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Figure 3-70. SKG Instruction, Timing Diagram
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Figure 3-71. SKD Instruction, Timing Diagram
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register are destroyed. If the 9-bit contents of M are less
than or equal to B, the next instruction in sequence is
executed. If the contents of M are greater than B, the next
instruction in sequence is skipped and the following instruc-
tion is executed.

3-500 The original instruction parity is checked during
phase 0 while Cr3 is active. A memory cycle is started in
phase O to place the operand in the C-register, and operand
parity is checked in phase 6 during Cr3. Full adder carry
flip-flop Cz is set in phase O in order to add one to the
one's complement of the C-register. The result is the two's
complement of C. The one's complement of C is obtained
by generating Ck ot @6 T8, thereby inverting the C-register
flip-flops. The inverted outputs of the C-register and the
B-register outputs are presented to the full adder. The
result is placed in the C-register and the index register.

3-501 Adding the two's complement of the contents of the
C-register to the contents of the B-register in effect sub~
tracts the contents of the effective memory location from B.
If C is greater than B, the result is negative and Sk is set
at @6 T4. The set term for Sk is qualified by CO ® Ix and
is explained in detail in paragraphs 3-490 through 3-497

in the description of the SKG instruction, The CO flip-flop
contains the most significant (sign) bit of the result, since
the adder outputs are fed into C as well as X.

3-502 If a positive result of subtraction indicating that B
is greater than C, leaves Sk reset at @6 T4, the phase
counter is taken to phase 0. This ends the SKD instruction.
The P+1 instruction address has been placed in the P-
register during phase 6 via Pr3 and carry flip-flop la. Its
contents are transferred to the C-register at §6 Tp. The
number in the X-register, being positive, is the required
value.

3-503 If the result of subtraction is negative, C is greater
than B and Sk is set at @6 T4. The F3 flip-flop is set, Fl
and F2 remain set, and Cc is inhibited. The phase counter
is now in phase 7, and the P-register is increased by one
with carry flip-flop Ia and Pr3 to make the P+2 memory
address available for access. When the logic goes to phase
7 to access the P+ 2 instruction, the P+1 instruction
accessed during phase 6 is disregarded.

3-504 Since the absolute value of the result of subtraction
is required in X, and since the X-register contains a nega-
tive number in phase 7, the two's complement of the num-
ber must be obtained. This is done by presenting the
inverted outputs of the X-register to the half adder and
adding one with half adder carry flip-flop Hz. The carry
flip-flop is set at §7 T8. The outputs of the half adder are
shifted into the X-register.

3-505 Load B (LDB, Code 75) g0 - @6 - @0
(See figure 3-72)

3-506 The LDB instruction loads the contents of the effec-
tive memory location into the B-register.

Paragraphs 3-500 to 3-515

3-507 The original operand parity is checked during

@0 Cr3. The operand is placed in the C-register at §0 Tp,
and operand parity is checked during phase 6 while Cr3 is
true. While the Ar3 signal shifts the B-register right three
bits at a time in phase 6 and the C-register recirculates, the
contents of the C-register are transferred to the B-register.
Setting carry flip-flop la at 6 Tp enables the contents of
the P-register to be increased by one during Pr3. A memory
cycle is started in phase 6 to access the next instruction in
sequence.

3-508 Load A (LDA, Code 76) #0 - @6 - §0
(See figure 3-73)

3-509 The LDA instruction loads the contents of the effec-
tive memory location into the A-register.

3-510 The original operand parity is checked during

@0 Cr3. The operand is placed in the C-register at #0 Tp,
and operand parity is checked during phase 6 while Cr3 is
true. While the Ar3 signal shifts the A-register right three
bits at a time and Cr3 recirculates the C-register, the con-
tents of the C-register are transferred to the A-register.
Setting carry flip-flop la at @6 Tp enables the contents of
the P-register to be increased by one during Pr3. A memory
cycle is started in phase 6 to access the next instruction in
sequence.

3-511 Copy Effective Address into Index Register (EAX,
Code 77) #0 - g6 - §0 (See figure 3-74)

3-512 The EAX instruction copies the address of the effec-
tive memory location into the index register.

3-513 The original instruction parity is checked in phase 0
during Cr3. Decoding of the instruction in the C-register
sets Eax at T8, and Eax is then used to enable the transfer
of effective address from the C-register to the X-register.
The outputs of the C-register are presented to the Yz inputs
of the full adder, and the adder outputs are enabled into
the X-register as follows:

Xwe = Eax Ju
sXwl = Add 1 Xwe (F1 + Q6)

Bits 2 and 3 of the full adder are gated into the second and
third stages of the index register by Xwc and Ts.

3-514 If the instruction is to be indexed, bit 1 of the C-
register is set and the output is used to set Ix. When Ix is
true, the X-register outputs are gated into the Xz inputs of
the full adder and C is added to X before the sum is placed
in the index register. Since the conients of the effective
memory location are not needed, the information loaded
into the C-register from memory at g0 Tp is disregarded.

3-515 The phase counter advances to phase 6, and a nor-
mal end cycle takes place. Carry flip-flop Ia is set so that
one is added to the contents of the P-register during Pr3.
The next instruction in sequence is placed in the C-register
at @6 Tp, and the phase counter goes to phase 0.
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Figure 3-72. LDB Instruction, Timing Diagram
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Figure 3-74. EAX Instruction, Timing Diagram

3-516 MEMORY OPERATION

3-517 The 930 Computer memory system is a parallel-
transfer, random access, four-wire coincident current,
magnetic core memory. The memory is expandable from
4,096 to 32,768 words. Memory banks are available in
capacities of 4,076; 8,192; and 16, 384 words. Two 16K
memories may be used to expand the capacity to 32, 768
words. The details of magnetic core storage theory are
given in the Troubleshooting Manual Computer Memories
for Computer Models 930/9300, SDS 900865.

3-518 The 930 Computer can have up to two memory doors.
Both memories share the same access path; hence, only one
memory can be addressed in any one memory cycle. If both
memories also contain the optional Multiple Access to
Memory path, memory overlap can be performed by reading
from one memory with the central processor and simulta-
neously reading from the second memory with the DACC,
DMC, or MIC. The direct access channels have priority
over the central processor; therefore, if the direct access
channel and the CPU address the same memory, the clock
to much of the CPU is stopped until the direct access chan-
nel has finished with that memory.

3-118

3-519 The memory contains all of the circuits necessary for
receiving addresses, establishing priority of access paths,
and decoding the address to select a single address location
in the core stack. The memory does not have an internal
address register, and the incoming address information must
be held stable during the memory cycle. The memory con-
tains an internal M-register to store data being written into
or read from memory. Circuits are included for receiving
and transmitting data and for sensing and inhibiting each bit
in the core stack.

3-520 A block diagram of the memory system is shown in
figure 3-75.

3-521 BASIC OPERATION
3-522 The basic unit in a 4K, 8K, and 16K memory stack

is a 16, 384~core frame. Each core frame is threaded with
128 X lines and 128 Y lines as shown in figure 3-76. The
core frame is divided into four mats, or quadrants, each
containing 4, 096 cores. Each mat has its individual sense
winding and inhibit winding. The sense windings are on the
diagonal of the core frame. The inhibit windings run par-
allel to the X lines in quadrants 0 and 2 and parallel to the
Y lines in quadrants 1 and 3.
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Figure 3-76. Memory Core Frame
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3-523 The 4K memory stack contains seven core frames, or
28 quadrants. All of the cores in one quadrant represent
the same bit in each of 4,096 words. For example, quad-
rant 1 of frame 0 contains bit 13 of 4,096 24~bit words.
The bits are physically arranged as indicated in figure 3-77.
The 28 quadrants represent 23 bits, a parity bit, and 3
spares. The X and Y lines are threaded through one side
of the stack, and are then folded back to traverse the other
side. On the top of the stack, as represented in the figure,
is a connector frame; on the bottom is an end frame, used
to fold back the X and Y lines without transposing them.

3-524 The 8K memory stack contains 13 core frames, or
52 quadrants. Each bit of the memory word occupies two
adjacent quadrants to make up 8, 192 words. The bits are
arranged as shown in figure 3-78 so that the stack is com-
parable to two 4K memories mounted side by side. Of the
52 quadrants, 48 represent two 24~bit words, 2 quadrants
represent parity bits, and 2 quadrants on the 13th frame are
spares. The Y lines are folded back in order to traverse the
entire stack. The frames are terminated with a connector
frame and an end frame, as in the 4K memory. The end
frame is used to fold back the Y lines and also to transpose
them to reduce pickup between wires,

3-525 The 16K stack contains 25 core frames, or 100 quad-
rants. Each bit of a memory word occupies four quadrants
in one core frame to make up 16, 384 words. The bits are
arranged consecutively through the stack as shown in fig-
ure 3-79. Of the 100 quadrants, 96 quadrants represent

Sense Lines (Ms)
Sense Lines Sense Lines
(MS) (MS)
) L Bit 13
Bit 7
14
I-Bit 19
15
20 14
21 47
22 18
23 Spare
s $>/
T quity/_) Parity
. —
GND Plane ~ e ——"" ™ GND Plane Spare
Inhibit "Z" Lines _ _ 0  Quadrants
A 4K stack contains 7 frames = 28 quadrants.
There is 1 quadrant per Bit.
(24 Bits +Parity + 3 spares)
900066C. 77

Figure 3-77. 4K Stack Layout

Paragraphs 3-523 to 3-531

four 24~bit words and 4 quadrants represent the 4 parity bits.
The frames are terminated with a connector frame and a
transposition frame. The transposition frame transposes the
X and Y wires to reduce pickup between wires.

3-526  MEMORY CYCLES

3-527 Two types of memory cycles are used in the 930
Computer: a read-restore cycle and a clear-write cycle.
A read-restore cycle reads data from core memory and
restores the same data to the location from which it was
read. A clear-write cycle changes the data in memory by
clearing the memory location and entering new data. The
duration of a memory cycle is 1. 75 microseconds, or 11
computer clock pulses of 159 nanoseconds each. Before a
memory cycle begins, the dc flip-flops of the M-register
are reset by the leading (positive-going) edge of T3.

3-528 The memory cycle is started by setting the Mgs flip-
flop for central processor access or Mgz for direct access:

T3 St (F1 F3 Tsm) (65 Bc23)

sMgs =

rMgs = T4

sMgz = Zrq T3 St
Mgz = T4

where Zrq is the request signal from the direct access channel.

3-529 Read-Restore Cycle

3-530 The read portion of the read-restore cycle is started
at the trailing edge of T3, when one-shot Dul is set. This
produces a delay of 80 nanoseconds to allow for propagation
time through the priority logic and to allow the selected X
and Y drive switches to turn on and saturate completely.
The Dul signal in turn triggers the Du2 one shot:

Dul = T3 (about 80 nsec)
Du2 = Dul (about 620 nsec)

A memory cycle timing diagram is given in figure 3-80.

3-531 In order to generate a read signal, Mg must be true,
indicating that the memory has been requested to perform a
cycle on the address presented on the Ls or Lz lines. Read
enable comes true with the trailing edge of Dul:

Re = Mg Du2 Dul

Read enable turns on the selected X and Y read sink
switches. Together with the drive switches selected by the
addressing logic, the sink switches cause read drive half
currents to flow in one X line and one Y line in the core
stack. Full current is applied to each of the 25 cores in the
selected memory location for approximately 540 nano-
seconds, tending to switch all the cores in the word to
ZERO. If a particular core was in the ZERO state before
the read half currents were applied, it does not change
state, but produces a small ZERO voltage signal. If the
core was in the ONE state before the read half currents
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Paragraphs 3-532 to 3-534
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Figure 3-80. Memory Cycle Timing

were applied, it switches, producing a ONE voltage signal,
which is amplified and detected by the sense amplifier. At
the end of the read phase, all the cores in the selected
word are in the ZERO state.

3-532 The leading edge of Re sets strobe timing one-shot
Du5. The output of Du5 is gated with Mxz Za (direct
access read cycle access), Mxc Sa (central processor read
cycle access), or wm (computer attempts to write in a
locked out block, so that data read out from cores must be
restored). This inverting gate generates Du5 so that the
trailing edge of Du5 can set strobe width one-shots Dué and
Du8. These, in turn, produce memory strobe signals Msl
through Ms4, which strobe the amplified and digitized core
signals MdO through Md24 into the M-register flip~flops.

3-533 In some memories the Ms1 through Ms4 strobes occur
simultaneously, as illustrated in figure 3-81. The equations
are as follows:

Du5 = about 280-nsec pulse beginning at positive-
going edge of Re

Dué6 =  40-nsec pulse beginning at positive-going
edge of Dub

Du8 = 40-nsec pulse beginning at positive-going
edge of Du5

Msl = Dué

Ms2 = Dub

Ms3 = Du8

Ms4 = Du8

3-534 In later memories, the strobes are staggered by the
fixed circuit propagation delay of the Dué one-shot, as
shown in figure 3-82. This stagger improves the matching
of the strobes to the time when the core signals for different
bits appear on the sense windings. Bit 0 occurs 50 to 60
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Figure 3-82. Staggered Strobes
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nanosecends later than bit 24 in an 8K or 16K stack and 30
nanoseconds latter in a 4K stack. With this configuration,

Dué =  40-nsec pulse beginning at positive-going
edge of Du8

3-535 For an S, or central processor, access, the M-
register outputs are gated onto the central processor data
bus (Ms data) by Sa Mxc; therefore, data is transmitted to
the central processor as soon as the M flip-flops are set by
the data strobed from the sense amplifier outputs. Similarly,
for a Z, or direct, access, the outputs are gated onto the
MAM data bus (Mz data) by Za Mxz:

sM0-24 = Md0-24

rM0-24 = T3

MO-24s = (Sa Mxc) MO-24
MO-24z = (Za Mxz) MO-24

3-536 Since the read cycle destroys the contents of the
accessed location, it is necessary to restore the data. This
is done by writing the M-register data back into the mem-
ory location from which it was taken.

3-537 The write phase begins when the leading edge of Tp
sets the Du4 one-shot, provided that the Mg enabling sig-
nal is true. The Du4 signal sets Du3, which generates
memory digit timing signal Mdt if Re is false. The Mdt
signal turns on the inhibit drivers of the bits which, under
the control of the data in the M-register, are to be rewrit-
ten as ZERO's, The false outputs of the M-register flip-
flops are applied to the respective inhibit drive inputs so
that a ZERO bit in the M-register causes inhibit current to
oppose the drive line current and hold the core in the ZERO
state. The 100-nanosecond delay in Du4 ensures that the
inhibit currents are fully established in the stack before the
X and Y write drive half currents are turned on. After this
delay is complete, the trailing (positive-going) edge of
Du4 produces write enable signal We. The We signal is
applied to the selection gates of the write sink switches.
At this time, full current is passed through the selected
cores, driving them to the ONE state., The write phase is
complete when We and Mdt are turned off by the trailing
edge of Du3. The Mdt signal is about 600 nanoseconds
long, and We is about 500 nanoseconds long.

Dué = 600-nsec pulse beginning at positive-
going edge of Du4 Mg

Du4 = 100-nsec pulse beginning at positive-
going edge of Tp Mg

We = Re Du3 Du4

Mdt = Re Du3

Paragraphs 3-535 to 3-545

3-538 Clear-Write Cycle

3-539 The clear-write cycle is used when storing words in
memory from the computer or direct access channel registers.
A write cycle is produced if Mxc is true during a central
processor access or Mxz is true during a MAM, or direct
access. The M-register is reset to the ZERO state at the
end of the previous cycle by the leading edge of T3. The
write cycle begins in the same way as the read cycle, with
Re generated from Dul to turn on the read drive half cur-
rents and Du5 set. However, during the clear portion of the
write cycle, (Mxz Za + Mxc Sa + Iwm) is false, and memory
strobes Ms1 through Ms4 are not generated. The core data
is therefore cleared, and the M-register remains in the

ZERQO state.

3-540 At the leading edge of Tp, new data from the central
processor (Cm) or direct access channel bus (Zm) is strobed
into the M-register. The Cm signals become C signals in
the memory logic.

sM0-24 = C0-24 (Sa Mxc Iwm Tp)
+ Zm0-24 (Za Mxz wm Tp)

If the system contains two memories, only the memory
selected by the address will strobe data into its M-register.
The data in the M-register is written info memory in the
same manner as in the restore portion of the read-restore
cycle.

3-541 ADDRESSING

3-542 The 930 Computer memory can be addressed by the
standard central processor (S) path and by the optional MAM
direct access (Z) path. These paths are both capable of
reading from and writing into the memory. Each path con-
sists of a two-cable bus system.

3-543 Central Processor Addressing

3-544 The S path is used by the central processor to read
and write operands and instructions. It is also used for
interlace by the Time Multiplexed Communication Channel
(TMCC). The address from which data is to be read is
transmitted to the memory on the Ls lines, which are con-
trolled by the S-register for a central processor access and
by the Ir lines for a TMCC access:

Ls3-14 = Tsm S3-14 + Tsm Ir3-14

LsO, Ls1, and Ls2 are similar, but the S term is
derived from S1, S2, and the memory extension
registers.

3-545 The fifteen /Ls/ address bits, together with /Ls0/,
/s1/, /Ls2/, /Mgs/, /Mxc/, /T3/, and /Tp/ are trans-

mitted on the S address cable. If the system contains two
memories, this cable connects to both memories.
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3-546 Direct Access

3-547 The optional Z path is used by a DACC, DMC, or
MIC to address memory directly. This access path resembles
the S access path, except that Mgz and Mxz are used
instead of Mgs and Mxc. The timing depends upon the
device addressing memory via the Multiple Access to
Memory (MAM) path. The address to be accessed is trans-
mitted to the memory on the Lz lines, which are controlled
by the MAM Jz register, physically located in the central
processor. The Jz register holds information from the Iz
lines from the input/output unit for the duration of the
memory cycle:

sJz0-14 = T3 [z0-14

1]

]

rJz0-14 = T4

The fifteen /sz ines, together with /Lz0/, /Lz1/, /Lz2/,
/Mgz/ and /Mxz/ are transmitted from the central proces-
sor on the Z address cable.

3-548 Priority Logic

3-549 The first stage of the priority logic detects a request
for memory access. _The inputs to this logic from the S
access path are /150j/, /Ls1j/, /Is2j/, and /Mgs/. The
small | indicates that these address terms are brought from
the central processor interface into the memory logic
through a jumper module. The terms are selected by the
jumper module to provide the priority logic inputs with the
unique address combination required for that particular
memory. Each 4K, 8K, or 16K memory has its own jumper
module for priority addressing. Since the interface address
terms and control term represent the reset sides of the
respective flip-flops in the central processor, an inverting
gate is used to generate priority term Sb. When Mgs comes
true, if the requested address is located in that particular
memory, the equation for the request for S access signal,
Sb, is as follows:

Sb = Mgs LsOj Lslj Ls2j
Similarly, Zb is generated for a Z access:
Zb = Mgz Lz0j Lzlj Lz2j

3-550 If only a Z access is requested or if simultaneous Z
and S access are requested, Zb generates Za (Z access).

If an S access and not a Z access is requested, Sb generates
Sa (S access). In other words, a Z access takes priority
over an S access:

Za = Zb
Sa = Sb Zb

If simultaneous accesses are requested, a memory inter-
ference signal, Mit, is transmitted to the computer and
input/output equipment:

Mit = Za Sb
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The Mit signal is used to set the time-share flip~-flop, Ts,
in the central processor:

sTs = Mit Tr + .

The Sb and Za terms are used to produce memory go signal
Mg, which enables the memory cycle to proceed:

Mg = Za + Sb

3-551 For an S access, Sa gates the external Lslk, Ls2k,
and Ls3 through Ls14 address onto the internal L1 through
L14 lines. The small k indicates that these terms are brought
from the central processor interface into the memory logic
through a jumper module. These address terms are selected
by the jumper module to place the proper address on the
internal address lines for the size of memory being addressed.
Similarly, Za gates Lzlk, Lz2k, and Lz3 through Lz14 onto
the L lines:

L1 = Lzlk Za + Lslk Sa
L2 = Lz2k Za + Ls2k Sa
L3-14 = Lz3-14 Za + Ls3-14 Sa

3-552 Jumper Modules. The 15 address lines of the S or Z
access paths can address 32, 7681 memory locations. The
12 least significant address lines select an address within a
4K block. The three most significant address lines select
blocks of 4K addresses as shown in table 3-19. A special
ZB65 jumper module is used for each 4K, 8K, or 16K mem-
ory. The dash number of the jumper module codes the
address selection function of the module. The -10 series
selects 4K blocks of addresses; the -20 series selects 8K
blocks; and the -30 series selects 16K blocks. The last digit
is a code representing the first address in the selected
address block. The jumpers cannot select overlapping blocks
of addresses. For example, the 16K jumper modules can
select only the 0 through 16K addresses or the 16K through
32K addresses, and do not allow for positioning a 16K mem-
ory in an address range such as 8K through 24K.

3-553 The first function of a jumper module is to select the
address terms used by the priority logic described in para-
graph 3-549. In order to supply an Sb access request for an
particular memory stack, the LsO-2j inputs from the jumper
module to the priority logic must all be false. The jumper
module converts the LsO through Ls2 inputs from the com-
puter to make the [s0-2] lines false when that memory is
addressed.

3-554 The ZB65 through ZB22 jumper module for the 8K
through 16K address range will be used as an example of
memory selection. This block of addresses (20, 000 through
37,7778) is the only block which has Ls0 Ls1 on the address
lines for every location; therefore, an Sb signal derived
from LsO Ls1 will select the 8K through 16K memory only.
The jumper module connects /Ls0/ to/LsO|/ and /Ls1/to
/Ls1i/, so that when /50/ /Ls1/ is true, /LsO|/ and /le|/
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Table 3-19. Address Selection Jumper Modules

ADDRESS COMBINATION TO UNIQUELY SELECT: JUMPER MODULE
ADDRESS RANGE a 4K Memory an 8K Memory | a 16K Memory 4K 8K 16K
0- 4K 15O Ls! Ls2 N ZB65-10 \
- L0 Ls1 ZB65-20
4 8K Ls0 LsT Ls2 _ ZB65-11 g
_ L0 ZB65-30
8-12K 150 Lsl Ls2 _ ZB65-12
_ 50 Ls] 7B65-22
12-16K 15O Ls1 Ls2 ) ZB65-13 } )
16-20K LsO Ls1 Ls2 N ZB65-14 ]
_ LsO Ls1 7B65-24
20-24K LsO Ls1 Ls2 ZB65-15 g
_ & Ls0 7B65-34
24-28K 1sO Ls! Ls2 7865-16
LsO Ls] ZB65-26
28-32K LsO Ls1 Ls2 ) ZB65-17 } )

are both false. Since the state of Ls2 is immaterial in the
selection of the 8K through 16K memory, the /Ls2j/ is
grounded to make this line always false. With the above
jumper connections, LsO Ls1 on the external | computer
address will place false signals on /Le,0|//|.s] |/ and
/152/; and when /Mgs/ is false, an Sb signal is generated
to access the 8K through 16K memory.

3-555 The second function of the jumper module is to con-
vert the external address terms, which select the associated
memory stack, into address terms suitable for the internal
memory logic. This is necessary because within each mem-
ory stack the addresses begin at location zero. In the

memory for the 8K through 16K range, for example, loca-
tion zero within the memory is addressed by 20, 000g__
(81921() on the external address lines. The LsO Ls1 Ls2

code on the external lines must therefore be converted to
L1 L2 on the internal memory lines. Location 10000g
(409610) within the memory is addressed by 300008

(12, 88870) on the external address lines. The 50 Ls1 Ls2
code on the external lines must therefore be converted to
L1 L2 on the internal memory lines. This conversion takes
place in the ZB65 through ZB22 jumper module. Since LsO
is used only in the priority logic and is beyond the 16K
internal memory addressing range, this signal is not used in
internal memory address conversion.

3-556 The jumper module outputs, which generate L1 and
L2 in the internal memory address logic, are /Lslk/ and
/Ls2k/. In the ZB65-22 example used above, LI is above
the range of an 8K memory; therefore, /Lslk/ is jumpered

to a +4v via a resistor to make L1 always false. Since L2

is the same whether in the 16K range or the 8K range, a
ONE in L2 on the external lines is also a ONE on the
internal address lines. _In the ZB65 through ZB22, therefore,
/s2/ is jumpered to /Ls2k/. The Lz direct address lines

are jumpered in the same manner to provide internal address

signals when a direct access is being made. The complete
equations for the ZB65-22 jumper module are as follows:

/0)/ = /Ls0/ /1201 = /1z0/

/B = /is1/ /Lzli/ = /iz1/
/Ls—2|/= Ground /E/ = Ground
/LsTk/ = +4v /Lz1k/ = +4v

/is2k/ = /L1s2/ /Lz2k/ = /Lz2/

The equations for all jumper modules are included in the
930 Computer logic equations in section VII.

3-557 Address Decoding

3-558 The 14 address lines L1 through L14, are decoded
within the memory to select up to 4,096, 8,192, or 16, 384
individual locations, depending upon the size of the mem-
ory. The 12 least significant lines, L3 through L14, are
decoded to select addresses within the 4, 098-word blocks,
and L1 and L2 are used to select on of several of these

4, 096-word blocks.

3-559 Drive Line Selection. The 4,096 locations in each
4K block of addresses are selected by the application of two
coincident currents to the core matrix. One of these cur-
rents flows in one of a set of 64 lines known as the X drive
lines, and the other current flows in one a similar set of 64
Y drive lines. Each of the 64 X lines is selected by a
smaller 8 x 8 decoding matrix of transformers as shown in
figure 3-83. A similar matrix selects one of the 64 Y drive
lines.

3-560 Current is caused to flow in the primary of a trans-
former by connecting the center tap to a positive current
source and one of the other terminals of the primary wind-
ing to a negative current sink. The circuit that connects
the center tap to the positive current source (a resistor to
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the positive Vd supply) is known as a drive switch. The
circuit which connects the other terminal to the negative
current sink (the Vd/Vz return) is known as a sink switch.
To obtain one direction of current in the stack during the

" read phase and the opposite direction of current during the
write phase, two separate sink switches are used. Figure
3-84 illustrates the X selection system for a single drive
line.

3-561 Eight drive switches and eight sink switches are used
to select one of 64 transformers. For one set of X lines,

the drive switches are known as Dx0 through Dx7, and the
sink switches are known as Srx0 through Srx7 and Swx0
through Swx7. An Srswitch is for read current, and an Sw
switch is for write current.

3-562 Address lines L12, L13, and L14, the three least
significant bits of the address word, as decoded by octals
to energize the X drive lines. The equations for a 4K mem-
ory are as follows:

Dx0 = L2 L12 L13 L14 MD
Dx] = L2 L12 L13 L14 MD
Dx7 = L2 L12 L13 L14 MD

Where MD is the memory disable, Cr power fail safe signal
from the computer. For an 8K or a 16K memory, eight
additional octal signals, Dx10-Dx17, are derived from the
same combinations of L12-L14, using L2 instead of L2.

3-563 The X sink switch signals are decoded in octals from
L9 L10 L11 of the address lines in the same manner as the
X drive switches. Two typical equations follow:

SrxO0 = Re L9 LI 11

Swx0 = We L9 LI 11

where Re and We are read enable and write enable,
respectively.

3-564 The Y drive lines are decoded in a similar manner,
using L6 through L8 for the Y drive switches and L3 through
L5 for the Y sink switches. The octal decoding system for
both X and Y lines in a 4K memory is shown in table 3-20.
A block diagram of the overall decoding system from the 12
address lines is shown in figure 3-85.

3-565 The circuits used to select a single X drive line are
shown in figure 3-86, using X18 as an example. The selec-
tion of one X line is accomplished as follows: When
unselected, at T3 time, for example, the output of Dx1 is
at about +3. 5v due to resistor Ra and diode Da. The wave-
form of the Dx1 output voltage is shown in figure 3-87.
When not selected, the sink switch outputs are at Vd
because of the effect of resistors Rb and Rc.

Paragraphs 3-561 to 3-569

3-566__At about the trailing edge of T3, address lines L2,
L12, L13, and L14 come true, selecting Dx1. Transistors
Qa saturate, connecting the ZB67 resistors to the Dx1 drive
switch output, which charges to Vd (region A in figure
3-87). When Re comes true, Srx2 is selected, and tran-
sistors Qb saturate. This connects the Srx2 sink switch out-
put to +4.2v. The Dx1 output rapidly discharges to +4. 2v
(region B), turning diodes Db on and diodes Dc off. A
current path is now created from Vd through the ZB67
resistor module, through the read primary winding of the
transformer to the Vd/Vz return at +4.2v. The current
flowing through the primary induces a secondary current,
which flows through the stack in the read direction (see
figure 3-87). The waveform is stepped because the initial
current and voltage is partly determined by the ac imped-
ance of the drive line (about 100 ohms). The stable voltage
(region C) and current is partly determined by the dc resist-
ance (8 or 16 ohms) of the drive lines. The steady value of
the current is determined by Vd and the resistance of the
stack and the ZB67 resistor module.

3-567 At about the trailing edge of Tr, Re goes false and
the Dx1 output recharges to Vd (region D). At about the
trailing edge of Tp, We comes true, selecting Swx2. This
causes the Dx1 output to discharge rapidly to about +6v and
causes current to flow through the stack in the write direc-
tion. At about the trailing edge of T6, We goes false and
the Dx1 output recharges to Vd. At about the trailing edge
of T4, all addresses are reset and the Dx1 output discharges
to +3. 5v (region E).

3-568 Because of the transformer turns ratio, the primary
current (about 500 milliamperes), is twice the required
secondary current (about 250 milliamperes). Conversely,
the secondary voltage is twice the primary voltage (Vd),
producing faster current rise times than would otherwise be
available. Because of the heavy primary current, all the
circuits use two diodes (Db, Dc) or two transistors (Qa, Qb,
Qc) in parallel. The drive circuits are all referenced to
+4.2v. The currents are returned to +4. 2v at the sink
switches, and the cable shields are connected to +4, 2v on
the ZB67 resistor modules and the QB53 sink switch modules.
The shields are continuously connected by links on the P3/
P4 transformer module and the QB54 drive switch module,
but are not directly connected to +4. 2v on these modules.
The Vd/Vz return is directly connected to +4.2v by a link
between TB2A3 and TB2A6, and similarly, TB1A3 and
TB1A6. The Vd and Vz signals should always be measured
relative to +4.2v. The transformer secondaries are com-
pletely floating; therefore, the stack drive lines and ground
planes are floating and are not connected to +4. 2v or to
ground.

3-569 Unlike the drive and sink switches, the drive lines
are not selected with a direct numerical relationship to the
addresses. Address. .. 00g (Srx0, DxO) selects drive line X0,
but address ... 0lg (Srx0, Dx1) selects drive line X2 and so
on until the first eight even X drive lines have been
selected, as indicated in table 3-21. Address ... 10g

(Srx1, Dx0) selects X1 and address ... 11g (Srx1, Dx1)
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) 900066C. 84
Figure 3-84. Single-Core Drive Line Selection
Table 3-20. Octal Decoding for 4, 096 Words
Instruction Word 12 13 14 15 16 17 18 19 20 21 22 23
S-Register S3 S4 S5 Sé S7 S8 S9 S10 | S11 512 S13 S14
L Lines L3 L4 L5 L6 L7 L8 L9 L10 L11 L12 L13 L4
Y Sink Switches Y Drive Switches* X Sink Switches X Drive Switches*
Sry0-7, Swy0-7 Dy0-7 Srx0-7, Swx0-7 Dx0-7
Decoding
Y Lines X Lines
YO-Y63 X0-X63

*The drive switches listed are those used to select the lowest 4K block in a memory.
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Figure 3-85. Address Decoding for 4, 096 Words
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Figure 3-87. Selection Voltage and Current Waveforms
Table 3-21. Address-Drive Line Relationship
Octal Address | Drive Line | Octal Address | Drive Line | Octal Address | Drive Line | Octal Address | Drive Line
--00 X0 --20 X16 --40 X32 --60 X48
--01 X2 --21 X18 --41 X34 --61 X50
--02 X4 --22 X20 --42 X36 --62 X52
--03 X6 --23 X22 --43 X38 --63 X54
--04 X8 --24 X24 --44 X40 --64 X56
--05 X10 --25 X26 --45 X42 --65 X58
--06 X12 --26 X28 --46 X44 --66 X60
--07 X14 --27 X30 --47 X46 --67 X62
--10 X1 --30 X17 --50 X33 --70 X49
--1 X3 --31 X19 --51 X35 --71 X51
--12 X5 --32 X21 --52 X37 --72 X53
--13 X7 --33 X23 --53 X39 --73 X55
--14 X9 --34 X25 --54 X41 --74 X57
--15 X11 --35 X27 --55 X43 --75 X59
--16 X13 --36 X29 --56 X45 --76 X61
-=-17 X15 --37 X31 --57 X47 --77 X63
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selects X3 and so on until the first eight odd X drive lines
have been selected. The second group of eight even X
drive lines are next selected as the addresses increase and
so on until 64 drive lines have been selected. The four

8 x 8 transformer matrices used for the selection of 128 X
drive lines are shown on the X transformer module logic
diagrams. For memories using only 64 X drive lines, only
two of these 8 x 8 matrices are used and Dx10 through
Dx17 are not generated.

3-570 The Y drive lines are selected in a similar manner
with DyO through Dy7, Sry0O through Sry17 and SwyO through
Swyl7.

3-571 When the addresses are written to in a single
checkerboard pattern, the drive lines, and hence the stack,
are written to in a double checkerboard pattern. The dou-
ble checkerboard (worst) pattern is written in the stack by
placing a ONE in all locations where the least significant
X address bit, L14, and the least significant Y address bit,
L8, are the same (both even or both odd). Similarly, a
ZERO is written in all locations where L14 and L8 are not
the same (see figure 3-88),

3-572 Stack Addressing

3-573 The 4K memory stack has 64 X lines and 64 Y lines,
each of which thread through 28 mats of 4, 096 cores each.
Refer to figure 3-77 for stack layout and wiring. Each X

or Y line threads 28 x 64 cores and has a resistance of about
8 ohms. Correct drive current for both X and Y lines is
obtained from Resistor ZB67 modules. The 64 X lines are
selected by a resistor module, eight drive switches, an

8 x 8 transformer matrix, and eight read and eight write

SDS 900066

sink switches. The 64 Y lines are selected in a similar
manner. Because only 4, 0961 words are addressed, only
12 internal address bits are required for address selection,
and L1 and L2 remain false,

3-574 The 8K memory stack has 128 X lines and 64 Y lines.
The X lines thread through 26 mats of 4, 096 cores each.
Refer to figure 3-78 for stack layout and wiring. Each X
line threads through 26 x 64 cores and has a resistance of
about 8 ohms, Correct drive current for the X lines is
obtained from Resistor ZB67 modules. The Y lines thread
through 52 mats of 4, 096 cores each. Each Y line threads
52 x 64 cores and has a resistance of approximately 16 ohms.
Correct drive current for the Y lines is obtained from resis-
tor ZB63 modules. The 128 X lines are selected by a resis-
tor module, 16 drive switches, an 8 x 16 transformer matrix,
and eight read and eight write sink switches. Twice as
many drive switches and transformer modules are needed to
select 128 lines than are used for 64 lines, but the sink
switches and resistor module are shared, and so are not
duplicated. The 64 Y lines are selected in the same way as
in the 4K memory. Because 8, 1921 words are addressed,
13 internal address bits are required, and L1 remains false.
The L2 signal selects the low eight X drive switches, Dx0
through Dx7, to energize the 64 low X lines, XO through
X63. The L2 signal selects the high eight X drive switches,
Dx10 through Dx17 to energize the high 64 X lines, X64
through X127,

3-575 The 16K memory stack has 128 X lines and 128 Y
lines, each of which thread through 50 mats of 4, 096 cores
each (two mats per frame). Refer to figure 3-79 for stack
layout and wiring. Each X or Y line threads 50 x 64 cores
and has a resistance of approximately 16 ohms, Correct

X0— 0000 | 1000 | 0100 | 1100 | 0200

X1—< 0010 | 1010} 0110 | 1110

X2— 0001 | 1001 | 0101 { 1101

X3— 0011 1011 {0111 ] 1111

X4-{ 0002

NOTE: ADDRESSES GIVEN IN OCTAL

X0 (1) | +(1) | =(0) | -(0) | +(1)

X1 +(1) | +(1) | -(0) | -(0)

X2— =(0) | =) | +(1) | +(1)

X34 -(0) | -(0) | +(1) | +(1)

X4 +(1)

900066C. 88

Figure 3-88. Relationship of Address and Stack Location
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drive current for the X and Y lines is obtained from Resistor
ZB63 modules. The 128 X lines are selected by a resistor
module, 16 drive switches, an 8 x 16 transformer matrix,
and eight read and eight write sink switches. The 128 Y
lines are selected in a similar manner. Fourteen internal
address bits are required to select the 16, 38410 words. An
address in the first 4K block is selected by L1 (low Y drive
switches, Dy0 through Dy7 and low Y lines, YO through
Y63) and L2 (low X drive switches, Dx0 through Dx7, and
low X lines, X0 through X63). An address in the second
4K block is selected by L1 (DyO through Dy7 and YO through
Y63) and L2 (Dx10 through Dx17 and Xé4 through X127).
An address in the third 4K block is selected by L1 (Dy10
through Dy17 and Yé4 through Y127) and L2 (Dx0 through
Dx7, XO through X63). An address in the fourth 4K block
is selected by L1 (Dy10 through Dy17 and Yé4 through
Y127) and L2 (Dx10 through Dx17 and X64 through X127).
The decoding for the 4K, 8K, and 16K stacks is shown in
table 3-22.

3-576 INHIBITING SYSTEM
3-577 During the write phase, an inhibit current is applied

through the inhibit winding for each bit which is to store a
ZERO. The Z drivers for the appropriate quadrant and bits

Paragraphs 3-576 to 3-578

are turned on by timing pulse Mdt. The Z driver acts as a
current switch and closes a current path through the primary
of the Z transformer. The primary current induces the
required inhibit current to flow in the transformer secondary
and through the inhibit winding for the appropriate quadrant.
The value of the primary current is established by the Z
resistor to the Vz supply. A schematic for one bit in the
16K inhibiting system is shown in figure 3-89,

3-578 The Z transformers have a 2:1 turns ratio, and the
primary current (about 500 milliamperes) is twice the
required secondary current. This produces faster current
rise times than would otherwise be available. The Z cir-
cuits are all referenced to +4.2 volts. The currents are
returned to +4. 2 volts at the AB56 Z drivers, and the cable
shields are connected to +4. 2 volts on the Resistor ZB64
modules and on the Z drivers. The shields are continuously
connected via junctions adjacent to the Z transformer
modules. These junctions are shown on the logic diagrams
as location 33A. The shields are not connected to the P1
transformer module. The transformer secondaries, and
hence the inhibit windings, are completely floating from
the logic voltages. In early stacks, one end of the inhibit
winding is connected to the ground planes, but in later
stacks the inhibit windings are floated from the ground planes.

Table 3-22. Octal Decoding, 16, 384 Words
L3 | L4 | L5 L6 (L7 | L8 L? | L1IO | LN L12 | L13 | LI4
Stack 4K Block Y Sink Switches Y Drive Switches X Sink Switches X Drive Switches
Sry0-7, Swy0-7 Dy0-7 Srx0-7, Swx0-7 Dx0-7
Ist
T,
YO-Y63 X0-X63
Sry0-7, Swy0-7 Dy0-7 Srx0-7, Swx0-7 Dx10-17
2nd
8K 0 L2
YO0-Y63 X64-X127
[ ]
Sry0-7, Swy0-7 Dy10-17 Srx0-7, Swx0-7 Dx0-7
3rd
16K U
Yé64-Y127 X0-X63
Sry0-7, Swy0-7 Dy10-17 Srx0-7, Swx0-7 Dx10-17
4th
L1 L2
Y64-Y127 X64-X127
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Figure 3-89.

3-579 Each driver can drive one quadrant of 4, 096 cores;
hence, each bit of a 16K memory system requires 4 Z
drivers and 4 Z transformers. For bits 0 through 9 and 15
through 24, the Z resistor is shared, and there is only one
per bit. Because of layout considerations, there are two Z
resistors for each of bits 10 through 14 (see figure 3-89).

3-580 Inhibit (Z) Lines

3-581 Each core mat in a memory frame represents one bit
in one memory word. The location of the bits is determined
by the inhibit lines, each of which threads all the cores in
one core mat. The memory is divided by the inhibit logic
into blocks and quadrants. A block is a group of 4, 096
words of memory, selected by the state of L1 and L2 as
follows:

3-136

Inhibiting System, 16K Memory

Block 0 = L1 L2, locations 0000g - 7777g
(4K, 8K, and 16K memories)

Block 1 = LT L2, locations 10000g - 17777g
(8K and 16K memories)

Block 2 = L1 L2, locations 20000g - 27777g
(16K memory only)

Block 3 = L1 L2, locations 300008 - 37777g

(16K memory only)

3-582 The arrangement of blocks in each memory is dif-

ferent.

The 4K memory, containing only 4, 096 words, is

considered as block 0. The 8K memory contains block 0and

block 1, located physically side by side.

The 16K memory
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contains four blocks, also located adjacent to each other,
The positions of the blocks in the memories is shown in
diagram form in figures 3-77 through 3-79 and figures 3-90
through 3-92.

3-583 Each memory is divided into four quadrants. Quad-
rant O is the upper left core mat in each frame. The
remaining quadrants are numbered clockwise as follows:

1

Paragraphs 3-583 to 3-584

The quadrants in all core frames in all three memories
correspond; however, in none of the memories do blocks
and quadrants correspond.

3-584 The location of each bit in memory by block and
quadrant can be determined by the logic terms used in the
memory Z driver and Z transformer logic diagrams. One
hundred Z driver signals (4 blocks, 25 bits per word) are
generated from the outputs of the M-register and the two
most significant bits on the address lines. Table 3-23 gives

7
” Z/% s
4K BLOCKS /% ///A
0
///AW///A orts
3
=
Ok
%////
1z )
/////// s,

_

900066C. 90

Figure 3-90. Blocks and Quadrants, 4K Memory

3-137



SDS 900066

MEMORY
ADDRESSES 4K BLOCKS QUADRANTS
BITS
0-12
L L 0
LL, 1
BITS
13-24
900066C. 91
Figure 3-91. Blocks and Quadrants, 8K Memory
MEMORY
ADDRESSES 4K BLOCKS QUADRANTS
L LT BITS BITS
172 172 0 2 0-24 0 ] 0-24
— BITS BITS
hh bk ! 3 024 | 3 2 |o-24
900066C. 92
Figure 3-92. Blocks and Quadrants, 16K Memory
Table 3-23. Inhibit (Z) Drivers
INHIBIT DRIVER TERM
Inhibit Bit No. Driver Block No. EQUATION
z 0-24 d 0 MO-24 L1 L2 Mdt
z 0-24 d 1 MO-24 L1 L2 Mdt
z 0-24 d 2 MO0-24 L1 L2 Mdt
z 0-24 d 3 M0-24 L1 L2 Mdt
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3-585 Each memory contains a set of transformer modules
to provide current through the inhibit lines. The inhibit
lines are selected in the transformer modules according to
the physical location of the bits in memory. The 4K mem-
ory, with one block, uses only one Z driver for each M-
register bit; the 8K memory, with two blocks, uses two Z
drivers for each bit; and the 16K memory, with four blocks,
uses four Z drivers for each bit.

3-586 Table 3-24 shows the way in which the inhibit lines
are selected and gives the meaning of the logic terms. Bit
19 is used as an example, because this is the first bit that
occupies a different frame in each of the three memories.
See figures 3-71 through 3-79 for bit locations in the stack
layouts.

3-587 The relationship between inhibit terms, quadrant
numbers, block numbers, and bits is illustrated for frame 0
and frame 1 of the 4K, 8K, and 16K memories in figures
3-93 through 3-95.

3-588 SENSING SYSTEM

3-589  The basic sensing system consists of Sense Amplifier
HB53 modules, each of which consists of two sense ampli-
fiers and two digitizer circuits. Each sense amplifier has
two inputs and provides a matched termination for the
sense lines, amplification of about 165 at ONE signal fre-
quency, amplitude discrimination relative to the external
threshold voltage, and rectification. A simplified sche-
matic of the sensing system is shown in figure 3-96.

3-590 The differential core ONE or ZERO signal is gen-
erated in the memory stack and transmitted along the sense
winding to the input of the sense amplifier. The two-
terminal input matches the sense winding impedance. The
core signal is amplified in two ac amplifier stages. The A2
output, of +5v amplitude, is bipolar because the sense
winding passes through alternate cores in opposite direc-
tions. The A2 output drives the output transformer primary.
The bipolar signal is rectified into a negative-going signal,
and only the part of the signal that exceeds the threshold
voltage (@ ONE signal) passes to the digitizer stage as the
memory analog, Ma, signal. The digitizer stage converts
the negative-going rectified sense amplifier output signal
into a digitized positive-going signal memory digital signal,
Md, to be strobed into the M-register input gates. The
M-register flip-flop is set at the leading (positive-going)
edge of the strobe signal is Md is true. Figure 3-97 shows
the waveforms at various points in the sensing circuit, and
figure 3-98 illustrates signal discrimination.

3-591 The sensing system for a 16K memory is illustrated
in figure 3-99. The sense winding for quadrant O enters one
sense amplifier at the first input, and the sense winding for
the diagonally opposite quadrant (quadrant 2) enters the
same sense amplifier at the second input. Quadrants 1 and
3 are connected to the inputs of a second sense amplifier.

3-592 During the critical read phase, if a core is selected
in quadrant 0, half-select current flows in line Xn and Yn.

Paragraphs 3-585 to 3-598

In quadrant O the currents select the addressed core. The
current induced in the sense winding for quadrant 0 flows
through the input transformer primary in the sense amplifier.
The analog outputs of both sense amplifiers enter an OR cir-
cuit at the input of the digitizer stage. In the 8K and 4K
memory systems, there is only one sense amplifier for each
quadrant,

3-593 Each core mat in memory is threaded with one indi-
vidual sense winding to read one bit in a memory word. The
arrangement of sense windings in blocks and quadrants cor-
responds to that of the inhibit windings. Since only one
memory word is read at one time, the corresponding bits in
all memory blocks are read simultaneously. Only the bit
selected will produce a read signal. Each core mat in a
4K memory, which has only one block, is read separately.
The sense lines for corresponding bits in 8K and 16K mem-
ories are connected. The sense windings, bit numbers, and
logic signals for frame O of the 4K, 8K, and 16K memory
are shown in figure 3-100.

3-594 MEMORY WRITE LOCKOUT

3-595 The monitor or executive program approach to pro-
gramming involves holding in memory the executive program
that controls the selection and loading of other programs on
the demand of the computer operator. Qther programs may
require retaining in memory various standard constants for
use by several programs in memory at one time. In either
case, it is desirable to inhibit accidental replacement of
essential data by programming or operator error.

3-596 Two optional memory write lockout features are
available for the 930 Computer to protect certain portions
of memory from being inadvertently destroyed. The Manual
Memory Write Lockout Feature Model 92060 provides man-
val toggle switches for selection of memory areas to be pro-
tected. The Programmed Memory Write Lockout Feature
Model 92061 offers selection of memory areas by means of
EOM and POT instructions. Each memory stack may be pro-
vided with one of these options if desired.

3-597 When a write lockout feature is installed, any
attempt to write into a protected address is handled by the
computer as follows:

a. The offending instruction is completed normally,
except that the portion of the storage cycle which would
alter memory is inhibited, and memory remains unchanged.
Write requests from the input/output channels are similarly
ignored. All memory locations may be read.

b. An internal interrupt to location 035 takes place.
The interrupt routine may then determine the cause of the
error and take appropriate action.,

3-598 The lower 2K of memory (locations 0000 through
37778) can be protected in blocks of 51210 words; above
the first 2K, memory can be protected only in groups of
204810 words.
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Table 3-24, Inhibit Lines for Bit 19

INHIBIT LINE TERM
Inhibit Frame Terminals Quadrant Z DRIVER MEMORY
Z 0 A, B 2 Z19d0 4K
Z 6 A B 1 Z19d0
8K
Z 6 A, B 2 Z19d1
Z 19 A, B 0 Z19d0
Z 19 A, B 3 Z19d1
16K
zZ 19 A, B 1 Z19d2
A 19 A, B 2 Z19d3

Z0AO

FRAME 0 (BLOCK 0)

Z0A2

FRAME 1 (BLOCK 0)

Z1A0

Z1A2

NOTE : QUADRANT NUMBERS IN

CENTERS OF MATS

900066C. 93
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Z0AO FRAME 0

Z0A2

ZIIAO FRAME 1

BIT 1

BIT 1

Z1A3

Z1A2

Z0Al
BIT 13

BIT 13

Z1A2
BIT 14

BIT 14

-BLOCK 1

~BLOCK 0

-BLOCK 1

NOTE: QUADRANT NUMBERS IN CENTERS OF MATS

900066C. 94

Figure 3-94. Inhibit Lines, 8K Memory
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BITO

BLOCK 0

BIT O

BLOCK 2

Z0OA3

Z0A0 FRAME 0

Z1A0 FRAME 1

{1z1A1

BT
{BLOCK 1
BIT 1 ~

BLOCK 0

BIT 1
BLOCK 2

| BIT1
| BLOCK 3

Z0A2 Z1A2

NOTE : QUADRANT NUMBERS IN CENTERS OF MATS

900066C. 95
Figure 3-95. Inhibit Lines, 16K Memory
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Figure 3-97. Sensing System Waveforms.
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900066C. 98
Figure 3-98. Read Signal Discrimination
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Md0 €—2M0__ o 3 OMs13 o mdi3
BITO BIT 13
4K MEMORY
BIT 7 BIT 19
Md7 €—2Ms? | 2Ms19 o Mdio
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6K MEMORY BIT 0 BIT 13
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BIT 0 BIT 13
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Md
16K MEMORY - (31190)
3Ms0 2Ms0

900066C. 100

Figure 3-100. Sense Windings, Frame O for All Memories
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3-599 The memory write lockout option consists primarily
of a toggle switch or flip-flop register, a set of comparison
gates, and a priority interrupt channel. One Priority
Interrupt SK61 module containing the write lockout inter-
rupt circuit is inserted into the interrupt chassis. The
remainder of the lockout option is added to the main mem-
ory chassis. For the manual interrupt, four Switch Flops
SX51 and two NAND No. 2 IB56 modules are needed. The
programmed write lockout requires four Flip-Flops FB50, two
NAND No. 2 modules, and a Jumper ZB65 module. An
additional cable plug module, P907, is required for both
options, except that this module is not necessary for the
manual write lockout if the memory is already fitted in the
MAM option. Figure 3-101 is a simplified logic diagram
of the two least significant bits of the write lockout regis-
ter, showing both manual and programmed operation.

3-600 Programmed Write Lockout Model 92061

3-601 In the programmed write lockout feature, memory
protection is controlled by a pair of EOM and POT
instructions:

Bits 5 through 23 of the contents of the effective address of
the POT instruction determine which block or blocks of
memory are to be locked out as shown in table 3-25. The
EOM instruction generates R{c in the main frame:

Rfc = (EOM C10C11 C18 + Kmc) Q2

The RLc signal clears the write lockout register, R£00
through R£03 and RZ£1 through R{7. Flip-flop Ed, also set
by Rlc, alerts the interlock circuitry.

3-602 The lockout register set signal, Rls, is generated
from the POT instruction:
RIs = Ek (POT Q2)

The Rfs signal is combined with bits 5 through 23 of the
contents of the POT instruction effective address to set the
respective RZ flip-flops:

sRL00 = R4 C23j

sRLO1 = Res C22

[ofoo] o2 | 2 [ o[ o | 4 [ o | sR03 = Rfs C20j
0123 89 1112 1415 1718 2021 23 sRLI = RLs C19j
POT sRE2 = RLs Cl8
[To] 13 ] Address Field | : :
0123 8910 23 sRL7 = RLs C13
PROGRAMMED
Ric
R —————R100 R —R01
| !
R£00 l R201 |
! |
|
S ——R100 : S f—— R201 |
. | |
C23j] —— ! : C22) —r : :
|
Res ! ! Res ————{ | :
L) I N [
! | 3 |
| |
| |
1 s2¢ j _l s1 ¢ j
00 TO 511 512 TO 1023
MANUAL
900066C. 101

Figure 3-101. Write Lockout Register (Two Bits)
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Table 3-25. Write Lockout Memory Blocks

Bit Number
Addresses (Decimal) | Addresses (Octal) | $X51 Module Location Switch No. (Programmed Lockout)
0-512 000-777 7F S2 c23
512-1023 1000-1777 7F S1 C22
510] O—word blocks
1023-1535 2000-2777 6F S3 C21
1536-2047 3000-3777 6F S2 C20
2048-4095 4000-7777 6F ST c19
4096-6143 10000-13777 4F S3 Ci18
6144-8191 14000-17777 4F S2 C17
8192-10239 20000-23777 4F S1 C1é6
10240-12287 24000-27777 3F S3 Ci5
12288-14335 30000-33777 3F S2 Cl4
14336-16383 34000-37777 3F S1 Ci13
16384-18431 40000-43777 $ 2048]0-word blocks C12
18432-20479 44000-47777 Cli
20480-22527 50000-53777 Ci10
22528-24575 54000-57777 Cc9
24576-26623 60000-63777 (@]
26624-28671 64000-67777 Cc7
28672-30719 70000-73777 Cé
30720-32767 74000-77777 J (6]

Signals C23j through C13j are selected from C23
through C5 by the lockout jumper module. The jumper
module used is determined by the address of the first
word in the memory door. For example, if the memory
section locked out is in the second memory door and
the first address in the memory is 4096, bit C18, which
selects block 4096 through 6143, must be interpreted
as C23j, or block O through 4095, for that particular
memory door. If the programmed memory lockout is
installed in the first memory in a system, a ZB65
through ZB50 jumper module is used. This jumper
module connects each C bit in the range C12 through
C23 with its corresponding j term. If the lockout is
installed in the second, third, or fourth memory in a
system, jumper modules are used as shown in table 3-26.

Table 3-26. ZB65 Jumper Modules

First Address in Jumper ZB65
Memory Door Module
4K ZB65-51
8K ZB65-52
12K ZB65-53
16K ZB65-54
20K ZB65-55
24K ZB65-56
28K ZB65-57

The equations for the jumper modules are given in the logic
equations.
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3-603 In each memory cycle, address lines L1 through L14
are compared with the contents of the lockout register (R£
flip-flops), and if the program accesses a locked-out loca-
tion, the register lockout match signal, RIm is generated:

REm = RLOO LI L2 L3 L4 L5 +RLOT L1 L2 L3 L4 L5
+RE02 LT L2 L3 L4 L5 +R£03 LT L2 [3 L4 L5
+RLI LT 1213 +RL21L1 L2 L3+RL3 L1 L2 L3
+RE4 L1 D23+ RE5 L1 L2 L3+RE6 LT L2 L3
+RE7 L1 L2 L3

3-604 If the memory cycle is not a read-restore cycle, but
new information is to be written into the location, R{m is
used along with Mxz or Mxc to set the lockout flip-flop,
Iwm:

slwm = RAm Za Mxz Re + RLm Sa Mxc Re

Setting Iwm allows reading out of the addressed word by
generating Ms, the memory strobe generated from Du5:

Du5 = Du5 (Mxz Za + Mxc Sa + Iwm)

However, Iwm inhibits setting the memory register from the
computer or the input/output unit by inhibiting the two
strobes. For bit 0 of the register the equation is as follows:

sMO = (Sa Mxc fwm Tp) CO + Za Mxz Iwm Tp) 20

Since M is unchanged, the original information is returned
to the locked-out location.

3-605 When the lockout register has been set up, it can be
changed in one of two ways:

SDS 900066

a. Depressing the memory CLEAR switches on the
control console:
R€c = (. . .+ Kmc) Q2
Depressing the memory CLEAR switches sets the Ek flip-flop
(with Kmc); therefore, the START pushbutton should be
pressed to reset Ek. Otherwise, an Rt signal will be gener-

ated and the lockout register will respond to the next POT
instruction.

b. Using another set of EOM, POT instructions to
change the register.

3-606 Manual Write Lockout Model 92060

3-607 The toggle switches for the manual write lockout
option are located on the front of the SX51 modules in loca-
tions 3F, 4F, 6F, and 7F in the memory door. Any combi-
nation of switches may be used to lock out any desired
block of memory locations. The switch identifications and
the address block locked out by each switch are shown in
figure 3-102. Table 3-25 contains the same information as
well as the octal notation for each address block. Switch
S3 in location 7F should be left in the up position at all
times, because the outputs of this switch are connected to
the Ek flip-flop, which when set generates a ready signal
Rt, for a POT instruction.

3-608 The switch outputs substitute for the lockout register
flip-flop outputs in that they provide the RZ signals for

7F 6F 4F 3F
$X51 SX51 $X51 SX51
s1 s1 e 2048-4095 1 s1
512-1023 O O /O O 14336-16383
8192-10239
5 5 1536-2047 5 5
00-511 O O O 12288-14335
6144-8191 / '
s3 s3 1023-1535 s3 53
LEAVE UP O /(O 10240-12287
4096-6143

900066C. 102

Figure 3-102. Write Lockout Switches
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comparison with the address lines. The remainder of the used to mount the connectors, provides protection for the
lockout operation is the same as programmed lockout. stack and assists in providing thermal insulation. The stack
heaters, together with the diode boards used for temperature
3-609 Lockout Interrupt sensing and the thermostats used as warning temperature
indicators, are also mounted inside the oven. See figures
3-610 A special interrupt, IL, is provided to inform the 3-103 and 3-104 for the heater components for the 4K and
programmer that an access of a locked-out location has 8K stacks and for a 16K stack.
taken place. This interrupt is sent to the basic interrupt
chassis, where, when enabled, the signal interrupts the 3-613 The temperature of the memory stack is controlled to
central processor to location 35g. approximately +2°C by a closed-loop feedback amplifier in
the memory heater Power Supply PX21. Eight series-
sIL = Iwm Tp connected diodes are located inside the memory enclosure
_ to sense the memory temperature and provide a feedback sig-
rIL = Iwm Tp nal for controlling the memory temperature. The heater-
regulator amplifier is a differential-input, single-ended,
In resetting Iwm, the circuit characteristics of the DC Flip- output-type amplifier with a bridge circuit to drive the
Flop FB50 are used. The reset term, Iwm Tp, is inverted inputs. The eight sensing diodes form one leg of the bridge.
and connected to the set gate output so that at Tp time when The amplifier output drives the heater, located inside the
Iwm is false, Iwm Tp at the set gate output goes false and memory enclosure, through a power inverter. Two thermal
resets the flip-flop. switches, an under-temperature switch, and an over-
temperature switch are also located inside the memory
3-611 MEMORY HEATING SYSTEM enclosure. The over-temperature switch is a protective
device to remove heater power if the memory temperature
3-612 The basic memory stack, including frames and ground exceeds a certain level. The under-temperature switch is
planes, is mounted inside an oven. The oven, which is also used to generate an enable signal, Tem, when the memory

HARNESS ROUTING

/
ws > ) =

Jq/ J43

J33 J35

'NOTES: 1. TB1 THROUGH TB4 ARE DIODE BOARDS
(TWO DIODES PER BOARD)
2. OAIl AND OA2 ARE HEATERS
3. S1 AND S2 ARE THERMOSTATS

900066C. 103

Figure 3-103. Heater Components, 4K and 8K Stacks
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/HARNESS ROUTING
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Figure 3-104. Heater Components, 16K Stack

temperature is up fo its operating point. A Tem signal
inhibits central processor operation. Neither of the ther-
mostat switches is used for regulator cycling during normal
operation. The overall temperature control system is shown
in figure 3-105.

3-614 The 4K and 8K stacks contains two heater elements,
and the 16K stack contains four heater elements (see fig-
ures 3-103 and 3-104). Each heater element has a resist-
ance of 37 ohms at 25°C and produces 40 watts of heat.
The total heater power in the 4K and 8K stack is 80 watts,
and in the 16K stack is 160 watts. In addition, up to 10
watts of heating may be produced by X, Y, and inhibit
currents in the stack wire resistance. The range of the
regulator system is £2°C to £3°C about the average stack
temperature; therefore, the stack temperature ranges from

about 50°C to 55°C.

3-615 POWER DISTRIBUTION

3-616 Three-phase, 208-volt power is wired to a circuit
breaker on the ac power distribution panel. From the

3-150

circuit breaker it is wired to a contactor, and from the con-
tactor it is wired to the inputs of a PX25 ac line regulator.
The line regulator output consists of three one-phase, 120-
volt, 1 kva lines as shown in figure 3-106. All ac regu-
lated and unregulated power is wired to ac plug molds, and
the power supplies are in turn connected to the plug molds.
The power supplies contained in the 930 Computer central
processor and memory are identified in table 3-27. The
memories in serial numbers 3101 through 3112 operate from
Harrison Laboratories power supplies.

3-617 Regulated and unregulated ac power is distributed
to each input/output rack for use by Power Supplies PX22
and PX23 and the blower in the input/output equipment.

3-618 Each memory system contains its own PX20 and PX21
power supplies to provide drive voltage Vd, inhibit voltage
Vz, threshold voltage Vt, and heater voltage. The memory
power supplies also provide temperature regulation for the
memory stack, as described in the Maintenance section.



SDS 900066

}‘ PX21 -
| 100Q  0.33 uF |
! w——|¢ i
182 81 |
A2 1
1 o I
B0V | o QTg ™ 9
| . B2
4.—?; B3
10
X1
HEATER IN
560Q MEMORY
r 3 K1 STACK
X2
o2 { f——o—2
GND1| o2 o8 ]!llr if
5 OVERTEMP
GND 2 o2 7 T3 6 , | [rHerRmoswitch
-3V | o 3 +50V L , —o<4JcLosEs AT
272.5VQ Vfg:k;gk TEMPERATURE
B0V | ol N 6 Q7 & Q8 THRESHOLDING] 3 ABOVE 75°C
r  Creun Q9 4o
200 Q3 & Q4 ;
an
8 TEMPERATURE-
SENSING
DIFFERENTIAL By 0.50 £-54 DIODES IN
AMPLIFIER 5 | MEMORY STACK
oM
SPEAKER ot
ALARM SX53 —‘ﬁ
900066C. 105
Figure 3-105. Memory Heater Regulator
CIRCUIT AC AC LINE
BREAKER CONTACTOR REGULATOR
IN ouT IN ouT IN ouTt
0 o 0 o— D} o—t——0o]1
3
28% o o o o o— $2 | 10 AC
o o o— o———¢3 | PLUG MOLDS
NEUTRAL o—COMMON
GROUND
FRAME
GROUND
900066C. 106
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Paragraphs 3-619 to 3-621

Table 3-27. Power Supplies

Power Supply | Location Voltage
PX18 CPU +4
PX19 CpPU +16, -16
PX22 CPU +4, +16, -16
PX23 CPU +8, +25, -25, +50, 1 vac
PX20 Memory Delivers rough regulated

voltages to PX21

SDS 900066

3-619 The PX20 is a complete dc power supply, which
requires both a regulated ac input for the Vd, Vt, and Vz
supplies, and an unregulated ac input for the heater supplies.

3-620 Power Supply PX21 stabilizes the dc PX20 voltages
and provides the Vd, Vt, and Vz voltages. The Vz output,
which can be controlled by 100 switch positions, has an
output capability of 7 amperes. The typical 16K memory
load is about 5.5 amperes when writing all ZERO's. The
Vd output, also controlled by 100 switch positions, has an
output capability of 3 amperes. The typical 16K memory
load is about 2 amperes. The Vd and Vz voltage-current
relationships are shown in figure 3-107. The Vt output is
adjustable by 10 switch positions. The threshold circuit

220 240 260 280 300 320
X/Y CURRENT
(a)
VOLTAGE : X/Y CURRENT

PX21 Memory +24j 1 through +34.0 requires +16 volts supplied from memory. A separate ground
(switch controlled) return is used for the threshold supply to minimize noise.
0.9 through 3.0
(switch controlled) 3-621 The details of power supply operation are described
in the individual power supply manuals listed in the List of
Related Publications in the front of this manual.
Vd VOLTAGE Vz VOLTAGE
(34.0V) 99— —— ——————=—-x310MA (34.0V) 99— ————————— —¥290 MA
90 90
80 80
70 70
(30.1V) 60 285 MA (30.1V) 60 259 MA
50 50
40 40
(27.1Vv) 30 265 MA (27.1V) 30 235 MA
20 20
10 10
(24.1V) 00 237 MA (24.1v) 00LL210MA

200 220 240 260 280 300
Z CURRENT

(b)
Vz VOLTAGE : Z CURRENT

900066C. 107
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Table 3-28. Central Processor Terms

Table 3-28.

Central Processor Terms (Cont. )

Term

Description

Term

Description

Addl, 2, 3

Anr

Arl

Ar3

Al2

A00

AOQ thru A23

Bc2, Bc5 thru Be23

Bk2 thru 22

Bnr

Brl

Bz0

BOO
BO thru B23

CdO thru Cd23

Cen

Ci0 thru Ci23

Ck

Outputs of 3-bit serial adder

Signal indicating that A-register
should not recirculate

Control signal that shifts A right
one bit position

Control signal that shifts A and B
right three bit positions

Control signal that shifts A and B
left two bit positions

Flip-flop that momentarily extends
sign of the A-register. Also used,
along with BOO, to remember which
register is displayed when computer
is in IDLE, and to count cycles dur-
ing SKS instruction

Twenty-four A-register flip-flops
Eight "carry” flip-flops in B-register

Carry signals in right shift parallel
adder

Control signal indicating that B-
register should not recirculate

Control signal that shifts B-register
right 1 bit position

Sign detector circuit which indicates
that if Bc flip-flops were to be added
into B, a carry would be propagated
into BO

Flip-flop that extends B-register
Twenty-four B-register flip-flops

Input data lines read by C-register
during PIN instruction

Signal that gates C-register informa-
tion onto cable drivers

C-register cable drivers
Control signal that inverts C-register

bits in parallel, producing a one's
complement

Cm0 thru Cm24

Cpu Parity

Cr3
Cxi
Cxm

Cz

CO thru C23
Clx

COi thru C23j
C21r thru C23r

C24

Eax

Emli thru Em2i

En

G

Cable drivers that normally send C-
register contents to memory and 1/O

Flip-flop that checks memory parity

Flip-flop set when input/output
parity error occurs with HALT
CONTINUE switch in HALT position

Flip-flop that generates parity for the
C-register three bits at a time as the
data is sent serially to the time
multiplexed /O channels

Signal to interrupt circuits indicating
that an internal memory parity error
has occurred

Control signal that causes C to shift
right three bit positions

Control signal that reads Cd input
lines into C

Control signal that causes parallel
transfer of information from M to C

Carry flip-flop in serial adder
Twenty-four C-register flip-flops
Signal from C1 in C-register used by
1/O channel to distinguish between
(W or Y) and (C or D) channels

Signals that light REGISTER DISPLAY

indicators

Signals used for serial transfer from
C-register to buffer register

Flip-flop that generates memory
parity

Control flip-flop set by EAX instruc-
tion. Also used for Programmed
Operator function

Signals that light MEMORY EXTEN-
SION indicators

Interrupt enable flip-flop

INTERRUPT ENABLED switch
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Table 3-28. Central Processor Terms (Cont. )

Table 3-28. Central Processor Terms (Cont.)

Term

Description

Term

Description

End

Eod
Eom

Ex

E2mO0 thru E2m2
F1, F2, F3

Go

Hal, 2, 3

Ht

Hx1, 2, 3

la

Ib

le

IL
Inr
Int

I off

/O Parity

Ir
Ir0 thru Ir14

Is

Signal true during last cycle of
each instruction

Signal true during EOD instructions
Signal true during EOM instructions

Flip-flop that controls exchanges in
conjunction with register switch

Memory extension flip-flops
Phase counter flip-flops

Flip-flop that allows computation
Half-adder output signals
Flip-flop that halts computer
Half-adder input signals
Half-adder carry flip-flop
Indirect address flip-flop. Also
used as a carry to add one to
contents of P-register

Interrupt subroutine exit signal
Interrupt subroutine entry signal
Signal from interrupt logic calling
for a single instruction or special
interrupt

Write lockout signal from memory
Interrupt interlock flip-flop

Interrupt flip-flop

Power off signal from interrupt
circuit

Signal to interrupt circuits indicat-
ing that a parity error has been
detected in the input/output
equipment

Interrupt signal, enable necessary

Interlace address signals from buffer

Interrupt signal, enable unnecessary

Ix

120 thru 1z14
Ju

Jz0 thru Jz14

thru @

DEEE 8000000 6O
B

A
o

LsO thru Ls14

Index flip-flop which controls index-
ing. Time-shared in several other
operations

Address lines sent from direct access
I/0, used to set Jz register

Flip-flop that controls branching and
programmed operator function

Register that accepts and synchro-
nizes memory address for direct mem-

ory access 1/O channels

Register switch positions A, B, C,
and X

Breakpoint switches

C-register set pushbuttons

I/O DISPLAY SELECT switch
Switch-controlled signal used to
distinguish between the (W or Y)
and (C or D) channels
MEMORY CLEAR switch

Switch that clears C-register
Cards switch

Drum switch

Magnetic tape switch

Paper tape switch

Signals actuated by load or fill
switches

RUN switch

Parity HALT CONTINUE switch
HOLD switch

STEP switch

Control flip-flop used in multiplica-
tion, division, and shifting

Cable drivers that send memory
address from computer to memory
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Table 3-28. Central Processor Terms (Cont. ) Table 3-28. Central Processor Terms (Cont. )
Term Description Term Description
LzO0 thru Lz14 Cable drivers that send memory P1i thru P14i Signals that light P-REGISTER
address from Jz register to memory indicators
for direct access 1/O channels
Q1 thru Q6 Pulse counter, or cycle counter

Md

Mgs

Mgz

Mit

Mxc

MO thru M24
N5 thru N14
Oc
Of

Ofe

Ofi

Oxc

O1 thru O6

Pin

Pio

Pot

Pr3

PO thru P14

Memory disable

Flip-flop that requests memory to
cycle for Ls address

Flip-flop that requests memory to
cycle for Lz address

Signal from memory indicating that
Ls and Lz addresses are actively
addressing the same memory module
Signal sent to memory when new
information is to be written into
memory

Memory register

Interrupt address lines

Signal that clears O register

Overflow flip-flop

Signal from serial adder indicating
overflow condition

Signal that lights OVERFLOW
indicator

Signal that transfers opcode from
C-register to O-register

Six operation code register

flip-flops

A signal sent to external equipment
during PIN instruction

Signal indicating that parity inter-
rupt option is present and HALT

switch is on

Signal sent to external equipment
during FOT instruction

Control signal that causes P-register
to shift right three bit positions

Fifteen-bit P-register

RadO thru 23

Rc

Rde

Rdei

Rd9 thru Rd14

Rd9i thru Rd14i

Rf

Ric

Rmp

Rnl, 2, 3

Rsa

Rt

Rti

Rwyl thru Rwy3

Rx

Outputs of right-shift parallel
adder

Flip-flop true during register change
instruction

Signal from buffer denoting status
of error detector

Signal that lights ERROR indicator

Signals from buffer denoting unit
address register contents

Signals that light INPUT OUTPUT

indicators

Flip-flop that receives ready signal
during 1/O instructions also used in
division and normalize

Signal to memory during EOM
instruction

Parity error signal from 1/O channel

Three flip-flops that receive serial
information from time-multiplexed

1/O channels

Control signal that transfers right
shift adder into B-register in
parallel

Read signal that releases central
processor from parallel input or
output instruction

Signal sent to external equipment
indicating that PIN instruction has
just terminated

Serial data signals received from
I/O channel during WIM
instructions

Signal sent to time-multiplexed
channels during programmed 1/O
instruction

3-155




SDS 900066

Table 3-28. Central Processor Terms (Cont. )

Table 3-28. Central Processor Terms (Cont. )

counter

Term Description Term Description
Rrl thru 3 Octal of data transmitted by the Trq Request signal sent from time-
buffer multiplexed /O channels
Sc Control signal that clears S Ts Flip-flop set during time-share inter-
lace operation. Stops clock to many
Sd2 Signal that causes S-register to circuits
count down by two's
Tsm Flip-flop that counts cycles during
Sk Skip flip-flop interlace with multiplexed channels
and switches address lines to memory
Ski Output signal indicating that a skip
occurred during a single instruction Tsr Flip-flop true during time-share
interrupt interlace operation with multiplex
channel
Skrz Skip gate signal from I/O channel
T8 thru TO Timing pulses decoded from Q counter
Skss Strobe signal sent to external equip-
ment during SKS instructions Wit Signal indicating whether W buffer
register is full or empty
Sks Signal that controls the Skip If
Signal Not Set Instruction wo Halt interlock signal from W buffer
@ Start switch w9 Signal from W buffer unit address
register defining whether process is
Sxc Control signal that causes C to S input or output
parallel transfer
Xnr Signal which stops X-register from
Sxn Control signal that loads S-register recirculating
with information on N lines from
interrupt logic Xn1 thru Xn3 X-register outputs
Sxp Control signal that causes P to S Xwl Write flip-flop on the most signifi-
parallel transfer cant bit of three X-register
recirculation loops
Sx48 Signal that forces decimal 48 into
S-register Xz1, 2, 3 Addend input to serial adder
S1 thru S14 Fourteen-bit S-register X1d Delay element usually fed by Xw1
Tem Signal indicating memory stack Yf Signal indicating whether Y-buffer
temperature is up to operation register is full or empty
level
Yzl1, 2, 3 Augend input to serial adder
Ti Timing signal used in interrupt
circuits YO Halt interlock signal from Y buffer
Tp Timing pulse decoded from Q Y9 Signal from Y buffer unit address
counter register defining whether process is
input or output
Tpe Timing pulse H.wt synchronizes . Zrq Memory request signal sent from
pulse counter in /O channel with di
. irect memory 1/O channels. Sets
pulse counter in central processor M
gz
Tr Timing pulse decoded from Q 20 thru g7 Phase signals decoded from phase

counter
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Table 3-29. Memory Terms

Term Description
CO thru C24 Incoming data from central processor C-register
C13j thru C23j Input signals to lockout register. Signals selected from C5 thru C23 by lockout jumper

module in programmed lockout option

Dul One-shot delay that ensures that X and Y drive switches are fully turned on before X and Y
read sink switches are selected by Re signal

Du2 One=shot delay that sets duration of X and Y read currents by turning off Re signal

Du3 One-shot delay that determines duration of Z (inhibit) current. Also sets the duration of
X and Y write currents by turning off We signal

Du4 One-shot delay that ensures that inhibit current is fully established in stack before X and Y
write currents are turned on by We signal

Du5 One-shot delay that sets timing of memory strobes Ms1 through Ms4 to coincide with core
output data from sense amplifiers

Dué, Du8 Parallel one-shot delays that determine memory strobe pulse widths

Dx0 thru Dx7 X drive switches used to drive 4K, 8K, and 16K stacks

Dx10 thru Dx17 X drive switches used to drive 8K and 16K stacks only

DyO thru Dy7 Y drive switches used to drive 4K, 8K, and 16K stacks

Dy10 thru Dy17 Y drive switches used to drive 16K stack only

Ek Enable flip-flop in memory that allows the following parallel output (POT) from computer

to set up memory lockout register. Set by special signal from computer

V4 Flip-flop that copies Iwm flip-flop at Tp time. Signals computer interrupt system that an
attempt to write into a locked out portion of memory has been made

Iwm Flip-flop set whenever an attempt to write in a locked out portion of memory is made.
Inhibits modification of M-register and set £

L1 thru L14 Addresses used internally in memory. Generated from external Ls and Lz addresses

LsO thru Ls14 Incoming addresses from CPU S-register

LzO0 thru Lz14 Incoming addresses from CPU Jz register (direct I/O access to memory options only)

LsOj thru Ls2j Address terms, used for determining priority, derived by jumper module from LsO through Ls2
Lz0j thru Lz2j Address terms, used for determining priority, derived by jumper module from Lz0 through Lz2
LsTk, Ls2k Address terms used to generate L1 and L2 address terms in memory. Derived by jumper

module from Ls1 and Ls2

Lzlk, Lz2k Address terms used to generate L1 and L2 address terms in memory. Derived by jumper
module from Lz1 and Lz2

MO thru M24 M-register
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Table 3-29. Memory Terms (Cont. )

Term

Description

M0s thru M24s
MOz thru M24z
Md

Md0 thru Md24
Mdt

Mg

Mgs

Mgz

Mit

Ms1 thru Ms4

Mxc

Mxz

(Pot Q2)

Re

R£0O thru RLO3
RLT thru RA7
Rlc

RAm

RAs
Rt

Sa

Sb
Srx0 thru Srx7

Sry0 thru Sry7

Output of M-register controlled by the Ls address lines

Output of M-register controlled by Lz address lines (direct 1/O access to memory options only)
Memory disable term for power fail-safe option

Digitized sense amplifier output before strobing into M-register

Memory digit timing for inhibit drivers

Memory go signal generated from Mgs, and Mgz

Signal that requests memory to perform a cycle on address presented on Ls lines

Signal that requests memory to perform a cycle on address presented on Lz lines

Signal to computer and 1/O channels indicating that memory module was addressed by both
Z address lines and CPU memory address lines. Informs CPU that it will not be able to
cycle for CPU since DACC (or DMC, etc. ) is using memory and has higher priority

Signals that strobe sensed core data into M=-register

Signal that instructs memory to perform a clear write operation to store data presented on
Cm lines

Signal that instructs memory to perform a clear write operation to store data presented on
Zm lines

Compound signal generated in CPU, true during parallel output (POT) instruction. Used in
memory only if memory lockout logic was previously enabled

Read enable timing signal to the read current sink switches

Memory lockout register terms that can lock out first four 512-word blocks of memory
Memory lockout register terms that can lock out 2K word blocks of memory from 2K upwards
Signal that clears lockout register

Register lockout match signal that indicates that memory address is within a locked area of
memory as indicated by memory lockout register

Signal that sets Cj terms into lockout register
Ready signal to CPU to release CPU from a parallel input or output instruction

Signal generated by priority logic, instructing memory to perform a cycle on address
presented on Ls lines

A priority term used in generating Sa and Pa
X read current sink switches

Y read current sink switches
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Table 3-29. Memory Terms (Cont. )

Term

Description

(St Q2)

Swx0 thru Swx7
SwyO0 thru Swy7
T3

Tp

Tem

We

Z0d0 thru Z24d0
Z0d1 thru Z24d1
Z0d2 thru Z24d2
Z0d3 thru Z24d3

Za

Zb

ZmO0 thru Zm24

A signal from the CPU that is activated by the RESET button on the console
X write current sink switches

Y write current sink switches

Timing period pulse that initiates read half cycle memory timing

Timing period pulse that initiates write half cycle memory timing

Enabling signal generated by the under-temperature thermostat. Indicates memory stack is
up to temperature

Write enable timing signal to write current sink switches
Output signals from Z drivers for address block 0 (ﬁ E)
Output signals from Z drivers for address block 1 (L1 L2)
Output signals from Z drivers for address block 2 (L1 E)
Output signals from Z drivers for address block 3 ‘(Ll L2)

Signal generated by priority logic, instructing memory to perform a cycle on address
presented on Lz lines

Priority term used in generating Za and Sa

Incoming data from direct /O access to memory data lines
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Paragraphs 4-1 to 4-17

SECTION 1V
INSTALLATION AND MAINTENANCE

4-1 INSTALLATION
4-2 CONTROL CONSOLE

4-3  The control console assembly is mounted on a rectan-
gular table 60 inches long, 22 inches wide, and 30 inches
high. Overall height of the control console assembly is 44
inches. The assembly can be located in any position with
relation to the central processor unit, within the limits of
cable length, Cables between central processor unit and
control console are 22 feet long from console cable trough
entry, Control console cables enter the central processor
unit through cable entry location C, shown in figure 4-1.
Figure 4-2 is a plan view of the control console,

4-4 FORCED-AIR COOLING

4-5 Forced-air cooling isnot a requirement, butprovision
is made for air cooling of the central processor cabinet from
below (see figure 4-1). No provision is made for forced-
air cooling of power supply or input/output cabinets.

4-6 On the bottom of the central processor cabinet are
raised plenums. Covers on the plenums must first be re-
moved to expose the bottom plates, which may then be
removed. When forced-air cooling is used, it is necessary
to cover the air vents in the rear doors of the central pro-
cessor cabinet. Air normally enters each cabinet through
these vents,

4-7 Local conditions will determine whether the fans and
blowers inside the cabinets are required when air condi-
tioning is used. If the force of cold air is sufficient, it
may be desirable to remove the internal blowers. The
internal blowers should be removed only when the forced
air system is extremely reliable, since lack of air flow may
cause electrical failures.

4-8 SYSTEM ARRANGEMENT

4-9  The arrangement of parts in the computer system is
shown in figure 4-3. The parts contained in the lettered
locations in the figure are identified in tables 4-1 and 4-2.

4-10 INPUT POWER WIRING

4-11 Figure 4-4 shows the details of the power cable entry
box, located on the outside of the power supply cabinet
below the rear door. Figure 4-5 is a schematic diagram of
the input power wiring required to service the 930
Computer.

4-12 PRE-INSTALLATION CONSIDERATIONS

4-13 Raised flooring is required for cabling between 930
Computer cabinets, optional features and peripheral equip-
ment, Cable troughs or covers for on-deck routing can be
substituted if unavoidable, but are not recommended.

Space for a documentation library should be provided in the
computer room or nearby. Most of the documentation is
used in maintenance and troubleshooting. A maintenance
area should be available with space for test equipment,
workbenches and spare parts. A large blackboard and other
working aids are important,

4-14 INSTALLATION PROCEDURE

4-15 To install the 930 Computer, use the following
procedure:

a. Bolt I/O and power supply cabinets to the central
processor unit as shown in figure 4-3,

b. Connect power wires to computer central processor
as indicated by tags on cable wire ends. Power wires are
secured in power supply cabinet.

c. Install cables between units as listed in table 4-3.

Refer to the 930 Logic Diagrams, SDS 900592,

d. Connect control console power cable wires to
central processor as indicated in table 4-4, Cable is se-
cured to control console and terminated with solderless lugs.

e. To determine power consumption and heat dissipa-
tion of a particular 930 Computer, add power consumption
of computer and options using table 4-5. To determine
total power consumption and heat dissipation for system, use
information from applicable peripheral equipment installa-
tion data sheets. Three kva of power are delivered by
Voltage Regulators PX25. [f additional regulators are
required, install in locations shown in tables 4-1 and 4-2.

4-16 Parity Interrupt Installation

4-17 To install the Parity Interrupt Option Model 92070,
place a NAND flip-flop FB54 module in location 31E of
the central processor and a Priority Interrupt SK61 module
in location 28H of the basic interrupt chassis.
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Table 4-1. Equipment Location, Front View

Cabinet Location Contents

1/0 A thru F Couplers for optional peripheral equipment; row F contains the
Basic Interrupt (19-inch rack mounting)

G Blower unit

H Power Supply PX23

K Power Supply PX22

L Power Supplies PX14, 15, 16, or 19 for peripheral options

(Last 1/O cabinet only)

CP1 A thru F Memory bank No. 1
G Vacant
M Core memory, 4K standard, 8K or 16K optional
CP2 A thru F Memory bank No. 2, optional
G Vacant
M ‘ 4K, 8K, or 16K core memory for optional memory bank No. 2
PS A Power Supply PX20, furnished with second memory
PS8
B Power Supply PX21, furnished with second memory
C ) Power Supply PX20, furnished with first memory
PS7
D s Power Supply PX21, furnished with first memory
E - PS5 Power Supply PX18, for use with optional equipment
F - PSé Power Supply PX19, for use with optional equipment
G - PS3 Power Supply PX18, standard
H - PS4 Power Supply PX19, standard
I - PSI Power Supply PX19, standard
J - PS2 Power Supply PX19, standard
K - PS1I Voltage Regulator PX25, for use with optional equipment

L Power distribution panel
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Table 4-2, Equipment Location, Rear View

Cabinet Location Contents
1/0 A B TMCC Channel B (Y buffer) optional, 6, 12, or 24 bits
Cthru F ~ TMCC Channel A (W buffer) 6-, 12-, or 24-bit selection
F I/O connectors (in addition to W buffer)
G,H,K,L Same as for 1/O front
J Cable entry for on-deck cable routing (not recommended)
CP1 A Vacant
B thru F Standard 930 Computer logic
G Vacant
H Air intake blower
J Same as for I/O
CP2 A thru H Same as for CP1
PS A thru K Same as for PS front
L - PS10 Voltage Regulator PX25, standard
M - PS9 Voltage Regulator PX25, standard
SIDE VIEW 1-3/4 IN,
POWER ENTRY BOX i—]/z A2, TOP VIEW
\ POWER SUPPLY BAY
(REAR)

2-1/4 IN,

7,

S} @ 3 IN.

POWER ENTRY BOX

1-3/4 IN,

70000, 72,7

— ’<—l/4 IN.

10 IN.

2 IN,

900066C. 114

Figure 4-4. Power Entry Box
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Figure 4-5. Service, Schematic Diagram
Table 4-3. Cable Installation
Plug Module From Location To Location
P901 Central processor 61F Control console J1
P902 Central processor 62F Control console J2
P903 Central processor 63F Control console J3
P904 Central processor 64F Control console J4
P05 Central processor 29F First memory chassis 17F
P905 Central processor 30F Second memory chassis 17F
P06 Central processor 33F First memory chassis 10F
P06 Central processor 34F Second memory chassis 10F
P907* Central processor 35F First memory chassis 13F
P907* Central processor 36F Second memory chassis 13F
P08 Central processor 7F Permanently wired to basic interrupt chassis
P910 Central processor 2F P909 TMCC 28E
P912 Central processor 1F P911 TMCC 30E
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Table 4-3, Cable Installation (Cont. )

Plug Module From Location To Location
P914 Central processor 3F P913 TMCC 15E
P?16 Central processor 5F P?15 TMCC 23E
P?18 Basic interrupt chassis 44H P?17 TMCC 2F
P940 Central processor 12F P939 DACC 8E
P941 First memory chassis 24F P942 second memory chassis 25F
P942 Central processor 15F P?41 DACC 26E
P945 Basic interrupt chassis 45H Permanently wired to interrupt
control system chassis
AC Power control console Convenience strip central processor

/O 3 phase supply,

regulated and unregulated

5-wire power cables, 1/O cabinet

5-pin power connector, ac power
junction box, power supply cabinet

*Used only with MAM (DACC, DMC, MIC) or memory lock-out options. Requires Termination Module ZB52 in

location 14F of respective memory.

Table 4-4, Control Console Connection

Wire No. Control Console Central Processor Signal

1 TB3-1 TB3A-1 Run time meter

2 TB3-5 TB3A-8 110 vac
Power
switch

3 TB3-6 TB3A-9 110 vac

4 TB3-7 TB3A-6 1 vac

5 TB3-8 TB3A-7 1 vac, +4v bias

6 TB3-9 TB3A-5 +50 vdc

4-7
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Table 4-5. Power Consumption and Heat Dissipation

AC POWER (KVA)

Internal
COMPUTER CONFIGURATION OR OPTION Line Input Unregulated Regulated BTU PER HOUR
Single memory bank and one
TMCC 1/O channel (W buffer)
4K 4.77 2.00 2.49 11,950
8K 4,80 2.00 2.52 12,050
16K 4,85 2.00 2.56 12, 200
Second memory bank
4K 2.27 0.%0 1.23 5,400
8K 2.31 0.90 1.27 5,550
16K 2.34 0.90 1.30 5,700
Second TMCC 1/O channel 0.28 None 0.25 950
(Y buffer)
Third TMCC 1/O channel 0.66 0.20 0.41 2,200
(C channel), with cabinet
and required power supplies
Third and fourth TMCC 1/0 0.94 0.20 0.67 3, 200
channel (C and D channel),
with cabinet and required
power supply
DACC, with cabinet and required 0.82 0.20 0.55 2,750
power supply
MIC, without cabinet or power 0.18 None 0.16 610
supplies
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4-18 Addressing Modification Installation Table 4-6. Addressing Modification Wiring
Changes (Cont.)

4-19 To install the Addressing Modification Model 91903
feature, proceed as follows, referring to the logic diagrams SIGNAL REMOVE ADD
in figure 3-10:

From To From To

a. Remove and add wires as shown in table 4-6.

Sc+@1 05 T2 42E5 51C36 | 42E5 62D2

Table 4-6. Addressing Modification Wiring Changes 62D2 | 51C36

SIGNAL REMOVE ADD st 52D5 | 55C22| 52D5 | 62D2

From To From To 62D26 | 55C22

cis 47C7 | 1C7 | 47C7 | 62D39 T4 53C41 | 40c41| 53c41| 52¢38

62039 | 51C7 52C38 | 40C4]

15 16D5 | 17C4 116D5 | 62027 Cg24 45E49 | 50C41| 45E49 | 62D43
62027 | 17c4

62D43 | 56D43

C12 26E7 24D42 | 26E7 62D20 LsOA 52C28 | 51D9

62D20 24D42

Ls1A 45D36 | 16E15 | 45D36| 52C20

Eod C10 C11 56C36 | 30D34 |56C36 | 52C37 52C20 | 16E15
52C37 | 30D34

Ls2A 46C39 | 55C17 | 46C39| 52C15

Sxc 62E23 64E23 | 62E23 62D13 52C15| 55C17
62D13 | 64E23

Eod C10 C11 T4 52C36 | 62D11

S1 51D10 | 55C12 |5I1D10 | 52C24 62D11 | 60D39
52C24 | 55C12

Gnd No. 1 62D1 | 62D3

52 51D16 | 55C15 |51D16 | 52C22 62D3 | 62D4

52C22 | 55C15 62D4 | 62D5
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Table 4-6. Addressing Modification
Wiring Changes (Cont.)

SIGNAL REMOVE ADD
From To From To
Gnd No. 1 62D5 62D18
(Cont.)

62D18 | 62D19
62D19 | 62D21

Gnd No. 2 62D44 | 62D42
62D42 | 62D41
62D41 | 62D40
62D40 | 62D25
62D25 | 62D24

Shell 62D38 | 61D23
61D23 | 51D12
51D12 | 51D18

51D18 | 55C7
55C7 55C39
Shell 62D23 | 52C25

52C25 | 52C39

Sho 62D9 52C26
52C26 | 52C40

b. With needle-nose pliers, remove polarizing pins
in locations 52C and 62D. Pins are located beside pins 2,
24, and 46.

c. With needle-nose pliers or polarizing pin insert-
ing tool, insert polarizing pins beside pins 30 and 44 in
location 52C and beside pins 28 and 42 in location 62D.

d. Insert IB57 module in location 52C and FB51
module in location 62D.

e. Mount nameplate, part No. 101109, adjacent to
930 Computer nameplate and mark with 0.12 high black
characters as follows:

32K Direct
Address Kit

SDS
Model No. 91903

4-10
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4-20 Memory Write Lockout Installation

4-21 Manual Memory Write Lockout. To install the
Manual Memory Write Lockout Model 92060 feature, pro-
ceed as follows:

a. Install modules in associated memory door and
basic interrupt chassis as shown in table 4-7,

Table 4-7. Module Installation for
Manual Write Lockout

Chassis Location Module
Memory Door 1F 1B56
Memory Door 2F 1B56
Memory Door 3F SX51
Memory Door 4F SX51
Memory Door 6F SX51
Memory Door 7F SX51
Basic Interrupt 29H SKé61

b. If a MAM 92990 option has been installed in
memory, return direct memory address cable, terminated
on both ends with P907, to stock. If a MAM has not been
installed, install one end of direct address cable in loca-
tion 13F of memory. Install other end of cable in central
processor or memory according to system arrangement as
shown in table 4-8.

Table 4-8. Installation of Direct Address Cable
(P907) for Manual Write Lockout

FROM TO
Chassis Location Chassis Location
First memory 13F Central processor 35F
Second memory| 13F Central processor 36F
Third memory 13F First memory 14F
Fourth memory | 13F Second memory 14F

4-22 Programmed Memory Write Lockout. To install the
Programmed Memory Write Lockout Model 92061 feature,
proceed as follows:

a. Install modules in associated memory door and
basic interrupt chassis as shown in table 4-9,
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Table 4-9. Module Installation for Programmed
Write Lockout

Paragraphs 4-23 to 4-26

Table 4-11, Installation of Direct Address Cable
(P907) for Programmed Write Lockout

Chassis Location Module
Memory Door 1F IB56
Memory Door 2F 1B56
Memory Door 3F FB50
Memory Door 4F FB50
Memory Door 5F ZB65*
Memory Door 6F FB50
Memory Door 7F FB50
Basic Interrupt 29H SKé1
*The dash number of the ZB&5 module in location 5F
depends on the memory in which the module is installed.
If the programmed write lockout is installed in the first
memory, use ZB65-50. If the write lockout is
to be installed in the second, third, or fourth memory,
determine the address of the first word in the memory and
install the ZB&5 shown in table 4-10,

Table 4-10. Jumper Module ZB65 Installation

First Address ZB65

4096 ZB65-51

8192 ZB65-52
12288 ZB65-53
16384 ZB65-54
20480 ZB65-55
24576 ZB65-56
28672 ZB65-57

FROM TO
Chassis Location Chassis Location
First memory 13F Central processor|  35F
Second memory 13F Central processor| 36F
Third memory 13F First memory 40F
Fourth memory 13F Second memory 14F

4-23 Memory Expansion

4-24 Kits are available for field expansion of 930
Computer memories. Each kit consists of a material list
and installation instructions. Drawing numbers for these
kits and for supplementary information are shown in table

4-12.

Table 4-12. Memory Expansion Kits

Power Drawing

Supply Number Title
Harrison 117008 | Modification Procedure, 38v
Laboratories to 50v Heater Conversion
Harrison 123593 | Assembly, Memory Expansion
Laboratories Kit, 4K to 8K
Harrison 123594 | Assembly, Memory Expansion
Laboratories Kit, 8K to 16K
Harrison 123595 | Assembly, Memory Exapnsion
Laboratories Kit, 4K to 16K
SDS 123596 | Assembly, Memory Expansion

Kit, 4K to 8K

SDS 123597 | Assembly, Memory Expansion

Kit, 8K to 16K

SDS 123598 | Assembly, Memory Expansion
Kit, 4K to 16K

b. If a MAM 92990 option has been installed in
memory, return direct memory address cable, terminated
on both ends with P907, to stock. If a MAM has not been
installed, install one end of direct address cable in loca-
tion 13F of memory. Install other end of cable in central
processor or memory according to system arrangement as
shown in table 4-11.

4-25 CHECKOUT
4-26 Before operating the computer, the following checks

should be made:

a. Check timing of memory one-shots Dul, Du2, Du3,
Du4, Du5, Dué, and Du8, using procedure given in para-
graph 4-39. Adjust if necessary.

4-11
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b. Check memory threshold voltage Vt, drive voltage
Vd, and inhibit voltage Vz as directed in paragraphs 4-41
through 4-47.  Adjust if necessary.

c. Execute Instruction Diagnostic, catalog No.
304002. If failure occurs, refer to SDS 930 Computer
Examiner Diagnostic System Technical Manual, SDS
900097. '

d. Execute Memory Diagnostic, catalog No. 304001,
If failure occurs, refer to diagnostic manual specified in
step c.

4-27 PREVENTIVE MAINTENANCE

4-28 Preventive maintenance on the memory consists of
periodically executing the Instruction Diagnostic, catalog
No. 304002 and the Memory Diagnostic, catalog No.
304001. In case of failure, refer to the SDS 930 Computer
Examiner Diagnostic System Technical Manual, SDS
900097.

Note

The memory should be cleared after power
turn-on and before loading the diagnostic.
Failure to clear memory may result in par-
ity errors from words disturbed by power
turn-on,

4-29 CORRECTIVE MAINTENANCE

4-30 Maintenance instructions in this section are given
for the memory only, since there are no moving parts or
adjustments in the central processor. For power supply
maintenance, refer to the appropriate power supply
manuals,

4-31 SPECIAL TEST EQUIPMENT
4-32 Special test equipment required for maintenance of
the 930 Computer is listed in table 4-13. These items or

equivalent test equipment should be used.

Table 4-13. Special Test Equipment

Name Manufacturer | Manufacturer's Number

Oscilloscope Tektronix 585
Preamplifier Tektronix 82
Meter Simpson 267

4-33 ADJUSTMENTS

4-34 Because of the long heating time, stack temperature
should be adjusted first. One-shot periods and voltage

4-12
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levels may then be checked and adjusted. Since the ad-
justment procedures for memories with SDS power supplies
are different from the procedures for memories with Harrison
Laboratories or PX10 power supplies, complete procedures
are given for both cases.

4-35 Temperature Adjustment

4-36 1t is desirable to operate the memory at the lowest
possible temperature which can be safely controlled. The
lowest safe temperature is approximately 5°C higher than
the undertemperature thermostat, which may be set for
45°C or 55°C. Figure 4-6 illustrates the ideal stack oper-
ating temperature. Refer to paragraph 3-611 for the theory
of operation of the heating system,

4-37 Memories With SDS Power Supplies. Temperature
adjustment on memories with SDS power supplies should be
made as follows:

a. If the memory contains more than one memory
bank, disconnect P45 and P49 from the banks being

adjusted.
i CAUTION g

Prior to disconnecting P49, be sure that all
power to the heater board is off. Failure to
shut off power to the heater results in blown
output transistors,

b. On $X53 module located in J3 at rear of Power
Supply PX20 for memory being adjusted, turn potentiometer
fully clockwise. This ensures that stack will heat when
heater power is applied to memory,

c. Place HEATER POWER switch on front of Power
Supply PX20 in the ON position.

d. During first 2 minutes of warmup, measure voltage
at TBI1B-E-1 (negative probe on VOM) with respect to TB1B-
E-2 (positive probe). Terminal board TB1B is located on
side of memory door and is second terminal board from top,
on level with B section of memory chassis. A voltage of
45,6 (0. 4) volts indicates that temperature-sensing diodes
are operating properly. This voltage will drop to +5.0
(£0. 4) volts when stack temperature reaches 55°C to 60°C.

e. With PX20/21 meter select switch in A/10 posi-
tion, observe meter. Meter should indicate current flow.

f.  Measure voltage at pin 10F41 inmemory door, and
observe this voltage continuously until it rises to +4 volts,
Voltage rise indicates that stack has reached correct tem-
perature and that undertemperature thermostat switch has
opened. Within 30 seconds of time voltage rise, turn
potentiometer on SX53 module counterclockwise until
heater current stops flowing, then turn potentiometer two
full turns counterclockwise.



SDS 900066

SPEAKER ALARM ON
A HEATER POWER
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-
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|
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SWITCH CLOSES; K1 IN PX21 IS ACTUATED

AND LATCHES ON, HEATER POWER IS DIS-
CONNECTED; ALARM SOUNDS,

COMPUTER MAY STILL BE OPERATIVE, *
COMPUTER
OPERATIVE

///////// Qi ///////
DESIRABLE OPERATING TEMPERATURE RANGE 5°C
///////////////////////////////

1114744474

GUARD BAND 5°C
45°C

(OR 55°C) \ \

COMPUTER INOPERATIVE

\ A\

*IN MEMORIES WITH HARRISON LABORATORIES POWER SUPPLIES, K1 IN MODIFIED PX10
IS ACTUATED BUT DOES NOT LATCH; HEATER POWER IS DISCONNECTED; NO ALARM SOUNDS,

——F

UNDER-TEMPERATURE
SWITCH OPENS AND Tem
COMES TRUE ;

PROGRAM COUNTER
WILL STEP
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Figure 4-6. Ideal Stack Operating Temperature
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Note

The 30-second time limit after opening of the
thermostat switch must be strictly observed.

4-38 Memories With Harrison Laboratories Power Supplies.
The following adjustment procedure applies to memories
with Harrison Laboratories power supplies:

a. If the memory contains more than one memory

bank, disconnect P45 and P49 from the banks being
adjusted.

b. On TB1 heater regulator board on side of stack,
turn potentiometer fully clockwise. This ensures that stack
will heat when heater power is applied to memory.

c. Turn heater power on.

d. Place HEATER POWER switch on front of Power
Supply PX20 in the ON position.

e. With PX10 meter select switch in straight up
position (usually marked A), observe meter. Meter should
indicate current flow.

f. Measure voltage at pin 10F41 in memory door,
and observe this voltage continuously until it rises to +4
volts. Voltage rise indicates that stack has reached cor-
rect temperature and that undertemperature thermostat
switch has opened. Within 30 seconds of time voltage rise,
turn potentiometer on SX53 module counterclockwise until
heater current stops flowing, then turn potentiometer two
full turns counterclockwise.

g. Turn TBL heater-regulator potentiometer counter-
clockwise one-fourth turn, lowering temperature approxi-
mately 1-1/4"C, and wait about 30 minutes, occasionally
checking voltage at 10F41 to see whether the undertemper-
ature switch has closed. Closing of switch is indicated by
a drop involtage at 10F41 to O volts. Program counter will
not step when undertemperature switch is closed.

h. If switch does not close, turn potentiometer another
one-fourth turn counterclockwise. Repeat approximately
every 30 minutes until switch closes, then turn potentio-
meter clockwise exactly one turn,

4-39 Adjustment of One-Shots

4-40 The periods of the OB50 one-shots for memories with
a 1,925-microsecond cycle and a 1.75-microsecond mem=-
ory cycle should be adjusted with an oscilloscape as shown
in table 4-14. The potentiometers to be adjusted are iden-
tified by output pin in figure 4-7. Set the oscilloscope
sync at internal and measure the delay at 50 percent ampli-
tude of the output pulse at the pin listed in the order given
in the table.

4-14

Table 4-14. OB50 One-Shot Adjustments

PERIOD (nsec)

1.925-psec| 1. 75-psec
DELAY|LOCATION|OUTPUT PIN cycle cycle
Dul 20E 33 265 80
Du2 20E 26 795 620
Du4 21E 33 130 100
Du3 21E 26 630 600
Du5 20E 19 280 to 340*
Dué 20E 12 40 40
Du8 21E 12 40 40

*Du5 controls the strobe pulse.
settings are:

The preliminary

With Sense Amplifiers HB53, 280 nsec for 4K stack,

310 nsec for 8K or 16K stack

With Sense Amplifiers HB53-2,
stack, 340 nsec for 8K or 16K stack

300 nsec for 4K

OB50

[ o]=e——PINI2
[ o]~ PINT9

[ o]=—— PIN26
[ o]=—— PIN33

900066C. 117

Figure 4-7. ldentification of O
by Output

B50 Potentiometers
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4-41 Threshold Voltage Adjustment

4-42 The threshold voltage adjustment procedure is the

same for memories with SDS power supplies and memories
with Harrison Laboratories power supplies. To make the

adjustment, proceed as follows:

a. Using voltmeter, measure threshold voltage Vt at
pin 5D20 on memory door with reference to ground.

b. With THRESHOLD screw on front of appropriate
power supply, adjust threshold setting to obtain threshold
voltage at pin 5D20 as follows:

Sense Amplifiers HB53 — +1,95 (£0, 15) volts
(about setting number 5)

Sense Amplifiers HB53-2 — +1,70 (£0. 15) volts
(about setting number 4)

Note

To obtain the necessary sensitivity in memories
with Harrison Laboratories power supplies, it
may be necessary to remove the wire link be-
tween wafers A and B at position 9 of the
threshold switch and replace with a 100-ohm
resistor,

c. Record final Vit voltage on Schmoo Chart SDS-
Ma-488-1 in Adjustment Settings block.

4-43 Drive Line and Inhibit Voltage Adjustments

4-44 The preliminary settings of XY drive line voltage
Vd and inhibit voltage Vz are obtained as follows:

a. With voltmeter, measure Vd voltage by placing
positive probe on pin 10 in location 6A and negative probe
on pin 45 of any module. Module power bus is connected
to pin 45 of each module and is +4.0-volt reference point.

b. Using a screwdriver, turn XY DRIVE switches on
Power Supply PX20 to 99 if this is possible without allowing
Vd voltage to go above +34.1 volis,

Note

Setting switches at 99 may partially destroy
memory contents,

Considering the numbers in the drive switch windows as a
decimal figure, the number on the right represents the units
and the number on the left represents the tens. When the
right-hand switch has reached nine, it should be turned
back to zero before changing the setting of the left-hand
switch. If Vd cannot be set to +34,0 (x0. 1) volts with
drive adjust switches, make fine adjustment with Vd

Paragraphs 4-41 to 4-46

potentiometer in power supply. In Power Supply PX20-
PX21, this potentiometer is R11-2, front potentiometer on
top of SX52 module in J2 at rear of power supply, and may
be reached with offset screwdriver,

c. For safety, temporarily set XY DRIVE switches at
some value well below 99.

d. With voltmeter, measure Vz voltage by placing
positive probe on pin 10 of location 5A and negative probe
on pin 45 of any module.

Both XY DRIVE and Z DRIVE switches should
never be at 99 at the same time. This could
damage memory.

e. Using screwdriver, turn Z DRIVE control switches
on Power Supply PX20 to 99 if this is possible without
allowing Vz voltage to go above +34.1 volts. Switches
operate same as XY DRIVE switches in step b. If Vz cannot
be set to +34,0 (0. 1) volts with Z DRIVE switches, make
fine adjustment with Vz potentiometer in power supply. In
PX20-PX21, this potentiometer is R11-1, rear potentiometer
on top of SX52 module in J2 at rear of power supply, and
may be reached with offset screwdriver.

f. On memory with stack operating temperature of
50°C to 55° C, set Z DRIVE switches at 65, On memory
with stack operating temperature of 60°C to 65°C set Z
DRIVE switches at 55, Record final Vz switch setting in
Adjustment Settings block on schmoo chart.

g. On memory with Harrison Laboratories power
supply, set Z DRIVE switches to 30. It may be necessary
to adjust Vd by about £10 settings of right-hand switch to
enable memory diagnostic to run, ©On memory with SDS
power supplies, store LDA 200 instruction in location 100,
Insert BRU 100 in control console C-register. Place appro-
priate control console HOLD switch in up position. Place
RUN IDLE STEP switch in RUN position. Increase and
decrease Vd by varying XY DRIVE control switches, and
note high and low switch settings at which parity errors
indicate that program fails. Place switches at setting mid-
way between high and low values. Record switch setting
after Vd in Adjustment Settings block on schmoo chart.

h. If system contains second memory, repeat above
procedure for second memory door. It may be necessary to
adjust XY DRIVE switches by 10 or 20 settings of the right-
hand switch to enable memory diagnostic to run.

4-45 Final Memory Setup

4-46 After preliminary adjustments have been made the
final memory setup is conducted by running the memory
diagnostic and plotting a schmoo chart of memory failure
points for various settings of Vd and Du5 with Vz, Vt, and
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stack temperature at preselected values. The purpose of
the schmoo chart is to select a memory working point which
will allow sufficient margins to enable error-free operation.
A typical schmoo curve is shown in figure 4-8.

4-47 Proceed with final memory setup as follows:

a. Successfully execute Memory Diagnostic, catalog
No. 304001, If failure occurs, refer to 930 Examiner
Diagnostic Technical Manual, SDS 900097,

b. With oscilloscope on internal sync, place signal
probe on pin 19 of location 20E, which is Du5 output.
With XY DRIVE switches at setting obtained in paragraph
4-44 step e, decrease delay of Du5 by turning potentio-
meter for output pin 19 (figure 4-7) counterclockwise until
failure is indicated by occurrence of parity errors. Record
pulse width of Du5 for this early failure point on schmoo
chart (see figure 4-8).

c. Turn potentiometer in step b clockwise until
failure is indicated by parity errors. Record width of Du5
for this late failure on schmoo chart.

d. Plot early and late failure points for other settings
of Vd by varying Du5 with XY DRIVE switches at 10 and 20
points above the setting in step b and 10 and 20 points
below setting in step b until strobe range is reduced to 10
or 20 nanoseconds. :

e. Within the schmoo curve, set Vd to the lowest
setting divisible by five and adjust Du5 to 10 nanoseconds
later than the early failure point,

f. Clear memory and attempt to reload and run the
memory diagnostic. Increase Du5 pulse width by 10-
nanosecond steps until the diagnostic runs successfully.
Record this point on the schmoo chart.

g. Increase Du5 pulse width by increments of 10,
repeating the above loading test at each step. A record
of points at which the diagnostic runs successfully produces
a failure line which runs inside the first schmoo curve as
shown in figure 4-8.

h. Determine the range of Vd from the latest setting
of Du5 on the schmoo curve to the setting of Du5 at the
center point on the inside failure curve. This range in
figure 4-8 is 30 to 60. Find the midpoint in this Vd range
and select the final Vd value as the nearest setting above
this midpoint which is divisible by five (45 on the schmoo
chart).

i. Draw a straight line from the early Du5 failure
point on the inside curve at the final setting of Vd plus 10

4-16
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to the late failure point of Du5 on the schmoo curve at the
final setting of Vd minus 10,

i. Draw a straight line from the early Du5 failure
point on the inside curve at the final setting of Vd minus
ten to the late failure point of Du5 on the schmoo curve at
the final setting of Vd plus 10.

k. Select the final setting of Du5 five nanoseconds
later than the setting of Du5 at the intersection of the two
lines.

1. Mark on the schmoo chart the final operating
point, which is at the intersection of the final Du5 value
and the final Vd setting. The composite of the original
schmoo curve and the inside failure curve should include
the following four points:

1. Vd, Vt, and Vz at final settings and Du5 at
final setting plus 30 nanoseconds with HB53-2 sense ampli-
fiers (plus 20 nanoseconds with HB53 sense amplifiers).

2. Vd, Vt, and Vz at final settings and Du5 at
final setting minus 40 nanoseconds with HB53-2 sense am-
plifiers (minus 30 nanoseconds with HB53 sense amplifiers).

3. Du5, Vt, and Vz at final settings and Vd at
final setting plus 18.

4. Du5, Vt, and Vz at final settings and Vd at
final setting minus 18.

m. Run the memory diagnostic at the following addi-
tional points:

1. Du5, Vd, and Vt at final settings and Vz at
final setting plus 25,

2. Du5, Vd, and Vt at final settings and Vz at
final setting minus 25.

The diagnostic should run successfully.
Note

It is possible to obtain a larger schmoo by mov-
ing Vz up or down ten divisions or Vt up or down
one division from the settings found in the pre-
liminary memory setup, paragraph 4-44. The
use of these deviations should be justified by
plotting both schmoos on the same chart. If the
settings obtained in the above procedures fall
outside the schmoo curve, a possible cause may
be incorrect temperature adjustment or a faulty
memory stack.
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Figure 4-8. Typical Schmoo Curve
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Paragraphs 5-1 to 5-8

SECTION V
PERFORMANCE TESTING AND TROUBLE ANALYSIS

5-1 TEST PROGRAMS

5-2 The following programs are available for performance
testing and trouble analysis on the 930 Computer:

Program Catalog Number
Memory Diagnostic 304001
Instruction Diagnostic 304002
P & S Register Test 304003
SDS 930 Examiner Diagnostic System 304004

(Includes preceding three programs)

Refer to the 930 Computer Examiner Diagnostic Manual,
SDS 900097, for an explanation of these programs.

5-3 The 930 Computer logic diagrams, general reference
drawings, and equations, as well as the theory of operation
section in this manual, will be helpful in performing
trouble analysis.

5-4 MEMORY TROUBLESHOOTING

5-5 In all cases of memory problems, the cause can be
localized logically before leaving the control console, and
the location and particular pattern failing can be deter-
mined. Compiling and analyzing the data obtained usually

produces a certain pattern of failing locations or specific
bit failures. Refer to the flow diagram in figure 5-1.

5-6 In the case of addressing problems in a 16K bank,
more than one 4K group of locations is usually affected.
Specific bit failures can normally be localized to a partic-
ular 4K group, since there are separate inhibit drivers and
sense lines for each 4K bank. See figures 5-2through 5-10.

5-7 If an entire bank is failing randomly, the failures can
normally be attributed tc temperature, incorrect timing ad-
justment, the M-register, incorrect adjustment of XY cur-
rents or threshold voltage, or a missing voltage. Refer to
figure 5-11,

Note
Turn off power before removing modules,

connectors, etc., from the memory door,

5-8 For further troubleshooting information, the following
manuals may be consulted:

925/930/9300 Internal Memory Stack Trouble-
shooting Guide, SDS 900689

930/9300 Memories Troubleshooting Manual,
SDS 900865
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Yes ?Zf(' | No = 16K Stack
‘ System
Which Lo
Stack?
Which
4K?
l |
1st 4K 0000 1
L2 7777 Specific No
‘ Pattern
2nd 4K | 10000 lYes
1 L2 17777
l 1st 4K 2nd 4K 3rd 4K 4th 4K
3rd 4K 120000 ONLY ONLY ONLY ONLY
L1 L2 27777
4th 4K 30000 °
L1 L2
[ 37777 A ) 15K Stack
0000-7777 0000-7777 10000-17777 20000-27777 00002
10000~17777 20000-27777 30000-37777 30000-37777 :
1st & '2nd 1st & 3rd 2nd & 4th 3rd & 4th ENTIRE
4K's 4K's 4K's 4K's BANK
ONLY ONLY ONLY ONLY

4K Stack
Addressing
Problems

Problems

8K Stack
e o260 00

900865A. 6

5-2

Figure 5-1, Memory Troubleshooting, Flow Diagram
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Inhibit Driver Sense Amplifier* nhibit Xformer Inhibit Lines Sense Lines*
o 20d0 Ma0 20do P33-A e A
" e Loc 5D %A2 g ) i
OMs1
. Z1do Mal Z1d0 P33-E n;-c
g BT " loesd 26A35 P33-F s
) 2240 Ma2 2240 P33-L Oj’:f_E
| toc32c Loc 7D 26A14 P33-M | e
3 23d0 Ma3 23do ] ek R °J~:‘7"‘_ )
" Locac g ) 2A33 P33-§ " o
‘ 24d0 Mad 2440 P33-W . On’;_L
Loc 32C Loc 9D o 26A19 P33-X 147-M
OMs5
5 o 250 Ma5 2540 P33-a ol N
Loc 28C Loc 9D 2%A38 P33-b 17-p
ONs5
s 2640 ol Mot 26d0 o P3-e o o=
Loc 28C Loc 11D %A9 P33-h 1S
; 27d0 Ma7 27d0 P33-m o:/:_/{_u
1 Loc2sC " Lecud 2A27 1 P33n oy
o Z8d0 Ma8 7840 P33-s °j':f_w
0 Loc 28C Loc 13D 26A5 7] p3s-t | Jax
R 29d0 Ma9 | z540 P33 On’;_y
Loc 28C i Loc 13D o 26A42 P33-y o V47-2
10 210d0 Mal0 Z10d0 | pas-es ol
Loc 32D Loc 15D 2A20 P33-CC o
16K Loc. 0000 - 7777
" 71140 Mall 71140 P33-DD °j’f7‘1
1st 4K Only v Loc 32D Loc 15D 26A11 P33-EE J47-:
Specific OMs12
Pattern 12 212d0 Mal2 21240 P33-HH e
Loc 32D M Lecid %A16 P33-JJ Yo
1 213d0 Mal3 Z13d0 | paskk °J":7' 3k
Loc 32D Loc 17D ™ 224 P33-LL g
” Z14d0 Mal4 Z14d0 P33-MM e,
" L3 ™ Lec19 ™ 243 ™ raNN i A
15 21540 Mal5 Z15d0 P34-A °3’f;5
"l tocsc Loc 19D g 8A2 P34-B ) 47:
6 Z16d0 Malé 216d0 P34-E 05’4‘7'i
" ocsc " Lc2ip P eass g B Yo
. 217d0 Mal7 217d0 P34-L 03":7‘:
" locsc Loc 21D g Y P34-M i I
18 o Z1840 Mal8 21840 o P e
Loc 8C | toc23p 8A33 P34-5 147y
19 21940 Mal9 21940 P34-W o 07
Loc 8C Loc 23D BAI9 P34-X YA
2 220d0 Ma20 | z20d0 P34-a 0”4‘72““
Loc 4C ”l  Loc 25D 8A38 P34-b j47:c %
2 22140 | M | z2140 P34-e oﬁ;loo
Loc 4C ™ Loc 25D g TS g TS o
» 222d0 Ma22 22240 P34-m e
Loc 4C Loc 27D 8A27 P34-n i 147-1)
23 223d0 Ma23 223d0 P34 0:1672_3“
Loc 4C Loc 27D 8A5 P34-t J47-LL
2 224d0 Ma24 o z24d0 ol P34 > 03’:72_‘MM
*4K or 8K Stack - Refer to (L) for Sense Line Loc 4C Loc 29D 8A42 P34-y J47-NN
900865A. 7

Figure 5-2. Memory Troubleshooting, First 4K Stack
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Inhibit Driver Sense Amplifier* Inhibit Xformer Inhibit Lines Sense Lines”
0 20d1 Ma0 Zod1 P33-C > 'S'fé’.A
™ e 29c Loc 6D 26A10 P33-D >
J48-B
. | 2t Mol 21d) P33-) > '5’34
Loc 29C Loc 6D 26A43 P33-K e
2 z2d1 Ma2 Z2d1 P33-N | w2
P Loc25¢ Loc 8D 26A12 P33-P > J48-E
J48-F
3 oz Ma3 Z3d1 P33-U I
Loc 29C Loc 8D 26A31 P33-V e
4 Z4d1 Ma4 Z4d) P33~y J ! j’:;_,_
Loc 29C Loc 10D 2A17 P33-Z J48-m
TS5
5 Z5d1 Ma5 25d1 P33—c 148N
Loc 25C Loc 10D 26A36 P33~ .
J48-P
1Ms6
6 26d1 R ™ Z6d1 P33k ol e
Loc 25C Loc 12D 247 P33-l
J48-5
; z7d1 Ma7 z7d1 P33-p N J”:; "
Loc 25C Loc 12D 26A25 P33 > -
148-V
s Z8d) Ma8 z8d1 P33y | M8
Loc 25C Loc 14D 26A3 P33-v J48-w
J48-X
. g2 Ma? 2941 P33z N ”’4‘: v
Loc 25C Loc 14D 26A40 P33-AA B 48
J48-2
10 o z1001 o Mar0 Z10d1 P34-BB o e
Loc 1D Loc 16D 8A20 P3d-cC e
16K Loc. 10000-17777 " 21141 | man Z1di P34-DD N ‘J"fa”
2nd 4K Only 1 LociD Loc 16D 8AI P34-EE > -<
Specific J48d
Pattern Z12d1 Mal2 Z12d1 P34-HH 1Ms12
12 Loc 1D P Loc 18D 8A16 P34-JJ J48-e
J48-h
13 Z13d1 Mal3 Z13d1 P34-KK w:gak
P e M Locisp 8A24 P34-LL 148
J48-1
14 214d1 | mars Z14d1 P34-MM W:g‘
Loc 1D Loc 20D 8A30 P34-NN > J48m
J48-n
15 Z15d1 Mal5 Z15d1 P34-C 134:815
Loc 5C Loc 20D 8A10 P34-D > P
J48-r
1% 216d1 Malé Z16d1 pad R w:;a
Loc 5C Loc 22D 8A43 P34-K 148
48t
v Z17d1 Mal7 Z17d1 P34-N 'J”:y
P Loc 5C Loc 22D 8A12 P34-P > v
J48-v
18 Z18d1 Mal8 Z18d1 P34-U . ‘ﬁgf
"l Loc 5C ®]  Loc 24D 8A31 P34-v i x
J48-y
19 ol 21941 Mal9 21941 P34-y N ‘J”:aw
8 - »> -z
Loc 5C Loc 24D A17 P34-Z oA
1Ms20
2 zf:: e o zg:g; b 448-88
J48-CC
Z21d1 Ma21 z21d1 P34-k TMs21
2 - > 148-DD
8 P34-|
Loc IC Loc 26D A7 T
» 222d1 Ma22 Z22d1 P34-p 1 j’::zHH
1 ¥ L 8A25 P34- > .
Loc 1C oc 28D r 14813
2 223d1 »l Ma23 2231 P34~y of "B
Loc 1C Loc 28D 8A3 P34~y Tt
28 Z24d1 Ma24 Z24d1 P34-z If:aszM
*8K Stack - Refer to (D) for Sense Lines Loc 1C Loc 29D 8A40 P34-AA 148NN

900865A. 8

Figure 5-3.

Memory Troubleshooting, Second 4K Stack
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Inhibit Drivers Sense Amplifier Inhibit Xformer Inhibit Lines Sense Lines
. 20d2 Ma0 2042 P35-A 25’&
3ic 5D 25A2 P35-B s
. A Mal 2142 Pa5-E J O
31c 5D 25A35 P35-F Yoo
) 2242 Ma2 2242 P35-L e
3¢ 7D 25A14 P35-M e
3 73d2 Mo3 2342 Pa5-R o e,
3c 70 25A33 P35-5 ek
. 2402 Mad Z4d2 P35-W N il
3c 9 25A19 P35-X e
5 o Z502 Mas 7542 P35-a S
27¢ 9D 25A38 PI5-b Y6op
. Z6d2 ol Mot 2642 P35 e
27¢ 1D 2549 P35-h Yot
5 2742 Ma7 2742 P35-m R
27¢ 11D 25A27 P35 Ry
o 2842 Ma8 2842 P35 e W
7 » > -
27¢ 13D 25A5 Pa5-t T
. o 7o Ma? 2942 P35 e
27¢ 13D 25A42 P35-y 1Y
10 Z10d2 o  Mar0 Z10d2 P35-88 2”4“;0
31D 15D 25A20 P35-CC T
16K 20000 - 27777 _—
" Z11d2 M Zhd2 P35-DD !
3d 4K 3D > 15D 25A11 P35-EE > j“:
Only
12 71242 Mal2 71242 P35-HH 25“:6‘:‘;
31D 17D 25A16 Pa5-JJ et
13 71342 Mal3 21342 Pa5-KK zmak
7 31D 17D 25A24 P35-LL v -
3461
e Z14d2 A M Z14d2 P35-MM e
> 31D 19D ™ 2sa3 P35-NN >
146
2Ns)
s 71542 o Mals 71542 P36-A . ﬁ‘éf’p
7c 190 7A2 P36-8 Y
1 Z16d2 Mal6 Z16d2 P36-E wee
7C 21D 7A35 PI6-F e
. 21742 Mal7 717d2 P36-L ZJ”:"ZU
7C * 21D 7A14 P36-M >
146y
ZMs18
18 o 1802 ol Mg 1842 P36-R N e
7C 23D 7433 P36-5 146y
19 o Z1502 Mal9 21942 P36-W o Aee
7c 23D 7A19 P36-X T
2% 22042 Ma20 22042 Pl N
ac 25D 7A38 P3%-b e
” 22142 Ma21 | z242 P3-e D
ac 25D 7A9 P36-h i
» 22242 Ma22 22202 P36-m e
ac 270 7A27 P36-n o
» 72342 Ma23 72342 P36 -5 e
c 27D 7A5 P36-t Tt
” 724d2 Ma24 724d2 P3b-x > zjfffMM
3c 29D 7A42 P36y TN

900865A 9

Figure 5-4. Memory Troubleshooting, Third 4K Stack
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Inhibit Driver Sense Amplifier Inhibit Xformer Inhibit Lines Sense Lines
0 70d3 Ma0 20d3 P35-C o s
30c 6D 25A10 P35-D s
2143 Mal 2143 P35- s
1 > »  45C
30c 6D P35-K
25A43 s
2 7243 o M2 7243 P35-N |32
> 30C 8D 25412 P35-P i IR
145-F
s 23d3 Mad 7343 P35-U o
30c 8D 25A31 P35-V Tk
4 ol  Z4a3 Mad 2443 P35-Y o el
30c 100 25A17 P35-Z Yo
5 2543 o Mas 543 P35-c 3Ms5
> 2%C 100 25A3% P35-d PS4
145-p
6 76d3 o Mt Z6d3 P35-K M6
2%C 120 25A7 P35-| i
145-5
; o 7 Ma7 27d3 P35-p e
2¢C 120 25A25 P35 Yoy
8 2843 Ma8 2843 P35y o e
2 4 - -
C 140 25A3 P35y T
. 2943 Ma9 2943 P35-2 N
2 - -
c 140 25A40 P35-AA Ty
10 ol z1083 o Mal0 21043 P36-88 o Vel
20 16D 7A20 P36-CC Py
16K
u Z11d3 | Mant Z11d3 P36-DD 3MsT1
4th 4K Only g 2D 16D 7AN P36-EE J45-¢
Speciflc 145-d
Pattern 12 71243 Mal2 21243 P36-HH a2
20 18D 7A16 P36-1 T
1 o z13a Mal3 21343 P36-KK e
> 20 18D 7A24 PR6-LL i N
1451
14 Z14d3 o Mal4 214d3 P36-MM e
20 20D 7A30 P36-NN v -
145-n
15 J| zisa3 Mal5 21543 P36-C | 3D
> 6C g ) 7A10 P36-D g I
1451
1 21603 Mal6 71643 P36-J | e
> 6C i 7A43 P36-K 45
1451
. 21743 Mal7 21743 P36-N e
6C 220 7A12 P36-P g
J45-v
18 Z18d3 o Mg 21843 P36-U o s
6C g 24D 7A31 P36-V -
145-y
19 o 21943 Mal9 21543 P6-Y vid
6C 24D 7A17 P36-Z Toaa
2 22043 Ma20 22043 P36 o S
2 2D 7A% Pa6d T
" 22143 | Mzt 72143 P36k 2]
2 %D 7A7 P36-I 445-DD
J45-EE
» 72243 Ma22 22243 P36-p 35’;‘52_2%
2 2D 7A25 P6-r Jam
» 22343 Ma23 22343 P36y I
2c 28D 7A3 P36y Tt
" 22443 Ma24 22443 P36z e
2c 290 7A40 P36-AA PRI
900865A 10

5-6

Figure 5-5.

Memory Troubleshooting, Fourth 4K Stack
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All Addresses
Ending in

15t & 2nd
4K's
ONLY

Only Addresses

Ending in ooxx | 1oxx | 20xx | soxx | soxx | soxx | eoxx | 7oxx
XOXX Dy0
(Octal) Loc 68 3‘:’.‘"‘:, Yo Y1 Y16 Y17 Y32 v33 | v48 Y49
A
g";'i{“‘f:"“” oixx | nxx | 2mxx | aixx | axx | sixx | eixx | 7ixx
X1XX Dyl S
Loc 6B Check Y2 Y3 Y18 Y19 Y34 Y35 Y50 Y51
Y Line
Orly Addresses | paxx | 12xx | 2axx | aaxx | azxx | osaxx | saxx | 72xx
X2XX Dy2 c
Loc 68 Check Y4 Y5 yo | va vis | vz | v2 | vs3
Y Line*
gn’;'iﬁ:‘i’:”““ oaxx | 13xx | 23xx | 3axx | 4sxx | saxx | e3xx | 73xx
X3XX Dy3 -—
Loc 6B ec
VAT Y6 Y7 v22 | vaz | vas vas | vsa Y55
A
ly Add
g:n{.: ] oaxx | o1axx | o2axx | saxx | oaaxx | osaxx | eaxx | 7axx
X4XX Dy4d —
Loc 4B Checl
< Y Line* Y8 Y9 Y24 Y25 Y40 Y41 Y56 Y57
g’;‘i{':?:”“” osxx | 1sxx | 2sxx | a3sxx | asxx | ssxx | esxx | 7sxx
X5XX Dy5 —
Loc 48 ec
lees Y10 i Y26 vz | va va3 | vse Y59
?ﬂ’;'i{‘:?:’“’“ 06xx | 1exx | 26xx | 3exx | aexx | sexx | eexx | 7exx
X6XX Dy6 —
Loc 4B Chec
e Yi2 viz | vz v29 | vaa vas | veo Y61
Only Addresses | o7 | 17xx | 27xx | a7xx | arxx | s7xx | erxx | 77xx
Ending in
X7XX Dy7
Loc 4B Check
ok, via | vi5 Y30 Y31 Y6 vaz | ve2 Y63

*Y Lines include the respective 0-7 sync switch,
transformer, and actual Y Line, into the stack.

900865A. 11

Figure 5-6. Memory Troubleshooting, First and Second 4K Stacks

5-7
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st & 3rd
4K's
ONLY
All Addresses
Ending in Check
Addresses
Ending In xx00 | xx10 | xx20 | xx30 | xx40 | xxs0 | xxe0 | xx70
XXXO Dx0
Loc 308 Check X0 X1 X16 x17 | xa2 | xs3 | xas | xa0
X Line
! .
Addl
Endi’:;’f: xxo1 | xxn | oxxa1 | xxar | xx41 | xxs1 | xxer | xxn
XXX Dx1
Loc 308 Cheek x2 | xs xie | x19 | x4 | xa5 | x50 | xs;
ine
Addresses
Ending xx02 | xx12 | xx22 | xxs2 | xxaz2 | xxs2 | xx62 | xxr2
XXX2 » Dx2
Loc 308 Check
M X4 x5 | x20 x2t | x6 | x| xs2 | xs3
:‘:;'i':;‘?: xx03 | xx13 | xx23 | xx33 | xx43 | xxs3 | xxe3 | xxz3
XXX3 Dx3
Loc 308 Check X6 x7 | xz2 | xe3 | xas | xs | xs4 | xss
X Line
Addresses
Ending n xxo4 | xx14 | xx2a | xx34 | xxas | xxs54 | xxea | xx74
XXX4 > Dxd
Loc 288 Check X8 X9 X24 x25 | x40 | x4 X56 X57
X Line*
Addresses xX05 | Xx15 | Xx25 xx35 | xx45 | xx55 | xx65 | xx75
XXX5 Dx5 fdisin
Loc 288 Check xio | xn X26 x27 x42 | xa3 X58 X59
X Line*
]
Addresses xx16 | xx2 XX36 7
Ending in XX06 XX26 xxds | xxs6 | xxes | xx76
XXX6 » Dxs
Loc 288 Check x12 | xi13 | xes x29 | xas | xa5 | xe0 | x&
X Line*
Addresses
Ending o xxo7 | xx1i7 | xx2z | xx37 | xxa7 | xxs7 | xxe7 | xx7
XXX7 » Dx7
Loc 288 Qe xie | xis | xao | x31 | xa6 | xar | xe2 | xe3

X Lines include the respective 0-7 sync switch,
transformer, and actual X Line into the stack.

900865A. 12

Figure 5-7. Memory Troubleshooting, First and Third 4K Stacks
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2nd & 4th
4K's
ONLY
All Addresses
Ending in Check
pldresses xx00 | xx10 | xx20 | xx30 | xx4o | xxs0 | xxs0 | xxz0
XXX0 o DOx10 S
Loc 298 Check | x68 | x5 | xeo | xer | xe6 | x7 | xnz | xu3
Addresses
Ending xxor | xxi1 | xxar | xxa1 | xxar | xxs;1 | xxe1 | xxn
XXX Dx11 —
Loc 298 ek, xé6 | xe7 | xe2 | xe3 | xo8 | xo9 | xna | xns
Addresses
Ending xx02 | xx12 | xx2z | xxs2 | xxa2 | xxs2 | xxe2 | xx2
XXX2 Dx12
Loc 298 f(",_’l:"e, xe8 | xe9 | xsa | x85 | xi0 | xi0 | xu16 | xu7
Addresses
Ending in xxo3 | xx13 | xxea | xxa3 | xxa3 | xxs3 | xxes | xx73
XXX3 Dx13
Loc 298 )C("L’I:';, x0 | xn xes | xe7 | xi02 | xi03 | xuie | xne
Q:;’:;‘f: xx04 | xx14 | xx24 | xxas | xxas | xxs4 | xxes | xx4
XXX4 » D4
Loc 278 )C(“f:"‘e, X72 X73 X88 X89 x104 | x105 | x120 | x121
Addresses
Ending n xxo5 | xx15 | xxas | xx3s | xxas | xxs5 | xxes | xxs
XXX5 Dx15
Loc 278 Check | X74 x75 | x0 | xo x106 | x107 | x122 | xiz3
b
Addresses
Ending xx0s | xx16 | xx2s | xxas | xxas | xxs6 | xxss | xxe
XXX6 Dx16
Loc 278 i";‘:"‘e xe | x7 | xo2 | xo3 | xio8 | xi09 | xiza | xi2s
E‘“:;':;‘f: xx07 | xx17 | xx27 | xxa7 | xxa7 | xxs7 | xx67 | xx77
XXX7 Dx17 -—
Loc 278 X Line® xt8 | xo | xea | x5 | xuo | x| xiz | xiz

*X Lines include the respective 0-7 sync switch,
transformer, and actual X Line into the stack.

900865A. 13

Figure 5-8. Memory Troubleshooting, Second and Fourth 4K Stacks

5-9
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All Addresses
Ending in

3rd & 4th
4K's
ONLY
?n';'iﬁ:f:"“" ooxx | 1oxx | 20xx | soxx | 4oxx | soxx | eoxx | 7oxx
XOXX » Dyl0
Loc 58 Check vea | ves | veo | var ves | vor | ynz | vns
Y Line*
Only Addresses | gixx | nixx | 2ixx | aixx | axx | sixx | osixx | 7ixx
XIXX Dyl 9
Loc 58 Check Y66 Y67 Y82 Y83 Y98 Y99 yia | yns
Y Line*
A
Only Addresses | opxx | 12xx | 22xx | aoxx | azxx | saxx | eaxx | 72xx
X2XX » Dby12 > =
Loc 58 Check ves | vés | ves | ves | vioo | vioo | vne | viz
Y Line*
Sﬂ’{'"iYnA’f:"”” oaxx | 13xx | 2axx | saxx | saxx | saxx | eaxx | 7axx
X3XX Dy13 > g
Loc 5B Check Y70 Y71 Y86 Y87 yi02 | vi03 Yie Y9
Y Line
A
Only Add
E.:uy,,g e oaxx | raxx | 2axx | saxx | aaxx | saxx | eaxx | 7axx
X4XX » Dyl4 >
Loc 38 Check Y72 Y73 Y88 Y89 vios | vio05 | vizo | vizy
Y Line*
A
g&'{.ﬁ‘f”“” 05XX | 15XX | 25XX | 35XX | 45xX | 55XX | 65XX | 75XX
X5XX » Dyl15 >
Loc 38 Check Y74 Y75 Y90 Y91 vios | vioz | viz2 | v123
Y Line
?n';';f‘:f:'“’” ooxx | 1exx | 26xx | sexx | aexx | sexx | esxx | 7exx
X6XX » Dyi6
Loc 38 shff", Y76 Y77 Y92 Y93 vi8 | vi09 | vi124 | vizs
ine
g';'irn:?:'“‘“ o7xx | wxx | zxx | wxx | axx | sxx | erxx | 77xx
X7XX »| oy17 —
Loc 3B $ffne Y78 Y79 Y94 Y95 Y110 Y Y126 Y127

*Y Lines include the respective 0~7 sync switches,
transformer and actual Y Line into the stack.

900865A. 14
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Figure 5-9. Memory Troubleshooting, Third and Fourth 4K Stacks
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Sense Lines

OMsO
J47-A
J47-B

OMs1
J&-C
J47-D

OMs2
J47-E
147 -F

OMs3
J147-)
J47 -K

OMs4
J47-L
J47-M

OMs5
J47-N
147-P

OMsbé
J47-R
147 -§

2Ms7
Jas-U
J46-V

2Ms8
J46-W
J46-X

2Ms9
Jas-Y
J46-Z

2Ms10
J46-a
J46-b

4K Stack

2Ms1]
J4b-c
J46d

2Ms12
Jdb-e
J46-h

8K Stack

UMs13
J47 -k
J47-1

OMs14
J47-m
J47-n

OMs15
J47-p
J47 ¢

OMs16
147
J47-t

OMs17
J47~
J47 -v

OMs18
J47 -x
J47-y

2Ms19
Jdb-z
J46-AA

2Ms20
J46-8B
J146-CC

21

2Ms21
J46-DD
J46-EE

22

2Ms22
J46-HH
J46-J)

23

2Ms23
J46-KK
J46-LL

24

2Ms24
J46-MM
J46-NN

1st 4K 2nd 4K
0 OMs0 3Ms0
1 OMs1 3Ms1
2 OMs2 3Ms2
3 OMs3 3Ms3
4 OMs4 3Ms4
5 OMs5 3Ms5
6 OMsé 3Msé
7 OMs7 3IMs7
8 OMs8 3Ms8
9 OMs9 3Ms9
10 OMs10 3Ms10
n OMs11 3Msi
12 OMs12 3Ms12
13 TMs13 2Ms13
14 TMs14 2Ms14
15 TMs15 2Ms15
16 TMs16 2Ms16
17 1Ms17 2Ms17
18 TMs18 2Ms18
19 TMs19 2Ms19
20 1Ms20 2Ms20
2 1Ms21 2Ms21
22 1Ms22 2Ms22
23 1Ms23 2Ms23
24 1Ms24 2Ms24

900865A. 15

Figure 5-10. Memory Troubleshooting, 4K and 8K Stacks
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OO O

ENTIRE
BANK

Misadjusted Memory Timing Signals @ Logic Voltages Misadjusted/Missing
(particularly Du5)
@ Transfer Paths & Control Signals to/from CP

@ M Register

Stack Temperature Too High/Low
VD/VZ Misadjusted/Missing

Threshold Voltage Misadjusted/Missing

900865A. 16

5-12

Figure 5-11. Memory Troubleshooting, Entire Bank
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SECTION VI
PARTS LIST

A parts list for the SDS printed circuit modules in the 930 Computer
is contained in the 925/930/9300 Computers Module Reference Data,
SDS 900623,

6-1/6-2
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Paragraphs 7-1 to 7-3

SECTION VII
DRAWINGS

7-1 INTRODUCTION

7-2 The logic diagrams, circuit schematics, and reference
drawings for the 930 Computer are given in the following
publications:

Publication
Publication Number
SDS 930 Computer Central Processor, 900592
Logic Layouts
930/9300 Memory, Logic Layouts 900620
925/930 Computer Basic Interrupt, 900608

Logic Layouts

Publication
Publication Number
925/930/9300 Computers, General 900619
Reference Drawings
925/930/9300 Computers, Module 900623

Reference Data

7-3 The power distribution and control console schematics
are not the same for all 930 Computers. The schematic
drawing numbers are shown by computer serial number in
table 7-1.

Table 7-1 Power Distribution and Control Console Schematics
POWER DISTRIBUTION SCHEMATIC
CONTROL
930 COMPUTER | Power Supply| Central | Input/Output CONSOLE
SERIAL NO. Cabinet Processor Cabinet SCHEMATIC NOTES
3100-3112 107770 107933 107826 Harrison Lab Power Supply, PX13 in I/O.
/0O has separate AC
3113-3136 110863 110775 109497 SDS Power Supply PX13 in 1/O
3137-3155 113136 113717A 113590 SDS Power Supply PX22, PX23 in 1/O
3156-3161 113841 1137178 113590 Control console hookup change
3162- 113841 113717C 113590 Serial No. 3170 uses 3156-61 schematic
3100-3118 107000A
3119-3155 1070008
3156- 107000D
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SECTION VIII
LOGIC EQUATIONS

The logic equations for the 930 Computer central processor and memory
are given in SDS 930 Computer Logic Equations, SDS 900636.
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In the following index, numbers following the topic refer to
the paragraph containing information on the subject. The
letter T before a number indicates the subject is contained
in a table; the letter F indicates the subject is contained in
a figure.

A
A- and B-Registers . ... ..., 3-52
Enable Paths . . ... ................. F-34

Access:

Direct . ...ttt it e 3-546
Memory ... oot e 3-135
Simultaneous Lzand Ls .. .......... 3-153
Time it i i e 3-10
ADC Instruction . . .. .............. 3-386, F3-50
ADD Instruction . . .. .. .. v i 3-373, F3-48
Adders . ..o i it e e e e 3-93
Full Adder ........... . ..., 3-105
Half Adder . ........... . v, 3-100
P+1Adder .......... ... 3-95, F3-11
Right Shift Adder . ............. 3-109, F3-12
Address Decoding . .. ........ 3-557, F3-83, F3-85
thru F3-87, T3-20 thru T3-22
Address Register for Direct Address Buffer . ... ... 3-80
Addressing, Central Processor . ............. 3-543
Addressing Modification Feature ........ 3-90, F3-10
Installation . . . ..o i v i oL, 4-18, T4-6
Addressing, Stack . .. ..... .. L L., 3-572, 3-541
Adjustments .. ..o i e 4-33
Drive Line Voltage . . ... ......... 4-43, F4-8
Inhibit Voltage. . ... ... ... .. ..., 4-43, F4-8
One-Shot . .. ......oo. .. 4-39, T4-14, F4-7
Temperature. . . . . e N 4-35, F4-6
Threshold Voltage . . . o v v v v e v v i et 4-41
ADM Instruction . . . . ... e 3-408, F3-54

B
Blocks, Memory . ............ 3-582, F3-90, 3-91
BREAKPOINT Pushbuttons . . .. .. ........... 3-207
BRM Instruction .. .o v v v v v v i e v nn o 3-325, F3-41
BRR Instruction . . . ................ 3-351, F3-44
BRU Instruction .. ........c.vu... 3-253, F3-23
BRU I Instruction . .. ... v 3-256, F3-24
BRX Instruction. . . ... v i v i i i v v 3-319, F3-40

C
C-Register . ...t eeneennan 3-55
SET Pushbuttons . .. ................. 3-195

C-Register (Cont. )

Enable Paths . ... ...... ... ... F3-5
Cable Installation . . .. .o oo v v i T4-3
Checkout. v v v vt it it it e e e e e 4-25
CLEAR Pushbutton . . .. .. e e e 3-193
Clear-Write Cycle . ...... ... ... oL, 3-538
Clock e v v v it it it it s e e it it e 3-29
Complementing A~Register. . . .. ............ 3-341
COMPUTER ENABLE Switch . . ... ..o ... 3-198
Control Console . . ... .o v i it i i ii i, 3-164

Installation . .. ....... e 4-2, F4-1, F4-2
Controls .. .....co ... 2-3, T2-1, F2-1

BREAKPOINT Pushbuttons . . .. .......... 3-207

CLEAR Pushbutton . . . ... ... v v v 3-193

C-REGISTER SET Pushbuttons . . . ......... 3-195

FILL Switches. . .. ........ 3-173, T3-8, F3-18

HALT CONTINUE Switch . . .. .......... 3-200

HOLD Switch . . ... i ii i i i, 3-171

I/0 DISPLAY SELECT Switch . .......... 3-167

MEMORY CLEAR Pushbuttons. . .. .. oo v .. 3-203

REGISTER Select Switch . .. ... 3-183, 13-8, T3-9

RUN IDLE STEP Switch. . . . .. ... v v v .. 3-209

START Pushbutton . .. ................ 3-169
Corrective Maintenance . . . . .o v v v v v v e v 4-29
Counter:

Phase . . . .t ittt e e e 3-36

Pulse . .. it e 3-33
Cycle, Machine . .. ... ... .o oL, 3-36

Cycles, Memory
(see Memory Cycles)

D
Decoding:

Address. . . . ..o v i 3-557, T3-20 thru T3-22
F3-83, F3-85
X-Transformer . ...... e e 3-559, F3-83
Direct ACCESS © v v v vttt it ettt e 3-546
Displaying Memory Contents . .. .. .......... 2-14
DIV Instruction. . . . ..... ... .. ..... 3-427, F3-57
Drive Line Selection . ...... 3-557, 3-559, F3-83 thru
F3-87, T3-20 thru T3-22
Drive Line Voltage Adjustments . .. ...... 4-43, F4-8

E
EAX Instruction . ... ... v e 3-511, F3-74
EOD Instruction . . v v v v v v v vt e v v e s 3-264, F3-26
EOM Instruction . . . . . v v v v i v v v 3-262, F3-25
EOR Instruction . . ... vvvivvueneenn 3-282, F3-31

I-1
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ERROR INPUT/OUTPUT Indicators .. ......... 3-219
ETR Instruction . . . ... ... .o v v .. 3-277, F3-29
Execution Time . ................. 3-10, T3-1
EXU Instruction . ..o v v v v e v v v, 3-287, F3-33
F
FILL Switches. . .. .. .......... 3-173, T3-8, F3-18
Forced Air Cooling, Installation. ... .......... 4-4
Full Adder. . .. ..... ... ..., 3-105
Functional Description . . .. ............ 1-14, F1-2
FUses . v i i it it i e e e e 1-24, T1-3
G
Glossaryof Terms . . . .. oo v v it i i i i e et T3-3
H
Half Adder . . ...... ... ... .o, 3-100
HALT CONTINUE Switch . . .............. 3-200
HALT Indicator ... ... ..., 3-217
Hardware Mechanization . ... ............. 3-42
Heating, Memory ... ..... 3-611, F3-103 thru F3-105
HLT Instruction. . . . . .o v v i i i i on .. 3-249, F3-22
HOLD Switch . .. ... i i i i e e 3-171
I
Index Register (X) .. .. .. .u v innunnnn 3-58
Indexing . . .. .o v il e 3-240, F3-19
Indicators . . ... i i i i 2-3, T2-1, F2-1
ERROR INPUT-OQUTPUT Indicators . ...... 3-219
HALT Indicator. . . . . v v v it i e e i i e e n s 3-217
INTERRUPT ENABLED Indicator . .. ...... 3-225
MEMORY EXTENSION Indicators . ...... 3-221
MEMORY PARITY Indicator. . . ... ...... 3-227
OVERFLOW Indicator . ..o v v v i e v v . 3-215
PROGRAM LOCATION Indicators . ...... 3-223
REGISTER DISPLAY Indicators .. ........ 3-229
Indirect Addressing .. .............. 3-242, F3-20
Inhibit System . . ... ... ... . i, 3-577
Drivers « v v v v it i e e e e 3-585, T3-23
Lines . . i i e e 3-580
Inhibit Voltage Adjustments .. ......... 4-43, F4-8
Input Power Wiring . . ........... 4-10, F4-4, F4-5
Installation . . ..o i i i e e e 4-1
Addressing Modification . . ... ....... 4-18, T4-6
Control Console . . ... ........ 4-2, F4-1, F4-2
Forced AirCooling . . ..... .o, 4-4
Manual Memory Write Lockout. .. 4-21, T4-7, T4-8
Parity Interrupt . .. ... ... ... . 4-16
Procedure . ............. 4-14, T4-3 thru T4-5

I-2

Installation (Cont. )

Programmed Memory Write Lockout . 4-22,
thru
Instruction Register . .. .. ............ ...
Enable Paths .. ....................
Instruction Set . oo v v i et
Instructing Timing . . .. . oo v i it it i e
Instructions .. .... R 3-12,
ADD . ... e e e 3-373,
ADC . .. e e e 3-386,
ADM . ... e 3-408,
BRM . 3-325,
BRR . . e e 3-351,
BRU . ..... .., 3-253,
BRUI. ........ ... ..., 3-256,
BRX e e 3-319,
DIV e e 3-427,
EAX . e e e 3-511,
EOD ... it it 3-264,
1 3-262,
EOR . ... i i i e 3-282,
ETR i e e 3-277,
EXU ... . 3-287,
HLT e e e e e e 3-249,
LDA . .. . e, 3-508,
LDB . .. e 3-505,
LDX .. e 3-480,
MIN ... 3-400,
MIW 3-270,
MIY e e
MRG ... .. e 3-280,
MUL ....... ... ., 3-413,
NOP ... i i ettt e e 3-28
PIN ... i 3-296,
O 3-274,
RCH .. i i 3-330,
SKA .. e 3-484,
SKB it e e e 3-355,
SKD . i e 3-496,
SKE . . i e e e e .. 32345,
SKG ... 3-490,
Shift Series . . ..o it 3-449,
SKM o 3-474,
SKN .. 3-361,
SKR e 3-392,
SKS o 3-310,
STA L e 3-301,
STB it e e 3-306,
STX i e e e 3-308,
SUB &ttt e e 3-367,
SUC .. e 3-379,
WIM . e 3-291,
XMA e 3-405,
YIM o e
INTERRUPT ENABLED Indicator . .. ... v v v v ..
I/O DISPLAY SELECT Switch. .. ...... P :
Interrupts . . . oo o i e 3-155,

T4-9
T4-11

. 3-64

F3-48
F3-50
F3-54
F3-41
F3-44
F3-23
F3-24
F3-40
F3-57
F3-94
F3-26
F3-25
F3-31
F3-29
F3-33
F3-22
F3-73
F3-72
F3-68
F3-52
F3-27
3-268
F3-30
F3-55
F3-32
F3-35
F3-28
F3-42
F3-69
F3-45
F3-71
F3-43
F3-70
F3-60
F3-67
F3-46
F3-51
F3-39
F3-36
F3-37
F3-38
F3-47
F3-49
F3-34
F3-53
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Interrupts (Cont.)

Parity . oo e 3-160
Write Lockout . ... ... o i oo, 3-609
J
Jumper Modules . . ................ 3-552, T3-19
JzRegister ... .. . e 3-80
L
Lamps « v i e e e 1-24, T1-3
LDA Instruction + v v v v v v v v v e e nnn. 3-508, F3-73
LDB Instruction. « v v v v v v v it v i e e 3-505, F3-72
LDX Instruction . . v v v v i v i v i v e v n 3-480, F3-68
Leading Particulars .« .o oo o i oo 1-22
Left Shift Two ... .o v i i i ... 3-128, F3-15

Lockout, Write
(see Memory Write Lockout)

Logic: ]
Mechanization . . .. .. o oo 3-45, F3-2
Symbols . ... v i e T3-4
Logical Elements . .. .... ... .. ..., 3-16
M
M=Register . .. ... i e 3-78
Machine Block Diagram . .. ..o v i i i i i n .. F3-3
Machine Cycle .. ... oo, 3-31
Maintenance:
Corrective v v v v it ittt i i i 4-29
Preventive. . . v v v v v i vt i ittt 4-27

Manual Memory Write Lockout
(see Memory Write Lockout)

Matrix, Decoding . .. .o v v v i 3-559, F3-83
Memory :
ACCESS v v v v ittt i e e e 3-135
Address Register . . ... ... i i 3-71
Blocks . ............. 3-582, F3-90 thru F3-92
Changing Contents of . . ... iv i 2-8
Changing Upper 16K . . . ... .. oot 2-10
Contents, Displaying . ... ... .. oot 2-14
Cycles v o v i it 3-526
Clear-Write . ... vvv i v i i, 3-538
Read-Restore . ... ... i 3-529
Timing « v oo vv v i i it 3-530, F3-80
Expansion . ........ .. oo 4-23, T4-12
Extension Registers . ............. 3-84, F3-9
Heating . ... ....... 3-611, F3-103 thru F3-105
Operation . v v v v v vt it 3-516
Quadrants . « v v v v i e e 3-582, F3-90
thru F3-92
Stack v v v v 3-523 thru 3-525,

F3-77 thru F3-79

Memory (Cont. )

Write Lockout. . v v v v v v i i i eee.. 3-594
Installation . ... .o v\ 4-20, T4-7 thru T4-11
Programmed . .. ......... 3-600, 4-22,
T4-9 thru T4-11
Manual. ... .. ov i 3-606, 4-21,
F3-102, T4-7, T4-8
Interrupt . . .. oo v i i il 3-609
Jumper Modules . . .......... 3-602, T3-26
Memory Blocks . . ........... 3-601, T3-25
Switches . . .. ........ 3-25, 3-607, F3-102
MEMORY CLEAR Pushbuttons. . . v v v v v v v vn W 3-203
MEMORY EXTENSION Indicators . .......... 3-221
MEMORY PARITY Indicator. . .. v v v v v v v v vt 3-227
MIN Instruction . . ... ............. 3-400, F3-52
MIW Instruction . . . ....... ... 3-270, F3-27
MIY Instruction . ... i ittt i i 3-268
Modules .. ................ 1-26, T1-3 thru T1-6
MRG Instruction . . ... oo v i ve L., 3-280, F3-30
MUL Instruction . .. ..o v v i i i i e vnvnn 3-413, F3-55
N
NOP Instruction . . . .. v v vt vi v ve v 3-284, F3-32
O
O-Register . .. v vi ittt ittt ii ittt 3-63
One-Shot Adjustments . .. ........ 4-39, T4-14, F4-7
Operating Instructions . .. ..o v v ii v v e o, 2-5
Options « v v v ittt ittt i i i i e e 1-17, T1-1
OVERFLOW Indicator . .. .o vs v i i i v nnn. 3-215
P
P+l Adder . ... ittt it e e e 3-95
Parity . . e e 3-140
Parity Interrupt Option. . . .. ... oo v vt oL 3-160
Installation . .. ... ... . i, 4-16
Phase:
Control . i it i e e 3-34
Counter. v v i it i e e e e e 3-36
Physical Description . ... ....vvvv ... 1-5, F1-1
PIN Instruction. . .. .. .. i e .. 3-296, F3-35
POT Instruction . . v o v v v vv v i i e n 3-274, F3-28
Power Distribution:
A-C e 3-615, F3-106
Central Processor . .. ................ 3-615
Power Supplies . . .. ... ... ... .. ... 3-615, T3-27
Power Wiring, Input ............. 4-10, F4-4, F4-5
Preinstallation Considerations . . ............. 4-12
Preventive Maintenance . . . . ... v v i i i i 4-27
Priority Logic .. ... ... . oo 3-548
Program Counter . . . . . v v i it it i e 3-68

I-3
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PROGRAM LOCATION Indicators ., ., ......... 3-223
Programmed Memory Write Lockout
(see Memory Write Lockout)
Programmed Operator. . . .. .. ........ 3-244, F3-21
Programming .. ......... .00t 2-18
Pseudo-NOP Instruction . . . . ... ..o vu... 3-286
Pulse Counter. . .. ... ... ..o, 3-33
Q
Quadrants, Memory, ., . ...... 3-582, F3-90 thru F3-92
R
RCH Instruction . . .. .. ... ... u... 3-330, F3-42
Read-Restore Cycle . . . ... ............... 3-529
Register:
Clearing . . iviiii i i i i e 3-338
Transfers . . .. .......... e 3-337
Registers . . . v v v vs i ie i ie e enne e 3-47, T3-5
Aand B ... . . e e 3-52
Address, for Direct Address Buffer (Jz) . ... .. 3-80
C e 3-55
Enable Paths . .. ... ... ... . .. . T3-6
Index (X) .................... 3-58, F3-6
Input/Output Data Rn) .. .............. 3-82
Instruction (O) . .. v i i i 3-63
Memory Address (S). .................. 3-71
Memory Data. .. .................... 3-78
Memory Extension (EM) . ... ........ 3-84, F3-9
Program Counter (P) . ... .............. 3-68
T 3-82
Write Lockout . .. ......... 3-599, F3-101
REGISTER Select Switch . .. ....... 3-183, T13-8, T3-9
REGISTER DISPLAY Indicators . .. ........... 3-229
Right Shift:
Adder . .. ....... ..., 3-109, F3-12
One ...t 3-118, F3-13
Three . . .. ... it i 3-124, F3-14
RUN IDLE STEP Switch . .. ............... 3-209
S
S-Register . . .. ... ... e e 3-71
Sense Windings . . ..........0..... 3-593, F3-100
Sensing System , ., . ... ..., ... ..., 3-588, F3-96
thru F3-98
Shift Circuits , . .. ... . ittt iin 3-117
Left Shift Two .. .............. 3-128, F3-15

Right Shift One . .. ............ 3-118, F3-13
Right Shift Three ., ............ 3-124, F3-14
Shift Series . .. ....... ... ... 3-449, F3-60
Sign Determining Circuit 3-131, F3-16
SKA Instruction 3-484, F3-69

............

-4

SKB Instruction, . .. ..........0vv.. 3-355, F3-45
SKD Instruction . .. ... vv i v 3-496, F3-70
SKE Instruction ., ... ... .00 3-345, F3-43
SKG Instruction , .. ... e e e e e e 3-490, F3-70
SKM Instruction , . ... .... v, 3-474, F3-67
SKN Instruction , ... .......vvu... 3-361, F3-46
SKR Instruction, . .. vvvvvvin i e, 3-392, F3-51
SKS Instruction., . . . .o v v s e e i ee 3-310, F3-39
Special Test Equipment, ., .. ............... 4-31
Specifications .. ................... 1-22, T1-2
STA Instruction., . .. ... vvvnvvnnn.. 3-301, F3-36
Stack:

Addressing. . .. ..., 3-572

Memory

(see Memory Stack)

START Pushbutton 3-169

......................

STB Instruction 3-306, F3-37

...................

STX Instruction, . . . v v v e v e s e v e nns 3-308, F3-38
SUBInstruction. . .. .........0vv... 3-367, F3-47
SUC Instruction , ,...... e .... 3-379, F3-49
System Arrangement, ., ....... 4-8, F4-3, T4-1, T4-2
T
Temperature Adjustment . . .. ........... 4-35, F4-6
Test Equipment, Special . . . ... ............ 4-31
Threshold Voltage Adjustment , . .. .......... 4-41
Time Share . . .. ... .. . it iiinnn 3-148
Interlace Time Share . ., . .. ............ 3-150
Timing L Lt i i e e e e 3-28
Transformers, X, Y . ... ... ... . ..., 3-559, F3-83
Turn=-Off Procedure . . . ... ... ..., 2-16
Turn=On Procedure , . . .. .. ............... 2-6
W
WIM Instruction . . . ........ ... ... 3-291, F3-34
Wiring, Input Power .. ........... 4-10, F4-4, F4-5
Word Format . .. .. ... it 3-17
DataWord . .. .. ..........c.cuv... 3-19
FixedPoint . .. .. .................. 3-21
Floating Point . ... ................. 3-22
Instruction, . . ... ... ... 3-23
Write Lockout
(see Memory Write Lockout)
Write Lockout Register . . ., . ... ............ F3-101
X
X-Register . ... ...... e 3-58
XMA Instruction ..., . ..., 3-405, F3-53
Z
ZLines ... e e 3-580

Z Drivers

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



