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ABSTRACT 

A hardware interface was developed which connects an existing 

pulse-code-modulation (PCM) decommutator with computer input/output 

(I/O) channels. The interface was designed to operate with a number 

of existing computers with the proper interconnecting cable configu 

ration. 

In addition to electronic interface functions, the interface 

also provides a means for editing incoming telemetry data and a first-

in-first-out (FIFO) buffer memory. Editing makes it possible to pass 

only selected PCM data values from the PCM decommutator output data. 

Editing in conjunction with FIFO memory allows the processing of data 

at telemetry data rates higher than otherwise possible. The FIFO 

memory minimizes data rate constraints imposed by computer processing 

time overhead and synchronizes telemetry data flow into the computer. 

A prototype was fabricated using wire-wrap modules and was 

checked out on a Modcomp Model MCII computer. The prototype was later 

connected to a Digital Equipment Corporation Model POP 11/40 computer. 

Printed circuit modules were fabricated and installed in the final 

operational system. The system was put into use in test data acqui 

sition. 
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CHAPTER I 

INTRODUCTION 

Numerous systems tested in the aerospace environmental test 

facilities at Arnold Engineering Development Center (AEDC) produce 

serial pulse-code-modulated (PCM) telemetry output data streams. 

These serial data are decommutated (i.e., synchronized and converted 

to parallel) with decommutation equipment and input to a general 

purpose digital computer for analysis. This investigation describes 

an interface designed to connect a PCM decommutator and a computer and 

to provide certain features which enhance system speed and flexibility. 

Many systems tested produce PCM data streams at rates suffi 

ciently high that it becomes impossible to process or even retain and 

store real-time data on digital mass storage media. Two features of 

the interface described herein minimize problems caused by high data 

rates. One feature is an edit memory which allows selecting only a 

portion of the data stream values to pass to the computer. The second 

feature is a "first-in-first-out" (FIFO) buffer memory which enables 

minimizing the effects of computer time overhead on PCM data rate 

capacity. 

Figure 1.1, derived from the Interrange Information Group 

(IRI6) standard [1],^ illustrates PCM telemetry data formatting. 

Figure 1.2 illustrates a complete PCM telemetry data link. During 

^Numbers in brackets refer to similarly numbered references in 
the Bibliography. 
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most tests at AEDC the radio-frequency system elements are not used 

and serial data are transferred over a "hard" line. The interface 

described in this study operates on parallel data, parallel channel 

number, status, and control information produced by the PCM decom-

mutator. Figure 1.3 illustrates the interface's functional operation. 

The "continuous PCM data stream" highlighted portions represent data 

with corresponding channel numbers specified in the edit memory. 

Buffered, edited data pass to the computer at rates as required by the 

computer (or computer input port) allowing interruptions in data flow 

for input processing overhead (block transfer reinitialization, and so 

forth). 

Chapter II of this investigation presents the design methods 

used. Chapter III describes system operation from the programmer's 

(user's) point of view to give the reader a more detailed perspective 

of system requirements. Chapter IV presents the application of the 

design methods used for one of the system's modules. Finally, 

Chapter V describes the operation achieved with the current system and 

possible future extensions. 
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CHAPTER II 

DESIGN METHODS 

2.1 INTRODUCTION 

One consideration generally observed in designing digital 

systems of any size is that of breaking or decomposing the problem 

into smaller, more manageable blocks [2]. Each block can then be 

treated individually. A number of tools are available for the 

designer in arriving at a suitable hardware configuration. 

Among the tools available to the digital designer are "cut-

and-try" methods [3] of Boolean equation manipulation, state 

diagram [4], and state table [2, 4] descriptions of sequential 

machines [2, 3, 4, 5], Karnaugh map representations [2, 4, 5] of 

Boolean functions, and procedures for determining minimal Boolean 

functions from Karnaugh maps. Another type of resource available to 

the designer is the medium-scale and large-scale integrated circuit 

package [2]. Functions utilized in the PCM computer interface include 

the first-in-first-out (FIFO) buffer function [6, 7]; random access 

memory (RAM) arrays [2, 8]; and multiplexer, demultiplexer gate 

arrays [2, 9]. All of these were the tools used in designing and 

fabricating the PCM computer interface. 

2.2 DECOMPOSING THE PROBLEM BY FUNCTION AND STRUCTURE 

Certain functional characteristics included in the interface 

requirements imply functional entities that lead to modularity. These 
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are the "edit" function and the FIFO buffer function. Not specifi 

cally called out, but implied in the requirements, is a block to 

translate computer control information into interface control signals. 

A second type of constraint that contains implications of modularity 

is the physical structure containing the system. The physical 

structure ultimately chosen for the PCM computer interface contains a 

"motherboard" into which plug individual printed circuit (PC) boards 

containing the logic circuit elements. The motherboard is itself a PC 

board with a 100-signal line "bus" on its surface. The bus concept 

introduces still another constraint on modularity—desired module-to-

module signal flow. 

The functional and physical constraints described above pro 

vide the basis for the first level of system decomposition. Esti 

mating the number of circuit elements required for the functional 

elements indicated that the FIFO, edit memory, and computer control 

functions would each fit onto an individual PC board. Decotrmutator 

parallel output data (Fig. 1.2) include 12 data and 12 channel number 

signal lines and five status and control signal lines. Printed 

circuit board space required for terminating the signal lines is not 

included on the PC boards processing these signals. In addition, 

placing the signals on the bus facilitates provisions for future 

system expansion. As a consequence, an additional PC board was 

designed to terminate the decommutator signals and impress them on the 

bus. A clock source and certain other functions were also placed on 

the board. Figure 2.1 illustrates the interface functional breakdown 

with the constraints considered thus far. 
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Subsequent functional breakdown was essentially a separation 

of each board's basic function and its secondary control functions. 

For example, the FIFO board circuitry consists of: 

1. Basic function--FIFO memory proper. 

2. Secondary functions—circuitry to synchronize and strobe 

FIFO input data, circuitry to synchronize and strobe FIFO 

output data into the computer data channel, and so forth. 



CHAPTER III 

TELEMETRY DECOMMUTATOR INTERFACE PROGRAMMING CONSIDERATIONS 

3.1 INTRODUCTION 

This chapter describes the information transfer necessary to 

control and receive data from the pulse-code-modulated (PCM) interface 

and includes descriptions of: 

1. Control word formats, 

2. Control bit functions. 

3. Control word sequences. 

4. PCM output data sequences. 

5. PCM input data format and status bit functions. 

6. Input data validation and error recovery. 

3.2 DATA FORMATS 

Four types of functions must be implemented in receiving PCM 

data: 

1. PCM interface must be initialized. 

2. Edit memory must be loaded with desired PCM channel 

numbers if editing is required. 

3. Run mode and run conditions (edit or not edit, starting 

point in the PCM data structure, etc.) must be set. 

4. PCM data must be input through the computer data channel 

10 



n 

3.2.1 Control Word Formats and Control Bit Functions 

Two types of words are output to the PCM interface. "Control" 

words are distinguished by a "1" bit in the most significant bit 

position (PDPll/40 bit position 15). "Data" words (edit memory data 

words) are distinguished by a "0" bit in the most significant bit 

position. 

Control words are formatted as follows: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit Number 

SO SO ED MEM FIFO 
SEL LOAD RUN 

MF SF IT CLR CLR Control Word 

Bit fields are defined in Table 3.1. Sequences and constraints on 

ordering of control words will be described later. 

Edit memory "data" words are formatted as follows: 

1514 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit Number 

0 SEL X TRUN CHNU (Channel Number) Data Word 

Bit fields are defined in Table 3.2. 

3.3 CONTROL WORD SEQUENCES 

3.3.1 Initial Sequences 

To initially prepare the interface for data transfer the user 

(computer system) must: 
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Bit(s) 

13, 14 

12 

11 

10 

8 

7 

6 

0 to 5 

Table 3.1. 

Mnemonic 

SEL 

LOAD 

RUN 

SOMF 

SOSF 

EDIT 

MEMOIR 

FIFOCLR 

X 

Definitions of Bit Fields for Control Words 

Function 

Channel select. The current configuration is 
0,0. Other configurations may be used in future 
system expansion. 

A "1" sets up the edit memory to store channel 
numbers which follow until a channel number with 

bit 11 = "1" is encountered. The load operation 
is then terminated. 

A "1" places the interface in the run mode. 

A "1" specifies that the interface start passing 
data with the beginning of a "main frame." 
(Appendix A describes the main frame.) 

A "1" specifies that the interface start passing 
data with the beginning of a "sub-frame" (often 
referred to as a "master frame," see Appendix A); 
"1" only when bit 11-RUN is a "1." 

A "1" specifies that only data with channel 
numbers specified in the edit memory are to be 
passed to the DRll-B. 

A "1" causes the edit memory to be cleared to all 
zeros; "1" only when bits 8 through 12 are "0." 

A "1" causes the "FIFO" memory to be cleared of 
data. 

These bits are not used. Any bit configuration 
is allowed. 
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Table 3.2. Definitions of Bit Fields for 

Edit Memory Data Words 

Bit(s) Mnemonic Function 

13, 14 SEL Channel select. Same as for control words. 

12 X This bit is not used; it can be "0" or "1." 

11 TRUN A "1" specifies the last channel number to be 
used before going back to the first channel 
number specified. 

OtolO CHNU A PCM channel number of data to be passed. 
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1. Clear the FIFO memory, 

2. Clear the edit memory address counter.^ 

3. Load the edit memoryJ 

4. Again clear the edit memory address counter.^ 

5. Set up the run mode. 

6. Input data. 

Input data format depends on whether editing is used and the first PCM 

data value transferred can be: arbitrary (first data available after 

the run mode is specified) when RUN = 1, SOMF = 0, and SOSF = 0; the 

first data value of a "minor frame" when SOMF = 1; or the first data 

value of a "master frame" when SOSF = 1. The terms RUN, SOMF, and 

SOSF are normally never simultaneously specified as I 's. When more 

than one is a 1, RUN overrides SOMF and SOSF, and SOMF overrides SOMF. 

Running without editing requires the simplest output sequence 

(Sequence 1) as shown in Fig. 3.1, Editing requires the output 

sequence (Sequence 2) shown in Fig. 3.2. After one of the above 

sequences is output, PCM data starts entering the FIFO memory. The 

computer must begin data input before the FIFO memory is filled. The 

time available between setting the run mode and starting data input 

can be found from the equation: 

^'* = ̂ (§>*'28 , (3.1) 

where. 

^Not required if editing is not required. 
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Figure 3.2. Running with editing (Sequence 2). 

Note: There must be an interval of at least 0.5 microsecond 
between the "clear" word and the "run mode" word. The interval can be 
achieved by generating a delay between word transfers during a "test 
and transfer" type operation or by outputting dummy words (all zeros) 
during DMA type operation. 
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TA = time available, 

PWR = PCM word rate , 

CP = channels passed , 

CF = channels per frame . 

It is assumed here that if editing is used, the edit memory values 

(PCM channel numbers) increase monotonically and no values are 

repeated. If editing is not used, CP/CP = 1, and 

128 = number of FIFO memory locations . 

The two sequences above are sufficient to run most ordinary tests. 

Control sequence manipulation can be used to achieve unusual 

operating conditions. PCM channel numbers stored in the edit memory 

are subject to certain constraints. For most operations, channel 

number values must increase monotonically. Extended editing 

functions can be implemented by judicious edit memory channel number 

sequence selection. 

3.3.2 Noninitial Sequences 

It is convenient to characterize two types of PCM data acqui 

sition—continuous and noncontinuous. All valid incoming PCM data 

enter the FIFO memory (after editing, if editing is used). The number 

of empty FIFO memory locations is a critical consideration for con 

tinuous data acquisition and, in some cases, for noncontinuous 

acquisition. 

Continuous data acquisition. PCM data input is by block 

transfer in most cases. A new block transfer must be initiated after 
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each current block transfer has completed, The time available for 

initiating a new transfer can be found from the equation: 

TA = ^ ^ ^ (3 21PWR ̂  CP' IWR' ^ ' 

where, 

N = number of words per block , 

PWR, CP, and CF are defined as for Eq. (3.1) , 

and 

IWR = computer input data rate . 

The term TA is not continuous over the entire range of the independent 

variables of Eq. (3.2); TA can be no greater than the value given in 

Eq. (3.1) and is invalid when negative. An overflow condition exists 

when Eq. (3.2) gives a negative value. Later paragraphs describe 

overflow in more detail. 

Noncontinuous data acquisition. During continuous acquisition, 

no control output is required after the initial output (Sequence 1 or 

Sequence 2), unless an overflow or other error occurs, until data 

transfer is terminated. Noncontinuous input can be accomplished with 

no additional control output if: 

TBB < TA , 

where, 

TBB = time between input data blocks , 

and 

TA = the value obtained from Eq, (3,1) . 
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If, 

TBB > TA , 

then a control sequence must be output for each new input data block. 

Edit memory values must be output (after the initial output) only if 

channel numbers must be deleted, added, or replaced. 

3.4 COMPUTER INPUT DATA FORMAT AND 

STATUS BIT FUNCTIONS 

The PCM decommutator and PCM data source determine two input 

data format parameters. These parameters are data value justification 

and data bit significance. The two parameters cannot be determined 

until data source characteristics are established. 

Computer input data are formatted as follows: 

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0 Bit Number 

MFL SFL OV FF 
PCM Data Data Word 

FL 

Bit fields are defined in Table 3.3. 

3.5 DATA VALIDATION AND ERROR RECOVERY 

The status bits described above provide the means of verifying 

error-free data. When a "sub frame" and/or "main frame" out-of-lock 

condition occurs (SFL and/or MFL = "0") or the overflow condition 

occurs (OVFL = "1") the probability is high that the frame flag (FF) 

will be displaced from its expected position in the data block. Thus, 
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Table 3.3. Definitions of Bit Fields for Pulse-Code-Modulated 
Telemetry Input Data Words 

Bit(s) Mnemonic Function 

4 to 15 PCM DATA PCM input data appears in this field. Bit 15 
is the leftmost data bit and data extend con 
tiguously to the right three to 12 bits. 

3 MFL A "1" implies PCM minor frame is in lock 
(no error), 

2 SFL A "1" implies PCM master frame is in lock 
(no error). 

1 OVFL A "1" implies an overflow condition (error 
(error condition). 

0 FF "Frame flag"; "1" implies the corresponding 
data value is the first of a frame. 

Note: MFL and SFL must be "1" and OVFL must be "0" for valid 
data. Other states exist only when an error has occurred. 
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checking the frame flag position provides an effective means of 

checking for most errors (excluding hardware failures). Where data 

validity is very critical, an exhaustive scan of all data words and 

testing all status flags should be undertaken. 

When an error is detected, return to proper operation should 

include outputting a new control sequence in most cases. MFL and SFL 

will return to normal automatically when data source and/or PCM 

decommutator operation return to normal. The PCM interface forces 

OVFL to "1" when overflow occurs. OVFL remains "1" after overflow 

until a subsequent output control sequence clears it. A control word 

with bits 15 and 6 (FIFO CLR) clears OVFL to zero (see Fig. 3.1, 

page 15, Sequence 1, Word 1; and Fig. 3.2, page 16, Sequence 2, 

Word N-1). 



CHAPTER IV 

DESIGN APPLICATION TO FIRST-IN-FIRST-OUT MODULE 

The PCM decommutator-computer interface first-in-first-out 

(FIFO) module consists of FIFO memory circuitry and peripheral 

circuitry which synchronize FIFO memory input; synchronize FIFO memory 

output; and clear the FIFO memory of residual data prior to starting a 

data transfer operation. The Fairchild Data Book [7] contains an FIFO 

memory circuit structured nine bits wide by 192 words long. The 

Fairchild circuit was restructured to 16 bits wide by 128 words long 

for the FIFO module. 

Figure 4.1 depicts the FIFO memory in block diagram form. 

Signal CIR ("composite input ready"), when high, indicates that the 

memory is ready for data input. When low, CIR indicates that the 

memory is full or that data are being input. Signal SFFI ("strobe 

FIFO in") is placed high to input data and subsequently placed low 

when CIR responds by going low, indicating the data are accepted. 

Signal FCLR ("FIFO clear"), which is low-true in the actual circuitry, 

is used to clear the FIFO IC's of all data and initialize their 

internal control circuitry. Signal COR ("composite output ready"), 

when high, indicates that data are present and can be output from the 

FIFO memory. When low, COR indicates that data are not present or are 

being output. Signal SFFO ("strobe FIFO out") is placed high to cause 

new data to shift out, and is subsequently placed low when COR 

responds by going low. New data are present and stable when COR 

returns to high. 
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Data In 

/ 

■♦►CIR 

SFFI 

I f 

FOLK 

FIFO 

COR 

SFFO 

Data Out 

Figure 4.1, Composite first-in-first-out memory circuit. 
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Conditions external to the FIFO memory also determine when 

data can be transferred. Data are transferred only when the interface 

is in a run mode. The run mode is indicated on the interface bus by 

the signals RUNOB, RUNIB, RUN2B, and RUN3B. Only RUNOB is used in the 

current interface configuration. However, to ease system expansion 

when it becomes desirable, the FIFO module should operate selectively 

with any of the four signals. 

Similarly, data can be transferred only when one of the inter 

face bus signals EQUOB, EQUIB, EQU2B, or EQU3B is true. The signal 

EQU—, when true, indicates that editing was not specified when the 

current run mode was specified or that editing was specified and the 

current PCM decommutator channel number corresponds to the current edit 

memory output. Again, the module should operate selectively with any 

of the EQU-- signals. 

Bus signals BD13B and BD14B are computer control word unit 

selection bits. Bus signal ADRGB indicates that a computer control 

word including the unit selection bits is being sent to the interface. 

Bus signal FCLRB indicates that the current computer control word 

includes a specification that the FIFO memory be cleared. Now all 

signals used in the unit selection process have been described. The 

first of two design examples follows. 

Figure 4.2 illustrates a functional block including the input 

signals processed by, and the output signals produced by, the 

selection circuitry. Input signals are to the left and output signals 

are to the right. A description of the design of this function block 

follows. 
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RUN3B 

RUN2B 

RUNIB 

RUNOB 

EQU3B 

EQU2B 

EQUIB 

EQUOB 

ADRGB 

BD14B 

BD13B 

FCLKB 

Figure 4.2. 

RUN 

Selection EQU 

Function 

Block 

FCLK 

Functional block designed with 
"cut-and-try" methods. 
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Signals BD14B and BD13B unit selection configurations are 

defined as: 

Unit 0 = BD14B'BD13B 

Unit 1 = BD14B • BD13B 

Unit 2 = BD14B • BD13B 

Unit 3 = BD14B • BD13B . 

In order to select one of the configurations, one may provide a 

circuit on the module which generates four states and compare the 

module state with the incoming signal state. The switch circuit of 

Fig. 4.3a generates the four states: 

State 0 = A • B 

State 1 = A • B 

State 2 = A • B 

State 3 = A • B . 

Selection can be expressed algebraically as, 

Unit Select = BD14B • BD13B • A • B + BD14B • BD13B • A • B 

+ BD14B • BDIB • A • B + BD14B • BD138 • 

• A • B . (4.1) 

This equation could be implemented directly. However, by applying 

theorems and postulates of Boolean algebra [2, 3, 4, 5, 6], an 

equation form requiring less hardware may be determined. Gathering 

terms, 
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f 
a' 

B 
» 

a. Unit select switches 

Selected 

Multi 

plexed / 
Input 

Inputs 
m-

Selection Bits 

b. Four-to-one multiplexer 

Logical "1" 

c. Exclusive or gate configured 
as an inverter 

Figure 4.3. Logic function elements. 
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Unit Select = BD14B • B •(BD13B • A + BD13B • A ) 

+ BD14B • B •(BD13B • A + BDIB • A) 

(BD14B • B + BD14B • B ) 

.(BDIB • A + BD13B • A). (4.2) 

Observing that, 

X -Y + X - Y = X' - Y+F- Y , 

where, 

X' = X , 

Eq. (4.2) may be expressed as. 

Unit Select =(BD14B •B' +BD14B •B') 

.(BD13B - A' +BD13B -A'), (4.3) 

where, 

A' = A , B' = B . 

The form, 

X • Y + X • Y , 

is the "exclusive or" [3, 4, 5] written as, 

X0V , 

and Eq. (4.3) can be written as. 

Unit Select =(BD14B©B')•( BD13B0A'). (4.4) 
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The "exclusive or" function is implemented in standard transistor-

transistor-logic (TIL) [9]. The logic element is shown in Fig. 4.3c. 

Signal ADRGB must be considered to insure that unit selection 

occurs only when a control word is being sent. The selection process 

can also be inhibited when a given unit is running to minimize the 

possibility of interference by users of other units. With these con 

siderations, Eq. (4.4) becomes. 

Unit Select =(BD14B0B')•( BD13B0A')• ARDGB -Mi . (4.5) 

Selecting the appropriate RUN— signal and EQU— signal can 

be approached as a multiplexing problem. Expressed algebraically the 

functions are, 

RUN = RUNOB 'A'• B' +RUN1B - A' -V 

+RUN2B • A^'B'+Run B^ (4.6) 

and, 

EQU = EQUOB - A''B'+EQU1B 'A' -F" 

+ EQU2B.V .F+EQU3B B^ , (4.7) 

where A' and B' are the same as A' and B' in Eq. (4.5). Equations 

(4.6) and (4.7) are equations for "four-to-one" multiplexers [7, 9]. 

Figure 4.3b illustrates the multiplexer. A standard TTL device exists 

for implementing dual four-to-one multiplexers [9]. 

Logic circuitry can now be implemented from Eqs. (4.5), (4.6), 

and (4.7). Figure 4.4 illustrates the functional block using physical 

circuit element representations. The "exclusive or" gates labeled "3" 

and "4" are configured as the logical inverter of Fig. 4.3c. The 
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EQU3B 

EQU2B EQU 

EQUIB 

EQUOB 

RUN3B 

RUN2B 

Dual 

Four-to-One 

Multiplexer 

RUN 

RUNIB 

RUNOB 

RUN 
+5V 

s 
BD13B 

BD14B 

ADRGB 

TUSEL 

3 TUSEL 
+5v 

FCLR 
FCLRB 

BD13B + A' 

[2] BD14B + B' 
(BD13B + A')• (BD14D + B') • ADRGB • RUN 

Figure 4.4. Unit selection functional block circuit implementation, 
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"exclusive or" function was not required and use in this manner 

utilizes circuitry which would otherwise go unused. (The standard TIL 

"exclusive or" IC package includes four gates.) 

Nand gate 5 and "exclusive or" gate 4 form a four-input "and" 

function [2, 3, 5]. This was done because the four-input "and" 

circuit package was not a local stock item and is not used as the four-

input nand. Nand gate 6 provides a convenient means of generating the 

low-true "clear" signal required by the FIFO memory circuits. 

The unit selection function block consists of combinational 

logic [2, 3, 4, 5]. The second design example is the FIFO output 

synchronization circuitry. This functional block is a synchronous 

sequential circuit [2, 3, 5]. Figure 4.5a is a block diagram which 

illustrates the functional block. Figure 4.5b illustrates desired 

circuit timing. 

Three signals not described previously are shown in Fig. 4.5. 

Signal PDAVI, "data available in," is a computer input/output channel 

input signal which indicates that valid input data are available. 

Signal PDACO, "data accepted out," is a computer input/output channel 

output signal which indicates that the current input data have been 

accepted. The interface clock (CLK) is a 4.6 MHz clock used for the 

synchronous circuit's memory elements. 

Figure 4.6 is a state diagram [4] which characterizes desired 

circuit operation. The vertices correspond to the circuit memory's 

state and the directed arcs correspond to state transitions. Signals 

listed adjacent to the vertices are output signals required to be 

"true" during that state. Output signals not listed are required to 
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COR SFFO 

FIFO 

Output 
PDACO Control PDAVI 

i 

Interface 

Clock (CLK) 

a. FIFO output control circuit block 

COR 

PDAVI 

PDACO 

SFFO 

CLK _A_A__A A_J\_A_A_A-

b. FIFO output timing 

Figure 4.5. First-in-first-out output control circuit and timing, 
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DACO 

DAVI 

COR DACO DACO 

COR 

DACO a r* c SFFI 

CORCOR 

COR 

Figure 4.6. First-in-first-out output control circuit 
state diagram. 
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be "false." Signals or expressions listed adjacent to directed arcs 

are input conditions which, when "true," cause the indicated state 

transition. 

From the timing diagram, or state diagram, or both, one can 

generate a state table [2, 3, 4, 5]. Table 4.1 is a state table for 

the output control circuit. 

The symbol "0" occurring in the fourth column of Table 4.1 

indicates a "don't care" state. The "don't care" state appears 

because of the combination of present input (input at time = n) and 

present state that will never occur unless a hardware failure occurs. 

The number of distinct states in the state table determines 

the number of memory elements required to implement the circuit. 

Kohavi [4] provides an equation which yields the required number of 

memory elements, k: 

k =[log2n J , 

where, 

n = the required number of memory elements , 

and "[g] is the smallest integer larger than or equal to g" for the 

output control circuit n = 4 and k = 2. 

Once the number of memory elements is known, state assign 

ment [2, 3, 4] can be undertaken. That is, memory element states 

can be assigned to each distinct state found in the state table. The 

way the memory element states are assigned can have considerable 

effect on the resulting implementation's complexity and resulting cost. 

Peatman [2] gives three "essentially different" state assignments for 
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Table 4.1. First-In-First-Out Output Control Circuit 
State Diagram 

Time = n Time = n+1 

Time = n Present Next 

DACO COR State State 

0 0 a a 

0 0 b 0 

0 0 c a 

0 0 d a 

0 1 a b 

0 1 b b 

0 1 c d 

0 1 d d 

1 0 a a 

1 0 b 0 

1 0 c a 

1 0 d a 

0 1 a a 

0 1 b c 

0 1 c d 

0 1 d d 
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the case where two memory elements are required. These are shown in 

Table 4.2. The three state assignments were all considered in the 

output control circuit. 

With a state assignment, one can derive a transition table by 

replacing each state table state with its corresponding assigned 

memory state. Choosing a memory element type (the "J-K" flip-flop was 

used almost exclusively in the telemetry decommutator interface) one 

can also derive a memory element excitation table [4]. Figure 4.7 and 

Table 4.3 illustrate the J-K flip-flop block diagram and excitation 

requirements, respectively. Table 4.4 illustrates a combined tran 

sition, excitation, and output table for the output control circuit. 

The problem has now been reduced to a combinational circuit 

problem. The excitation functions and output functions can be 

generated from Table 4.4. Table 4.4 is derived from state assignment 

Case 2, Table 4.2, which yields the simplest circuit implementation. 

From Table 4.4, Karnaugh maps were generated. Figure 4.8 illustrates 

the maps for state assignment Case 2. From the maps, minimal logic 

equations were derived and the set of equations yielding the simplest 

(least costly) implementation was determined. Table 4.5 contains 

logic equations from all three state assignment cases, illustrating 

the difference in complexity (and cost) resulting from different state 

assignments. Finally, Fig. 4,9 illustrates the output control circuit 

implementation resulting from state assignment Case 2. 
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Table 4.2. "Essentially Different" State 
Assignments for Two Memory Elements 

Memory Element State 
Case Circuit State HSO HSl 

1 a 0 0 

b 1 1 

c 0 1 

d 1 0 

2 a 0 0 

b 0 1 

c 1 1 

d 1 0 

3 a 0 0 

b 0 1 

c 1 0 

d 1 1 
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J 
1 

K 
0 

Figure 4.7. J-K flip-flop block diagram. 

Table 4.3. J-K Flip-Flop Excitation Requirements 

Circuit Change Required Input 
From To J K 

0 0 0 0 

0 1 1 0 

1 0 0 1 

1 1 0 0 
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DACO DACO 
\ COR X COR 

HSO^v HSOX^ 
HSl X 00 01 11 10 HSl \ 00 01 11 10 

00 0 0 0 0 00 0 0 0 0 

01 0 0 1 0 01 0 0 0 0 

11 0 0 0 0 11 1 0 0 1 

10 0 0 0 0 10 1 0 0 1 

a. JHSO excitation map b, KHSO excitation map 

DACO DACO 
V COR COR 

HSOX. HSO 

HSl 00 01 11 10 HSl X 00 01 11 10 

00 0 1 0 0 00 1 0 0 0 0 

01 0 0 0 0 01 0 0 0 0 

11 0 0 0 0 11 1 1 1 1 

10 0 0 0 0 10 0 0 0 0 

c. JHSl excitation map d. KHS1 excitation map 

DACO DACO 

COR COR 

HSO HSO 

HSl 01 11 10 HSl 01 11 10 

00 0 0 0 0 00 0 0 0 0 

01 0 1 1 0 01 0 0 0 0 

11 0 0 0 0 11 1 1 1 1 

10 0 0 0 0 10 0 0 0 0 

e. Output DAVI map f. Output SFFO map 

Figure 4.8. Maps for state assignment Case 2. 
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Table 4.5. First-In-First-Out Output 
Control Logic Equations 

Case 

JHSO = DACO • COR + COR'HSl 

KHSO = COR + DACO • HSl 

JHSl = DACO • COR • HSl 

KHSl = DACO + HSO 

DAVI = HSO • HSl 

SFFO = HSO • FFB 

JHSO = DACO • HSl 

KHSO = COR 

JHSl = DACO • COR • HSO 

KHSl = HSO 

DAVI = HSO • HSl 

SFFO = HSO • HSl 

JHSO = DACO • HSl 

KHSO = 

JHSl = DACO • COR + HSO • COR 

KHSl = + DACO • H^ 

DAVI = HSO • HSl 

SFFO = HSO • HSl 
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CHAPTER V 

CONCLUSIONS 

A pulse-code-modulated (PCM) computer interface prototype was 

designed and fabricated as planned. Initial checkout was accomplished 

using a Modular Computer Corporation Model MCII computer. Input/ 

output (I/O) data channels were simulated using the MCII's digital I/O 

ports. Subsequently, the prototype was connected to a Digital Equip 

ment Corporation (DEC) Model PDPll/40 computer through a DEC Model 

DRll-B-type direct-memory-access (DMA) controller. Print circuit 

modules were fabricated and substituted for the prototype modules. 

The interface is being used on a daily basis along with the other 

system components in checkout for an upcoming test. 

Appendix A is a detailed system operation description. 

Appendix B contains detailed system logic diagrams and cable drawings. 

Appendix C contains system bus signal names and descriptors. 

The interface provides an effective means of editing, 

buffering, and passing PCM-decotranutator data into a computer. 

Expansion capability provides several attractive potential capa 

bilities, These include: multiple paths to multiple computers, 

further reducing computer speed constraints on maximum PCM data rates; 

and the capability to send different "groupings" of data to different 

computers, providing appropriate processing functions for each data 

grouping. 
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APPENDIX A 

PULSE-CODE-MODULATED TELEMETRY DECOMMUTATOR-COMPUTER 

INTERFACE OPERATIONAL DESCRIPTION 

A.l INTRODUCTION 

This appendix relies heavily on logic equations. The logic 

equations follow conventional rules for Boolean expressions. The 

symbols (=), (•)> (+). and (0)) represent "equate," logical "and," 

logical "or," and logical "exclusive or," respectively. The barred 

term( ) represents the logical inverse of the unbarred term. 

Certain additional conventions are included as follows: 

1. Terms to the left of (=) that set or reset memory elements 

are prefaced by a lower case "s" or "r," respectively. 

2. Clock signals to memory elements are underlined. 

All equations are written for positive voltage logic. 

Some telemetry equipment manufacturers use terminology for 

telemetry data formats different from that of the Interrange Infor 

mation Group (IRIG) telemetry standard [1]. In particular. Data 

Control Systems, Inc. (DCS), manufacturer of the decommutator being 

interfaced, uses different terminology to refer to minor frame and 

major frame. Data Control Systems uses the term main frame for minor 

frame, and the term sub-frame for major frame. The DCS terminology 

and signal mnemonics derived from the DCS terminology are used in this 

chapter and in the logic diagrams (Appendix B). 
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A.2 GENERAL DESCRIPTION 

The pulse-code-modulated (PCM) interface provides three 

functions for PCM data acquisition: 

1. Electrical/logical interface between the PCM decommutator 

and computer data channel. 

2. Edit function to pass only data from selected channels 

within a PCM main-frame. 

3. Data buffering to reduce data rate limitations imposed by 

computer time overhead during block switching operations. 

Figure A.l illustrates the interface's functional concepts. 

PCM data and channel numbers enter the interface through the signal 

paths on the left. When editing is not required channel numbers are 

ignored, the data switch is left open, and data flow through the 

first-in-first-out (FIFO) memory to the computer. When editing is in 

effect, data are passed only when there is a corresponding channel 

number stored in the edit memory. 

Figure A.2 illustrates a concept of the interface's physical 

structure. The hardware is structured physically and functionally on 

a modular concept. The structure allows future expansion by adding 

one control PC board and adding two additional PC boards (EDIT MEMORY 

and FIFO) per computer input data stream. 

A.3 CONTROL MODULE 

Figure A.3 illustrates the control module. Appendix B, pages 

75 and 76, contains the control module logic diagram. 
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Computer data enter the module through dual inline package 

(DIP) sockets 301, 311, and 321 (Appendix B, page 75). The data 

signals and handshaking signal, DA OUT, are terminated electrically 

with components in DIP sockets 181 through 231 and 331 through 351 

(Appendix B, page 75). The data signals pass through inverters 91 

through 131 and are placed on the interface bus through driver IC's 

II through 31. Appropriate data signals and DA OUT (DAVO) are taken 

at the inverter outputs and impressed on run and control logic 

(Appendix B, page 76). 

Run mode conditions are set into IC 51 (Appendix B, page 76), 

sRUN = BDll • GATE • CU< , (A.l) 

rRUN = BDTT • GATE • CU< , (A.2) 

sSOS = BDIO • GATE •^, (A.3) 

rSOS = • GATE •^, (A.4) 

sSOM = BD09 • GATE • aj< , (A.5) 

rSOM = BM9 • GATE • gj( , (A.6) 

sEDITO = BOOS • GATE • CLK , (A.7) 

rEDITO = BDUF • GATE • CLK , (A.8) 

where. 

GATE = BD13 • BD14 • BD15 • DSTB , (A.9) 

and DSTB (2516) (Appendix B, page 76) is essentially a strobe derived 

from the computer data strobe, DAVO, described further below. The 

signal RUNO (14112) (Appendix B, page 76) establishes the run 
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condition. The run condition occurs when the RUN signal (14112) 

(Appendix B, page 76) is true, 

RUNG = RUN + ; (A.10) 

the "start at beginning of frame" signal, SOF (5112) (Appendix B, 

page 76), is true and the "beginning of frame" signal, BOP (2912) 

(Appendix B, page 76), has occurred, 

sSOFF = SOS • BOF • C1J<' , (A.ll) 

RUNO = SOFF + ... , (A.12) 

or the "start at beginning of sub-frame" signal, SOS (5111) (Appendix 

B, page 76), is true and the "sub-frame tick" signal, SFT (9112) 

(Appendix B, page 76), has occurred, 

sSOMF = SOM SFT , (A.13) 

RUNO = SOMF + ... , (A.14) 

IC II (Appendix B, page 75) places the edit signal, EDITOB, and the 

run signal, RUNOB, on the interface bus. 

The bus signals, MCLRB AND FCLRB (6111 and 13, respectively) 

(Appendix B, page 76), provide first-in-first-out buffer (Section A.5) 

and memory address counter (Section A.6) initialization. MCLRB clears 

the edit memory address counter and is generated by a control word 

with bit BD08 true, 

MCLRB = ADRG • BD08 , (A,15) 

where. 
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ADRG = BD15 • DSTB . 

FCLRB clears data from the first-in-first-out buffer and is generated 

by a control word with bit BD07 set, 

FCLRB = ADRG • BD07 . (A.16) 

Flip-flops HSO, HSl, DACX, and DACY are used in handshaking 

during computer data output. When computer data are available, DAVO 

(13112 (Appendix B, page 75) and 2611 (Appendix B, page 76)) goes true 

and HSO is set, 

sHSO = DAVO •^. (A.17) 

Subsequently, if the data is a control word, run mode conditions can 

be established (Eqs. (A.l) through (A.8)) or the load control flip-

flop, LOAD, can be set or reset, 

sLOAD = BD12 • ADRG •^, (A.18) 

rLOAD =(BD12 • ADRG + ... )»CLK , (A.19) 

and flip-flop DACX is set, 

sDACX = HSO • HTT. LMD • CLK . 

If the data is not a control word (i.e., is an edit memory data word) 

and flip-flop LOAD had been set previously, an edit memory cycle is 

initiated by the signal LDI (1713) (Appendix B, page 76), 

LDI = LOAD • LSTB , (A.20) 

SERI = LDI + ... . (A.21) 
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IC 71 and gates 1718 and 1716 (Appendix B, page 76) are con" 

figured as a four-bit, self-initializing (to state 0000), feed-back 

shift register. The shift register outputs are combined, producing 

edit memory control signals, 

DENAB = SRO + SR2 , (A.22) 

CENAB = SRI , (A.23) 

CDSTB = SR2 • SR3 , (A,24) 

ADVB = SR2 . SR3 . (A.25) 

When an edit memory cycle is initiated (Eqs. (A.20) and (A.21), 

SERI = LOAD • LSTB + ... , (A.26) 

the shift register takes on the sequence of states as shown in 

Table A.l. 

Signals DENAB, CENAB, and CDSTB provide edit memory data and 

strobe functions. ADVB advances the edit memory address counter 

preparing for the next data value (PCM channel number) input. ADVB 

also sets flip-flop, DACY. 

Flip-flops DACX and DACY signify that computer data have been 

accepted. Signal DACI (2818) (Appendix B, page 76), 

DACI = DACX . DACY 

= DACX + DACY , (A.27) 

is sent to the computer to indicate data acceptance. The computer 

responds by making DACO false. Subsequently, DACX or DACY is reset 
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Table A.l, Sequence of States for Shift Register 

SERI SRO SRI SR2 SR3 DENAB CENAB CDSTB ADVB 

1 0 0 0 0 0 0 0 0 

1 1 0 0 0 1 0 0 0 

1 1 1 0 0 1 1 0 0 

0 1 1 1 0 1 1 1 0 

0 0 1 1 1 1 1 0 0 

0 0 0 1 1 1 0 0 0 

0 0 0 0 1 0 0 0 1 

0 0 0 0 0 0 0 0 0 
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(they are never simultaneously true). 

rDACX = DAVO dc , (A.28) 

rDACY = DAVO dc , (A.29) 

HSO is reset. 

rHSO = DAVO • CLK , (A.30) 

HSl is reset. 

rHSl = HSO'̂ , (A.31) 

and the control module is ready for the next computer input, 

A,4 TELEMETRY DECOMMUTATOR LINE RECEIVER MODULE 

The line receiver module electrically terminates PCM data and 

channel number signal lines; generates the interface system clock; 

conditions certain PCM control signals; and places clock, PCM data, 

PCM channel number, and control signals on the interface bus. Figure 

A.4 illustrates the module. Appendix B, pages 77 and 78, contains 

the line receiver module logic diagram, 

PCM data, channel number, and control signals enter the module 

through DIP sockets 211, 231, 251, 271, and 291 (Appendix B, pages 77 

and 78). The signals are terminated electrically with components in 

DIP sockets 221, 241, 261, 281, 301, and 111 through 201 (Appendix B, 

pages 77 and 78). Data and channel number signals pass through 

inverters 61, 71, 91, and 101 and onto the interface bus through bus 

drivers II, 21, 41, and 61 (Appendix B, pages 77 and 78). Control 
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signals MF LOCK, SF LOCK, DATA STROBE, SYNC DET, and SF MARK (2511, 

2512, 2513, 2514, and 2515, respectively) (Appendix B, page 77) are 

passed through inverter 81 and bus driver 31 (Appendix 8, page 75) to 

the interface bus. 

Gate 341 and discrete components on 331 (Appendix B, page 77) 

are configured as a crystal oscillator producing an 18.432 MHz TTL 

signal, CLK18, at 3418. Signal CLK18 drives IC 321, configured as a 

divide-by-four counter, and gate 3418, producing a 4,608 MHz, 25 per 

cent duty cycle clock at 3418, The clock passes to the interface bus 

at 3111 (signal CLKB). 

IC 351 (configured as a two-bit, synchronous shift register), 

gate 3116, and inverter 3616 (Appendix B, page 77) produce a pulse 

one interface clock (CLK) cycle wide. The pulse follows the PCM data 

strobe's leading edge. The pulse provides an interface bus PCM data 

strobe at 3113 (signal RUNSTB). 

The "beginning of frame signal" interface bus signal, BOF 

(36110), asynchronously clocks flip-flop SFH (Appendix B, page 77), 

conditioned by "sub-frame mark" signal, SFM (3618), 

sSFH = SFM . BOF . (A.32) 

This action occurs during the last frame of every sub-frame. At the 

next frame's beginning a one-CLK cycle pulse is produced (low-true) 

at 3118, 

SFTB = SFH . RUNST , (A,33) 
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and placed directly on the interface bus. The current "beginning of 

frame pulse" clocks SFH reset, 

rSFH = "1" . BOF . (A.34) 

A.5 FIRST-IN-FIRST-OUT MODULE 

The FIFO module provides a means of smoothing data rates when 

editing and provides data buffering when the computer is block 

switching. Figure A.5 illustrates the module. Appendix B, pages 79 

and 80, contains the module's logic diagram. 

PCM data, DOIB through 012B, and flags, MFLB, SFLB, and BOFB, 

enter the FIFO through inverters II, 21, and 31 (Appendix B, page 79) 

from the interface bus. An additional flag enters FIFO chip 121 at 

pin 6. Data and flags pass through FIFO chips 91 through 121 and 191 

through 221, inverters 261 through 281, and through connectors 231 

through 251 to the computer. 

Signal FCLR (15111 (Appendix B, page 80) and 1219 (Appendix B, 

page 79)) clears data from the FIFO chips and resets flip-flops 1415 

and 1419 (Appendix B, page 79), 

rINREQ = RIRdc = FCLR + ... , (A.35) 

rOUTREQ = RORdc = FCLR + ... . (A.36) 

During quiescence, if the FIFO memory is not full, signals IR9 through 

IR12 (912 through 1212, respectively) (Appendix B, page 79) are true 

and CIR is true. 
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CIR = Tnreq 

= CIRG + INREQ , (A.37) 

where. 

CIRG = IR9 + IRIO + IRll + IR12 

= IR9 • IRIO • IRll • IR12 . (A.38) 

When data are available to the FIFO, signal SFFI (1718 (Appendix B, 

page 80) and 1412 (Appendix B, page 79)) pulses. The pulse's rising 

edge sets INREQ, 

sINREQ = CIRG SFR . (A.39) 

Strobing data into FIFO chips causes IR9 through IR12 to go false 

(temporarily, if the FIFO is not full), resetting INREQ, 

rINREQ = RIR 

= TO • IRIO • IRll • IR12 , (A.40) 

which causes CIRG to go false (Eq. (A.38)) and CIR to go false 

(Eq. (A,37)). If the FIFO is not full, the circuitry is ready to 

accept subsequent data. 

When data are available at the FIFO outputs, signals 0R19 

through 0R22 are true. In the quiescent state, flip-flop OUTREQ is 

reset. With the previous two conditions, COR is true. 

COR = OUTREQ • CORG 

= OUTREQ + CORG , (A.41) 

where. 
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CORG = MIS'+ DMT + + ORZ? 

= 0R19 ♦ 0R20 .0R21 • 0R22 . (A.42) 

When FIFO output data have been read at their destination, signal SFFO 

(718 (Appendix B, page 80) and 14111 (Appendix B, page 79)) pulses. 

The pulse's rising edge sets OUTREQ, 

sOUTREQ = CORG • SFFO . (A.43) 

Signal OUTREQ strobes new data to the FIFO chip outputs and causes 

0R19 through 0R22 to go false (temporarily, until new data are avail 

able), resetting OUTREQ, 

rOUTREQ = W 

= TRTF • TiTzir. mrr • im:, (a.44) 

causing CORG to go false (Eq. (A.42)) and COR to go false (Eq. (A.41)). 

The circuitry has then returned to the quiescent state. 

Flip-flop BOFH (3516) (Appendix B, page 79) synchronizes 

signal BOF with the FIFO data input strobe. Signal BOFB sets flip-

flop BOFH, 

sBOFH = BOFH dc , (A,45) 

Flip-flop BOFH remains set until the end of FIFO input data transfer, 

rBOFH = BOFH • INREQ . (A.46) 
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Circuits 51, 61, 81, and the components 301 and 311 (Appendix 

B, page 80) are configured as unit selection logic. The switch 

positions selected on 301 determine what computer data and what inter-

face signals the module responds to: 

TURUN = SWl . SWO . RUNOB 

+ SWT. SWO • RUNIB 

+ SWl • M • RUN2B 

+ SWl • SWO • RUN3B , (A.47) 

TUEQU =^• W • EQUOB 

+ SWT • SWO • EQUIB 

+ SWl • SWO • EQU2B 

+ SWl • SWO • EQU3B , (A.48) 

and, 

TUSEL = (BD14D0W)•(BDl3D © SWO)• ADRG 

=(( BD14D • SWl + BD14D • SWT ) 

(BDl3D.SWO + BDl3D • SWO))•ADRG 

= BFRD • BETTID • SlJT • M5" • ADRG 

+ BM^ • BDl3D • SWl • SWO • ADRG 

+ BD14D • BDl3D • SWl • SWO • ADRG 

+ BD14D • BDl3D • SWl • SWO • ADRG . (A.49) 

Signals RUNIB, RUN2B, RUN3B, EQUIB, EQU2B, and EQU3B are provided for 

future interface expansion. 

Flip-flop 3513 (SYNC) (Appendix B, page 80) synchronizes FIFO 

data with the interface system clock. SYNC is held reset when the 



66 

FIFO circuits are not ready. 

rSYNC = CIR dc , (A.50) 

When the FIFO circuits become ready and the interface is in the run 

mode, SYNC is set, 

sSYNC = TURUN » RUNSTB •^, (A.51) 

initiating the FIFO input process described above. 

Gate 7111 and inverters 3712, 3714, and 3716 are configured as 

an edge detecting pulse generator. A pulse (approximately 30 ns) is 

produced at the leading edge of the signal at 713, 

SETSYNC = TURUNSTB • CLK , (A.52) 

OVSTB = SETSYNC • SETSYNC (delayed) . (A.53) 

If the FIFO circuits are not ready (FIFO is full) when new data are 

available, flip-flop OVFL is set, 

sOVFL = . OVSTB . (A.54) 

Flip-flop OVFL flags subsequent data entering the FIFO (1216) 

(Appendix B, page 79). Signal FCLR clears FIFO data and resets OVFL, 

FCLR = TUSEL • FCLRB . (A.55) 

The remaining circuitry on page 80, Appendix B, provides 

handshaking for computer input and a strobe (SFFO, 718) (Appendix B, 

page 80) for FIFO output. Flip-flops 1813 (HSO) and 1815 (HSl) 
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(Appendix B, page 80) are held reset when the Interface is not in the 

run mode, 

rHSG = TDWJN dc , (A.56) 

and 

rHSl = TURUN dc . (A.57) 

When the run mode exists and data become available, HSl is set. 

sHSl = PDACO • TURUN • COR » HSO • gj< , (A.58) 

and PDAVI (3618) (Appendix B, page 80) goes true, signaling the 

computer that data are available. When the computer has accepted the 

data, PDACO (2912) (Appendix B, page 80) goes true, PDAVI goes false, 

and HSO is set, 

sHSO = HSl • PDACO • CU< , (A.59) 

and SFFO goes true, 

SFFO = HSO • HSl , (A.60) 

On the next clock HSl is reset, 

rHSl = HSO • CLK . (A,61) 

Subsequent to SFFO going true, COR (715) (Appendix B, page 80) goes 

false (response to SFFO), allowing HSO to be reset, 

rHSO = TURUN • COR • qx . (A.62) 

The circuitry is then ready for a new output cycle. 
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A.6 MEMORY AND COMPARATOR MODULE 

Figure A,6 niustrates the memory and comparator module. 

Appendix B, pages 81 and 82, contains the module's logic diagram. 

Computer data enter the module from the interface bus at bus 

driver inputs (II, 21, pins 2, 4, 6, 10, 12, and 14) (Appendix B, 

page 81). During memory load operation data are placed on the module 

from bus driver outputs (II, 21, pins 3, 5, 7, 9, 11, and 13) and 

enter the memory at memory input/output pins (121, 131, and 141, 

pins 9, 10, 11, and 12). 

PCM channel values enter the module from the interface bus at 

comparator inputs (41, 51, and 61, pins 1, 9, 11, and 14). During the 

run mode, when edit is specified, memory data are placed on the module 

data bus and input to comparator inputs (41, 51, and 61, pins 10, 12, 

13, and 15). 

Circuits 101 and 111, configured as an eight-bit synchronous 

binary counter, provide addresses for the memory during both load and 

edit operation. The counter is synchronously cleared at 1011 and 

nil and by "loading" zeros (pins 3, 4, 5, and 6) at 1019 and 1119. 

The counter is incremented with a strobe at 1017 and lOIlO. 

IC's 31, 71, 171, and components in connectors 201 and 211 

(Appendix B, page 82) are configured as unit selection circuitry 

similar to that described in Section A,5. Gate 19111 (Appendix B, 

page 82) provides a signal to clear the address counter (1011 and 

nil) (Appendix B, page 81), 

MCLR = TUSEL • ADRGB • MCLRG . (A.63) 
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During load operations, signals ADV, DENA, C^,and CENA (181, pins 

6, 8, and 11, and 2312, respectively) (Appendix B, page 82), control 

memory sequencing. Signal DENA places computer data on the module 

data bus (111, 1115, 211, and 2115) (Appendix B, page 81), 

DENA = LOADB • TUSEL • DENAB . (A.64) 

Signal CENA enables the memory IC's (12113, 13113, and 14113) 

(Appendix B, page 81), 

CENA = LOADB • TUSEL • CENAB . (A.65) 

After each memory write, ADV increments the memory address counter 

(1017 and 10) (Appendix B, page 81), 

ADV = LOADB • TUSEL • ADVB + ... . (A.66) 

During run operations, DENA (1818) (Appendix B, page 82) is held high, 

disabling computer data to the module bus, 

DENA = TUSEL + ... , (A.67) 

where, 

TUSEL = TiMlN + ... . (A.68) 

Similarly, CDST (18111) is held high, placing data read from memory on 

the module data bus. Signal ADV (1816) (Appendix B, page 82) incre 

ments the memory address counter each time EQUAL goes true when the 

edit mode is specified (EQUAL is described below), 

ADV = TURUN • EQUAL • RUNSTB + ... . (A.69) 
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Signal OSTB (2312) (Appendix B, page 82) allows the memory address 

counter to be cleared by RUNCLR (1516) (Appendix B, page 81) when 

current memory data bit 11 (14112) (Appendix B, page 81) is true, 

RUNCLR = OSTB • BITll . (A,70) 

IC 161 provides an enable signal to 81 or 91 determined by 

switch settings at 201 (Appendix B, page 82), 

tW = SWO • SWl , (A.71) 

E^DT = • SWl , (A.72) 

EQU2 = SWO • W , (A.73) 

or. 

EQU3 = SWO • W . (A.74) 

Signal EQU (15111) (Appendix B, page 82) goes true when EQUAL goes 

true in the edit mode, 

EQU = EQUAL + .., 

= EQUAL + ... , (A,75) 

or is continually high when not in the edit mode. 

EQU = EDIT + ... . (A,76) 

Signal EQU is passed through the selected bus driver circuit (81 and 

91) (Appendix B, page 82) onto the interface bus. 
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Signal EQUAL (616) goes high when the current memory data 

value and current PCM channel number are equal, and signal COMP (2216) 

(Appendix B, page 81) is true, 

COMP = EDIT • DATSTB . (A.77) 

A.7 PULSE GENERATOR AND LINE DRIVER MODULE 

Appendix B, page 83, contains the pulse generator and line 

driver module circuitry. The module produces complementary signal 

pairs for driving balanced differential signal pairs. Signal pair 

RUN,RUN (616 and 8) are true (RUN high and RUN low) when the inter 

face is in the run mode, 

RUN = RUNO . (A.78) 

As Eq. (A.72) implies, this module operates only for "unit 0" 

selection. Signal pair RUNINT,RUNINT (716 and 8) is pulsed when the 

interface enters the run mode, 

RUNINT = RUNOS , (A.79) 

sRUNOS = RUNO . (A.80) 

Signal pair BOFINT,BOFINT (816 and 8) is pulsed when the interface is 

in the run mode and "beginning of frame" occurs, 

BOFINT = FRMOS , (A.81) 

SFRMOS = RUNO • MFTB , (A.82) 
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A,8 MOTHERBOARD 

A printed circuit board contains the 100-line interface bus. 

Each signal is terminated through a resistor to a regulated voltage. 

Appendix C provides a tabulation of interface bus pin numbers and 

corresponding signal names and signal functional descriptive phrases. 

A.9 POWER SUPPLIES 

Appendix B, page 87, contains the interface power supply 

schematic. The Powertec Model 2C5-6B provides primary five-volt power. 

IC 1 and resistor divider R1,R2 provide -12-volt power referenced to 

ground. IC 2 provides +15-volt power referenced to the -12-volt 

supply, or +3 volts referenced to ground. 

Fuses and power switch are accessible on the enclosure front 

panel. Indicators II, 12, and 13 (power-on) are visible on the 

enclosure front panel. 

Connector P9, accessible at the enclosure rear panel, is 

permanently configured and attached in this enclosure. The connector 

provides a means of supplying external power to the motherboard when 

the enclosure is used in other configurations. 



APPENDIX B 

LOGIC DIAGRAMS 

This appendix contains the system logic diagrams and auxiliary 

drawings of cable diagrams and power supply circuitry (Figs, B,1 

through B.7). 
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APPENDIX C 

BUS PIN NUMBERS AND SIGNALS 

This appendix contains the PCM Interface Bus Signal 

Directory (Table C,1). 
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