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o The current technologies are: SLT, SLD, ASLT, and
MST.

e Each technology has its own basic logic circuits.

e Logical functions are represented by standard logic
blocks on Automated Logic Diagrams (ALD?’s).

¢ An ALD is a simplified schematic diagram of an
electronic machine or system.

e Representative logic circuits are: AND circunit, OR
circuit, inverter, flip-flop, polarity hold, singleshot, and
oscillator.

The principal objective of this manual is to explain the

several forms of Automated Logic Diagrams (ALD’s) for

machines of the System/360 and System/370 eras. The
order of treatment is:

1. Component circuits — basic electronic circuits, their
relation to logical functions in computers, and the
circuit technologies used to implement them.

2. Logic blocks — standard digital and analog logical func-
tions appearing in all forms of ALD’s.

3. Automated Logic Diagrams — types of information,
other than logical functions, appearing in each type of
ALD.

This chapter presents the building blocks of current sys-
tems: the transistor or circuit chip, module, card, board,
gate,and frame. This chapter deals with component circuits.
Because three basic circuits — diode AND, diode OR, and
the inverter — perform many logical functions in systems,
these circuits are used to illustrate computer logic. Other
representative circuits, such as the flipflop and singleshot,
are explained with respect to logical function, circuit
operation, input and output, and technology. The latter
part of Chapter 1 is devoted to current technologies, and
their impact on component circuits in relation to operating
speeds, input and output voltages, transition times, and
terminology. Chapter 2 defines and explains ALD logic
blocks, without regard to technology or type of ALD.
Succeeding chapters describe the several types of ALD’s,
with emphasis on reading an FEALD.

BASIC COMPONENT CIRCUITS

Computer functions are represented by logic blocks on an
ALD, or FEALD. For example, an AND function is

Chapter 1. Component Circuits

represented by a rectangular block containing an A. This
block, in turn, is a symbol for a more complicated
schematic circuit (see Frontispiece). The following sections
describe representative component circuits, from simple to
complex, and their relation to logical functions and logic
blocks.

AND Circuit

The output of an AND circuit (Figure 1-1) is at its
indicated polarity only when all of its inputs are at their
indicated polarities. Polarity is indicated by a wedge (&),
or absence of one, at the input or output of a logic block.
Figure 1-1 is an ALD representation of an AND block and a
truth table for an AND function. Figure 1-2 is a corre-
sponding circuit schematic and timing chart for an AND
block.

Z AB
A A AlBI| Z
7 1 11
B 1T jojlo
oOf1 |0
+AND 0]0jo
Y CD
A C|ID|IY
¢ T]1]0
Y T 1
D i v i
o1 {1
+AND-Inverter ojoj

Figure 1-1. AND Functions

The meaning of the AND block in Figure 1-1 is: if input
A and input B are both at their more positive potential,
then output Z will be at its more positive potential.
Positive, as used here, does not necessarily mean a positive
voltage, but merely the more positive of two states that an
input or output to a logic block can have. A truth table can
be constructed to represent logical functions. By definition,
a 1 equals the more positive potential, and a 0 equals the
less positive potential. The truth table for the AND block
shows that if inputs A and B are in the 1 state, output Z is
also in the 1 state. If either input is in the O state, the
output is in the O state.

Component Circuits  1-1
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Figure 1-2. AND Circuit
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The second AND block in Figure 1-1 is a positive-
AND-inverter, in which inputs C and D must both be at
their more positive potential (1 state) for output Y to be at
its more negative potential (O state). A wedge at the input
or output of a logic block indicates a more negative
potential.

Figure 1-2 is a diode AND circuit in its simplest form of
only two inputs. This is a positive AND circuit, which re-
quires both inputs to be positive before the output can be
positive. In example B, both inputs are negative (0 volt),
causing both diodes to conduct under forward bias. The
resultant current flow through the resistor causes a voltage
drop across the resistor and maintains a negative (0 volt)
output. Because of the forward resistance of the diodes, the
output voltage is approximately the same as the input
voltage; generally, the voltage drop across a discrete,
conducting diode is 0.6 volt.

If input 1 (the upper input) changes instantaneously to a
positive polarity (+3 volts, example C), diode 1 cuts off
because the cathode is more positive than the anode. Diode
2, with a negative voltage on its cathode, continues to
conduct and the output voltage remains unchanged (nega-
tive). As input 2 also changes to positive (+3 volts, example
D), diode 2 cuts off. When the output voltage reaches
slightly more than +3 volts, both diodes go back into
conduction and the output remains at +3 volts. Should
input 1 fall to +0 voit (exampie E), diode 1 conducts
harder and diode 2 cuts off. The output follows the input
to +0 volt. If input 2 falls to +0 volt, diode 2 goes back
into conduction to maintain the +0 volt output as in
example B.

In summary, the output voltage of a positive AND circuit
approximates the more negative input voltage, regardless of
the number of inputs. The timing chart in example F shows
that the output is up only if and when both inputs are up.

OR Circuit

The output of an OR circuit is at its indicated polarity
when one or more of its inputs are at their indicated
polarities. Figure 1-3 is an ALD representation of an OR

Z=A-B
218 2

OR
A BERE
[} z 1101
o[ T
“OR oo o
Y=C+D
cCJov

OR
< y 110
o 7o ][0
ol 1o
olo1

+OR-Inverter

Figure 1-3. OR Functions



block and its corresponding truth table. The logical
meaning of this OR block is: it input A or input B, or both,
are at thejr more positive potential, then output Z will be at
its more positive potential. The truth table gives an
equivalent: if either or both inputs are in the 1 state, then
the output will be in a 1 state.

The second OR block is a positive-OR-inverter, in which
output Y is in its more negative state if either or both
inputs are at their more positive potential. '

The positive OR circuit (+OR) in Figure 14 has a positive
output when either or both inputs are positive. If both
inputs are at their more negative level (0 volt), both diodes
conduct (example B) and the voltage drop across the
resistor maintains the output at approximately O volt.

Input 1 O——PF—

Input 2 o——DF — Output
R %
-6V
(A)
0V o——Db—=
Q\
0V O D,'—‘\§ » -0V
-6V
(8)
+3V 0———“—‘\‘
10V o— > 3V
-6V
(@]
0V o—m4mPD—
+0V o—F » 0V
-6V
(D)
+3V
Input 1
S T S
K\
Input 2 *
+V

+3V
___I Ovutput |. . +OV

(E)

Figure 14. OR Circuit

If either input rises to its more positive level (example C,
input 1 at +3 volts), that diode conducts more, cutting off
the other diode. The output follows the more positive input
voltage, +3 volts. Normally, only one input to an OR circuit
is up at any given time. When the input that was up falls, its
input diode cuts off (example D). This input diode
conducts again when the output voltage reaches a point
slightly more positive than the more negative input level.

In summary, the output voltage of a positive OR circuit
approximates the more positive input voltage. The timing
chart in example E shows that the output from an OR
circuit rises when an input rises.

Inverter Circuit

The output of an inverter is of opposite potential to the
input (Figure 1-5). Again, the wedge at the output of a
block means that the output must be at its least positive
potential when the function of the block is satisfied. In
SLT circuits, where a transistor provides inversion, the
inverter circuit uses an NPN transistor having a grounded
emitter (Figure 1-6, example B).

A 7z A N

or

Figure 1-5. Inverter Function

Bias is the term given to the voltage that controis a
transistor; bias voltage is the dc voltage difference in
potential between the base and emitter. Transistor conduc-
tion, the current that flows through the collector or emitter
circuit, is controlled by bias.

Consider the emitter voltage held at a constant ground
level, as in example B. Conduction can be controlled by
varying the base voltage above and below the emitter
voltage. Conduction follows two rules:

1. An NPN transistor conducts if its base is more positive
than its emitter.
2. A PNP transistor conducts if its base is more negative
than its emitter.
Forward bias causes conduction; reverse bias cuts off
conduction. An input voltage more than 0.3V can start a
transistor into conduction; with 0.8V at its base, the
transistor conducts at saturation. In the conducting state,
the transistor presents a relatively small resistance to
current flow. A cut-off, or nonconducting, transistor
presents a large resistance to current flow through the
transistor. Because current (electrons) flows from negative
to positive, and from emitter to collector in an NPN
transistor, the collector must be returned to a more positive
voltage than its emitter. Likewise, the collector of a PNP
transistor must be returned to a voltage more negative than
its emitter. A conducting transistor with a grounded emitter
cuts off with +0.3V at its base.

Component Circuits  1-3



Collector = Plate

Base

=  Grid

Emitter =  Cathode

(A)

Output
Input
(B)
+6V Q
0V
Qutput
Input Conditioned
+6V
6V
QOutput
lnput Deconditioned

Figure 1-6. Inverter Circuit

Figure 1-6, example C, illustrates a grounded NPN
inverter. A positive input voltage greater than 0.3V causes
the output voltage to follow the voltage at the emitter
(approximately 0.3V). A negative input voltage at the base
causes the transistor to cut off and the output follows the
voltage at the collector, +6 volts. Thus the function of the
inverter is fullfilled: positive input produces a negative
output; negative input produces a positive output.

Positive AND Equals Negative OR

A positive AND circuit may be used logically as a negative
OR circuit. The truth table and timing chart in Figure 1-7
represent the positive AND circuit as previously defined.

14 TO

From the rules defining an OR circuit, it can be seen that
the same truth table and timing chart also apply to the
negative OR circuit. For instance, if both inputs to the
negative OR circuit are positive, the inputs are not satisfied,
the function of the block is not satisfied, and the output is
positive.

B I

+AND -OR

olo|—[=|»

of~|o|=|lw

olo|oj—||IN
w

Figure 1-7. Positive AND Equals Negative OR

Figure 1-8 shows a positive-AND-inverter and its inverse
function, a negative-OR-inverter. Inspection shows that the
truth table applies to both blocks. Changing all inputs and
outputs from plus to minus, and from minus to plus,
permits conversion from positive AND (+AND) to negative
OR (-OR) and vice versa.

A A A ~] OR
N 7 z
B B N
+AND-Inverter ~OR-Inverter

)4
0
1
1
1

ol ~|o}l—||=

A
1
1
0
0

Figure 1-8. Positive AND Inverter Equals Negative OR Inverter

Extender and DOT Functions

AND circuits and OR circuits can be connected to produce
a single output (Figure 1-9). In diode logic an extender (E)
connects one logic block to another. The extender, in
effect, is a method of adding diodes to the input of a
circuit. The symbol E is seen in ALD’s when the connection
is between two cards. In transistor logic, the outputs of
logic blocks are connected by a DOT block. Generally the
AND DOT is a positive AND; the OR DOT is a negative
OR.



Extender DOT
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Figure 1-9. Extender and DOT Functions

Flip-Flop (FF) Circuit

| A flip-flop has two stable states: a set (1) state and a reset

—

(0) state. The flip-flop block (Figure 1-10) is put in the set
state by a pulse on the set input, which produces output
polarities as indicated on the block; in this case, the 1
output is positive and the O output is negative. The 1 and 0
outputs are always of opposite polarity. A signal of the
indicated polarity at the reset input causes the outputs to
assume polarities opposite to those indicated.

A signal of the indicated polarity at the complement
input changes the state of the flip-flop. Simultaneous inputs
of the indicated polarity at the set and reset inputs also
change the state of the flip-flop (complement it).

The flipflop schematic shows that the circuit is com-
posed of several modules: two crosscoupled AI modules,
an R-Pac, and an RC-Pac, all mounted on one card. The
negative-going transition of an ac set pulse at an ac input
feeds through a 175 pF capacitor to turn the ON transistor
off. Current flows from the AND resistor of the ON
transistor and the 30k bias resistor to the collector of the ac
set driver. The OFF transistor turns on. Each side of a
flip-flop has two dc set/reset inputs available, which can be
driven from any low-speed logic block.

Polarity Hold Latch (PH)

The polarity hold latch has a single bi-stable output that
can be changed by sequencing the control and data inputs
(Figure 1-11). When the control input is at its indicated
polarity, the output “follows” the data line; in the example
block, the output is positive when the data input is positive.
As soon as the control line goes to the opposite polarity,
the output remains at whatever polarity it had at the
moment the control line changed.

Set Input FF 1 Output
Complement
Reset Input 0 Output

A positive set input places both outputs at their indicated polarities.
A positive reset input reverses these polarities.
A positive complement input changes the state of the flip-flop.

+12v

Out=

|Qut-
put

put

1
|
|
|
|
1
1
d
1
[
: |
|
! I
1 | ;
| | [} .|
Gate ol —AAAALL T: ! ) el L Ao Gate
b oRe 11 17spF | l l | 175pF || RG |
A | I J L T
R-Pac RC-Pac AC Inputs RC-Pac R-Pac

Figure 1-10. Flip-Flop (FF) Circuit

The polarity hold block may have a reset input. When the

| reset input is at its indicated polarity, the output is at a

polarity opposite to that indicated.

Schematic Operation

Sequence 1: Control input is normally down.

1. Data Line Up — Rise of control input sets the output tu
the 1 state.

2. Data Line Down — Rise of control input sets the output
to the O state.

As long as the data line remains constant, changes in the

control input do not change the output.

Sequence 2: Control input is normally up.

1. Data Line Up — Fall of the control input holds the
output in the 1 state.

2. Data Line Down — Fall of control input holds the
output in the O state.

As long as the control input is up, the output changes with
the data line. When the control input falls, further changes
to the data line do not affect the output, and the output
remains at whatever polarity it had at the moment the
control line dropped.
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Data PH L Output

Figure 1-11. Polarity Hold (PH) Latch

Singleshot (SS) Circuit

The output of a singleshot (Figure 1-12) changes tempo-
rarily to its indicated polarity when the input receives a
signal of the indicated polarity. The output remains in this
quasi-stable state for a time that is characteristic of the
particular block. The title area of the block shows the time
duration. If a singleshot has more than one output not of
the same time duration, the time durations are labeled or
otherwise noted.

The variable singleshot shown in the schematic consists of
one AOX1 module, one isolating inverter (II) module, one
trimming potentiometer, and one capacitor. A positive-
going pulse starts the singleshot. It has two complementary
outputs; output 2 is in phase with the input. Width of the
output pulse is controlled by the 2k trimming potenti-
ometer and timing capacitor. The capacitor fixes the range
of output pulse widths as shown in the table. The 2k
potentiometer provides continuous adjustment in each
range.

Between the end of the output pulse and the start of the
next input pulse, a minimum recovery time must exist to

1-6 TO

500 NS 750 NS

55 SSK A
N - —_

B
Input L Input o
ol g T

Output 8 -—-r—7—5?01r-l—
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AND Extender

Input

OR Extender

Timing
Capacitor {uF) Output Puise Width
5.1 us
13.5 us
35.0 us
90.0 us
248.0 us
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4.2ms
11.0ms
29.0ms
75.0ms
200.0 ms

1
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Figure 1-12. Singleshot (SS) Circuit

allow the capacitor to charge; recovery time is equal to or
greater than the desired output pulse width. Premature
triggering results in an incorrect pulse width.

Oscillator

An oscillator produces a uniform, repetitive, continuous
output, or produces an output only when the input signal is
at its indicated polarity (Figure 1-13). The schematic
illustrates a 4.0 mHz free-running oscillator and pulse
generator. The circuit consists of a basic switching circuit
having an output dependent upon the quartz crystal. This
crystal vibrates at 4.0 mHz and develops a sinusoidal
voltage that is amplified and clipped to produce a square-
wave output. An inductively tuned tank circuit provides
regenerative feedback to sustain the crystal oscillations.



osc rlﬂ) AUl OSC_LﬂﬂJ

Figure 1-13. Oscillator Circuit (Typical)

SOLID LOGIC TECHNOLOGY (SLT)

Solid Logic Technology is one of several technologies used

in System/360 era machines and systems. As in other

technologies, the physical building blocks of SLT are the
transistor chip, module, card, board, and gate.

1. The basic semiconductors of which circuits are com-
posed are the dual diode and single transistor chip,
which are each about 0.025 inch square.

2. Chips are mounted on a substrate with screened resistors
and connected by printed wiring. The substrate and its
components are encapsulated to form a 0.500 inch
square module.

3. Modules plus molded resistors, capacitors, and other
components are mounted on pluggable cards, which
contain printed wiring to connect components. Cards
can contain 6, 12, 24, 36, or more modules.

4. Cards plug into 8% x 12% inch boards, with printed
wiring interconnections, and in turn are connected by
cables to form gates, and then frames.

SLT Circuits

The basic- SLT circuit is the AND-OR-inverter (AOI). SLT
operating circuit speeds and voltages are:

5-10 ns +0.9V to +3.0V High Speed
30 ns +0.0V to +3.0V Medium Speed
700 ns +0.0V to +12.0V Low Speed

Each logical function, such as an FF, may use a different
circuit for each of the three circuit speeds.

SLT Circuit Transitions

Transition (Figure 1-14, example A) is the time required for
a transistor output to switch from one logic state to
another. Voltage levels at which transitions are measured in
SLT and SLD are:

Circuit Transition
Family Measuring Points
5-10 ns +1.2Vand 1.9V
30ns +0.3V and 1.8V
700 ns +0.29V and 2.0V

Switching times. include turn-on transition, turn-off tran-
sition, turn-on delay, and turn-off delay. Transition times
are turn-on transition and turn-off transition. These values
are generally the same for each of the circuit families. The
major difference is that the transition points and voltage
levels vary for each family.

Turn-on Transition (Figure 1-14, example B) is the time
required for the circuit to switch from an off state to an on
state. Turn-on transition is measured on the output
waveform from a specified value in the nonconducting state
10'a specified value in the conducting state.

Turn-off Transition (Figure 1-14, example C) is the time
required for the circuit to switch from an on state to an off
state. Turn-off transition is measured on the output
waveform from a specified value in the conducting state to
a specified value in the nonconducting state.

Turn-on Delay (Figure 1-14, example D) or turn-off delay
(example E) is the time required for the circuit to change
its output state after a change in the input state has
occurred. Switching time is measured from a point where
the input waveform has reached a specified value to a point
where the output waveform has reached a specified value.

SOLID LOGIC DENSE (SLD)

The Solid Logic Dense technology increases packaging
density and circuit performance with respect to SLT. The
gain mainly results from mounting transistors and diodes on
top of the substrate and mounting resistors on the bottom
of the substrate. SLD circuit-switching speeds are 30, 100,
and 700 nanoseconds. Voltage levels and transition times
are the same as in SLT circuits.
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Figure 1-14. SLT Transitions
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ADVANCED SOLID LOGIC TECHNOLOGY (ASLT)

ASLT, an offshoot of SLT, stacks two ceramic substrates in
a module, thereby increasing circuit performance by 2% to
3 times that of SLT. ASLT circuits have switching speeds of
2-10 nanoseconds. Input and output voltage levels for ASLT
are shown in Figures 1-15 and 1-16. ASLT transitions and

delays are given in Figures 1-17 and 1-18.

18 TO
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Figure 1-15. ASLT Input Voltages
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Figure 1-16. ASLT Output Voltages
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Figure 1-17. ASLT In-Phase Transitions and Delays
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Figure 1-18. ASLT Out-of-Phase Transitions and Delays
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ASLT Basic Circuits

A basic circuit in ASLT is the emitter-follower-coupled
switch, which is used in several configurations: an in-phase
circuit, an out-of-phase circuit, and an in-phase and
out-of-phase circuit. Current-switching logic permits in-
creased operating speeds. Transistors are not usually oper-
ated in saturation and small voltage swings are used. A
phase-compensating network in the emitter current source
makes these circuits stable.

MONOLITHIC SYSTEM TECHNOLOGY (MST)

The smallest circuit building block in MST is the integrated
circuit chip, which contains about five circuits and is
roughly equivalent to an SLT card. An encapsulated,
0.500-inch square module contains from one to four circuit
chips and screened connections mounted on one side of the
substrate. Resistors are packaged on the same card, external
to the MST module. A maximum of 60 modules may be
placed on the MST card, along with separate resistors and
capacitors. The card has laminated signal and voltage
planes, similar to an SLT board.

MST circuits have switching speeds of 2-5 ns, 30 ns, and
100 ns and voltage levels of +1.25V and 0.0V to -3V. Input
and output voltages for MST circuits are shown in Figure

1-19.
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Figure 1-19. MST Input and Output Voltages



MST Basic Circuits

MST uses basic current-switch emitter-follower circuits: the
high-power circuit, and the low-power circuit. Low-power
circuits drive loads within the module; high-power circuits
drive loads external to the module.

Terminating resistors are contained in an R-Pac or
RC-Pac. Because each leg of an AND/OR block must not
float, unused legs are terminated by external resistors.

FET Circuits

FET circuits are integrated circuits in which the major
active element is a field effect transistor (FET), a three-
terminal, semiconductor device identical in function
(current control) to earlier junction transistors. In Figure
1-20, the three terminals (source, gate, drain) compare to
the emitter, base, and collector of a junction transistor. The
gate on the FET controls current flow. In some FET
devices, the source and drain are interchangable. The
earliest FET device is a static FET, which operates by the
gate setting up an electronic field transverse to the direction
of current flow, which controls the output current.

EconomiC
Drain

WATER, Nixon Output
Gate FeT

\/NIJYM/H:B(&
Source Input

Load FET

Active FET

FET Terminology FET Schematic

Figure 1-20. Field Effect Transistor

FET circuits are characterized by low power dissipation
and relatively long risetimes. The basic FET logic block is a
static OR-inverter circuit.

TTL Circuits

TTL (transistor-transistor logic) circuits have the following
characteristics: medium speed, high volume, low cost. A
TTL circuit chip contains densely packed integrated
circuits, encapsulated in a dual-in-line module having 14,
16, or 24 pins. In contrast to an MST module, a TTL
module is rectangular and has pins aligned in two rows.
Figure 1-21 shows the general voltage and delay values of
TTL circuits.

Steady State Voltage Levels

Input Output
5.5V 7 MPUL +5.5V 779
2.0V LPUL  +2.4V
0.8V MPDL 10,4V
0.0V LPDL 0.0V

Turn-on/off Delays

+1.5V
o
|l
—’% I,<—Turn—on Delay

Typical 10-20 ns
Max 20-50 ns

Typical 10-20 ns
Max 20-50 ns

Rise and Fall Times

Output

+0.8V +0.8V

t

rise tall

Figure 1-21. TTL Voltage Levels and Delays
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e Logic blocks appear on all forms of Automated Logic
Diagrams.

e Standard logic blocks include unit logic (AND/OR/FF
etc.) and component blocks (relay, capacitor, etc.).

e Circuits may be represented by multiple block configu-
rations.

e Higher level blocks include macro-logic and functional
logic blocks, such as the selector, register, and decoder
on FEALD’s.

e Nonlogic blocks include: entry/exit block, service-
voltage block, and cable block.

This chapter describes logic blocks appearing in all forms of
ALD’s—the engineering ALD, the Field Engineering ALD,
and the card ALD. These descriptions are independent of
technology and concern logical function, not circuit sche-
matic operation. The order of treatment is from unit logic,
as seen on all forms of ALD’s, through the multiple block
configurations, macro-ogic, and butted blocks, to that logic
appearing only on an FEALD.

UNIT LOGIC

AND
The output of the AND block is at its indicated polarity

only when all of its inputs are at their indicated polarities.

The letters in the block are the symbol of the function. In
this case, A is the symbol for the AND function (Figure
2-1).

Figure 2-1. AND Block
Positive AND (Negative OR)

The output of the positive AND block is in its more
positive condition only when all the inputs are in their
more positive condition (Figure 2-2).

— — D
or

Figure 2-2. Positive AND Block

Chapter 2. Standard Logic Blocks

Positive-AND-Inverter

The output of the positive-AND-inverter is in its more
negative condition only when all of the inputs are in their
more positive condition (Figure 2-3).

or

Figure 2-3. Positive-AND-Inverter Block

OR

The output of the OR block is at its indicated polarity only
when one or more of its inputs are at their indicated
polarity (Figure 24).

OR

Figure 2-4. OR Block

Positive OR (Negative AND)

The output of the positive OR block is in its more positive
condition only when one or more of the inputs are in their
more positive condition (Figure 2-5).

—1 OR _n A

or

Figure 2-5. Positive OR Block

Positive-OR-Inverter

The output of the positive-OR-inverter is in its more
negative condition when one or more of the inputs are in
their more positive condition (Figure 2-6).

OR : A

or

Figure 2-6. Positive-OR-Inverter Block
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Exclusive OR

The output of an exclusive OR block is at its indicated
polarity when only one of its inputs is at the indicated
polarity (Figure 2-7).

1 Ot OE

b

Y

Figure 2-7. Exclusive OR Block

The following examples describe types of inverter, ampli-
fier, threshold, odd, and even functions.

Inverter

The output of the inverter is of opposite potential to the
input (Figure 2-8).

or

Figure 2-8. Inverter Block

Amplifier

The amplifier (AR) provides adequate driving energy and an
appropriate impedance match to other blocks. The ampli-
fier output is at its indicated polarity only when the input is
at its indicated polarity (Figure 2-9).

AR AR
S SR -
or
AR AR
— SN -
or
AR AR-DF
N — _— N
N

The lower two blocks are AR variations. In the first, the N indicates
a negative pulse or shift that-is amplified.In the AR-DF differential
amplifier, both inputs must be present; the hyphen indicates ¢ non-
standard input or output voltage. See Figure 2-63 for a definition of
differential amplifer.

Figure 2-9. Amplifier Block

22 TO

Threshold

The output of the threshold is at its indicated polarity only
when the number of inputs (at their indicated polarity)
reaches or exceeds the number specified in the function
symbol.

The A«(n) symbol (shown in Figure 2-10) has at least two
inputs. The number specified in the function symbol is not
1, or equal to the number of inputs.

A-(n)
A NOA-2
B D
Cc—0

w

| |

. L
| I | S—

D L

Figure 2-10. Threshold Block

Odd Count
The output of odd count (OD) is at its indicated polarity

only when an odd number (such as 1, 3, 5, and 7) of inputs
are at their indicated polarity (Figure 2-11).

Note: An OD block may be shownas an even count (EV)
by changing the polarity indication. The AND and OR
circuits have a similar relationship.

Figure 2-11. Odd Count Block
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Even Count

The output of even count (EV) is at its indicated polarity
only when an even number (such as 0, 2, 4, and 6) of inputs
are at their indicated polarity (Figure 2-12).

As noted earlier, an EV may be shown as an OD by
changing the - polarity indication. This change may be
compared to the AND and OR circuit.

EV Input A —I——L-————-r—L

A —i

Figure 2-12. Even Count Block

Flip-Flop

The flipflop has two stable states. One of these is the 1
state or set state; the other is the O state or reset state. The
flip-flop block normally has two outputs, a 1 cutput and a
0 output. In the ALD’s, a line from the upper part of the
block represents the 1 output and a line from the lower
part of the block represents the O output.

The flip-flop is in the 1 state when the 1 output (the
upper output on the ALD) is at its indicated polarity.
Regardless of the input of a flip-flop, its 1 output and 0
output in the stable state are always opposite in polarity.

A signal of indicated polarity sent to the line opposite the
1 output causes the outputs of the block to assume their
indicated polarities.

A signal of indicated polarity sent to the line opposite the
0 output causes the outputs to assume polarities opposite
to those indicated.

A signal of indicated polarity sent to a line centered
between the two lines already mentioned, or sent to both
the set and reset inputs simultaneously, changes the state of
the flipflop (complements the flip-flop).

The polarities shown at the inputs and outputs of a
flip-flop for a particular circuit are unchanging parts of the
symbol (Figure 2-13).

A positive input here produces output polarities A_T1
as shown
S C 1
AS S FF oLy :
Complemen/f\CL R— ML i
R—g1 ~—Z
S/ v I I 1

A positive input here produces output polarities Zw
opposite to those shown
Figure 2-13. Flip-Flop Block

Master-Slave Flip-Flop

The “master-slave” flip-flop uses the trailing-edge symbol
(7D, see “Storage Blocks (FEALD)” for definition, and sets

on the trailing edge of the setting pulse. When this pulse
goes to a polarity opposite to that indicated, the flip-flop is
set.

Flip-Flop Latch or Flip Latch

The definition of the flip-flop latch or the flip latch is the
same as that given for a flip-flop, except that simultaneous
signals of the indicated polarity at the 1 input and the O
input are not a normal operation. If, however, simuitaneous
" set and reset occur, the design of the circuit determines the
polarity of both outputs (Figure 2-14).
The complement input is not used with the fliplatch
block.

N

Figure 2-14. Flip Latch Block

Polarity Hold

The output of this block is at the indicated polarity when
the data line is at its indicated polarity and the control line
is at its indicated polarity. When the control input goes to
the polarity opposite to that indicated, the output remains
at whatever polarity it possessed at that moment. The PH
| block may have a reset input. If so, when the reset input is
at its indicated polarity, the output is opposite to that of its
indicated polarity. '
The data line is the input line toward the top of the
block. The control line is centered on the input side of the
I block. The reset line is toward the bottom of the block
(Figure 2-15).

Data — PH p— Output

Control  —

Reset

|t
il
[
Control Ill l | I
[
[
Output “ | “ | l

Figure 2-15. Polarity Hold Block

Data

Reset

Singleshot

The output of the singleshot (Figure 2-16) changes tempo-
rarily to the indicated polarity when it receives an input
signal of the indicated polarity. The output remains in this
quasi-stable state for a time characteristic of the particular
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block. The singleshot always has the time duration shown
in the title area of the block. If a singleshot has more than
one output not of the same duration, the block is labeled or
a reference note on the page relates pin numbers to time
durations.

500 NS 750 NS
SS SS

Input

L ot ) L
Output —I 500 ns

Output A L J
3
Output B —l_-;él:—l—

Figure 2-16. Singleshot Block

Schmitt Trigger

The output of the Schmitt trigger goes to its indicated
polarity when the input crosses the threshold in the
direction of the indicated polarity. The output remains at
this indicated polarity until the input signal crosses the
threshold in the opposite direction (Figure 2-17). The
nominal threshold voltage is indicated in the block title
area.

6V

ST
Input _Mév
Qutput | L___]

Figure 2-17. Schmitt Trigger Block

Oscillator

The oscillator produces a uniform, repetitive output either
continuously or during the application of an input signal of
the indicated polarity.

Gated
16 MHZ ~ 20 MHZ

Figure 2-18. Oscillator Block

Special Blocks

Two conditions must exist for a block to be designated as

special:

1. The function is not covered by any single block symbol.

2. The function cannot be expressed in terms of an
interconnected set of individual block symbols.

24 TO

The function of a special block is described by the
wording on the ALD, either at the block or in a comment
area referenced by a note in the title area of the block
(Figure 2-19).

SPEC

Figure 2-19. Special Block

Converter

The converter block provides the necessary conversion or
translation between two types of logic: voltage mode to
current mode, voltage to voltage, etc. An indication of
input and output voltage levels, or line types, is shown in
the title area of the block (Figure 2-20).

-70+2 07O -3 SLT TO MST
+2 +3
cv cv
-2 0

Figure 2-20. Converter Block

Time Delay

The time delay block delays a signal without intentional
distortion of the signal. The time delay symbol must always
be accompanied by the time delay (Figure 2-21).

Time delays having a delay time for the leading edge of
the output that is different from the time delay for the
trailing edge are identified by the placement of an L for
leading and a T for trailing immediately prior to the
separate delay times in the block area. The input polarity at
the block must be that associated with the “leading” edge
of the output.

L0 T(y)
™

50 Ns
™

Input
{50 NS|f=—

Output

Figure 2-21. Time Delay Block

Limiter
The limiter block sets one or both extremes of a waveform

to a predetermined level without intentional distortion of
the remaining waveform (Figure 2-22).

Input /_\_,

—_———

= ~ v
OQutput — ~—

Figure 2-22. Limiter Block
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LIM




Current Switch

Sometimes it is difficult to describe the-ogic operations of
ANDing and ORing because of the use of series control of
current flow; for example, handling the drive currents in a
magnetic core array, At times the purpose of a circuit is to
allow a flow of current (either in or out) under logic voltage
control. When this condition exists, the circuit cannot cause
the current to flow solely through electrical action at its
own logic input. Because of the series flow of this current
through other controlling circuits, the circuit may be given
the function label CS (current switch).

The control input of the CS is placed toward the top of
the block. Sending a signal of indicated polarity to this
input allows (not necessarily causes) electron flow through
the biock in the direction indicated by the poiarity symbol
at the output side of the block (on the current line). A
negative polarity symbol indicates electron flow away from
the output side. A line opposite the output line is assumed
to be the same current line, separated by the circuitry of
the CS. The polarity indication for this line is the same as
that of the corresponding output line (Figure 2-23).

COMPONENT AND AUXILIARY BLOCKS

Many types of components may be mounted on a logic
card. The following examples are typical (Figures 2-25,
2-26, and 2-27).

Component Blocks

Control Control
cs Current s Current
Line Line
- >

Direction of Electron Flow
through the Block

Figure 2-23. Current Switch Block

Figure 2-24 shows the use of the current switch in the
control of a series flow of current through more than one
circuit. A negative signal at D) causes current to flow in the
array, provided the control signal is negative at Q) .

ARRAY

AR-CD

A O

——©Wh'e

through
_‘@ Cores

r

m

Control

cs

@

Direction of Electron Flow

Figure 2-24. Current Switch Circuit

R L C z

Resistor (s) Inductor (s) Capacitor(s)  Impedance

PWR THRM CR CR

—] N AN
Power Thermal Diode Diode
Supply Element % %
JMPR FUSE IND SW

Jumper Fuse Indicator Switch
Figure 2-25. Component Blocks
Switch Blocks

Console Start Tape Drive Door Cover Intlk

SW Sw sw |0 —
PUSH [O — —MICRO —MICRO|C —

Pushbutton Microswitch
-0 SW SW o—
—o {ROTI ROT 4| o _
-0 o- MOM = Momentary
-0 o- SHORT = Shorting
-0 o- TOG = Toggle
-0 — o—- PB = Pushbutton

— o— ROT = Rotary
O = Normally Open
Rotary Switch C = Normatly Closec

Figure 2-26. Switch Blocks
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Relay Coil and Contact Blocks

RY RY P RY H RY P1
Single Pick Hold Pick 1
Coil Coil Coil Coil

RY-CT (o RY-CT RY-CT o
I — e — c
NO Point NC Point
Notes:
1. One set of contact points will be shown in each block.
2. This symbology refers to relays mounted on cards.
Figure 2-27. Relay Coil and Contact Blocks
VRC ERROR
OR FL AFL
()
A
AND Inputs
on Set Side | —
Positive Set
l BRANCH
AFL ORFL
‘Negative Reset
Negative Set ORFL AFL
Positive Reset
— ] A
AND Inputs
on Reset Side

(8

Figure 2-28. Bi-stable Circuits
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MULTIPLE BLOCK CONFIGURATIONS

Bi-stable Circuits

The flip-flop, flip latch, or polarity hold circuits (Figure
2-28) may be designed with AND-OR blocks instead of a
single circuit. When these bi-stable circuits are shown in
multiple block form, one of the blocks is an OR block
placed toward the top (or left) in the block arrangement
containing the cross-coupled parts. The title of the arrange-
ment is placed above this OR block (Figure 2-29).

When AND-OR blocks are arranged to perform the
function of a flip latch, flip-flop, or polarity hold, the
symbol FL, FF, or PH is added to the AND-OR function
symbol in the top of every block making up the cross-
coupled arrangement. An exception to this arrangement
occurs when the AND-OR block is part of a DOT AND or
DOT OR. (See “DOT OR and DOT AND.”)

L
=

-REG A3
OR PH

A
(A)
Data A
Select
] The title indicates that the
output of the "OR" block
will be (+) when "Reg bit 4"
is "set" (standing at "1")
Data A
Select -
[ oan
+Reg Bit 4
Dota A ["|oR PH N PH
Select
*~—
Data A A PH
‘Select
i [
N
-+ — — — | ————
(®)

Figure 2-29. Multiblack Circuits



DOT OR and DOT AND

Basic blocks whose outputs are connected externally to
perform an AND or OR operation (DOT AND and DOT
OR) are identified by an additional A or OR placed in the
block to the right of the primary block function symbot. In
ALD’s a block labeled OR DOT or A DOT is used to form
the junction of the lines being connected (Figure 2-30).

When the output of a block enters both a DOT OR and a
DOT AND, the letters WL (wired logic) are placed to the
right of the primary block function symbol.

OR A A
DOT
—_—n]
OR A lf
— N
— A A A
DOT
N A
OR WL A
DOT ——
OR WL
OR
DOT
L

Figure 2-30. DOT-OR and DOT-AND Blocks

NONLOGIC BLOCKS

Entry and Exit Blocks

Entry and exit blocks (Figure 2-31) can be used to show
crossreferencing from one machine to another or a line
crossing a machine type. The information may be asso-
ciated with the line name or it may be shown in a pseudo
block. These pseudo blocks are identified by an asterisk (¥*)
in the sixth position of line 1. The machine type from
which the line is coming or to which the line is going is on
line 2.The machine type where the logic block is located is
on line 3. The page of the other end of the line is shown on

line 4. Line 5 is the serial number of the block on the other

" end of the line. The print location and serial number of the

logic block are shown on line 6.

S CONS | ermetipwremmcme=D1 N TO6AR BD1 Dis S CONS
33641
A=S3HY C=EaKe RA=S3G1
SR
ENTR% EXITH
$ CONS 1S CONS
A=S3H1 A=-S364
4 C="B 3C=V
AA 1T BB 222
EXIT * ENTR *
To From
Mach Type ) Mach Type
This Signal Signal This
Mach Type Nome Moms Mach Type
Page Page
Serial Serial
~-1TA AB- ‘—1 A AB-

Figure 2-31. Entry and Exit Blocks

Service-Voltage Logic Blocks

The four-character mnemonic code (SERV) identifies one
type of pseudo block. An asterisk (¥) in the first character
of line 1 indicates that the inputs are in particular positions;
the asterisk (*) in the last character of line 1 indicates that
the block is special. Line 3 identifies the voltage. Line 5
locates the card socket. The logic block pin numbers
identify which pins are wired for the particular voltage.

A SERV logic block (Figure 2-32) indicates that a voltage
is wired into a connector area by printed wiring.

D08

SERV

D03

VOLT

A-BI1 M4
6N AC

Figure 2-32. Service-Voltage Logic Blocks

Standard Logic Blocks  2-7



Note: No voltages are present in either of the two outside
columns (A and N) of card sockets on the board.

Normally, the sockets in columns A and N of the board
are used for cable connectors. When these sockets are used
for cards, service voltages are brought to these sockets by
printed wiring. This arrangement is shown with the SERV
special block (Figure 2-32). When a half cable connector
plugs into column A or N on the printed board, additional
ground wires are shown on the ALD’s in the lower half of
the socket. A board is not normally wired in this way.
Normally, on a given board all blocks that are used for
service voltages appear on the same ALD page(s).

Cable Logic Blocks

Two logic blocks (Figure 2-33) are used to define each
cable: one logic block shows the “from” location; the other
logic block shows the “to” location. Line 1 contains
CABL* for regular cables (both intergate and intragate) and
XOVR* for crossover cables.

Basic data in the block provides cable block identifica-
tion: location of the end points, cable assembly part
number, location suffix (half cable can be plugged into top
or bottom section, or left or right section of the connector
socket), intergate sequence numbers, and orientation of
intergate cable.

The code used in Figure 2-33 is:

NNNN Last four numbers of the cable assembly drawing
appear only in the “from” block. The first three
numbers (§80) are understood as relating to the part

number.

P Socket portion used; that is, T for top, B for bottom,
and F (or blank) for full; this appears as a location
suffix.

QQQQ

Installation sequence number (required in both blocks
of the intergate cable).

Gate, board, and socket for the respective end of the
cable.

z L or R indicates left or right for the direction this cable
takes in leaving the board specified in the “from”
block. (Assume a position facing the card side of the
board.)

GGBBSS

Cable blocks have “from™ and “to” orientations similar
to the orientations of the particular cable assembly refer-
ence drawings.

Line 2 may contain an additive card code, but it is not
required.

Installation Sequence

Intergate cables are divided into groups; each group
contains all the cables connecting a particular pair of logic
or I/O gates. The group number is the first number of the
code QQQQ. It defines the cabling sequence required for
gate pairs. The number may be 1 through 9. Other numbers
of the code QQQQ are the installation order of the cables in

28 TO

the group, with the lower numbers being installed first,
advancing in order to the higher numbers.

Via Points

The point at which the intergate cable leaves the gate is
designated as a via and the point at which it enters the “to”
gate is designated as a via.

Via coordinates identify channel intersections as well as
identify segments of the vertical channel. Within the
channel intersection and within the vertical segments,
channel coordinates are specified. At these coordinates, the
cable is folded and the lengths are specified.

The via points are shown in order from one end of the
cable to the other. The format of routing vias is in the form
FFG-VVCC---: FF designates frame, G- designates gate,
VV designates via coordinate, CC designates channel co-
ordinate, and - - - (three dashes) fill out the 11 characters.
An example is 01A-C2D5- - -.

CRBLE { xovme
0081 b
2501 7 Ld
A=R2NS RA=-0274
6G~=FG 7G=elcG
CRBL%
B
RA=02NS
§6H=~FH|
CRBL» XOVRE
F 251S F
A=2NE A=-R2TS
6J=FJ TG
Cable Block Formats
X|O|VIR|* X{O| VIR |*

Crossover Cable

N[{N[N|N P P
G|G|B|B|S]|S G|G|Bi|B|S
From To
ClA|B|L [* ClA|B|L|*

Intragate Cable

N|N|NIN P P
G| G|B|B|S G|C{B[B]|S|S
ClA|B|L|* ClA|B L |*
Intergate Cable *

QQIQ|Q QQ|AlQ
NIN[N|N P Z|P
G{GIB|B]|S|S G|G|[B|B|S|S

*Denotes via listing at the bottom of the ALD page.

Figure 2-33. Cable Logic Blocks



Cable Routing

The routing of the cable is given by via and channel

coordinates (Figure 2-34). These coordinates are identified ’

by the asterisk (*) on the line between the “to” and
“from” block. The asterisk (*) references the connector
field at the bottom of the (cable) ALD page.

The general form of the via designation is:

Example 1 in

Figure 2-34 shows a six-pack cable on gate

A in frame 01 between board Al socket N3 and board C2

01A-A1IN3
01A-A1IN3
0l1A-B1H2---
01A-B2B2 ---
01A-C2B2 ---
01A-C2H2---
01A-C2A3

Example 2 in

socket A3. In this example, the connector listing is:

(Appears in CABL¥* Block)
Identification

Cable Vias

(Appears in Second CABL* Block)
Figure 2-34 shows a split six-pack cable on

01 A- C2 DS --- )
Via Channel Not gate B in frame 01 between board Bl, top half of the
Frame Gate Coordinate Coordinate Used socket A4, and board A2, bottom half of socket A6. In this
example, the connector listing is:
01B-B1A4T (In CABL* Block)
The general form of a logic connector is: 01B-B1K1--. :
01B-B2C1 --- .
01B-A2C3. . . Cable Vias
01 A- D3 B2 D09 01B-A1T3-..-
Frame Gate Board Socket Pin 01B-A2A6B (In CABL* Block)
Channel Coordinates
I 123 l
123 |
A L N )
B e B
C o0 AC
De o — L., T —
E e Row 1
Via Coordinates Fe ol 2 __ __
Ge o
f\” B _ C D E e
73 jeo o 3 _ _|
1Ry Ke o
q I L e
] Mo o 4 _ |
Ne o
2 P.o
—— Gie @ 5
Re of  — — — — —
3 S e |
p—emun Te o - 6__ —
Us of 7
4 c4 Ve 5
: yrses ' -F-s-- . w: :_ ________
5 1 D4 ! B .
! C oo
01A- 018-
Flat Cable Board
Flat Cable Board
A / B c A l B C
HL i
B2 c2 A2 B2

Example 1

Figure 2-34. Cable Routing

A
2 )

Example 2
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SUFFIXES TO THE BLOCK FUNCTION SYMBOL

The suffix is information added to the block function to
clarify the logic usage. Some of the suffixes are:

LT Transmission line terminator
LD Transmission line driver

ID Indicator driver

CD Core driver

HD Magnetic head driver

MD Magnet driver

A\ Voltage amplifier

DF Differential amplifier

E{ Used for emphasis of storage type blocks when these
PH blocks are in multiple block form.

Used in the identification of blocks whose outputs are
OR connected in the DOT OR or DOT AND arrangement;
% these suffixes take precedence over all others. When
DOT AND or DOT OR takes precedence over a suffix,

the suffix is placed in the title area of the block.

fl Used with the RY (relay) blocks to indicate coil and
CT contacts.

Some possible uses of the suffix are shown in Figure 2-35.

ALT AR-MD

AND circuit being used Amplifier used as a
as a transmission line magnet driver
terminator

AR-CD OR~ID

OR circuit used as
an indicator driver

Amplifier used as a
core driver

Figure 2-35. Block Suffix Examples

MACRO-LOGIC BLOCKS

Engineering ALD’s can contain macro-logic blocks, which
are equivalent to butted logic blocks on FEALD’s. Macro
logic is composed of unit logic (AND/OR/FF) in various
combinations to depict multiple logical functions in one
macro-logic block. Figure 2-36 shows several examples of
macro logic, from simple to complex, and their logical

2-10 TO

FEALD counterparts. Macro logic has the following charac-

teristics: )

1. Input lines are grouped by logical function.

2. Symbols for macro logic are the same as for unit logic.

3. Symbols are generally inside macro-logic blocks, but
may ‘be adjacent to a block. Examples 3 and 4 of Figure
2-36 show input functions OR-AND-OD-OE external to
the block.

4. For SLT/SLD, inputs to any one function of a macro
block have the same polarity and voltage characteristics.

5. All components of a macro block are on the same
replaceable unit (an SLT/SLD card, or MST module).

6. Groups of inputs may be separated by an asterisk (¥).
Some of the combinations of inputs and outputs and
their macro block symbols are shown in Figure 2-37.

i OR Two-Level
A Symmetrical

—

A Logic

| A*OR

Macro Butted Block
FEDA

OE|cp

It Twe-Leve!

AR[C Logic
AR

:TI OE*PH

®
.
S
3

ol

Macro FEDA

OR
== A | oR[ Ab—
oD, Two-Level
@ oF | _OE Asymmetrical
=I —OF Logic
Macro FEDA
A
— OR*PH
OE
@ s I Three-Level
ontro Logic
Reset 9
Macro

Figure 2-36. Macro-Logic Block Examples



Two-Level Symmetrical Logic:

Three-Level Logic:

Input Level Output Level Macro Block Symbol
OE A OE*A
oD OD*A
OR OR*A
A OR A*OR
OE OE*OR
A oD A*QD
A OE A*OE
OR OR*OE
A PH A*PH
OE OE*PH
OR OR*PH
A FF AFF ARFL
OE or OE*FF OE*FL
OR FL OR*FF  OR*FL
A SS A*SS
OE OE*SS
OR OR*SS

Input Second Output
Level Level Level Macro Block Symbol
* OR A OR*A
O OE*A
* A OR A*OR
OE OE*OR
* OR PH OR*PH
A A*PH
OE OE*PH
* A FF ARFE AL
OR or OR*FF OR*FL
Ot FL OE*FF OE*FL
* A SS A*SS
OR OR*SS
OE OE*SS

[*Any of the following basic functions: A, OR,

AR, or OE.

Two-level non-symmetrical logic:

Input Level Output Level Macro Block Symbol
* A A
* OR OR
* oD o}
* OE OE
oD PH PH
oD SS . SS

AR, OE, or OD.

*Any of the following basic functions: A, OR,

Figure 2-37. Macro-Logic Block Functions

Standard Logic Blocks
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FEALD LOGIC TYPES

An FEALD can contain the various types of logic described
earlier in this chapter: unit logic, butted logic, and
component blocks. In addition, an FEALD can contain
functional logic blocks, such as the selector, register,
decoder, and multiregister. These, and other, functional
logic blocks permit a greater amount of logic to be shown
on an FEALD page than is shown on an engineering ALD
page.

On an FEALD, the storage blocks (FF, FL, PH) have
their inputs identified by letters appearing inside the block.
The following text discusses items unique to logic blocks
appearing on an FEALD.

Storage Blocks (FEALD)

Inputs to storage blocks are identified by letters inside the
block, adjacent to each input.

Set

Reset

Set (Complement)
Reset (Complement)
Complement
Control

D  Controlled Data

71 Trailing Edge Symbol

N w

O0A

Figure 2-38 shows several combinations of inputs as they
appear in FF, FL, and PH blocks. These inputs are defined
as follows:

S Set: When set is active, all outputs are at their indicated
polarity.

R Reset: When reset is active, alt outputs are at a polarity
opposite to that indicated.

J Set: Acts like a set input, except that simultaneous
application of J and K inputs will complement the outputs.

K Reset: Acts like reset, except in combination with a J
input.

T Complement: The T input complements each output.

C Control: When active, the control input permits the
output to change with changes to the data irfput line. When
inactive, the control line holds the output at whatever
polarity it possessed at the moment the control line went
inactive.

2-12 TO

FL s FL R
S S
— N R R
(A} Flip Latch
S FF FF
= L S Y
—_T — S
—T
—R N — K 7
—R R
(8) Flip-Flop
PH PH PH
C C
—0DNep —cD
— R —_—R
—]CD
(C) Polarity Hold

Figure 2-38. Inputs to Storage Blocks

CD Controlled Data: When the associated control input is
at its indicated polarity, a CD input at its indicated polarity
sets the storage element. Likewise, a CD input at an
opposite polarity resets the storage element, when a control
input is active. When a storage element has multiple CD
inputs, any active CD input can set the element.

71 The trailing-edge symbol indicates that the output of a
storage device assumes its indicated polarity on the trailing
edge of some input, the trailing edge being a transition of
the input to a polarity opposite to that shown. The
trailing-edge symbol, prefixed by a line label of the
dependent input, is located inside the logic block adjacent
to the output.

Flip Latch (FL)

The flip latch has only inputs S and R (example A, Figure
2-38). When the set input is active, all outputs are at their
indicated polarity. When the reset input is active, all
outputs are at a polarity opposite to that indicated.
Generally, the outputs are unknown if the set and reset
inputs are applied simultaneously. However, if the outputs
can be determined for simuitaneous set-reset, an S or R-
below an output indicates its condition, either set or reset.

Multiple set (or reset) inputs are considered to be ORed.

Flip-Flop (FF)

A flip-flop can have five types (S, R, J, K, and T) of inputs
or multiples of them, in different combinations (example B,
Figure 2-38). Inputs J and K act like inputs S and R,
respectively, in the flip latch, except that simultaneous
application of a J set and K reset will complement the
output. The T input complements each output, Inthe FF



example, a simultaneous S-R (set-reset) input causes output
Y to follow the set (+) and output Z to follow the reset (+).
If any other inputs are active during simultaneous S-R
input, the outputs are undefined.

Master-Slave Flip-Flop: This flipflop is one of the storage
devices that uses the trailing-edge symbol. Figure 2-39
shows that the output goes active (FF in 1 state) on the
trailing edge of the dependent pulse, or line.

FF

T-—

1]

R -

Input T I I )
Output I

Figure 2-39. Master-Slave Flip-Flop

Polarity Hold (PH)

A polarity hold block (example C, Figure 2-38) must have a
control (C) input and a controlled data (CD) input. This
block may have a set (S) and a reset (R) input.

Butted Logic

l Butted logic on an FEALD replaces macro logic on an
engineering ALD. Restrictions are the same; there shall be

no card I/O pins between the butted blocks and all blocks

shall be on the same card. In addition to AND-OR logic,
blocks such as the FE, FL, PH, OE, OD, and EV can be
butted.

Functional Logic Blocks

One purpose of the FEALD generation program is to
combine unit logic, as seen on the engineering ALD, into
functional logic blocks, in order to place more logic on a
given FEALD page. Any unit logic can be combined into

R—
4 ‘L— A
Al A A X 3
Q OR Q
| A R
B-—
-
A A b— A —X
1 ox Y[ s
A [ —Y
D— L D
£ A A b———21z E —Z
—{ OR ) F
F — A

Figure 2-40. Functional Logic Block—Selector

functional logic blocks, where card I/O pins are available in
the unit logic. Functional logic blocks include the follow-
ing: selector (SEL), register (REG), decoder (DCD), matrix
(MTX), multiregister (MREG), and delay (DLY).

Selector

| A selector (SEL) (Figure 2-40) is a switching device,
composed of unit logic, and contains an upper common
section (with gating lines) and a lower data section,
separated by a narrow neck. In the common section, a
gating line can be a gate-in or a gate-out. The digits 1, 2,

| and 3 correspond to those dependent lines in the data

section that require a gate.
In the example, output line X is active when:
1. Line R (G3) is active, and
2. Lines A and P or lines B and Q are active.
The diamond (Q) is considered to be an OR function.
Output lines Y and Z are activated in a similar manner:
Y=C,P,and R, or
Y=D,Q,and R.
Z=E,P,and R, or
Z=F,Q,and R.

Register

A register (REG) (Figure 2-41) is a storage device composed
of AND-OR logic or other storage blocks (FF, FL, and PH).
Like a selector, the register has a-.common section and a
data section. Inputs can be S, R, T, C, and CD. Gates can be
gate-in and gate-out. Registers in Figure 241 are composed
of unit logic:

Example A shows four FL blocks with a common reset.
Example B shows four PH blocks with a common control
line.

Example C shows four FF blocks with a common reset.
Example D shows a register with gate. The G1 gate-in line is
needed to set bits into the register (upper set of inputs);
ORed with each of these inputs (by a diamond) is an

ungated input. The G2 gate-out line is necessary to produce
an output.

SEL
Gl

z
—]

-
-
S

®)

LLLELL
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A S FL A
—w
p o
REG REG REG REG
B S FL —‘g
p— —c — —]
- R R -
__lé2
1R — = ] — —1
> A S w CD T —{pco-2—
c S FL B S X CcD T —{ IpCD-2 f—
— c s Y <D — 1 —]1pcp2}—
R D s z co T —{19CD-2f—
b — ) ® © ©
4
—R J
REG 5 REG REG REG
—s R cD s
c R —N|c
1 [ - [ I -
—1 oo
R co c |
R cD l S—
CD.
(E) (F) (G) (H) [6)]

Figure 2-41. Functional Logic Block—Register

Example E shows a set line common to two positions.

Example F shows two data positions capable of being set or
reset by a single S or R input.

Example G shows a data line common to more than one
control input; whatever data is available at CD is stored into
a position when the appropriate C input is active.

Example H shows a multiposition register in which the state
of a position depends on the data stored in the previous
position. In the example, each position can be set or reset
by the common S or R line. Whenever a negative shift
appears at the input to the first position, the position
complements; the second position, likewise, complements
only if the first position changes from plus to minus.

A
8
) 3
A P oA —w —
of—v
1—a
—1 A—1 2}—R
A a A —X B —J2 3}—s
I c—14 4—w
> 5F—X
A Py S——
7b—z
A |k A v
A
A s A |—z
7
C

Figure 2-42. Functional Logic Block—Decoder
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Example J is similar to H except that CD lines appear in the
data section. At any time, the data available to the first
position is stored in that position (and reflected at its
output) when the control line shifts negatively. All remain-
ing positions of the register store the data available at the
immediately previous position. Note: The N external to the
block indicates that a negative pulse or shift activates the
control line (nonstandard).

Decoder

A decoder (DCD) (Figure 2-42) translates a group of related
inputs into a specific output. Most decoders do not have a

DCD DCDO DCD
— 11— 1 o —doa
—t 5 2 = —Jes
- ol — T
_____4 12— 2 b—
8 2p—
3
p —A1 0B}l—
s~ e sl—
(8) © —drs 3Bl—
4Bp—
5B

@)



common section. Inputs are numbered in binary pro-
gression: 1, 2, 4, 8, 16, and so on. The output equals the
sum of the active inputs. Only one output can be active at
any given time, depending on the sum of the inputs. In
example A, output 0 is active if no input is active; output 7
is active if all inputs are active.

Not all output sums need be used. In example B, input 2
is not required and, if active, makes all outputs inactive.

Example C shows that multiple output lines can be
associated with a given output (sum).

Example D shows a decoder with gating. Note that letters
are used to prevent ambiguity among gated lines.

Matrix (MTX)

A matrix block is analogous to a core array in that
(AND-<circuit) elements can be addressed by “intersecting”
input lines (Figure 2-43). Each AND block in the figure is
addressed by a specific X input and Y input. For an output
to be active, at least one line in each input group must be
active. If more than one input is active in a given group, a
double address occurs, which may or may not be an error,
depending upon the application.

The lower matrix block has three input groups. Here,
output 10 is active if inputs X-1, Y-3, and Z-6 are active.

e L 4 )

MTX

A b2 A -5 A -8 —10 [
[ [ Group X < —]1 1
. — 12 2
Xi l L M
A 1 A 4 A |77 o 4
- 1 — Group Y < —3 51—
—16  6—
7 }—
o -k N i o
A -0 A -3 A |6
| | -
J
YO Y3 Y6
MTX-
0 0
Group X 1 1
2 2
3
4
Growp Y 0 5
3 6
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8 }——o
0 9
Group Z { " 10
np—

Figure 243. Functional Logic Block—Matrix

Line Bundling

Line bundling is a method for depicting the many outputs
commonly associated with decoder and matrix blocks.
Bundled lines represent many consecutively labeled lines of
the same polarity that are not connected to card I/O pins.

Rather than show many outputs, a range of outputs can be
indicated as in Figure 2-44. The 16 outputs of the decoder
block are indicated as a 00 to 15 range. The matrix block in
the figure has 192 outputs, ranging from 000 to 191. In this
case, the maximum input to the matrix (128 + 48 + 15)
matches the 192-output capacity of the matrix block, but
this need not be true. The capacity of a block is always
indicated at its output, irrespective of the number of
inputs.

DCD MTX

o 00
15 15

o M N -
1
|
1

Figure 244. Line Bundling

Multiregister (MREG)

The multiregister block represents two or more registers
having a common data line. Example A in Figure 245
represents four registers where data available on the CD line
can be set into any or all of the four registers controlled by
lines AO through A3, and control line C.

Example B combines bundling with a multiregister to
depict a 12k by 2-position storage device. An active control
line permits data to enter the multiregister on the CD line;
an active gate-out line permits data in the register to be
available as output. However, to select a particular register
in the MREG, an address line from 00000 to 12287 must
also be active. The data written into the register is that data
available on the CD line when the address and control lines
are active. Data read out is not dependent upon the control
line.

A multiregister can contain two sets of addresses, AWn
for write and ARn for read, as in example C. Example D
shows a multiregister with bundled read/write addresses.

Delay (DLY)

In a delay block on an FEALD (Figure 246), delay is
measured in terms of the delay caused by a given number of
logic blocks. In the example, after input X is active, output
Y becomes active after a delay equivalent to four blocks. A
delay block can account for the removal of logically
unnecessary amplifier or inverter blocks during the genera-
tionof an FEALD. The FEALD program may remove a
single nonlogical block without inserting a delay block in its
place. The lower example shows another form of delay
block.
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ANALOG LOGIC BLOCKS
XAOREG MREG Digital logic conveys information by a device assuming a
— 1A 00000 limited number of discrete states, usually two. Analog logic
" 2 y g
] 1 To0ar conveys information through signals that vary in amplitude,
— 1A3 12287 g y p
—C frequency, phase, or compound frequency throughout a
3 - — g . continuous operating range or time period. A logic diagram
9 C can contain analog circuits intermixed with digital circuits.
<o o An analog logic block is distinguished from a digital block
@ - by having the circuit number code of O, by having different
CD-1 edge-of-block characters (U, D, F, C in Figure 2-47), and by
MREG ® having logical functions unique to analog circuits. The
AWO block suffixes V, for voltage, and I, for current, can clarify
MREG the function of an analog block. In addition, explanatory
— AW g p
— AW§ 2&0 titles and notes often clarify analog functions.
—] Aw —] AW-
255
—J ARO
— ] AR 000 . i
— AR2 AR- Suffix to Function
AR3 255 Analog suffixes are V(voltage)
and (current), plus those for
] C - = digital blocks.
cD cD
— yfsumv cv
cD cD
— ylo-03asip —— F C——
cD cD N
v
C ») I
© ) © —— O = Analog circuit code
U, D, F, C = Analog edge of block characters
Exampie  input Lines Needed ~ Output Lines Needed
Note: An ALD line entering a page at an analog block has the following
A AQ,1,2,3) A(O,(I,2,)3) format: a C, F, U, or D; line title; and line type (voltage or current
Cc CD (datq] information).
CD mari
Figure 2-47. Analog Logic Block
B A{0-12287) A(0-12287)
Cc G1 (gate)
CD-1 CD-1 (data)
Edge of Block Character
C AW(E,1,2,3 ARQ,1,2,3) , . .
co( ) CD (data) Analog logic blocks are identified by the four edge-of-block
: dC.
5 AWO-255) AR(-255) characters: U, D, F, and C
cb €D (data)

U (Up): A voltage mode or current mode signal that
Figure 2-45. Functional Logic Block—Multiregister performs its function as the voltage changes toward positive
(voltage mode) or as the magnitude of the current increases
(current mode).

D (Down): A signal that performs its function as the
voltage changes toward negative (voltage mode) or as the
X o Y magnitude of the current decreases (current mode).

Note: For a steady state analog signal, the U or D refers to
the relative polarity of the signal compared to the no-signal
state. If the edge-of-block character is insignificant, the U is
2 used. Signal inversion is indicated by the use of U-D or D-U

— :f as in Figure 2-48.

F (Frequency): A radio-frequency or audio-frequency
signal that conveys information by the combined effect of
Figure 2-46. Functional Logic Block—Delay many individual oscillations. The F character is limited to
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the logical functions AND, OR, CV, FLTR, MIX, DET, and
AR. An F signal, if combined with the amplitude of
another signal, is converted to a U or D signal. Where two F
signals are combined and result in a frequency-mode
output, a special (SPEC) block with an appropriate title
describes the resulting function.

C: Indicates the presence of short pulses produced through
a sampling technique that is applied at intervals to an
analog signal (Figure 2-49).

Figures 2-50 through 2-64 illustrate and define the analog
logic biocks: integrator, differentiator, analog OR, sum,
amplitude hold, filter, function generator, mixer, detector,
rectifier, comparator, analog-digitalAND, analog-
digital-OR, and differential amplifier.

Digital-Analog Blocks

-Other logic blocks that may operate with analog signals
include the linear or nonlinear amplifier, signal mode
converter, limiter, Schmitt trigger, series current switch,
and special block (Figure 2-64). The function of a special

block is described in the block title area or in the comments

area of a logic diagram. When used with analog signals, the
signal mode converter has a single input with its mode
converted or translated, such as from frequency variation to
amplitude variation.

u D
u D D Uy—
U D

Figure 248. Analog Inversion

s ot

"F" Input Vibrator "C" Output

Figure 2-49. C Type Output

A INT

The amplitude of the output of an integrator is a time integral of the input
signal amplitude. A signal of the indicated polarity at the (binary) reset
input causes the output amplitude to assume a no-signal level.

Figure 2-50. Integrator

DIF AR

Digital

| | !

| I | |
B | |

1 f |

| | | I

| i | |

The output amplitude of a differentiator is a function of the time-
rate of change of the input. In digital iogic, the result of differentiation
is shown by a P or N at the input of a block.

Figure 2-51. ‘Differentiator
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The output amplitude of an analog OR block is a value corresponding to
the greatest input amplitude, in the direction shown by the U or D
character. Output mode may be indicated by an f or V.

Figure 2-52. Analog OR
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The output amplitude of an analog sum block is a value corresponding to the
algebraic sum of the weighted values of the inputs. The analog output has
an appropriate U or D character.

Figure 2-53. Sum

A AN
{ Data

Dat
=2 UlMamMH JU— __, Control
Control ™ i
Reset f '_[ Reset
| I |
i
i

[ |
A Output
|

When the control input is at its indicated polarity, the output of an
amplitude hold block is at an amplitude corresponding to that of the
data input line. When, subsequently, the control input goes to an
opposite polarity, the output holds at whatever amplitude it possessed
at that moment.

Conirol and reset are binary signals. If an amplitude hold block
has a reset input, then the indicated polarity causes the output to go
to a no-signal level.

Figure 2-54. Amplitude Hold

LOW PASS
FLTR

— F—r

HIGH PASS

FLTR
i S=a¥aVa Ve

Except for amplitude variations resulting from the frequency response
characteristics of the filter, the output of a filter corresponds to the input.
Where bandpass action, wide or namow , is accompanied by amplification,
an AR symbol and block fitle, such as low pass or high pass is shown .

Figure 2-55. Filter
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The output amplitude of a function generator is a value that is a
mathematical function of the input values. The block title describes the
function. Inputs and outputs are U- or D-type analog signals.

Figure 2-56. Function Generator

F| MIX

The output of g mixer is an F-type signal that contains the sum and

difference frequencies of two inputs. The block title defines the output
frequency if filtering occurs in the circuit.

Figure 2-57. Mixer

DET

The detector is a circuit that acts upon F-type signals to recover a carried
signal of lower frequency, such as an audio signal.

Figure 2-58. Detector
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The output amplitude of a rectifier corresponds, at any point in time, to
that input whose amplitude exceeds a reference level in the direction
indicated,

Figure 2-59. Rectifier



Variations of the Comparator

A p[come B _y[comp
N C N C

L A D

|
A | l Where

(A-B) > 0 C = More Positive

8 | | (A-B) < 0 C = More Negative
T |

" i

l 1
A [comp 2 yfcome c

C

?_X A____m

More Negative
More Positive

The output of a comparator is af its indicated polarity when either input
reaches or exceeds (in the direction shown by the U or D) the voltage
existing on the other input. A comparator has a digital output.

Figure 2-60. Comparator

The analog output of this AND biock corresponds to the analog input when
all digital inputs are af their indicated polarities. At other times, the
output is at a no-signal level.

Figure 2-61. Digital-Analog-AND

A :M/JWVL: :
A I ! I
. F OR B | | |
: o T e
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C_ ¢ ! : 1
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When used with analog inpuis, the output of a digital-OR block corresponds
to the particular analog input that is active at the fime. The output is not
meaningful if more than one input is active simultaneously.

Figure 2-62. Digital-Analog-OR

A y[ARDF A JfARoF]y—C
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1
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|
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|
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|
D I I 0
| -4

The output of a differential amplifier is a signal that corresponds to the
signed difference in voltage between two input signals. The output shifts
toward the indicated polarity when either input exceeds (in the direction
shown by its polarity indicator) the voltage at the other input.

Figure 2-63. Differential Amplifier
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Schmitt Trigger ST
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Figure 2-64. Other Analog Blocks
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e ALD’s are computer-generated logic diagrams of IBM
products.

e ALD’s use the same logic symbols and page formats for
all technologies.

o ALD’s include the engineering ALD, the card ALD, and
the field engineering ALD (FEALD).

e This chapter describes the content and format of the
engineering ALD.

Computer-automated design helps engineers check designs

and connect individual circuit sections involving hundreds

of thousands of electrical connections, components, cables,
and other items. The computer maintains an interim
magnetic tape record of circuits as they are developed and
produces the final tape used in an automatic system to
make new circuit patterns.

The design automation program is used to:

1. Assist the engineer to simulate logical designs and verify
circuit loading before the designs are committed to
manufacturing.

2. Compute cable length requirements for different inter-
connections.

3. Assist the engineer in assigning the logical elements to
boards and cards, and in locating printed wiring on
boards.

4. Document on magnetic tape the logical design of

computers, determining the layout of printed boards

and cards.

Print the ALD’s.

6. Provide a monitoring service to help engineering and
manufacturing groups coordinate their activites.

hdl

The SLT design automation program accepts various
forms of information from design engineers and processes it
into machine logic. Design automation gives the engineer
the option of using the computer to package a logic design
or to check manual packaging. In addition, it allows him to
treat a portion of a system as a unit for simulation,
packaging, or design modification.

Simulation and circuit load checking programs verify
logic designs recorded on a logic master tape. Packaging
programs, which pertain to card selection, card-to-board
assignments, pin locations, and card placement, assist in
mapping logic circuits into the circuit cards. The computer
also aids integration of cable design and installation data
with cable manufacturing data.

Chapter 3. Automated Logic Diagrams (ALD’s)

After the computer determines the connections and
designs the board wiring, it records the printed connections
on a master tape. This tape is later used to produce other
tapes containing circuit board design data.

The basic document produced by design automation is
the Automated Logic Diagram (ALD), a computer-drawn
schematic representation of machine functions. The ALD is
an 11 x 17 inch sheet. See Figures 3-3 and 34 for an over-
all view of engineering ALD’s.

On an ALD, circuits are represented by rectangular
blocks, which symbolize logical functions. They are con-
nected by printed lines, which symbolize electrical connec-
tions. Inputs enter the circuits on the left; outputs leave at
the right. Most of the page is used for the representation of
logic; page identification and supplemental information
appear at the bottom of the sheet.

Engineering ALD's

PAGE NUMBER

The page number is located in three places on the sheet.
The page number in Figure 3-3 is KH142. In this
illustration, the page number is in the upper right corner, as
well as in both the lower right and the lower left corners.

Logic pages are numbered according to a coded prefix
consisting of two alphabetic symbols, representing the
major and the minor characters. The general coding scheme
is shown in Figure 2-1.

For example, the coding for the A-register is RA. “R” is
the major character; it means register. “A> is the minor
character, designating the particular register. Another
example is KR101, which means control (K), check triggers
(R), page 101.

Figure 2-1 is CPU-oriented. Slight variations appear both
in the CPU pages and in the I/O pages.

MACHINE VERSION

A version page (Figure 3-2) shows wiring and cards that are
not on the basic machine. This wiring must be added to
that used in the basic machine. This is in direct contrast to.
the additive card code, in which the wiring is part of the
basic machine, and only cards are added to make the
feature operative. An example of a version page is a page
that adds the cards and wiring for the floating-point
feature.
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A version page is made up of all basic page blocks which
are unchanged in the version design plus additional blocks
(version blocks) needed to change the basic page into a
version page.

The machine version number appears below the page
number; for a basic (standard) machine, this number is 000.

A version page assigned by design automation has a number
other than 000. '

The version page number is placed on the top line of
those blocks that are added by the version. An example of
machine version “041” is shown by the shaded blocks in
Figure 3-2.

Adders Trap Decoder DB
Addressing Adder AA-AB Register Decoder DG
IC Incrementer AC-AD ROS Decoder DR-DS
Exponent Adder AE-AF
Main Adder AM-AQ 1/0 Channels
Serial Adder AS Multiplexer Channel FA-FZ
VFL and Decimal Adder AV-AW Selector Channel 1 GA-GZ
Selector Channel 2 HA-HZ
Busing (Excluding Storage Bus) BA-BZ Direct Data JA-JZ
Consoles PA-PE,PJ-PZ Local Storage LS-LT
1052 Console Adapter PF,PG,PH
Main Storage Registers and MA-MC
Controls Controls in CPU (Includes SDR
Advance or Seq Controls KA Registers, Storage Buses, SAR,
Branch and IC Controls KB SBI, OR, M and N Registers
Clock Controls KC
|-Execute, I-Fetch, and Power Supplies YA-YZ
Execute KD
Chan Controls KE Registers
Fixed Sequence Controls KF A-Register RA
General Register Controls KG B-Register RB
FLT Controls KH D-Register RD
ROS Contrals KK E-Register RE
Local Storage Controls KL F-Register RF
Priority and Interrupt Controls KM G-Register RG
1/O Instruction Controls KN H-Register RH
VL Conirols Kp J-Register RJ
VFL Controls KQ K=Register RK
Check Triggers KR L-Register RL
Status Triggers KS M-Register RM
VFL Controls and Decimal Controls KY N-Register RN
Any Miscellaneous Controls such as FP KT-KU P-Register RP
Fixed Point, Storage Protect, Q-Register RQ
Real Time Clock, Status Controls KW-KZ R-Register RR
S-Register RS
Counters T-Register RT
Instruction Counters CA-CB U-Register RU
Local Storage Address Counter CC-CD V=-Register RV
Miscellaneous Counters CE-CZ W-Register RW
X=~Register RX
Hardware-Oriented Pages ZA-ZZ VFL and Decoder Register RY
Direct Data Register RZ
CROS ED-EF
ROS Flowcharts QA-QZ
Decoders
Op Decoders DN Special Features XA-XZ
FLP and Generator Decoder DP
Addressing and Pre-Fetch DA TROS EA-EC

Figure 3-1. ALD Page Number Prefixes
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D1100R N
! {HS1A HS1A l
+ SRV OUT: GRO92GM4 ~=B122T03AB |B1 OB 05 | SOSAW BDO
. +HOOOOE 1803481
B13DB~E2J6 B=E2C4
| 2Re=HD 3Qm=HE
+ HALT BURST MODE GRO41 CCYrmmmammmest-BOS
+ SEL MODE: G D002 SM Gt DOS
HS1AR
rDO6| TO3AB BDO4
0002B1
111003 | B=~E2L6
2C==BA
o+D11]A OR
HS1A
rHH+B12| TOZAB NB1O:
0002C1
‘ B13|B~E2L6
2D=-BB
ANY SUB CH WRITE - SEL - €H1 -GD031AP4
TAG DELAY 1 ~=GAO71BB4 . DO7|R
cMp QUT: GROS1EF 4 » . HS1A
TAG DELAY 3w GARO71 BD4: - TO3RB KBO?:
0000B1
BO9 | B~E2H6
- [ I 2e—sE]
R2 HSMPX GC511BNGo <l
STATUS O GD081CX 4 . :
END RESET . GAO41CG4 . . <0y
HS CSly2: ’ GC151CE4 -
TAG. DELAY 2 GAO71BF 4
+ SRV IN LATCH CH1 GRO61AD4 <

. Figure 3-2. Example of Version Blocks
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A=D3B6 \D13{A-D3D6 BOSBR~-D3D6 A=D367
|1B—AB 12B—AH| 5
4+ SYSTEM RESET Sl 22021BF 4~ ROBIA FL {oerL 'l
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Figure 3-3. Automated Logic Diagram (ALD)
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* Asterisk in Last

Logical Function and Suffix Line 1 \

Block Title Csards'l(;ype--L.m.e 4 Character of Line 1
Iraoa&r.lré = —s03 Py ; VO parvay (See Socket Listing for Part Number) Denotes a Special
] . | i i .
| TOZAR | DOGm—md { T03AB DDO4 TR - T2): (T a—— Noncheck Logic Block  g;1 Page
§0000D1 jo0o0Ct | | 1000QE1 |
— GATED HI CLIP & PULSEmmmarmmeTC27 204wt DOODA=BIE 4 D05 | A=B3E4| —+B1210-B3E4 | Number
1 B0 i L2B—eiBd 1 L2B——Acs Fa—
- 5¥Ei RES RESET TC231BES S i [ JR— __...{
—_—— —— Print . Serial | ——bOR | in 1 Di2{R
; Net Numbe T/ 2erial | 1 i i R i i
Line Name er INumber = Positionr Number I=o———— D DOT Dt ODONTO AR RO2S 1T03AB BD10O: TC428 = 2 READ DATA i INEemmmmmmmemmimn1F 4
rositton umber 1 I i 10000F1 | 10000R1
L ] | |a=B3E4] -D13|A=-B3C2|
-~ INSERT 2 BIT TC264R04 L4 LD I b5CwenEd L6 C—aF- )
ro—— r—c—y ey . TC25% = LRCR 2 INPUT D4
~ GATED LT CLIP 2 PULSE TC272A74 307;?352 £F | >-D12IQ FF : D07 §a DR |
) | hemeoen ) s for Each Sink bae |
0 00 . .
BOSRe—BIE Gt 3| A=B2E4 | r805 | a=B3c2 ] for Each Sink Page Listed
Dl i Y 3
+ GATE GUT HIGH CLIP TC2618K4 N —— i Source Block - + HT_CLIP 2 TRew -n0e
e % Actarisk in First I This Suffix )F Net TC222 TC281 10575
. e For a Ne . -
Character Slgmfles e Denotes DOTin —— + Lngégi 2 T . -G 4
A Note Is Available Non-Interchangeable Inputs M
For Input Line Names e — [ " — R Serial Number
raozx‘wR FF &-D11{n FF | ;Boein aRr i Line Origin
{gggg& BOZ—-—-} ggggg‘ﬁmo_ i :ggggg1l?m6.—.._...,’ DOT Block Circuit Number —_—
~ GATED MI CLIP P PULSE TC272AZ4 BO4RA-BIEL Ot =B12 g;_szga | D09 !SEES?J = Line 3 The Above Combination with
+ GATE OUT LOW CLIP TC281AU4 o L : — This Logic Page Number Make
Version Nomb L—-BIDR = EN r-__._._.ﬁozgg , Up the 8 Character Net Number
~ INSERT P BIT TC2634C4 Ak ymoer 1017a ) S — ODO7ATO3AB {BO7H 1T03AR Bpoas TC129 = P READ DATA LINE 4
Will Appear Here ! { | 10000B1 i loooocy!
prm—— i i {A~B3E3 QD05 |A=B3E
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Board
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Figure 34. Annotated ALD Page
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TITLE BLOCK

The title block is printed in the lower right corner of the
page. As Figure 3-5 shows, information can be found at
three places in the block:
1. At the top
a. The page (sheet) title (“LS Address Register J Bits O
thru 3” in Figure 3-5).
. 2. On the left side
a. Date of processing by design automation (05-12-64).
b. Log number (or computer run), “074A,” assigned by
design automation.
c. The corporate division, WIC (World Trade Corpora-
tion).
3. On the right side
a. Machine type, ‘“2040.” This may be a pseudo
number or it may be the machine number followed
by a suffix. The suffix differentiates between models
or features of the machine number.
b. Frame, “01”; within the machine, may be 01 to 63.
¢. Part number of the page, “534XXXX.”
d. Block DF is, in terms of design automation, the next
block serial number available for use on that page.

Engineering Changes Title Block Page
\ Number
03-05-64 AB0088 LS ADDRESS REGISTER J Y
03-20-64 ABO099
04-17-64 ABO102 BITS DTHRUS R
e Or-cs 253555c DATE  05-12-64 MACH. 2040 é
: LOG 074A FRAME ol 3
i

MYERS P.N. 534XXXX

IBM CORP.  WTC BLK. DF

Version

Figure 3-5. Example of Title Block Area

LOGIC BLOCK

Logic blocks shown in Figure 3-6 are positioned on the
page in a matrix 7 columns wide and 13 rows high. The
columns are numbered 1 through 7. Rows are lettered A
through N, excluding I.

Block-Title _4 /— Version Number

Function Function Suffix

L
*Here Denotes Special Inputs "OR FLZ—— * Here Denotes a Special Block

Additive Card Code
Circuit Number — - TO3AJ
Card Part Number ———————a+ 415445

Symbolic Packaging (2 char)
D02% —«— Pin Number
* Here Denotes a Connector

Card Location ———————4= A-C1L4 N——Portion and Subportion (2 char)

Page Coordinate 7L—JE

Block Serial Number

Figure 3-6. ALD Logic Block

A logic block is 6 increments wide by 7 increments high;
it may be lengthened downward to a maximum of 24
increments. The block may have 1 to 7 input and/or output
lines on the basic block; 1 to 24 input and/or 1 to 10
output lines on the extended block.

Information Inside the Block

Line 1

The logical function being performed by the circuit
represented appears on line 1 such as A, OR, N, or FF. An
asterisk (*) preceding the logic function symbol means to
design automation that the input line positions are placed
in a certain arrangement; that is, the pin numbers and
position of the input lines are fixed by the physical makeup
of the components used.

The suffix, preceded by a space and following the
function, is additional information describing the function.
The suffix indicates DOT functions such as A OR, OR A,
N OR, or OR WL; to indicate the blocks in a multiblock
configuration of bi-stable circuits such as A FF, OR FF,
APH, ORPH, or N PH; and to indicate additional informa-
tion in special component blocks such as RY CT, RY P, or
ALT.

An asterisk (*) following the suffix and/or in position 6
indicates a special block that does not follow the rules of
design automation. Some of the special blocks are exit and
entry, service-voltage logic, switch, and jack blocks, as well
as discrete components such as capacitors or resistors.

Line 2

The additive card code (special machine feature) appears on
line 2 in the first four characters; for example, 7TR
(seven-track tape feature). Additive card codes identify
those logic blocks which pertain to a special class of
machine features in. which the feature can be installed by
plugging in the feature cards.

The last two characters of line 2 contain the symbolic
package designation. The use of these two characters allows
design automation to generate the ALD’s, to position the
card on the board, and to generate the wiring (printed or
discrete) on the board. Blocks with the same characters in
the symbolic package field are placed on the same board by
the card partitioning program used by design automation.

Note: Blocks with different symbolic packages may be
placed on the same board.

Line 3

The circuit number (Figure 3-7) appears on line 3, except
when design automation generates a pseudo block for a
DOT function. In- this case, DOT appears on line 3. A DOT
block is a tie-point for the output of two or more circuits
which provide input for one circuit.

ALD’s 3.7



The circuit number is the coded name given to a
particular circuit. The number is defined in Figure 3-7. It is
used to understand the logic and to identify particular
components on the logic card.

Line 4

The first four positions of line 4 are the card code. These
four digits refer to the part number of the card as indicated
in the plug/socket listing. (See “Connector and Resistor
Listing” and “Socket Listing.”)

The last two characters on line 4 represent the portion
and subportion. A portion represents an independent
section of a card. A section may be represented by one or
more logic blocks; each block has a subportion number.
The portion character has the form A, B, .. .Z (excluding
I, O, and R). ALD blocks which are interconnected on a
card are in the same portion. Every block in a portion has a
unique subportion number. These subportion numbers are
assigned in the sequence 1,2...9, A, B, ...Z (excluding I,
0, and R).

Exception: When a circuit with an unloaded collector and
an associated load resistor packaged on the same card are
used together, the block designating the load resistor has
the same portion as the unloaded circuit, and the subpor-
tion character is R.

Line5

The card location is placed on line 5:

1. Character 1 is the gate (A through Z), followed by a
dash.

2. Characters 3 and 4 are the board location, one alpha-
betic and one numeric.

3. Characters 5 and 6 are the card location, one alphabetic
and one numeric.

Bottom Line

The print location in positions 1 and 2 of the bottom line
(generally line 6) is made up of the grid coordinates of the
block and the ALD page; for example, 1B, 3F. The serial
number of the logic block appears in positions 5 and 6, and
is expressed in alphabetic characters. Serial numbers begin
with AA and proceed in a sequential order (AA, AB,
AC, .. ,22). Serial numbers AA through RZ refer to the
basic system group, and numbers SA through ZZ refer to
the special engineering group.

An engineering change (EC) may add logic blocks; in this
case, the sequence of double alphabetic characters is
continued. An EC may move a block to another print
location, but the serial number for that block remains the
same. If an EC eliminates a block, that serial number does
not appear again on that page. The block serial number is
an integral part of the net number. (See the “Glossary.”)
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XNNZZz
Circuit Number Code -~ General Forms < or

XAYZZ

X Circuit Classification
Aor NN Circuit Type

Y Circuit Origin

4 Circuit Number

X--Circuit Classifications

KXELCHONDHDOA® >

MST-2

TTL

TTL

Analog

MST General
ASLT

SLD 100 ns
SRETL General
SLT/SLD 30 ns
SLT/SLD 5-12 ns
SLT/SLD 700 ns
Monolithic
MST-1

MST-4

A or NN--Circuit Types

A NN Circuit Type

A 07 Sense Amplifier

B 55 Indicator Driver

C 61 Component

D 45 Delay Circuit

E 1 Noninverting Logic Drives
less than 50 mA

F 20 Trigger, Flip-Flop, Polarity Hold,
Schmitt Trigger

H 22 Oscillator

K 16 Magnetic Head and Core Driver

L 03 Logic Circuit and Extender

M 65 Functional Logic Circuit

N 10 Inverting Logic Driver less than 50 mA

P 15 Power Driver more than 50 mA

Q 25 Clip, Clamp, Limiter, Regulator

R 63 Relay

S 21 Singleshot

T 06 Transmission Line Driver, Receiver

8} 32 Parity Check, Exclusive OR

\ 29 Reference Power Supply

4 40 Special Circuits

X 05 Voltage Translator, Converter

z 60 Switch Integrator, Filter

Y--Circuit Origins

FR-ITQTMMUN® >

Poughkeepsie
Burlington
Poughkeepsie
Holland
Endicott
France
Germany
Poughkeepsie
Japan
Kingston
Poughkeepsie

N Sweden

P Austin

R Rochester
S San Jose

T  Boca Raton
U United Kingdom
V  Boulder

4 |fc|y

X Lexington
Y  Fishkill

Z  Raleigh

Figure 3-7. Circuit Number Codes




information Outside the Block

Title

When logic blocks have been assigned a title, the title
appears over the block.

Pin Numbers

Pin numbers are in line with the input or output line. They
are the actual numbers of the base pins on the card.

Asterisk (*) on an Input or Output Line

An asterisk (*) on an input or output line denotes a
connection that leaves the board. The routing is at the
bottom of the ALD page, keyed with the serial number of
the block and the output line number; for example, AQ4.

Information on the Side of the Block

Wedges

The wedge (IN) is a small triangle at the point where a
signal line joins a logic block. The wedge indicates that the
active state of this line (the state which satisfies the
function of the block to produce an output line of the state
indicated) is at the least positive potential with respect to
the most positive potential shown by the signal line without
a wedge.

A wedge is placed in the edge of the block in line with an
input or output line. When the block or circuit is
performing its function, the wedge indicates the most
negative (least positive) dc voltage for that line.

Note: Signal lines can be at one of two voltages, an up level
or a down level. Because circuits operate at different speeds
and at different pulse levels (0.0V to +12.0V; +0.5V to
3.0V), the line level designated by the wedge must be
described as the most negative (least positive); the absence
of the wedge is the most positive (least negative) level of
the line.

E in the Side

An E is placed in the side of the block whose inputs are
being extended. An example is a circuit that is used to add
inputs to another AND or OR circuit; the connection from

D03
D04 | A A
D07
D09 EDO6 E D06

BO4 I

BO5 A o7 A |so7
BO6

(DA Output)
Figure 3-8. Block Expanded, E in the Side

this second circuit to the first is made at other than a
normal input or output of the first circuit. A connection of
this type is shown without polarity and is labeled E,
extender, (Figure 3-8).

K in the Side

Nonlogic outputs of different blocks are not tied together
by DOT blocks. Instead, a K is put in the edge of the block
in line with each (except one) of the connected outputs.
The one exception is the output used to determine the net
number.

Output (or input) lines on the same block may be tied
together. In this case, the net number is the position
without the K in the edge of the block (Figure 3-9).

Example: The load resistor of a
circuit, or the timing capacitor

of a SS.

B02 —]
K D08

—

Figure 3-9. Nonlogic Outputs, K in the Side

Nonlogic outputs on different blocks may be tied
together when:

1. All the outputs tied together appear on the same page.
The net number then includes the line origin of one of
the outputs from one block. The commoned outputs are
differentiated from the source by a K in the edge of the
block position.

2. All the outputs tied together are not on the same page.
In this case, the outputs tied together on one page show
an output to the right side of that page. The outputs in
the same net on other pages return to the left of their
respective pages and are referenced to the first page in

- AA—

- AR —

L AA—

ol

Figure 3-10. Nonlogic Outputs Tied, Example
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the normal manner. The net number includes the line
origin of one of the commoned outputs on the first
page. In the edge of all the other blocks having outputs
in the same net, a K appears in line with each
commoned output (Figure 3-10).

Por N in the Side

When a capacitive input to a block is designated, a P or N in
the side of the block indicates the polarity of the shift
necessary to satisfy the function of the block (Figure 3-11).

Indicates

Positive - Going Shift
through ac Coupling

N

Positive - Going Pulse

Indicates
N

Negative ~ Going Shift

o \/‘”‘

Negative - Going Pulse

Figure 3-11. Pulsed Blocks, P or N in the Side

X in the Side

Nonlogic connections to a logic block have an “x” in the
side at the place where the polarity indicator (wedge) is
normally placed. This nonlogic input or output can be a
bias line. In Figure 3-12, D06x is a nonlogic connection to
the two-way OR block. The nonlogic line is generally a
feedthrough line or voltage line.

D04
D05 OR D08
Bias D06 X
| E——

Figure 3-12. Nonlogic Connections, X in the Side

Figure 3-13 shows the use of the “x” in the edge of the
block. An “x” appears on lines D05 and J13, showing that
these lines are the same. (It is really one ground line that is
common to several blocks, and this line completes the

3-10 TO

ground circuit in these blocks.) At location 1L, lines D13
and G13 are similar to lines DOS and J13, except that aK is
at G13 because a net may have only one source. (Other
input lines to a net are designed with the K.)

Sense Am
—B04 ‘*OR J12%
x

D10 |« AR-LT
— 815
SO7AT TOSCE
—pos |
— D05 X XU
D05 K~DM? —¢—B10 2K-DK
—812 [Lop |C12—7—807 fupp-t7
—B13 x
—— D12 |so7aT TO6CE
——D13 X KGI3 —&— BI0
P¥ i-oNe 21—DL

Figure 3-13. X in the Side, Example

LINE NAMES

Input Line

Each input line (Figure 3-4) éntering an ALD page has a net
number and a line name.

The net number is composed of the source page, the serial
number of the source block, and the line origin of the
source block. For example, KH141AT4 means that this line
came from page KH141, from the block whose serial
number is AT on that page, and from the fourth line
position on the block. When an input line comes from more
than one unit, such as one of many types of I/O devices, or
from more than one storage unit, a pseudo-net number is
put on the ALD net number position. These pseudo-net
numbers are generally in sequence on a page starting at 000.

A net is a set of signal points (a source and sinks) which
are electrically interconnected. Generally, the source point
refers to the output pin of the driving block, and the sink
points refer to the input pins at the driven blocks. The net
identification indicates which points (pins) belong to a
given network (Figure 3-14).

The line name is generally a description of the line
function and is signed plus (+) or minus (—), depending on
the active condition of the line at that peint. If most of the
lines in the machine are plus (+), the sign may not appear
unless it is minus (—). An analog line can have a C, F, U, or

D identifier instead of‘a + (plus) or — (minus) sign.

Input
Net Numbers

Logic Function Name EAB]OI
4th Line of Print Page Number

AC221AR4 OR
Output Net AB101CD4
DC621CD4

Block Serial Number

Figure 3-14. Net Identification



Output Line

On each output line (Figure 3-4) leaving the ALD page, the
sink page number (where the line is going), the line name
(with the sign of the active state of the line), and the line
origin are printed.

The line origin is composed of the serial number of the
last logic block before the line name and the number of the
printing line of that biock.

When the output line branches to several pages, the sink
pages are listed below the line name.

In Figure 3-4, the top output line is “TC128-2 Read Data
Line AF4.” The sink page number is TC128 (the page
where the line is going); the active state of the line is minus
(-)) and a description of the line would be “2 Read Data
Line”; the source point is the logic block whose serial
number is AF, and the line leaves the block at position 4.

ENGINEERING CHANGES

To the left of the title block, 20 engineering change levels,
with dates, may be listed in two columns of 10 lines. For
example, Figure 3-3 shows EC 25355C on 05-07-64.

-COMMENTS

Comments are at the bottom left of the page. As many as
ten lines of comments may be listed.

CONNECTOR AND RESISTOR LISTING

Connectors and resistors (Figures 3-4 and 3-15) are listed at
the bottom center of the page. Space is provided to list 100
connectors or resistors. The general form of an SLT logic
connector is:

Uil

01 . A- D3 B2 D09
Frame Gate Board Socket Pin

The general form of an ASLT or MST logic connector is:
(First Line)

BL4 B- Al E6 D02
Connector
Source ‘ Gate Board Socket Pin
(Succeeding Lines)
2 01 A- A3 MS D07
Level/Type
Indicator Frame Gate Board Socket Pin

The level/type indicator shows ‘blank, 1, 2, etc.” to
indicate further branching on the connection chain.

The level/type indicator characters are in pairs and show
the two ends of a cable. When the format is as shown in
Figure 3-16, “AC4-A-A1M4DO07” precedes the first ““1”
level connector.

Source Block Serial Number and Line Origin
Not Applicable
Serial Number of Resistor Block.

Resistor Block Nomenclature

7

NET | PIN VER BK {INE‘I L:mz (LINEZ LINE4 LINES
Hn R 9330JD|B~A1F2

el ! Hg A%ehe |93300E |Ba1Fa
pD2 clr l I 9330JF | B~A1F2
DF2 i l I Q06RE |9330J6|B-A1F2

Figure 3-15. ALD Resistor Chart

Example of Connector Listings:

AC4-A-ATM4DO7
01A-A3M5D07
01A-A3H8B0S
01A-A4H1BI11
01A-A3C1B11
01A-A2C8B0S

WWNN —

Pictorial Representation:

Boards’
01A-A1M4DO7
Al F4
A2 D4
01A-A2C8B06
) 01A-A3C1BI1
A3 K6
01A-A3MS5D07
\ 01A-A3HBB0S
~ 01A-A4H1BI11
A4 F3

Figure 3-16. Connector Listing, Example

ALD’s
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£2R0 FL
YMRAR
y =F REG GT IN HI LN 1 o 1
|a=c2K2 “STUB MRSQSEF 2ememd> :.95'3%.“
i “SHIFTER LATCH BIT 36 Bmivimaimiont) il il
Shimandey ER LATCH BIT 7621DC e
N ‘?J‘m'—tq /’5“'——"“2 ~SHIFTER LATCH BIT 35 Bewmeem—AT611G —_Tno FL
YLHCC )
03784y s
a=ca? N
HesGl . g Pvee
e ~SDEQ BIT 99 MRYOSEC
NFL A— ~SDBO BIT &6 MR OSDC
S ———————
YLLDD '
03784y
mosh
lvmna- |
RS- AR
i
'.-.——%zgo n_‘
NET PIN VER BK LINE1 LINE2 LINEI- LINE4 LINES
DC2tak B2k
1 040=C2L6EO2 1 04R=C2MER04 |AL6 aPIR Yeana 037816 | aeCokz
1 _OAR=DIR1C11 1 04A=DIRIBIZ |BC2 AqQiR ¥CARA 037817 A=CaKa
DD2kok Ge2tk BKG ARIR v€RA |027818AeCoK2
1 13X1156~G03 1 13X1156-G05 |CB4 AS|R YCARA |037819|R=C2K2
W2 13X2156-G02 2 13X2186-G0S |DC2w| UOB aulR YEAAR |02781R|A=CaK2
1 04A=C251R13 1 04A=C251R11 |Dbowex| BOZ avir YCARB |02781B |A=CoK2
2 02a—C3U6D04 2 020-C3V2504 |DG24ex| DOB AuIR YcanB 102781¢ [A~CoK2
DG23ak GGk DHR¥ex| DOS AXIR YCAAB {03781D|A~C2K2{
1 OBA=C2MBAO2 1 04A=C2MG6BOA |DK4 AYIR YCARR |037B1E | AmCaKa
1-04R=D3R1B11 1 04A=D3Q1C11 |EKq RZIR ycanR (03784F
DH2s0k G2 FB2 BQIR YCARA 1037816 | Ancaks
1 13X1156-G07 1 04n-c2T1A11 |FG2 BRIR véann 1037814
2 13X2156=G07 2 02A=C3VZMa |GB2wk| D13 BS|R YCAAR |03781J[A~C2K2
1 03p=C2T1A13 2 13X2156-609 |GCo#x| BOa BTIR YCRAR [03781K |Aec2Ks
? 02A=03V2U04 1 13X1186-G09 |GEadwx| JO9 BVIR YCAAB 1037841 | AmCaK2
F\
Gate A Frame 02

Gate A Frame 01

Pseudo Frame 13

l
__.Jé
)

Gate A Frame 04

Figure 3-17. Tailgate Connector Listing, Example
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Figure 3-16 shows an example of a connector listing. In
the illustration, connectors 01A-A3H8B06 and
01A-A4HIB11 are on a branch from connector
01A-A3M5DO07 and are considered as connector 2. The
01A-A3C1B11 and 01 A-A2C8B06 connectors form another
branch from connector 01A-A3M5D07 and are called level
3 on the connector listing. The connections are made by
signal wire connectors.

“A, B, C, etc.” indicate that the connection is one wire of
a six-pack connector. The connector source “GH2” in
Figure 3-17 may be followed by an asterisk (*) which
means that the connector is either a connector or a
terminating resistor. When the connector source “GH2**”
is followed by two asterisks (**), the connection is to both
a terminating resistor and a connector cable. A “9”
indicates that the connection is a plug-on terminating
resistor.

Another example of a connector listing (Figure 3-17)
shows a net involving a tailgate. In the illustration, the “1”
level indicator indicates the connector that is on the “to”
side of the tailgate serpentine connector, and the “2” level
indicator indicates the connector that is on the “from” side
of the tailgate serpentine connector.

The general form of the resistor listing is:

CC4 HA R QO6AE 9330JD B-A1F2
Source Serial Function Circuit  Card Part Card
Block Number Number Number  Location

of and
Resistor Portion
Block Number

Resistor block nomenclature is:

Line Description
1 Functionis “R”.
2 Characters 1 through 4 are biank; characters 5 and 6 are
component portion and subportion.

3 Circuit number (or identification).

4 Characters 1 through 4 contain the component type which
refers to the listing, the part numbers on the comporent
assembly drawing; characters 5 and 6 are card portion.

5 Location of the A01 pin of component character 1 is A through
9 (or up and down dimension of the card) and characters 2 and
3 are 01 through 54 (the shroud or socket side of the card);
character 4 is always a minus (—) and character 5 is the
orientation of the component (see Figure 4-4).

The actual and implied cables are designated in Figure
3-18. For example, there is an implied cable from the
source block BD4, to the 03A-B4U2G13 end of cable 1
whose other end is 03A-C4M6C02.

1321376=613 4
018-B1U2J03 4
Q3A=~-CaR6ECOZ 2
03A=CaCECO2 3

4 BD
132237G«613 3

4

132239B-B03
132139B=B03
01A=-B1U2J12
03RA~-A4V2506
03R=-A4A2504

}
!

Implied Cables

Nw-‘-‘thNg

03R=-B4U2J08 1 Q3A=Camecoz }
03R=-B3V2J0S 2 Q3R=~C4R6B0O2
03R—B3V2J04 % 03A=B4AU26G13
Designation of
Actual Cables

Figure 3-18. Implied Cables, Example

VOLTAGE LEVELS AND DELAYS

Complete information about voltage levels and delays for
logic blocks is in the card ALD documentation for each
system. In addition, voltages and logié block voltage codes
are tabulated in ALD and FEALD chapters 3 and 5. Typical
block delays for each technology are in Chapter 1.

SOCKET LISTING

The socket listing (Figure 3-19) is a physical layout of an
SLT board showing the cards and cables used and their
ALD page locations.

Each card and socket listing shows the ALD page for each
portion or pin used. The unused portions or pins are also
listed.

Each board has a summary listing which shows the cards
and cables in part number order. Each part number has the
ACC code, card type (as in the ALD block), sockets
occupied, and total cards for the board. The unused sockets
on the board are also listed.

Generally, the socket listing is at the beginning of the
ALD’s in Volume 0.



Socket Location

/ Type of Card or Socket

%

SINGLE CRRDA
5803300 3300-<¢——

KH911 A1

]

F1 61 G2
63

G4 GS

G

Card Type
™~ Card Part Number

Portion

H2
H3 Hé

Page Number

(Unused Portions or Pins)

G4
GS

DOUBL.E_CARD
5804067 4067

02 03 04
06 07 08

8 29 30 31

22 23 24

........

O SRR i 0}
CONNECTOR
A1¢ BY001RB4
ANO89AD4
DRO31CR4
ANOB1RE4
KTO41RW4
AN101AE4
KC301AJ4
AN101AF4

- 'KCO?1AG6 - - -

ACC Code
/

imzB

CQB&Z. 5802430

B421 GP
GOES 70 01B=E1R2B

M2 BO9 KT171ARY —
M2 B10 KT171AL4

mapss

Location of Cable Block

Origin of Block Connected
to Cable Socket Pin

M2 B2 KT171AQ4

M2 Q310 Kv271
UNUSED PINS

Socket Pin

Socket

Figure 3-19. Socket Listing
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PRAGE 02

PLUG LIST
PART NO ACC TYPE SOCKETS TOTAL
5800000 0000 B4 B6 C6 63
G& G7 Hé
5800006 0006 C7 E6 FS G4
5800007 0007 F& Jb U7 L4
ma
5800008 0008 E? Fé
5800015 0015 DS F7 G5 HS
H? KS K7 mS
5800199 0199 D4 F3
5800236 0236 D6 LS L7
5800243 0243 C4 L2
5800310 0310 E4
5800529 0529 J4
5802200 CRBL. ﬁ; A3 N3
5802201 CABL. AST
5802202 CABL. A6B
5802204 CABl. RSB
5802207 CABL. NS5B
5802216 XOVR ¥2 T T3
5802928 CARBL ;g T6 T?
5803016 3016 J2 K2
5803024 3024 ES
5803028 3028 B7 L3
5803031 3031 D3 M7
5803036 3036 JS L6 Mmé
5803043 3043 E3
5803063 3063 BS
5803064 3064 CS
5803067 3067 B2 C2 D2 E2
G2 H4
5803131 3131 B3 C3
5803357 3357 H3 J3 K3
5803578 3578 F2 He2
5804018 4018 Ké
5804025 4025 D7 K4
5804651 4651 M2
UNUSED A4 A? N2 N6
T2
Summary of socket listing for
one board (generally on page 2)
SQCKET LISTING
DATE 02=23-67 MACHe 2040HSC

LOG 246 BORRD Q%A=~B3
PREVe ENGRe & =

PRESe ENGRe 02~22«67 282029
PeNe 537XXXX SDD

IBM CORPe: -

"SPD- - BLKe -t

S2ALON

Socket listing page identification



e A card ALD sheet shows ALD logic blocks appearing on
a given SLT/SLD/ASLT/MST card.

e The assembly drawing shows the physical placement of
the components on the card.

o The schematic shows a circuit diagram of the electronic
components on the card.

The card layout is defined as the card ALD sheet, the
assembly drawing sheet, and the schematic sheet. These
sheets (Figure 4-1) are a three-way representation of the
actual logic card.

At least one page is provided for each type of sheet but
only one page is provided for the assembly drawing. The
circuit complexity., the circuit speed, functional versus logic
card packaging, and the size of the card are some of the
factors determining whether a card will have more than one
page of card ALD sheets and/or schematic sheets.

SLT AND SLD CARD LAYOUT

Card ALD Sheet

The card ALD shéet (Figure 4-1, part 1) is similar to a
standard ALD logic sheet. The part number appears at three
corners of the sheet. The part number consists of four digits
and a suffix. Generally, a 580 precedes the four digits;
because of exceptions, however, the prefix must be verified
by checking the complete part number in the title block.
The suffix consists of the number of the card ALD sheei.
The engineering change (EC) level appears to the left of the
title block.

Logic Block

The logic block is similar to the ALD logic block, except
that specific machine information is omitted. Line 1 gives
the function of the block; an asterisk (¥*) is placed before
the function name if the input line position is significant.
Line 3 designates the circuit number. Line 4 describes the
portion and subportion of the block. Line 6 indicates the
block position and the serial number of the block for the
card ALD. Sometimes the engineering specification of the
circuit is placed above the block; for example, the OR
block at location 2B of Figure 4-1, part 1, is labeled
890972. The pin numbers of the card, if they exist for the
block, are placed on the input and output lines of the logic
block.

As in standard ALD logic blocks, wedges (&) denote the
line levels required to satisfy the function of the block.

Chapter 4. Card Layout

Card Characterization

The lower left corner (Figure 4-1, part 1) contains infor-
mation concerning the card size, the voltage pins, and
the card characterization code. Five card sizes are in general
use: 1-6, 1-12, 2-6, 2-24, and 2-36, where the first digit (1
or 2) designates the number of the socket into which the
card fits, and the next digit or digits (6, 12, 24, or 36)
designate the number of standard module positions on the
card.

The voltage pin information indicates where and what
actual voltages are present on the card.

The card characterization code indicates the general
voltage and the logical use of the card. This code has a
voltage code and a use code, which consists of the number
portion of the circuit number. See Figure 3-7 for interpreta-
tion of the use code.

The voltage codes are:

T Requires a +3V, —3V, or +6V power supply or any
combination.

v Requires only a +12V power supply.

U Requires a +3V, —3V, or +6V power supply or any
combination and is specifically associated with the Sns family.

S Requires either a combination of the voltages listed for U or '
may be used in category.

L Are the SMS circuits associated with the SMALL family.

(0] Are associated with analog circuits.

X,Y For MST circuits

For example, TO3 (Figure 4-1, part 1) means. the. card
uses a combination of +3V, —3V, or +6V (T) and has logic
circuits (03).

Input Lines

Input lines are identified by the pin number of the card and
by a net number. An example of pin number on a card is
DO05S.

The net number may be a number assigned by design
automation, such as 001 or 002. However, it may be a net
number of the type used when there are multiple card ALD
sheets; the number 41681AB4, for example, means the line
originates from the block on part number 5804168, page 1,
with serial number AB, fourth line.

Output Lines

Output lines are identified by the source block and line
origin and by a net number. The source block and line
origin (for example, AAS5) are the same as that shown on
the ALD page.

Card Layout 4-1



The net number is either the card pin number or a
combination of the card pin number and the page number
to which the line goes. An example of the card pin number
is J10. If the line goes to page 41682, the combination is
41682J10.

- Assembly Drawing

The assembly drawing sheet (Figure 4-1, part 2) contains
two parts. On the left portion of the page, a graphic
representation of the components on the card and on the
right side of the page, a chart listing the part numbers.

This sheet has the part number in the upper right and
lower left corners, a title block in the lower right corner,
the EC record in the upper right portion of the sheet, and a
chart of the voltages and their respective pins near the part
number chart.

The part number chart (Figure 4-1, part 2) consists of a
listing of the component parts used on the card. Each
component is listed with part number, description or value,
quantity used on the card, and a code that is used on the
schematic sheet and the assembly drawing sheet. The
module code is A for an RC module and Z for an SLT
module.

The graphic representation shows the numbers for each
component (modular and discrete) from top to bottom and
from right to left.

Schematic Sheet

The schematic sheet (Figure 4-1, part 3) shows the
schematic of the circuits, along with the card part number,
a regular title block, and an EC block. The schematic has
the actual components (such as resistors, transistors, diodes,
and capacitors) of the ALD logic block (by circuit
numbers). The components are keyed to the assembly
-drawing by a location code.

42 TO

Each ALD logic block in the ALD’s references an SLT
card by part number. Each particular ALD logic block has
card pin numbers and a circuit number. The same ALD
block is on the card ALD sheet of the card layout and also
on the schematic sheet with the same card pin numbers and
circuit number.

The circuit number on the schematic sheet identifies its
components. The identification of each component is its
physical location on the card as shown on the assembly
drawing sheet, Figure 4-1, part 2.

The complexity of the card may require more than one
sheet of schematics. Sometimes each sheet (Figure 4-1) is
complete as far as the individual circuits are concerned; that
is, there are no electrical connections between circuits on
the card. However, if the circuits are electrically connected,
the schematic is interconnected on more than one sheet.

Particular Example

A particular logic line can be examined by using Figure 4-1.
The logic line labeled D11 is the top line of part 1. This line
has a net number, assigned by design automation, of 017.
This line enters the card on card pin D11. This line in its
more positive condition activates one leg of AND circuit
TO3AC. Part 3 shows that the logic line entering the card at
D11 is connected to pin 3 of a module. Numbers with
squares around them () refer io pins of a module. Pin 3 of
the module is connected to the cathode of the diode
iabeled 5Zi. The diode 5Z1 is one of two legs of circuit
TO3AC. Circuits are usually labeled with their circuits
numbers on the schematic sheet.

The part number chart on part 2 shows that Z1 is part
number 361000. The 5 of the 5Z1 designation of the diode
locates the module as the fifth component on the card
when counting top to bottom and right to left. In the chart,
module 5Z1 is in the upper left portion of the card.
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“ % f) 5 STANDARDS CODE | 2-704S 580X XXX |
CIRCUIT APPROVAL - - STATUS &sﬁg
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Figure 4-1. Regular Card Layout (Part 2 of 3)
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Figure 4-1. Regular Card Layout (Part 3 of 3)
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ASLT CARD LAYOUT

ASLT card layout is similar to SLT card layout. The
difference is in the information on lines 2, 4, and 5 of the
logic block (Figure 4-2). Also part 2, the assembly drawing
(Figure 44), has different component locations and coding.

Logical Function
Module Pin Numbi‘\
—ou | A /

Substitute Circuit

Module Portion Number

— 05 Circuit Number
Module Part Number Logic Block
Portion Number
Module Location Code «+—+}———Module Orientation Code
—06 B —09—

8lock Print Position Block Serial Number

Figure 4-2. ASLT/MST Card ALD Logic Block

Logic Block
Line 2 describes the substitute circuit and module portion

number. The two-output QO3AC circuit in a module can be
used for a one-output circuit (QO3AA or Q03AB) by not
wiring it to the unused pin. When a QO3AC is thus used, the
last two letters of the QO3AC circuit number appear in the
first two characters on line 2, and the one-output circuit
number appears on line 3. Module circuits are assigned
portion numbers for special test purposes. The module
portion number appears in the last two characters on line 2.

The first four characters on line 4 are the last four digits
of the module part number. The last two characters
describe the portion number of the logic block.

Line 5 describes the module location coding (first three
characters) and the module orientation coding (last charac-
ter). A numeric character denotes ASLT orientation; an
alphabetic character denotes MST orientation. The module
location and orientation coding system is shown in Figure
44, Note that the module locating pin is in the lower right
corner of the module.

MST CARD LAYOUT

MST card layout is similar to ASLT card layout. The main
difference is in component orientation.

46 TO

Component Orientation

The orientation characters in the card SLD block identify
the direction of pin AO2 from AO1, regardless of whether
the component has a physical pin A02. The code is:

Code Direction to Pin A02
A <«
B t
C -
D {
For example:
Line 5 of ALD Block AO01 Hole AQ02 Hole
X15-A X15 X16
X15-B X15 Y15
X15-C X15 X14
X15-D X15 Wwi1s

Edge Connectors—Only MST Card ALD Pages

The format of the edge connectors on the card ALD page is
shown in Figure 4-3.

Net number

/

Tab type- E = emitter
B = base

001

AAA, B, C

Lood factor (summation of
equivalent picofarads for
the bases)

/

1/0 tab identification
B02, DO3, MI3, P06, etc.

Figure 4-3. Edge Connectors—MST Card ALD Page

MST Card Coordinates (FEALD)

Figure 4-5 represents an MST card and shows the coordin-
ates for locating module pins for scoping. The need to
locate a2 module pin arises when a storage device on an
FEALD (MST) is buried (not connected to a card I/O pin)
and must be scoped. In Figure 4-5, the designation 09B
represents a module pin; BO9 would be a card I/O pin on an
FEALD.



Component Location Coding
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4-wide Card

Component Location Grid—————Fﬁ

01

26

2-wide Card

12

1-wide Card

P S 0 000 0000 000 000° 0000000008 000 ® o o0 00 o090 000 9000000 00 —9
o |— 8
o |— 7
o |— 6
e |— 5
01 * |— 4
e |— 3
e oo - |- 2
o0 oy o |— 1
L3N 3N BN ) 1 e — Z
...’/AGI e I— ¥
: 0K - |— x —~
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* |- Q
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®* = N
* I~ M °
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° —G(ll (]
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e |— A
S13 (Component Side) / BO2
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seee |D 04| ®o0e e Aloese 01 oo eo0
L I B AN ) C 03 ® 99 @ B ® ® @9 02 eSS SS
[ 3N 3 BN ] B 02 oo 00 C e o0 0 03 L3N N N J
eee0o0 | A 01 |oceee D|oeee 04 | o0 0@
Code A Code B Code C Code D
RC Module
04 03 02 01 01 02 03 04
® e @O0 [o2N BN I J
Code A Code C

Figure 44. ASLT/MST Component Location and Orientation Coding
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A >Z | —»9 Note: Depending upon card size and other factors, region 1
may end on a digit other than 9. Before scoping TTL
X module pins in region 2, check the card layout to determine
the exact layout of the card being scoped.

A zZ 9]A L
T 1
®—Module Pin 105C | ®-Module Pin
: 207C
] I
99 Region 1 ! Region 2
Probe Side Column 05 : Column 07
Row C | Row C
098 — :
10C — I‘
L Module pins Region 1 : Region 2
!
Figure 4-5. Card Coordinates (MST) :
I
Card Coordinates (TTL Modules) : N
Figure 4-6 shows card coordinates for locating TTL module T ' 99
pins on an MST card. The first digit defines a region on the ae
card; the next three digits define the column and row. Figure 4-6. Card Coordinates (TTL)
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o Field Engineering ALD’s (FEALD) are a simplified form
of engineering ALD.

e FEALD’s are of two types: line-drawn and direct-
addressing.

e An FEALD for an SLT machine isalways a line-drawn
page.

e An FEALD for an MST machine may be line-drawn or
direct-addressing.

e A direct-addressing FEALD generally represents more
than one engineering ALD page.

e An FEALD (MST) can contain functional logic blocks
such as the selector, register, and decoder.

While a machine is in its design stages, engineers generate
engineering ALD’s. After a design is complete, a design
automation program provides Field Engineering with the

FEALD Program

SLT or ASLT

MST (or SLD)

Chapter 5. Field Engineering ALD's

prime maintenance document—the FEALD. Figure 5-1
shows that there are three forms of FEALD’s produced by
two FEALD programs. An FEALD for SLT machines is a
simplified, 1 for 1 representation of an engineering ALD.
For MST machines, the use of functional logic blocks
permits more logic to be shown on a page, thereby allowing
multiple engineering ALD pages to be represented by one
FEALD page—this is the direct-addressing FEALD. In MST,
line-drawn FEALD’s and direct-addressing FEALD’s may
be intermixed on a given system. In either case, the FEALD
represents the machine logic on a field-replaceable unit,
normally a card.

The following text describes the FEALD for SLT
machines. Later in this chapter, the FEALD for MST
machines will be covered. To differentiate the two types of
FEALD’s, the FEALD for MST machines is abbreviated
FEALD (MST).

Similar in appearance
to engineering ALD
A1 for 1 representation Line Drawn

Direct Addressing

of an engineering ALD

Similar to FEALD for SLT

Nonlogical blocks removed
ALD page

Contains butted blocks
Figure 5-1. FEALD Types

Represents one engineering

Columnar in appearance

N

Represents more than one
engineering ALD page

Contains functional logic
blocks: selector, register,
decoder, etc.

FEALD’s 5-1



FEALD for SLT

PAGE NUMBER

The page number is in three places on the sheet. The page
number in Figure 5-5 is KH331. In this illustration, the
page number is in the upper right corner, as well as in both
the lower right and the lower left corners.

Logic pages are numbered according to a coded prefix
consisting of two alphabetic symbols, repiesenting the
major and the minor characters. The general coding scheme
is shown in Figure 5-2.

For example, the coding for the A-register is RA. “R’ is
the major character; it means register. “A” is the minor
character, designating the particular register. The minor
characters and their designations vary from system to
system.

Figure 5-2 is CPU-oriented. Slight variations appear both
in the CPU pages and in the I/O pages.

Adders Trap Decoder DB
Addressing Adder AA-AB Register Decoder DG
IC Incrementer AC-AD ROS Decoder DR-DS
Exponent Adder AE-AF
Main Adder AM-AQ 1/O Channels
Serial Adder AS Multiplexer Channel FA-FZ
VFL and Decimal Adder AV-AW Selector Channel 1 GA-GZ
Selector Channel 2 HA-HZ
Busing (Excluding Storage Bus) BA-BZ Direct Data JA-JZ
Consoles PA-PE,PJ-PZ Local Storage LS-LT
1052 Console Adapter PF, PG, PH
Main Storage Registers and MA-MC
Controls Controls in CPU (Includes SDR
Advance or Seq Controls KA Registers, Storage Buses, SAR,
Branch and IC Controls KB SBl, OR, M and N Registers
Clock Controls KC
|-Execute, |=Fetch, and Power Supplies YA-YZ
Execuie KD
Chan Controls KE Registers
Fixed Sequence Controls KF A-Register RA
General Register Controls KG B-Register RB
FLT Controls KH D-Register RD
ROS Controls KK E-Register RE
Local Storage Controls KL F-Register RF
Priority and Interrupt Controls KM G-Register RG
/O Instruction Controls KN H-Register RH
VFL Controls KP J-Register RJ
VFL Controls KQ K-Register RK
Check Triggers KR L~Register RL
Status Triggers KS M-Register RM
VFL Controls and Decimal Controls KY N=Register RN
Any Miscellaneous Controls such as FP KT-KU P-Register RP
Fixed Point, Storage Protect, Q-Register RQ
Real Time Clock, Status Controls Kw=KZ R-Register RR
S-Register RS
Counters T-Register RT
Instruction Counters CA-CB U-~Register RU
Local Storage Address Counter CC-CD V=Register RV
Miscellaneous Counters CE-CZ W-Register RW
X~Register RX
Hardware-Oriented Pages ZA-ZZ VFL and Decoder Register RY
Direct Data Register RZ
CROS ED-EF
ROS Fiowcharts QA-QZ
Decoders
Op Decoders DN Special Features XA-XZ
FLP and Generator Decoder DP
Addressing and Pre-Fetch DA TROS EA-EC

Figure 5-2. ALD Page Number Prefixes
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MACHINE VERSION

A version page shows wiring and cards that are not on the
basic machine. This wiring must be added to that used in
the basic machine. This is in direct contrast to the additive
card code (ACC), in which the wiring is part of the basic
machine, and only cards are added to make the feature
operative. An example of a version page would be those
pages that add the cards and wiring for the floating-point
feature.

A version page is made up of all basic page blocks which
are unchanged in the version design plus additional blocks
(version blocks) needed to change the basic page into a
version page.

The machine version number appears below the page
number; for a basic (standard) machine, this number is 000
(Figure 5-3). A version page assigned by design automa-
tion has a number other than 000.

Card Location
and Type*
4 A A r - Al

Title Block

INSTRUCTION REPLY REGISTER

000 el 0 C 9wH I STORY ===y FIACH0 2050
B=C1D2 0002 B=C1G6 4068 255029 255441

~NOMmX,

Page Number
DOk e posm  Ene gEm IO
1E6 O i .
B-C;E? 0000 B=CiJS 0310 255438 256488 |IBM CORPs I — Version

B=C1F3 0000 B=C1J7 4025 DATE _ LAST EC
B=CiF4 4068 SEE PLUG CHART 01~26=~67 257400 iPaNe 535XXXX

*Check socket listing for part number.

Figure 5-3. Title Block, Page Number, and Version

TITLE BLOCK

The title block is printed in the lower right corner of the
page. As Figure 5-3 shows, information can be found at
three places in the block:
1. At the top
a. The page title (“Instruction Reply Register” in
Figure 2-21).
2. On the left side
a. The engineering change (EC) history in two columns
with the latest EC number and date.
3. On the right side
a. Machine type, “2050.” This may be a pseudo
number or it may be the machine number followed
by a suffix. The suffix differentiates between models
or features of the machine number.
b. Frame, '01”’; within the machine, may be 01 to 63.
c. The corporate division, WI'C (World Trade Corpora-
tion).
d. Part number of the page (sheet), “535XXXX.”

LOGIC BLOCK

Logic blocks shown in Figure 5-5 are positioned on the
page in a matrix 7 columns wide and 13 rows high. The
columns are numbered 1 through 7. Rows are lettered A
through N, excluding 1.

A logic block (Figure 54) is 6 increments wide by 5
increments high; it may be lengthened downward to a
maximum of 24 increments. The block may have 1 to §
inputs and/or output lines on the basic block; 1 to 24 input
and/or 1 to 10 output lines on the extended block.

Information Inside the Block

Top Line (Line 1)

Line 1 (the top of the block) consists of the multiblock
configuration, such as FF, in positions 1 and 2 and the
serial number of the block in positions 5 and 6. The serial
number of the block is a part of the net number and part of
the identification of the asterisk function of an output line.

Line 2

The logical function being performed by the circuit
represented appears on line 2; for example, A, OR, N, or
FF. An asterisk (*) preceding the logical function symbol
means to design automation that the input line positions
are placed in a certain arrangement; that is, the pin numbers
and position of the input lines are fixed by the physical
makeup of the components used.

The suffix, preceded by a space and following the
function, is additional information describing the function.
The suffix indicates additional information that would be
helpful in understanding the circuit such as A V or AR ID;
and to indicate additional information in component blocks
suchas RY CT,RYP,or ALT.

An asterisk (*) in position 6 indicates an unchecked
block. This can occur when:

1. The engineer who submitted the page specified that
checking is not to be performed. This is normally done
to process special blocks such as exit, entry, service.
switch, and component.

2. The program does not have sufficient data to perform
the checking operation. Errors in drawings or circuit
rules are indicated with six asterisks in line 2, the
function placed on line 3, and the block lengthened one
line (see block serial number BD in Figure 5-6).

Line 3

The additive card code (special machine feature) appears
here; for example, 7TR (seven-track feature). Additive card
codes identify those logic blocks which pertain to a special
class of machine features in which the feature can be
installed by plugging in the feature cards. Also, when the
block is an input to a DOT block, the DOT function, such
as +A or D\ O, is indicated in position 6. If the output
“DOTing” cannot be specified within the two positions
available, the characters WL (wired logic) appear here.
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Line 4 (Always the Next-to-the-Bottom Line of the Block)

Circuit data appears on this line. The voltage code (Figure
5-7) appears here for a standard circuit. Blocks with two
or more input requirements have all the codes on this line
(requirements from top to bottom, corresponding to the
voltage codes from left to right on the line).

The voltage code does not appear in a block without pins;
that is, the voltage cannot be measured with a meter or an
oscilloscope.

Code  Minimum Up Level (Volts)  Minimum Down Level (Volis)

B 2,5t02.1 1.9t0 1.5
C 2.5t 2,1 1.4t01.0
D 1.9t0 1.6 1,410 1.0
£ Ltol.é 0.9 0.6
F 4.0 to 3.5 0.5t0 0.3
G 2.5t02.1 0.5t0 0.3
H 2.0to 1.6 0.5t 0.3
J 1.5t0 1.1 0.5t0 0.3
L 0.7 t0 0.5 0.4100.2
T 0.3 -0.3

A -1.0 -1.5

Figure 5-7. Voltage Code

The circuit number (Figure 5-8) appears here if the
block is a special circuit or if the voltage requirements are
not included in the defined voltage codes.

Component blocks have the necessary discrete informa-
tion placed on this line.

DOT appears here when the block is a DOT block.

The load/unload indicator is placed in position 6 of this
line, an L for a loaded circuit and a U for an unloaded
circuit. The unloaded circuit has an asterisk (*) on the
output line to denote that the load can be found in the
connector listing at the bottom of the ALD page, or in the
next block.

Bottom Line (Line 5)

The card location is placed on line 5 (bottom of the block):

1. Character 2 is the gate (A through Z), followed by a
dash.

2. Characters 3 and 4 are the board location, one alpha-
betic and one numeric.

3. Characters 5 and 6 are the card location, one alphabetic
and one numeric.

Information Outside the Block

Title

When logic blocks have been assigned a title, the title
appears over the block.

Pin Numbers

Pin numbers are in line with the input or output line. They
are the actual numbers of the base pins on the card.

XNNZZ
Circuit Number Code -- General Forms < or

X

XAYZZ

Circuit Classification

Aor NN Circuit Type

Y
ZZ

Circuit Origin
Circuit Number

X--Circuit Classifications

<XE<CAVPHTON® >

MST-2

TTL

7L

Analog

MST General
ASLT

SLD 100 ns
SRETL General
SLT/SLD 30 ns
SLT/SLD 5-12 ns
SLT/SLD 700 ns
Monolithic
MST-1

MST-4

A or NN--Circuit Types

A NN Circuit Type

A 07 Sense Amplifier

B 55 Indicator Driver

C 61 Component

D 45 Delay Circuit

E n Noninverting Logic Driver
less than 50 mA

F 20 Trigger, Flip-Flop, Polarity Hold,
Schmitt Trigger

H 22 Oscillator

K 16 Magnetic Head and Core Driver

L 03 Logic Circuit and Extender

M 65 Functional Logic Circuit

N 10 Inverting Logic Driver less than 50 mA

P 15 Power Driver more than 50 mA

Q 25 Clip, Clamp, Limiter, Regulator

R ] Relay

S 21 Singleshot

T 06 Transmission Line Driver, Receiver

U 32 Parity Check, Exclusive OR

\4 29 Reference Power Supply

w 40 Special Circuits

X 05 Voltage Translator, Converter

y4 60 Switch Integrator, Filter

Y--Circuit Origins

FARANIQQTMMOO® >

- Poughkeepsie N  Sweden
Burlington P Austin
Poughkeepsie R Rochester
Holland S San Jose
Endicott T  Boca Raton
France U  United Kingdom
Germany V  Boulder
Poughkeepsie W ltaly
Japan X Lexington
Kingston Y  Fishkill
Poughkeepsie Z  Raleigh

Figure 5-8. Circuit Number Codes
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Asterisk (¥} on an Input or Output Line

An asterisk (*) on an input or output line denotes a
connection that leaves the board; a resistor; a reference to
the tabled blocks at the bottom of the page; or the end of
the output line which is terminated in one of the tabled
blocks at the bottom of the page. The asterisk (*) in each
case refers to the bottom of the page. The information at
the bottom of the page is identified (keyed) with the serial
number of the block and the line number; for example,
AQA4.

Information on the Side of the Block

Wedges

The wedge () is a small triangle at the point where a
signal line joins a logic block. The wedge indicates that the
active state of this line (the state which satisfies the
function of the block to produce an output line of the state
indicated) is at the least positive potential with respect to
the most positive potential shown by the signal line without
a wedge.

A wedge is placed in the edge of the block in line with an
input or output line. When the block or circuit is
performing its function, the wedge indicates the most
negative (least positive) dc voltage for that line.

Note: Signal lines can be at one of two voltages, an up level
or a down level. Because circuits operate at different speeds
and at different pulse levels (0.0V to +12.0V; +0.9V to
3.0V), the line level designated by the wedge must be
described as the most negative (least positive); the absence
of the wedge is the most positive (least negative) level of
the line.

K in the Side

Nonlogic outputs of different blocks are not tied together
by DOT blocks. Instead, a K is put in the edge of the block
in line with each of the connected outputs (except one).
The one exception is the output used to determine the net
number.

Output (or input) lines on the same block may be tied
together. In this case, the net number is the position
without the K in the edge of the block (Figure 59).

BO2 h,
Example: The load resistor of a
K Do8 circuit, or the timing capacitor

of a SS.

Figure 5-9. Nonlogic Outputs, K in the Side

58 TO

Nonlogic outputs on different blocks may be tied
together when:

1. All the outputs tied together appear on the same page.
The net number then includes the line origin of one of -
the outputs from one block. The commoned outputs are
differentiated from the source by a K in the edge of the
block position.

2. All the outputs tied together are not on the same page.
In this case, the outputs tied together on this page show
an output to the right side of the page. The outputs in
the same net on other pages return to the left of their
respective pages and are referenced to the first page in
the normal manner. The net number includes the line
origin of one of the commoned outputs on the first
page. In the edge of all other blocks having outputs in
the same net, a K appears in line with each commoned
output (Figure 5-10).

—AA-

’—AB

—F

Figure 5-10. Nonlogic Outputs Tied, Example

Por N in the Side

When a capacitive input to a block is designated, a P or N in
the side of the block indicates the polarity of the shift
necessary to satisfy the function of the block (Figure 5-11).

X in the Side

Nonlogic connections to a logic block have an “x” in the
side at the place where the polarity indicator (wedge) is
normally piaced. This noniogic input or outpul can be a
bias line. In Figure 5-12, D06x is a nonlogic connection to
the two-way OR block. The nonlogic line is generally a
feedthrough line or voltage line.

T at Output Pin

A “T” at the output of a block means that this pin is a test
point and is capable of being scoped.



Indicates

Positive - Going Shift
through ac Coupling

- _/\,

PR VO
Positive - Going Pulse

Indicates
N

Negative - Going S‘hi‘ff

o \/‘”"

Negative - Going Pulse

Figure 5-11. Pulsed Blocks, P or N in the Side

D04
D05 OR | pog
Bias D06 |
| I

Figure 5-12. Nonlogic Connections, X in the Side

LINE NAMES

Input Line
Each input line (Figure 5-6) entering an ALD page has a
net number and a line name.

The net number is composed of the source page, the serial
number of the source block, and the line origin of the
source block. For example, BA301AD4 means that this line
came from page BA301, from the block whose serial
number is AD on that page, and from the fourth line
position on that block. When an input line comes from
more than one unit, such as one of many types of I/O
devices, or from more than one storage unit, a pseudo-net
number is put on the ALD net number position. These
pseudo-net numbers are generally in sequence, starting -at
000.

A net is a set of signal points (a source and sinks) which
are electrically interconnected. Generally, the source point
refers to the output pin of the driving block, and the sink
points refer to the input pins at the driven blocks. The net
identification indicates which points (pins) belong to a
given network (Figure 5-13).

The line name is generally a description of the line
function and is signed plus (+) or minus (—), depending on
the active condition of the line at that point. If most of the
lines in the machine are plus (+), the sign may not appear
unless it is minus ().

[P TN -
Logicai Function Name

Block Serial Number AB10]
CDY  4th Line of Print

Input
Net Numbers

AC221AR4 OR

Page Number

Output Net AB101CD4
DC621CD4

Figure 5-13. Identification of Nets

Output Line

On each output line (Figure 5-6) leaving the ALD page,
the sink page number (where the line is going), the line
name (with the sign of the active state of the line), and the
line origin are printed.

The line origin is composed of the serial number of the
last logic block before the line name and the number of the
printing line of that block.

When the output line branches to several pages, the sink
pages are listed below the line name.

In Figure 5-5, the top output line is “PP001-Ind Enable
Storage Tig—BD4.” The sink page number is “PP001” (the
page where the line is going); the active state of the line is
minus (—), and a description of the line would be-“Ind
Enable Storage Tig”; the source point is the logic block
whose serial number is BD, and the line leaves the block at
position 4.

COMBINATIONAL BLOCKS

Multiple blocks (Figure 5-14) are combined into “butted”

or combinational blocks under the following conditions:

1. The blocks are all on the same card.

2. The interconnections between the blocks do not con-
nect to any other block and no pins exist between the
blocks.

The format of the block is similar to the standard block.
The top and bottom lines, and line 3, are the same as the
standard ALD block.

Two to seven blocks that are multiple inputs may be
butted top to bottom as the left half of the butted block.
Each of these blocks contains a function and a voltage code
if there are physical pins (card pins).

The output block, the right half of the butted block,
contains a function (line 2); output DOT data (line 3), if
the output is DOTed; and a load/unload indicator (next-to-
bottom line), if the output has a physical pin (card pin).

FEALDs 5-9
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Figure 5-14. Butted Blocks

COMMENTS

Comments are at the bottom left of the page (Figure 5-15).
As many as ten lines of comments may be listed.

Page Number Connector
and Version Comments Listing
A A
o N D

NOTEe DISCRETE WIRE CABLE
¥ FROM CONSOLE PLUGS INTO PIN AAR2 R=EYN3B02 AC2 A=E1N
P SIDE OF PANZL Ee THIS CONNECTS  O1E=R1B4B0O2
A B CONTACTS CN CONSOLE CONTRCT_DO2  CONTACT

0 COVNECTOR 7O D PINS ON E PANEL: RR4 A-E{N3BO8 ADZ2 A-EIN
4 AND D CONTACTS TO B PINSo 01E=A1B4B0O8  O01E=R1B
1 =CONTACT= IN EDGE CDIWECTOR CONTACT DO8 TRCT
FIELD INDICATES CONTRCT RB?. A-E1N3DO2 RE2 R=E1IN
O041CONSOLE CONNECTOR 1E=R1B4D02 OQ1E=AYB
SIm TO PN 5821908 EC 390049 CDNTRCT BO2  CONTRCT

Figure 5-15. Comments Area

5-100 TO

CONNECTOR AND RESISTOR LISTING

Connectors and resistors (Figure 5-3) are listed at the
bottom center of the page. Space is provided to list 100
connectors or resistors. The general form of a logic
connector or resistor is:

01 A- D3 B2 D09
Frame Gate Board Socket Pin

SOCKET LISTING

The socket listing (Figure 3-19) is a physical layout of an
SLT board showing the cards and cables used and their
ALD page locations.

Each card and socket listing shows the ALD page for each
portion or pin used. The unused portions or pins are also
listed.

Each board has a summary listing which shows the cards
and cables in part number order. Each part number has the
ACC code, card type (as in the ALD block), sockets
occupied, and total cards for the board. The unused sockets
on the board are also listed.

Generally, the socket listing is at the beginning of the
ALD’s in Volume 0.



FEALD for MST

This section describes the Field Engineering Automated
Logic Diagram for MST machines. Logic blocks, including
the functional logic block, are defined in Chapter 2,
“Standard Logic Blocks.” The following text covers the
content and layout of an FEALD (MST) page, and the
system of direct addressing used on an FEALD (MST).

At the beginning of this chapter, it was mentioned that
the FEALD program for MST machines can produce two
types of FEALD’: a line-drawn FEALD and a direct-
addressing FEALD. In appearance, the line-drawn FEALD
is about the same as an FEALD for an SLT machine. Both
have lines forming a direct connection between logic
blocks. The title and comments area on a page are the same.
However, the placement of information within a logic block
differs in MST and SLT. For MST machines, line-drawn and
direct-addressing FEALD’s may be intermixed. Figure 5-28
is a direct-addressing FEALD (MST). Note three things
about this page:

1. A system of direct addressing replaces the traditional
line-connections between logic blocks. Direct addressing
will be explained later.

2. This FEALD (MST) page is equivalent to three engi-
neering ALD pages: MLO51, MLO61, and MLO71. All
this logic is on one card at EB4F2.

3. The page contains functional logic blocks:
selector(SEL), register(REG), and decoder(DCD). Func-
tional logic puts more logic in a given space than does
unit logic (AND/OR/FF).

FEALD (MST) BLOCK

The placement of information on an FEALD (MST) logic
block depends upon the type of block. Figure 5-16
summarizes the location of information in the several
variations in an MST logic block. Information that has a
fixed location is not in the figure. For example, the block
serial is always at the top right of the block; card location is
always at the bottom of a block. The following text
specifies what is on each line of an' FEALD (MST) logic
block.

Checked Blocks Unchecked Blocks

Normal Unusual No ACC ACC DOT

ormat usal orDOT_ el _
1 rACC 1
2 FCN hisiabbdl 2 | FCN* FCN* FCN*
3 | CktiD FCN 3 ACC DOT
4 ACC 4 CktID
5 5

CktiD

ACC Additive card code

FCN Logical function

CktID  Circuit identifier or equivalent (resistance, capacitance, inductance, delay, etc.)
DOT Block is dot ANDed or dot ORed

Note: Block serial and card location are at fixed locations on a block.

Figure 5-16. FEALD (MST) Block—Variable Information

-310+3 +6 To 0
BA e AG
— OR cv
P t I RO5AD
I ’
- A-A2C2 L A-A2D4
(A) (8)
- DB ————EL —
ek dkk ok *
JMPR EIEEV
_ K — B11
-12v
S61KI
— A-A2C2 —  A-A2B2
© ©)
POff — or*
age ——— OT ——
Sources D

)

Figure 5-17. FEALD (MST) Block

Information Inside the Block

Line 1

Line 1 contains the additive card code (ACC) and block
serial number. The additive card code appears on line 3 in
unchecked blocks. The ACC may contain as many as four
characters.

The block serial is a two-character alphabetic code at the
right edge of line 1 (BA in example A, Figure 5-17).
Because an FEALD can combine several engineering ALD
pages, and as a result block serials can be duplicated, the
block serial does not locate the position of a block on a
page. Rather, the block serial locates information listed at
the bottom of a page on an FEALD without direct
addressing.

Lines 2and 3

Line 2 contains the block function (OR in example A,

Figure 5-17) or six asterisks. If asterisks occupy line 2, the

block function moves to line 3. A row of asterisks indicates

an unusual use of a circuit. A single asterisk after the block

function indicates that the block is unchecked (example E,

Figure 5-17) by the design automation program. A DOT

block with an asterisk after the function indicates that all

input lines come from off the page, or that a wedge conflict
exists.
Line 3, which is generally blank, can contain:

1. The block function, if asterisks occupy line 2 (JMPR in
example C, Figure 5-17). Asterisks in line 2 indicate an
unusual condition or use of a circuit.

2. The . circuit number, which is printed for special
reasons—a row of asterisks in line 2, or a circuit having
no standard voltage code (CV in example B, Figure
5-17).

3. The additive card code on unchecked blocks (BPS in
example D, Figure 5-17).
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Lined

Line 4 is generally blank but may contain a circuit number
(S61KI in example C, Figure 2-36). In a service (SERV)
block, line 4 contains voltage information (—12V in
example D, Figure 5-17). Line 4 can contain the value of a
capacitor or resistor block. As an alternative, the circuit
number may appear in line 2. Groups of resistors may be
represented by a single block (R) as long as they are on the
same card. Block BD in Figure 5-28 is an example.

As an alternative, the next-todast line of a block can
contain the circuit number or value of resistance, capaci-
tance, or inductance (Figure 5-18).

R

]

--=50

Figure §5-18. Resistor Block:

Card Location

The bottom line of a block contains the card location
(Figure 5-19), in the form A-ANAN, which represents gate,
board, and card.

OR
B-C2D4
i
Board

Gate

Figure 5-19. Card Location

Titles
A title may appear over a block (Figure 5-20) or over the
output lines of a functional logic block, such as a register.

BM
REG
—1C
CHAR Send : E
— A -CD- Bit 00
-CD- Bit 01
-CD- Bit 02
— 1 —cp- |-BitO3

Figure 5-20. Block Titles
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Wedge and Plus Sign

Generally, a wedge on an FEALD (MST) means the same as
on engineering ALD’s or other FEALD’s—a wedge at an
input or output represents the least positive potential of a
line with respect to the most positive potential.

On an FEALD (MST), a wedge under an output line
(Figure 5-21) indicates that the output can be forced to its
least positive potential by some external source. Similarly, a
plus sign under an output line means that the output can be
forced to its most positive potential by an external source.

In example B, Figure 5-21, outputs K and M are forced to
their least positive potential when the AND circuit is active,
regardless of any inputs to the register. Qutputs J and L are
not affected by the AND circuit.

A P>—B05 A LB A >_+__

(A)

A—I|c A B

8 —lG1 | &

I I
c—icpob— R OB
Lk Dot
=~

b —i-CoQ—L o

) & por [>—
LD\

Figure 5-21. Wedges and Plus Sign

Output Loading

When an externally loaded circuit cannot be isolated from
the driving circuit without affecting the output of the
driver, a loading character (L or U) indicates this external
load. The loading character (Figure 5-22) is under the
polarity indicator (wedge) of the active output.

If the output is loaded, an L or no character may appear.
If the output is unloaded, the character U always appears.
When a branch occurs within a block, the loading character
(U) is associated only with the output immediately above
the character. -

REG REG
—c —C
Gt —G1
I I
1-CD ——d1-CD N
ﬁ¥ t&
U U
1-CD ———31-CD N
K 2Rg
U U

Figure §-22. Output Loading



Card 1/O Pins, Module Pins, and Voltage Codes

Associated with an input or output of a logic block is a
3-character pin field that identifies a card I/O pin (Figure
5-23). An input can be prefixed by an additional alphabetic
character (T in example A) that specifies the minimum up
level and minimum down level of a circuit. Figure 5-24
shows the voltage codes and ranges available on an
FEALD (MST).

Note that the letter T at the output of a logic block
identifies a test point (Example B in Figure 5-23).

Card coordinates were described in Chapter 4 (Figure
4-5). These coordinates, along with an FE template, locate
module pins for scoping. Module pins are identified as in
example C of Figure 5-23. Note that .09B is a module pin,
whereas B09 represents a card I/O pin, at the input or
output of a logic block on an FEALD (MST).

Card coordinates for TTL circuits (Figure 4-6) are slightly
different in that the first digit defines a region on the card,
and the next three digits define the column and row.

Input Pin
Voltage Character
RCord 1/O Pin N po5  Test Point
u (Output
A D05 | OR )
I GV IBOS or | so9 ®) T-/--DO3 pin only)
' T806 — N
BO3
9]
Module Pins 4T—j
058 ][ 105C 207C
© OR |098 1050| of
068
MST TTL

Figure 5-23. Card I/O Pins and Module Pins

Code  Minimum Up Level (Volts) Minimum Down Level (Volts)

B 2.5t02,1 1.9t0 1.5
C 2.5t02.1 1.4t01.0
D 1.9t0 1.6 1.4t0 1.0
E 2.0t0 1.6 0.9t0 0.6
F 4.0 to 3.5 0.5t00.3
G 2.5t02.1 0.5t0 0.3
H 2.0to1.6 0.5t0 0.3
J 1.5t 1.1 0.5t0 0.3
L 0.7 t0 0.5 0.4t00.2
T 0.3 -0.3

A -1.0 -1.5

Figure 5-24. Voltage Codes—FEALD (MST)

Edge of Block Character

| An edge of block character, alongside or in the edge of an
FEALD (MST) block (Figure 5-25), serves the following
functions:

Example A E An extender. In combination with a K

| output, shows that additional blocks act
as inputs to the first block.
At the ouiput of a block, a X can
connect to another K output or to an E
output; these K “outputs™ are actually
inputs to the first block (with the output
E) and extend its function.

Exampie A K

Example B K At times, the number of inputs to a logic
block exceeds design automation
program capabilities. In this case, the
excess inputs are shown as outputs but
identified with the letter K.

A nonlogic input or output. The driving
circuit to this input is usually a fixed
voltage or bias. An X line does not
influence the state of a circuit.

A positive-going shift or pulse activates
the block.

ExampleC X

ExampleD P

ExampleE N A negative-going shift or pulse activates

the block.

Example B T A test point. Do not confuse this with T
as an input voitage character. See output
pin D03 in example B, Figure 5-23.
' A—
A |E— p—
B —— — K
p— K—
—_ K -
¢ — K —
, A K—> p—
D — p—
E —
A |[K—> p—
F— f— T—
(a) G)]
—p —N

>
|
9
|
>
|

© () ®

Figure 5-25. Edge of Block Character
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FEALD (MST) PAGE

Figure 5-26 shows, from right to left, the six types of infor-
mation at the bottom of an FEALD (MST) page:

. Page numbers and page version

. Title block

. Engineering ALD pages, version, and EC level
. Card location and type

. Connector and resistor listing

. Comments

ANV h W=

Page Number

A range of page numbers represented by the FEALD (MST)
is shown in the upper right, lower left, and lower right
corners. In the example, the range is MLO51 to MLO71. A
line-drawn FEALD (MST) has a single page number, that of
the engineering ALD it represents.

Occasionally, two FEALD (MST) pages are required to
present the logic for a machine function. On the two-page,
direct-addressing FEALD, both pages have the same group
page number, part number, and edge connector list, but
each page is designated Page 1 of 2 or Page 2 of 2.
Logically, these two form one FEALD page. Page 1

© © ®

LUCe  TYPE
Comments 2 5PEE oM, A QIEBMIC  enials olen

e ——— A 01E~H vauov ¥

NS14
319 E—B4HSDO4 R 01 E=BaH1D11
21 01E=R3V2D10 4 ‘H1

* NS14
NS14 A_01 E-BQ\H 11
213‘5-84&1 B11 4335 A

% NS14
% N§14 R O1E~B4H1E11

b

By direct addressing number

contains the left edge lines; page 2 contains the right edge
lines. Everything else is consistent with a one-page FEALD.

Below the page numbers is the version of the FEALD.
This version takes the alphameric form ANN (AO1, for
example) if the corresponding ALD pages contain more
than one version and all are on the FEALD (MST).

Title Block

The title block identifies the page part number and logical
function, the machine name and frame, the IBM division
that released the machine, the EC history, and the last EC
and its date.

ALD Pages and Version

To the left of the title block are listed the engineering ALD
pages comprising the FEALD (MST), along with the version
and EC number for each page. Version 000 is the basic
design. A version represents cards and wiring not on the
basic design.

The version of the FEALD page is at the lower right
corner, under the FEALD page range. If the engineering
ALD pages have different versions, the version of the
FEALD page takes the form ANN (A01, for example).

®

PAGE VER EC LEV
ALOS1 00O 260936

® O

| BCU BYTE MRRKS

DATE  LAST EC |
032069 259585 |PeNe 548XXXX

A ]
| !
o
PLOST 000 260936 | . oui1STORYmmcry MHCHOMOSYS "6 L
| 10 0
i IFRRNE 01 15 7
| | 1M1
| |1 CoRPesDD |
I [

000

Edge Connector Pin References

By block setial and print position

—

cbee CUNNe
AE14E«=B4RSDO S
A U1E=H3y2D09
Riz18E=B4RSDO%
A U1E=RSY2010
HET O =s4HT 811
HB16E~H4H1C11
ABZ2E =~BaH1 D11
HBZBE=BAMT E11
HBIQE=B91 A1

Figure 5-26. FEALD (MST) Page Data
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Card Location and Type

To the left of the engineering ALD page list are the card
types and locations for those cards represented by this
FEALD (MST). Consult the socket listing for the part
number of a card.

There are two methods of referencing from an FEALD
(MST) logic pin to an edge connector listed at the bottom
of the FEALD page. On a direct-addressing FEALD, a
direct-addressing number is the reference; on a line-drawn
FEALD (MST), the block serial and vertical print position
are used as reference.

In the direct-addressing FEALD (MST) of Figure 5-28,
the output from a block is designated: G02*315. The
asterisk identifies this pin (GO2) as one connected to an
edge connector. The 315 is a direct-addressing number.
Example 5 of Figure 5-26 shows the edge connector listing
on this FEALD, which indicates that pin GO2 connects to a
connector at gate E, board B4, card A5, pin DO3. (See the
first line in the list, direct-addressing number 315.)

The lower part of example 5 is a connector listing
arranged by block serial and print position, as it would be
for a line-drawn FEALD (MST). A pin, at block serial AE
print position 14, connects to a connector at E-B4A5D03.

Resistor Listing

If an output pin or input net has an asterisk (¥*), resistors
may be listed at the bottom of an FEALD (MST) page, in
which case the word “resistor” appears below the block
serial. If an FEALD represents more than one engineering
ALD page (and therefore uses direct addressing), resistors
are not listed; instead, an R block contains those resistors
on the card.

Comments
Comments appear at the extreme left bottom of an FEALD

(MST) page.

FEALD’s $-15



DIRECT ADDRESSING

Direct addressing is a method of connécting logic blocks

that eliminates the traditional line-connections between
blocks. Figure 5-28 is a typical FEALD (MST), annotated
to demonstrate right-to-left tracing of logic.

The logic block area consists of columns of information:
1. A column of input line names and nets
2. Five (or less) columns of logic blocks and connections
3. A column of output line names and nets

On an FEALD (MST), logic blocks and line names are
“connected” by a direct-addressing key, which is a three-
digit number common to two or more blocks or points on a
page. The main significance of this number is that it defines
the location of the output of a block. Of the three digits,
the first specifies one of five columns, the last two specify
one of 92 vertical print positions. In Figure 5-28, the key
311 means that this line exits from a block in column 3,
eleven lines from the top of the page. Note that the column
of input line names at the left edge of the page might be
considered column 0, with O’s suppressed in printing.

At the right edge of a page, line names and nets are
grouped according to the engineering ALD page number,
(MLO51, MLO61, ML071) and within the page by net serial
and ALD page destination. Because net serials (EB6 in the
example) may be duplicated on an FEALD (MST) page, it
is important to enter from the right at the correct ALD
page (MLO61 in the example). The net serial no longer
references a logic block on an FEALD (MST) as it did in
SLT/SLD, but merely crossreferences nets between pages.

At the left edge of an FEALD, input lines are arranged
sequentially from top to bottom by the engineering ALD
_-Page, and within a page by net serial.

Figure 5-29 shows logic being traced from left to right.
Because the output of a block can go to several other
blocks on a page, a logic-column key (Figure 5-27) points
to those columns where a given output line goes, and shows
the number of connections to each column,
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A diamond (¢) symbol means that the output of a block
goes to an off-page line name and net (example B, Figure
5-27).

Example C in Figure 5-27 illustrates a logiccolumn key
for a twopage FEALD (MST), which consists of eight
columns of logic, divided 44, on two pages.

Because there are no restrictions on the placement of
blocks on a page, any output from any column can go to
any other column. For example, in Figure 5-29 line 460 in
column 4 loops back twice within column 4 and also goes
to an off-page line name. If required by logic, this same line
could loop to any of the other three columns.

Column
12345
103 (-122-) Line 103 :
goes to:
bep 104 ——2172- -
S 105 —-5-—- 1 place in column 2
S 106 ———-5-—- 2 places in column 3
I ‘ I l l 2 places in column 4
(A
*
l l .
*
A P>~—308 Line 306 goes to :
n = 7P goes o
[REERE 1 place in column 4
1 place in column 5
(B) An off-page output line

A 203 —(-=2- -23-)}— Line 203 goes to:

2 places, column 3, page 1
2 places, column 2, page 2
© 3 places, column 3, page 2

Figure 5-27. Logic-Column Key
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Figure 5-28. Tracing Logic—Right to Left
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Figure 5-29. Tracing Logic—Left to Right
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Basic refers to the standard design of the machine; it
includes optional features (MFI’s) if drawn as part of the
standard logic page. “Basic” is in contrast to “Version.”

Circuit Number consists of five alphameric characters which
uniquely define a particular basic circuit.

Design Automation refers to the programs that prepare and
print the ALD’s. They consist of four major stages of
processing: logic master tape, simulation, packaging and
checking, and physical master tape. The outputs consist of
documents to aid engineering in the development of
computers, release documents (ALD’s), and tapes for
manufacturing.

DOT Block is an ALD block used on ALD logic pages to
show DOT AND and DOT OR functions, which are
physically accomplished by tying two signals together at a
pin. Thus, one logical net on the ALD is combined with
other logical nets by the DOT block to produce one
combined physical net.

Note: One DOT block does not connect to another DOT
block.

Grouping refers to the associating of certain circuit configu-
rations prior to partitioning. Circuits represented on the
ALD’s by more than one block but always on the same card
are said to be in the same group.

Logic Master Tape (LMT) is the machine language record in
logic page order. Each time a portion of this machine
record is altered, logic pages containing the changes are
produced for the engineer.

Net is a complex of nodes, normally pins or connectors on
the ALD, all common electrically.

Net Number consists of the source block page number,
block serial number, and output line position of the source
block. It consists of eight alphameric characters of the form
AANNNAAB (A is alphabetic, N is numeric, and B is either
alphabetic or numeric).

Node is one circuit end point of a net (such as a pin on a
card or a connector on a board).

Packaging and Checking refers to a series of programs that
aid the engineer in the physical packaging of the logic and
check data that is manually inserted on the pages.

Partitioning refers to that part Sf the design automation
program that separates logic into cards and assigns the cards
to boards.

Design Automation Glossary

Physical Master Tape (PMT) is a machine language record of
the physical aspects of the design. It is arranged in physical
sequence. Its purpose is to retain in a convenient form the
physical data from LMT, as well as the physical data from
the PMT (wiring data primarily), to retain the physical
design at a fixed level while the logical design is undergoing
change, and to extract information from the tapes at the
request of the engineer or other users.

Pins are the male parts of the connection between card and
board or between cable connector and board.

Portion refers to those circuits on a card that are connected.
by printed wiring.

Signal Name is the title (may be blank) that gives meaning
to a logical net; each net has only one signal name.

Simulation refers to programs that allow the engineer to
exercise the logic dynamically before the machine is
packaged.

Sink is the end or ends of a net to which signals flow.
Source is the beginning of a net from which signals flow.

Symbolic Package is two characters to be used by design
automation in the partitioning and placement programs.
Blocks with the same characters in the symbolic package
field are placed on the same board by the card partitioning
program.

Note: Blocks with different symbolic packages may be
placed on the same board.

Version is a term used by design automation and indicates
the particular manner in which logic records are kept for
certain features; a feature is a version of its records and is
kept as an add-delete (by block) to the basic records.

Note: “Version” gives automatic or implied updating of the
feature by the basic page, because an added basic block is,
in effect, in the version.

Version Page is the ALD page made up of all blocks on the
basic page which appear unchanged in the version design,
plus additional version blocks needed to change the basic
page into the version page.

Via Hole is a plated-through hole which may or may not
contain a pin; it is used to make contact between
conducting layers of the board. It is not a node.

Design Automation Glossary G-1



additive card code (ACC) 3-7
advanced solid logic technology (ASLT)
ASLT basic circuits  1-10
input voltages 1-8
output voltages 1-9
ALD blocks 2-1
amplifier 2-2
amplitude hold 2-18
analog 2-16
analog OR  2-17
AND block 2-1
auxiliary logic blocks 2-5
bi-stable circuits 2-6
block suffixes 2-10
butted blocks 2-13
cable blocks 2-8
comparator 2-19
component blocks 2-5
converter 2-4
current switch  2-5
decoder 2-14
delay (DLY) 2-15
detector 2-18
differential amplifier
analog 2-19
digital 2-10
differentiator 2-17
digital-analog AND 2-19
digital-analog OR  2-19
dot blocks 2-7
ENGALD 3-7
entry and exit 2-7
even count 2-3
exclusive OR  2-2
FEALD block 2-12
FEALD logic types 2-12
FEALD (MST) block 5-3
filter 2-18
flip-flop (FF) 2-3
flip latch  2-3
function generator 2-18
functional logic blocks 2-13
function generator 2-18
integrator 2-17
inverter 2-2
limiter 24
macro-logic  2-10
master-slave FF  2-3
matrix 2-15
mixer 2-18
multiblock circuits 2-6
multiregister 2-15
nonlogic blocks 2-7
odd count 2-2
OR block 2-1
oscillator 24
polarity hold (PH) 2-3
positive AND  2-1
positive-AND-inverter 2-1
positive OR  2-1
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Index

positive-OR-inverter 2-1
rectifier block 2-18
register 2-13
relay blocks 2-6
schmitt trigger 2-4
selector 2-13
service-voltage blocks 2-7
singleshot 2-3
special blocks (SPEC) 24
storage blocks (FEALD) 2-12
suffixes to blocks 2-10
sum biock 2-i8
switch blocks 2-5
threshold 2-2
time delay (TD) 24
unit logic  2-1
ALD’s
card ALD 4-1
ENGALD 3-1
FEALD (MST) 5-11
FEALD (SLT) 5-2
amplifier 2-2
amplitude hold block 2-18
analog logic blocks 2-16
AND block 2-1
AND circuit  1-1
ASLT (see advanced solid logic technology)

block suffixes 2-10
blocks, logic (see ALD blocks)
butted blocks 2-13

cable blocks 2-8
cable routing 2-9
card ALD (SLT) 4-1
card layout 4-1
ASLT 4-6
assembly drawing (SLT) 4-2
card ALD sheet (SLT) 4-1
MST 4-6
MST card coordinates 4-6
schematic (SLT) 4-2
SLT and SLD 4-1
TTL 4-8
circuits
basic component circuits 1-1
AND circuit  1-1
+AND equals -OR 14
dot function 14
extender function 14
FET 1-11
flip-flop 1-5
inverter 1-3
OR circuit 1-2
oscillator 1-6
polarity hold 1-5
singleshot  1-6
TTL 1-11
comparator 2-19
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component blocks 2-5
connector-resistor list
ENGALD 3-11
FEALD 5-10
FEALD (MST) 5-15
converter block 24
current switch block 2-5

decoder block 2-14
delay block 2-16
detector 2-18
differential amplifier
analog 2-19
digital 2-10
differentiator 2-17
digital-analog AND 2-19
digital-analog OR  2-19
direct addressing 5-16
dot block 2-7
dot function 14

engineering ALD (ENGALD) 3-1
block serial 3-8
circuit number codes 3-8
comments 3-11
connector list 3-11
E in the side 39
engineering changes 3-11
information inside block 3-7
information on side of block 3-9
information outside block 39
input line 3.10
K in the side 3-9
line names 3-10
logic block  3-7
net identification (see line names)
output line 3-11
P or N in the side 3-10
page number 3-1
page number prefix 3-2
pseudo net number (see input line)
resistor list 3-11
socket list 3-13
tailgate connectors 3-12
title block 3-7
version 3-1
voltage levels and delays 3-13
wedges 39
X in the side 3-10

entry and exit block 2-7

even count block 2-3

exclusive OR block 2-2

extender function 14

FEALD 5-1
FEALD for MST 5-11
FEALD for SLT 5-2
FEALD (MST) 5-11
block titles 5-12
card I/O pins 5-13
card location 5-12
connector list 5-15
direct-addressing  5-16
edge of block character 5-13
FEALD (MST) block 5-11
FEALD (MST) page 5-14
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information inside block 5-11
logic-column key 5-16
module pins (see card coordinates)
output loading 5-12
page number 5-14
plus sign  5-12
resistor list 5-15
title block 5-14
version S5-14
voltage codes 5-12
wedge and plussign  5-12
FEALD (MST) blocks
decoder 2-14
delay 2-15
flip-flop 2-12
flip latch  2-12
line bundling 2-15
matrix 2-15
multiregister 2-15
polarity hold 2-12
register 2-13
selector 2-13
storage blocks 2-12
FEALD (SLT)
butted blocks $5-9
circuit number codes 5-7
combinational blocks 5-9
connector list S5-10
information inside block 5-3
information on side of block 5-8
information outside block 5-7
input line 5.9
K in the side 5-8
line names 5-9
logic block 5-3
output line S5-9
P or N in the side 5-8
page number 5-2
page number prefix 5-2
resistor list  5-10
socket list 5-10
T at output pin 5-8
title block 5-3
version 5-3
X in the side 5-8
FET circuits 1-11
field engineering ALD’s 5-11
filter 2-18
flip-flop block 2-3
flip-flop circuit  1-5
flip latch block 2-3
function generator 2-18
functional logic blocks 2-13
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integrated circuits (TTL) 1-11
integrator 2-17

inverter block 2-2

inverter circuit 1-3

limiter block 24
line bundling 2-15
logic blocks (seeALD blocks)



macro logic 2-10
master-slave FF  2-3
matrix block 2-15
mixer block 2-18

monolithic system technology (MST)

basic circuits 1-11
voltages 1-11

MST (see monolithic system technology)

multiblock circuits 2-6
multiregister 2-15

net 3-10
nonlogic blocks 2-7

ODD count block 2-2
OR block 2-1

OR circunit 1-2
osciliator biock 24
oscillator circuit 1-6

polarity hold block 2-3
polarity hold circuit 1-5
positive AND block  2-1
positive OR block 2-1
rectifier block 2-18
register block 2-13
relay blocks 2-6

schmitt trigger block 24
selector block 2-13
service-voltage blocks 2-7
singleshot block 2-3

singleshot circuit 1-6

SLT (see solid logic technology)

socket listing 3-13

solid logic dense 1-7

solid logic technology (SLT) 1-7
SLT circuits 1-7
SLT transitions 1-7

special blocks 2-4

sum block 2-18

switch block 2-5

threshold block 2-2
time delay block 24
TTL 1-11

unit logic 2-1

version 3-1

via points 2-8

voltages
ASLT 1-8
ENGALD voltage codes 3-13
FEALD voltage codes 5-13
MST 1-11
SLT 1-7
TTL 1-11

wedges
ENGALD 3-9
FEALD 5-8
FEALD (MST) 5-12
logic block (see AND circuit)
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