canfigu rahcm

tn=talling P-.-'I.'lI'u'11 EE HDM ey I".-'IFt'-.-'1 - D - S

PROM Sizesz and PinoLits -

CHAFTER4 PROGRAMMING

Introduction ... ...

Executing 'ul'u'mdm'l.ed ngrams
Transferring Application Fragrams fr{i-m HI:IM 1D HAM

P B w1 R I L O G L

o

|

L an

22

1
Lo

|



N SONTEMTS

CHAFTERE PROGRAMMING THE ARRAY DECODER

5.1 intreduction . . N
5,2 Decoder F‘rng.r:ﬁmmang Hardwar& .. A3
B3 Array Decoder .., Lood4
.4 Guidelings and Fte:strlntlc-ns - X
85 Deaigning an Array Decoder ... ....oianie . 47
CHAPTER G MAINTENANCE
B.1 FrRA0a (W0 1 ) | ... a7
B2 Troubieshoothng ... vn o e e . 87
B.3 Canacle QDT .. ..o e . 5B
APPEMDIX & MODULE COMNFIGURATION
FIGURES
1-1 FPage Made Addressing ..., &
1-2 Page Made Beotstrap ..... -, O
2-1 Oirect Mede Black Diagram - wee 11
22 Direct Mede Addressing | vl 13
2-3 Chip Salect and Qut-of Ftan;;e Functlc-ns [Elrar:t Mﬂd-el .ee 13
2.4 Paga Moede Bleck Diagram ... ... e 18
25 Bopkstrap Mode Block Dlagram ... ... voeas 17
26 Bootztrap Access to Window O (1M Fags] o 1B
2-7 Booistrap Accazs to Window 1 (/0 Page) . voe 18
a3-1 MBEYVI1-D Chip Set Localions .ooarii-0 - .21
3-2 Jumpar Configuration Flawchart ....0000-00 S B3
3-3 Jumper and Switch Locatians . ... 25
-4 PROM Sizes and Typas . e viiieian.... BT
35 Ingertion of 24-Fin PHDM Ghups ve-.. 38
4-1 JSR and JMP Control Routines for '.'.l'n-;:l-;:nw Mannlng ..... 4
4-2 Eootstrap Loader for Standalona ngra s in AT-11

SAY Femmat . . &
51 2K Array DEﬂDdEr vee 45
52 Faftern Selact | ... 45
53 Fiir Uﬁlgﬂatlﬂnﬁfﬂrﬁ.rmh’ Dem:-dar P &1
Emd Giract Mode Farmat fﬁr.ﬁ.rrayDEﬂﬂder 49
E-B Fage Mode Format for Array Dagodar ... oL L0 30
2] Array Decoder Design - Example 1 ... ..o oL B
E-T Array Decoder Design = Example 2 .. .. ................... B3
BB Array Degoder Degign~Examplea3d ... ... ... ... ..., BS
A1 Module Comfiguration ... .. i iimiiaiianan, - B4



CORTENTS

Starage Gapamw Fer ROM {:I'Hp Elze angd Mumbar
of Chips . . . . ] e e
Typical J;F'HD ME -

Eaitery Backup Ehum I'W1 1"'-?1

System Size Jumpars (W3]

ACM/RAM Salection .Jumpe.rs i'-'..'4 WE]

DATO Jumper Connaction {(WB) . e
Devica Siza Jumpers (Wr.owa) ... .

Power dJumper Connactions {'-"I.I'E Wi1d, 1.|"||'11 'n.'ﬁ 2,|
Reazd Timing Jurnper (013 . R
Enable Bootstrap Jumper (W1 -h

Standard Decoder Paitern Selact Jumpar-s

PR Addrese Switches .

Sfarting Addresz Emtc:hga e

Arrgy Decoder Programming HE.I'd'ﬂ.'E.FE

Console QDT Commands .

Console Q0T States and 1n.-’aln::l In|::-ut Gharac‘ram .

R B
... 32
... 33
..o 34
. 35
oo 38
. .43
Chip Select and Range Bite for Fulby ngulatad Muduls .
. BE

L]

3

co. 28
v 2T
veaee. 28
1

a8

Ll



SYSTEM DESCRIPTION

11 GENERAL

The MRV11-Dria 3 universal, programmakle read cnly memory (FROM] module. It
ia a flexible, high-denaily, dual-size modube for 16-, 18-, or 22-0i1 Q-bus systems.
The MAV11-D can be used in PDP-1102, PDP-11.03. SBC-11-21 single board
computer, POP-11/234, or POP-11/238 syslems. The module contans sikieen 28-
pin sockets thal accept stalic random access mermary (FAM) and a vangty of uscr-
supplied AOMWS. such as fusibie Bnk PROMs, uliraviniet erasable (LY E)PRCME.
and mesked ROMs, | accepts several device densities up to and including 32K by
& With sixteen 32K dewnoes, memory capacily 12 512 kikobyies,

The conienis of the module can be accessed in one of two mades. direst mode
addressing or page mode addressing, wheh emplvs & window-mapping
technique,

Olrect mode addressing provides immedlale access W alr memaory pcations on the
modula. Page made addressng, of window mapping, prosdes two 2-kilobyte wir-
daws in bus address space that map a 2 kiknkyle page gach af e rmemory ar-ay.
The page that = viewed or accessed through each window (2 Liabytes par wir-
dowl car be varied under pragram coniral through & page controd register (FOR).
The PCH must be wriflen with 1he gesired page rumber belorm the access. A
bootsirap featurs allows 64 kilotwies of booistrap code.



2 SYSTEM DESGRIPTHON

1.2 FEATURES
Thea %1BY11-D haa the falkgwing features.

s Full 22-bit G-ous ecdressing sapabitty a5 well as 16- ar 18-0t Q-bus
adcressing

» Four-kilobyie sta-ting address boundanas

-
e

. .!ji-rlc-:ﬁ rrade or i:IE.lgEI'Er;:.III:.IEI ad-uras.sin.g

« Mx\V11-B2 boctstrap PROM option

« Sixteen difterent page contral ragisbar acalons
s Booistrap page control ragislkar

» Standard opotstrap

= Bootzirap disable

= HOM sockets that housa 2K, 4K, 8K, 16K, or 32K by 8 ROMa as well a5 stafic
AAM

s Narrral gr pptional high-perlormance mimng
« {Optionas battery backup far static RAM
* Cooagity ol 0o 0.6 meqaaytas

1.3 CONFIGURATION

The MRBV11-D contains 41 jurmper posts, 2 switch packs, and 16 memory chip
gockats, The user can configure desired fealures by connecting the jumper posts
with the 13 jumper clips 1hal ave supphied with the module. The modubke is shipped
fram the Tactory wiikh ah jumper clips installed.

The fellewing fealures can oe configured by means of the jumper clips or by the
o switch packs an the module,

Pagedirect mode ackreasing

Locallon of PCR

Bootatrap eneble'dizable

Lse of mubliple MRY11 -0 modules
Mormalhigh-pedormance fning
Swlich-seleciable staring address
&llow: Imhloit DATO bus cycle

Memaory array size and response patiern
Emall gystam:large aysbeatn

Static RAM



SYSTEM CESCRATICN 3

The size of the memory amay s determined By the size of the memary devicas
inztailed The MEYT1-0 2 gipped with ma mamory devises -nstalled, saihe wser
must provide and nstall hem.

Digital Equipment Cgrogratinn supolies @ standard array decoder an the moduic
thal is a oraprogra—imed fusible link PRCWK. In ihe basic configuration with mis
arrdy dacedor ingtallad, al marmary Chips masl be Lhe same size (2K by B, 4K Dy 8,
or BK by 8]. The mn configu-ation of the chips musl onform e the Joind Eleciron
Cevice Enginaeering Cours| (JEDEC) standard pinoul for byte-wide devices. The
ollcwing four pattarna gma available with the standard array decoder suppoied by
Dugital.

2K by 8 haf-populated (sockel scls 0 3
2K oy & fully papulatad
4K by & fully pooulated
BK by & fully peoulated

The user can papu'ele tha module with many other cambinaticns of devicas by
programming his own array decoder. (Ses Chaptar 5.1 There are cenain device
mixtues that are estricted. Chaplers 3 and 5 describe these regt-ictions,

The user can also corfigure 8 syslam with rmare than one MEYA1-D. Take * -1
shows he storage capacity per modulz as a function of device size and numbear af
device rhips. This 1ak'e lisis the capacities far configuratians with similar devics
gizes. It does nit accourt for the configurations with mixed device sizes [hal can
b= used if the custnmer programs nis awn atray decodesr.

Taole 1-2 lizts typleal UY PSOMs and PECAS that can be installed an the MAYT1-
0. Okar UV PROMS or PA0Ms kat carlomm 1o the JEDECS oincut can also be
usad.

Chaplar 3 describas how 1o cenfigure the MAY11-0. Figure 2-1 2hows the physical
lacalion ol the 16 memery ¢nip 2ockets, They are divided inte esght chip se1s, chip
sal 3 hreugh chip 2ot 7. Each chip 581 composed of & low Byte and a nigh Eyte.

Y L R
e i ey S

Fognliitt. o
S

i e
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1.4 ADDRESSING MODES

Tha MRV11-D can be configured to cperate 1 ona of bwe addressing modes, page
mode erd direct moce. Canfiguration is accamplished by seiling & hardwars
swiich an te madule and is not variable under program control,

1.41 Direct Addreas Maode

In diracl address mode. each mamery lecetion on the MEY1-D has & cotraspond-
ingl location on e syslem bus. The number of system hus addrass ocaticns alo-
cated to the module |5 egual o the moduie’s configurad capacity. For exampie, an
MEY11-0 that is fully papuigted [16 devices] with 4K by & PROMs (B4 kilobytes)
corresponds te 64 kilobyles of the aystem bus, The starting addrass of ha module
and he array decoder pattem daelermine the boundares of the modula's adcrass
range

The starhng address of the MEV11-0 can be placed on any 4-kilobyie boundary
frem addrass Og 10 17770000, Howsver, the module's main memory does not
Fespong 1o any 'O page accesscs, oven f the addresa range overlaps the 12
pags. Chly the bootstrap areas and the boatstrap PCR, If erabied, respand in the
1D page urder direct mode add ressing.
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1.4.2 Page Mode Addressing

Page &vade add esging is a virual add-assing scheme thal extards the addrezzing
capadiity o 1Me systerm bus. A A-kilobyte sagment of Ihe 3vsiem bas and an 110
-eoistar called the nage cantrol register (FOR) are assig-ed 1o 1he MRV -0, The
MRV -Ds stanirg address determings the begirning of the module’s porion of
the systern bus. The user corfigures the PCR addrezz 10 1 of 16 locations in the
102 saciion af tha svatem bus.

The MBY11-0's porfian of 11e system ousis further divided info o sections caied
windows, Each wndow is 2 kiabytas lang and can contain aqy 2-kiabyte page of
data an ke madule, The twa pages of data thal ane carrently avaiiabe 1 lhe ses-
tem have thei- nage nu.mberz siored, e in each oyte of the PCH. 7o move a cif-
fergnt pAoe into the window, simply change the contents of the corresponding PER
ayte 1o the number of the oesired page.

Figure -1 displays the page mads functicn. The: MEV11-0 has been assigncs 10
the bus addresses ko~ 16850000 through 168577 T8, e PCR s al 17777 036g.
IM Inis examole pags 1 apoears in window 0 and page 5 appearz in window 1.
Mofice that tha ‘ow avie of the PCR confaing a * and the high byvie cortains a 5.
cantraling windowes 1 ard © respecively.

Bitz ¥ and 15 a-e not par of the page aumbers. Bt 7 5 urused and bt * 2 s the
wirdow confrol B4, When bit 15 is azserted {1}, the wirdows are apen ard the
pages ir the windows car he acsessed. When bit 1505 nod asserigd (0], the win-
dows are closed and stempted acoesses through the weodaws oroduce & bus
timeaut

Upar power-up and reslar. the PCR bits ara ceared 1o 0. Bolh windows contain
the datz fram page [, bt they Ara closed Eacauwse bit 75 of thae PCA = also D Bit
15 mast be setta opan the windowes.

1.4.3 Bootstrap

The WEY-1-D boatslrap oparalion iz emllar o page mode adarcszing, | is nde-
pender of e addrass rode shosen lor she module. Tre boctstrap winoows ate
solil, Window O beoirs al 177733005 and -urs theouph 07 TPET FEa. Wirdow 1
beging al 17TES0C0g and runs throuah 17763776y, The pootstrap PCR. 5 ocated
gt iTTTTS20g. There ara, howewer, the Dowiag impetan! dflciences beiween
page mode and Eantstrap.

. The bpatstrap windows grd pages are 312 bytas long. in page mode. e
windows and pades are 2 kilobytes lorg.

I

B G of the boolslvap PCR s nol & conral b, The wncows are ahways
apar. In page moda, the windows are open on ywhen il 15153 .

The bactstrap PCR address iz fued a1 177775205, The pzge mode =CH
addregs i covfiguros by Lhe usor petween 1 77770005 and 1777 7035g

o



E SYSTER DESCRIPTION

peGE FIMTEM U ATER

e =3 CEIIG M OH ¢ 2 woa 3Dt OAFRAITINY -
. . ADCAESE (S0 12eritm
|||n-_.-r. n o ._u.:n:.n.j___.-. e
- — - —_—
TR [T
R e pLLE 17 1R
Ly EEI ]
i
H SARIE LD
i
4
L]
L
.
L
i
PALL
FAZLE
.
- PulEE = -
- )
 ST— 4 e = -
R ¥ 18857770
- s LRI TR
. . TR
* . ST
[~ - EAGE e L )
- - o b
ITART MG ADDIESE OF RVIDL S FoGE 3 R R -1 i
ARTIIATE: U N THESSE G P IETART AIDHLSL
SPRLT LT OGN ZF W N0Tw 20 e T - 1
AES BE a7 W anTING Al Liy — e 3
LN D ERT) i
TAZED SVITIMMEYOFY
KK 11~ 11
RCWE A2t k[

121 AR TS
=F C0Ls
AR D
PR LT -]

Fgure 1-1 Jaga bode: Addnzssing

The banlsrap memory davice must be phys cally installed o ockip sul 7. [Gee
Chaper 31 The cevize may ba any ol Ihe JEDES stannard pinout PROM: ¢
RO thal mest he regquiramcns Feiec in Ghapter 3. The modu s mugl Do proper-
v configurad 1o zocepl Lhe cavicss,

T bocistrap prooram size & imited by tha s ze of the mumary dev ceg inglallzo.
A aaicaf 8K by & drvicrs nan conteir & 16-silubyle bocisiran program. Mote, ow-
aver, tha: like page rmode add-cssing, anly lwe B19-2418 pages 2re 2vai able ta ihe
sz al a bme, The pragram must Be speca’y whitten 1o turn its own pages. The
W1 22 ooistran FRON. zan s writlen iz way arad will fapcl on if installed and
properly configued g1 an MEY11-0.(Saoc Shapierd |

T -he coarstran pregram & smalles bnan S12 ovbes, i) ca ke wrfen on one pags,
avo dling the raad to charge pages |n ks case. e proarm $qndid be ir the frst
912 byfdes o the hootstran cavees. S nee 1 oedstian PR claars ma powsr-up
and res:at, aoih wincows conlan page 3 ol the Dedlstrap cevices.
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Meihimg defires tha last page of the bocisttan device. 1 a page number thal is far-
ger than the mammum dage number for e bootstrap davice is placed in the
boolelrap PR, tha devica in chip sel 7 -asponds with data from the page thal is
gman by the failowing fomula.

(renuasted page numbar modu.o |pages on device)] — aciual page numoar

For axample, & pair of 4K by & opatstrap davices contein 16 pages pi ooatstrap
program. An access o pegs 18 is actually an acocess to peae 2.

1Bmoduin 16 = 2

Simsiarly, an access 1o page 34 of 57 using 4K by 3 bootslrap devices % an access
iz pEge £, With 8K Ly 8 onolstiap devices (32 pages), an acoess to page 33 s
actually an access 1o page 1433 module 33,

Fijura 1-2 represents tha boclsirap Tuncilon. Window 1 Roids the data from paga
3. The page numbar (2 or 3g) 4= storad in the high oyta of the PER. Window 3 holds

tha dala f~am page 28 The page numaer (28 ar 345} is slorad i 1ba ow bele o ba
PCAH.

M ike WREY11-0 thal contains the boolsirap ig alsc used ag a paga mode module
o1 the gyEiem bus. the page moda PR s in an undafinad slate after Lhe boolsirap
gpe-afion. Inilizlize the page mode PCR bafore atemptling te accass thae module,

MOTE,  When using the MRV -0 o boolstran the REXT1-M operating sesfam,
a ine fme clock register (17777548 must exist an anathar madule 10 ensure
DroGer oparaion.

1.8 PHYSICAL AND ENVIRONMENTAL SPECIFICATIONS
The MRY11-D is a class G medule conforming to the speclilcatons descriped in
th: Fodloing pa-agrapes

151 Physicel Specifications

Haight 13,17 om (5,187 int, double
Witih %27 cm (A.500 in), Singe
Length 2% 70 emeiS.840 ). batlam af

fingars to top of hardle
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1.5.2 Temperature

Sto-ags tarmperaiure —aF Qi e G- d0*Flo 1619 F)
FANGE

The module must stablize al cperating temperaiure for & minuies befare
e i,

Operatirg 1emperatyre SFCtn&0° G id1° Flo 1400 F)
"HNgE

Darata the maximum aparating temperature by 167 C [(2.22" F) for gach 1400 m
(3280 ] pbowve sea lave-.



SYSTEM DESCRIFTION 2

1.5.3 Relative Humidity

Slorage 10% 10 959%
Meccimum wel bull temperatuse 32° C {807 F)
Firnirrarn cleds paled &2 (36" F

Ciperating 101 ra 5%
Maximurm wet bulb temperaiure 32°C {90° F;
hA:mimum dew point 2° G (36° F

1.54 Altitude
Sterage Hpte 9.4 km {5 GE mi)
Coeraling 2.4 %1015 i) reaxirmum paragraph 1,.5,.2

1.55 GSealevel Operating Airflow

Cperating tamparatura "CipbE CiaZF o 131°F)
range

Adequate airllow must be providad to jimit ha lamparalura risa across the MRV 1-
O 13 Ge18s T

Oparaling tfemparaiu e A6 C o a0 C {131 F to 1407 F]
renge

Adequate aiflow must be provided 1o limit the temperatu-a tise across e V-
Cto B* B F.

1.56 Mechanicel Shock

The packeged praduct shall withstand half-sine shock purses of 40 g pea< for o
duraticn of 30 _ 10 me.

1.6 ELECTRICAL ZPECIFICATIONS
Thes sacion pravides the eecincal spacificalions far e MBEY* 1-1

161 Powear
Tha following waldes ara maeasurad [Or an unoool laed MAYV1 -0, Add aperal ng
curren: far eacn cavice rstailed. Matoe caly one paic af devices aparales al ary
given time; tha rest are in stardby Mo,
Yolage Tolerance Current Pins

B vde -02E Y 16A AbZ BAZ, BV
Battery Backup Installed

-BVE +0.25 W 280 mA, AL
— B Vi =025 W T A Aag BaZ BV
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16.2 Techrolagy

Printed Clrowhl Board

Board lype Dual-sized, 4-@yer apard
Eich 0.01 2:0.013-nch technology
Elwctronlcs

Latest MSI [medium scale integration) and PAL (programmabia aray logic)
Iechnologies

Baftware

Wirdow mapging virtual ddressing



FUNCTIONAL DESCRIPTION

21 INTRODUCTION
This chapler cescrlbeas Whe lundtional opsralion of the MEY11-D universal PROKM
module. The descriplion civibes operahon inio direct mode, pAage mode, and
bexaislran made.

For purposes of explanaton. te discussion refers 1o a 22-hit Q-bas system, The
bus masier assars 8 22-bit address an the {-bus ang sken assers the 5YHC -ine
Lo gain confrol of the bus. The address 15 ached into the MAVI1-D by the bus

intarace. Decocing hegins as 030 as the address slabilizes ratne thar o the
gssertign of the SYHNC iine

22 DIRECT MODE
Direct mode addressing s mpemearted by confguritsg tne PAGEDIR switcn as
DIR. Figure 2-1 is a block ciagram shawifg the addrass cocoding for diract mods

BIT 0-HLS

E

N

Figure 2-1

|, Do 18 ]
EUE &DDELE 1111 - EITE 01
ARDFEEE - =
T IE ADLFZEE I TITORT T SUUE R P
R ST p .
— SObRMALI-FH
LT UL I — | TBET R
T asTRERT T '| T
ETS .. ’
[ « T 7E P EWIRY
e IV — o E ARRER™
ZIVE TaTa Fa%GE - L ki s7hE SLLEC™ ,
OKTD BUS IREADT el | =ML .
e ] AR JLERIILE ]
dL | LI
P TIN M2 : LOCEEE
NEED-WRITE CIRCLSRY |_ ¥
. —
vnT YaLIZ
AFTEN ELCEEY
g5 e OETECTOR
VTEFFAZE] 3¢ BeMKSE_ T IBEST
CIHTROL per— =
_RIE
o
: 4.0 ROBAFLY ZIFATS3 —HEAER
ETART SCOFF58 PL_A 2=AK wR 16
AR LN BN 1D 23 40T
EITS 10 27 20 DR 21

Dlriesd W o Block Diagrarr
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The hus irtarface Blocks recive aderess and cartro s=gnals fram tha G-bus and
latcn tha address when Lhe bug masicr assets 3YMNO, 1 the bus address corre-
apands tn 2n acdrass configured for he MBEY11-0, then the madule respends o
the access per the Q-bus protocol. | mat the mocws does 10l respond atc does
Q¢ trans it igrmation on tne aus.

The rarge of the MEY11-0015 determimed by she s1ating address {'awer boundary]
ar? tha cecoder PROM (uppar Doundary), The normalized address [ous acddress
minus staring adoress; measures tne dislanca belwee Tha DLs adoress anc star
adcregy Ifthis number is negative, the bus adoress is balow ba ower Bourdany of
the racule. if the rumoer is positive, but greate- than “he corfigured capacity. he
hus a1vress is heyard ke roduie’s range. Tha ~aduie respords cnly whan he
nus adoress is oreater than the mocule sta-tno address ard g5 thar the confi-
guman aray size,

Gits 0 ikroagn 11 of tne bus add-ess ane directy mapped o bits O througn 11 af the
remy aray acdress, Bits 12 through 13 from the rommalizer sre applied 1 the
circe! inpus of e PAGEDA rrulliplexer, which (& zot o OIR. These bz are then
a; sied i he array decoder, which delermines chip galesl and oul-of rarge condi-
fion. Addibane’ cul-of-rarge corditions acour il aitbar Bils 18, 20, 21, or any Sombi-
naticn are assectad. H Lhis happars, lhe aocess deieclor does ol issue 8 valid
ACsoss slG el b e liming circuil and thae RPLY sional i3 blocked.,

If the: bus address is wilhin -anges of tha maodula. tha access catector issuss a valid
apcass sanal, wnich causes BPLY 10 be assertec onihe bus. 11 a read cycls was
initiated, the timing circuit deveas the data omie the bus, Ifa write oycle was initiates,
tre modu:e accepts data from ke bus.

If Blls 12 through 21 ara all 15, BUS BANK SELECT 7 (EBST] iz assarled o ‘ndi-
cale thal IPa apoess is ned o ska meamary array but 10 the 10 page. Accesses tn e
FPUR, beolstr-ap =CR (BPGR), and bootstrap areas are through the [0 page.

Mole thai bitz d “hrough 11 of tha bus addreas are cirectly apales 10 the memrary
array and hite 12 through 21 of the bua addsess are apnlied o the pormallzer with
hitz 12 through 21 from the staring address swilches. Tha starting address sat ir
e switches iz subtractod from the bus adoress (Figura 2-2). This operafion eaiah-
lizhes the 31aning acdress as he ower boundary of tha array. Momalized bits 12
through 15 are applied ciraclly B Lhe imarmory asray io be cecoded by ar-ay cavic-
83 farger thar K Ly 8. Bl 12 throuch 15 are also appliec b the arrey desoder
alerg with btz 16 hrougk 18, Bits 12 ‘hrougn 18 perfarm diferart functicns.
capending on the size of the memoes, numbe of memaries ublized in the array.
and tha configu-ation.

Fo exarple, wih a fully popuiaied a-ray of 2K by 8 PROM:, bz C through 11
caline a paricular byte within ach 4 kilobyte Bouncary. Bilz 12. 13, ad 14 delar-
mir tha chip 2t sockel seiacted whila bits 15 krounh 18 are vsed ag oul-at-rarge
Bz (Figuse 2-3). Il ary of thess ol are assered, the address is above 1e upoer
Bourdary
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Bits 19. 20. c- 21 from the normallizer ceterming an cut-of-range conetiar. where
the maxmum capacily of lhe MEYT1-D has been excoeded. Bits 15 tnrough 13
are applied to tha array cecodar b determing ar unseccted condition when a chig
apt sockel i corfgured for A dewice, o when a smal' array's capacity has been
excesded, Sits 18 through 27 and kg 12 through 15 are combined io determine an
aul-of-range condition when etner of the above described amuatiors ooour.

& pasr of 2K oy 8 PAOM: ook 2t 12 2ddress bits {0 through 7 1) o spacily onea byte
in a 4-<lobyta hiock. Tharafora, the rext three bits {12, 13, 14} are used by the
array depcder to salect the desirad pair of devices. This is accomp/ished by Org-
gramming he ar-ay deccder for lhe dasirac conliguration,

The: standard array decoder has four seleclanle palterns as dascrbwd in Chapter
1. Belect hese patterns with the pattern selact umpe:s as shown below.

Fatern Select
Device Jumpers
2K by 3 PROMs, haf-populatac A |
2K by & PROMs, fully populated o1
4K by 8 PROMzs, fully populates n
BK by 3 PROMe, fully populated "1

IF a4k by & PRORMz are used instead of the 2k oy 8§ FROMWS, 13 aderess Bils (0
throughb: 12) are requirac by e devices. In the Tully populatac cage, bits 13, 14,
znd 15 daterming the chip zel scosets whans the cevices are 10 be insergd and
oits 16, 17. and " & are oui-af-rarge bits. Simnmila-ly, tor BK by & PROMs, | £ address
oits [0 througn 13) arg required. Sonsaguenly, bits 14, 15, and 16 determing the
chip 58l soowat whars each device = 1o be irsaned and bits * 7 and 18 arg out-of-
range aits.

23 PAGE MODE

Cor page mocs operation, the FAGEDIA swiick must be corfigured in the PAGE
paSEon, The 0age number is slarsd m the PCA during & previous bus cycle. This
faga numbar suppics the more significant address bits of he arraly address. Far
all windoew aceessas. 07 15 of the PCH must be sat o opar. the window a-s3s.
Figura 2-4 Is & functional Dlock diagram showirg the page mode data paths.

Biis 0 through 19 9f the bys aodress are oirectly mapped 1o bils O througn 10 if e
memary &ray address. Bit 17 of the bus address marks [he boundary oelween
wirdow C 2nc wincow 1 af the us. Bl 11 equals 1, the page of code inwineow 1
ia accassed. If bit 11 equais ©, he page ol code In window 1 is acoesasd

The starting aderess i3 sublracted [+om the bug acdrass n the normadizer oloc<
anc he resull 15 checked agaimst tne uopesr baundary. [in page mode. e wpper
houngary enuals the startirg address plus 4 kilobyics. ) It any combingticn of nar-
malized bils 12 frouygh 21 are asscrted, the address ia greater 1han the opoer
boundary ci ke medule —out el L3 range. Inthis inslance, e Qoooss Cotucion gels
an gut-af-rarge signal and raver issues a valid acoess signadi B thea tirming Shan,
Consequardly, Tha BAY11-D lgrones et ous oee s,
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The page numbers in she PCH are multiplexed and conlralled oy bus address oit
11, Therefore. the approprate page number 1or the acoaessed window 5 Used 10
construct the memoy aray address. This adiress (s apolied W Ine a-ray arnd array
decocer as n tha direci mode aiamp e Mate that the PCR window contains 7 0ils
and ihese bils replace normalized Oits 17 krauvgh 27, These bits are used by o
array decace- far chip salect deccding ard/or oul-of-range conditions.

Faor 8 hal’-populated array of 2K oy 8 PROMS, he PROM sets look a1 12 address
bitg {aits O througk " 1) oecause this pattern spec:l es 4 «lobytes lor pach se1. The
next twn oits {12 and 131 ars used by Lhe artay deende 1o select one af the tour
chip satz. This is eccomplished by gellirg the patten seecl jumpers for M2
installed device configuration as stown boe aw.

Devica

2K oy & PROMs, baH-populsted
2K by 2 PROMS. fully populated
Ak, by & PROMz. tully puplialed
8K by 8 PROMs. fwily poputated

Pattern Select
Jumpers

£
L
14
17
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1A Fully acoulaled array af 24 by 8 PREOMWE = used instead of the nalf-nocpu:ated
24 by 8 PROMz, 12 address bits 10 through 11; are required (Figure 2-30. In thig
casa then aifls "2, 13. and ~ 4 determine ta chip set socket where sack davice
pairiz inssred ang bita " & throagh 18 are out-of-range bits. Similarky, o 4% by &
FROM=, 13 address bits [ taroagh ' 7 are required, Bas ©3, 14, anc 15 detenring
the chin sat zocket where each devica 15 10 be inzarmed and bals 18 throuah 18 are
aut-of-range bits. For 8K by 8 PROMs. 14 acdress bils {oils O torough 13) are
required. Bls 14, 15, ard 15 ara chip salect bits and aits =7 and 18 are gut-gf-
“ArKlc bits.

Tre array address is derves as follows OF gure 2 41, 5us add-oss Bils Cthraugh 10
are ditectly rapoed o memary artay acdress Bl 3 dhrough 10, Sus acdrass bt 11
choozas the byvle of the PCRH thal serves as array adonzes bits 11 through 17, The
dw Bile corlains the page number for wndow O dbit 7 is unosed)’ Tha Figh Byle
confaing 1he pags number 'er wndow 1 Cbit 15 is 8 wirdew snable Bitl. Since &
vl mowl add-ess is limilac (o 18 aits. e page mode array capacily is limited 1o
256 kilodytes. Bus address b1z 12 shrougk 27 are used solely 0 detanming that the
2Couss s balwesn tha base o’ window 0 [slaning address; and the 100 of window 1
i=tarkng addrass plus 4 kilobyles)

Bits 11 throwgh * 7 af the memoy array acdd-ess ara supp.led romr thae PGR IPCR
2iks T irough & tor windcw O or PCA aics 8 Lhrough 14 “or window ~]. As prevaushy
rramioned. bils 11 Lhrough - 7 perform differant functicne depending on the PROMW
devices used and the numbsar of PROMs installed.

Bils 12 *hrough 21 from the normalizer detenring an aut-a'--ange condition (4
kilcowtes greater than staring address! where the Fange of the MRV -0 memony
array has been excesded. Sitz 15 through 15 applied o ke array cocoder dater-
mine AN nut-cf-range cordifior. whep g chip set sockar with no devive corfiguned
has been addressed or the page it has been excoeoded. Bits 12 through 27 Irorm
the rarmalizer and Cits 13 theough 18 from ke array decode- are conbined to
detect an oul-of rangs condilion i either of lhe above described situafians ooowr.

2.4 BOOTSTHAP MODE

Figure 2-5 i3 & ‘uncticnal block dagrare o e MAYVT -0 in boclstrap mode. Sues
addrese bits O through & are directy mapped o memony zray address bile 0
tirzagh B te dafine ane byls within eech 512-Byle beundany. Buz aodress bits &
threagh 21 mugl be either 177735 or 17763 for & vaiid Bootsirap aooess. As a
resdlt o bits 13 b reagh 21 Being azsertad, 8257 s also assared 1o indicsta z2n 110
Fa0e acecss, Bits 9 lhrough 12 are decoded as ‘ollows.

2115 14 13 12 11 10 8 BTYE 543 210
LR Yol o

7T 7 ) W X o
ar

2115 14 13 12 11 10 9 8 7B Ed4 13 214
Al s t 1o 101
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The state of bt 11 chooscs the hyte of the booistrap PGR that serves as ar-ay
address hits 3 traugh 15, The (7773000 repregents an access 1o windnw G
(BPCH low bviz). The 1T78EXXK "eptesenis an access o wincow 1 (BPCH high
byle). The bootslrap PCR i located al 1777 7520,

ff an ['CH address ciker than the above addresses is defected, the MBEYA1-0 does
nak respond,

In Boctstrap mcde, chip seiect 7 i3 always assetad during a booistrap accass.
Conzequanty, the bootsirap code must always residain chipset 7.

Figura 2-& shows how iha hus address is mapped [ the boalst-ap using window O
tocalor - FPTARTg, paga J). Bits O tarough & of e bus add ess map dirsclly 1o
mamory array address hits 4 through 8. Bils 12 throwgh 2 of the bus address ara
respactivaly decoded As 1011, Whan kit 11 equals 9. the low bete oi tha PCH is
aopanded to bits & through & to form the mamary array addross, Tha slake ol bus
address bils 8 through 21 {al assarled; indicate ar acoess 1 the boclsirap area @n
Lhe 100 page.

The page numbe-, loaded ir bils O through E of the PCH, = mapped info bits 9
througn 15 aof the memcry array Gddress. Chip select 7 i3 always asserted on
boaotetrAp Access, o the array address (3370,] is apolied 1o te PAOMME in chip s
7.
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Sigutze 2-7 shows g boalstrep access G windew 1, focaton 17765432, Bits ©
b nagh Bl e Do sdchiess mao d-ectly b mena y array addrcss bits O through
. Sits ' Z through 9 of the bus address ame esosctyely docoded as 0101 with bit
*1eqaal 1 Siroe oil - 1 equals 1, ke paoy nuetlel o window iz selectac from
te FOA. BBST iz zzsertac mince Dis -3 Li-cugh 21 ae al ssserter, indicatirg an
accesA o the 0 nage.

T adoress b WO page, BES? and bus addrass bits 13 throus 21 sl be
HEEDH

Tha cage address (34 inwirsdow 1 obihe PCR 15 mapped inta bits 8 taroogk 12 of
e ine 2oy wray acdhiess Tna zddress 348032, s applisr to chip set v,
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JUMPER CONFIGURATIONS

3.1 INTRODUGTION

Thig chapter describes how to configure tha MAYWT 1-0 o functan propery for your
appllcator. Configuration is accamplished by setting a bank of PCR switches. set-
limg & bank af starting address switches, &nd connecting & series of jumper posts.,
The reguired jurmper pasts are connected By means of jumper s desghated as
WA through WG, These jumpsar clips allow two adjacent jumper posts Io be con-
necied. Moniunctional halder posts are provided in many jumper groups to awoid
he logs of ju=nper clios when nat used. There are 16 memo -~y sockets on the mod-
uls that house 2 passible chip sets. (Each cho set has a high ayte devics and & low
bwle dewze.) This a-rangement is shown in Figure 5-1.

l ] |

EEEE L]

Fagure -1 MRAW11-DChip Set Lacators
) 21
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32 CONFIGURATION

To cardigure 1he MAY1 1-D propersy for 8 spaciic appiicalion, wse the lowchart in
Figure 3-2. The lables referenced in -his figura provide additional infarraticn an
b jurnper and switch selecions.

Figure 33 shows the locafion of the jumpers and switzhes on the medue. The
fiqu*e containg 8 refersncs 1o a lak s far sach jumaoer anc switch bank. Reter Lo the
approprials lable 1o determing iba actual jumper connections ar switch settings.
For exampla, Fgure 3-3 shows the locatian of tha DATO jumper and references
Tabie 3-4. Tanig 3-4 shows the actua umper posts a1 describes the possible
rarnections.

MOTE:  The MAVTI-U can be rematelr enalled snd oisablod by asserting he
goary bus Signd SE3PARED (hus pin ANTE The aignai s ool bussed n Ligial
backpanes, but may be connected in offier backpiines suboned by odher
rHErfaciirens.

321 Installing MXV11-B2Z ROM on MRV11-D
Perorm the fallewirg stops 1o install an MO 1-B2 PRCM sat an the MBYI1-D.

1. Enagle the bootsi-ap functian (Take 3-8).

2. Sattharow 4 jomper ipower urmper 1or an 8K by & devoe (Tabls 3-8).

3. Sat tha device Si2e |Jmper to 8K by B(Table 3-3].
NCGTES: MYV T-82 Dootslrap ROMs cannol e dead if he dewce sizg jumpear
iz et for 28 Dy 8 or if e power jumpar concesdon for row 405 sef for TSN Oy 8 ar

22 by 8 devicas.

For aoaianal sifarrnaiion an e MEVT-52 RGM, ralar o the MEVT-82 R0
Sal User Guide FER-MYVYOzZ-U),
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Table 33  RONRAM Selection Jumpers (W4, WS}
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3.3 PROM SIZES AND PFINQUTS

The MAY11-D comairs sixieen 2B-0in sockals 1 hausg dhy varioos FS0MS gl
static BAK Jdavices thal can be vsec in the —ocule, The sookels can house 2K by
B, 4y & BK Ly B 15K by 8. ard 32K by B FAOMs. In 2dditicn. the botiom Falf of
tne socrel aray (chip sets 3 through 3% can acecommacate static BAM The 2K by 6
anc &K by B FROW:s contain 24 pins while the ashers contain 26 pns

Figura 3-4 shaws b2 pin assgomients ler the 24- ard 28-3in memories usirg the
JEDEL stangard pirovl. The 2K by 8 PROM is represanied by tha 2716 anc the
AK by 3 FROM is reprozenioc by the 2732, The cther PROM types (B4 by 8, 16K
by 8, ang 32 by B are redrasemed by ke 27EA, 27128, ard 27255 respectvely.
The BK by & slatic SAM iz zlso shown. The casic diferances ar the 2764 27105,
27250, and slatic BAM are in the functions of pirs 26 anoior @7, Figu-e 1-4 shows
Thuse differancea. For examaple, on the 16K by & PAOM (27178) plr 86 5 058 a3
ar sdoress pin [A13) 00 the 32K oy & PROM [27236]. 0ing 23 and 27 4 used as
addrass ping (A135 and A14, respacive
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W st g o Fepic PARORM (2K ke 8 4K By B noa dE-pin sooset vistal i witl:
fa roton or wp & ootom fuastfiec. Pinot of te PHOM nsens inka i 3 of e
socsel (F gure 2-50, 00 28-p 0 dovwoes, pin 28 5 e poweer a0, For 24-pin devices,
pir 28 of e sac=cl ozl Dy slappedd o 26 of e 2oCKe ! W Drovice powear o
e davice, The pdEn2 Jmaes sliao these ping legalhicn Jable 3 06).

LLTE W yai are werig 24-pin deicas sucn ax the 2776 2K by @ FROM on 5
raiZion O elohn hoard, o mUst sarewran G Sp o fa S0 o dE af row ) s
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PROGRAMMING

4.1 INTRODUCTION

The window-mapped mode can be uszed In two ways In L51-11 application pro-
grams. e way is o code the applicalicn program 1o execule direclly from the
windows, The ather Is 1o use the windoaw-mapped board to transfer a standalone
spplication pregram from ROM into RAK memary at system star-up. This chapter
provides an exampie of each type,

4.2 EXECUTING WINDOWED PROGRAMS

Executing directly from MRY11-I windows allows large programs of up 1o 34
kilobytes of RAN on L51-11:2 systems, However, software executed in this made
rus1 be speclally designed and writien n assembby RNGUAgEe.

An appicailon deslgnad lor window mode execution muest have 3 mechan:sm for
calling a subroutina pr transfarring control ta anpther moutine that is in a presantly
unmapped section of the windewed ROMW board, You must use 2 feshnigue diffier-
ent froemn e standard JSA or JMP instructions. This 1echrique is iliustated in
Figura 4-1.

The routine thal processes suarouline calls and jumps to other papes must, o
course, o in a seclion of memory tnat s nobwindow mapped. To call & sub-autine
using these capabilitles, wrelte CALLWE Jabe! instead of JSE PC label,
CALLWE jfabe! calses the desired subroutine i map into windawe . ) 850 causes
tre call 1 execute. Upon subroufing seturn, which is done with 8 normal RTS =T
ingtruction, He orgiral mapping is restored and contred returns 1o tha calling pra-
aram, To invoke a subrouiing and have it mapped ‘r wndow 7, wrile
CALLWI fabai '

Mota that the machariem showrn in Figure 4-1 preserves condllon codes fram the
called routires back to tne caller. That is., =outines can return staius in the conditan
codes, Instead of the unconditianal jump instruction, write JMPWD fabe/to jumpto
g rouling, and map it intg window 0. Write JMPW fabed to transier cond=al 1o a
routing thal shoukd be mappad into windaw 1.
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FROGRAMENING A9

To use tals machamism, the program ssuld 2e asser Dlad wilh ENAGL A%da 1o
force abzolute acdressing in e azzembly. A1 slal-ud, a bodistrap icuting must be
crecuted from the MEY11-D boolsiras window or cxewhere. Thls routine copics
the trap handler rouiine 10 BAM mempery, if necessary. initializes the trap vaolor
ko conlaln the adaress af tha frap handling ~out.ne asd a new stauswo-d of all 0=,

With thes tyoe of apprication, 1axe case hob 1o Sross page Boundanes without
~urT apping o e next page. f vou ancounter a paga boundary, use e JMPWO or
JMPW pseuda insiructions 1o maye o the baginning of the nexd page.

4.3 TRAWNSFERRING APFLICATION FPROGRAMS FROM ROM TO RAM

17 window-m appad mace. the MBEY11-0 can alzo be usad as a low-cost, program
It dessca far slancaiona app icalions. This use allows appizalion progrars Lal
cannat be easity segmenied -l BOM abd G94aM sazbons © 00 Deded from a
ROM ervircnment inle FAKM for execution. Te use e MEV11-D in (his mode,
write a baotstrap lnader gragram o zapy the coments of the RO board ime: ke
R&M area at power-up. FiQure £-2 demonsirates such & program. Te pragram is
nesigned to load standalone images created by the AT-11 LIKK wtifity, 1 is asa
possible 10 Ipad g RSX-115 systert image from gne or more MAY11-0D boards
inta AN for axention.
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LOAIZ®:  HOU & 32300, 384WFPIR IE9able & mas 1ow K wnaords
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PROGRAMMING THE
ARRAY DECCDER

1 INTRODLCTION

Th:z chapter is for usars was warl spocific applications on the MRV 1-D. A pre-
wiously specified, the module iz shpped wilk & stardard Ay denoder supplied by
Digital. 1 provides four predefined paticrns

ak by 3 FROMs. Fa f-populadesd
2K oy & PROMS, iully popul alec
4 by B PROMS, fully popuiatad
EK oy & PROMs, fully populatec

JECTIE whose neads are satis‘ied by this configuration ey omit this caagplar wila
roloss of gratinuity

5.2 DECQODER PROGRAMMING HARDWARE

=rogramming he array docoder -ecuires specilic Jarcwane, Tha basic hardware is
the model 12 or mode! 29 programmer rom the Cala @0 Corporalon or the PE11
“ROM prog-arming opton for e L3-11 from Digilal. Tabe -1 10'sts the 512 av 4
a'tay decoders, vendors, card setssogkal adapters, and LiniPak fixty-es, Tither
the card =2t and adapter or ke UniPak fixiere are required in addition 2 e baslo
harchwa-c.

o
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44  PROGRAMMING THE ARAAY DECOCER

& orief deseripiion ol eAch colurmn .n Tabe B-1 lollows,

S18hyd vendor's part number of the FROM
Array Decodar

Far! Numbe

PROAW Manw lacturar of the FROM

Wendor

Card Seal Frogrammung ea-d selfram the Data 14

Corparaticn that is usad to program 'he PROM

Few. Racuired revision of Ihe card set

Socket ddapier Part number oi socsal adaotor used with the
card sel

UriPak Bevislon The UniFak fiztue plugs inta Data 1

Cornoratian's pracrammer i prace of the carc
gat The programmer angd LUniPak can pregram
RS and bipalar PROMs. This culumn lisls he
Faquired rescsion level For the 2306/8306

PR PHOM, UniFak redigion Cor later can be
usad. Far lhe orhers. redision A or later is
applicabla.

Fam. Code Family cade pregrammed for tha LiniFak and the
spacillad card sat

Pin Code Pin code procrammad fas the UrrPak and the
snecifiad card sl

5.3 ARRAYDECODER

Each ar-ay decoder lecation conirols a 4-kilobvie segment of array memory. For
examp 8, in a H12 by 4 array decoder. there are 512 Incatons and sach location
centrais 4 kivbytas of memory. Twe natterm se-acl lings (Figure B-1] alwow ona o
icur patterns 1o ba selestac, Each partern contains 128 ceations (512 diviced by
4). Tha padern =alect lines ars connaclad o tha patlarn selact Jumpars, which
sl thae daesired patiemn.

The first :acation [locatlon 1 ol each patiern responds gt the staring addrass of
tha module. Locatian 1 responds ai tne next adoress and =a onup te iocation - 27,
These 128 letalions campriga e finst patbars |patlerm 0 whkh is indicaled by
both pattarn salect hnes baing G The mast 128 lecations comprlae paltern 1, the
next 128 localions comonsa paticm 2, and tha fina. 128 locaticns comprizse pattem
3 [Flgure 5-ZL

NOTE!  Figure 5-3 shows He pin designations of the array decoder, Refer o
iNen? when yao design the arey decoder for & specizl sopdication.
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FROGRAMMING THE ARRAY DECODER
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dg8  PROGRAMMING THE AREAY DECCUEFR

Tharee chip se:eo lines from ihe a-ray cecode- are aopied ooa 3 0 8 iing decodor
[Figare G-1]. Tha 3-lo-8 cernde- asserts ooe of sight chip selecl ines, Ore line is
asencated with eacsh pair of chip aets. Tne chp szlec: qumbar and 11e in-range
signal m.ast be assaned e i am a chip ast, Jrder these conditions, the cFip s&1
£ erabled ane alother chip sets ase fumed off.

For ske 2K by 8 decacer gatemn, cack PAOM par ra-ilars Lilz O Wirougk 11,
Thasa aits seecily & byle willi ezch A-kilobyle back. Sits 12 Lirough 12 ace chip
select Fnes. Bits 1= :kFroagn 18 ams bits that detarmine if the address = in the renoe
of e WEY11-00 A 4K by 2 PHOM oai mordos bl 2 Iheouyh 12 Taale 5-2
shows the clia select bitz and rarge Bas for fully poou ated airays Jsing other size
PROMs, Foreach PECK size, 00t 0 spocifies higa byt or Iow Lyte, Az an ceample,
A 4K by B PEOM requres 13 address bils. They are adoress bils 0 bieagh 12,
VeIRre Al O meney spaecities whh oyl ol e ship setis soac ad,

Tz lcasl signilicard bt (LSB) iabe the zrray decoder con resolve oetsenn 4
kichyte b acks, For cxamole, in e 2K by B PROMS, Bil 12 conlrols 19 Ties: 4-
kichyte boandasy anc is the L35 aopicc 1o 1ha armay descder. The remaimng
addrase bitz Zorto tie memsny bouadaies ag follows.

Blt Controls

13 &-kinbyle bounoanas
14 TB-kilzoyte boanda©iss
15 SP-kilckyts Do andaries
If Ba-kilcayte Doandasies
‘7 12#-kilobyme boundanes
I8 256-kilobvie boundarics

& 2K by & PROM palr regquines 14 aderess bis (0 treagn 125 10 1ns case, bils
14,15, anc "€ are cnip 56 ecl bils and bils 17 and 13 a8 oul-of-rarge bils,

ey FTIE
I'i'lin!dj_ira- i

e A e Tt L R F

bk 53 Chip Selsct and Flange Bits for Fully, Populated

-




SRIGAAMMING THE AFHAY DECODER AT

5.4 GUIDELINES AND RESTRICTIONS _
Whean pragramming your awn array decoder, wau sncedld Tollow ce1ain guideliros
and resirctions. This section duscibes tham.

5.5

Lige cnly 2K by B devices or laroer.

Devices m.st be in pai-s £nd shere must be ma mizing within aairs of gevices,
For exatpla, vou carnot Rave 3 2% by 8 FROA i 1ha high Bde of chop sel
soorat 0 and 2 4K by & PREOM i1 he low bayle of chip set soseet .

ff wou are insta'ling A static AAM, you must insalit o the lower balf of the
array. & LK by & PROM can B2 miked with siztic BAM in1ne same -ow, oo
can b= paced elsewnere intha array. The 8K By B, "BK oy B, or 32K by 2
PROME carnot be miked with RAR inihe same row 2nd us; be instel'ed ie
the upper half.

I vau arg screalitg a patesn thatincludes scoolstrao oode, the acosstiap code
musl resice in chip 500 7. Tho ooce sa0lc not B2 ncluded noyaur patterm
CHcrwlze, the boatsliag code wll appoar erraneously

Dux nat mix 2K Dy B devces with @iy ofnes Jevice 3 7es on the mcdu e

You can mix 8K by B davices with 2K by B dovices Ir 10c sare oy or with
16K by 8 davicas in the same row,

[F 32K by B devices are inatale in @ gnip st no othar deviow 2 zas can b
installed in tha raw inca-oorabng tha chin set. For svample, § 32K oy B
devices a‘e inslalled ir chp seb O, Zhip 81 * can conain anly 32K by B
dewides,

When devsloping an array decoder patern o meedle @ mixduee of cavice
sizes, enable the largest device 1o be ~sad fizsl, Obtherwige, BOcks i» Ehe
arey will bz offs=t bacauae the larger devioes sampic hiabar arder aesleass
lines. .

For examnla, vau have an BK oy & RAKN oar inal musl be installed v he
[ower nalf af 178 array &ncd vau want 1 insizl @ " 6K oy 8 PROM pair. You
m.st ingzall the 6K oy B PROM paic ir the upper Ball. In thig cass wol
shaule enabee the 15K by & FRCE Lo oe read §i-sl, ever though Bak s =nthe
lower alf ol 17 array and * 6K Oy B FROM s in Lthe upper balf of the aray.

DESMZMING AN ARRAY DECODER

Thiz zaclion bra'ly descslbes he s ars far dessgnong a decocar FROM ur o
spesihe apphcation. Betore pioceediag becoms familiar with she guidalinos and
resingt ons cracribead inthe precedinc saction

Thes fIrsd stap 12 19 aorward 1he Jus adogss 10 Lhe astay acdrass n O et miodle,
swlact a starling adorezz and subl-act il ‘rarm Lie bus address, To obta n e 2ray
agleress in page madse, Lits 11 rowsh 21 9l e bus address are siroper ol Sils
I through 17 of thie bas aodress are sepaced by bits o he POA that reprasanl
the pace number for the eesresponcire window.



48 FROSAAMBING THE ARRMNYT DECCDES

piext, dete-mire |98 pahern selecior and iFa decodar PROR addicss, T1e palism
zelect jLrpers determing the pathern salecl inas. The decocor PROM adcicss |s
abta ned oy append ng the pattetn 28 ect oits bo bits 12 1rough 18 of [ array.
aderess.

Fiaiy, delarmine whoh device 13 w0 be rgad “or gagn d-kilobyie hinck oF bus
adcresses, Dnce 1P chip sel number hor sach bock is delsim ned. o is goo-
grammed irta tha array decocar as aui-af-range ard chip select C, B, ard A

Fefer ¢ Figures 5-4 ann 25 ‘or help in desgring the array decoder. Lse the farm
in Figura 9-4 wihen yvou are us no diregd mode addressing. Jsa the form in Figara
-3 when vou arz Jsirg page mode sddress.ng.

This section provices examplas that shaw Faw 1o use thesa forms. The “ollrwing
priars are common o fhe =xamp'es. £esp them in mird when you review the
ERAMEeEE,

* Because of space considerations, the bus aodress ard array address in the
examples arc shown in ootal fanat, The decoder address = shawn in binary
farmal. The binary faral for 19e decacar address s used soval can seq he
affect o bit. 12 and higher c-dar bils changing inciv doaly Lhroughoul 1he
naitemn

s The zalen zelect bils (appended 1o Bl 153 of the decoder acdress) rake the
walla zetin the patern select jLmpers.

* The decoder address, bus adoress, and artay adoress increase sequertial v
through a gven pattern

* Bt12 delines =kilobyle boundatics so each 0w reorcsenls o 4-kiabyte
IMCraaes. The bus address and amay address increase by 100005 in e
rowe. This increfse iy eguivalen: too the 4-kilabyts increase of tha Cecoder
address.

» The daccder data s he dgta that is prog-am-nes =k he device at the spesi-
fied addross, This data consizls of the cul-cl-ranga ling ard three chip select
limea labeled C, B, and A, Tha Lhree selest ines ara supplac 1o a 3-10-3 ling
cecocer with each of Ihe gighl outpud ines connectec 1 a difterens chip sot.

= \hen the patler is procramimad, all other lecalsans remainieg in the paticm
represent an aut-gl-range cendition. The aui-of-rangs concilicn s denctod
by she cut-cf-range ing going c & kaic 1. When this cocars, C, B, ard A
select lines are marked with Xs mc:cating & "don'; cale” condition.
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Example 1

Figure 5-6 shows ar exampw lhal uses ciked] mode addressirg with 2% by 8
PROMs i chip sels 0 through 3 and 2% by 8 bootslrap PROMS in chlp 22t 7. The
PROMs are o respond in seguential oréar from ol sals T through 3. Chip set 718
dedicaled hat tne vocisttap PROK and will nat allead e packern. This chsp 22t (s
saleclad by 8 brolslrap access cnly.

Figure BB shows an examp e with a meduls slarlng acdress ol 2 and us aderass
cl 0. Each -ow of the figure reprezenls a &-Kilcbhyte seqgment (equivalent tg
1000Gg]. With 2K PROMs, bits 12, 13, anc 4 are chip seect lires and hbits 15
theaugh 18 are aut-ct-range bits, Tne decocer address consists of hits 1.2 thraugh
18 phas 1he two patem sclect lines, which reflect the state of the pattem salect
jumpers. With bath pattern select bils o 0=, i1 means that patlarm O of 1he decocar
FROM is being pregrammed.

Each fima bil 12 tcggles, A naw 4-&loayie seament is inrodocad. Bit 13 1ogoles on
B-%iwbeyles Segmarls and kit 14 tpgglea an 18-kilabyle segments.
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CanzagJenlly, tha patem inc-amants [rom 000000, fo 03030I0g. The cuf-o'-
rarge condilion ang the chip seluct lires (G, B apd Al contain the cata pro-
grammeac :Alo the decoder PROM. The ©, B, and & 'ines ars the onip szlent ines
hat cnab'e b orooer chip sel mackeds iz 3 3-10-H ling droodear.

Siter patarn, O of the decodar PAOM ‘s programmed Sariy adcress equas
CO0300C0E). the remaning losalions in palle-n 3 ara carzidered oul-of-range (out-
cirrarge bil asseried]. Tha C, 1, and A alts al s oon; ang inibe  den’s cae” con-
cilar ard are ndicated by an ¥in b coumen,

Pallarms 1. 2, and 3 are prog-a~med 0 J simiar fashion ard car: be programmed
with dilferent palte-rs. The patlen salect lives roflect the patem oming
BIrCgrarmm e,
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Example 2

Fgura 57 shows an example Jsing direct mode aderessing with 4K by 8 PROM
chips i all sockels oxcept far chip sat 4. wh ch contains 8K by B Zhip selg. In
accardance with the guidelines pravicusly described, chip se1 4 rrust reapeonag firgt
since L is the larges! memory device included. For this example, the resparss
orcerischipsetd, 5,6, 7.0, 2,1, and &

Ir Figura 5-6 the bus aodress aad the atatng address are the same. In 1Nis exam-
ale, thev are diffgrent. The stan ng add-ess (s 20000z,

Mate 1k at tng pattern 3e eet bils are * 13, indicatirg paitern 3 is salacted. Also, for
4K PROMa. bits 13, 14, ard 14 are chip select lines, For 8K PRCA.S, Dits 14, 15,
ard 16 are chip select lires, Sonsequenthy, bit 12 for the 4K by 8 "ROMs ard bils
1Z ard 13 for e BK by B PROMs are igacred while thoss devices are accessed.

Sinca aach antry n tne rable reprasels a 4-kiiobyie block, the BE by 8 PROM pair
[16 Kilzbylas) requires 1our entries of 4 kilcoytes each. The 4K by 3 PROM oair (3
kilchytes) resquires wo enifas of 4 %ibbylas each. The & B, ard A dires are the
binary equivaant of the chip set zocket, For axars e, the S B, ard A lines 1or chip
s8:4are " 00a.

The PRCMs are listed in the arder they are to espond. When the last chip 3gt s
pragrammed (chip 581 3;, the out-of-rangs oit is asserled and the 2, B, and A lines
are ceatained wilk X3 canating a "dor't care™ cond.lor. The and of the pattera
ooours wingn hits 2 through 18 sra a’l 1s a3 snown.

This cramp-e represerts the decocing of ane-fousth of the decager PROM, which
opalten 3 Fatterns @, 1. avl 2 would be sirilarly programmed, i -equiced, ard
iha pactarn salecl bils would be chanosd k reflecl cach patierr.,
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Example 3

Fjaure -8 shows An examale usicg page mace adoressiag with 8k by 8 static
FAMs neohipselz Jand © and 4K by & PSOMS in chip setz 4 ard 5. The order of
«pEpoase s chp s 0, 1, 5 and 4. Mol that the Fgher capacity device must
rgspo-d Fratas praviousy cescroed.

In paga mode, Bitg 11 through 21 of tie bus agdress are slipped of Giis 11
trrough 17 are raplacad with bils fram the PGR representing the page number far
the cortazpe-ding wincow,

The ous addres: ligs balwaan he stailing adoress and the stating andress plus 4
kilobyies bacause tiis is tha daflrec wirdow size.

The page rumber is desigrated by bits 11 theough 17, However; the cecoder
zrdress looks ad bils 12 Srough 17 and ignomes it 11 pecause Ris b defires 2-
siiabyla bourdaries. Natg Lhal tha paltern salsct olis are 01z irdicating pattem 1 is
selelan,

Pages are 2 kilchytes wide. |7 an 8K by B device pair (16 klloDylas), thare are gight
2-kilngute pages. Inthe K by & devices, thera are faur 2-Kilobyla pages. The array
decadar lonss a1 c-kilobyte blocks and each bus acdrass arty is 2 kilobytes.
Therefore, each array cecoder 2dciess ently repeats fo provide -<lobyte binc+s
I I pllesr-,

During aparaticn. the pags numbar muosl be in the cormasparding byta af he
dexsired winoaw. 1 -ka paoe is inowindaw G, the lower ayle of tha PER is designai-
ed. If page iz inwindow 1, 1he upper byte ol the FLCR is designated.

This examale consiziz ol 24 pages. Eighl pages are lor each of The wo 8K by &
cavicas, arnd heur pases ara ‘- esck af the bwo 4K by 8 davices,

When the twerty-fifth page is reached. the ou-of-rangs kit s assened anc the C.
B, ard A [ines are denated wit Xg, which indicale the “don' care” condition
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&1 INTRODUCTION

Mo diagnosile programs are available for the MRV 1-0. Each cuslomer supplies
his enwn firmwars. Consequanily, aach modula nas a separate contiguralion, Tuling
oul a common diagnostic.

in liew of diegrostics, periorm the nllowing procedures 1o delermine whether the
madule or the PROMS installed in the module hawve malfunctipned.

6.2 TROUBLESHOOTING )
1l there 15 a8 maliunction on the MAV11 -0 and a sel of spare devices 15 avallable,
remawe ke davices from the module antd mserd e sparg sed. iF changing dewees
does N solve the prablem, perform 1hein]]r:ﬁ-'ing steps.

1. Check fhe LED anthe module. it i nat b, power is prabably nol being sLp-
plied to-the memory aray.

2. wheck the battery backup Jumper to see that it is correcty pasifionad. if il is.
e problem i in the power distribution to the backplane.

3. Check ihe wmper configurations o ensurg Hal e moedule 15 oropedy
conligurad.

4_ I eonsole QOT is availabs. additional steps can be performed, The fallawing
saclion describes these steps.
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63 CONSOLE ODT

Tha conzole oota debugaging technipue 00T, 5 2 ool an of the OrOCESS0r micna-
crde that is very usafi: in- debugging and rannit ] programs. Corsole 00T al ows.
the procasscr ta respand o commancs and infermal or entered from a loca. ar
remaie kerminal. Communication Detwear the user and precessar is generaled via
d slream of ASCH charactgrs interpretec by e procossor as consoc g commangs.
Theso comimands are a subset af QET-11 {Takle §-° ).

Termingd addresses uied by console J0T are [77560g tbrough 1775680, 1 uses
addrezges FYT7E60 thrawgh 777566 1o 7A-hil eystems and § 7777560y througn
17777568y for 22-bil systems. These add egses are gererated in ~iciecodes and
cannal ba zltered.

Tha lollewing paragraphs cescribe the congale ODT 1ermina: command st (Table
£-1]. Thess commands are @ swhset ot O0T-11 and wea ke same command char-
acters. Comsrde QOT <83 10 interaal siaies, which araisled in Table §-2. For each
state, onty spacific characters are recognized as valid irpuls; other nputsinvo«s a
" response,

L P T
Hoish
G
[ =E




el |
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For addltlanal information on QOT. refar 1o the fisrocampoier snd Ademaoras
Hanghioak (EB-20912-20). IF vou suepest the macuis to be mafunclioning, par
e he stepsin paragraph .2, F consgle Q0T is avarlable, parform the eilcwing
additionai steps. Press the HALT switch on the front panel 1oinitiale C0T.

=1

. If bootstrep is enakien, open Lhe baotstrap PCH at 17777820 and ensore

ot ai Bis can be raad ar wericten,

. Il boatslrap s anabled, you should Be able to read bootsirap coda at e fal-

Iowirg catons.

| FF7A0005 — 17773775,
|77ES000; - 17766776y

. i page mode s cnabled, you should be able fo read anc wris the page mode

PCA in the incaticn set by the PCR ado-ess switchas, You shaodkd nol be atble
0 cpad other lacatians 3:nce @ fimeout shoule occus and OODT shoulo
respand with g ~7." .

If iwe MAY11-Ds are configured for page mode in the same svstam, fwo
urigue PCRs should appea” n two locallons between 177770005 and
1777 7036g.

Set PCH bit 15 window gnaalg) to s 1 anc put a casired page mumbe- in
each byte of the PCR, You shouid see the requesied pagas through wincaw
[ ¢at the stariag acdress) anc wincow 1 (2 Yilkobytes above lhe slaning
adcress),

. Sat bit 15 Iv & 0. Timaoui shculd aocu- al Ihe lceaticns o slep 5 anc a "

shauld apasgr on the ferminal.

if yiu exceed the page limit of the MAV11-D 8t by the decoder FROMN (by
placing a paga aumber in the PCH thai is too ‘arge). timaout cocurs and a *#"
appears ah the larminal.

I diecr mode, all cnused PSR acallons showld time out and expectad data
ghouid appeat 1rom the staring address to the apper boundary of the array
(which is set oy tha decocer PROM)

IF BAM is arasent o the racule, | shou d be -eadiw-ta. H you ars uratle to
wiila RAN. check thie inllowing jumpers.

W - DATC timeait
W5 — Write arable (Figh byte)
Wi —Write enable (low byte]
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10, Check voltage at bus pins BV, AA2, and BAZ far | 5 Y.
11. Nbattery backup iz instal}ad, check vallage a1 bus pin AV for +5 V.

If the abowe steps do rgl some the problem, comact tha Technical Yolume Sroup
Hotiime (617] 467-7 787

Tha madee may ba repaired by 1ba Caustomer Return Centar in Woborn,
Massachuseits providad all customar firmwiare is remaoved and tha madule is prop-
arly packaged. For mars infgrmation, call 1-[(B00-225-538E.



MODULE
CONFIGURATION

Thig appendix summarizes the module configuration given in Chapter 3. Fiqure 3-2
iz & fiow diagram thal provides the sequence for canfiguring the maoduse. Figure 3-3
ehows the locations of the jumper groups on the modules. Lise Figure 3-3 in con-
junction wilh Figure A-1, which reprasents the location of each jumper pln on the
madule.

Far exemple. to configure the device size umpers, use Flgure 3-3 o debarmineg
1heir locafion on the maduie just to the rlght of E2Q upper-right guadrant of mod-
ule]. Then refer ta the device slze jumpers lIsted it Figurs A=1_ Figura A1 shows
the deviee slze jumpers. in datail, as a'sed of five jumpers {114 through J10)
arranged verlicaly. The orianfatian is component-side-up with 1he handles facing
away. [l is important 10 maintain this orientation as the jumpers on the module are
not desigrated, With 1his arientation, J14 is the jumper chosest B 1he handles and
J10 ig farthest frome-the handles. The PCR address swliches and starl address
switches are shown at the end of Fegure A-1.

fid
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