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1. 1 SCOPE OF MANUAL 

SECTION I 

INTRODUCTION 

This manual familiarizes the user with the functional operation and interface 
requirements of the Direct Memory Access Channel (DMAC) of the Texas 
Instruments (TI) Model 960 and Model 980 series computer systems. The 
Direct Memory Access (DMA) channel of both computers is identical, and 
all further reference to computers will pertain to both the 960 and 980 series. 
This manual describes the following topics: 

a. CPU DMA interface 

b. Expanded DMA Bus 

c. DMA Signals and Interface 

d. DMA Hardware 

e. DMA Documentation 

Information concerning the standard device controllers that are available for 
both the Model 960 and 980 series computers is included in the "Direct 
Memory Access Channel Controller" manual for the Model 960 /980 series 
computers (TI Part No. 966312-9702). 

1. 2 FUNCTIONAL DESCRIPTION 

The DMA channel consists of a single bus at the DMA interface card (TI 
Part No. 966390) of the CPU and an expanded bus at the DMA expander in­
terface. The single bus at the CPU interface has one line each for the mem­
ory access and interrupt signals; the expanded bus has eight (8) lines for 
each of these signals. The expanded DMA bus can handle eight completely 
autonomous controllers on a priority memory access basis. The DMA bus 
has a combined maximum memory transfer speed of l, 000, 000 words-per­
second. This speed can be achieved by one continuous user. When the 
DMA bus is expanded and access to the DMA bus is switched between con­
trollers, the speed is reduced by 20 percent to BOO, 000 words-per-second. 

1. 2. 1 CONTROLLER OPERATION 

A controller, attached to either section of the DMA bus (single or expanded), 
acts as a completely autonomous user of the computer memory after being 
activated. Thus, the following information must be furnished from the con­
troller logic: 

a. Memory Access Request 

b. Memory Address 

1 - 1 Digital Systems Division 



c. Memory Write Data 

d. Memory Store/Fetch Pulses 

The controller must accept the following signals for control and data trans­
fer: 

a. Memory Read Data 

b. Activate Control 

c. Memory Access Granted 

After the specified activate command has been issued (ADAC or AT!), the 
controller can communicate with the CPU by use of interrupt requests ac­
knowledge signals, and/or by storing status into a pre-assigned memory 
address. 

Signal descriptions, signal signatures, and signal usage are discussed in a 
subsequent section of this manual. Standard and optional hardware can be 
used to implement a DMA system. This hardware is described in Section V. 

1. 2. 2 LOGIC SIGNAL LEVELS 

All signals at the DMA channel interface are compatible with Texas Instru­
ments Series 54/74 transistor-transistor logic (TTL) circuits. The logic 
ZERO (low) level is 0. 0 to +0. 4 Vdc. The logic ONE (high)- level is +2. 4 to 
+5. 0 Vdc. 

1. 3 SOFTWARE INTERFACE 

An Automatic Transfer Instruction (AT!) in the Model 980 series computers 
and the Activate Direct Access Channel (ADAC) command in the Model 960 
series computers is the software instruction required to activate a DMA de­
vice controller. When this instruction is executed by the CPU, the CPU 
generates two distinct pulses. One pulse strobes each of two instruction 
words from the memory read data lines to the device controller interface. 
General use of the two instruction words and additional controller acquired 
instruction (LIST) words are described in following subparagraphs. When 
the customer does not use any of the standard device controllers, use of 
available bits in the activate words is arbitrary. This also applies to those 
bits assigned to the device address field, because these bits are not used 
for expander operation. 

1. 3. 1 ACTIVATE WORD 1 

0 7 8 12 13 15 I I I ' t 
CPU OPCODE Used By Device Controller Device Address 

1-2 Digital Systems Division 
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The first activate word is strobed with the DEVATil signal on the expander 
bus or ATISTB 1 on the CPU DMA interface. The standard controllers use 
available bits to indicate the functions noted. Bits 8 through 12 are used by 
device controllers to indicate such items as device unit number encoded 
commands for independent functions; i.e., functions which do not acquire 
additional list words. Bits 13 through 15 are generally assigned as device 
controller address bits. The device controllers are assigned a distinct bi­
nary address of 0 through 7. A device controller accepts an activate word 
if the assigned address matches the three bit address in the activate word. 
All standard device controllers have selectable decode logic to permit the 
controllers to accept one of the eight addresses and automatically select all 
DMA functions associated with that address including the pre-assigned status 
address. The implementation of this address selection scheme is described 
in the "Direct Memory Access Channel Controller Equipment Manual for the 
Model 960/ 980 Computer" (TI Part No. 966312-9702). 

1.3.2 ACTIVATE WORD 2 

0 15 

: : I 
The second word of the DMA activate instruction is strobed by a signal with 
a like signature, only the suffix of this signature is 2. The second word is 
used by the standard controllers as a pointer to a memory location where 
additional instruction or LIST words are stored for the controller. The con­
troller performs the function of extracting these list words from memory. 
Although the standard controllers utilize the 16 bits of this word for this 
function, the user may desire to use them as an extension of the control bits 
in activate word 1. This gives the user a total of 24 bits from the activate 
command for arbitrary use in system design. 

1. 3. 3 LIST WORDS 1 THROUGH 4. 

LIST WORD 1. 

0 

Startin~ Memorv Data Address 

LIST WORD 2. 

0 

Character or Block Count/Random Access Address 

1-3 

15 

15 
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LIST WORD 3. 

0 15 

Controller Functions 

LIST WORD 4. 

0 15 

Next List Address 

List Words are device controller acquired instruction words that are de­
scribed in the preceding subparagraph. These additional instruction words 
are required for the standard DMA device controllers because the 24 bits of 
the activate words are insufficient for complete control information. Stan­
dard device controllers use List Words I and 2 as noted. 

List Word 3 is generally used to indicate the following: 

a. I bit for masking interrupts 

b. I bit to indicate a chaining command 

c. Bits to indicate type of command to be performed 

d. Additional address bits for random access storage 

List Word 4 is normally used for chaining. This word defines the address 
of the next list to be executed. 

1. 4 INTERRUPTS AND STATUS 

1. 4. I GENERAL 

After a device controller is activated, the controller communicates a re­
sponse to the software via an interrupt and/ or a status storage into a pre­
assigned memory location. A response from the device controller may 
occur at intermediate points in an operation and should always occur when 
the device controller activity is terminated. Termination may be abnormal 
or a normal completion. 

1. 4. 2 INTERRUPT AND STATUS STORAGE SEQUENCE 

The device controller issues an interrupt request to indicate the controller 
status needs to be processed by the CPU. The interrupt request from the 
device controller is registered by the expander and an interrupt request is 
forwarded to the CPU. The interrupt request to the CPU is the logical sum 
of the interrupt requests from all device controllers. The expander and 
each device controller must wait for an interrupt recognition signal before 
taking further action on an interrupt cycle. However, data transfer may con­
tinue until the interrupt is recognized. 

1-4 Digital Systems Division 
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In order that interrupt recognition may be received by the DMAC device 
controller(s), the DMAC interrupt bit in the CPU status register must be 
armed, and a Store Status Block (SSB) command must be executed. An in­
terrupt request remains active until interrupt recognition is received. 
When interrupt recognition is received by the expander, a memory access 
request is generated that has priority over all channel data transfer requests. 
The expander has the next memory cycle available and uses this memory 
cycle to store the interrupt word in memory (location 0096 16). This inter­
rupt word indicates which device controller(s) have interrupted, by contain­
ing a logic ONE in each bit position that corresponds to a channel whose in­
terrupt request has been registered • That is, bit 0 indicates that Channel 
0 has interrupted, bit 7 indicates that Channel 7 has interrupted, etc. Bits 
8 through 15 are always ZERO. 

As the expander stores the interrupt word in memory, the expander also 
issues an interrupt recognition signal to each device controller whose inter­
rupt request bit was present in the interrupt word. Once a device controller 
receives interrupt recognition, it issues a normal memory access request 
and stores the status when memory access is granted through the channel 
priority scheme. 

There is no priority among interrupt request. The expander registers all 
requests until interrupt recognition is received. However, storage of the 
interrupt (request) word does have priority over data transfer (memory ac­
cess) requests. 

If interrupts are disabled during list acquisition, a device controller stores 
status through a normal memory (access request) cycle without issuing an 
interrupt. Status is stored when a specified operation is completed or when 
the controller terminates. 

Table 1-1 lists the memory locations in both the Model 960 series and Model 
980 series computers that are reserved for interrupt and status information 
storage. Device status is always stored in the even (lower) location of each 
pair. The odd location of each pair may be used for information pertinent 
to a device controller at the time of status storage. 
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Table 1-1. Pre-As signed DMA Status Storage Addresses 

Hexadecimal 
Location Use 

96 DMAC interrupt word 

Bits 0 through 7 indicate that the 
corresponding channel has interrupted. 

Bits 8 through 15 are always zero. 

98,99 Status, Channel 0 

9A,9B Status, Channel 1 

9C,9D Status, Channel 2 

9E,9F Status, Channel 3 

AO, Al Status, Channel 4 

A2,A3 Status, Channel 5 

A4,A5 Status, Channel~ 

A6,A7 Status, Channel 7 

1-6 Digital Systems Division 
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2. 1 GENERAL 

SECTION II 

INTERFACE 

The Direct Memory Access (DMA) interface to the Central Processor Unit 
(CPU) consists of a single DMA channel bus. Logic for the interface is lo­
cated on a single three-layer printed circuit card (figure 2-1). The logic 
on this card performs the following functions: 

1. Accepts a memory address from the user on the single bus and 
holds both for use by the memory controller of the CPU. 

2. Accepts control signals from the bus, synchronizes same, and 
passes these signals on to the memory controller of the CPU. 

3. Terminates all input lines and drives all memory read data lines 
with a reverse termination. 

A diagram of the logic on the interface card is illustrated in figure 2-2. A 
table of the interface signals with corresponding pin numbers on the top edge 
connector of the printed circuit (PC) card are listed in table 2-1. A detailed 
description of the signals is included in Section IV of this manual. 

2. 2 INTERFACE SIGNALS 

The following interface information is only pertinent to the single DMA bus. 
Interface information which is common to this bus and the expander DMA bus 
is included in Section IV of this manual. The signal descriptions are listed 
by signature as printed on the logic diagram and top edge connector of the 
PC card. Signals in the attached controller or expander do not necessarily 
use the same exact nomenclature. 

2. 2. 1 INTERFACE SIGNAL LOADING AND TERMINATION. 

Memory Read Data signals are reverse terminated with an 82 ohm resistor 
before being applied to the connector. (See figure 2-3). The receiver of 
these signals is limited to a maximum of two TTL input loads. Only one 
load is recommended at the receiver end. This type termination reduces 
the cross coupling effect of switching currents on the connected cable. A 
standard TTL input load is defined as a load which requires a maximum of 
I. 2 ma sink current. 

The following signals have the sarne loading restrictions as the mernory read 
data signals: 

DMRESET­

DMPERROR-

2-1 Digital Systems Division 
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ACCGRANT­

INTREC-

Several input signals are terminated through a 470 ohm resistor to Vee. 
This termination permits the signal source to be compatible with the ex­
panded DMA bus which is a wire-OR' ed bus. The signatures of these signals 
are as follows: 

DMADR(00-15) 

DMD(00-15) 

DMAPWRF AIL­

INTREQ­

DMACCR-

The following signals are terminated as illustrated in figure 2-4. These 
signals must be driven with a gate capable of sinking 30 ma minimum. A 
type 7438 network is recommended for use as a driver. The open collector 
driver is compatible with the expanded DMA bus when the following signals 
are applied to a wired-OR configuration: 

DMSTORE­

DMFETCH-

The following signals are driven with a type 7440 power gate and should be 
terminated as illustrated in figure 2-5. 

CK3Dl­

ATISTB1-

ATISTB2-

DATAV-

2-2 Digital Systems Division 
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DATE .l 0/0 5/7 LIST OF MATERIAL 
PAGE 2 of 

PART NUMBER DESCRIPTION VENDOR PART NUMBER 

24000 c -7404 

Z24 

240000 -7410 NET~OAK-S~l4~10N 

Z6 

24000Cl -7103 ~ET~C~K 5Nl4Hl03N 

Zl8 

222222 -7180 ~El~CAK SN7'tl80N 

Zll ll7 

97294t -0039 RES FIX 8c.O OHMS 5 1 .25 W CARBON FILM ROH- R-25 

Rl T~RU Rl6 R29 R35 AJ6 R58 

97294t -0047 RES FIX 180 OHM 5 i .25 W CARBCN FILM 

R61 RE3 

97294f -0051 RES FIX 270 CHM 5 i .?5 W CARBCN FILM 

972~4t -0057 RES FIX 470 OHM 5 i .25 W CARBCN FILM 

Rl7 Tt-RU R28,R30,R32 

R38 Tlo!,_lJ ~~7 

97294t -0065 RES FIX I.OK OHM 5 i .25 W CARBON FILM 

97294E -coal RES FIX 4.7K OHM 5 ' .25 w CARBON FILM 
DATE D!SIGN !NGIN!EI DATE TlnE 

CMAC INTERFACE,960A 
DAT! lt!L!ASED DATE 'IOJECT NO. 1 

ROH- R-25 

ROH- P-25 

ROH- R-25 

ROH- R-25 

ROH- R-25 

1 'AIT NUMIEI ] -.rIEV 

LM 966390 -ooo~ u ~ 



N 
I 
-.J 

tJ 
c§: -Q) -

0 

TEXAS INSTRUMENTS 

l'llNT 
IT!M 

NUMIU 

0022A 

0025 

C025A 

0026 

COUA 

0027 

Cu28 

C029 

0030 

G032 

C0:!2A 

0033 

>RAFTSMAN 

T.1.1~9 

INCORPORATED 

QUANTITY 

.u&v 

oooce.ooo 

00001.000 

00001.000 

REF 

REF 

ocoo1.ooo 

ocoo1.occ 

00003.000 

UNIT DWG. 
~ SIZE 

EA 

EA 

EA 

EA 

EA 

EA 

EA 

FT 

DATE CKD. DRAFTSMAN 

DA TE Al'PD. l'IOJECT ENGINEER 

DATE lC/0517 
LIST Of MA TERI AL 

PAGE 3 of 

.~ 
~,,,_LM--.-6-6-=;=;,=-=Nl=u:,==,o-o-1"T"J-S'=..,,.,... ....... 

1 

: 

PART NUMBER DESCRIPTION VENDOR PART NUMBER 

R3 l fl34 1131 

230590 -9000 CAP .05 ~F 12 V 

C2 lt-~lJ (Cj 

20. i CER TRANSCAP ERl-56!5-000-Y5F0503~ 

972924 -0011 CAP FIX T•~l SOLID 68 MFD 10 i 15 VOL~ QPL-M39003/l-2274 

Cl 

97292~ -03~4 CAP FIX CE'A~IC 680 'F 10 I 200 Y 

ClO 

9t639~ -~901 OIAGR,~1LOGlC,OET-OMAC INTERFACE 

~6639! -S~Cl TEST P~OCECURE,CMAC INTERFACE 

533881 -GOCl EJECTCR,PCE,NON-LOCKl~GtWHITE 

533881 -CCC9 EJECTCfl,PC!1NON-lOCKING1GREEN 

53225E -0003 lER~INAL,STUD-SINGLE TURRET 

El E2 E3 

411400 -0024 WIRE, 24A~G ELECTRJ TIN PLATED COPPER 

DATE DESIGN INGINHI DATE TITlf 

c~ac INTERFACE.~60A 
DATE lfl.fASED DATE PIOJECT NO. 

l 

QPL-M3CJ014/01-l394 

SCA-S-202 WHITE 

SC A-S-202 GREE'i 

CAB- 2100-3 

l PAIT NUMlfl ' 'I llEV 

LM 966390 -cooj :r • 



N 
I 
00 

>-

0 
<§: -Q) -

TEXAS INSTRUMENTS 

PllNT 
ITEM 

NUM fl 

COll 

COl lA 

C012 

0012' 

()013 

C013• 

001~ 

COlO 

cc 17 

0017• 

CJ018 

C018A 

0019 

C019~ 

0020 

C020A 

00201! 

CJ021 

"PO.-MFG. 

T.I. l>Mf 

INCORPORATED 

QUANTITY 
l'EI 

AUlMll.Y 

ccoc1.ooo 

ococ1.coo 

ccoc1.ooo 

ococ2.oco 

00020.000 

oooc2.00CJ 

00002.000 

00034.000 

OC003.000 

UNIT 
Of 

ISSUI! 

EA 

EA 

EA 

EA 

EA 

EA 

EA 

EA 

EA 

DWG. 
SIZE 

DATE APf'D. PIOJECT ENQlllEEI 

LIST °' MATERIAL 
DATE lC/0517 

PART NUMBER DESCRIPTION 

240000 -7'904 

l24 

24COOC -7410 hET~CRK-!~l4~10N 

Z6 

240GOG -7103 NET~CA~ !~74H10lN 

Zl8 

222222 -7180 ~ET~CR~ 

Zll lll 

SNHUON 

PAGE 2 of 

97294t -0039 RES Fl• 84.0 OHMS 5 • .25 W CARBON Fil 

Al l~RU Rlt R29 R35 R36 R58 

97294t -0047 RES FIX 180 OHM 5 • .25 W CARBCN FILM 

Ul Rt] 

97294t -00~1 RES FI• 270 CHM 5 • .25 W CARBCN FILM 

AU RU 

97294t -0057 AES FIX 410 OHM 5 • e25 W CARBON FILM 

Rl7 Tt~~ ~28tA3Q,R32 

RJe nu A~7 

97294t -OOt5 AES FIX 1.0K OHM 5 • .25 W CARBON FILM 

,,\IT NUMll!I lfV 

LM 966390 -ooo 'S " 
VENDOR PART NUMBER 

ROH- R-25 

ROH- R-25 

ROH- R-25 

ROH- R-25 

ROH- R-25 

OMAC INTERFACE 980A 9608 9808 
DATE IElEASED DATE P'llOJICT NO. ,AIT NUM•I lfV 

LM 966390 -ooo J • 



N 
I 
00 
tp 

0 
TEXAS INSTRUMENTS 

C022A 

0025 

C02~• 

0026 

C02U 

0027 

0028 

Cl02~ 

0030 

OOH 

00?2 

0033 

\l'PO.·MPG. 

T.L 1311' 

INCORPORATED 

oooce.coo 

ocoo1.ooo 

00001.000 

REF 

REF 

ocoo1.ooo 
ocoo1.ooo 
00003.000 

UNIT DWG. 
~f. SIU 

EA 

EA 

EA 

EA 

EA 

EA 

EA 

FT 

DATI CID. DIAfTSMAN 

DATI! AM>. PllOJICT fNGINHI 

DATE 10/05/l 
LIST Of MATERIAL 

PAGE 3 of 

PART NUMBER DESCRIPTION VENDOR PART NUMBER 

23059C -~000 CAP .05 'F 12 V 

C2 Tt-llU C~ 

20. 1 CER TRANSCAP ERl-5635-000-Y5F0503~ 

97292~ -0011 CAP Fl• T•~T SOLID ~e MFD 10 I 15 VOLT QPL-M39003/l-2274 

Cl 

97292~ -Q3~4 CAP FIX CE~A~IC 680 PF 10 I 200 V 

ClO 

966392 -~901 DIAGRJM,LOGIC,OET-OMAC INTERFACE 

96639~ -9901 TEST PPOCECUREtDMAC l~TERFACE 

533881 -0001 EJECTOR,PC!,NON-LOCKl~G,WHITE 

533881 -CCC9 EJECTCAtPCe,NON-LOCKl~G.GREEN 

53225e -0003 TERMINAL,!TUC-SINGLE TURRET 

El E2 E3 

411400 -0024 WIRE, 2~A~G ELECTRO Tl~ PLATED COPPER 

DATI TITU 

QPL-M39014/0l-1394 

SCA-S-202 WHITE 

SCA-S-202 GREEN 

CAB- 2100-3 

CMAC INTERFACE 980A 9608 9808 
DATI! •LIAllD 



N 
I 

00 

~TEXAS INSTRUMENTS 
INCORPORATED 

"'NT QUANTITY UNIT DWG. 
~~'A_. AUl'tflY I~ E SIZE 

COOl ccoc1.ooo EA 

C002 oooc1.occ EA 

C002A 

COO? ccoc1.ccc EA 

C003A 

COOlt oooc1.occ EA 

coco 

coc~ OOOC4.000 EA 

CCC5A 

COC6 00001.000 EA 

COCE:A 

OOC7 J0005.00C EA 

CCC7A 

coca 00001.000 EA 

CCC8A 

C009 C0009.0CO EA 

COC9A -
COC9B 

COlO ococ1.oco EA 

COlOA 
>llA"SMAN DATE CKD. DIAFTSMAN 

"'°··MFG. DATE Affl>. l'IOJECl ENGINEER 

T.f. 13849 

DATE 10/0517 
LIST Of MATERIAL 

PAGE 1 of 
~ ,AllT NUM•t ~ REV ) LNl 966390 -ooo J • 

PART NUMBER DESCRIPTION VENDOR PART NUMBER 

966391 -0001 Pwe ,u••c lHERFACE 

222222 -14CO NEltifCRI< S~HOON -SN7400N 

l1 

222222 -7't01 hEhClll< Sf\1't01N 

l12 

222222 -1'tOlt NEl'-UK S~ 7't04N 

Z8 

222222 -1408 NE hOfll<-S ~ 1408N 

Zl9,Z2CtZ~~tZ26 

222222 -1410 NE HiCAI< St\7410N -SN71tl0N 

Z28 

222222 -1440 NEhUK S~HltON -SN71t40N 

z2,z5,z13,z14,z21 

222222 -1474 ~ETHfllC S~ 14 71tN -SN7474N 

ll 

222222 -1475 ,_.El'-CflK-S~1475N 

z3,z4,z9,210,z1s,z16,z21, 

z22,z29 

222222 -74S6 ~EU.CRK-S~ 1'tE6N 

Z23 
DATE DBIGN ENOINHI DATE TmE 

CMAC INTERFACE 980A 9608 9808 
DATE lll!lfASED DATE l'IOJECT NO. 1 I 'ART NUMIH 1 IEV 

LM 966390 -ooo J"' ~ 
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Figure 2-2. Direct Memory Access 
Interface Card Logic Diagram 

I 
I 
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Table 2-1. Direct Memory Access Interface Signals and Locations 

P2 Paragraph Transmission Line 
Signature Pin No. Description Reference Figure Reference 

DMADROO z Memory Address Bit ( 0), Most Significant 2-2.3, 4-11 2-3 
DMADROl 22 Memory Address Bit 1 2-2.3, 4-11 2-3 
DMADR02 y Memory Address Bit 2 2-2.3, 4-11 2-3 
DMADR03 21 Memory Address Bit 3 2-2.3, 4-11 2-3 
DMADR04 x Memory Address Bit 4 2-2.3, 4-11 2-3 
DMADR05 20 Memory Address Bit 5 2-2.3, 4-11 2-3 
DMADR06 w Memory Address Bit 6 2-2.3, 4-11 ·2.3 
DMADR07 19 Memory Address Bit 7 2-2.3, 4-11 2-3 
DMADR08 v Memory Address Bit 8 2-2.3, 4-11 2-3 
DMADR09 18 Memory Address Bit 9 2-2.3, 4-11 2-3 
DMADRlO 17 Memory Address Bit 10 2-2.3, 4-11 2-3 
DMADRll u Memory Address Bit 11 2-2.3, 4-11 2-3 
DMADR12 T Memory Address Bit 12 2-2.3, 4-11 2-3 
DMADR13 16 Memory Address Bit 13 2-2.3, 4-11 2-3 
DMADR14 s Memory Address Bit 14 2-2.3, 4-11 2-3 
DMADR15 15 Memory Address Bit (15), Least Significant 2-2.3, 4-11 2-3 
DMDOO R Memory Write Data Bit (0), Most Significant 2-2.3, 4-12 2-3 
DMDOl 14 Memory Write Data Bit 1 2-2,3, 4-12 
DMD02 p Memory Write Data Bit 2 2-2.3, 4-12 
DMD03 13 Memory Write Data Bit 3 2-2.3, 4-12 
DMD04 N Memory Write Data Bit 4 2-2.3, 4-12 

.DMD05 12 Memory Write Data Bit 5 2-2.3, 4-12 
DMD06 M Memory Write Data Bit 6 2-2.3, 4-12 
DMD07 11 Memory Write Data Bit 7 2-2.3, 4-12 
DMD08 L Memory Write Data Bit 8 2-2.3, 4-12 
DMD09 10 Memory Write Data Bit 9 2-2.3, 4-12 
DMDlO K Memory Write Data Bit 10 2-2.3, 4-12 
DMDll 9 Memory Write Data Bit 11 2-2.3, 4-12 
DMD12 J Memory Write Data Bit 12 2-2.3, 4-12 
DMD13 8 Memory Write Data Bit 13 2-2.3, .4-12 
DMD14 H Memory Write Data Bit 14 2-2.3, 4-12 
DMD15 7 Memory Write Data Bit ( 15 ), Least Significant Bit 2-2.3, 4-12 
DMD16 F Memory Write Data Bit 16, Parity Bit 2-2.3, 4-12 
DMMRDOO N Memory Read Data Bit 0, Most Significant Bit 2-2.1, 4-13 2-3 
DMMRDOl 34 Memory Read Data Bit 1 2-2.1, 4-13 2-3 
DMMRD02 .M Memory Read Data Bit 2 2-2.1, 4-U 2-3 
DMMRD03 33 Memory Read Data Bit 3 2-2.1, 4-13 2-3 
DMMRD04 I Mer:iory Read Data Bit 4 2-2.1, 4-13 2-3 
DMMRDOS 32 Memory Read Data Bit 5 2-2.1, 4-13 2-3 
DMMRD06 K Memory Read Data Bit 6 2-2.1, 4-13 2-3 
DMMRD07 31 Memory Read Data Bit 7 2-2.1, 4-13 2-3 
DMMRD08 J Memory Read Data Bit 8 2-2.1. 4-13 2-3 
DMMRD09 30 Memory Read Data Bit 9 2-2.1, 4-13 

,., ., 
L,,-~ 

DMMRDlO H Memory Read Data Bit 10 2-2.1, 4-13 2-3 
DMMRDll 29 Memory Read Data Bit 11 2-2.1, 4-13 2-3 
DMMRD12 F Memory Read Data Bit 12 2-2.1, 4-13 2-3 
DMMRD13 28 Memory Read Data Bit 13 2-2.1, 4-13 2-3 

2 - 11 Digital Systems Division 
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Signature 

DMMRD14 
DMMRD15 
DMMRD16 
DMRESET-
DMPERROR-
ACCGRANT-
INTREC-
DATAV-
ATISTBl-
ATISTB2-
INTREQ-
DMSTORE-
DMFETCH-
DMACCR-
CK3D1-

CABLE PORT 
CONNECTOR 

P2 

Table 2-1. Direct Memory Access Interface 
Signals and Locations (Continued) 

Paragraph 
Pin No. Description Reference 

E Memory Read Data Bit 14 2-2.1, 4-13 
27 Memory Read Data Bit 15, Least Significant Bit 2-2.1, 4-13 
D Memory Read Data Bit 16, Parity Bit 2-2.1, 4-13 
23 Master Reset from CPU 2-2.2, 4-2 
c Memory Write Data Parity Error from CPU 2-2.2, 4-5 
26 Access Granted from CPU 2-2.2, 4-10 
B Interrupt Recognized 2-2.1, 4-15 
24 Memory Read Data Available 2-2.2, 4-7 
c Activate Word No. 1 Strobe 2-2.2, 4-6 
25 Activate Word No. 2 Strobe 2-2.2, 4-6 
E Interrupt Request from Controller 2-2.4, 4-14 
5 Memory Store Cycle Initiate from Controller 2-2.4, 4-8 
n Memory Fetch Cycle Initiate from Controller 2-2.4, 4-8 
6 Access Request from Controller 2-2.3, 4-9 
A System Clock 2-2.3, 4-4 

NON-INVERTING 
BUFFER/DRIVER 

CABLE (TWISTED PAIR > 6 FEET) 

TWISTED PAIR CABLE BUFFER/DRIVER FOR: 
MEMORY READ DATA UNES 
MEMORY ACCESS GRANT LINES 
INTERRUPT ACKNOWLEDGE LINES 
PAR ITV ERROR LINE 

Figure 2-3. Twisted Pair Interface Connections 

Transmission Line 
Figure Reference 

2-3 
2-3 
2-3 
2-3 
2-4 
2.,3 
2-3 
2-4 
2-4 
2-4 
2-4 
2-5 
2-5 
2-5 
2-4 

EXTERNAL DEVICE 
CONTROLLER 

2-12 Digital Systems Division 
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+5V 

SN54n4 

~,'11-----a-l ______,n,____~i.___.) ~ 
: SIGNAL GROUND 

SN7417 OR 
/EQUIVALENT 

•">-----)~---

USER 
INTERFACE 

EXTERNAL 
·DEVICE 
CONTROLLER 

100 OHM COAXIAL CABLE NON-INVERTING 
OPEN-COLLECTOR 

COAXIAL CABLE TERMINATION 'SUFFER/DRIVER FOR: 
STORE CYCLE INITIATE 
FETCH CYCLE INITIATE 

Figure 2-4. Coax Output Interface Connection 

+5V 

CABLE PORT 
CONNECTOR 

SN54n4 180 OHM SN64n4 

)~~~ 
USER INTERFACE• 

2700HM 

CABLE PORT 
CONNECTOR 

NON-INVERTING 
BUFFER/DRIVER 

100 OHM COAXIAL CABLE 

COAXIAL CABLE BUFFER/DRIVER FOR: 
CHANNEL ACTIVATE STROBES 
DATA AVAILABLE 
SYSTEM CLOCK 
MASTER RESET 

EXTERNAL DEVICE 
CONTROLLER 

Figure 2-5. Coax Input Interface Connections 
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3. 1 GENERAL 

SECTION III 

SIGNALS 

The following paragraphs contain detailed descriptions of signals on the 
DMA bus (single or expanded bus) and the related timing requirements. 

3. 1. 1 TIMING 

Figure 3-1 illustrates the timing relationship of DMA signals that apply to 
the single or expanded bus. 

3. 1. 2 LOGIC LEVELS 

The logic level that defines a True signal is indicated by the suffix of the 
signature. A bar (-) following the signature indicates that the signal is True 
when it is in a logic ZERO state (0. 0 Vdc). The absence of the bar (-:-) indi­
cates that the signal is True when it is in a logic ONE state (+Vee). For 
example, "RESET-" is in a low logic state when the master RESET switch 
is depressed. 

3. 2 MASTER RESET 

Master reset signal signatures for the Central Processor Unit (CPU) and 
Expander are as follows: 

CPU= DMRESET-

Expander = RESET-

The master reset signal originates at the front panel of the CPU where a 
master RESET switch is used to generate the signal. The RESET switch 
signal is ORed with a powez clear signal from the CPU power supply. The 
resultant signal is applied to the DMA interface of the CPU. In the expander, 
this signal is ORed with a power clear signal from the I/O chassis power 
supply. The resultant signal is applied to the controllers. A logic illustra­
tion of this signal generation is illustrated in figure 3-2. 

3. 3 MEMORY POWER RESET 

Memory power reset signal signatures for the CPU and Expander are as 
follows: 

CPU= MPRESET-

Expander = MPRESET-

3-1 Digital Systems Division 
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ACCESS 
REQUEST 
(DMACCR) 

ACCESS 
GRANTED 
(ACCGRANT) 

STORE OR 
FETCH 
(DMSTR-OMFCH) 

ADDRESS ENABLE 

WRITE 
DATA ENABLE 
(STORE CYCLE ONLY) 

READ 
DATA AVAILABLE 
(FETCH CYCLE ONLY) 
(DAT AV) 

WRITE DATA 
PARITY ERROR 
(STORE CYCLE ONLY) 

INTERRUPT 
REQUEST 
UNTREQ) 

INTERRUPT 
RECOGNITION 
(INTREC) 

NOTES: 

ASYNCHRONOUS 
i/ MEMORY ACCESS r REQUEST 

ACCESS REQUEST DROPS WITH 

/

FETCH OR STORE WHEN THE 

I 
NEXT MEMORY CYCLE IS, NOT 
REQUIRED. 

J-----,. .., 
------------'~,---------*--------------------________ __ 

I 1 CLK I• ,. .. .. ,.. ...., 
0 MIN ----- 0 MIN 

_____________ 2_c_L_K __ M_A_x_1 l.__2_c_L_K __ M_A_x ______ ~---
1~ .. -----------3 CL KS-----------I STABLE 

STABLE 

~~~~~~-!-.-1~~~~~~~~~{~N~C-
I DAT AV will appear at the CPU OMA interface 750 ns after the first 

I clock following the STORE/FETCH PULSE if no refresh cycle occurs. 

I 
I 

SYSTEM II 
GATING ......__ I I ~THE PARITY ERROR SIGNAL 
DELAY ~,...._.. ___. IS ASSURED TO BE VALID 

I ONLY AT SYSTEM CLOCK 

-------'--~~z_j!j;r....&/;_/j-"-ZJ..,;1d.._ 1 ~~~LTEHAT RESETS DATA 

r ASYNCHRONOUS 
INTERRUPT 
REQUEST 

J OMIN t:'-_____ J ___ _ 
NO MAX 

1 CLK__., 

1 CLK MIN 

1. SIGNALS ARE SHOWN IN THE TRUE SENSE. 

* MAY DROP DURING REFRESH. 

Figure 3-1. Direct Memory Acee s s Signal Timing Relationships 
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CENTRAL POWER CLEAR MRESET-
PROCESSOR UNIT--------­
POWER SUPPLY 

~STER j. ~;SET 
- SWITCH 

EXPANDER 
POWER 
SUPPLY 

MPRESET-

POWER CLEAR 

-----RESET-

TO 
CONTROLLERS 

Figure 3-2. Master Reset Logic 

The power supply reset signal is generated by a relay contact that is located 
within the power supply. This relay signal is used by the controllers to in­
hibit the generation of critical signals during power cycling. For instance, 
the disc controller would use MPRESET- at the point where a critical signal 
such as "Write Enable" is applied to the disc memory. MPRESET- should 
be used to inhibit a NAND gate driver at the interface. Only at this point is 
the signal effective for preventing False signal generation during power 
cycling. 

3. 4 SYSTEM CLOCK 

System clock signal signatures for the CPU and Expander are as follows: 

CPU= CK3Dl-

Expander = CLOCK-

The basic system clock from the CPU originates from a 2. 5 mHz crystal 
oscillator. This clock is a one-third duty cycle clock that remains True 
for 83 nanoseconds and False for 167 nanoseconds. The clock is modified 
by certain CPU operations before it appears at the interface. Variations in 
the clock are illustrated in figure 3-3. The clock is modified for a memory 
refresh cycle. The logic which interfaces to the DMAC must be of a syn­
chronous design with the system clock, and must adhere to the timing dia­
gram in figure 3-1 for implementation. 

3. 5 PARITY ERROR 

The DMA bus parity error signatures for the CPU and Expander are as 
follows: 

CPU = DMPERROR-

Expander = PARERR-

3-3 Digital Systems Division 
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.. 
f..._167___.~, 

83 

J+-250---+l ...... --333----111iM-il4----250--.f 

b. J LJ u--u LJ L 

c. 

J+--1fr1__.~~1fr1 .. , .. 1fr1--+-j 
83 

1..-250--+I~ 500 

J LJ 
J+--1fr1 .., .... , .. 

83 
333 ... , .. 

... , .. 250---.f 

LJ LJ LS 
1s1--.f 
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The presence of a logic ZERO indicates that memory write data sent to the 
CPU on a store cycle has even parity. A controller that is generating write 
data must generate a write parity bit (DEVMWD, 16) for the DMPERROR sig­
nal to be valid. Use of this signal is optional to the controller. No action 
is initiated by the CPU or the expander when this signal is True. 

3. 6 ACTIVE WORD STROBES 

Activate word strobe one and two signatures for the CPU and Expander are 
as follows: 

CPU= ATISTBl- and ATISTB2-

Expander = DEVATII- and DEVATI2-

Channel activate word 1 and word 2 strobes have a logic ZERO duration of 
one clock pulse (83 nanoseconds). These strobes indicate the presence of 
word 1 of the ADAC (Model 960) or ATI (Model 980) command on the memory 
read data lines. These signals coincide with DATAV- for these special 
words on the memory read data lines. Use of the data word is described in 
Sec ti on I of this manual. 

3. 7 MEMORY READ DATA AVAILABLE 

Memory read data available signatures for the CPU and Expander are as 
follows: 

CPU= DATAV-

Expander= DATAV-

The memory read data available signal is a logic ZERO for the duration of 
one clock pulse (83 nsec) to indicate that the memory read data is stable on 
the bus. The controller uses this signal to strobe memory read data and 
conclude a memory read cycle. This strobe appears on the bus for all mem­
ory read cycles. The controller must keep track of selecting the DATAV 
for his memory fetch cycle. A new memory access can be initiated prior to 
receiving DATAV from the previous cycle. Sample logic for performing this 
tracking is illustrated in figure 3-4. 

3. 8 MEMORY FETCH AND STORE INITIATE 

The memory fetch and store initiate signal signatures for the CPU and Ex­
pander are as follows: 

CPU = DMFETCH- and DMSTORE-

Expander = DEVFETCH- and DEVSTORE-

The memory store and fetch lines are activated by the device controller. 
The signals on these li:ies will remain a logic ZERO for one clock time to 
permit a memory read cycle to be initiated with DEVFETCH- or DMFCH-; 
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Figure 3-4. 1v1emory Read Data Available Logic 

or a memory store cycle with DEVSTORE- or DMSTR-. The trailing edge 
of the True signal is used by the CPU interface to retain the memory write 
data and/or the memory address. The controller must guarantee that ad­
dresses and data lines are stable at this time. This is assured if access 
granted is used to gate these lines to the DMA bus. 

3. 9 MEMORY ACCESS REQUEST 

The memory access request signal signatures for the CPU and Expander are 
as follows: 

CPU= DMAACCR-

Expander = ARD EV, (n) -
(n = 0 through 7) 

A logic ZERO on the memory access request line indicates a men1ory cycle 
is being requested by a device controller. The expander receives eight re­
quest signals (ARDEV, (n)) from the expanded bus and services each request 
on a priority basis; i.e. device zero (N=O) has the highest priority and device 
seven (N=7) has the lowest priority. The CPU interface receives one request 
signal which may be from the expander or a device controller. The CPU 
signal is passed on to the CPU memory controller where access to memory 
is switched between the CPU and the DMA bus. The CPU will receive all 
cycles not used by the DMA. If a device requires continuous memory access, 
or the expander has a request pending from several users, the access re­
quest lines may be kept on. Continuous memory cycles are then granted to 
the DMA bus. The system clock is altered as shown in figure 3-3, lined, 
when a memory refresh cycle is required. 
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3. 10 MEMORY ACCESS GRANTED 

The memory access granted signatures for the CPU and Expander are as 
follows: 

CPU= ACCGRANT­

Expander = AG, (N) -
(N = 0 through 7) 

A logic ZERO on the memory access granted line indicates a response from 
the CPU or Expander to a memory access request. At the CPU DMA inter­
face, a response to a request occurs in 3 clock periods or less depending 
upon the time in a CPU memory cycle that the request was issued. At the 
expander DMA interface, the maximum time for a response depends upon 
the priority level of the user and the activity level of higher priority users. 
The latched access granted signal should be used by the controller to gate 
the memory write data and memory address lines to the bus. The memory 
store/fetch pulses should then be generated within three clock periods of the 
granted time. If additional memory cycles are not requested, the request 
lines should be reset with the same clock that resets the store/fetch pulses. 
Since the trailing edge of the store/fetch signal is used to sample the mem­
ory address and write data lines, the designer must establish the interval 
(time setting) required from the time data is gated until the time it is 
sampled. Granted must be latched to maintain proper timing during mem­
ory refresh. 

3. 11 MEMORY ADDRESS 

The memory address signal signatures for the CPU and Expander are as 
follows: 

CPU = DMADR, (N) 
(N = 00 through 15) 

Expander = DEVADD, (N) 
(N = 00 through 15) 

The men1ory address signals are generated by the device controller. These 
signCl:ls are implemented on an open collector bus, which is shared by all 
controllers. The address lines are normally held at a logic ONE level and 
are only defined when the controller has been granted memory access. The 
controller will enable its memory address and maintain these lines on the 
bus in a stable state concurrent with memory access. Signal stability is re­
quired at the CPU at the trailing edge of the store or fetch pulse. This 
timing is accomplished by using the access granted signal to enable the ad­
dress lines. 
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3.12 MEMORY WRITE DATA 

The memory write data signal signatures for the CPU and Expander are as 
follows: 

CPU= DMD (N) 

Expander = DEVMWD, (N) 
(N = 00 through 16) 

Memory write data signals are generated by the device controller. These 
signals are generated and gated by the same method used for the memory 
address lines during a memory store cycle. Timing requirements are the 
same. Bit 00 is the most significant bit, and bit 15 is the LSB. The seven­
teenth bit on the bus (DEVMWD 16) is used to generate odd parity on the 
write data lines. The memory controller performs a parity check on this 
bus, and returns the parity indication to the device controller. This bit 
does not have to be used. However, it must be correct if the DMPERROR 
signal is used by the controller. 

3. 13 MEMORY READ DATA 

The memory read data signal signatures for the CPU and Expander are as 
follows: 

CPU = DMMRD (N) 

Expander = DEVMRD (N) 
(N = 00 through 16) 

All controllers monitor the memory read data lines. These signal lines 
should not be loaded with more than two gate inputs on each line. The data 
available signal defines the interval that these signals represent True data 
for the previous memory fetch cycle. Bit 00 is the MSB and bit 15 is the 
LSB. The seventeenth bit is the parity bit that is used to generate odd parity 
on the read data lines. This signal is True for the Model 980 series com­
puters only. 

3. 14 INTERRUPT REQUEST 

The interrupt request signatures for the CPU and Expander are as follows: 

CPU= INREQ-

Expander = INTDEV, (N)-
(N = 0 through 7) 

The interrupt request, from the device controller to the CPU is a logic 
ZERO when the device controller requests an interrupt cycle with the CPU. 
The controller holds the signal at a logic ZERO until the interrupt is recog­
nized by the CPU. (See the signal timing relationships in figure 3-1.) The 
controller removes the request signal and stores status when the interrupt 
recognition signal is received. There is one signal for each controller. 
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3. 15 INTERRUPT RECOGNIZED 

The interrupt recognized signal signatures for the CPU and Expander are 
as follows: 

CPU = INTREC­

Expander = IRECOG, (N)-
(N = 0 through 7) 

The interrupt recognized signal from the CPU to the controller is a logic 
ZERO when the CPU has received a DMA interrupt and is acquiring the in­
struction in the DMA trap location. The Model 960 CPU will only recognize 
a DMA interrupt when bit 8 of the CPU status register is a logic ZERO and 
no higher priority interrupt is pending in the CPU. The Model 980 will 
recognize a DMA interrupt when bit 12 of the CPU status register is a logical 
ONE and no higher priority interrupt is pending. 
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4. 1 GENERAL 

SECTION IV 

HARDWARE 

This section of the manual describes the standard hardware that is available 
to implement a computer system with Direct Memory Access (DMA) device 
controllers. The hardware required to install and interconnect DMA sub­
systems (controllers) are described in this section of the manual. Informa­
tion for the DMA controllers and associated peripherals is included in the 
"Direct Memory Access Channel Controller" equipment manual (TI Part No. 
966312-9702). 

4. 2 EXPANSION KITS 

A variety of standard expansion kits are available for mounting standard DMA 
device controllers or for mounting interface equipment that is designed by the 
user. A DMA expansion kit completes the wired interface connection between 
the DMA bus wiring and controller wiring. A DMA expansion kit includes a 
cable, backplane, and printed circuit (PC) card(s). One end of the cable is 
connected to the DMA interface card of the CPU. The other end of the cable 
is connected to the DMA expander cards or to a paddle board. The backplane 
is a chassis with a number of 80 pin edge connectors which are wired for the 
DMA bus signals (single or expanded) and controller card (s) for which the kit 
is designed. The card( s) in the kit include a paddle board for internal expan­
sion or four expander cards for external expansion. 

4. 2. 1 INTERNAL 

The standard internal DMA expansion kit is used to install a DMA controller 
in the CPU chassis. The expansion backplane connector plate is illustrated 
in figure 4-1. The DMA backplane connector plate occupies the space which 
is also used for the Input/Output (I/O) expansion backplane on the Model 980 
series computers or the Communications Register Unit (CR U) expansion back­
plane on the Model 960 series computers. The basic Texas Instruments part 
number for the DMA expansion kit is 957482. This kit is made available to 
the customer to complete the interface for various configurations as listed in 
table 4-1. Figures 4-2 through 4-4 provide views of the various configura­
tions. 

The internal DMA expansion kit is rnade available in two configurations to 
satisfy special or customer designed interface requirements. One configura­
tion includes the DMA expander cards and wiring for three sets of DMA ports. 
The customer can complete the interface to these connectors from device con­
trollers that are located in the customer designed hardware. This configura­
tion also permits fan-out of the DMA bus to at least three separate expansion 
chassis. 
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128998 (389-27) 

Figure 4-1. Internal DMA Expansion Backplane 

Table 4-1. DMA Internal Expansion Kit Part Numbers 

TI Part No. Kit Description 

957482-0001 Wired for moving head disc controller with escutcheon 
for Model 960 computer. All connectors utilized. 

957482-0002 Wired for fixed head disc controller with escutcheon 
for Model 960 computer. Three blank connectors. 

954482-0003 Wired for Model 979 magnetic tape controller with 
escutcheon for Model 960 computer. All connectors 
utilized. 

973599-0001 Unwired for customer applications for 960. 

957482-0004 Same as -0001, except Model 980 escutcheon. 

957482-0005 Same as -0002, except Model 9 80 escutcheon. 

957482-0006 Same as -0003, except Model 9 80 escutcheon. 

973599-0002 Same as -0001, except for 980. 
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Figure 4-2. 

Figure 4- 3. 
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Figure 4-4. Model 979 Magnetic Tape Controller 
CPU Mounting Configuration 

The second configuration contains the same hardware that is used in kits hav­
ing TI Part Nos. 957482-0001 through -0006; however, all wiring has been 
excluded on the expander backplane. This kit is designed for the customer 
that elects to design, package, and implement a custom controller similar to 
the 957482-0001 through -0006 kits. 

If only one DMA controller needs to be interfaced, and the internal expansion 
has been allocated for I/O or CRU, then the External Signal Controller Mount­
ing Kit (TI Part No. 966340) may be used to house the controller (see figure 
4-5 ). 

4. 2. 2 EXTERNAL 

When a system requires more than one DMA device controller or when the 
internal CPU mounting space is in use for I/O or CRU expansion, the device 
controllers must be installed in a separate equipment chassis external to the 
standard computer mainframe. This is accomplished by use of an external 
DMA expansion kit. An external DMA expansion kit consists of: 

• a 10-foot cable that connects the DMA interface card in the CPU to 
the DMA expander cards 
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15v POWER SUPPLY 

Figure 4-5. External Single Controller Mounting Kit 

e a backplane expander board (figure 4-6) that is wired for various 
configurations 

• 4 PCB cards which make up the DMA expander. 

There are three basic types of external DMA expansion kits. Each kit has a 
different basic part number. These three kit types are identified in table 4-2. 
(See figures 5-1 through 5-3.) 

4. 3 EXPANSION CHASSIS 

The DMA external expansion kits are mounted in an optional Input/Output 
(I/O) Expansion chassis. The I/O Expansion chassis includes a frame, power 
supply, card cage, and front panel. (A pictorial illustration is provided in 
figure 4- 7. Slides are included for a rack mounting installation. The over­
all physical dimensions of the I/ 0 Expansion chassis are listed in table 4-3. 

The power supply is located at the rear of the unit and can be easily removed 
from the chassis for servicing. The power supply specifications are listed 
in table 4-4. The supply is functionally illustrated in figure 4-8. 
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Table 4-2. Three Basic Types of External DMA Expansion 

Part 
Number 

Description 

1. DMA Expansion with 28 connectors wired as follows, this 
kit uses one half of the space available in the Expansion 
chassis: 

966555-2 Wired for the expander cards (4) only. 
Remaining 24 connectors are blank for 
custom wiring. 

2. DMA Expansion with 56 connectors wired as follows, this 
kit uses all of the space available in the Expansion chassis. 

966555-0001 Wired for the expander cards, the mov­
ing head disc controller, the fixed head 
disc controller, the 2310 line printer 
controller, and the Model 979 Tape Trans­
port Controller. 

3. DMA Expansion with 10 connectors wired as follows: 

966340-0001 

966340-0002 

966340-0003 

Wired for moving head disc controller. 

Wired for fixed head disc controller. 

Wired for 979 magnetic tape controller. 

The I/O expansion unit card cage has a capacity of 56 half-inch spaced logic 
cards. The unit can house two expansion kits (TI Part No. 966555-2) or one 
of the larger kits (TI Part Nos. 966555-1). Controller cards that are im­
plemented on wire-wrap boards require one-inch center-to-center card spac­
ing. The power supply fan circulates cooling air throughout the chassis. The 
+5V power supplies current to the controller cards installed in the chassis. 
Typical power consumption for this voltage source is listed in table 4- 5. 

4.4 CUSTOM LOGIC BOARDS 

When a user elects to complete the interface to the Dlv1.A. bus with custom 
designed logic and an internal or external expansion kit has been selected 
which satisfies the expansion and/or implementation requirements, the user 
can select custom circuit boards to implement the custom designed logic. 
Two types of boards (Type 1 and Type 2) are available. Both types of boards 
have the same outside dimensions. These boards contain 80 pin bottom edge 
connectors with preassigned Vee and ground connections. These boards are 
also available with 72 pin top edge connectors. 
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Figure 4- 7. Rack Mounted Input I Output Expansion Chas sis 
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Table 4-3. External Expansion Chassis Characteristics 

Characteristic 

Height 
Width 
Depth 
Weight 
NOTE 

l Specifications 

10.5 inches, 26.67 centimeters 
19 inches, 48.26 centimeters 
24 inches, 60.96 centimeters 
*66 lbs., 145.5 kilograms 

*Unit only - Expansion kit and controllers excluded. 

Table 4-4. Power Supply Characteristics 

Characteristic 

Temperature: 
Operating 
Non-operating 

Humidity: 
Operating 
Non-operating 

Barometric Pressure 

Input Voltage 
Frequency 
Power Consumption 

] 
Environmental Characteristics 

Power Characteristics 

Specification 

0° to 60° Centigrade 
-40° to +100° Centigrade 

10 to 85 percent 
0 to 95 percent 
25 to 30 millimeters of mercury 

105 to 125 Vac 
47 to 63 Hz 
350 Watts maximum 

The Type 1 board is illustrated in figures 4-9 and 4-10. This board may be 
purchased in a single ended version (TI Part No. 214082-0001), or in a double 
ended version (TI Part No. 214084-0001). The Type 1 board is configured for 
point-to-point soldering connections. This board is designed for use with 
half-inch spaced connectors on the backplane, provided the build up of wiring 
on the solder side of the PC board is minimized. The board is designed for 
the wiring to be installed on the component side of the board. Special features 
of this board include: pre-bussed ground and Vee connections, three holes 
for each network, two holes for from/to wiring, and one hole for the integrated 
circuit (IC) pin. The Type 1 board can accept 14 or 16 pin standard dual-in­
line packages. 
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Figure 4-8. Input/Output Power Supply Functional Diagram 

Table 4-5. Controller Card Current Loads 

Load 

Expander cards (4) 
Line printer controller cards 
Model 979 Tape Controller 
Fixed head disc controller 
Moving head disc controller 

l Current 

1.3 Amperes 
1.0 Ampere 
8.6 Amperes 
5.8 Amperes 
7.5 Amperes 

The Type 2 custom logic board is illustrated in figure 4-11 and 4-12. This 
board /may be purchased in the single ended configuration (TI Part No. 
217862-0001) or the double ended configuration (TI Part No. 217863). These 
boards are designed for use in a wire-wrap configuration. Pin location ac­
curacy is compatible for use on automatic wire wrap machines. Due to wire 
wrap pin length, these boards require one inch center spacing for the back­
plane connectors. Therefore, two connectors on the backplane, with one-half 
inch spacing, must be allocated for one wire-wrap board. 
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Figure 4-9. Single Connector Type 1 PC ;Board 
Physical Configuration 

4. 5 EXPANSION KIT INTERFACE REQUIREMENTS 

When the customer selects a suitable DMA expansion kit and has installed a 
special device controller, the interface connection from the DMA bus termi­
nation on the backplane must be completed to the DMA interface of the con­
troller. The point-to-point information is included in an appendix to the 
DMAC expansion manual (TI Part No. 216759-9701 and 216759-9711 or 
216759-9712). In this appendix the customer can establish and compare in­
dividual signals and related pin locations as listed in the "Load List" and 
"Pin List". See the following section for documentation details. 
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5. 1 MANUALS 

SECTION V 

DOCUMENTATION 

All components of the computer DMA subsystem are adequately documented. 
This information is supplied in the form of maintenance manuals to facilitate 
the installation and maintenance requirements. The manuals listed in table 
5-1 can be purchased for the DMA hardware that is noted in the table. 

Table 5-1. Direct Access Documentation List 

KIT I KIT NO. l REFERENCE ILLUSTRATION I MANUAL NO. 

DMA Expansion Kits, All 
DMA Expansion Kit, 

OMA CPU Mounting Kit 
Fixed Head Disc Controller Kit 
Moving Head Disc Controller Kit 
979 Tape Controller Kit 
Line Printer Controller Kit 
Block Transfer Controller 

966555-0002 
966555·-0001 
957482 -All 

All Controller Kits 

Figure 6-1 
Figure 6-2 

5. 2 COMPUTER GENERATED DOCUMENTATION 

216759-9701 
216759-9703 
216759-9708 
961741-9701 
961700-9701 
961693-9701 
240801-9701 
217704-9701 
240802-9701 

All manuals are supported by computer generated documentation in the form 
of a load list, pin list, wire list and Logic Implementation List (LIMP). The 
same data base for this documentation is used for the automated wiring data. 

5. 2. 1 LOAD LIST 

A load list is supplied with every controller manual and DMA expansion man­
ual. The function of the ''Load List' 1 is to provide quick identification of all 
pins in any wired chain and includes locations, pin numbers, and s emicon­
ductor network types or connector types. All pin signatures are sorted into 
alpha-numeric order. 

The load list is a combined interconnection list of all signals in the control­
ler regardless of the number of boards on which the logic is implemented. 
All signals that are routed from board to board appear on the bottom edge 
connector (Type CD) of the boards. The wire which interconnects the signal 
from board to board is documented in the load list for the expansion kit in 
which the controller is wired. The load list for the expansion kit is a list of 
all \.Vires on the backplane \.vhere all circuit types in the Load List are Type 
CB. 

5-1 Digital Systems Division 



J2n5' ______ _ ~ 966312-9701 

LOCATION/CONNECTOR NO.-----------. 

••DMAP EXPANDER 

CABLE 217079 I 'o 
EXPANDER CABLE 

217059 

....-----------MODULE BOARD NO. 

DMAP 

EXPANDER 

CIRCUIT BOARD ASSEMBLY NO. 

---------------
A27 l NO. 2 

A25 l NO. 1 

(216703) P3 f•• 
(216700) P2 I•• ---------

A23.._~~~~~~~~~~~~~__, 

A21 
--~~~~~~~~~~~~~-

Al9 
--~~~~~~~~~~~~~-

"-"~~~~~~~~~~~~~-B8 

..... ~~~~~~~~~~~~~-86 

-------------
(216709) .NO. 4 I A28 

(216706} NO. 3) A26 

-------------

(G)l 29006 FRONT PANEL 

Figure 5-1. Direct Memory Access PC Card Locations, 
Expansion Kit 966 555-0002 
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~-------~ 966312-9701 

.--------------LOCATION, CONNECTOR NO.------------. 
*TOP EDGE CONNECT-

ORS FOR CABLE 
INTERFACES 

*"' DMAP EXPANDER 

CABLE 217079 I. 0 

EXPANDER CABLE 

217059 

L j ' 

MODULE BOARD NO. 

; 

..----·-CIRCUIT BOARD ASSEMBLY ND.l 

l j • 
) 
DMAP B27INo.2 (216703) P3 l** I (216709) NO 4 lB28 

EXPANDER 
B25 ._! _N_o_._1 ___ .... <2_1_6_10_0 ..... ) ____ P_2___.I** I (216706) No. 3 I B26 

---1-1-- ·~t- ---------
LINE PRINTER B23 I PADDLE I ( (217070) LP NO. 2 I B24 
CONTROLLER 

B21ILPN0.3 (217073) I• I (217067) LPNo.1 lB22 - -t-t- - ________ __.. ____________ -

FIXED HEAD 
DISK 

CONTROLLER 

B19 [ ] [..._ ___________ ~] B20 

Bl 7 j DOC NO. 3 (961644) l• I (966462) BTC NO 3 I Bl8 

Bl5 [ ______________ ] [ _______________ ]B16 

B13 I DOC l'!O. 2 (961624) I I (966464) BTC NO. 2 I Bl4 

Bl I [ ____________ ___,] L.._ ___________ __.]B12 

B9 I ooc NO. 1 (961622) I I (964666) BTC NO. I I BIO 
-- r-r-~ _C _____________ _.I L _____________ _.]B8 

MOVING HEAD 

DISK 

CONTROLLER 

B5 l MHD No. 4 (961362) I I (966462) BTC NO. 3 I 86 

B3L.._ ___________ ___,] [..._ ___________ __.] B4 

Bl I MHD NO. 3 (961630) I I (966464) BTC NO, 2 I B2 

A27 [ ____________ __,] I [...._ ___________ ___,J A28 

A25 I MHD No. 2 (961628) I• I (966466) BTc Ne. 1 I A26 

A23 L ] L ] A24 

A21 l MHD NO. I (961626) I I (961636) MHD NO. 6 I A22 - - -If-I- - ________________ ..... _ -

A19[ J I [ ___________ ___,J A20 

A11 I TCL No. 5 (240652) I ILi.._I _ (961634) MH~~5l A18 

A 15 L ] L..._ ___________ __,] A 16 

At31 TCL NO. 4 (240650) I• I (966462) BTC NO. 3 I Al4 
MAGNETIC 

TAPE 

CONTROLLER Al I[ _____________ ] ... I ___________ .:::::J Al2 

A9 l TCL NO. 3 (240648) I I (966461) BTC NO. 2 I A 10 

A7 [ J L J AS 

A5 I TCL No. 2 (240646) I I (966466) BTC No. 1 I A6 

A3[ ] L ] A4 

A I I TCL NO. I (240644) I I (240654) TCL NO. 6 I A2 

L 

,..., 

f" 
FRONT PANEL 

(B)l29007 

Figure 5-2. Direct .lv1ernory Access PC Card Locations 
Expansion Kit 966555-000 l 
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5. 2. 2 PIN LIST 

Every load list is accompanied by a pin list. The pin list is a list of all de­
vices and connectors in order by location sequence. This list makes it pos­
sible to identify signals appearing on all pins of any given circuit device, 
network, and connectors. 

5. 2. 3 LIMP OR DOCUMENTATION LIST 

All logic is supported by a computer generated Logic Implementation List 
(LIMP). This computer list is the equivalent of the logic drawings. The 
LIMP is a list of the logic implementation from the gate output to the input. 
The implementation is continued for any number of fan-outs to the level which 
defines the generated signal. Signals are defined by glossary statements, 
conunents, and Boolean equations. 
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960 AND 980 
COMPUTER SYSTEMS 

DIRECT MEMORY ACCESS 
CHANNEL(DMAC)MANUALS 

(FROM COMPUTER 
SYSTEM DESCRIPTION 

MANUAL) 
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DIRECT MEMORY 
ACCESS 

CHANNEL (DMACI 

I 
MOVING HEAD 

DISC 
CONTROLLER 

961693-9701 

SINGLE 
CONTROLLER 
DMAC CHASSIS 

961741-9701 

966312-9701 

DMAC 
~ ~ CONTROLLERS 

966312-9702 

l 
DMAC 
PORT 

EXPANSION 
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I 
l 

APPENDIX J 
CONNECTOR 
966437-0001 

APPENDIX K 
CONNECTOR 
966437-0002 

216759-9711 216759-9712 

1 
BLOCK 

TRANSFER LINE PRINTER DS330 DISC 

CONTROLLER CONTROLLER USER'S MANUAL 

240802-9701 217704-9701 942765-9701 

I 
DS330 DISC 

CONTROLLER 
MAINTENANCE 
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FIXED HEAD 979 TAPE 

DISC TRANSPORT 

CONTROLLER CONTROLLER 
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