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CHAPTER 1
ITNTRODUCT I OMN

1.1 GENERAL CESCRIFTION

The auVll-Wa is a ygeheral-purpese Direct Memory Acosss  [(MMA) in-
terfaca for transferring i6-hit data words directly betwean the
L5I-%1,23, LEI-l1/33=-PLUE ({(includes Micro POP-11), and LEI-11/73
memsry, and a nser's IS0 device. Data Transferxy out (BATO) or Data

Tranafer In (DATI) takes place over the LEI-11 bus after a DMA ra=-

quesl, once khe DEV11I-WA besomss bus master. drrat mades, byie
addreszing, and read-modifvy-write operation [DATIO) are posailkle
Wwith the DRV1l-Wa:. The DRV1Il-WA features switch-selectabhlie device
and veotor addressaa, and two L@-pin connectors et provide sim-
pie interfacing. to the user's 1./0 devieca. [The LREV1IL-WA is com-—
patible with both standard and. extendsd L3I bupges.!

There are six registersz ino the DEV1I1I-WA. They are a3 Eollows:
. Word Count Register (WCR),
- Bus aAddreas Hegister (BAR),
i. Extended (Bus Ridress Register (BAL)
» ControlSStatus Regisbter (C8R), and
» inpet and Outpuet Data Buffer Registers [DAERz),

The C5B and DERs are word- and byte-addreasables, whereazs the WOR,
AR, and BAE are only word-addreszsable.

DBRV11-Wh operation is jnitialized under program conbral hy:

1. GLoading the WCR with the 2's complement of the number of
trangfers,

2., Leozding the BAR and BAE with the first address to or frem
whichk dates is to be traneferrad, and

3. Loading Yhe CER with the depired Tunction biks.

Fatz transfers may now procesd uvoder tie control of the DEVII-WE
DEA Logie. :




Figura 1-1 shows the primary interfasce =ignals betwesn the
DREW11-Wh znd the weer's 1,/0 devige. DMA inpat [(DRT1Y or oaknut
[DATC) daktzs transfers take place when the pracegsar clears READY.
For a DAT] cyola (DRVIL-WA Lo memory treansfer) , the user'a I1/0 de-
vice presets the CONTROL RBITS (word couns increment anabice, hus
adfdrags Incrsment snable, 21, 8, AHF, and ATTN), and asserks
CYCLE REQUES® to grin pse of the LII-11 bus. YWhen OWILE REQUELT
15 asserted, 1nput data is latehed ioto the input DBER, the CQONTREDL
BITS are latched inmto the DRVIT-WA OMAE control, and 205Y goes Tow,
1A DATI cysle memory 2o DRV1LI-Wh Lransfar 1s handled in A similar
manner, @xdept that £he sutpat data 13 lateched lots the ontput DAR
during the bus cycls.)

When the DRVI1-WA bacomes bua masker, 3 DATO or DATY cycle is per-
formed directly ta or from the LEf-11 memory location apecifiad by
ghe BAR and BAH, At fthe end of fach - ocyele, the WOCR and BAR Aare
incrementad and BUSY goes hingh while EEADY remains low. A second
PRTD or DATI cycle is perfermed when tha unser's 170 device again
agserts CYCLE REQUEST. [DMA transfers will oontinue agvachraasusly
an+til the WOR increments to zero, at which time READY goes high
and khe DEVI1-WA genetrates an intervupk (if interrupt enakls ia
ek to the LEI-1L processor,

Tf burar mafe is selected (SINSLE CYCLE low) , only one COYCOLE
REQUEET ia reoguired for the complehbs synchronous transfer of the
gpecified number aof data words,

1.Z SBPECIFICATIONS
The Eollowing specifleatlisons and parcticulars are for informational

pucpoass and are subject to changs without nokice.

Physical

Taa!l helght, single width, extended Length madule.

DiMensalons: .
Circuit Card Cireuit Card Plus Handle
Lengtht 21.6 cm (8.5 in) Length: 22.8 cm {9.9 ind
Height: 12.7 om (3,.F in) " Height: 13.2 cm (5.2 in!
Width: 1.3 e § .5 in) Width: T3 om [ .5 im)

Weight: 215 grams
User I1/0 Connections: Two 4F=ping conneciors

Mounting Regquirements: Plugs directly into LEI-11 backplane o
L3I=11 #xpansleon backpilana,

Electrical
Logic Power Begquiremsnts: 1.8 & & +353V + 5% {noninall

LSI=11 Bue Loading: MEesents one bnus load
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Mgar Loading:
Inpot Data Lines
T TTL ounit load sach
HiGH = Togig one
W = Loliz =zero
Input Control Lines
1 TTL anit laad =ach
HIGH = Loagic one
LOW = LaJis E2ra
citpdt Data [inee
1T TPL anit lpads [drive) =sarch
HIGE = Lagigc one
L = Logic z2ero
oatput Contral Lines
14 TTL unit loads {drive) zach
HIGH = Lodgis ones
LR = Logic ZBTO

Module Tynar MIGEL

Cperatlonal:

Tranafar Moda: DMA aor profram—controlled with intertupts

Datra Transfer Rate:

Up to A5E,8E8Q lé6-bit words per sscond in slogle cyc-le mode
Op to SEF,00F 1f-bit words pav second in burst mode*

Envitonmental

TeTperature: Storage: ‘492 ko EE:C iadgﬂ £o 1EE“F§
operating: 5T ta 3@°C (417 ko 12ZTE

Belakbive Humidity: 1% to 95% noncondensing

¥ While doing burat made trangfers, the DEV1Il-WE becones LHuas

maaker and nalds the bug until £he entire tranafar 19 complate.
This action may potentially leoeck oot other devices from acoess-—
ing the bus while the transfers are ongoing, Thiz mode of
operation ia ronsigtent with the opération of ehe 18-blt prede-
cessor pradoch, DREFL1-B.

1~4
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1.3 ERELATED LITERATDRE

In addition to thHe MTEHL print set (MPELSE2-6G1), the Microcomputer
Frosegzor Handbonlk and the Micrecomputer Interface Hamdlbook oon-
tain useful infotmation for instaliing and operating the DRVLII-WA
gondral-purpose OMA interfape. Handbooks may be ordered from the
nearcst Digital Bguipment Corporation Sales Dffice.
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CHAPTER 2
INSTALLATIONR

Z.1 OCEHEHAL

Inagalliation of the DRVIL-Wa genetral-purpose DMa inkerface ocopn-
9ig2s of. gselecting %the dgvice and interrupt vestor addressss,
galenting mode of operation (18- or 22-bitc addressingy, and then
inserting the interfasze into an LEI-11 procossor system.

2.2 SJYSTEM CONSTDERATIONS
Before installing the GRVILI-WA inte an LSI-1} syatam, considera-

Ction must be given to bus leading, power, pricrity, and apace ve-

quirements.

2.2.1 LSI-11 Bus Loading

Tha DRVI1I-WE presents ane bug lead o the L5I-11 bus. Fifrean Dos
loadse can b2 handled by tha LE87-11 buz; therefora2, the uger must
determine the existing L3I-11 bus lead when inskailing additional

LET-11 modeles.

2.2.,2 Power Requirements
The DPRVIL-WA reguirss L.2 A 8 #5V 4 5% (nominall. f$owsr for the
DEV11-WA is obtained fyom the LEI-11 system power supply.

2:.2.3 Pricority Requirements

Eazh device on the L57T-11 hus has an iontercepr and DMA priocrlity
based on its relative position From the proceasssr. Since the user
may install the PRVII-WA oo the bhus along with other devieces that
use the same intercupt or TMA priority, ©he user must hear ia aind
that when more than onhe device i reguearing service, the device
2lectrically nearest the [LS5T-11 microprocessor has the highest

ptiority and will be sorviced Elrat, In sddition, if the REVIL
™Ma refresh option is used, khe REVLL nust be at a prictity level
higher than that aof the RUVLI-KA. Fefer £ the Microcomputer

Eroceasor Handkook for datailed information on the REVLL 4pbions.

2.2.484 ESpace Redqulresmentes
The DRVIl-WA raguires one double Reight module slot.

2.3 UEBER IO CABLES

 The DREVLIL-WA has two 46- plu connectors which provide the ;nt&rface

o the user's device., Twe cable assemblics are reguired, It is
recommandaed that cable agsemblies from Table 7-1 be used to cope
nect the DRVLIL-WA to the uvsger's deavics, The liated cables are
terminated {(one or hoth ends) wlth HB56 44-pin connectors that
wate with tha connaceors on . the DRY11-WA,. Jable selecticn is de-
termined by the type of connections: used on the usexr'a devico.
The desired cabls length (#¥) must be specifiad when ordering.
{Lengths longer than 25 {eet are not recommended for usa with bhe
DEW11L-WA.) Cables may be orderoed from the nearesat Digital Eguip-
ment Corporation Sales Dffice. Won-staadard iength cables may be
ordexed at Additional cost.



Table 3-31 Recommeoded Cable Assemblies

Cable Wo. Connectors Type Statdard Leagths (ft/m}

BCAgk-x HEGE tn HAGE Shielded f£lavw 1, &6, 18, 12, 28, 2373 ft

‘@.3F5, Ll.B38, 23.E54,
F.e6l, B.19¢, T.635 m)

BCR4T=XK HA5H to open hielded flat 6,; L&; 15, 25 [t
aend (1. Hﬁﬁ; I3.EGE, 4, 5?1,
T.623 m) -

2.4 DEVICE ADDRESS SELECTION
The DEV1I1-WA containg s5ix regigbera:

« The WOR,

. The BaR,

- The BAE,

« The 38R,

« The ioput DBR, and
B. The outpul AR,

il e Lk ha

These regiskbers must be addressed for data and statns transfers
between thne DRVIL-WA and the L31-11 processor. The BAR and BAE
nse the same address., The twoe DBES use +the zame epddrcessz, The

reqicter addressea are requentlal by even numbers and are as fol-
NRLL

Regiater MR "~ 0ctal address

WCE 1 MEXXEE
BAL 1 TOHXXEXZ
BLF L MENRXZ
T3k 1 HEEAXL-
DRESs I XXEXES

The assloned IDMAE interface hase addrese igs 7724148, The uset
selocts A bhase address for agsignment to the WCR and” zets the de-
wvice address aeslectiaon switches on the DEV1I-WER madule to decode
this address. The temaining BAR, 1BaE, CIR and DBR addresses are
than properly decoded by the module as they arse recelived from the
LEI=11 pEOCEsant .

Figure 2-1 shows the Isrcaticen of tha device addreas selecticn
switches on the DEV1L-WA module, Switchaes are set tgo the O
iclosed) position for bits to be decoded as "ONE" hita in the base
address., Bits docoded g5 "®ERG™ bits in the address have Cheir
awitches aet to the OFF (open) position. Figure 2-2 shows the ad-
dress select format and presents the switcheto-bit rvelationship
for the device address selection swiltohes,

e

e ———

N
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Figur= 2-1 DRVLL-Wa Cononectar and sSwitch Locations

it
OECODED FibA
10F4
NECACED AY BBST SELECTED BY SWITCHES REGISTERZ
# i, - b o !
) v 16 16 T4 13 T2 1% 10 a9 08 oy 08 0E d 13 oz un o
. F i
i 7 I 1
: 4 L L ;: [y [
L - LN TR
ADORESS
SELECTION -:n'-F[ I i I | |
SWITCHES
FF = “ZERO™
OM = "CHE™
Co-TEHH

Pigure 2-2 DRV1lI-WA Device nidress bGelect Format




2.5 IHTERRIPT YWECTCOR ADDRESS SELECTION .

Vartar addresses 0-1774 are reserwed Tor L3I-11 rsystem asacs.
The MNREV11-WA iz a391§n93 vecknr address L24 . The user ee_acts
the interrupt vactor address by means of swifches on the DRVLD-wWh
modeie. PFlgure 2«1 shows the locavion of the weciocr address se-
lection switches, Vector address salection awikches are met to
the OH {cloded) position for bits to be encoded asz "OWE" hits in
the wvactar address. Bits encoded aa "AWEO" hits in the address
flava thair ewitchez set to the OFF (apen) position. Figqure 2-3
aaows the addreoss selegt format and presente the switoh=to=hit
reigbinnship for the vector addross gelection switcohes.

2.6 ADPRESSING MODE SELECTION

The pger sclect3 1A- or 27-kit sddrzssing by cettlng E4¥ switceh 10
OFF [(0OFF=dY for IPA-bit addressiog, or ON (0ely for 22-bit ad-
Sressing [(see Tigure 2-37.

2.7 MODULE ENSTALLATION

With tha exception of the first two four slots (the L3I-11 proces-
sor always occupies the first twosfcur slots depending on R
T™PEE), the RREV1Ii-¥A can pe installed inko any =2lok {=zee Section
2.2.4)Y of the L3I-11 hackplans, Howevar, 1f REYV1L DMA refresh
opiion is us=d, the DRVLILI-WA muast be ak a ‘ower priority than the
REV11l, When inserting the module ilnto tha backplane, make sure
that the deep noteh on the module seata sgainet Lhe connector
bleck rib. Do not insert or remove the module with power applied.
After performing ths initial turnon f(e2ee Section 2.8), connect the
usar's IS0 gabhliezs ko J1 and T2 oo the Devll-wa 170 cobfestors.
Connerckor loratioens forx the DEV11-Wa sre ahown in Figure 2-1. Pin
azzitgmeents for J1 and J2 aze shown in Figure 2-4 and are soaci-
flad in Chapter 1, Seckion 1.Z.

ATH
15T GCTAL
CCTAL oGk T
DIGIT IND skp (O OR4
; OCTAL (CICTAL PREASSIGNED
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p— I T T T |

i|| : : L

F T § T LI I T
i ] | . H .
WECTO e 1
ADDRESS  |ON 1 2 3 a E G 7 a a o
el e I O T A O
SWITCHES ' 1 _
OFF = “ZEA NOT __ | - ON = 22-BIT ADURESS
OM = “CINE USED OFF = 18-BIT ADIAESS

510

Figure 2-3 DEV11-Wa Interrupt Vector Address Belect Format
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2.8 TINITIAL TURM-ON

After compisting the moduls installatisn, tarp on the LEI-I1l =2nd
tnitiztiz= the zysten. With as 1/0 cables connected and usiny the
LSI-3]1 terminsl and operatiog procedures, perform the following -
auick aperatiosnal verificatien. -

1. Load the addresses of the WC=, BAR, TSR, MHL DHARs bthrouwgh
the rysten tersinal and sxamins khe locaticons. Thz ter- "
minal will indicate the following:

22=Bit 18-Bit : -
. WCR tottents will be AAFEAS WCR contents will he GQ@FER
BAZ sontents will be A30AA1 BA® copkents will be QAGHEEL
BAE contenks will e A3IA33F ’
“AR contents will bBa LZT2EU 2488 sontents will be 127208
DER contenkts will be 177777 D3R contents will be 177777 A

2. The WCR, BAR, and BA® (if 22 it addeessiag is selected
can be loaded wikh data from the system terminal and the
corresponding data read Back on the terminal. BELR 2it 4
will r=ad == & abne {1} wiln na I70 cables conoected.

BEOTE
BAE {(ADDRESS xxxxx2) is xead by flrst
examining the BAR (ADDEESS xxxxx?) and
than eramining ADDRESS Exxrxl aqain kO .
accez3s the BAE.

The uwder's [/0 device cablesa can now be connacisd o the DRV]1-Wh
[Figuce 2-=1}).

2.9 DIAGNOSTIC PROCGRAM : .

Tha <heck procsedure performed in Secrkion 2,9 does not completely .
varify the operation of thas DRVLI WA, Complets moduele operation Pl
can be verifised throuwjh the use of the diagnostic software program C
AC-TE74E-MT. Tha projgram can 2e lagdad into tha LSi-11 system by

means of any standard loadable dovice. B OBCASL or BCARR swadinte-

nance cable (oot longer than 2% £ is reqolited to lonp the DER

sukbpa t tn the 28R Input for checking khe 170 Zdata path, A com-

pleta ﬂmstapt on aof the diagaostlc software prodcam.and . its im
plementztion is provided in AC-TO74B-MI, : .

Wwhen you executs the AC-TIT4B-MO 31 aqnestla, you must select soft- .
ware SWitch 12 {5Wi2) of the SWR to correspond with your selection w
of hardwars Switch 1A-E44. SHiLZ muast be O [(ON=1) Lo enekle 22-

bhit 3dfdrsss kestiag, or OFF [OFF=§) to enable 10-bit address test-

inyg. The default eefting is OFF.

5ld-~-E4d 8Wl2 of pDiagneostlic
OR = 3Z-bit pddressing ON = Blable 22-bit address testing -
fIFF = }8-bit addressing OFF = Digakle 22-bik address tastiog

=B
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CHAPTER 3
BASIC OPERATION

3.1 GENEEBAL
This chapter contains a fonctismal description of the DRYIL-Wh.
- The DRVIL-WA rcedisters are described as well as uger device and
bus aperations neceszary to perfora DMA transfers, Figoure 1.1 is
A biodk diagram of the DRVI1-WLZ, il dasceriptions are written to
- this diagramn. The ochapker ands with a briasf descripkion of the
: timing associated with DMA trangfiesrs.

3,2 PONMCTIONAL DESCRIPTION

3.2.1 DRV1l-W3 Registers

ﬁﬁma The DEVLIL-WA contalns iy registers:
- Word Count Registar (WCER),
* Bus Address Bagister (RARY .
» Exieaded Bus Rddress Register (BAEY,
. Copkrol Status Ragistar (CS5RE, and
™ Ingut and Output (wmta Buffar Regleters (LARs) .

3.2.1.1 wWord Count Register (WCR) -- The WCR 1s a 1f-hit tead/s
P i) writas reqgister that controis the number of tranafers. This Tegis-
: tar s loaded fuander program control! with the 2's complament
(nagative notberr of the Aaumbet of words to be tranaferred, &t
the end of fach tranafser, the word count register is incremented.
when btha contents of the WIER i incremented Eo zero, transfars are
tarminated, READY is set, and iIf the intercrvpt enable bit ia set,
an interrupt i3 regoested. The WCR is word-azddressable only.

3.2.1.2 Bus Address Hegister [BAR) - The BAK is a 15-2it rtead/s

Fal! write register, This register ia loaded (under program controld

: with a Dus address (not lncluding address bix 8} that specifies
the location to or Erom which data {s to be transfarrad. The BAR
is incromentad after pach transfer and can be incremented asrass
32% wmemory boundaries by moeans of the extznded address featurs of
the DRVL:-WA. Bystems with oaly i6 address bits will “"wrap—
araund® to loacaticon zero when the extended address bits are inere-—

- mentad. On systems with extended addressing, an ovarflow in the
ARE will increment the BAE., The BAR iz word-addressable only.

- 3.2.1.3 Estended Bus MAddresa Register (BAE) -~ Tha EAE Is a G-bit
read/wrlte register accesslible wien extended addrecsing mode (0221
is selected. Thig raglster is loaded [(wvndar program conteoall with
a bus addresss that specifies the location ko or £rom which data ie
ta be franafervad. If the BAR overflows, it will inctement the
eitended address bits, The BIE iz word-addressabla only.

L e o o e, e . e
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3.2.1.4 Control/Status Register ([({SR) —-- The QR i3 a l6-bik re-
gister usad to conteol the functions apd monitor the status of the
interface, BiIt B9 L8 a write-only bit and alwayes rezds 25 a zefa.
Bits QI-66, BFA, and 12:are readswrite hits, while bits @7, @o-11,
and 13-15 are read-only blts. Eit 14 can be writteno to a merao,
Bits 94 and #5 are the edtznded sddresging bitszs. If edtzonded ad-
dAraaz mode (D22 i3 selected, bhits G4 and FR are read-only bBita,
{8r functiona are fully described in Chapt=t 4, The OFR 13 both
hvta- and word-addrzssable.

3.2.1.5 Inpobt and Cutput Daka Buffer Registera [DRE3) == The W
PEra are 16-bit vegisterz. The input DBER is a read-only ragister;
the ouctput DBER is a write-only register. Data 13 lnaded inte tha
input 08 by the pger'a device and subsequentily transferred o
memoty under DMA control by the DRV11-WaA, or under prograe control

by the LST1-)1 ptocaessor, Conversely, data is writtem into thes

owtput DRR frzom menory under DM conbtrol by the DRVI1I-WA, or under
progran control by the LET-11 processor, and vead by the user's
device. The input and owvtpuh DERsS interface b0 the user's device
oy meana of two Beparate 4@-pin 170 connectorsa. Thoase cosnsctors
may be cabled together {(£or maintenance purposes)l to function as a
read/write register. The input mnd output DBERS share the same bus
addrass and are byte- and word-addressable.

3.2.2 Oszser Interface Liones

Tharse are 38 interface lines {25 per condectsr! between the
NRVLYL -WA and the user's /0 device. Df these lines, 32 are I/0
data lines, 3 axe for status, and 15 are for conbtrel., A brief
dagsoription of these loterface lines follows.

Moemonic ' Dascription

gd oUT - 15 QDT 16 TTL data ookput lines from the DBRV1L WA,
dne = high, .

AF IN — 15 1M _ 16 7L data input lines from the usar's
device, One = high. '

STLTUS &, B, O Thres TT%L =status input lines from the
user's device. The funeticn of these lines
i defined by the veer.

FUNoT 1, 2, 3 Thrse TTE cutput lines to the aser's de-
vice, _The fonction of these lines is
dafined by the user.

INTT Cma TTL duntput léne; nzed ko initialize the
wser's device.

INIT V2 Dhe TTL ocukput line; present whem INIT is
agssarted ot when FONCT ? is wrlttenm ®a a
Qe , Teed fovr interprocessor buffer ap-
plicaticens.




Mnemon i ¢
naa

RUSY

READY

ce, Cl

SINGLE CYCLF

WZ INC END

AT e e, me e g, g

Cescription -

On= TTIL input Iine from the user's device.
This line i=a nermally low for word trans-
fers. Putinyg DyEe: tramafers Ehid line
controle address bit 40,

Dne 9TL oukput line +o the uvser's device. ¥
BUSY i3 low when the DRV11-WA DML contro!l
logio iz regquestiog conotrol of the L31-11
hus or when a OMA ¢yvaele 18 in progress. A
lowsto=higk transiticn indicates end of
oycle,

one TTL ovtput line to the user'a device.
Whan fthe READY lioes goes” Iow, DML trans-
fera may be ipitiated by the user’s de- Dok
Tice. O

Twoe ™ML itoput linez from the user's dao-
wice. 'Thase lines contrel the LE51-11 bus
cyzle for DMA kransfers. CF a2pd C1 eodos
for the four negsible Bus oyocle: are list-
ed as Loillaws.,

CA and ) Qodes _ st

Bus Cyole - (o §
nnmi " g
NAaTTA 1 ')
D&aETo ke 1
DATDE 1 1

One 7T inpat lipe from the paer's device. St
mhis lime i3 intermally puolled figh for et
normal CMA trangfers. Tor burat mode op-
eration, SIWCLE OYCLE iz dyiven lew by the
ger's devica,

CARUTION .
When SIMOLE CYCOLE ia driven low, tetal =
avatem operation iz zffacted because thea :
ESI=11 bus hecomes dedicated o bhe DMA
device; other devires, inclivding the Mos

memory rafresh Fonction, <annot use the
bus.

tne TTL input fine from the user's davice.
"Thig line is oormally hizh toe enable in-

crementing the DRV11l-Wa wozd counterc. Low o
inhibkits Incremefating., .

I=4

e e e P R e Pl T W o L L A B L i T WY S R B Y —p— e e e b ey e Sl Ad S I i SR b



3

aaa ¥

Mpenon o

BA TNC ERD

CYCLE REQUEST

ATTH

3.2,3 L3I-11 Bus Lines

Deacription

One TTL input line from the user's devirce.
This line is novmally high &2 enable in.

cremanting the bus address counter, Fror

inhibits inctrementing.

Ore TPL input line from the gser's daviee.
A low-to-high transition of this line ini-
tiates a DMA Teguest.

ope TTL 1nput line from the uger's device.
This lime is driven high to terminate DMA
tranafers, t0 set RFADY, and regueast an
lnterrupt if the intervupt enable bit ie
sat,

There are 38 [8f-11 bus sigaal lines ussd by the DEVII-Wa; 16 of
these are wmultiplioxed and bidirectisnal lines thak carry data and
address bits. $Six liaes are used for sextended address hita, while
15 lines are used for coptrol aignalis. A brief descriptisn of the

I8 pus lines follows.
Moemonic

BUAL @ - BDAL 15

BUAL 16, 17

BDARL 18-21

BT

BEPLY

epcription

1§ bus data/addyress linaes. 2an address iz

first placed on these lines followed by
the data. Thnege lines are asserted when
drivan low,

Two bus lines used to address beyond 32K
of memcry by the DREYI1-Wh. These lines
are zgscrted when low,

Four bus lines used to addreszss beyond 128K

of memory., These lines are asserted when
low.

One bus line; when asserted {law), indi-
cates that data is available on the BBAT,
llnes and an output transfer (with respec:
to the buz mazter) is taking place,

One bus line; asserted (low) in response
tg BDIN orf SODOUT and in respanas o BIAE
transactione. It is gaunerated by the
glave device for address recognitbion.




MOosmonio

ADIN

BSYNC

BWMTET

BEIRD

BIAYET, BIAFD

BES Y

EIMGI, BIMEGO

SV O ——— LR L P R

Description

one hHus linzy when asserted (lew) during
BAYHT Time, indicates an input transfer
[with rvreapact to fthe bug mastar], | Ra-
quizras 3 UREPLY reaponsa. BLDIY is mRaserted
when the bua master t3 teady to aoccent
data from tha siave, When aggertod withs
cut BEYYE, dndicaspas that an datarruot
cparation i3 ocouiring.

one bus line: asgserted [(lowl by the buos
magker eo indicdte that it has placged an

address -n the RDAL lines. T™e Etransfar.

15 1n pragrese uvotil DBEYHT 1= nejated

one bus lios; asserted (lew) duzing - ad-
dress bims €0 indizate that an cutou: ze-
gquenose (FATO or DATOR) ls to foltaw,
EWTBETY s  also asgerted during data tims
for bhyta addraging during a DATOR.

e bus lide; device =zaserts (lowl this
line whan its interrupt =nable, interrupt
reguesr, and ready flip-flopz are =zek,
BGIRS informes tha LSf-11 processor thatk
gorvice i reduastad,

Two bus linesx; one ia interrupt acknou-
ledgs in, the other iz intecrupt ackoow-
ledge ont. BRInKI i generatad hy ths
LI1-11 processor iu response to AIRD,  Tha
processcr assatts (lowl  BIAED which is
routsd b5 the ZIARKI 2in 2f tha firat de-
Vive on the bu=, If the devige i3 nnt ro=
gquasking an interrup:, 2IAKD 15 paesed {as
BIAKE) ko the peit device,

One bug line; asgserted {low) oy the LEI-11
procesaar whan. addressing a device foc

Frogram-controllead transfers. Tha
DEVILI=-WA can assert 2BSY and address othet
devices a0 the L3{-1% bus without proces-

ant intervention.

Twn hius linesy ome i3 DMA grasat in, the
other ig DMA grant oub. The L5I-11 pro-
masaor Jenerabes BOMGD which i3 routed ta
the BIMGI gin of the first buyus devica. IF
the device i regquesking the bus, it will
inhinit pasaing ROMGD toc khe next bus de-
vice., IT £he device is not reguesting bhe
bug, it wili pass BIMGD as (BOM3I) to the
hext davice,

i-8
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Minamonlc Description

BIHIT : Gne bus line; asserted {low) hy tha LII1-11
praocessnt to initialize ar clear devicas
connackad to the LSI-11 obes,

BEATEK Cne bus llne; BEACK iz agsertod [(ilow) by a
DMA device (o remponae to the L5I=11 ore-
cesaor' s BOMED signal, indicating that the
MR davice i3 hua master.

BOME ne bus liner a device asserts this signal
for DMA requests and to barome bus master.

3.2.4 Tlser's 1/0 Device to LSI-11 Memory Tranafer {(DATD or DATOBR)
“2ta transfere from the weser's I/0 device to the L51-11 stemcry are
MA transfscs, Figure 3=2 illustrates Eho data flow far a DMA
CATO or DRATIOBR cyele, Befarying to Figure 3-1, IMA transfers are
fnitialized uwndez program controel by laading the ORV11-WR WOR [ino
2's complerent] with a sount equal ta the numbher of words +0 he
transferred; loading the BAR fand BRE if £22 iz seisckad) with the
starting memory address for word storage: and setting the 088 for
tranafers.

Wian the GO kit of the O8R is written o a "one", RRADY goes ]ow
and the uaser's /0 device conditions the AFS, B4 NS EHR, W2 IHNC
IFNB, ATTN, SINGLE CYCLE {high for normal TMA tracsefersi, and the
Ccd, C1 lines (refer ko Section 3.2.2%, and then amserts CYCLE
REQUEST, The TMELT DATA RITS and contral bite {0, @1 and SINCLE
CYCTLE, RA IMC ENABLE, WC INC EMABLE) ars latched inko the respes-
tive DRVILI-WA register= {a® the high-to-low tranzition «F BUSY).
CYCLE BEGUEST seis CYCLE and rauses the DEYII-WA to assert BOME,
the processor azserkEs BDMAD which is ceceived az DODMGT. The
NRAV1L-WA bacomesz hus mastay and asgerts BEACE and negatez ROME.
The processor then termimates the bus grant asguence by negatiag
DOMGO,

Le bus master, the DRVILI-WA perfoerms a DATO ar DATOR bus zycle by
Flaciny the memory address on BDAL lines, asserting BWTRT, and
then asserting BSYNZ. The LSI-11 memory decodes the addrass;
then, the DRVIL-WA removes the address from the BDAL linez, neg-
ates AMTHET (EWTBT wilil remaln active for a DATOBR] and then places
the user's input dmta on the BDAL lines and asserts BOOUT. Momory
receives the Jdata and asserts BRPLY. In response to RRPLY, the
DEVI1-WE negates BROUT and then removes tho user's input data fFrom
the BDAL lines, : Memeory now megates ERPLY, the bae oyele i3 tec-
minated, and the bua im relsesed when tha DEV11-Wh negates BBACK
and BIYHC.

at the end of the firat transfer, the DRV11-WA WCR and BAR ara in-
crementad {for normal OMA transfers), BUSY goes high, while READY
remains low., With BUSY bigh and REARY low, the user's 1,0 devioe
can inltiate anether DATD or DATOB ¢vcle by again asserting CYCLE
REQUEST. DMA tranafers can corntipge until the WoR ldcrements *o

3-7
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rero and generates an interrdpt reguest, if the intercupt enasis
Bin is zet.

N | ——

[ rr—— |
i 1=
r ——
- AT OH DATOE -
. .
o ' '
=1 Ui mamriow —— >
7 '
q< - > LEMORY
] . : a1
. PROCESSIEA
[ g

Flgure 3«2 DMA NMATOADRTOR Daka Flaw Diagram

J.2 40D I[nteprupts —— When the WOR dncrementa bo zero, READY qoos
high and the DEV1L-WA gensratea an interrupk request (8f the in-
tarrupt circuits dre enakled) . The LEI-11 processaory reoesponds to
the inberrupt request (BIRG) Dy asserting BDIN followed by BIAKL
(interruopt acknowledge). BIAKI is recalved by the DRVI1I-WA and in
responge places a vector addrasg an the BDAL linaa, assarvs BRFLY,
and negetezx BIRG. Tha LSI-11 proosssor  recelves the vasénr ade
drass and negates BOIN and BIAKI. The DJEV1l-WA now negates BERFLY,
whlle the procesor exits From the mala program and entecs a ser—
vice program for the CEV1IL-WA as indicated by the vectsr addreas,

Tneerrupt raguasts from the DREV1IL-WA sccur for the following con-
ditions:

. omy
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1, When the WCE locrements to rero. This is 3 normal loter-
taek ak the end of & dosignatsed number of transfers.,

2. +¥hen the nser's I[/0 devize aagarts ATTH. Thls iz a =n
cixl condition ifaterrupt wnich may be defined ry the us
to override the WCER.

3. when g nonaristent menosy locstion is addressed By the
OEV1LL 1A . This condition interrupt is produced when na
HRALY t8 veceived from the L5Iw-11 memory.

Interrupks are explained in greater detail in Chapter & of this
manual .

1.2.5 LS1-11 Memory to Uzer'™s Device Tranafera (DATID or DATI)
A tranefers from the LALI-1TI wmewmory to Lthe uger's [0 device o=
cabl in a manner similar €0 bhat descrlibed for uwser's 1S9 devize fto
memory tranafers, Flgure 2-3 illustrstes the data flow for & LMA
DADIN or DATY oycocle. oder program caonkrol, ths DERY11-Wa WCER
(Figure 3-1) 15 leaded with a oount egual Eo thes gumber of trans-
fers, while the RAR is loaded with the atarting addresgss from which
Lhe First ward will come. The 23R s s=2t foar transfars,

with fthe {58 set, RBRBADY geoes low and the user®s i/ device ocondi-
tiagng khe COF, 2} linss (refer to #ection 3I,2.2) for a DATI ar &
BATIO, and coaditions Che W2 IRC ENE, BA IMD EHD, ATYH, SINGLE
CYZLE [high for normal TDHA transferd) , and agserts CYCLE REQUEST.
EU8Y from the DREVI1-WA goos Ltew and the user's contral bits arce
latchad into tha NEV1I-Wa, The DEVI1-wWaA than asaserts BDME, which
makes a bus regquest. When the zeguast 1s arkbitrated as descriled
in Seotlon 3.2.4, the DEV]IL-WA becomes hus mastar,

When the DEVI]I-WR baoomes bBuUs mastar, a DRYTT or DATIO bua cyole is
varforaed {the following Jesoribes a DATI). Tha DEVL1-Wh places
the addresz of the merory . locvatlens from which the first word iz
taken on Yhe BDRAL lines and  2sserts B3YHE. Memory dacodes and
laktcheos ehe address. . The DEVII-WA thon remoJves the addiezs from
the BDAf linss znd asserts BDIN. Input data 13 now placed nn the
ROAL tines by Lthe pemory and the memory asserts BRPLY. The inpub
data is accepted by £the DEVLIl-Wa and BDIN is negated. Memory
negatea BR2LY and the DEV11-WA negates BSACE and 2IS5YNC to termi-
nate the hus cycle and release the hoa. The MITPIT DATH RITE for
the veer's I/0 device are stored in the DREVLI-WX outpoet data
huatffer registesr. These %its cAn ke reed by the user's device at
tha low~-to-high trensition of BUSY.

nt the end of the first transfer, the DRV11-®WA WOR and BRR  (oF
BAE, 1f extended addreseing 18 zelactedl are incremented, BOSY
goes high, while EEADY ragains law. Tae ussr's device can iniri-
ate another OATI or DATID cycle by again eetting CYOLE REDIIEST,
DMA transfers ko khe user'a device can continee wantil the WOR
incremantz o zaro and causes an interyrupt reguest o e generated
[ee Sectioen 3.2.4.1}).

I-5
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3 —~—u=  DATI OR DATIZY  ———

L_L DATA FLOW e

al-11 ELUS
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.

: £51-11
PROCESSOR

Figqure 3-2 DML DATIO MATT Data Flow Diagram

3.2.6 - UEing DRV1l1-WAS a8 Interprocessor Links

When you connest twer L3I-11 processzors btogefther using CAVIL-WAg,
¥vou have £0 initiate the ™A from transmit side; while the receive
side walts for CYCLE ©o be set, Whan BUSY goes hlgh on Ehe EEans-
wmit side, OYCLE is set on the receive side:{see Tigura 3I-43}.,

2t the tranemit stide, when vou set the GO bit,; READY goss low, and
CYOLE HEQUEST is assertad, CYOLE REJQDEST set=2 CYO[LE and cagvass
the ORV1I1-¥& to assert BUME, which makes. an LESI«11 bus reguest and
caugas BISY to go low. The Lranssit DRVIL-WA theno takes the data
fxom mematry, puks it into the ANE%E, and negates BUSY M.

At the end of the ¥first transfer,. the transmit DEVI1I-WA WIE and
BLRE (0r BAE 1T extended addressing is selecstedl are incresented,
tragsmit BUSY goes high, while transmlt READY remains low. BUSY
high at the trapsmit aide sets CYILE at the receive side and
CTanses peceive BUSY o0 go low. With receive BESY Low, the receive
ORV11-WA starks BMA and receives the data into the iaput DBR £ox
sapbsaguenk tranafer to memory under DMA contral by the recelve
TRYLL-WA, ar ovoder program coptrel by bthe LSI<1) proceasor. AL
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the end of the first receive, the receive BUSY gnes nigh, which
pEts CYOLE on the transmis sidce. This causos tne Lraosmit
ORV1! W2 be initiate another transfer, MA teansfers can coakinua
until the tranzmit WOR insrenents to 22ro and generates an inkter-
rupt teguest, if the lntervupt enable bit is set.

If you initiata tha DMa from yeceive side, vou will rveceive the
dara that is stored in the tranmswit DEV1I1-wa ODBR hbefore the
transnit DRVI1-HA takes the data from mesoery and putes 1t igto the

DDEE.

TRAMSMIT AECEIVE
BUSY H CYCLE H
CYCLE H | EUSY I

DRYTE YA DRV E-WA

OATA >

5 - bk

Figure 3-4 DREViIl=-WA as Interprocessot Link

3.3 TIMIRG

Inpuat and output timing for the RREV1II-WA is shown 1n Figures 3I-6
ehrough 3-8. The timing dlagrams show user signal timing for ain-
gle cycle and bucsk mode operations which can be elther program-
mer user-inltiated.
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CHAPTER 4
FPROGEAMMING

4.1 CENERAL
Inia chapter presents basic crodramming inforratisam for tas
DREVIL -Wha, The types of programming instructions, thse nsEs of the
rejisktera, projran interrupts, and specizal program considerations
ara oresented,

PROGRAMMING INSTROCTIONS

1.2
All programming inatroctions used for the LSI-11 arocegscr M3y e
agred for ﬁtﬂqrammnn; the DRVLL-Wh.

4.3 DRV1II-WA REG{STERS
Eix veqisters asre used by the DRVLIL-WA:

Wword Count (WCR) .

Buz Addr=zas [RARY,

Extended wus pddress Reglsker [(RAE),
Conkrol/Btatus (C3R1 , and

input and Jutpot Tata Buffers (DBERs] .

LI BE IR

“he inout and catput data buffer registers shate the sane bus ad-
desra while WOk, AR, and 053 have unigue addressses, If extendad
addresaing mode {022 is selacted, the BAER sbd BAF ahare khe gamo
rddress. To access the BRE for readingswriting, wou muat first
arcesds thae BAR,  The BAR and BAE are read/written to alternately,

1.3.,1 HCER
Load the 36-bit WOR with +he 2's cowmplement [regzbive number) of
IMa data transfsrs, At the end of each TMA oyele, the WOR is in-

cremanterd by aae, When the 138t bransfer iz mads, £he WOR is in-
cremented te zern and an interrunt is reguested. The WIR is no:n
bytr-addreggable.

4.1.2 BAR

Load +the 15-kit BAaR with the addraesz that specifies the MBmaTy
location inte which the first werd is wrikecen, orf from which the
firast word is read, following the transfer of sach word, the BAR
is increrented by Lwa, to pnint ke the nexi hidgher qpanﬁr1al 4T —
ory word Igocation. T 18-bit moda, if the DAR overflowa, it will
increment the axtended addvess bits and "wrep-around" ko laration
#2rn.  In extended a2ddressing mode, if the BAR sverflows, it will
inctrenesnt the BAE and “"wrap-arcund" ko loocation zzro. addrecss bit
a09 vsed for byte transfers, is driven bv the user's device. Tha
ELE is not bvte-addresseola.

4.3.3 BAE

If extended addregsing wmeode ((022) iz selected, 1oad tho G-bit BAT
with the addreas that aspecifics the memoatry location intoSFrom
which the first word is written/read. If the HAR overfiows, ii
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will igsPspent the BAER putpndpﬂ address bits and “wrap—aroond" to
location zers. The BRE i3 net bybe-addressanie.

§.3.4 CER
™ea lLe-hit OS8R is monitarsad for interfAace status and loaded With
pondrel hLits, The CSE i3 byte-addreesable. TFigure 4-1 shows the
oor bit asslgoments. ™ha funotion of each 3it is descrikeaed in
masle 4-1.

14.31.4% D®BE=
Mhe Mafs hold the 16-bkit data words for trensfer to memory from

the user's 170 device [(ingput DER) , or from memory Lte the user's

Cpfo drive [oukpuk NBR).  Both DERS sharz the same hus addrass and

are word- and byte-addressable,

4.4 PROGRLM THETERRUPTE

DEVL1-Wp interrupts are onabled by setting bBit @6 (IE) of she CER
whan She G2 hit (bi* @Y 18 issued [Figure 4«1 and Table 4-1).
Intarrupts can ocour far the folilowing ressona:

1. Woerd count overflow (normal interrtopt), and
7, £k ERROR it (bhit 13) s=t tapecial «onditiond.

£.4.1 Word Count Overflow

an interrupt reguest iz genersted when the DRVIL-WR WOR increments
to zero and produces WO OFPLY {woerd count owerflow). WO OFLO sets
READY im the €5R at the end of the DMA oyele.

4.4.72 C5Rk ERROR Bit {(Bit 15)
The O5R EREOQR bit can ==t Eor tws possible rezsans:

1. When bit 14 (HEXY cf the CS5E 1a set, or
2. wWnen O5F bik 13 [(ATTH) is set.

CER bit 14 is set when a nonexistent (HEY) memery location is ad-
dresasd and z reply from the addressed location i3 not received
wikthin 248 us.

Bit 14 will set if a DATO bus cycle does not oocur 20 w5 a2fter
verforming a DATIO bus cyole,

ETTH bit 13 2=tz the OISR ERROR bit when the upser's 170 device
drives ATTH high. aTpPN iz a user-dzfimed function that can ke
utilized to genarats an inkerrupt regusst.

4.5 PFUNCTION AWD STATUS BITS

hare are threo function bits (FHST 1, 2, 3] and thres status hits
{ETAT A, B, ©1, which the user zan emplay {at him optioal to con-
trol and indicate the status of the SMA transfzys and/or the daser
intar face. mhe funcitisn bits (CSE bita 91, 82, and 9% can be
2g3ed ko transfer counteol dazka ko fhe nser’'s luterface by means of
the DUPPUT DATA BWIT ftaes ofF bthe DREVLL-Wh, The skatua birs ([CEE
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hies 4%, 19,

gnd 11 can be used t& indicate the status infarma-

tisn is o the CRVIL-WA IHNDDT DATA BIT Llinss.

13 12,01 i 08,08 UF 06,06 D4 03,02 A 00

!
{ T ;
H lﬂ.-"ﬁ"l:l H FL-Wi R 21 A iFlI.-'W R 7RO B RAAY B | Rar Fl.l"l.l'lul'i W
1

ERROA
HES

LEGERD:

=y

Pt E£ 1
ATEM | STATA | STATC [ READY | ¥APT7 | EMCY 3 | FNCTA
MAiNT  STATB  CYCLE IE WA 16 FMOTZ GO

R = READ 1M, Y
AA = HEADVWRETE
R0 = READIWRITE TO 3

=1

RITE O#LY. ALWAYS NEADE 45 4 (O
R3]

Figure 4-1 CEF Premat

Tahle 4-1 88 Bit functions

Bit Function
e Go: Write=-only hit; always veads at a zero.
1. Causas READY to bha sent ke che uaser's device,
indicating that a command haz beon lssued.
2., Allows DHMA opetration.
ar, @2, B3 FNCOT 1, 2, 3r @aadS/yrits bits,
1. Thres aokpot hits availakla for uaser-definad
funatbiaonsg.
2, Tleacred by INIT.
e, B #nnle, 1L7: For atandard LSI buses (non-322). Head/
write bits,. Twd bits used for eidteaded addressing.
Biks @4 and @5 tncrement with ths addreas count when
the BAR "wrapse-zround” to =zero, For extonded ad-
dressing LST buses, 1f extended addreasing #made s
gelected, these blts are read-only.
FE IE: Eead/wrlits bit.

1.  Enahlas intecrrupta £o aZour whan BREADY 13 seb.

2. Cleared by INIT.
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Table 4-1 CHR ALt Functions {Cont}

BElt Function

67 RERDY: Fzad-uoly oit. Indicatea that the DEVEL-WA
is mble to accept a new oonmand. ek by INIT,
WOOP LG, ERROR; cleared by &0 (it BFd).,

@R CYCOLE: Fead/writa bit. CY¥OLE 13 waed ta prime a
MA bus cycle; sat by CYCRLE REQUEET, wleatesd during
oMn oysle Dy THIT.

A9, 16, &1 ATAT A,B,C: Rerad-onuly bits. Thraze device stetus
input: Bits that indicare the state oI the DSTAT A,
B, and ¢ us=r signala, Thagse hits Are set  and
clzared by the na=r,

P2 MALINT: Read/writa blE. Maintenance bLit ftor ose
wlth the MAINDEL diadnostic.

13 ATTH= Bzad-only hitk. Indicates the ztate 0f bkhe
A0TH user signal; se=ts READY¥, ERROR.

i4 - ME¥X: Roeads/wrike to z=ro bit.

b. Wotnegistent memory; indicates that as bue cias-
tar, the RRV11-WA did nat recetve BRPLY or that
a DATIO cycle was not complated.
2. 5=tz MEROH.
3. Cleaared bWy INIT or by writing it to a4 Zeno.
LG ERIOH: Read-oniy bit.

l. 1Indizates osne of the follewing special condi-
tisns:

a. MHEY thit 1&)
B, ATTH (bit L31

2. Beetz READY (bit 73 and causeas an inteceupt 1E TE
(Bit B) 13 s=tf.

1. Cleared by troemoviay the special condikicn as
follows:

. MNEX t3 clear=d by writling bhit 14 ko zero.

m. BTTH is cleared by the uper davice.
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4.6 DPEOCEAMMING EXAMPLE
fhe following prograws Are sampie progrars for the DRVIL-WA.

;*  SAMPLE PROGRAM FOR Q18 BIT MODE
i oA 209 HPE DATA TRANSFER

GEVWCR= 1724514

NRVEAR= 172412

MRVCSER= 174414

LRVDBR= 172414

FRO= i

STANT: oy ¥-200. B{DREVWCER tWILL DO ZAW XFEA'S
MO FOELF , 2§28 VBAR i 5ET UF BUFFFER ADDREHS
MTES FERO +ENZ2LE INTE
L fat $ral A$DRVCSR iEET LB & 30
nes 400,65 F00VOER +t5ET CY¥CLE

WAIT: 2R WLIT FWALT HERE

;¥ SAMPLE PROGRAM FORW Q2% RI'T MORE
;* Do B 20F WFR DATA TRAHSPER

DRVWCE= LFA41

DRVBLR= 172412

NRYRAR= 172412

DRVCSE= 172414

ORVIIBE= L7416

BRO= @

START: MO E-200. ,B¥DREVIVCR FWILL DO 200 XFER'S
THT BORUBATR :+'LELR BAE PLAC *
Clath #1)B0F , 24D 3IVBAR +3ET UL BUFFER ADDRESE
MOV #ORUOFY ,,ARRRVRAAE FEET UFP BXTENDED BUFFER ADUDRESR
MTP3  #PRD PENARLE INTE
MOy B1FL, BEORVISR $5ET [E2 & GO
BIS #4093 , BRORUCAR FAYT OYOLE

WhaIT:z BR "AIT PWAIT EERE

* By accesming the BAR, a fizg gsba s=bt to a ons {1} (BAEFLAGC=1).
Tholz flag autamatlcaliy getrs cleared by accessing the BAR regig=
ter. To ensure thabk you will be bocessing the BAR on your nevt
aitempt, it iz z2dviszable o clear the BAE flag 1o your pProgram.
Thls can be Jone by acceszing any of the nkhor registerz {that
iz, TST SDRVWCR) .
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DAV11-WaA GENERAL PURPOSE Reader's Commants
DMA INTERFAGE

USER'S GUIRE
EXK-TRVYWA- LG0T

Your commenia end suggestiont will hep us in our contineous s ot to improve the guality and useful-
ness of our publications.

Whal o pour geneset reaction 10 thig manual?  in your judgemant is o completa. accuwrate, weli organmzad,
wedl wurittan, afe? [ it easy to uoes?

‘Whan fanruras 3ra mnoar usaful?

Ynat tautia or asrore have you found in the manaa?

Doae thia manuai satisty the nesd you think it was intended 1o sartishy !

[oas it sapsly your needs? Why?

[ Fipass send me the current copy of the Technical Decumentation Carglog, which containg mlarmation
an the remander of DIGITAL'S technical documentation,

Mame Sireat

Frrha City

Company Z@tesCauntry
Erapartrnent Jip

Additional cupigs of this docurment are availshle from:

Digl't_ll Equipmant Comporatan
PO, Bae CEI00E
Washus, Maw Hempahine 0306

Ordar No. EX-DRYWA-UG-001
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