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PREFACE 

This manual provides information and instructions necessary to enable maintenance personnel to 
install, operate and maintain peripheral device controllers that use the Block Transfer Controller 
(BTC). This manual consists of seven sections and an Alphabetical Index. A brief description of 
each section follows. 

Section I General Description-This section contains a brief functional and physical description 
of the BTC and its relationship to a device controller and a CPU. 

Sec ti on II Installation-This section contains a general installation procedure. Address 
information and preliminary testing information is also given. 

Section III Operation and Programming-This section contains general information about the 
instructions and list words used for communication. Programming examples are also given. 

Section IV Theory of Operation-This section contains detailed interface data and the theory of 
operation of the BTC. 

Section V Maintenance-This section contains a fault isolation technique to aid in isolating 
problems within the BTC. 

Section VI Parts List-This section contains assembly drawings and parts lists for the BTC circuit 
boards. 

Section VII Diagrams-This section contains the logic diagrams for the BTC circuit boards. 
Integrated circuit data for the individual circuits used is also contained in this section. 

Reference Documents-The following documents supplement the information contained in this 
manual. 

Title 

Model 960/980 Computers Direct 
Memory Access Channel 
Manual 

Model 960/980 Computers Direct 
Memory Access Channel 
Controller Manual 

iii/iv 

Part Number 

966312-9701 

966312-9702 
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SECTION I 

GENERAL DESCRIPTION 

1.1 GENERAL 
This section provides a brief functional and physical description of the Block Transfer Controller 
(BTC) shown in figure 1-1. The relationship of the BTC to other components of a Direct 
Memory Access (DMA) system for either a Model 960 or 980 computer is shown. Characteristics 
for the BTC are also given. 

1.2 FUNCTIONAL DESCRIPTION 
The BTC provides direct access to CPU memory for high-speed peripheral devices. The BTC is 
part of a peripheral controller which consists of a BTC for CPU interface and a device controller 
for peripheral interface. A block diagram of a typical peripheral controller is shown in figure 1-2. 
The BTC performs routine tasks such as CPU command and monitoring, list acquisition, memory 
management, status storage, interrupt control, data word counting, and data buffering as directed 
by the device controller. Figure 1-3 illustrates the use of a BTC in single controller and multiple 
controller applications. 

1.3 PHYSICAL DESCRIPTION 
A BTC consists of either three multilayer printed circuit boards or three wire wrap circuit boards 
as shown in figure 1-1. The two types are directly interchangeable. All interface signal lines to 
and from the BTC come through 80-pin connectors at the bottom of the circuit boards. 

1.4 CHARACTERISTICS 
The characteristics of a BTC are summarized in table 1-1. 

1.4.1 DATA TRANSFER RATE. The maximum data transfer rate through a BTC is 500,000, 
16-bit words per second. During a list acquisition the BTC takes four sequential memory cycles. 
During block transfers of data the BTC will allow the device controller to request only every 
other memory cycle. Consequently, only half of the CPU DMAC interface data transfer rate of 
1,000,000 words per second can be used by a single peripheral controller. Typically, the data 
transfer rate of a peripheral controller will be less than 500,000 words per second due to other 
considerations such as memory refresh, list acquisitions for chaining, and initialization and 
memory cycle requirements of other peripherals. When two or more peripheral controllers are 
attached to the DMAC interface through the DMAC expander, the maximum data transfer rate 
of the CPU is reduced to approximately 800,000 words per second, effectively reducing the data 
transfer of the BTC in each peripheral controller to 400,000 words per second. When two or 
more peripheral controllers are attached to the DMAC expander and data transfer rates approach 
800,000 words per second, CPU memory cycles will not be granted and will result in CPU 
lockout. 

1-1 Digital Systems Division 
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Figure 1-3. Block Transfer Controller Applications 
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Table 1-1. BTC Characteristics 

Characteristic 

Available Channels 

Data Transfer Rate 

Logic Type 

Logic Levels 

Output Signal Drive Capabilities 

Input Signal Requirements 

Environmental: 
Temperature 

Humidity 
(No condensation) 

Pressure 

Power Requirement 

Specification 

Any one of eight DMA channel addresses. 

500,000, 16-bit words per second maximum 
(see text) 

Series 74N TTL integrated circuits. 

Logic low = 0.0 - 0.8 Volts 
Logic high = 2 .4 - 5 .0 Volts 

All output signals can drive a maximum of four, 
series 74 or 74H TTL loads. 

Input signals to the BTC shall be generated by 
open-collector devices. Loads (pull-up resistors) 
for these devices are on the BTC circuit boards. 

Opera ting range = 0° to 70° C 
Storage range = -40° to 100°C 

Operating range = 5 to 85% 
Storage range = 5 to 95% 

Operating and storage range = 20 to 32 in. Hg. 

5.0 ±0.1 Volts de at 2 Amperes. 

1-3/ 1-4 Digital Systems Division 
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SECTION II 

INSTALLATION 

2.1 GENERAL 
The BTC cannot operate independently and is always part of a peripheral controller. Peripheral 
controllers can be implemented as single controllers, either internal or external to the CPU chassis. 
Multiple controllers are contained in an external expansion chassis. Figure 2-1 illustrates these 
standard DMA configurations. All circuit boards are installed in their associated chassis during 
system test. When system test is complete, all cables are disconnected and the circuit boards are left 
in place for shipment. For shipping, a piece of filament tape may be put across the top of all circuit 
boards in a chassis. 

2.2 INSTALLATION PROCEDURE 
Perform the following general procedure to install a DMA system. Since the BTC is installed at the 
factory, this installation procedure describes general DMA installation rather than specific BTC 
installation. Proceed as follows: 

1. Unpack all system components. 

2. Set up all peripheral equipment as outlined in vendor manuals. 

3. Verify that the circuit boards of all peripheral controllers are installed in the locations 
specified in the DMA chassis configuration chart. Configuration charts showing standard 
chassis motherboard layouts are located in the applicable DMAC Maintenance Manual. 
Refer to the DMA Port Expander Maintenance Manual, part number 216759-9701 for 
standard, multiple port, chassis configuration charts. Refer to. the Single Controller 
DMAC Maintenance Manual, part number 961741-9701, for standard chassis 
configuration charts of single port DMAC controllers. Configuration charts showing 
layouts of nonstandard (custom) chassis are found in an accessory kit drawing. An 
accessory kit drawing describes the layout of the chassis, motherboard, installation of the 
motherboard in the chassis and placement of the circuit boards and interconnecting 
cables. An accessory kit drawing accompanies all non-standard hardware. 

4. Verify that the channel address on each BTC No. 1 circuit board (PWB assembly part 
number 966466-0001, or wire wrap board part number 240656-0001) in each peripheral 
controller is the address required by the driving software. Standard channel assignments 
are shown in table 2-1. Refer to paragraph 2.4 for address information. 

5. Interconnect all peripheral devices to their associated controllers. Refer to ;Hodel 
960/980 Computers Direct Memory Access Channel Controller Manual, part number 
966312-9702, for the interconnecting diagrams of standard peripheral devices. 

6. Interconnect the DMAC interface circuit board and either the DMAP/BTC adapter circuit 
board or the expander interface circuit boards as shown in figure 2-1. 

7 Verify that ac power is ~lVailable and confirm that the voltage and frequency are correct. 
Power up the computer and the external expansion chassis, if applicable. The computer 
ac power is turned on by the power switch at the rear of the machine. The DMAC 
expansion chassis is turned on by a power switch at the rear of the chassis. A single 
DMAC expansion chassis is turned on when the power cable is plugged into an ac source. 
Turn on the peripherals as described in the vendor manuals. 

2-1 Digital Systems Division 
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Figure 2-1. Standard OMA Chassis Configurations 
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Table 2-1. Standard Device Addresses 

Device Channel Number 

Fixed-Head Disc 0 

Moving-Head Disc 

Magnetic Tape Transport 2 

2.3 TESTING 
Individual BTC testing is done by performing the Performance Demonstration Test (PDT) for the 
connected devices. A program description, paper tape object code, and operating instructions for 
each PDT is contained in a documentation kit included with the system. A documentation kit lists 
all documents to be shipped with a system and references other useful and relevant documents. 
These documents may include drawings, manuals, program media, program descriptions, flow charts 
and listings. Systems with card reader or cassette input devices also have complete card or cassette 
libraries of PDTs. 

2.4 CHANNEL ADDRESS DATA 
The channel address is defined on the wire wrap circuit boards by a wired, 14-pin platform. Refer to 
figure 2-2 for address data. Channel address for the multilayer printed wiring circuit boards is 
entered into the circuitry using either a rocker or a slide switch mounted on the circuit board. Refer 
to figure 2-3 for address data. 

vcc vcc vcc 
PLATFORM LOCATION 
IS BOO 

® ® ® ® ® ® ® 
14 1 3 1 2 1 1 10 9 8 

1 2 3 4 5 6 7 

® ® e ® e e ® 

PIN DATA FOR 
REFERENCE ONLY 

2 
2 

CHANNEL NO. CONNECTIONS 

0 1-14 3-1 2 5-1 0 
1 1- 2 3-12 s-1 o 
2 1-14 3--4 s-1 o 

3 1-- 2 3-4 5-1 0 

4 1-14 3-1 2 5-6 

5 1-2 3-1 2 5-6 

6 1-14 3-4 5-5 

(A)131414 7 1-2 3-4 5-5 

Figure 2-2. Wire Wrap Circuit Board Address Data 
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(A)131415 

ADDRESS EXAMPLE: ADDRESS EXAMPLE: 
CHANNEL 1 CHANNEL 2 

0 0 xx 0 0 xx ;: #~§!!!!? I ~/J/jlflfl?x DON'T 
CARE 

ROCKER-TYPE SWITCH SLIDE-TYPE SWITCH 

CHANNEL SWITCH SETTINGS 

NUMBER 
1 2 3 4 5 

0 OFF OFF OFF 

1 OFF OFF ON 

2 OFF ON OFF w I.LI 
a:: a:: 

3 OFF ON ON <( <( 
u u 

4 ON OFF OFF I- t 
5 ON OFF ON z z 

0 0 
Cl Cl 

6 ON ON OFF 

7 ON ON ON 

tJOTE.: OFF = LOGIC 1 ~ ON = LOGIC 0 

Figure . Multilayer Circuit Board Address Data 
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SECTION III 

OPERATION AND PROGRAMMING 

3.1 GENERAL 
This section contains general information about the instructions and list words used for 
communication between the CPU and the BTC, and between the BTC and a device controller. 
Operation of the BTC is dependent upon instructions from the CPU and enabling signals from the 
device controller. Specific information about the 980 computer Automatic Transfer Instructions 
(A Tl) or the 960 computer Activate Direct Access Channel (ADAC) and the list words is given in 
960/980 Computers Direct Memory Access Channel Controller Manual, part number 966312-9702. 

3.2 CHANNEL ADDRESSING 
The BTC may be assigned any channel address from channel 0 through channel 7. Circuitry within 
the BTC uses the assigned channel address to determine when to respond to the A TI or ADAC 
instruction from the computer. The assigned channel is entered into the BTC circuitry as outlined in 
Section II. 

3.3 ATI AND ADAC FORMAT 
Transfer of data and commands between the CPU and the BTC of a peripheral controller are 
initiated by execution of either an ATI or ADAC instruction from the computer. This instruction 
consists of two, 16-bit words as shown in figure 3-1. 

3.3.1 FIRST INSTRUCTION WORD. The first 8 bits are dedicated to the CPU and are not used 
by the peripheral con troll er. Bits 8 through 1 2 are used by the device con troll er. This field usually 
contains command and unit selection information (for daisy-chained devices). However, no action 
will be taken unless bits 13 through 15 contain the correct channel address. For some device 
controllers, such as the magnetic tape controller, a reset or rewind command in this field may cause 
the second instruction word to be ignored. The second instruction word is always sent by the CPU 
and the specific device controller decides whether to accept or ignore it. 

Bits 13 through 15 are the channel address for the peripheral device. When the bits agree with the 
switch-selected or wired address, the BTC generates a one-clock time strobe (A TI 1) which indicates 
to the device controller that the information on data lines 8 through 12 is for this channel. If the 
instruction is received while the device controller is not busy, this instruction word will be stored in 
BTC register file 1 (RF 1) and instruction word 2 will be stored in RF3. If the instruction is received 
while the device con troll er is busy, the two instruction words are not stored in the register file. The 
first instruction word is presented to the device controller during the A TI 1 strobe. The next action 
is dependent upon the device controller. It may, for instance, check to see if a reset function is to 
be performed to abort the present operation. 

3.3.2 SECOND INSTRUCTION WORD. The 16 bits of the second instruction word are the 
starting address location in CPU memory of a 4-word list used for either initialization or for channel 
operations. If the instruction is received when the device controller is not busy, the BTC stores the 
word in RF3. If the instruction is received when the device controller is busy, the word is not stored 
in the register file. 

3.4 INITIALIZATION/CHAIN LIST WORD 
For data transfers, more information is usually required by the device controller than can be 
supplied in the 2-word, A TI or ADAC instruction. Therefore, a 4-word list is used. Figure 3-.:2 
illustrates a typical set of list words and the following paragraphs explain the content of each word. 
The list words may be used for purposes other than described in the following paragraphs. 

3-1 Digital Systems Division 
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ATI OR ADAC WORD 1 

BIT NO. 0 1 2 3 4 5 6 7 8 9 1 0 t 1 12131415 

USED BY CPU I USED BY CH 
DEVICE ADDR 

ATI OR ADAC WORD 2 

BIT NO. 0 1 2 3 4 5 6 7 8 9 1 0 1 t 12131415 

LIST ADDRESS 

(A)t31416 

Figure 3-1. A TI or ADAC Instruction Format 

LIST WORD 1 

Bl T NO. 0 1 2 3 4 5 6 7 8 9 101 1 1 2 1 31 4 1 5 

BIT NO. 

STARTING MEMORY ADDRESS FOR READING 
OR WRITING DATA 

LIST WORD 2 

0 1 23 4 56 7 8 9101112131415 

LIST WORD 3 

BIT NO. 0 1 2 3 4 5 6 7 8 9 1 0 t 1 1 2 131 4 1 5 

LIST WORD 4 

BIT NO. 0 1234567 8 9101112131415 

MEMORY ADDRESS FOR NEW LIST 

(A)131417 

Figure 3-2. List Word Format 

3.4.1 LIST WORD 1. List word 1 contains the starting address in CPU memory that data will 
either be read from or written into. This word is stored in RF2. After the last list word is fetched 
from memory this address information is transferred to the memory address register in the BTC. 
The list word is on the data lines to the device controller during the one clock time list I strobe 
(LISTI). 

3.4.2 LIST WORD 2. List word 2 usually contains a count which is to be decremented by the 
device controller. The count usually specifies the number of words, sectors or bytes to be 
transferred by the device controller. This list word is on the data lines to the device controller 
during the one-clock time, list 2 strobe (LIST2). 
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3.4.3 LIST WORD 3. List word 3 usually contains command, interrupt, chain operation and 
address information for the device controller. This word is applied to the device controller after all 
the list words have been fetched and is on the data lines to the device con troll er during the 
one-clock time, list 3 strobe (LIST3 ). 

3.4.4 LIST WORD 4. List word 4 contains the starting address in CPU memory of another set of 
list words to be used for chained operations. During the initial list acquisition, list word 4 is placed 
in register file 4 (RF4 ). If chaining is selected, list word 4 will be stored in RF3 during the first 
chain list acquisition. In subsequent chain list acquisitions, list word 4 will be stored alternately in 
RF3 and RF4. 

3.5 ST ATVS/INTERRUPTS 
Status information is transferred to the CPU from a peripheral controller through direct memory 
access of the reserved status locations. Two memory locations are reserved for each of the eight 
DMA channels. Status storage may consist of one or two memory accesses depending upon the 
device controller requirements. An interrupt may, or may not, accompany the status storage 
operation. When the device controller requests a status cycle, it must also select whether an 
interrupt is to occur. The capability of the device controller to enable or disable interrupts permits 
interrupts from one peripheral controller to be disabled while the other peripheral controllers 
continue to present interrupts to the CPU. When DMAC interrupts are disabled by the CPU, no 
interrupt requests are acknowledged. Interrupts within the device controller are usually controlled 
by a bit in one of the list words. 

When interrupts are enabled within the device controller, DMAC interrupts are enabled within the 
CPU and a status storage is requested by the device controller, a DMAC interrupt occurs. The 
program being executed by the CPU is interrupted and the active program address register is set to 
92 16 on a Model 960 computer or location 4 16 on a Model 980 computer. Locations 92 16 and 
93 16 on the Model 960 computer and 4 16 and 516 on the Model 980 computer are referred to as 
the DMAC trap locations. These trap locations usually contain a Store Status Block (SSB) 
instruction which stores the status of the CPU the instant before the interrupt was recognized, and 
then transfers program control to the interrupt processing routine. When interrupts are enabled by 
the device controller, the status storage cycle requested by the device controller is not accomplished 
until the accompanying interrupt is recognized. A status storage sequence is explained in the 
following paragraph. 

3.5.1 STATUS STORAGE SEQUENCE. The Status Enable pulse (STATEN-) from the device 
controller initiates the status storage sequence. If the Interrupt Enable signal (INTEN-) is high 
when STATEN- is presented, the BTC will request the next available memory cycle. If INTEN- is 
low when STATEN- is presented, the BTC issues an interrupt request to the CPU. The BTC waits 
for an interrupt recognition from the CPU before proceeding. An Interrupt Recognized 
(INTRECDEV, N-) signal is sent from the CPU when the DMAC interrupt bit in the CPU status 
register is set and an SSB instruction has been executed. Receipt of the interrupt recognition signal 
enables the BTC to proceed by requesting the next available memory cycle. If the interrupt has 
been disabled by the device controller, the BTC proceeds with status storage as soon as STATEN­
is received. If interrupts have been disabled in the CPU, status storage is delayed until the device 
controller interrupt is recognized. 

3.5.2 RESERVED STATUS LOCATIONS. The locations shown m table 3-l are reserved for 
DMAC status storage in both Modei 960 and 980 computers. 

Location 96 16 is reserved for the DMAC expander interrupt status word. This word indicates which 
of the eight expander peripheral controllers have interrupts pending. A logic 1 appears in the bit 
position corresponding to the channels that have registered interrupt requests (e.g., DMAC channel 
number 2 will set bit 2 of location 96 16 ). This word is applicable only to DMA expander interfaces 

3-3 Digital Systems Division 



~-------~ 240802-9701 

and not single controller configurations through the BTC/DMAC adapter card. Only bits 0 through 
7 (corresponding to the eight expander chassis channels) are used, and bi ts 8 through 15 are written 
as zeros when expander status is stored. The channel address switches (or wire jumpers) on each 
BTC card number 1 establish the memory address used for status storage. One or two status words 
may be stored. 

Table 3-1. Reserved Status Locations 

DMAC Channel Location (Hex) 

Expander 96 

0 98, 99 

9A,9B 

2 9C, 9D 

3 9E,9F 

4 AO, Al 

5 A2,A3 

6 A4,A5 

7 A6,A7 

3.6 STATUS WORD 
The BTC stores either one or two status words depending on the device controller. The first status 
word is taken from the device controller data bus (RFOUT) and applied to the CPU. The second 
status word (if used) is taken from either the register file (RF3 or RF4) or the data counter circuit. 
The register file contains the list in progress starting address, and the data counter circuit contains 
the remaining data count. The number of status words and the origin of the second status word is 
directly controlled by the device controller. The store status cycle has memory access priority over 
data transfers within the BTC. 

3.7 PROGRAMMING EXAMPLES 
The following program examples are given to point out general techniques and considerations of 
DMAC programming. The examples include brief descriptions of the tasks being performed. Refer 
to the applicable Assembly Language Programmers Reference Manual for programming details. 

3. 7 .1 MODEL 980 COMPUTER EXAMPLE. The following programming example (figure 3-3) 
writes a 500 character record on magnetic tape unit 1 from reserved memory named BUFFER. 
Following the write, a check is made to determine if the operation is complete. Chaining is not used 
but the magnetic tape unit will issue an interrupt when the write is complete. This sequence implies 
that DMAC interrupts are inhibited and that the progress of the specified operation is being 
followed by monitoring the status register. Typically, when operating with interrupts, the A TI 
would be followed by an idle (IDL) instruction to await completion of the operation. 
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LAE3EL OPER OPERAND COMMENTS 
II 13 17 21 35 40 45 50 55 60 
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PROGRAM PROGRAMMED BY CHARGE PAGE 
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Figure 3-3. Model 980 Computer Programming Example 
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3. 7 .2 MODEL 960 COMPUTER EXAMPLE. The programming example in figure 3-4 reads a 500 
character record from magnetic tape unit 1 and stores the data in memory starting at location 
BUFFER. Following the read, a check is made to determine whether the operation is completed 
without error. Chaining is not selected. The program assumes that DMAC interrupts are enabled by 
the CPU and that the data and procedure registers were previously initialized. 
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Figure 3-4. Model 960 Computer Programming Example (Sheet I of 2) 
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Figure 3-4. Model 960 Computer Programming Example (Sheet 2 of 2) 
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SECTION IV 

THEORY OF OPERATION 

4.1 GENERAL 
This section contains detailed interface data and theory of operation information. 

4.2 INTERFACE SIGNALS 
The BTC interfaces with the OMA port of either a 960 or 980 computer and with one of four 
peripheral devices. Interface signals at these interfaces are shown in figure 4-1 and summarized in 
the following tables. Additional data about these interface signals between the BTC and the 
device controller is given in the paragraphs following the tables to assist in interfacing a BTC 
with a device controller other than the four standard controllers. Additional data about the 
signals between the CPU and BTC is given in Model 960/980 Computers Direct Memory Access 
Channel Manual, part number 966312-9701. 

4.3 INTERFACE SIGNAL TABLES 
Tables 4-1 through 4-4 provide a brief description of the interface signals shown in figure 4-1. 
The circuit board that receives an input or is the source of an output signal is given in the 
Input/Source column. 

4.4 BTC TO DEVICE CONTROLLER SIGNALS 
The following signals are generated by the BTC for use by a device controller: 

ATil. This signal is a one clock time signal generated from the A TI or ADAC 
word 1 strobe (DEVATil-). This pulse is generated when an ATI or 
ADAC command is addressing the selected device address. 
MRD(08-l 2)/Q contains the device field of instruction word 1 during 
this pulse. Word 1 data will be stored in RF2. 

ATI2. This signal is a one clock time signal generated from the A TI or ADAC 
instruction word 2 strobe (DEVA TI2-). This signal is generated only if 
the A TI or ADAC command is received while the device controller is 
not busy (BUSY - ). The RFOUT lines contain word 2 data during this 
pulse. Word 2 data is stored in RF3. 

MRD(08-l 2)/Q. These signals are the memory read data register output bits 8 through 
12. The MRD register is loaded with every A Tl, ADAC or data available 
pulse generated by the CPU; therefore, these bits should be decoded for 
the instruction word 1 device field only during the ATI 1 pulse. The 
BTC MRD register outputs, MRD(08-l 2)/Q, must be sampled by the 
device controller at either the trailing edge of the A TI 1 pulse or at 
system clock "true" in order to assure stability of the MRD data. 

LIST,N(N=l ,2,3 or 4 ). One clock time signals that indicate list word N is on the RFOUT lines. 

R FOUT .N-< N=00-1 5 ). These signals represent a bi-directional data bus. The device controller 
receives and sends all data by these lines. The device controller can 
place data or a status word on this bus only when READY is true. RF 1 
will be on the bus unless some other register file has been selected or 
unless READY is true. The signals on these lines are inverted logic. 
Signal sources must be open collector. 

4-1 Digital Systems Division 



~~--2-40_8_0_2-_9_10_1 ____________________ ~---------------------------

AGDE\/. (0-7 )- - ATI 1 --- -
CLOCK- - ATl2 -- -DAT AV- - RFOUT(oo-1 5)- -- -DEVATI 1 - LIST1 -- -
DEVATI 2 - LIST2 -- _, 
DEVMRD(00-16) _ LIST3 -- _, 
IRECOG, (o-7)- - LIST4 --- -
PARE RR- - MRDos-1 2/Q -- -RESET- - MREST -- -

PARER -960 _, 
OR BLOCK 

READY 980 TRANSFER - DEVICE COMPttTER CONTROLLER - CONTROLLER OMA SC LOCK 
PORT --STATBUSY --ZEROS --ZER016 --

MCOMP --
_ACK--
_BTCLR--_susv--l.-COUNT -
i.-DECOUNT--
.._DEVREAD -i.- AR DEV, ( 0-7)- .._ INTEN-- -

t- DEVADD, ( 00-1 5) ~LISTEN-- -
i.- DEVFETCH- _MEMEM-- -1.- DEVMWD '(oo- t 6) _RF4EN 
~ -
1.- DEVSTORE- i.-STATEN-- -
'- INTDEV, (0-7 )- _ TWOSC - -

(A)131420 

Figure 4-1. BTC Interface Signals 
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Signal Name 

AGDEV,N-

CLOCK-

DAT AV-

DEVATil 

DEVATI2 

DEVMRD (00-16) 

INCOG,N-

PARERR-

RESET-

Signal Name 

ARDEV,N-

DEV ADD (00-15) 

DEVFETCH-

DEVMWD (00-16) 

DEVSTORE-

T'':Tnt:u l\T 
ll"IJ.LILY,1-,-

Table 4-1. CPU to BTC Signals 

Input/Source 

Board No. Pins 

3 5-12 

8 

9 

15 

16 

17-33 

3 41-48 

47 

48 

Description 

In di ca tes that CPU has granted access to device N. 
(N = 0 through 7) 

CPU clock signals: 
960 = 3 MHz 
960A, 960B } 
980, 980A, 980B = 4 MHz 

Indicates solid data on DEVMRD (00-15) lines 

Indicates that data on DEVMRD (00-15) lines is 
a valid first A TI or ADAC word 

Indicates that data on DEVMRD (00-15) lines is 
a valid second A TI or ADAC word 

Data lines to BTC 

Indicates that CPU has recognized the interrupt 
from device N. (N = 0 through 7) 

Indicates a parity error in the data from the CPU. 

Signal to reset the BTC. 

Table 4-2. BTC to CPU Signals 

Input/Source 

Board No. Pins 

3 14-21 

':? 7- 22 .J 

2 25 

2 26-42 

2 44 

3 32 39 

4-3 

Description 

Indicates that device N is requesting access to 
CPU memory. (N = 0 through 7) 

Address lines to the CPU. 

Command to initiate a fetch cycle. 

Data lines to the CPU. Bit 16 is parity bit. 

Command to initiate a store cycle. 

Indicates that device :\' is requec,ting :in interrupt 
of the program being executed. { ~ :::: 0 through 
7). 

Digital Systems Division 



~-------~ 240802-9701 

Signal Name 

ATII 

ATI2 

RFOUT (00-15) 

LIST, N 

MRD08-12/Q 

MREST 

PARER 

READY 

SC LOCK 

STATBUSY 

ZER08 

ZER016 

Signal Name 

ACK-

BTCLR 

BUSY-

COF~T 

DECOUNT-

Table 4-3. BTC to Device Controller Signals 

Input/Source 

Board No. Pins 

4 

5 

50-65 

3 52-55 

41-45 

76 

46 

3 60 

69 

3 70 

2 74 

2 73 

Description 

Indicates that device controller is being 
addressed. 

Indicates that A TI or ADAC word 2 is stored 
in BTC. 

Bi-directional data bus. 

Indicates that list word N is on the RFOUT lines. 
(N = I , 2, 3 or 4) 

Data lines to apply ATI or ADAC word 1 data to 
the device controller. 

Reset signal. 

Indicates a parity error in the data or the RF 
OUT lines. 

Indicates origin of next data word. 

CPU clock to device controller (Ref. CLOCK-, 
table 4-1) 

Indicates that BTC has CPU memory access. 

Indicates that low order 8 bits of data counter 
equal zero. 

Indicates that all 16 bits of data counter equal 
zero. 

Table 4-4. Device Controller to BTC Signals 

Input/Source 

Board No. Pins 

3 3 

6 

7 

5 

3 26 

4-4 

Description 

Indicates that data is ready for the BTC or 
accepted from the BTC. 

Signal to clear all BTC controllers and flip flops. 

Indicates that device controller is busy. 

Determines data for second status word. 

Decrements data counter in BTC. 
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Signal Name 

DEVREAD 

INTEN-

LISTEN-

MEMEN-

RF4EN 

STATEN-

TWO SC 

READY. 

PARER. 

STATBUSY. 

Table 4-4. Device Controller to BTC Signals (Continued) 

Input/Source 

Board No. Pins Description 

3 

3 

3 

3 

3 

3 

3 

30 Indicates whether device controller is reJJing or 
writing. 

40 Indicates that interrupt is enabled. 

51 Starts list subcontroller in BTC. 

58 Initializes data control flip flop and starts data 
subcontrollers in BTC. 

65 Indicates the register file containing list starting 
address. 

71 Initiates status subcontroller in BTC. 

73 Indicates number of status cycles for the status 
subcontroller. 

This signal indicates that either the device controller shall place the next 
data word or the first status word on the RFOUT lines, or that the 
BTC is ready to put the next write data word on the RFOUT lines. If 
STATBUSY and READY are true, the device controller places the first 
status word on the RFOUT lines. READY will be true for over four 
clock times. 

If READY is true, STATBUSY false, and DEVREAD from the device 
controller true, the device controller places the next data word on the 
RFOUT lines. READY will be true for one clock time. 

If READY is true, STATBUSY false, and DEVREAD false, the next 
data is ready to be placed on the RFOUT. The data word is placed on 
the RFOUT lines when ACK- from the device controller is true. 
READY will be true as long as there are data words in the register file. 
The device controller can place data on the RFOUT lines only when 
READY is true. 

This signal indicates that the data transfer between the BTC and the 
CPU did not have correct parity. The action to be taken about this 
signal is left to the device controller. PARER will remain true until the 
next status cycle or BTCLR. 

This signal indicates that the status subcontroller in the BTC has access 
granted from the CPU for storing the status word or words into 
memory and has interrupt recognized if interrupts are enabled. This 
signal will remain true until the status word or words have been stored. 
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MCOMP. 

ZER08,ZER016. 

MREST. 

SC LOCK. 

This one clock time signal indicates that a memory cycle has been 
completed by the BTC. 

These signals indicate that the low order 8 bits of the data counter 
(ZEROS) or all 16 bits of the data counter (ZERO 16) are equal to 
zero. The signals come true during the decrement pulse (DECOUNT-) 
and remain true until the next list initiation (LISTEN-). 

This signal indicates that the CPU master reset switch or the power 
clear has been actuated. This signal may have a maximum of 10 
standard TTL H or N series loads. 

This signal is the CPU system clock. The early 960 computer has a 
3 MHz dock rate. 960/980 A and B models have a 4 MHz clock rate. 
The BTC uses the clock signals generated by the device controller 
without buffering. Therefore, the device controller must use clocks with 
the same delays as those used by the BTC. This signal is capable of 
supporting a maximum of 10 standard TTL H or N series loads. 

4.5 DEVICE CONTROLLER TO BTC SIGNALS 
The following signals are generated by the device controller for BTC control and data inputs. All 
signal sources are open collector and synchronized with SCLOCK. 

LISTEN-. 

RF4EN. 

MEMEN-. 

DEVREAD. 

ACK-. 

This one clock time signal starts the list subcontroller in the BTC. The 
list subcontroller will fetch four list words. There are some restrictions 
on the use of this signal while storing status. Refer to the STATEN­
signal description. 

This signal indicates which register file contains the starting list address. 
When true (high), the address is in RF4. When false (low), the address is 
in RF3. This signal must be set with or before LISTEN- and not be 
changed until the next list enable pulse. The A TI or ADAC word 2 is 
always put into RF3. Therefore, before the LISTEN- signal is given 
(after the A TI or ADAC command), RF 4EN must be reset or in the 
false state. This signal is also used by the status subcontroller to 
designate the register file containing the current list starting address. 

This one clock time signal starts the data subcontrollers. Once activated, 
the subcontrollers continue fetching or storing to, or from, sequential 
memory locations until the next LISTEN- signal is received. MEMEN­
is used to initialize the data control flip flop. Therefore, it should be 
sent only once for each list. 

This signal indicates whether the device controller is reading or writing 
data. When true, the device is reading data. When false, the device is 
writing data. DEVREAD must be set with or before MEMEN- and stay 
set until the next LIST3 pulse. 

This signal indicates that data is ready to be transferred to the register 
file in device read mode (DEVREAD true) or that data has been taken 
from the data bus (RFOUT lines) in the device write mode (DEVREAD 
false). In the device read mode, this signal remains true until the 
READY signal is received. In the device write mode, this signal is a one 
clock time signal and can be set only if READY is true. 
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DECOUNT-. 

STATEN-. 

INTEN-. 

TWO SC. 

COUNT. 

BUSY-. 

BTCLR-. 

This one clock time signal decrements the data counter in the BTC by 
one. The signal shall not come true while STATBUSY is true if the data 
counter is to be stored as the second status word. 

This one clock time signal starts the status subcontroller. One or two 
status words are stored, depending on the logic level of TWOSC. The 
following restrictions must be observed when genera ting ST A TEN- and 
LISTEN-. 

1. Do not initiate STATEN- and LISTEN- at the same time. 

2. If LISTEN- has been issued, do not issue ST A TEN- until all list 
words have been fetched (LIST4). 

This signal indicates that the interrupt is enabled and is usually 
controlled by a list word bit assignment. INTEN- must be true before 
and during STATEN- if an interrupt is to accompany status storage. 

This signal indicates two status cycles. TWOSC, when true, indicates 
that two status words are to be stored. TWOSC, when false, indicates 
one status word is to be stored. This signal must stay set as long as 
ST ATBUSY is true. 

This signal, when true, indicates that the data counter data will be 
stored as the second status word. When false, this signal indicates that 
the starting list address will be stored as the second status word. 
COUNT false and RF4EN true indicate that RF4 data will be stored as 
the second status word. COUNT false and RF4EN false indicate that 
RF3 data will be stored as the second status word. COUNT must stay 
set as long as ST A TBUSY is true. 

This signal indicates that the device subcontroller is busy. It is used to 
inhibit storing A TI 1 and A TI2 instructions in the register file and also 
inhibits generation of the A TI2 strobe. 

This signal resets all active subcontrollers and flip-flops in the BTC. It is 
ORed with MREST in the BTC; therefore, it has the same effect as 
pushing the reset pushbutton. This signal may cause data parity errors if 
sent while the BTC is addressing the CPU memory. 

4.6 THEORY OF OPERATION 
Figure 4-2 is a detailed block diagram of the BTC. Refer to this diagram and the referenced 
figures within the subcontroller descriptions to aid in understanding the operation of the BTC. 

4.7 INITIALIZATION SUBCONTROLLER 
The initialization subcontroller monitors the ATI or the ADAC instruction from the CPU. When 
executing the A TI or ADAC instruction, the CPU sends out two strobe signals (DEV A TI 1 and 
DEDA Tl2), one for each word. With each strobe the DEVMRD bus Jata is dockeJ into the 
MRD register. Each strobe is also latched in the control section. When the first strobe is latched, 
the next system clock (CLOCK-) advances the subcontrollers to state I (INI /Q). A TI timing is 
shown in figure 4-3. Figure 4-4 is a flowchart of the initialization subcontroller. 
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In state 1, MRD bits 13 through 15 are compared with the address assigned to the controller. If 
a comparison is found, an A TI 1 signal is sent to the device controller. If a comparison is found 
and the BUSY - signal is high, the subcontroller returns to state 0. Any action to be taken is up 
to the device controller. If a comparison is found and the BUSY- signal is low, MRD is clocked 
into RFl and the subcontroller advances to state 2 (IN2/Q). 

The subcontroller waits in state 2 until DEV A TI2 strobe is latched and then advances to state 3 
(IN3/Q). In state 3, MRD register data is transferred to RF3 and the subcontroller advances to 
state 4 (IN4/Q). In state 4, RF3 is selected to the RFOUT data bus, an ATI2 signal is sent to the 
device controller to transfer the data to the controller, and the subcontroller returns to state 0. 

4.8 LIST SUBCONTROLLER 
The list subcontroller is activated and advanced to state 1 by the list enable (LISTEN-) signal 
from the device controller. List acquisition timing is shown in figure 4-5. Figure 4-6 is the 
flowchart for the list subcontroller. -

In state 1 (LCl/Q), a check for the three following conditions is made: 

1. A memory cycle is not in progress (MCIP-), and one is not about to start. The signal 
MCIP- indicates that memory cycle request AR/Q is not set and is not imminent due 
to a status subcontroller state (STATBUSY or SC3/Q). 

2. If DEVREAD is false, the memory data subcontroller is not about to start a memory 
cycle request due to MD2/Q or MD2/D. 

3. If DEVREAD is true, all data transferred to the BTC from the previous list acquisition 
has been stored in the CPU memory. This is indicated by the buff er empty 
(BUFRMTY -) signal. 

When these conditions are met, the subcontroller advances to state 2 on the next system clock. 
As the subcontroller advances to state 2, AR/Q is set, the memory data and device data 
subcontrollers are set to their state 0, and the register file flip-flops RF 1 /Q and RF2/Q are reset. 
The signal AR/Q causes the memory access request AR,N- signal to be sent to the CPU memory 
controller. 

In state 2 (LC2/Q), the list starting address is loaded into the address register and the 
subcontroller is advanced to state 3. If register file 4 enable (RF4EN) is high, the list starting 
address is loaded in RF4. If RF4EN is low, it is loaded in RF3. Also, in state 2 the list counter 
is set to logic 1 (LCNTl ). 

The list counter is a 4-bit shift register that is loaded with logic 1 in the low order bit position in 
state 2 and shifted each time the subcontroller is in state 4. 

The subcontroller waits in state 3 (LC3/Q) until the data available latch (DATAVL) is set by the 
DA TA V- signal from the CPU memory controller. When memory is available, the CPU memory 
controller sends access granted (AGDEV,N-) in response to the ARDEV,N-- sent to it when the 
subcontroller was advancing to state 2. The symbol, N, denotes one of the BTC channel 
aJJresses, 0 through 7. Access granted initiates the memory subcontroller which starts fetching 
the four list words. The first DATA VL indicates that list word 1 is in the MRD register. 

In state 3, list word 1 is transferred from the MRD register to RF2. The next system clock steps 
the subcontroller to state 4. 
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In state 4 (LC4/Q), RF2 is selected to the RFOUT lines and the LISTI signal is sent to the 
device controller. On the next system clock, the list counter is shifted one time and the 
subcontroller returns to state 3 to wait for the next DA TA VL. The subcontroller continues 
alternating between state 3 and state 4 transferring the list words to the register file in state 3 
and sending the LIST signals to the device controller in state 4. 

The second list word is the data count. The data count is transferred to the data counter in 
state 4 when LCNT2 is high. To make it easier to decode data counter zero (ZEROS or 
ZEROI 6), the data counter is initialized with a two's complement number by loading a one's 
complement number and then incrementing once. Data counter incrementing is accomplished in 
state 4 when LCNT3 is high. With the data counter loaded with a two's complement number and 
incremented with each decrement counter (DECOUNT-) pulse from the device controller, the 
carry out of the counter indicates data counter zero. 

When in state 3 with LCNT4 high, the data starting address (first list word), which was 
transferred to RF2, is now transferred to the address register (ADDR). The fourth list word, 
which is the chain address, is transferred from the MRD register to either RF3 or RF4 depending 
on the logic level of RF4EN. 

When the subcontroller is in state 4 and LCNT4 is high, the next clock pulse returns the 
subcontroller to state 0. 

In summary, a list acquisition places list word 1 in the BTC memory address register, list word 2 
in the data counter register (in two's complement form), and list word 4 into register file 
location 3 or 4. List word 3 is not used by the BTC controller. All list words are presented to 
the device interface. When a list word is on the device interface bi-directional bus, a signal (LIST 
N, where N=l to 4) is sent to indicate that list word N is available. During initialization list 
acquisition, register file four should receive the chain address, list word four. Thereafter, the 
chain list acquisitions should alternately place the chain address in register files three and four. 
The destination is controlled by the device controller signal RF4EN which points to the starting 
data address. Note it is necessary for the BTC to maintain the present list address and next list 
address. 

4.9 MEMORY SUBCONTROLLER 
Memory requests in the BTC are initiated by the individual subcontrollers. The subcontroller 
requiring memory sets the memory access·-request flip-flop which causes signal AR,N- to be sent 
to the CPU memory controller. When memory is available, the CPU sends access granted 
(AGDEV,N-) which activates the memory subcontroller. The memory subcontroller manages 
data flow between the CPU memory and the BTC. The memory subcontroller is divided into 
three sections as follows: 

Memory read-States 1, 2 and 3 

Memory write-States 4 and 5 

Status-States 6, 7 and 3 

The memory controller flowchart is presented in figure 4-7. 
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4.9.1 MEMORY READ-DATA AND LIST WORDS. Memory read (MEMREAD) is high if the 
list subcontroller is active, or if the device read (DEVREAD) signal is low and status busy 
(STATBUSY) is low. The device address lines (DEVADD) are enabled to the CPU memory 
controller as soon as AGDEV,N- is low. They stay enabled through the next two complete 
clock cycles. The DEVADD lines can be fed either address register data (ADDR) or status 
address data by use of the status address enable (STADDEN-) signal. 

When AGDEV,N- is high, STATBUSY low, and MEMREAD high, the memory subcontroller 
advances to state l (MCl/Q). In state 1, the fetch pulse (DEVFETCH-) is sent to the CPU 
memory controller and the subcontroller advances to state 2 (MC2/Q). Also in state 1, AR,N- is 
reset if the memory cycle was for fetching data, or if it is the fourth memory cycle during a list 
acquisition. 

During list acquisition, memory is not released until all four list words have been accessed. In 
state 2, the address register is incremented and a memory complete (MCOMP) signal is sent to 
the device controller. There is only one data available line coming from the CPU memory 
controller. The BTC must select the DATA V pulses that are for fetch cycles it initiated. The 
data available flip-flop (DATAVEN) is set in state 2 and is used to enable the data available latch 
(DATA VL). DATA VL resets DATA VEN. The subcontroller advances through state 3 (MC3/Q) to 
state 0. State 3 provides a I-microsecond delay between consecutive fetch pulses. 

4.9.2 MEMORY WRITE-DATA. When AGDEV,N- is high, STATBUSY low, and MEMREAD 
low, the subcontroller will be storing data and will advance to state 4. The device address lines 
(DEV ADD) and the device data lines (DEVMWD) are enabled to the CPU when memory access 
is granted. In state 4 (MC4/Q), the store pulse (DEVSTORE-) is sent to the CPU memory 
controller and AR/Q is reset. The data to be stored is in either RFl or RF2. The state of the 
register file control flip-flop (DRFl /Q) indicates which register file the data is stored in. If 
DRFl/Q is high, data is in RFl. If DRFl/Q is low, data is in RF2. The appropriate register file 
is selected to the RFOUT lines. The register file flip-flop (RF 1 /Q or RF2/Q) is reset when data 
is taken out of that register file and the subcontroller advances to state 5. 

The register file flip-flops (RFl/Q and RF2/Q) outputs are used by the data subcontrollers 
(memory and device) to indicate where the next data word is to be stored or read from, and 
whether or not the register file is empty or full. In state 5 (MCS/Q), the address register is 
incremented, the DRF 1 /Q flip-flop toggled, and the subcontroller returns to state 0. 

4.9.3 MEMORY WRITE STATUS. When AG is high, and STATBUSY high, the subcontroller 
will be storing status and will advance to state 6 (MC6/Q). When storing status, there may be one 
or two words to be stored as indicated by the two store cycles (TWOSC) signal from the device 
controller. The second word will be either the remaining data count in the data counter circuit 
or the starting address of the list that was being executed when the store status was requested. 
The count signal from the device controller selects the source of the second status word. The list 
address can be in either RF3 or RF4; RF4EN high indicates it is in RF4, and RF4EN low 
indicates it is in RF3. The second status word is being stored when status controller state 5 
(SCS/Q) is high. 

The first status word always comes from the device controller. The device controller puts this 
word on the RFOUT lmes when STATBUSY and READY are both high. The first status word is 
not stored in the register file but goes directly to the DEVMWD lines. When two status words 
are to be stored (TWOSC) and the remaining data count is to be selected as the second status 
word (COUNT), then the data counter output (DCOUT) is gated onto the memory data input 
(DEVMWD) lines. 
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4.10 MEMORY DATA SUBCONTROLLER 
The memory data subcontroller uses register file locations 1 and 2 as a 2-word buffer for data 
being transferred to or from memory. The memory data subcontroller starts a mernory cycle 
(sets AR/Q) when the device is writing data and the register file is not full or if the device is 
reading data and the register file has data in it. AR/Q cannot be set if there is a memory cycle in 
progress. Figure 4-8 is a flowchart of the memory data subcontroller. 

The register file that data will be stored in depends on the states of the DRF 1 /Q, RF 1 /Q and 
RF2/Q flip-flops. Table 4-5 illustrates the file that data will be stored in. Note that control 
flip-flop DRFl /Q is set to the true state when the memory data subcontroller enters the state 
MDI /Q. Subsequent control of the DRF l /Q flip-flop, until the next list is acquired, will be 
steered by the device data subcontroller. DRF l /Q will indicate to the device data subcontroller 
which register file location contains the next word to be written by the device, or the register 
file destination of the data read by the device. 

Table 4-5. Register File Storage 

Signal State 

DRFl/Q RFl/Q RF2/Q Storage File Access File 

H L x RFl RFl 

H H x RF2 RFl 

L x H RFl RF2 

L x L RF2 RF2 

Note: X = don't care 

When the device is reading data and the BTC is transferring data to memory, the memory data 
subcontroller requests a memory cycle each time the register file buffer contains data 
[BUFRMTY (low), buffer empty false]. The memory data subcontroller selects the appropriate 
register file location for data to be transferred to memory. The device data subcontroller selects 
the appropriate register file location as destination for device data. 

If the device is writing data, as soon as the memory enable (MEMEN-) signal is received from 
the device controller. the subcontroller issues requests for two words to fill the buffer (register 
file locations 1 and 2). After the buffer is full, the subcontroller initiates a memory cycle request 
every time a word is taken by the device controller. When the device is writing data, READY 
stays set as long as the buff er is not empty or status busy is not high. 

If the BTC is fetching data from memory, the subcontroller advances to state 2 when AR/Q is 
set and waits for the DAT A VL signal from the memory subcontroller; When DAT ALL is high, 
the data in the MRD register will be stored in RF 1 or RF2. 

4-11. DEVICE DATA SUBCONTROLLER 
The device data subcontroller is the data interface with the device controller. Figure 4-9 is a 
flowchart for the device data subcontroller. The device data subcontroller supplies data when the 
device is writing and takes data when the device is reading. The MEMEN- signal enables the 
subcontroller and advances it to state 1 (DD l /Q). It will remain in state 1 until the next list 
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actuation (LC2/D + A TI2), and BTC clear (BTCLR-), or a reset (RESET-) occurs and then it 
will return to state 0. As the subcontroller advances, the register file 1 control flip-flop 
(DRFI/Q) is set. This flip-flop controls which register file (RFl or RF2) the next data word will 
be taken from. Register file locations I and 2 have associated flip-flops (RF I /Q or RF2/Q) that 
are set when that register file contains a data word. DRF I /Q is toggled each time a word is 
taken from either RF I or RF2. The device data subcontroller toggles DRFI /Q when the device 
is writing data; the memory subcontroller toggles DRF 1 /Q when the device is reading data. 

When the device is writing data, DEVREAD is low. The memory data subcontroller sends the 
READY signal to the device controller when write data is available in the register file buffer. The 
device controller responds with the signal ACK- when it is ready to receive the data on the 
RFOUT bus. The device data subcontroller waits for the data request signal ACK-. The ACK­
signal is low for one clock time. With these signal conditions set, DRF I /Q is checked for its 
state. If DRFl/Q is set, RFI is selected to the RFOUT lines and RFI/Q is reset. If DRFI/Q is 
not set, RF2 is selected to the RFOUT lines and RF2/Q is reset. RF I and RF2 are loaded and 
their flip-flops are set by the memory data subcontroller. 

When the device is reading data, the ACK- signal remains high until the READY signal is sent to 
the device and the subcontroller advances to state 2, if the status subcontroller is not activated 
and the register file is not full. The register file full (BUFRFULL) signal is generated when both 
RFI and RF2 contain data. 

In state 2 (MC2/Q), data is clocked into RFI or RF2 according to the signal levels on the 
DRFI /Q, RFI /Q, and RF2/Q signal lines. Table 4-5 illustrates the file that data is stored in for 
the specific states of DRFI/Q, RFl/Q, and RF2/Q. 

4-12. STATUS SUBCONTROLLER 
The status subcontroller is activated by the status enable (ST A TEN-) signal from the device 
controller. Figure 4-10 is a flowchart of the status subcontroller. If interrupt enable (INTEN-) is 
low, the subcontroller advances to state 2 (SC2/Q) with the next system clock. If INTEN- is 
high, it advances to state 3 (SC3/Q). 

In state 2, the interrupt device (INTDEV,N-) signal for the selected channel (N = 0-7) to the 
CPU is enabled. The subcontroller remains in state 2 and INTDEV,N- remains low until 
interrupt recognized (IRECOG-) for the requesting channel is received from the CPU. IRECOG,N­
and system clock advance the subcontroller to state 3. 

In state 3, the subcontroller sets AR/Q if it is not already set and if ACK- is not high. AR/Q 
set means that some other subcontroller is using memory. ACK- low means that the device 
controller has data to transfer to or from the RFOUT bus. The access granted (AGDEV-) signal 
from the CPU activates the memory subcontroller. The memory subcontroller stores the status 
words. 

In state 4 (SC4/Q) the subcontroller waits for a memory complete (MCOMP) signal from the 
memory subcontroller. If the two status cycles (TWOSC) signal is high, the data counter is 
decremented, and the subcontroller advances to state 5. If TWOSC is low, the data counter is 
not decremented, and the subcontroller returns to state 0. Status cycle busy (ST ATBUSY) will 
be high as long as the su bean troll er is in state 4 or 5. 

The data counter was loaded with a two's complement number. Therefore, when storing the data 
counter as the second status word, it must first be decremented and then inverted to store the 
correct count. At the end of the second status cycle, the data counter is incremented to get the 
counter back to a two's complement number. In state 5 (SCS/Q), the subcontroller waits for 
state 7 of the memory controller (MC7 /Q), increments the data counter, and returns to state 0. 
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SECTION V 

MAINTENANCE 

5.1 GENERAL 
This section contains maintenance information for circuit board isolation and replacement. 
Preventive maintenance is not required for the block transfer controller circuit boards. 

5.2 FAULT ISOLATION 
Fault isolation in any direct memory access system is complicated by the number of interfaces 
involved. A general list of the potential problem areas is given in table 5-1. 

System Area 

CPU 

Internal Expansion 

External Expansion 

Peripherial Device 

Table 5-1. Potential Problem Areas 

Possible Component 

1. AU circuit board. 
2. Memory controller circuit board. 
3. DMAC interface circuit board. 

1. Cable-DMAC interface circuit board to 
BTC/DMAP adapter circuit board. 

2. BTC/DMAP adapter board. 
3. BTC circuit boards (3). 
4. Device controller boards. 

1. Cable-DMAC interface circuit board to 
expander circuit boards. 

2. Expander circuit boards (4). 
3. Expansion chassis power source and internal 

power supplies. 
4. BTC circuit boards. 
5. Device controller circuit boards. 

1. Device controller circuit board to peripherial 
cable. 

2. Peripherial device power source and internal 
power supplies. 

3. Daisy-chain cabling to additional devices. 
4. Cable terminators (if required)o 

Review the following suggestions to help isolate the cause of a system failure. 

1. Visually inspect the system for the following conditions: 

a. l~1C pov;er available and pov;er S\vitches turned on. 

b. Circuit boards oriented correctly and in correct locations (refer to Section II 
Installation). 

c. Peripheral devices are powered correctly and on line. 
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d. All connecting cables in place and secure. 

e. Line terminators installed in peripherals (if required). 

2. Check the channel address on BTC No. l circuit card and ensure that it agrees with the 
requirements of the software being executed. Ensure that no other BTC No. l circuit card 
has the same channel address. 

3. Perform the device performance demonstration test (PDT). PDT kits are provided with 
each OMA peripheral. The kit includes object code in the appropriate media, and 
operating instructions which include the source listings and flowcharts. Again, ensure that 
the channel address on BTC No. 1 circuit card is the address required by the PDT, and 
that following testing, it is returned to the address required by the system software. 

4. If the PDT fails to execute properly, check for a device failure. The peripheral is the most 
likely failure due to its mechanical nature. Test the device offline, if possible. Inspect and 
clean read or write mechanisms where applicable. 

5. Perform the PDTs of other devices in the system to verify that the CPU to DMA interface 
is operating correctly. 

6. Exchange the block transfer controller circuit cards of the failed device with the block 
transfer controller circuit cards of a device that is operating properly. Ensure that the 
channel address is changed when interchanging boards. The circuitry on the individual 
circuit cards is as follows: 

Board N 3Ille 

BTC No. 1 

BTC No. 2 

BTC No. 3 

Circuits on Board 

Initialization subcontroller, Memory 
read data, and Register files. 

Memory subcon troller, Data subcon troller, 
Address register, and Memory write data. 

Device data subcontroller, Memory data 
subcontroller, List subcontroller, and 
Status subcontroller. 

7. Verify that the CPU is functioning properly by performing the CPU Performance 
Assurance Tests contained in the documen ta ti on kit. 

8. Remove all other device controllers and their associated block transfer controller circuit 
cards to eliminate any possible interaction between the failing controller and the other 
controllers in the system. Perform the PDT for the device associated with the failing 
controller. 
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SECTION VI 

PARTS LIST 

6.1 GENERAL 
This section contains assembly drawings and parts lists for the block transfer con troll er circuit 
boards. The block transfer controller is implemented on both multilayer anJ wire wrap circuit 
boards. The drawings for both types of circuit boards are included in this section. 

Name 

BTC No. I Assembly Drawing (Multilayer) 
BTC No. 2 Assembly Drawing (Multilayer) 
BTC No. 3 Assembly Drawing (Multilayer) 

BTC No. 1 Assembly Drawing (Wire Wrap) 
BTC No. 2 Assembly Drawing (Wire Wrap) 
BTC No. 3 Assembly Drawing (Wire Wrap) 

6-1/6-2 

Drawing Number 

966466 
966464 
966462 

240656 
240658 
240660 

Page 

6-3 
6-7 
6-11 

6-15 
6-19 
6-23 
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• ~ n .,. 

- "" ... 
'•-

t 

3 

NOTES: 

2 l 
Z.CJ#-llE ... ,.._.i OCS.::A·,_.~ ! ;:)Af"W ~ 

hl_i74'..:::'-3~.:J; _-_,,__.__ :,,.;.~OJ ;. -, -~ "-"""-~ 

ACDE~l).=-.:-V"'.:2!T·?.L.7?. I T 
5, --__ ,:- ~ --~ ·:.1_.,,i.,.-:_:/p£, ,L..;-;..-

r ~ 1 3~6oo3ro> "-"'•-'-'• ,. 11-n l ., J:::::.-:.L 
~G IJ /11tA'>TEll Fill OElK TO DrAG~AH LOUIC 

h TITU .WAS "BTC 3" 
ilDOC!> DIA<itf.f/tl J.IJ(,/C T4 /:/EV lO'El BLOCK 

~ -39~ ~ ~8 /C-, C.·. :::.-...- ,,-, ; ~-/,171, -"VC£u I" I ~<!.1-7-f ~ 
/TE/n ZZ- rz. vPf:,hT(; Re/ CEV 8CC:- '} --->.. 

D .J';:)c'.f"].:;,.:JJ -P/J---. ol/r:.;-ATEO ;<EY ·j_jJl!_r ,Jrr-~ 
;-,a_ 8".J2.{I( 

~ 3fl375C.<CJ6.,f).._-;t!...tm~C.ATED L~nr I~ 
RE'I LEVEL 8LOCJ< 

F .:v..:937B9 t;)J~ t/J UPDATED Ji!/S'./l5 ', L~, 
REV LEVEL !.HP~ 

I. MAXIMUM COMPONENT WEIGHT FROM 
CCMF'ONCNT 51DE OF eDARD IS ,31 

Z. MAJCIMUM LEAD LFNGTH FROM 
CONDVC.TOR .SIDE. OF BOARD IS .O'Z5 

3. TO PREVENT SOLDCR FROM WICKllVG DOWN 
CONNECTOR ~INGERS, WH£N SOLOER11116, 
MASIC ALL C.O<"..;NECTOR F'lf-KiERS ON BOTH 
SIDE'S DF lJOARD 

~- cur~+ PW B 1WIJ INLATE rR()M ETCH.ADD 1N£ 
FQL.L.IJWIA/C Wl~U III 1'1' !EM U: 

rKOM: TO: 
~~-8 Ul-9 
US-1'1 lH-10 
~-#1-8 lll-1 

l -ll l l J,,.. .. 1 COCCI 
L QTY ... ..., l "'° ec>o• 

! 
.l 

1 

8TC 3, Prv8 A SS Y 
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~~TEXAS INSTRUMENTS 
INCORPORATED -

F~ 
I oo 

I 
00 

,':![ 

01 

02 

co 

00 

co 

co 

co 

co 

co 

00 

co 

co 

co 

co 

co 

00 

cc 
00 

co 

02A 

021! 

03 

OlA 

04 

00 

05 

05A 

06 

cu 

C1 

cu 

ca 

cu 
09 

C'lA 

10 

1.P-.. 

Ot•~,lilY .~ owo 

t-oto~t'ooo 
kll 

EA 

00010.oco EA 

:J0004.000 EA 

00005.000 EA 

OOOC4.COO EA 

00006.000 EA 

00002.000 EA 

00001t.OOO EA 

00001.000 EA 

00001.000 EA 

.. " 

DATE QCj/ltllh 
UST °' MATERIAL 

rAGf 1 of ~--1 .. jl.lt\lb6462 -0001 H 

PART NUMBU DESCRIPTION VENDOR '.UT NUMIEI 

-q6b4t: 3 -0001 PW EC- tTC 3 

222222 -7400 NETlllCllK SNH00/11 -SN HOON 

Z91Zll1Zl"i1Zl91lZ"i1Z25ol331 

l liO, Z'i6, l .U 

222222 -1402 t.EhOllK St.l't02N Tl- -SN74021'1 

ll21l2'3,Z271Z"i"i 

222222 -14~ t.EhCRK S"1404N 

Z41Z61Z26,ZJ5,Z"i5 

222222 -1408 l'.E TloCllK-St. 140 tlN 

Z5,Zl51Z2e,Z1i9 

222222 -1410 NEhOllK 5NHlON -51111410111 

Z81Zl01Z321Zl61Zll1Z"il 

222222 -7420 t.EhCllK SNJlo2J.-. -SN7420N 

Z221ZH 

222222 -7"'51 l'.EHtCAK SNH 51 N -SNlOlN 

Z201Z:i l1l'!8,Z39 

222222 -1'174 NEhCllK St;JH41'4 -Slll7474111 

Z29 

222222 -706 NE TllCllK-SI'. 74861-4 

ll 3 

"Jtf7 9J;J'6T..__, .... Tfll\I . I 'ttr.1- 8TC 31 Piii! ASSY 
7iiO '"'"'2-~' 

,Oii.it-..... 

.. ,. 
1 T .... T."""" .... ~;,ft,~1I ] ·-- 1 .. ~66462 -0001 H 

.. 

OOlU 

0012 00002.000 EA 222222 -1145 

C012A 

0013 00002.000 EA 222222 -7151 

OOl!A 

0014 00002.000 EA 222222 -7174 

0010 ll 1,lH 

0015 00003.000 EA 222222 -1175 NEhCllK !NJ4175N 

0015A 

0016 

OOlU 

0011 

COl Ja 

00001.000 

I 
u 

I I 
acocz.ooo 

I 
EA 

I I 

Zl61Zlll1Z"'2 

l'tOOOO -7411 I.,,.,.,_,., ..... 

I HO 

'll292<1i -0010 I'" "' Ht.l SOLID 22 14FO 10 t U '"' 1 C 1, CZ 

QPL 

0018 OOOCb.000 EA 230590 -9000 CV .05 l'F 1.Z v 20• t CEii TRANSCAP ERi 

C018A o t1111u ce 

0019 00009.000 EA 91297~ -0041 PES FIX CCl'P 410 OHMS 5 ' 116 WATT QPL 

C019A Rl ll-RU R9 

C020 1 ClA~~_L 

ltEf 

iiEf 

~"'i 
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f~ TEXAS INSTRUMENTS 
~'it,) 1NCORPOAATED UST Of MATERIAL l ·-- l .. 'Cr OATf O'i/1617 /p , .. Gf 3 ol ~66lt6Z -0001 H 

,-~-f~- & OWG PART NUMBER DESCRIPTION VENDOR ,AIT NUMIEI ~.~!jg 4~::... ~" 
, C022 REF EA 91360'3 -9901 TEST PllCCECURe, 8TCO 

0023 AR EA 515'iH -CC06 lllRE t ELEC, SOLID, 2HWG 
! 

I 
I 

! 
I 

~ 
! 
I 

- .. n Call- -r-- .. T .. 
ftTC l1PWll ASSY ........... DAn -....a- """l ......... """1-.cf"" I ] ·-- I .. l.MJ6646:? -0001 H 

.... 
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A· 

B 

c 

D 

MARK AS SY P/N 
/REV LETrCI? 

2 

2 

-ooUrr 
~DM8~6~; 
auuaoooa 

cna£.-t:rr 
~ 17oN I 

I uoaaaca 

NOTES: t/Nt..E"SS OTNEPl.//.J'E SP!:CIFIEO 
I. NETWORKS ARE SN ?<It S'£,t;/ES 

i!. Hr?, H3, ... '44 AHF TER/V?. 
80A.R£>S L. /"? /T~/'"'1 NO. /.5 

3. 80 IS A WIRCD PL t.16 
J.I"'? /TCl"'J AIO. /o 

~RI< TITLE 

4 

_j I (. _ ',£.-J---- ;,./ L 

fWD£l)l)~TEtri 17 TOJ.ffJ 

I -- -: ..-.1 ·; ,,...~ =· , ........ L ____ '!!.~"-~~~~----.,---..... ...--...-
Jh .. ® l 1 S t 0 I M A t f I A l $ 

Of('1••l ••• Jl •u. :-·a /. R, BeFJ:( _<;rAM.D 

:~'-:,~,°..;:.~ ~; ~· .. ::c;.~~·~!~'''~ oe• "• -;~:~~ .q~E~ ~ . lti', 
••· QI.,.~ ... >..; ..... · .J It ""!' r.~•,1fl ~ .ar,,.... 
11-.;:i .. 1.al, k.••, ............... i()C.(\ 

~~ ;;<!'.~~)·:~ ::~:t.to~ / 
wtfa(!~ .. Afl.t') ./ ') "l"ff v 

.... , •• , .. l"_Af , • .,,, •• 

••> ro •16 • ~J 114 v .. hO ~ ~! 
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!JI TEXAS INSTRUMENTS 
\:~) INCORPORATED UST °' MAmlAL 1 ·--· l .. 

OATf 05/01/75 '"Gf 1 ol lM 240t5t-0001 8 
r-JilNT Oti~-:•N UNIT OWG PART NUMBEI DESCRIPTION VENDOR PAIT NUMBER ~~_, r---~Ul!!llL.- ~ Mll 

0001 00001. 000 EA 2"0t 55-0001 INITfAL CONT,NEN RO OATA&RfG FILE ASSY 

0002 00003.00() EA 2222 2 2-7"00 NFTWORIC SN7"00N -SN1't00N 

0)31 00001.000 EA 222l22-H02 NFTWOllK SN 7"02N Tl--SN1't02N 

0004 oouo1.ooo EA 222222-7"04 NETWORK S~ 7't04N 

0005 00001.000 EA 222222-1,,oa Nf:TWOR K- SN 1408N 

0006 011002.000 EA 222222-HlO NfTwORK SN1410N -S"17"10N 

0007 00002.000 EA 2l2222- 7437 fllf TWOR K SN7,,37N 

:noa 00001.000 EA 2222 22-7"74 NETwORIC SN1474N -SNH 7"N 

0009 00002.000 fl. 222222-1 .. at NE Tw0RK-SN7"8tN 

0010 00004.000 EA 222222-7170 NfTwORK SN74170N 

OOll 0000 ... 000 EA 222222-117" NF TWOPK SN7417"N 

0012 00001.000 EA 222l22-7l 75 NffWORIC SN74175N 

OOll 00002.000 fA 222222-7180 Nf TllOllK SN7080N 

001' 0000 ... 000 EA 2""712-8266 NfTllORK-82tt 2-INPUT 14-8 IT DIGITAL 101Pll 

0015 00001.000 EA 958't ,,,_0006 TERMINATION 80lRO-Cl6-6 

oou 00001.000 EA 9t0313-0001 PLUG,wlAFO,[lfVICE ADDRESS SELECT-CHAN l 

0011 MEf EA 966 75 7-9?01 Ol&GRl14,tDGIC,OET-BTC u llllAE WAlPI 
- t-

... ,,_.. .. n ClO OIMtSMAN .. "1""""""'°""'' DATllmLI 
INITIAL CONT,14E14 RO OATUREG FILE '1 ...... ....., """ Al'fO NOlfCTl....a.lftt DAnI•uAsao DATOMCJNO l l .... HUMMI I .. 

€>91..,tli£:LP.o lM 240t5t-000l II 
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B 

c 

0 

/<fARK 4SSY P/N 
/REV LETTER 

2. 

2 

I 

NOTES: UNLESS OTHERW/SE SPEOFIED 
/. ¥ETWORKS ARE SN7"1- SERIES 

2.J/ ISA TER/1-?. BOAPD LM ITEM 
NO. 1.s 

M"9RK TITLE 

.JNUSS OTHElw1Sf Yf(IJlfO P'IOCUSU 

l» ro ,'° ~-.II 

3 

4 
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11tf"; TEXAS INSTRUMENTS 
INCORPORATED 

;~ DATE ('6/22/7~ 
LIST OF MATERIAL 

PAGE l of 
_l 

,.1Nf OUANT!T"f UNIT OWG PART NUMBER ! DES CR IP TI 0 N vENDC< PART NUMBER tTfM • ... OF 
SIH NUMIU ASSEMILY ISSUE 

0001 00001.000 Eh 240b57-0001 I ~i.:: "4 

I 
(rJNT ,r>ATA CT~, .\f)O QFl.~'<E"I W/OH.\ 

0002 01)0')2 .ooo EA 222?22-7400 
1 

X-NFTWOPK-SN7400'1 I 
I 

0()1) 3 00M2.ooo EA 222222-7402 NETWORK SN74C'2N 

001'.'4 00001.000 EA 222222-7404 NETWCRK SN 7404N ! 

0005 00001.000 EA 22?2??-74C5 NE TWOP K SN74C'5"l 

0006 00002.000 EA 222222-7408 NETWORK-SN 7408N 

0007 00002.000 EA 222222-7486 NF TWORl<-S"l74 86N 

0008 00004. 000 EA 2 2 2 2 2 2- 71~7 NF TwCP K SN74157N 

0009 00002.000 EA 222222-7174 NE TWr:JR K SN74l 74"l 

0010 00001.000 EA 222222-717'5 NETWORK SN74l7'5N 

0011 00003.000 EA 222222-718') "IETWCRK SN741PON 

0012 00008.000 EA 222222-71 q3 "IE TWIJR K SN741Q3N -SN74l<l3N 

0013 00001.000 EA 2401)0()-7411 NETWORK-S.'-174Hl 1N 

0014 00004.000 <:A 244712-'3?1,7 NfTWOPK,OM8267F\ 

0015 001)01.01)1'.' EA 958474-0006 TERMINATION BOAR0-16-6 

0016 00001.000 I" A 222222-7'106 NE1)/0~K-SN7406N 

oo 17 REF 

I 

~A 966 758-9001 01Af.PAM,LOGIC,D~T-8TC M2 I WI RE WR API 

I 
l J 

?~L".L ~tZ~ /7;" e~A t/J.5;;~ O!S'GN !NG'"m oATJHne 
MEM CnNT,OATA CTR,ADD REG&"IEM W/OATA 12 ' 

MF<; DATE -... ,,0 "0J1 ENGlNffl OAT'J IEL!A>!O OAT1"0J!C1 NO l l ... T NUMB!I 1 lfV 

MloD fit~.~ED LM im50-C'no1 e 
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A 

B 

c 

D 

/:'!ARK ASS'I P/N 
l RCV LCTTCR 

2 

... k/o/00P2la! 

eo-----

I ___ ..) 

NOTES: 
lNETWORl(S APe SN74 'JER!ES 

• 2 . .JI I J2 ARe T£A/"1. BOA~£JS 
l. /ti'/ ITEM HO. /~ 

3. ,i~t) Th'E rRiOW/d/t: W/,fES-: 
//f(),#1; TP: flit.I/At.: 
81-IJ Fri/ uATE.U 
eP-L n-1~ STAT4gfY-
ri-/P ,fJ-~ iJATEl/ST~8 

l"?ARK TlrLE 

u-..ts~ ':'"fit .... .f ~"<+f~ "'9C>Cf~I 

mc•Al .. 2 01 ... s ,,,,a /a Kue8£P .sr.AM,ll::J 
"•<'•O•·•l:1. ., • ....-,...,..1..ac1 ~u..JO, -¥~-/f$/fl;r ./~ 

~~..,;'.~·:: ·.~,• ... (:·,~~o .. o-~~~"...;iw._~ .. i COJ. ON t!Wi.AC,-r' 

~~·- ·~.~·-·!.)·;°~ ~ .. ~::~ foe.I, I 
~· OIMlf~>.>--1 "" ,.,, .... !. - / I 
1iUlt.-cH ...... , •'J ,/ ,,, ....... , ti' I 

09!~.t:. ~,I .._,,tia...c;r-----1 
OIJ 10 ! :t : ;.~ }I IQ 7'0 : ~~ 1 

3 -, ., 
? ...., 

4 

lft °'"-~ '""'" 
A 31 I 5~1-(D} ~ P ~ J 0 - 5 -1f-'--_ -+-,_._,---,-cc=-'_ 

OELEIEO: 0 NE.-:- NO"-!<. H 0 WA~ "oo.t-.f• 
AOOt.Q~_l}:_c;>_p_!'J'" 10 ~EIWOR.K H ~ 
371Z.3f.(8)JP~IZ-3-~I _,,_. _ .. -.;.'·'-'-'-'F-1 

ADDED !)NETWORK ..5N 7~'35!V TCLOCATJ()>J HO 
zJ ITEM 17 -o LM 

--c~-,,~1~,~,,o (JJJ 7. ,...._,,.,,.71. ~'-..:.:!'IJ~-'1:..i.' ~~:.....1 
C./.u;,,,: 8 LM 17: !SJ 6lTY WAS .3. 
ADDE.Dc JJETlllOllV< tJ•AJ To 
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~TEXAS INSTRUMENTS .) 
INCORPORATED UST Of MATERIAL ~ •Aft~;1-D DATf 05/01175 , .. Gl 1 of LM 24tOU0-0001 Fl 

~Ir. 0U1NTlrt' """ owo PAIT NUMllEI OESCllPTION VENDOR PAil NUMllER 
·~·-~ ~ ~ .. 

0001 00001. 000 EA HOt59-0001 00 1 N0 1 LISTtSYATUS CONTROLLERS SUBASSY 

0002 00010.000 EA 222222-7400 NFTWl'lR K SNHOON -SN HOON 

OlOl 00004.000 EA 222222-7"02 NE TWOAK SN7't02N Tl--SN7402N 

0004t 00005.000 EA 222222-7 .. 0'o Nf TWOllK SN7't0"N 

0005 C0004t.OOO 

I 

EA 222222-HOB NfTWOR11;-SN7408N 

OOOt OOOOt.000 EA 2212 22-100 NfTWOl<K SN7410N -SNHlON 

0007 00002.000 EA 22ZZ2l-H20 NETWOllK SN7"20 .. -SN71t20"' 

00011 00001o.ooo EA 22<!222-74t5l NE TWOAK SN7'o5lN -SN71t5l"' 

0009 00001.000 EA 222222-1'.7" N(TWOllK SNH74N -SN7474"' 

0010 00001.000 £A 222222-HBf NF TW0RK-SN7"8fN 

DOil 00001.000 fA lllilil-1l4t .. NFTWOlll< SN7'tl'oS"' 

0012 00002.000 EA 22l222-11Sl NF TWORK Slll7'ol51N 

0013 00002.000 EA 222222-717" NFTWORK SNHlHN 

0:>14 00001.000 EA 222222-7175 NfTWOllK SNH17SN 

0015 00001.000 EA 2 .. 0000-7"11 NfTWORK-SN74HllN 

0016 Oll002.000 EA 958" H-0006 TFA'41NATION 80ARO··Cl6-6 

0017 00001.000 EA 222222-7"95 NETWO,.K SN7't95N -SN7 .. 95N 

0018 REF EA 966159-9901 DI AGR A"4 1 L lGI C, OE T-8TC tl CWIRE WRAPI 

...,., ...... .... CaD DIAfnMNrr4 """I""""''""""" ""'l'm• 
..,. ...,~?..:.MO,LIST l STATUS CO"ITllOLLEllS I) 

&,;6"Mio .,.,; U.0. NO'ICTINCMNlll .... 1 ........ 
Ir:.5b:J..B..<t...iic-J }LM 2";;~;.~·001 IF-; 
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SECTION VII 

DIAGRAMS 

7.1 GENERAL 
This section contains the logic diagrams for the block transfer controller circuit boards. The logic is 
implemented on both multilayer and wire wrap circuit boards. The two types are directly 
interchangeable. Use the appropriate set of logic diagrams when troubleshooting, as device locations 
and pin numbers differ considerably between the two types. 

7.2 INTEGRATED CIRCUIT DATA 
Figure 7-1 contains diagrams for the integrated circuits used on the block transfer controller circuit 
boards. These diagrams can be used with the logic diagrams to better understand the circuitry. 

7.3 LIST OF DRAWINGS 
The block transfer controller circuit board drawings follow the integrated circuit diagrams and are: 

Name 

BTC No. 1 Detailed Logic Diagram (Multilayer) 
BTC No. 2 Detailed Logic Diagram (Multilayer) 
BTC No. 3 Detailed Logic Diagram (Multilayer) 

BTC No. 1 Detailed Logic Diagram (Wire Wrap) 
BTC No. 2 Detailed Logic Diagram (Wire Wrap) 
BTC No. 3 Detailed Logic Diagram (Wire Wrap) 

7-1 

Drawing Number 

966778 
966779 
966780 

966757 
966758 
966759 

Page 

7-11 
7-15 
7-19 

7-29 
7-33 
7-37 

Digital Systems Division 
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vcc 
14 

IA 3 
2 IY 

18 

4 
2A 6 

s 2Y 
28 

9 
3A 

10 3Y 
38 

12 
4A II 

13 4Y 
48 

7 

GND 

SN7400 

QUADRUPLE 
2 - INPUT POSITIVE 
NANO GATES 

POSITIVE LOGIC: V=A 
VCC 

14 

2 
!A IY 

4 
2A 2Y 

6 3A 3Y 

8 
4A 4Y 

SA 10 
SY 

6A 12 
6Y 

GNO 

SN7404 

(8)131565 

IA 

18 

2A 

28 

3A 

38 

4A 

48 

IA 

2A 

3A 

4A 

SA 

6A 

vcc 
14 

2 

s 
4 

6 

8 

10 
9 

11 
13 

12 

7 

GND 

SN7402 

QUADRUPLE 

2 - INPUT POSITIVE 
NOR GATES 

POSITIVE LOGIC: Y=A 
vcc 

14 

2 

4 

6 

8 

10 

12 

GND 

SN7405 
HEX INVERTERS 
(WITH OPEN­
COLLECTOR OUTPUT) 

1Y 

2Y 

3Y 

4Y 

1Y 

2Y 

3Y 

4Y 

SY 

6Y 

Figure 7-1. Integrated Circuit Diagrams (Sheet 1 of 8) 
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vcc vcc 
14 

14 

IA 2 IY IA 3 
2 IY 

18 
4 

2Y 2A 
4 

2A 6 
6 s 2Y 

3A 3Y 28 

9 
8 3A 8 4A 4Y 

3Y 10 
38 

10 
SA SY 12 

4A II 
4Y 

12 13 
6A 6Y 48 

7 

GND 

GND 

SN7406 SN7408 

vcc vcc 

14 14 

tA IA 
12 2 12 

18 tY 18 1Y 
1 3 13 

IC IC 

3 
2A 2A 

4 6 4 6 
28 2Y 28 2Y 

5 
2C 2C 

9 9 
3A 3A 

10 8 10 8 
38 3Y 38 3Y 

11 11 
3C JC 

7 

GND GND 

SN7410 SN74Hl I 

(8)131566 

Figure 7-l. Integrated Circuit Diagrams (Sheet 2 of 8) 
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vcc 

14 

lA 

2 
18 6 

IC 
4 1Y 

10 
5 

9 
2A 

28 10 
8 

12 2Y 
2C 

13 
20 

7 

GND 

SN7420 

DUAL 4-INPUT 

POSITIVE NANO 

GATES 

vcc 

14 

10 
ID 

9 
IC 

I 3 1Y 
18 

IA 

2A 

28 6 
2Y 

2C 

2D 

I 7 

GND 

SN7451 

DUAL 

2-WIDE, 2-INPUT 

AND - OR - INVERT GATES 

(8)131567 

IA 

!B 

2A 

2B 

3A 

3B 

4A 

4B 

vcc 

14 

2 

4 
6 

5 

9 
8 

10 

12 

If 
13 

7 

GND 

SN7437 

QUAD2 - INPUT 

POSITIVE NANO 

GATES AND BUFFERS 

lY 

2Y 

3Y 

4Y 

POSITIVE LOGIC: 
LOW INPUT TO PRESET SETS Q TO LOGICAL 1 

LOW INPUT TO CLEAR SETS Q TO LOGICAL 0 
PRESET AND CLEAR ARE INDEPENDENT OF CLOCK 

CL 

10 

CK 

PS 

2 
PS 

2 

CL 

20 

2 

CL 

vcc 

14 

CLEAR 

' --+---1 D Q .,._-+-..:.5_ 

3 
--+---lrLOCK Q --..;;..

6
-

PRESET 

4 

10 

11 PRESET 

----cLOCKQ 
8 

1Q 
TRUTH TABLE 

TN TN+I 

INPUT OUTPUTS 

·o Q Q 

0 . 0 1 

1 I 0 

12 
D 

Q ____ 9_ 2Q 

13 

CLEAR 

7 

GND 

SN7474 
DUAL D- TYPE 
EDGE TRIGGERED 
FLIP- FLOPS 

NOTE: 

I. TN=BIT TIME BEFORE 
CLOCK PULSE 

2. TN +I= BIT TIME AFTER 
CLOCK PULSE 

3. PRESET AND CLEAR INPUTS 
INDEPENDENT OF CLOCK 

4. INPUT DATA TRANSFERRED 
TO Q OUTPUT ON POSITIVE 
EDGE OF CLOCK PULSE 

Figure 7-1. Integrated Circuit Diagrams (Sheet 3 of 8) 
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CLC'CK 2 8 
L-SHIFT 
MODE 6 

CONTROL 

CLOCK 1 
9 

R-SHIFT 

SERIAL 

INPUT 

A 
2 

3 
B 

INPUTS 

(8)126014 

vcc 
14 

R CLOCK s 

R CLOCK s 

R CLOCK S 

R CLOCK S 

7 

GND 

SN7495A 
4-BIT 

RIGHT-SHiFT 

LEFT-SHIFT 

REGISTERS 

D 

Figure 7-1. Integrated Circuit Diagrams (Sheet 4 of 8) 
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13 A 

12 B 

OUTPUTS 

11 c 

10 D 
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A 

B 

c 

D 

POSITIVE LOGIC Y=A GB 

vcc 

14 

!A 
1Y 

1B 

4 
2A 6 

2Y 
28 

3A 
9 8 
10 3Y 

3B 

12 
4A 11 

13 4Y 
48 

7 

GND 

SN7486 
QUAD 2- INPUT 
EXCLUSIVE- OR 
GATES 

POSITIVE LOGIC·. SEE TRUTH TABLE 

vcc 

15 

14 

13 

12 

[1s 

1 
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ALPHABETICAL INDEX 

INTRODUCTION 

The following index lists key words and concepts from the subject material of the manual together 
with the area(s) in the manual that supply major coverage of the listed concept. The numbers along 
the right side of the listing reference the following manual areas: · 

• Sections-References to Sections of the manual appear as "Section x" with the symbol x 
representing any numeric quantity. 

• Appendixes-References to Appendixes of the manual appear as "Appendix y" with the 
symbol y representing any capital letter. 

• Paragraphs-References to paragraphs of the manual appear as a series of alphanumeric or 
numeric characters punctuated with decimal points. Only the first character of the string 
may be a letter; all subsequent characters are numbers. The first character refers to the 
section or appendix of the manual in which the paragraph is found. 

• Tables-References to tables in the manual are represented by the capital letter T 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the table). The second character is followed by a dash 
(-) and a number: 

Tx-yy 

• Figures-References to figures in the manual are represented by the capital letter F 
followed immediately .by another alphanumeric character (representing the section or 
appendix of the manual containing the figure). The second character is followed by a 
dash (-) and a number: 

Fx-yy 

• Other entries in the Index-References to other entries in the index are preceded by the 
word "See" followed by the referenced entry. 

Index-1 Digital Systems Division 



~~-~~~--~~~~---~) 240802-9701 

Address Data: 
Multilayer . . . . . 
Wire Wrap ..... 

Addresses, Standard Device 
Addressing, Channel 
Applications 
A TI and ADAC Format 

Block Transfer Controller 
BTC to CPU Signals 
BTC to Device Controller Signals 

Capabilities, Output Signal Drive 
Channel Address Data 
Channel Addressing 
Characteristics . . . . . . 
Configurations, Standard OMA 
Controller: 

Block Transfer 
Peripheral . . 

CPU to BTC Signals 

Data Transfer Rate 
Data, Channel Address 
Description: 

Functional 
Physical 

Device Addresses, Standard 
Device Controller to BTC Signals 
Device Data Subcontroller, 

Theory of Operation . . . . 
Diagrams ......... . 
Drive Capabilities, Output Signal 

Examples, Programming 

Fault Isolation 
First Instruction Word 
Format, A TI and ADAC 
Functional Description . 

Initialization/Chain List Words 
lnitializa ti on Subcontroller, 

Theory of Operation . . 
Input Signal Requirements 
Installation . . 

Procedure . 
Testing . . 

Instruction Word: 
First 
Second .. 

Integrated Circuit Data 
Interface Signal Tables 
Interface Signals 

List Subcon troller, 
Theory of Operation 
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Logic Levels 
Logic Type . 

Maintenance 
Memory Data Subcontroller, 

Theory of Operation . . 
Memory Subcontroller, 

Theory of Operation . . 
Model 960 Programming Example 
Model 980 Programming Example 
Multilayer Address Data 

Operation and Programming 
Output Signal Drive Capabilities 

Parts List 
Peripheral Controller 
Physical Description 
Procedure, Installation 
Programming Example: 
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Requirements, Input Signal 
Reserved Status Locations 
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Signal Tables, Interface . 
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Device Controller to BTC 
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Standard Device Addresses 
Standard DMA Configurations 
Status Locations, Reserved 
Status Storage Sequence 
Status Subcontroller, 

Theory of Operation . 
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Storage Sequence, Status 

Tables, Interface Signal . 
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USER'S RESPONSE SHEET 

Manual Title: Block Transfer Controller Maintenance Manual (240802-9701) 

Manual Date: 1 November 1976 Date of This Letter: ______ _ 

User's Name: ______________ _ Telephone: _________ _ 

Company: _______________ _ Office/Department: ______ _ 

Street Address: ____________________________ _ 

City/State/Zip Code=---------------------------

Please list any discrepancy found in this manual by page, paragraph, figure, or table number in 
the following space. If there are any other suggestions that you wish to make, feel free to 
include them. Thank you. 

Location in Manual Comment /Suggestion 
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