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CHAPTER 1
INTRODLICTION

1.i GEMERAL DESCRIPTHIN

The DEVIL-B ts 2 general-purpose direct memory access {DMA) interface for transferring [6-bit dara
words direcily belwesn the LSI-11 memory and o nsec’s 170 device, Deta Transfar Out (DATOD) or
Prata Transter In (DATE) 1akes place vig the LEL-11 bos after s DMA request, where the DRVI1-B
hecomes bus nraster. Burst modes, byte addressing, and resd-modify-write operation (DATI)) are
possible with the DRV1i-A. The DRY11-B feaiures switch -prug:‘ammh!: device and vector addresses
gond $-pin connectors which provide for zimple interfacing 1o the user's [0 device.

Five repisters are contained within the DRV 1-B:
Word Count Register {(WOR)
Bus Address Register (BAR)

Coatrol /Status Remsier {CSR)
Tnput and Output Data Butfer Registers (DBRs).

The CSR and DHR& are word- and byie-addressable, whercas the WCR and BAR are onby word-

~add rcw-;thlr

DRV I-HB operation is imittalized under program mrltn::d by;
1. Lpading the WCR with thE. 2's {:n'l:pbmnent of the m:imher nf {rumsfers
2. Lopding the BAR with the first address to ot from wh_mh data_m io be transferred
3. Lovading the CSRE with the deasired lTunction bits.-

Dula lrensfers may e proceed under the ::unt.r_nl af ﬂw DRY11-B DMA lowic. .

Figure 1-1 shows the primary interface sighals between the DRY11-B and the wser's [ /O device, DM A
input {EATIY or gutput (AT dats transfers take plram when the processor clears READY. For a

De"‘iTl':r cycle (DREVIL-B to memory transier), the wser's 1/0 device pressts the CONTROL BITS

{word count increnent epabie, bus pddress incremend enable, C1, CO, ADD, and ATTN), end Zsserts
CYCLE REQUEST Lo gain use of the L51-11 bus, When CYCLE REQ UEST 13 asserled, inpul data is
Latched into the input DBR, the CONTROL BITS are latched into the DRY11-B DMA control, and
BLIRY goes Low, (A 1XATT cycle memary to DRV 11-B transfor is handied in a similar manner, cxcept
thut the putput dais is latched into the outpet DRR dunng the bus cyele)

-
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Figure -1 DRVEL-B Simplified imerface DHiagram

VWhen the DRV 1R heeomes bus master, s DATO or DATT evele is performed direstly to or from the
L51-11 memory focation specified by the BAR, Al the end of each cyele, the WCR and BAR are
incremented smd BLISY Loes high while READY remraing low, A second DATO or DAT] cycle. is
performed when the usec™s 170 device apain asserts CVCLE REQUEST. DMA rans(ers will continue
asvnchronausly wall the WCR, increments tn rero, at which time ]_?..E*‘LDY eoes hiph and the BEYi1-
B penerales an intereant (it inteerupt enahle 1 set) Lo the LST-i1 processor.

IT Burst m:.:uj{'. is selccted (SIWGLE CYCLE low), coiy one CYCLE REQUEST is required for the
complete synchranous tranafzr of the specified nnmber of data words, e

1.2 SPECIFICATIONS
The Toltowing specitications and pa rticulary are for informational purposes and are Eubj"ft to change
withoul nolies,

Physicol . -
Uua-:t—h:‘rpht simgrte width, exi mdcd leagth TI'IDIle|¢

Drimensions '
Hal 72 ine i, ]'IJ—I 2in H, I/ m W
216 em L. 26.7 o L. 13 cl W)

Weiglu
13 oz (3 ar)
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see 10 Connectians
Twi:r {2y 4fkpin conneckors

Morueeins Rr'qummmms

Plugs dircetly igto 1.51-11 mckp1an: or LEI 11 expansion bm,lr.p]&nn

‘Klectrical

Logie Power Reguirgmenls
=5V + 5% @ 19 A (nontnal)

LEi-1] Bus Loeading
Presents one hus foad

Liner Loadinp
Input Dela Lines
| TTL uawt lead each
IFIGH « Logic one
LOMWY = [ agic zero

[npet Controb Linas
L FTL wmd load each
HIGH = Logic ane
LW = Logic 7ern

Ougpnt Lata Lines
(0 FTTL unit lowds {drive) gach
HIGH = Lopic one
LOW = Logic zero

Cutput Cantral Lines
10T unid lowds (drive) each
HIGH = Logic ene
LOW = Logic 2ero

Module Tyme
&4 Te5()

Clperalionel
Transier Mode

DMA or proepram=controlled with interrupts

[Fats Vrangfer Ruatc

L to 250,000 16-bil words per second in single cyele mode
Lrp 1o 500,000 ©6:-bil words per second in burst mode

Farironmental
Temperature

Storsme: —HF Lo 667 C {407 o 130" F)
Operating: 3% 10 50° C (4[° 10 122° F)

Relative Humidity
1% o 95% aonceadensing
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1.3 HELATED LITERATURE

In addition e the MT950 print set, the LST-Ff PDP- 103 User's Mool and the LEF-1T PDP-T1 G4
Friocesnr Handhack contain useful @aformabion for inswalling and operating the DREVI{-B peneral-

purpose DA aaterface. [Handbooks
Sales Ollwe. o

may be ordered from the nearest Digiia]l Equipment Corporation
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CHAPTER 2
INSTALLATION

it LTENERAL
Frslallition of the DRV [-B general-purpore DM A interfuce comsists of selecting the devige and inter-
rupt veceos addzesses and then inserting the intetfuce inte an LE-11 processor system. .

2.1 SYSTEM CONSIDERATIONS
Before ingtelling the DRVIL-B into an LEI-11 system, consideration muat be given to hus loading,
poser, privsily. and space ceguirements,

.21 L5I-11 Bus Loadlng

The DRY [ ]-B presents one hus Ipad to the LE1-11 bus, Fifteen (13} bus leads can be bandled by the
L5 F] bus; therefore, the wser must determine the L3111 bus load v-hmmsta”m.g pdditional L3I-11
modules. } .

122 Power RE‘II;I.II!‘-HIIHIIS
The DRVEL-Brequires +3 ¥ £ 3% & 1.9 A {n-_.minul} Power for the DRVI1I-B is obtained from the
PRI-11 svskem powsr supply,

1,15 Prioriy Reguirements '

Exch device an the LSI- 1 hus has an interrupt and DMA priority hased on its rolative position Erom
ke provessor. Since the user may instaill the DRY 1 -H on the bus siong with ather devices 1hal use the
same inlerrupt or DMA: priotity, the user must bear in mind, that when more than one device is
requesting: service, the device electrically neanest the LEI-1E microprocessor as the highest priority
and will he serviced first, 1n uddition, if the REV1 ] DMA refresh option is used, tho REVI1 must be at
a priotity level higher thun that of the DRY]1-B. Reler 1o the L3141 POP-T] i Liser's Manual,
;1;:;1#*:4;’1.1 5 for detuiled mformaiion on the RF‘r’l! options.

i.14. Ep:me Et-qulrements

The DRV L-B requires four module slote, OF the four slots, th: A ﬂnd B module fingers mLﬂ ml.er!'m
to the LEI-11 bus, The O and D finpers maintain mntedrupd aad DM A grant continuity as well a3 power
and growund.

13 USER 1/0 CABLES

The DRV B hus two 40-pin connectors whis:h pm-mh: the m.cr"[fau 0 the uger's device. Tweo cable
asseitiblies sre required, It is recommended that cable sssembhies From Table 2+ be used to ponnect the
DEYL1-B to ihe vser's devies, The [isted cables are fermigated (poe or boih ends) with HB36 #pin
connceiors, that mate with the gonnectors on the DRY | LB, Cable salection is determined by the typs
of connections used on 1he user's device. The desired cable length (XXX must be specified when arder-

mig-{Leagths tonger thod 30 feet are not recommended for use with the DRV11-B.) Cables may be

oridared fram the nearest Eigital Equipment Corporstion Sales Office. Noa-standard teagth crides
may he ordered al addinanal cost.



Tabkte 2-1 Recommended Cable Assemblies -

{ahle Mao. E {onRectors T'l-'p[' _ "'ltll.l'lﬁ-lll"li Lrng'{h'i':it ,-"Trl

BCOBR-XX ]  HE36 to HE5G Shieided flat ! i.6,10,12,20, 25, 50 .
' : 0.305, 1.430, 3.050, 3.68,
£.100, 7.625, 15.250 m,

P — 8 B e e AL

B - HAas% 10 apers Shielded &, PO, b5, 25, 30 1.
| F t.430, 3.050, 4,575, 7.625,
| [ 3, 250 o,

24 DEVICE ADDRESS SELECTION
Vhe [DREY11-H contdins five regislers

e WCR

the BAR

the CHE

the inpa [JRER
the ougpu: LIHR,

These registers most be addressed for data and status transfers betwsen the PRY11-B and the LE}-11
orocessar, The twa (23 DBRs use the same address. The register addresses are sequential by gven
teambers and are as follows;

Regisier - BEST - Octal Address s
WER L XXXXX0 -
BAR L XAXXX2
CSR ] XX XXX
DBRs | KXXX K6

The ﬂ.smgntd 1.’}MA mtcrfaa: l:u-a-: address is 772410;, The user selects w baseuddress i" oF nEsiprment to
the WCH dnd rets the device sddrest selactlion switches on the DRVI11-B module 1o decode this
address, The rememning BAR, CSR, and DBR addresses are then properly decoded hv the- mﬂ-an: &5
“théy wmre reseved from the L&{.11 PrOCESSOE,

Fizure 2-1 skhows the location of the device address sslection swite h:ﬂ pn the DRVIt-B mu}duln
Switches are sot to the ON (closed) position for hits to be decoded as “ONE™ bits in the hase address
-Bits docoded s AERCT bits in the address Guve thetr switches sel Lo 1he OFF {oped) posiven Tigure
2.2 showsy the sddress select format and presenls the switch-lo-bit retationship for the device nddress
selection swilches,

25 INTERRUPT YECTOR ADDRESS SELECTIOMN :

Vector addsesses 0177, aro reserved for LI[-11 syatem wsers, The DREV11-B is awsipned vector
address 124y, The user sclogts the interrupt vector address by means of switches on the DRYIil-H
melole, Figuare 2-1 shows the lecadion of Lhe vector address selection switches. Veclor addrass solec-
tion switthes ate sel to the ON {closed) position for bite to be.eneaded: s “"GNE™ bits in the veuwor
address, Bits cacoded as “ABEROY bils in the sddress have Lheir awitches set to the OFF {opett) posi-
tien. Figure 2-3 shows the address seleot formar end pr&se:ug the switch:tohit tulatm-nstnp for the
veclar address’ setection switches, :

o i e . e i 8o . ) L R R LR T = ] S W S A e, e B n B it i b e nm et i e e o t o o
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Figare 2.2 DRVil-B Device Address Select Format

26 MODULE INSTALLATION _

With the exveplion of the Orel fowr slets (the LSI-11 processgr aiwdys odeupied the sl dlabs), the
DRY [1-B can be installed into any four slots (Paragraph 2.2.4) of the L8I-11 backplane: However, if
REV!1 DMA refresh option is vsed, the DRV 1-B must be at a lower priority than the REV1], When
inggrting the module into the neckplane, make sure that the deep nodch-on the module seats against the
crnnector black nh. ha gt insert ar reminve the module with power applied. After performming the initial
lurn-trre (Poaragraphk 2,70, connect the uwer's [0 cables to T wnd J2 on the DRY11-B T/0 conoectors,
Consector locations Tor the DPRYE-D are shows in Figure 2<I. Pin assignmenls Tor J1 and J2 are
shown in Figure 3-4 and are specified in Paragraph 1.1

)
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o, 27 INITIAL TURN-GN
o Aftgr eompleting the module inswullation, durn on the LSI-11 and initialize the sysiem. With ao 1O
T cables connected, and using the L531-11 terming) and operating procedures, perlarm the following:

[. Load the addresses of the WCH, BAR, CER, and DBR s through the svalem ternuingl sod
cxaming the locstions.: The termianed will indicae the following:

WCR contents will be (I
BAR contents will g OKI00E
SR conents will b 127200
DBR contents wili be ET77I7

I3

The WCR and BAR can be loaded with data from the sysiem ierminad and the correspond-
g duta read back on the terminal. BAR bit 0 will read a5 a one (1) with no 1,0 cables
coBnevied. :

The wser's 143 device cadles can now he connected te the DRV 1-B (Figure 2-1).

A .

! 2.8 DLIAGNOSTIC PROGRAM _
The check procedure performed in Paragraph 2.7 does not complecely verify the operation of the
DRV I-B. Complete module operation can be venfied through the use of the diagnostic softwire
program MAINBPREC-MBP-11-DVDRA-PB. The progrum can be lowded inlo 1he LEI-1] system by
meang of a paper tpe regder or 4 terminal. A DCOSR maintenanc: cable (nol longer thae 30 i} i3
requited ta loop the DER outpul to the DBR inpul for checking the 170 data path. A complete
descriprion of the diapnostic 2aftware propram and its implementation is provided ia MAINDEC-
MD- 1 -DVDRA-D.

e
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CHAPTER 3
: : BASIC OPERATION

11 GENERAL _ _ :
- Thiz chupler conteing 1 functional description of the DRV 1-B. The DRV 11-R registers afe described
s well as wser device and bus operations necessary 10 perform DMA iransfers, Figere 3-1 is a block
diageam af the DRYIL-B. All deseriptions are written 1w 4his diagram. The chapter ends with a brief
deseription of the timing associated with DM A trapsfers,

Fn
. 32 FUNCTIONAL DESCRIFTION
LEL DRY1I-B Repisters
The DRV 1-B contaiis five (3) reglsiers:
Word Couwni Regislc; (WCR)
“Bus Address Regisier {BAR)
Conilrel Slatus Repister (SR
f"“.‘x_ I'nput aad Culpur Date Bulfer Registers {DARS).
ALL1 Word Count Register (WCR) « The WCR is a 16-bit read; write i't:gisb:r that controls the
nummber of transfoes, This register is loaded {under program conreol) with the 2's complement of the
dimiber o wards to be transfereed. AL the end of esch eransfer, the word count repister is incremenied,
When the contents of the WUR s incremented to zero, trunsfers are terminated, READY i sel, and if
eitabled, aa inlerrupt is reguested. The WOR is word-addiassable only.
3.2.1.2  Bus Address Register {BAR) - The BAR is # 15-bit read /write repisier. This register is logpded
{under progism contral} with a bus address (not faciuding address kit §) which specifies the location to

Pl or from which data is o be transferred. The BAR is incremented after éach transler und can ha

- incremented across 32Kk memory houndaries via the extended addross feature of the DRVIL-B. Sys-

temis with only 6 address bits will “wrap-around™ wo location zers 'when the extonded addeess bits sre
incremented. The BAR is word-addressahle anly. '

3.2.1.1 Coatrol /Stargs Reglster {CSR) - The C8R is 2 16-bic register used tc sontral the functions
And monitor Lthe status of the interface, Bit 00 is a wrile-onby hit and always reads 33 o sero. Bits 0106,
and hita 08 and 12 wre read/write bits, while bits 07, 09-11, and 13-15 sre read-only bits. Bil (4 cen be
writter 10 a 2ero. Bits 04 and 05 are the extended addressing bits )CSR bit functions are fully described
i Chapeer 4, The CSR is both byle- and waord-addressable, :

34
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3114 [lopuyt and Duiput Pata Bofer Reglsters (DBRRs) - The vwo DBRS are 16-bit registers. The
it DBR 13 a read-anly regster: the outpot DBR is a write-only register. Data s ioaded into the
input DBRE by the vser’s device and subsequently transferred 10 memaory under DM A control by the
DRY1I-8, or utder program controd by the L3I-11 processor. Codverdely, data is writken inio the
autpul DBR [rom memofy under DMA control-By the DRYEL-B, or ender program corttrol by the
E51-11 processor, and mead by the user's device, The input and output DBRs interface to the user's
device by nieans of vwo scpavate $-pin FCr connectors, These conbectors may be cabled together (for
mainteaance purpasesy 1o function as a readwrite register, The input and output DBERE share the
seme hus address gnd are byee- and word-addressabie.

3.2.2  ilser interface Lines

There sre 50 mterfooe lioes (25 per connector) between the DRVIE-B and the user’s 170 device, OF
these limes: 32 ure 170 data Yines, 3 are for status, and 15 are for control, A bricf description of these
intariace lings follows:

Hneﬂu}nﬁ: : lle-ﬂ‘:npt.t-m
M GUT - B30UT : |6 TTL data -:nﬂ1.|.1u1. hne& frum the E!R"L 11-B. Ope = high,
00 IN - 15 IN 16 TTLdata input lines from the user's device. Ome. = fugh.
STATLS A B, O X Three TTL $latus 11p-.|t Imes fmm thﬁ user's device, The Iuns:a-
. : tion of these fines is deflned by the waer.
FUNCT 1,2, 3 Three TTL outpit lings to the wser's device. The function of
these lines iz defined by the user.
IMET : -Ome TTL oulput fine; used to initielize the vser's device.
INIT %2 One TTL output ling present when 1MIT is asserted or when
: - i FUNCT 2 iz written to 3 one, Used for interproesssor buffer
applicatians.
ALH : : One TTL input hne froin the user’s device. This line 8 aormally
£ . : high for word transfers. Dunng byee transfers this tine controls
uchdress bit 04,
BUSY . Croe TTL ouzput ling to the user's device, BLIAY is low when the

DREVLE-8 BDMA controd {ogic is requigsting controf of the LS1-
11 bus ar when &« BMA cyele isin progress. A law-to-high (ran-
sition indicates end of vycle:

READY One TTE output line to-the user™s device. When the EEADY
ling goes how TIMA tmnafers may be initiated by the user's
device, :

0, C : Two (N TTL ixput hnes from the user's device. These lines con-

trad Lthe LST-1] bus evole for DMA transfers. CO, CJ codes for
{he four {41 possible bua cycies are listed in Table 3-1_ . :
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Mnemnonic - Deseription : : : e . -

Table 31 €0, Tl Codes

et e e e e v e o w g B A m d m  n mlon  m n Bt m e

Bus Cycle i 1T
DATE - i o
DATIP 1- 1 - 0
- DATD. o 1.
DATOR ] 1
SINGLE CYCLE : Crag TTLL input bine from the user's devics, This line i internally

pulled high for normal DMA traoslers. For burst mode oper-
ubion STKGLE CYCLE 15 drivea iow by the user’s device,

CALUTION
When single cycle ig driven low, totaf system pper-
atien s atfected because Hw 1LS1-11F bus hevomes L -
dedicared to the NMMA device and other devices, G
irctoding the MMOS memory relfresh fuoction, canrul
use the hus.

1||I|-'|: INC E,.T'-.-’B One TTL. inpas fine from the user’s deviee, This line iz normaliy
high to enable incrementing the PRV 1-B word coonter. Low
inkibits incrementing.

BA IMNC EXNB One TTL input lige from the user's deviee, This line is normally
' S high  to enable incrementing the bus address coumter, Low
irfrihite incrementing

T
i

CYCLE REQUEST « Ome TTL input line fram: the uwser's device. A Iow-te-high trans-
- Aaon of this ine inibades 8 DA regquest.

ATTHN : . One TTL input Hne from the user's deviee, This fine is driven
: o high Lo terminake DMA transfers, to sst READY and request
an interrupt iF the interqupt enable bit is set,

3.Z3 L5L:11 His Lines

There ars 34 LS4-11 bus sigpal lines used by the DRV LE-D; 16 of these ate multiplexed and bidivection-
ud linzs which corry dota ond address bits. Two lings are used for extendaed address bits, while 146 fineas
ure used for controd signals. A brief description of the 34 hus hines follows:

Muaemonic . Co t¥escription

BDYAL M- BIFAT. 13 Fo bus data Saddress Lines. At address 15 fiesl placed on Uiese
fines followed by the data, These lines are as=ecied when deive
Iwar, . .

Baly i 17 - 7. : .T-;im (23 Bas lines Gsed o addeess beyond 12K of meswory by the

DRV¥11-B. These lines are assgrted when low
B0 One bus hioe; when vsserted (low) ihdiceies thol duta s avaikoble

an the BDAL lines and an outpur transter (with respect to the
bus maseet) is taking plasge,
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Memoni
BRPLY .

L

2

BidIw

BSYNC

BWTHET

£
BIRG -

REAKIL BIARD

Lol
REST

' REMNIGI, BOMGO
RINIE ;
BSACK .
BRDME

o

Deseripilon

One bus line; geserted {low) in response ta BDIN or BDOUT
and in response w0 BLAK transaclions, It is penersled hy the
slave device for address recognition,

One . bus line; when  ssegrted (low) dunng BSYNC time,
indicates wh mput transfer {with rewpect to the bus master),
Requires ¢ BEPLY response, BDIN (s asserted when the bus
master 18 ready {0 accept data From the slave. When agserted
withowt BSYMNC. indicates that oo interiupt operblion i
DCCHTTLRE,

. Orive bug [iae; asserted (low) by the Bos mester to indigate thuot it

has placed an addeess on the BDAL lines. The transfer s in
progrq=s until BSYMC 18 nepated (high).

Ome bus ling; asserted (low)) during address time to indicate that

an cutput sequence (DATO or DATQOR) is to follow, BWTBT
15 plo esserted during duts time for byte addresaing during a
DIATOR,

One bus ling, device asserts (low) this Bne when its interrupt
enahle, interrupt request. and ready flip-flops are set. BIRQ
informa the L5I-11 processar that service is requested,

Twao bus lines; one (1) is interoupt acknewledge in, ihe ather i
inderrum acknowlédge out. BIAKT is generdted hy the LRI-11
processor in response to BEIRGQ. The processor asserts (low)
RIAK O which i routed t0 the BIAKI pin of the first device on
the bus. I the deviee iz not requesting an interrupt BLIAKO §s
passed (42 BATAK]) to the next device.

One bus line: wsseried {low) by the TEI-1{ processor when
addressing a device Tor program-coniroiled irgnsfers, The
IYRV]1-B can .asseri BBST and addreess other devices on the
1.51-11 !:lus mthaut nrm:ﬁmr intervention.

Two bus linek: one i DMA p;an in, the other s DMA grant
out, The LEI-H provessor penerdbes BDM("E‘] which is routed
to the BDMOGL pin of the firsi bos device, I rhe device iy
TeQUESTIng the bos. it will inhibst pumang B GD o the next
hus device, If the device is not vequesiing (he bus, iL will pass
BDMGO (g BDMG) td the next device,

Oe bus line: asserted (fow) by-the 1L81-1] p:rc'mmsm ta initialize
ar chear devices connected to the LSR1] bus.

Omne hus line, BSACK is alﬁs:.rl-ea:l dow) by a DMA .device in

response Lo the L1-11 processar'a BOMGO sighal, indicating
{has the DMA devies is bus muster,

One bus Fiane; a device asserts this signad for DMA requests atd
10 become bus master.

35
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324 Uuer's I/0 Device to L5101 Memory Transfer {DATO vr DATOB)

Drata transfers from the aser's 170 device o the LSE-L] memory are DMA transfers. thluﬁ, 3.2 i!]us-
teatles the deta flow far 2. 0MA DATO vr DATOR ervele H&!‘nzrrr-“g to Figure 3= 1, D MA transfors arg
initialized wnder program control By loading the DRVIL-B WOCR (in 2 complement) with u count
cigral ta the numher of words o be transfereed; loadizg the BAR with the starting memawy address for
word storage; and delling e CSR for transfers.

Li%s G
LEVIZE

|

! ( a— QLT3 UA DEINE  -— ]

'
E
=

B . . "
T —— > o m——

C:m— > MM

e —

v R L S - -
“E - PROSEALR . ol
{/7 Lo [ ——

"= 807

e el

Lal-17 Bs”

Figire 3-2 DM A BDATO/DATOR Dala Flow THagram

When the G0 bil of the CSE & written to a “ong,” READY goes low and the gser's /0 device
condilians the AQD, BA INC ENB, W INC ENE, ATTN, SINGLE CYCLE (high for nurmal DMA o,
transfers). and the CO, C} (refer to Table 3-1) lines, and then asserts CYCLE REQUEST. The INPUT BE
DATA BITS and coutrol bats (O, €1 and SINGL E CYCLE) are falched inla the respective DRVI1-B

regiatens, C¥VOLE RFQIUEST sets CYCLE ond cowses the DRV E-B 1o assert BOXME wiich makes

an 1.80-11 pus request and ceoses AUSY 10 go low. In response to BDMR, the processor asserts
AIEPMGL which 3 received as BDMGT. The DRY11-B hecornes bus master and zsseets BSACK and

negules BOMER. The processos then terminactes the bus grant sequence by reguting BDMGO.

As bus master, the DRV -8 performs a DATO or DATOR bus eycle by placing the memary address
on BIVAT lines, wssesting BWTRT, end then sszerting BEYWNOC. The LSI-11 memory decodes the
address; then, Lhe DRY LB remaves the addiess from the BDAL jines, negates BWTET (BWTBT will
reniain getive o 4 DATOB) and then places the user’s input aty on the BDAL lines und asserts
RErOLT. "".'T“"anr:.- fj::mu:q 1h¢ data and asserts BRPLY . In response 1o BRPLY. the DRVIL-R
newrales BDOLUT and Then cemoves the wsee’s input data from the BOAL lings, Memory pow negetes
BRPLY, 1he Bus cvele is teeminated, and the bus is released when the DRV -B negales BSACK und
BRY N
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At thsend ﬂi ..I"r: first trunsfer. the DRY11-B WOR and BAR are mr:n:nn:nb::,:d BLISY goes high. while

READY romains fow. With BUSY kigh and READY low, the user’s 10 device can initiate ancther
DATO ar DATOT cveld by aguin asserting CYCLE REQUTERT. B A rransfors cen continoe eaft

the WCR incraments o gero and penerates an Inkersup réquest, iF the terrupe enuble bit is set.

1141 interrepts - When the WCR incrementy to zorn, READY gaes high and the DRV [-B gener-

les an inlerrispl reguest {if the inerrupt circails are snabled), The LS processor responds 1o the
nierrupl cequest (BTROY} by asserling BOTN followed by BIAKT (interrupt acknewledge), BIAK] is
reegived by tho DRY | LB and in response pmr:es & vector address oo the BDAAT Tines. asserts BRPLY,
anid 5 EELH RIR}, Fhe LS51-il processor receives ihe vector address and negates BOHN and. -I]IAKT
The IV E-R now negdtes HRPLY, while the processor exits from T’uf main propram wed enters a
service program lar the 3RV E1-B as indicated by the VECHOT nddr:.ﬁs.

Lntermupt poquests (Moo he DRY | 1-F accur toe the fﬂ]luv.n‘iug‘; comditions:

1. When the WCR increments to zern - this i 8 pormal interrupe a6 the end of 2 designated
rumber of Lransfers,

I

When the wier's 170 device gsserts ATTN — this is u special condition intermupt which may
be defined v the user to override this WCR. . :

-3 When a nongxistent memary location is addressed by the DRV EL-B - this specia! canditian
interrupt i produced when no BRPLY is recoived from the LEI-1] memory.

Intermpts are capliined in greatar detaii in Chapter 4 of this manual.

338 LSE1I Memory to Lser's Device Transfers (DATLO or DATI -
1334 A transfers Frgm the LS1-11 memory to the wser's 170 device oGEuE i 1 manner similar 1o ﬂml
desurihed, Tor Lser™s 170 device to memory trugsfers, Figure 3-3 ilusirates the data flow for s DMA

. DATIO or DATI evele. Under program contrel, the DRVIT-B WOR (Figure 3-1) is loaded with a

soumi eqiral Lo the nmmber of iransfers, while the BAR is loeded with the storting address from which

the fiesl word will come: the C3R 15 set for iransfers.

- With the CSR set, READY gu-L:'% low and {ht' irseTy 10 ftcn-.n l:nﬂailimﬁs the £10, CH lines (refer to

Table 3-1j [ar g DATI or 4 DATIO and conditions the WO TME ENB, BA INC ENB, ATTN,
SINGLE CYCLE (high for normset DMA transfecs), end asserts CYCLE R EQUEST, BLSY from the
CREVIE-B goes bow and (e wser's control bits ace letched inie the DRY]I1-B, The DEVI1-B thea
asserts BIYME which makes a bus request, When the request is arbitrated as described in Paragraph
124, the DHRYI -8 becomes bus master,

When the DRV1I1-B becoamees bus masier, u DATT or DATIO bus cycie i3 performed (2 DATI is
described), The DRV nlaces the address of the memors location fram which the frst word is
t:ken an the BIDAL lines and asserts BRYMNC, Memory decodes amd tetehes the address. The DRY -
B then rempves the address from the BI2AL lines and 2sserts BDIN. Tnput dita is taw placed on the
BDAL dines by the memory and the memory asseris BRPLY. The inpul duta is sceepted by the
DRYD -8 and BIMN is negeied. Memory negates HRPLY and the DRV LD negater BEACK and
BEYNC 1o terminale Lke Bus cyele and release tee bus, The QUFPUT DATA BITS for the uzer’s 1,0
deviee are stored in the DRVEL-B autput duty hulfer register. There hits can be read by the user's
device 3t the low-wo-high trangition of BLISY,
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Figure 3-3 DMA DATIO/DATL Data Flaw Diagram

1" -41a3

At the enid of the first transfer, the DRV {1-B WCR and BAR are incremented, BHUSY goes E"L'L,E_h, whila
READY remains low. The user’s deviee can initiate another DAT! or DATIO cyale by sgain setting
CYCLE REQUEST‘ JJM-H cransfera to the user's deviee can conbnue until the WCR MH*Ements 10
wero gnd’ CauEes an interrupt request to be generated (Paragraph 3.2.4.1).

A3 TIMING A
Input and output timing for the DRV11-B is shown ia Figures 3.4 tilmugh 3-7. The uming diarrams
show uter signal timing f‘m ginge cycle and burst mode: nparatmns whmh can h-: gither program- or
uget-initinted. -
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CHAPTER 4
PROGRAMMING

4.1 GEMERAL

This chapter presents basic programoting lnfﬂrm ation for the DRV 1-B. The typey of programming
imstructicns, the use of the registers, program intetrants, and special program conmderations ate
presented.

4.2 l‘ﬂi}ﬁ RAMMING INSTRIICTIONS
All programming instructions used for the LSI-il pm:ﬁsnr may be used for programming the
DEY}EB.

43 DRYILEHEGISTERS
Five registers are vsed by the DRV11-B:

Word Count (WCR)

‘Bug Address (BAR)

Controd/Satus (CER)

Input 2nd Output Data Buffers (DBR:).

Thke mput dnd output dafa Bufler registers share the same bus sddress while WCR, BAR and CSR
Bawe bnigue addeesses.

$3.1 WCR

L.oad the [4-bit WOR with the 2's complement (negativg nusnber) of DMA data trads(ers. At the end
of cach DM A cvcle, the WCR iy incremented by one. When the last (ransfer 2 made, the WCR s
incrgmented Lo zero and an irlerrupl i requesled, The WCR is nol byte-gddresagbla,

412 BAR ' '

Load the 15-bit BAR mth the address that specifics the mamory h‘l-r:ﬁtmn inte which the First word is
written, or from which the first ward is read, Following the tansfir of cach word, the BAR 15
ingremented by twa, to point L the néxt highee sequenlial memory word focation. IF ﬂ‘l.f: BAR over-
Maws, it will imerement lhe extended address bils and “weap-around” to location zZere. Address bit
AN, usedd for byte transfecs, s driven by the user’s device. The BAR i3 not byig-addiessable.

433 CSE
The l6-bit TSR is nmmmrcd for inierface states and foaded with cootral bits. The CSR 6 bywe-
addressahle, Figure 4-| f..hﬂ'n-g the CSR hit assipn FEH.'.!HH Thl: {'unl::t:lnn of euch bt s described (2 Table

.41,

d34 DBEs

The DR Bz hold the bi-bit duta wards for transfer to memory from the user's 1,0 device (inpat DBR},
or from the memory o 1he nser’s 170 device (putput DRR). Both DBRS share the same bus sddress
and are word- and bymﬂddmsﬂamc.
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dd PRIOGREAN INTERELFTS
PERYE -3 inderrupts ure enebled 2y setiiop Bl 06 (TEY of the CSK when the SO Dol (hat D0} 5 1sswed
(Tepune 4-1 wed Tabde 4 0% Frtereapts van ocur for the [Oewing cessons:

1. Word count averflow (rormal interrupt)
30 CHROEREOR it {hir 15) et (special condition
441 Word Count Overflow
Auninterrupl reduest s eeneraked when the DEV1-B WOR invrementy to yero snd pooduces WO
OFLO (word couwsl overlow). WC OFLO ses READY in the TSR i Lhe end ol the DM A cyvcle.

d4.4.2 C5E FRREOW i B 15
The U8R HEROR hit can set for two nossible reasons;

b when bit 1§ (NEX) of the OSR is set, or
3 when O5H bit 13 (ATTN} = et

CsE bt 34 05 sel when o nongadsient {NCXY mesmory luc-.mrau JS dd:‘lrﬁ:ss&ﬂ and a reply from 1hie
aildsesseid focaiian is not fecoived withle 15 as.

Bit 14 will sct if = [PATY bus eycle does nol acour M as after performing a DATIO buys oyele.

ATIM bie 13 sels the CSR FRROR il when the user's 170 devios drives ATTW hiph. ATTHN 15 a wser-
cdeflined funchine which can be ulidized Lo generale an inlertupl recuest.

4.5 FUNCTION AMD STATUS BITS '

There are thres function hita (FNOCTT 1, 2, 3y and Lthree staioy bite (STAT A. B, C']u.h ch the user can
crrnlay (a0 his option) to control and mdicate the silcs of e DA A transfers and for e user mler-
face. The Tuncion bils (CSR bils O, 02, asd 03] can Be szed wo transier coilrol data to (the user’s

Tnterfuce viu the QUTPUT DATA BIT lines of the RV, The status bits (CSE bits 09, 16, and 11}

cun ke used o indicate thai staios indlormation is on the DRVILE INPUT DATA BIT lines.

WM b I - T [ 10 s DA iR LT R I L
n T . T T T T . - T
1 . . i L
F ] i“'""“"| R | =W | oA T | AW R RW | oW 3w IR SiW | RAW | W -|
I — i H i L : :
1 5 H | I
! ! | ] Lo | P
ERFGR [ BTAT A | BTAT C READY | D i FROT 3 Eputoe
1 ! . . i
Riw KAyt STAT 1] CYCLE Nin S EAR FHCT 2 . a0
LEGEND:

2 = Read only
R« Fenn fWits
Rl - Feod S herize w3
W Wi 0T e AemtTh OUaS 25 G 0

Fiuurs -1 l.f.‘;;i-R [-nrt‘.'.al:
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Tuble 4-1 CSE Bl Fanctivas

Fumctinn B

e —— e R B s e

Lo Causes REALYY 1o be sent 1o the user’s device, :adicating that a

&
+ Bir
. H Qo "l-‘r’nt:uur'!j-' hi ll.!‘.'g.E_'!'.‘.-. rl:ud#. 4k 2 J::t't.:-
“command Kas been issued,
_ : i Altuu.'u .DM.;IIHE_'IHEHH{'I.
01, 02, 83 5 ENCT L, 2, 3~ Rend/write bite

£, i, 3
£
01
I e’} 0
0%
0%, 10, I
12
1
14

e

1. Three cutpul bits available for user-defined functions,
2 Cleared by TNIT.

XADIE 17 Redd/write bits. Twe hils used for extended addressing. Bits

- M and 05 increment wilk the address count when the BAR "wraps-atound™

1o 20T .
ik Read/writc hit,

1. Enahles interrupts to pecur when READY is sei.

3.  Cleared brv ERTT.

READY: Read-only bit. indicates that the DEV11:8 is able to accept a
new command, Set by INIT, WCOFLG, FRR'E}E' cloared by G (biv 0D},

CYCLE: Readwede bil, CYCLE is weed iu- pnn:ue o DMA bus L}'L]L‘.‘" yel by
CYCLE REGL E,ET cleared dutinpg DMMA cyole. INIT.

STAT A, B, 0 Head-only bits, Three devies status input bits that indicate
the stake of the DSTAT A, B, and C user signals,

MAINT:  Readsweite bit. Maitienanee bit Tor use with the MATNDEC
dapnastic,

STTMN:  Read-only bit. Endicazzs the stdie of the ATTN user signal; sets
READY, ERROR,

MEX: Read/write Lo seco bit.

I. Wonexistent memory, indicates thet as bus master, the DRYIL-B
did not receive BRELY or that 3 DATIO cyvele was nol completed,

2. Sels ERROR.

1, Cleared by INIT or by writing it 1o a zero.

£,

4.3
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Functina

i 2 ey

ERROR: Read-only bit
b, Indicaces ﬂﬂ.l::l:?:f the {altowing special conditions:
2. NEX {hit i4)
b ATIN {_bui:ﬂ _
.E._ Sets RE.&DY thit 7% and causes an inkerrupt if 1E (bit 6} is sct,
3 Clepred by temoving Lhe special condition as follows:
a. WEX ig cleerad by writing I_:u'tl 14 to a zera.,

b. ATTW is cleared by the liser device.
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DRYI1-B GENERAL FURPOSE DMA ;
INTERFACE USER'S MANUAL Reader’'s Comments

EK-DRVIE-OP-00L

Your comments amd sdigestions will help us in our continuous effort 1o impruve the quakity and useluiness of
aur publications.

What is vour general reaction to elis maaual? In your judgment is it complete, accwrate, well onmnized, well
wiillen. «te.? 15 it casy 1o use?

Whal [eatures are most wgefal?

What factts do you tind with the manual?

Ieex thes mpanual 251isfy he need you think it was intended 19 wtisfy?

[Mres it sarisfy pone necds? Wiy
Would you please indicate any facteal errots you huve found. e
Plense describe vour position. i i ' : o
. Mame THganiZation
Strect _ Dcpartiment

Cily : : Brate Zrpy or Counloy
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