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SERVICE SHEET 7B
PRINCIPLES OF OPERATION

This portion of the circuitry generates the trigger that
establishes trace point for a run of data acquisition in
the state mode. When 16 bits of state information are to
be captured, only the trigger memory on assembly Al is
monitored. When the 24-bit state mode is selected, the 16-
bit trigger memory is ANDed with the 8-bit trigger
memory on assembly A4. This ensures that all 24 bitsin
the trigger word will be true before generating 1L.16/
24STG(ECL) (Low 16/24-bit State Trigger, ECL).

When a specified state trigger is recognized, the trigger
memories supply L16/24STG(ECL), activating Ul6A
through U16D. When U16B activates, it places high
states on the D input of U20A and the J input of U34A.

Trigger Occurrence Memory. The function of U34A is to
remember that a trigger has been recognized atleast one
time during a trace. The high state from U16B is clocked
into U34A, setting the Q output high. It remains high for
the rest of the trace, performing many enable functions.

Trigger Delay Equal 10 0. If the operator has chosen delay
equal to 0, the microprocessor loads a high state on pin 4
of U22. This forces pin 8 of U21 low. When the selected
trigger memories are valid, U50C switches low. This
forces U47C high, releasing the clear input of U34B. The
J input of U34Bis always high, except when delaying by
trigger occurrences. Therefore, the next qualified clock
will issue H16TDLY (High 16-bit Time Delay) from
U34B.

Pin 6 of U36 is always high, except in the 8-bit triggers
16-bit mode. When trigger recognition is clocked into
U34A, the high Q output is applied to pin 5 of U36,
completing the AND function, and generating L1I6TRC
(Low 16-bit Trace Point).

Delay Register. Before beginning a data-acquisitionrun,
the microprocessor loads the delay register with the
trigger and delay selections made in the 16-bit or 24-bit
state menu. U23, U24, and pins 10 through 13 of U22
contain a 24-bit number which represents terminal
count minus delay in the delay counter. This is loaded
into the delay counter during LRST, a 900-ns reset
period from the microprocessor. LRST switches U31C
output high, switching U19B low, clearing U20A and
U34A.

The low state from U34A is applied to the parallel-
enable inputs of U9 through U13, forcing them to load
the delay state from the delay register during the rising
edge of the first clock. After the trace begins and trigger
recognition occurs, U34A switches its output high, re-
leasing the parallel-enable inputs of the delay counter.

Delay Control. A high Q output from U20A enables the
delay counter to count the delay period. The Q output of
U20A is always high due to a low on pin 4, except when
delay by trigger occurrences is selected. In this mode,
U20A only enables the delay counter during clock
periods which include a recognized trigger.

Delay Gate U21 and Associated Circuitry. The delay gate
activates trigger, reset, and enable circuitry when it
provides a low output. This low output is generated in
one of three different ways, depending on the mode of
trigger delay: during the entire run when delay = 0 is
selected; after recognition of a related number of inter-
nal clocks when delay by time is selected; and after
recognition of a number of trigger occurrences when
delay by occurrences is selected. The logic for each of the
three delay conditions is explained in the following
paragraphs.

When delay equal to 0 is selected, pin 4 of U22 is high.
This enables one AND function of U21, forcing its out-
put low for the entire run.

When delay not equal to 0 is selected, several outputs
from the delay counter are applied to U21. U13 contains
the four most significant bits in the delay counter. When
these four bits are 1111 (terminal count), U13 supplies
enable voltages to the two AND functions dedicated to
time and occurrence delays.

U8B also supplies enable voltages to the same two AND
functions. U8B delivers a high output on counts 14 and
15 in U9 (the least significant bit counter).

If trigger-occurrence delay is selected, then the top AND
function in U21 is used. In this mode, the final enable is
supplied by U8A. It decodes all odd numbered states
from U9 and forces U21 low when U9 reaches count 15
and the output of U20A is high (next trigger recogni-
tion).

Delay Gate and Trace Point Circuitry. In delay by trigger
occurrences, the output of U21 switches low at the end of
the delay period established in the menu. In delay by
clocks, the output of U21 switches low one clock before
the end of the delay period established in the menu. In
delay equal to 0, U21 output is low from the start of the
trace due to a high state on pin 4 of U22.

The low output from U21 performs the following three
functions: (1) it releases U47D (this removes the clear
from U20B, enabling the reset function); (2) it releases
U47C (this allows generation of a trigger through U34B
as long as 8-bit and 16-bit valid memory conditions are
correct); and (3) it forces U49A and U49B high (this
provides H16STE and H8STE to enable the 8-bit and 16-
bit memory counters for data acquisition.
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Figure 843. Block Diagram, 16-bit Data-acquisition Section for Schematic 7B
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Model 1615A

U34B sets when the trigger plus delay specification is
met. This high output is supplied to A3 where it triggers
the 8-bit machine in the 16-bit triggers 8-bit mode. It also
enables one AND function in U36. When U20B sets, its
Q output initiates the reset cycle through U33B.

Trigger Gate. U36 generates L1I6TRC (Low 16-bit Trace
Point). This enables the 16-bit memory index counter to
limit the contents of the state memory during START
display modes. In END display modes, L16TRC stops
the run. It also activates the 16-bit ARMS 8-bit AOI on
A3. U36 generates L1I6TRC in the following three

conditions:

1. When 16-bit trigger plus 16-bit delay specification
is met in the state circuitry.

2. During 8 ARMS 16, after arming of the 8-bit is
complete and the 16-bit trigger arrives.

3. When in 8 TRIG 16 mode and all 8-bit trigger
requirements are met.

The low L16TRC is inverted through U31D and applied
to pin 9 of U36. Pin 10 of U36 is high, except during
microprocessor reset, so U36 maintains L1I6TRC until
after the trace is complete. Pin 9 of U32Cis setlow at the
beginning of a trace by the run/halt flip-flop. When U36
generates L16TRC, the high transition from U31D
switches U32C low, providing the transition to the
16/24-bit TRACE OUT connector on the rear panel.

Reset Period and Oscilloscope Trigger Generation. U20B
initiates the reset period. Its Q output switches high at
the same instant that U34B generates HI6TDLY. The
high from U20B is applied to pin 10 of U33B. Pin 9 of
U33B is high after trigger recognition in U34A so U33B
switches low. Part of this low state initiates the oscillo-
scope trigger in U32A. Pin 3 of U32A is always low
except when the microprocessor is loading the trigger
memories. The low transition from U33B forces U32A to
generate a positive-going trigger to the 16/24 BIT TRIG
OUT connector on the rear panel. This is used for syn-
chronizing an oscilloscope to observe electrical occur-
rences coincident with the 1615A trace point. U32A gen-
erates a new trigger every time the 1615A recognizes its
trigger plus delay, even though U36 only initiates data
acquisition the first time that the trace point is recog-
nized.

The low reset transition from U33B is also coupled
through C14 to switch U31C high. The high output from
U31C forces U19B to clear U20A and U34A, parallel-

enabling the delay counter to terminal count minus
delay, TJ21C algo clears U20R through UU47D, preparing

il [QaSL LIRS VLUV LIMIOURE UaS

the c1rcu1try to generate the next oscﬂloscope trigger
when the next trace point occurs.

Valid Memory Recoghnition. Trigger plus delay flip-flop
U34B is normally held in the cleared state either by a
high from U21 (before the end of the selected delay), or

Service

by a high from U50C (when it detects that either the 16-
bit or 8-bit data memories are not valid).

In all trigger modes except 16-bit nrm.s/ trigger 8-bit,
U49C holds U48B in the preset state. This allows
H16VME to control the holdoff of U34B through U50C
and U47C. In START display modes, HI6VME is high
from the beginning of the run so U34B is released to the

control of delay gate U21.

In END display modes, U34B is held in the cleared state
by U50C until after a full 256 bytes of valid data has
been captured in the 16-bit memory. To do this, H16
VME remains low until the 16-bit memory has advanced
a full 256 counts. Then H1I6VME switches high, releas-
ing U34B to the control of U21.

During 16-bit arms or triggers 8-bit modes, L16AT8
forces U49C high. This removes the preset state from
U48B, preventing recognition of HI6VME in U50C.
H8VME will switch high only when the 8-bit memory is
valid. This will be clocked into U48B. Then U50C will be
able to recognize HI6VME. This ensures that the 8-bit
asynchronous memory and the 16-bit synchronous
memory will both be valid before recognition of trace
point. The 1615A can not display partial timing dia-
grams; without this additional holdoff, the 1615A would
show a full timing diagram with no distinction between
that portion of the diagram which contains valid data
and that portion which would not contain valid data.

8 Arms 16 Logic. This circuit holds off 16-bit trigger
recognition until after the 8-bit trace point has occurred.
Prior to a run in this mode of triggering, the micro-
processor sets pin 6 of U22 high. The LRST (Low Reset)
period at the beginning of each run presets the Q output
of U38A high. U19B ANDs these two high states and
clears U20A and U34A, preventing trigger recognition
and delay counting.

U33A is activated by the high state from pin 6 of U22
and the positive edge of the strobe generator pulse. It
provides clock pulses to U38A. When the trace point is
recognized in the 8-bit instrument, LETRC switcheslow.
This low is clocked into U38A, forcing the output of
U19B high. This releases U20A and U34A to recognize
the 16-bit trigger and start the delay counter. The Q of
U38A enables the AND portion of U36 which responds
to 8-bit triggers 16-bit mode with internal clock.

8 Triggers 16 Logic. This circuit allows the 8-bit trace
point signal (L8TRC) to initiate the 16-bit trace point
from U386 (L16TRC). Prior to a run in this mode of trig-
gering, the microprocessor sets pin 3 of U22 high. U19B
holds off trigger recognition and delay counting just as

in 8 ARMS 16 mode.

U33A is activated by the high state from pin 3 of U22
and the negative edge of the strobe generator pulse. It
supplies clocks to U38A. When L8TRC switches low (8-
bit trace point occurs), U38A changes states. U36 ANDs

8-75
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ot

he high Q from U38A with the high state from
22 and generates L16TRC.

c

The bottom AND gate in U36 is enabled when the 8-bit
triggers 16-bit mode is selected during use of an external
clock. It ANDs the high 8 triggers 16 from pin 3 of U22
with the 8-bit trigger recognition and time delay from
assembly A3.

Delay by Trigger Occurrences. In this mode, the micro-
processor sets pin 5 of U22 high prior to run start. This
removes the preset from U20A. The Q output of U20A is
only clocked high after each trigger recognition, and
clocked low again during periods of nontrigger recogni-
tion. This allows the delay generator to count only those
clocks that occur immediately after each trigger
recognition.

Pin 11 of U17E also receives the high from pin 5 of U22.
This forces pin 10 low, cutting off VR1. Now U16D
places a high state on the inputs of U34B and U20B only
during those clock periods which include a recognized
trigger. This prevents generation of LI6TRC during
other clock periods.

Model 1615A

24-bit Trace Events with Delay = 0 Logic. The micro-
processor sets pin 4 of U22 high before starting arun in
this mode. This enables U16A and U16C by connecting
them to Vgg through U35C. In this condition, U16A and
U16C previde high outputs only when a trigger is
recognized. Their high states are connected through hot-
carrier diodes to the count-enable-parallel inputs for the
memory index and memory address counters in the 8-bit

and 16-bit instruments.

In trace trigger events with delay not equal to 0, pin 4 of
U22 is low. This sets U35C to provide a steady high
output, forcing the outputs of Ul6A and U16C high,
regardless of trigger recognition. In this mode, H16STE
and H8STE are supplied through U49A and U49B, as
controlled by delay gate U21. This circuit holds off
counting in the memory address and index counters
until the end of the delay period.

In all other modes of operation, U49A and U49B provide
steady high states to continuously enable the counters.

SIGNATURE ANALYSIS FOR SCHEMATIC 7B.
The signatures on this schematic are obtained by using
DSA Setup A. The red letters on the schematic signify
the DSA setup to use when observing the signature on
the adjacent IC pin. The setup and signatures are listed
below. For further information, refer to TROUBLE-
SHOOTING WITH SIGNATURE ANALYSIS at the
beginning of this Section.

DSA SETUP A.

1. Remove assembly A2 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A2,
and install A2 on the extender.

3. Remove microprocessor board A5 from the 1615A
mainframe and proceed as follows:

a. Remove A5U12 and A5U24,
b. Find DSA jumper beside microprocessor. Re-

move DSA jumper from NM (normal) terminals and
reinstall it in the SA terminals.

8-76

c. Connect signature analyzer start line to A5U1
pin 15.

d. Connect signature analyzer stop line to A5U1
pin 10.

e. Connect signature analyzer clock line to A5TP8
(use pin 17 of A5U11 if A5 is part number 01615-66505).
This is the DBIN line from the microprocessor.

4, Reinstall A5 in 1615A mainframe.

5. Set up signature analyzer as follows:

START ..ot i
STOP ..o I
CLOCK ..ot T

Signatures for DSA Setup A (Schematic 7B)

Pin Signature
VH A2U3-14 C690
A2U22-2 FHPA
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Figure 8-44.

Trigger and Delay (P/O A2) Schematic
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SERVICE SHEET 7C

PRINCIPLES OF OPERATION

U53 is enabled when the microprocessor reads the
status of circuits within the 1615A. U25A is used by the
microprocessor to latch the trigger and clock
specifications for each data-acquisition run.

External Trigger. The external trigger signal from the
clock probe is connected through assembly Al to U41A
on assembly A2. U41A supplies the trigger waveform
and its complement. The state on pin 19 of U25
determines which slope of the waveform will trigger the
1615A. When pin 19 of U25 is high, U42A is enabled
through U43B; this selects the positive edge trigger.
When PETRG (ECL) switches high (negative edge

switches low), UU42B clocks 1J26A. This sets the Q of
U26A high. With arrival of the next PSSCLK(ECL)
(positive-edge 8-bit sampling clock, ECL), U26B will
provide the 8-bit asynchronous trigger condition. At
this point, the Q output of U26B sets U26A, returning it
to the pretrigger condition. U28A prevents operation of
U26B, except when the external trigger is selected.

Slow-clock Detector. When U38B is clocked, its output
switches high. When the microprocessor reads status
through U53, the high HDB4 is interpreted as a normal
condition. After reading the high, the microprocessor
clears U38B through HDB5 on U52C. A predetermined
time elapses before the microprocessor again reads the
output of U38B. If a clock has occurred during that
period, HDB4 will again be high. If no clock has
occurred, HDB4 will be low and the microprocessor will
place the SLOW CLOCK notation on the 1615A CRT.

Service
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Model 1615A

SIGNATURE ANALYSIS FOR SCHEMATIC7C.

The signatures on this schematic are obtained by using
DSA Setups A, C, and D. Thered letters on the schematic
signify the DSA setup to use when observing the signa-
ture on the adjacent IC pin. Setups and signatures are
listed below. For further information, refer to TROUBLE-
SHOOTING WITH SIGNATURE ANALYSIS at the
beginning of this Section.

1. Remove assembly A2 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A2,
and install A2 on the extender.

3. Remove microprocessor board A5 from the 1615A
mainframe and proceed as follows:

a. Remove A5U12 and A5U24.

b. Find DSA jumper beside microprocessor. Re-
move DSA jumper from NM (normal) terminals and
reinstall it in the SA terminals.

c. Connect signature analyzer start line to A5U1
pin 15.

Service

d. Connect signature analyzer stop line to A5U1
pin 10.

e. Connect signature analyzer clock line to ASTP8
(use pin 17 of A5U11 if A5 is part number 01615-66505).
This is the DBIN line from the microprocessor.

4. Reinstall A5 in 1615A mainframe.

5. Set up signature analyzer as follows:

START .. .ot T
STOP . I
CLOCK. ...oiiiiiiiiiii i i 1

Signatures for DSA Setup A (Schematic 7C)

Pin Signature Pin Signature

A2U529 C6P3
A2U52-13| AHAS3
A2U53-3 427H
A2U53-5 FA2P
A2U53-7 C6P3
A2U539 C43H
A2U53-12] AHAS
A2U53-14| O08F5
A2U53-16 57CA
A20U53-18] FHPA

VH A2U3-14 C690
A2U25-3 FHPA
A2U25-4 57CA
A2U25-7 08F5
A2025-8 AHA3
A2U25-13( C43H
A2U25-14( C6P3
A2U25-17| FA2P
A2U25-18| 427TH
A20U50-2 C43H
A2U52-5 08F5
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DSA SETUP C.

1. Remove assembly A2 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A2,
and install A2 on the extender.

3. Remove microprocessor board A5 from the 1615A
mainframe and proceed as follows:

a. Remove A5U12 and A5U24.

b. Find DSA jumper beside microprocessor. Re-
move DSA jumper from NM (normal) terminals and
reinstall it in the SA terminals.

c. Connect signature analyzer start line to ASTP9
(use pin 36 of A5U11 if A5 part number is 01615-66505).
This is address bit A15.

d. Connect signature analyzer stop line to same
point as start line, step ¢ above.

e. Connect signature analyzer clock line to ASTP8
(use pin 17 of A5U11 if A5 part number is 01615-66505).
This is the DBIN line from the microprocessor.

4. Reinstall A5 in 1615A mainframe.

5. Set up signature analyzer as follows:

START .ttt J
Sy L0} I
(03 7010} G 1

Signatures for DSA Setup C (Schematic 7C)

Pin Signature Pin Signature

VH A2U3-14 0001
A2U35-1 UPFH
A2U35-2 3827
A2U35-3 4978
A2U354 4978

A2U35-5 4978
A2U35-6 4979
A20U53-1 4978
A2U53-19| 4979

Model 1615A

DSA SETUP D.

1. Remove assembly A2 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A2,
and install A2 on the extender.

3. Remove microprocessor board A5 from the 1615A
mainframe and proceed as follows:

a. Remove A5U12 and A5U24.

b. Connect signature analyzer start line to A5TP9
(use pin 36 of A5U11 if A5 part number is 01615-66505).
This is address bit A15.

c. Connect signature analyzer stop line to same
point as start line, step b above.

d. Connect signature analyzer clock line to pin 18
of A5U11. This is the microprocessor WR line.

4. Reinstall A5 in 1615A mainframe.
NOTE

DSA jumper on A5 remains in NM (normal)
position in this test setup.

5. Set up signature analyzer as follows:

START ...t eeea, I
1 10 J
CLOCK.....etiiiiiii i I

Signatures for DSA Setup D (Schematic 7C)

Pin Signature Pin Signature

VH A2U3-14 0001
A2U50-1 9118
A2U51-11| 9118
A2U51-12| 5554
A2U51-13| 755P
A2U52-1 755P

A2U52-2 7FTH
A2U52-3 0P51
A2U52-4 9118
A2U52-10| 9118
A2U52-12| 9118
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P/0OA2 TRIGGER AND CLOCK UP INTERFACE(01615-66502)
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Trigger and Clock, Microprocessor Interface (P/0O A2) Schematic
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SERVICE S

PRINCIPLES OF OPERATION

Timing Generation. The 20-MHz system clock is applied
to a divide-by-three network consisting of Ul14A and
U14B. This network generates asvmetrical clocks called
PDCLK and NDCLK (Positive and Negative Display
Clocks). PDCLK is high for 50 ns and low for 100 ns.
NDCLK is the inverse of PDCLK.

U15 is wired as a 6-bit shift register, clocked by PDCLK.
U16 ANDs the outputs of the first five states of U15 and
provides a low to the first stage of the shift register when
all of the ANDed outputs are high. Therefore only one bit

in the six-bit register is low at any one time. This

network divides the clock rate of PDCLK by six.

U26B and RS latches U17A through U17D provide the
system timing signals required by the microprocessor
and the display processor. U13F and U13C provide the
2-phase nonoverlapping clock for the microprocessor
(®1 and P2).

Microprocessor. The 8080A Microprocessor Ullisan N-
channel MOS device with a 16-line address bus and an
8-line data bus. It monitors all keyboard switches
available to the operator and configures the 1615A
circuits according to the selected operating modes and

150NS {

measurements. It also conirols all data acquisition and
data manipulation in the 1615A. In addition, it provides
diagnostic routines for self-test and it generates error
and status messages.

Data Bus. The data bus is the only bidirectional bus in
the 1615A. During microprocessor read operations,
DBIN (U11, pin 17) enables the incoming set of buffers
in U12 and U24, This routes all information on the data
bus to the microprocessor. During microprocessor write
operations, DBIN enables the outgoing set of buffers in
U12 and U24. This transfers the data from the micro-
processor to the data bus. U25A keeps the buffers in the
write mode except when the microprocessor orders a
read.

Address Bus. Buffers Ul0 and U23 increase the drive
capability of the microprocessor. The microprocessor
address bus selects locations in ROM and RAM, and
controls most hardware in the instrument. The first 16K
addresses are used for ROM and RAM. The top 1K
addresses of this 16K are used for RAM. Addresses
above 16K are dedicated to I/0 to control the operation
of the 1615A.

Microprocessor Read/Write Logic. Information from
ROM is available on the data bus when the first 12K of
address space is accessed (HAB13 and HABIS low),

PDCLK _j'_l ﬁ J_a-l [11 ﬁ JSI.__I7L__IBL_JSL__

o 1L L

02 — 1 |
wope ] | —
NCHCLK | . 1
HRAMW 1 |
pekt L] L_J

pcLks | S—

Serviece

HREAD is high, and pins 7 and 8 of Ul are high. U2
enables U25C and HREAD drives U26C low. U9 buffers
the selected ROM output. LRAMA (Low RAM Address)
enables reading and writing in RAM. HAB14 and
HABI15 are used as a linear select to the [/0 locations.
That is HAB14 is ANDed with HREAD, and HAB15 is
ANDed with HWR. Therefore all I/O read instructions
use HR14, and all I/O writeinstructions use HW15, with
lower addresses selecting particular lecations for each
read or write.

POWER
ON =t RESET
RESET DATA
< i
8080 JLP |
|
avoresq | .
202— (7
MH 3 -6 »
0sC ‘2
oBIR }_
i

CONTROL LINES J

Model 1415A

.......................... 9 D1 thaas o

Microprocessor Power-up Circuit. C2, Rl through R3,
and U26A form the power-up circuit that resets the
microprocessor to its start-up routine at instrument
turn-on. The voltage across R3 holds the RESET input of
the microprocessor high for a time interval determined
by RC network C2, R1, and R4. The microprocessor pro-
gram counter is cleared during this time. When C2
charges sufficiently, U26 sets the microprocessor
RESET input low. This releases the microprocessor to
start at location 0 in memory.
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Model 1615A

SIGNATURE ANALYSIS FOR SCHEMATIC 8A.

The signatures on this schematic are obtained by using
DSA Setups A through D. The red letters on the sche-
matic signify the DSA setup to use when observing the
signature on the adjacent IC pin. Setups and signatures
are listed below. For further information, refer to
TROUBLESHOOTING WITH SIGNATURE ANALY-
SIS at the beginning of this Section.

DSA SETUP A.

1. Remove assembly A5 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A5
and install A5 on the extender. Proceed as follows:

a. Remove A5U12 and A5U24.

b. Find DSA jumper beside microprocessor. Re-
move DSA jumper from NM (normal) terminals and
reinstall it in the SA terminals.

c. Connect signature analyzer start line to A5U1
pin 15.

d. Connect signature analyzer stop line to A5U1
pin 10.

e. Connect signature analyzer clock line to ASTP8
(use pin 17 of A5U11 if A5 part number is 01615-66505).
This is the DBIN line from the microprocessor.

3. Set up signature analyzer as follows:

START ... T
STOP...coii I
CLOCK. ..ot 1

Service

Signatures for DSA Setup A (Schematic 8A)

Pin Signature

VH A5U1-16 C690

A5U2-5*% C690 (blinking)

A5U2-T* C690 (blinking)

A5U2.9* C690 (blinking)

A5U2-10* 0548

A5U2-14* C690 (blinking)

A5U8-9 FHPA

A5U8-10 57CA

A5U8-11 08F5

A5US8-13 AHA3

A5U8-14 - C43H

A5U8-15 C6P3

A5U8-16 FA2P

A5U8-17 427H

A5U9-1 0000 (blinking)

A5U9-2 FHPA

A5U9-3 427H

A5U9-4 57CA

A5U9-5 FA2P

A5U9-6 08F5

A5U9-7 C6P3

A5U9-8 AHAS3

A5U9-9 C43H

A5U9-11 C43H

A5U9-12 AHA3

A5U9-13 C6P3

A5U9-14 08F5

A5U9-15 FA2P

A5U9-16 57CA

A5U9-17 427H

A5U9-18 FHPA

A5U9-19 C690 (blinking)

*Signatures not for A5 HP Part No. 01615-66505. If
checking A5 HP Part No. 01615-66505, A5U2 will have

same signatures as A5US.
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DSA SETUP B (B0 THROUGH B6).

1. Remove assembly A5 and the extender board from
the 1615A mainframe. Install the extender board in the
connector for A5 and install A5 on the extender board.
Set up A5 as follows:

a. Remove A5U12 and A5U24.

b. Find DSA jumper beside microprocessor. Re-
move DSA jumper from NM (normal) terminals and
reinstall jumper in SA terminals.

c. Connect signature analyzer clock line to A5TP8
(use pin 17 of A5U11 if A5 is part number 01615-66505).
This is the DBIN line from the microprocessor.

2. Set up signature analyzer as follows:

START .ottt 1
IV 0) S I
CLOCK - ottt e e 1

3. Check part number of A5.If A5isnot 01615-66505,
check signatures on A5U2 before checking signatures
on any ROM. Proceed as follows:

a. Connect signature analyzer start and stop lines
to A5US8 pin 20 (chip select of ROM 0).

b. Measure signatures on A5SU2 according to table
for DSA Setup A5U2.
DSA Setup A5U2 (for A5 not HP Part
No. 01615-66505)

4 m IV U JSUU
4. 10 periorm Signavur

as follows:

1181y 8is O

Mndal 1R1RA

a. Connect signature analyzer start and stop lines
to A5U8 pin 20 (chip select of ROM 0).

b. Measure signatures of ROM 0 according to the

table for DSA Setup BO.

Signatures for DSA Setup B0 (Schematic 84)

Pin Signature
A5U2-5 7A70 (blinking)
A5U2-7 7A70 (blinking)
A5U29 7A70 (blinking)
A5U2-10 8P54
A5U2-14 7A70 (blinking)

Pin Signature
VH A5U1-16 TA70
A5U8-9 9UAF
A5U8-10 UAHO
A5U8-11 PF1P
A5U8-13 32F7
A5U8-14 HU39
A5U8-15 UOA6
A5U8-16 0AA9
A5U8-17 60H2
A5U9-1 0000 (blinking)
A5U9-2 9UAF
A5U9-3 60H2
A509-4 UAHO
A5U9-5 0AA9
A5U9-6 PF1P
A5U9-7 UOA6
A5U9-8 32F7
A5U9-9 HU39
A5U9-11 HU39
A5U9-12 32F7
AbHU9-13 U0A6
A5U9-14 PF1P
A5U9-15 0AA9
A5U9-16 UAHO
A5U9-17 60H2
A5U9-18 9UAF
A5U9-19 7A70 (blinking)
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Model 1615A Service

5. To perform signature analysis of ROM 1, proceed 6. To perform signature analysis of ROM 2, proceed
as follows: as follows:
a. Connect signature analyzer start and stop lines a. Connect signature analyzer start and stop lines
to A5U7 pin 20 (chip select of ROM 1). to A5U6 pin 20 (chip select of ROM 2).
b. Measure signatures of ROM 1 according to the b. Measure signatures of ROM 2 according to the
table for DSA Setup B1. table for DSA Setup B2.
Signatures for DSA Setup Bl (Schematic 8A) Signatures for DSA Setup B2 (Schematic 8A)
Pin Signature Pin Signature
VH A5U1-16 7A70 VH A5U1-16 TA70
A5U79 U6H4 A5U69 29UF
A5U7-10 20CU A5U6-10 0758
A5U7-11 7202 A5U6-11 F434
A5U7-13 2563 A5U6-13 U59A
A5U7-14 HF06 A5U6-14 U55C
A5U7-15 AFPH A5U6-15 774F
A5U7-16 9753 A5U6-16 CUCeé
A5U7-17 F97P A5U6-17 FFUH
A5U9-1 0000 (blinking) A5U9-1 0000 (blinking)
A5U9-2 UeU4 A5U9-2 29UF
A5U9-3 Fo7P A50U9-3 FFUH
A5U94 20CU A5U94 0758
A5U9-5 9753 A5U8-5 CUCs
A5U9-6 7202 A5U9-6 F434
A5U9-7 AFPH A5U9-7 774F
A5U9-8 2563 A5U9-8 U59A
A5U9-9 HF06 A5U99 Us5C
A5U9-11 HF06 A5U9-11 Us5C
A5U9-12 2563 A5U9-12 U59A
A5U9-13 AFPH A5US-13 TT4F
A5U9-14 72U2 A5U9-14 F434
A5U9-15 9753 A5U9-15 CUCe6
A5U9-16 20CU A5U9-16 0758
A5U9-17 Fo7P A5U9-17 FFUH
A5U9-18 U6H4 A5U9-18 29UF
A5U9-19 7AT70 (blinking) A5U9-19 TAT0 (blinking)
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7. To perform signature analysis of ROM 3, proceed
as follows:

a. Connect signature analyzer start and stop lines
to A5U5 pin 20 (chip select of ROM 3).

b. Measure signatures of ROM 3 according to the
table for DSA Setup B3.

Signatures for DSA Setup B3 (Schematic 8A)

8. To perform signature analysis of ROM 4, proceed
as follows:

a. Connect signature analyzer start and stop lines
to A5U4 pin 20 (chip select of ROM 4).

b. Measure signatures of ROM 4 according to the
table for DSA Setup B4.

Signatures for DSA Setup B4 (Schematic 8A)

Pin Signature Pin Signature
VH A5U1-16 7A70 VH A5U1-16 TA70
A5U5-9 81CC A5U4-9 2135
A5U5-10 UH2P A5U4-10 0572
A5U5-11 CU43 A5U4-11 8FPP
A5U5-13 59P8 A5U4-13 THUO
A5U5-14 9912 A5U4-14 0HF4
A5U5-15 6U16 A5U4-15 8957
A5U5-16 A732 Ab5U4-16 A8F5
A5U5-17 HCP8 A5U4-17 4P43
A509-1 0000 (blinking) A5U9-1 0000 (blinking)
A5U9-2 81CC A5U9-2 2135
A5U9-3 HCP8 A5U9-3 4P43
A5U9-4 UH2P A5U94 0572
A5U9-5 A732 A5U9-5 A5F5
A5U9-6 CU43 A5U9-6 85PP
A5U9-7 6U16 A5U9-7 8957
A5U9-8 59P8 A5U9-8 : 7HUO
A5U9-9 9912 A5U9-9 OHF4
A5U9-11 9912 A5U9-11 OHF4
A5U9-12 59P8 A5U9-12 THUO
A5U9-13 6U16 A5U9-13 8957
A5U9-14 CU43 A5U9-14 85PP
A5U9-15 A732 A5U9-15 A5F5
A5U9-16 UH2P A5U9-16 0572
A5U9-17 HCP8 A5U9-17 4P43
A509-18 81CC A5U9-18 2135
A5U9-19 7A70 (blinking) A5U9-19 7A70 (blinking)
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Model 1615A

9. To perform signature analysis of ROM 5, proceed
as follows:

a. Connect signature analyzer start and stop lines
to A5U3 pin 20 (chip select of ROM 5).

b. Measure signatures of ROM 5 according to the
table for DSA Setup B5.

Signatures for DSA Setup B5 (Schematic 8A)

Service

10. To perform signature analysis of ROM 6, proceed

as follows:

a. Connect signature analyzer start and stop lines
to A5U2 pin 20 (chip select of ROM 6).

b. Measure signatures of ROM 6 according to the

table for DSA Setup B6.

Signatures for DSA Setup B6
(A5 Part No. 01615-66505 only)

gt

Vi1

Pin Signature Pin Signature

VH A5U1-16 7A70 VH A5U1-16 TA70

A5U39 UPUH A5U2-9 0486

A5U3-10 C92C A5U2-10 4525

A5U3-11 5087 A5U2-11 F125

A5HU3-13 PC9P A5U2-13 6431

A5U3-14 7PH2 A5U2-14 1250

A5U3-15 610A A5U2-15 040F

A5U3-16 A740 A5U2-16 FAT1

A5U3-17 FAFH A5U2-17 FP53

A5U9-1 0000 (blinking) A5U9-1 0000 (blinking)

A5U9-2 UPUH A5U9-2 0486

A5U9-3 F4FH A5U9-3 FP53

A5U9-4 ca2C A5U94 4525

A5U9-5 AT740 A5U9-5 FAT1

A5U9-6 5087 A5U9-6 F125

A5BU9-7 610A A5U9-7 040F

A5U9-8 PCoP A5U9-8 6431

A5U99 7PH2 A5U9-9 1250

A50U9-11 7PH2 A5U9-11 1250

A5US-12 PC9P A51J9-12 6431

A5U9-13 610A A5U9-13 040F

A5U9-14 5087 A5U9-14 F125

A5U9-15 A740 A5U9-15 FAT1

A5U9-16 C92C A5U9-16 4525

A5U9-17 F4FH A5U9-17 FP53

A5U9-18 UPUH A5U9-18 0486

A5U9-19 7A70 (blinking) A5U9-19 7A70 (blinking)
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DSA SETUP C.

1. Remove assembly A5 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A5
and install A5 on the extender. Proceed as follows:

a. Remove A5U12 and A5U24.

b. Find DSA jumper beside microprocessor. Re-
move DSA jumper from NM (normal) terminals and
reinstall jumper in the SA terminals.

«. Connect signature analyzer start line to ASTP9
(use pin 36 of A5U11 if A5 is part number 01615-66505).
This is the address bit Al5.

d. Connect signature analyzer stop line to same
point as start line, step ¢ above.

e. Connect signature analyzer clock line to ASTP8
(use pin 17 of A5U11 if A5 is part number 01615-66505).
This is the DBIN line from the microprocessor.

2. Set up signature analyzer as follows:

START ... I
STOP....oo e I
CLOCK....oiiii i

Signatures for DSA Setup C (Schematic 8A)

Signature if A5 is Part No.:
Pin not 01615-66505 | 01615-66505
VH A5U1-16 | 0001 0001
A5U1-1 | 1293 1293
A5U1-2 | HAP7 HAP7
A5U13 | 3C96 3C96
A5U14 | 755P 755P
A5U15 | 3827 3827
A5U16 | 0001 0001
A5U17 | 1920 1920
A5U19 | C34C C34C
A5U1-10 | 597C 597C
A5U1-11 | UA87 UAS87
A5U1-12 | 4154 4154
A5U1-13 | 960F 960F
A5U1-14 | 84AF 84AF
A5U1-15 | 3PCF 3PCF
A5U25 | C34C _
A5U27 | AAGA _
A5U29 | 2AU9 _
A5U2-10 | HPPO _
A5U214 | 1920 —
A5US-1 | 52F8 52F8
A5U82 | UPFH UPFH
A5U8-3 | OAFA 0AFA
A5US-4 | 5H21 5H21

Model 1615A

Signature if AS is Part No.:

Pin not 01615-66505 |  01615-66505
A5U85 | TFTF 7F7F
A5U86 | CCcC ccee
A5U87 | 5555 5555
A5U88 | UUUU UUUU
A5U89 | FA44 FA44
A5U8-10 | 1825 1825
A5US-11 | 31A0 31A0
A5US-13 | 0209 0209
A5U8-14 | 8200 8200
A5US-15 | HI1Al HIAL
A5U8-16 | 0U9 0U9%
A5U8-17 | P16U P16U
A5U819 | HPPO HPPO
A5U820 | 3PCF 3PCE
A5U8-22 | 2HT70 2H70
A5U8-23 | HC89 HC89
A5U220 | —— C34C
A5U320 | 597C 597C
A5U4-20 | UA8T7 UAS8T
A5U5-20 | 4154 4154
A5U620 | 960F 960F
A5U7-20 | 84AF 84AF
A5U9-1 | FPC5 THUU
A5U92 | FA44 FA44
A5U94 | 1825 1825
A5U96 | 31A0 31A0
A5U98 | 0209 0209
A5U9-11 | 8200 8200
A5U9-13 | HI1Al HI1A1
A5U9-15 | 0U96 0U96
A5U9-17 | P16U P16U
A5U9-19 | FPC4 THUP
A5U10-2 | HPPO HPPO
A5U10-3 | 3827 3827
A5U10-4 | 1293 1293
A5U10-5 | HAP7 HAP7
A5U10-6 | 3C96 3C96
A5U107 | 755P 755P
A5U10-8 | 2HT0 2H70
A5U10-9 | HCS89 HC89
A5U10-11| HC89 HC89
A5U10-12| 2H70 9HT0
A5U10-13| 755P 755P
A5U10-14| 3C96 3C96
A5U10-15| HAP7 HAP7
A5U10-16| 1293 1293
A5U10-17| 3827 3827
A5U10-18| HPPO HPPO
A5U10-19| 0001 0001
A5U11-1 | HPPO HPPO
A5U11-12| 0000 0000
A5U11-17| 0001 (blinking) | 0001 (blinking)
A5U11-20| 0001 0001
A5U11-23| 0001 0001
A5U11-25| UUUU 19101810,
A5U11-26| 5555 5555
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Signatures for DSA Setup C (Schematic 84) (Cont’d)

Signature it A5 is Part No.:

Signature if A5 is Part No.:

Pin not 61615-66505 | 01615-66505 Pin not 01615-66505 |  01615-66505
A5U11-27| ccce ccee A5U23-11| 5H21 5H21
A5U11-29| 7F7F TFTF A5U23-12| 7F7F TF7F
A5U11-30 5H21 5H21 A5U23-13] 0AFA 0AFA
A5U11-31| 0AFA 0AFA A5U23-14| CCCC ccee
A5U11-32| UPFH UPFH A5U23-15| UPFH UPFH
A5U11-33| 52F8 52F8 A5U23-16| 5555 5555
A5U11-34| HC89 HC89 A5U23-17| 52F8 52F8
A5U11-35| 2H70 9H70 A5U23-18| UUUU 19101810,
A5U11-36| 755P 755P A5U23-19| 0001 0001
A5U11-37| HAP7 HAP7 A5U24-1 | 0001 (blinking) | 0001 (blinking)
A5U11-38| 3C96 3C96 A5U24-13| 0001 (blinking) | 0001 (blinking)
A5U11-39| 3827 3827 A5U25-1 | 0001 0001
A5U11-40| 1293 1293 A5U25-2 | 0001 (blinking) | 0001 (blinking)
A5U12-1 | 0001 (blinking) | 0001 (blinking) A5U25-3 | 0001 (blinking) | 0001 (blinking)
A5U12-13| 0001 (blinking) | 0001 (blinking) A5U25-4 | 0000 0000
A5U131 | 755P 755P A5U25.5 | 755P 755P
A5U132 | 64HU 64HU A5U25-6 | 0000 0000
A5U13-3 | FPC5 THUU A5U25.8 | FPC4 THUP
A5U13-4 | FPC4 THUP A5U25.9 | 64HU 64HU
A5U13-10| 64HU 64HU A5U25-10| AA6A 1920
A5U13-11| 3827 3827 A5U25-11| 3827 3827
A5U232 | UUUU UUUU A5U25.12| 3827 3827
A5U23-3 | 52F8 52F8 A5U25-13| 0001 (blinking) | 0001 (blinking)
A5U234 | 5555 5555 A5U26-1 | 0001 0001
A5U235 | UPFH UPFH A5U26-2 | 0001 0001
A5U236 | CCCC ccee A5U26-3 | 0000 0000
A5U23-7 | OAFA 0AFA A5U26-8 | FPC5 THUU
A5U238 | 7F7F TFTF A5U269 | FPC4 THUP
A5U239 | 5H21 5H21 A5U26-10| 0001 (blinking) | 0001 (blinking)

Model 1615A

DSA SETUP D.

1. Remove assembly A5 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A5
and install A5 on the extender. Proceed as follows:

a. Remove A5U12 and A5U24.

b. Connect signature analyzer start line to A5TP9
se pin 36 of A5U11 if A5 part number is 01615-66505).

ddrass hit A15
¥es88 DIt Alo.

a
auu.

(

e

'hig ig
1315 15

c. Connect signature analyzer stop line to same
point as start line, step b above.

d. Connect signature analyzer clock line to pin 18
of A5U11. This is the microprocessor WR line.

NOTE
DSA jumper on A5 remains in NM (normal)

position in this DSA setup.

3. Set up signature analyzer as follows:

START ... I
STOP. .o e I
CLOCK . . e e I

Signatures for DSA Setup D (Schematic 8A)

Pin Signature
VH A5U1-16 0001
A50141 1292
A5U1-2 HAP6
A5U1-3 3C97
A5U1-4 755P
A5U1-5 3826
A5U1-6 0001
A5U1-7 71H4
A5U19 H6F4
A5U1-10 7807
A5U1-11 2FF3
Ab5U1-12 PF2P
A5U1-13 8F14
A5U1-14 U81U
A5U1-15 TAT1
ABUI2-5* HGF4
ABU2-7* A711
A5U2.9* U121
A5U2-10% HPP1
A5U2-14* 71H4
A3U10-2 HPP]
A5U10-3 3826
A5U10-4 1292
A5U10-5 HAP6
A5U10-6 3C97
A5U10-7 755P

Service

Signatures for DSA Setup D (Schematic 8A) (Cont’d)

*Do not measure on A5 Part No. 01615-66505.

Pin Signature
A5U10-8 2H71
A5U10-9 HC88
A5U10-11 HC88
A5U10-12 2H71
A5U10-13 755P
A5U10-14 3C97
A5U10-15 HAP6
A5U16-18 1292
A5U10-17 3826
A5U10-18 HPP1
A5U10-19 0001
A5U11-1 HPP1
A5U11-12 0000
A5U11-18 0000 (blinking)
A5U11-20 0001
A5U11-23 0001
A5U11-25 UuuP
A5U11-26 5554
A5U11-27 CCCA
A5U11-29 7FTH
A5U11-30 5H20
A5U11-31 0AFC
A5U11-32 UPFF
A5U11-33 52FP
A5U11-34 HC88
A5U11-35 2H71
A5U11-36 755P
A5U11-37 HAP6
A5U11-38 3C97
A5U11-39 3826
ARTI11-40 1292
A5U13-8 0001 (blinking)
A5U139 0000 (blinking)
A5U23-2 UUUP
A5U23-3 52F9
A5U234 5554
A5U23-5 UPFF
A5U23-6 CCCA
A5U23-7 0AFC
A5U23-8 7FTH
A5U23-9 5H20
'A5U23-11 5H20
A5U23-12 7F7H
A5U23-13 0AFC
A5U23-14 CCCA
A5U23-15 UPFF
A5U23-16 5554
A5U23-17 52F9
A5U23-18 uuuP
A3U23-19 0001
A5U254 0001 (blinking)
A5U25-5 755P
A5U25-6 755P
A5U26-1 0001
A5U26-2 0001
A5U26-3 0000
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Microprocessor and ROM (P/0O A5) Schematic
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SERVICE SHEET 8B
PRINCIPLES OF OPERATION

Keyboard Pulse and Control. In the quiescent state, Q1
and Q2 are cut off. U35A is low. U22 is nonconducting.
To read the keyboard, the microprocessor forces pin 6 of
U35B low. This activates Q1 and Q2 to generate a 90-
milliampere puise on the collector of Q2 which is applied
to the keyboard. R17 and C8 control the turn-on of Q2.
The low from U35B also activates U22 to place the four
lines of data from the keyboard on the data bus.

The keys on the keyboard are divided into a matrix of ten
columns of switches with four switches in each column.
HABO through HAB3 are BCD coded to select one of the
ten columns on the keyboard. The 90-milliampere pulse
is connected through the four switches in the selected
column. Each of the four switches drives a separate out-
put line (HROWO through HROW3). With no key down,
little coupling occurs between the pulse and the output
lines. If a key is down, the associated output line
(HROWO through HROW3) receives the current pulse.
The microprocessor reads the output lines through U22.
The exact key down is detected by decoding HABO
through HAB3 and HROWO through HROWS3,

When the microprocessor reads a key down, it sets
HKYD (High Key Down) high through U40A, U41B,
and RS latch U35C and U35D. This changes the thresh-
old, increasing the readability of the down key. HKYD1is
held high until the microprocessor reads all keys up.
They it resets HKYD low again and searches for a new
kev down.

Trigger Line. U33 and U34 are used during timing dia-
gram presentation. They made up the counter that gen-
erates the tic marks showing the location of the trigger
word. U21 receives a count signifying the location of
TC-COUNT, the trigger word in memory. This count is
parallel loaded into U33 and U34 while the 1615A is
presenting the channel number. The counter begins its
count when display of the timing waveform starts.
When the location of the trigger word is reached (termi-
nal count), U34 generates HTLIN (a 150-ns pulse) which
paints the trigger tic mark.

Expand Indicator. The expand indicator intensifies a 24-
dot segment of a timing diagram during unexpanded
displays. The 24-dot segment is the area that will be dis-
played on screen during expanded (X10)displays. U20 is
loaded with a binary count signifying the location of the
first dot in the expanded segment. The count in U20 is
parallel loaded into U311 and U32 when the 1615A dis-
plavs the channel number in a timing diagram.

U28 and U27 are normally in the terminal count state.
Their high output is inverted through U18C to produce a
low HEXPI (High Expand Indicator).

When the 1615A begins displaying the timing wave-
form, U31 and U32 count the display locations. When
U32 reaches terminal count, U28 and U27 are parallel
loaded to terminal count minus 24. They count 24 clocks
and return to terminal count. During this 24-clock
period, HEXPI is high, brightening the 24-dot segment
on screen.

Memory Dump and Control. Gate U39 supplies clocks to
the 8-bit memory when the 1615A is displaying a timing
diagram. The top AND gatein U39 isonly active during
retrace in magnified displays. During X10 retrace,
PDCLK clocks U39 while LMACLD (Low Memory
Address Counter Load) parallel loads the address of the
starting point of display. After retrace, HHB2 switches
low, disabling the gate.

The next AND gate in U39 receives LSTD (Low Start
Display) from the microprocessor. LSTD is low only
when presenting a timing diagram. At all other times,
LSTD is high, preventing clock generation.

The third AND portion of U39 generates clocks to read
the data in memory during X1 display magnification.

The fourth AND portion of U39 generates memory-read
clocks in X10 display. One of itsinputsis decade counter
U38 which permits only one out of every ten PDCLK
clocks to reach the 8-bit memory address counters. This
provides the divide-by-ten function for magnification.

U40B operates only during X10 display magnification.
It generates LGLS (Low Glitch Set) one time for every
ten PDCLK clocks. LGLS enables glitch display. U40B
prevents displaying the same glitch more than one time
on an expanded timing diagram.

Display Control. U36 interfaces several channels from
the microprocessor that are used in establishing the dis-
play mode. U41A, along with U37C and U37D supply
LMACLD (Low Memory Address Counter Load). It
parallel loads the 8-bit memory address counter with the
location of the first data bit to be displayed when show-
ing a timing diagram. LMACLD is generated in timing
diagram modes at the beginning of each raster line
when 1615A presents a channel number. HSTD and
[LHB3 are used to disable LMACLD during a memory
write or after horizontal retrace blanking.
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The signatures on this schematic are obtained by using
DSA Setups A through D. The red letters on the sche-

Model 1815A

matic signify the DSA setup to use when observing the
signature on the adjacent IC pin. Setups and signatures
are listed below. For further information, refer to TROU-
BLESHOOTING WITH SIGNATURE ANALYSIS at
the beginning of this Section.

DSA SETUP A.

1. Remove assembly A5 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A5
and install A5 on the extender board. Proceed as follows:

a. Remove A5U12 and A5U24.

b. Find DSA jumper beside microprocessor. Re-
move DSA jumper from NM (normal) terminals and
reinstall it in the SA terminals.

c. Connect signature analyzer start line to A5U1
pin 15.

d. Connect signature analyzer stop line to A5U1
pin 10.

e. Connect signature analyzer clock line to ASTP8

(use pin 17 of A5U11 if A5 is part number 01615-66505).
This is the DBIN line from the microprocessor.

3. Set up signature analyzer as follows:

START et 1
STOP . ot I
CLOCK . .ot 1

Signatures for DSA Setup A (Schematic 8B)

Pin Signature Pin Signature
VH A5U1-16 C690 A5U21-18| FHPA
A5U20-3 427H A5U22-3 FHPA

A5U20-4 FA2P
A5U20-7 C6P3
A5020-8 C6P3
A5U20-131 AHAS3
A5U20-14 ] O08F5
A5U20-17| 57CA

A5U225 57CA
A5U22-7 08F5
A50229 AHA3
A5U36-3 FHPA
A5U36-4 57CA
A5U36-7 08F5

A5U20-18| FHPA A5U36-8 AHA3
A5U21-3 427H A5U36-13 | C43H
A5U21-4 FA2P A5U36-14 | C6P3

A5U21-7 C693
A5U21-8 C43H
A5021-13| AHAS
A5U21-14| O08F5
A5U021-17( 57CA

A5U36-17 | FA2P
A5U36-18 | 427TH
A5U40-2 C6P3
A5U41-13 | C43H

DSA SETUP B (BO THROUGH B6).

1. Remove assembly A5 and the extender board from
the 1615A mainframe. Install the extender board in the
connector for A5 and install A5 on the extender board.
Set up A5 as follows:

a. Remove A5U12 and A5U24.
b. Find DSA jumper beside microprocessor. Re-

move DSA jumper from NM (normal) terminals and
reinstall jumper in SA terminals.

c. Connect signature analyzer clock line to ASTPS8
(use pin 17 of A5U11 if A5 is part number 01615-66505).
This is the DBIN line from the microprocessor.

2. Set up signature analyzer as follows:

START ... 1
STOP. ... I
CLOCK... ot T

3. To perform signature analysis of ROM 0 effects on
components shown on schematic 8B, proceed as follows:

a. Connect signature analyzer start and stop lines
to A5US8 pin 20 (chip select of ROM 0).

b. Measure signatures of ROM 0 according to the
table for DSA Setup BO.

Signatures for DSA Setup B0 (Schematic 8B)

Pin Signature Pin Signature
VH A5U1-16 TAT0 A5U21-18 | 9UAF
A5U20-3 60H2 A5U22-3 9UAF
A5U20-4 0AA9 A5U22-5 UAHO
A5U20-7 UOA6 A5U22-7 PF1P
A5U20-8 HU39 A5U229 32F7
A5U20-13| 32F7 A5U36-3 9UAF
A5U20-14| PF1P A5U36-4 UAHO
A5U20-17} UAHO A5U36-7 PF1P
A5U20-18 | 9UAF A5U36-8 32F7
A5U21-3 60H2 A5U36-13{ HU39
A5U21-4 0AA9 A5U36-14 | UOA6
A5U21-7 U0A6 A5U36-17| 0AA9
AbU21-8 HU39 A5UJ36-181 60H2

A5U21-13 | 32F7
A5U21-14| PF1P

A5U40-2 U0A6
A5U41-13 | HU39

A5U21-17| UAHO
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4. To perform signature analysis of ROM 1 effects on
components shown on schematic 8B, proceed as follows:

a. Connect signature analyzer start and stop lines
to A5U7 pin 20 (chip select of ROM 1).

b. Measure signatures of ROM 1 according to the
table for DSA Setup B1.

Signatures for DSA Setup Bl (Schematic 8B)

Service

6. To perform signature analysis of ROM 3 effectson
components shown on schematic 8B, proceed as follows:

a. Connect signature analyzer start and stop lines
to A5U5 pin 20 (chip select of ROM 3).

b. Measure signatures of ROM 3 according to the
table for DSA Setup B3.

Signatures for DSA Setup B3 (Schematic 8B)

Pin Signature Pin Signature

VH A5U1-16 TAT0 A5U21-18 | U6H4
A5U20-3 Fo7P A5U22-3 U6H4
A5U20-4 9753 A5U22-5 20CU
A5U20-7 AFPH A5U22-7 7202
A5U20-8 HF06 A5U229 2563
A5U20-13 | 2563 A5U36-3 U6H4
A5U20-14 | 7202 A5U364 20CU
A5U20-17| 20CU A5U36-7 7202
A5U20-18 | U6H4 A5U36-8 2563
A5U21-3 F97P A5U36-13| HF06
A5U214 9753 A5U36-14| AFPH
A5U21-7 AFPH A5U36-17| 9753
A5U21-8 HF06 A5U36-18 | F97P
A5U21-13( 2563 A5U40-2 AFPH
A5U21-14  72U2 A5U41-13| HF06
A5U21-17( 20CU

Pin Signature Pin Signature

VH A5U1-16 TAT0 A5U21-18 | 81CC
A5U20-3 HCP8 A5U22-3 81CC
A5U20-4 A732 A5U22-5 UH2P
A5U20-7 6U16 A5U22-7 Cu43
A5U20-8 9912 A5U22-9 59P8
A5U20-13 | 59P8 A5U36-3 81CC
A5U20-14 | CUA43 A5U36-4 UH2P
A5U020-17 | UH2P A5U36-7 CU43
A5U20-18 | 81CC A5U36-8 59P8
A5U21-3 HCP8 A5U36-13 | 9912
A5U21-4 A732 A5U36-14 | 6U16
A5021-7 6U16 - A5U36-17 | AT32
A5U21-8 9912 A5U36-18| HCPS8
A5U21-13 | 59P8 A5U40-2 6U16
A5U21-14 | CU43 A5U41-13 | 9912
A5U21-17 (| UF2P

5. To perform signature analysis of ROM 2 effects on
components shown on schematic 8B, proceed as follows:

a. Connect signature analyzer start and stop lines
to A5U6 pin 20 (chip select of ROM 2).

b. Measure signatures of ROM 2 according to the
table for DSA Setup B2.

Signatures for DSA Setup B2 (Schematic 8B)

7. To perform signature analysis of ROM 4 effects on
components shown on schematic 8B, proceed as follows:

a. Connect signature analyzer start and stop lines
to A5U4 pin 20 (chip select of ROM 4).

b. Measure signatures of ROM 4 according to the
table for DSA Setup B4.

Signatures for DSA Setup B4 (Schematic 8B)

Pin Signature Pin Signature Pin Signature Pin Signature

VH A5U1-16 7TA70 A5U21-18 | 29UF VH A5U1-16 7TA70 A5U21-18 | 2135
A5U20-3 FFUH A5U22-3 29UF A5U20-3 4P43 A5022-3 2135
A5U20-4 CUCs6 AbU22-5 0758 A5U20-4 ABF5 A5U225 0572
A5U20-7 T74F A5U22-7 F434 A5U20-7 8957 A5022-7 8FPP
A5U20-8 U55C A5U229 U5B9A A5U20-8 O0HF4 A50229 7THUO
A5U20-13 ] US59A A5U36-3 29UF A50U20-13 | 7HUO A5U36-3 2135
A5U20-14 | F434 A5U36-4 0758 A5U020-14 | 8FPP A5U36-4 0572
A5U020-17 | 0758 A5U36-7 F434 A5U20-17 1 0572 A5U36-7 8FPP
A5U20-18 | 29UF A5U36-8 U59A A5U20-18 | 2135 A5U36-8 7HUO
A5U21-3 FFUH A5U36-13 | U55C A5U21-3 4P43 A5U36-13 | OHF4
A5U21-4 CUCs6 A5U36-14 | 774F A5U21-4 A5F5 A5U36-14 | 8957
A5U21-7 774F A5U36-17 | CUC6 A5U21-7 8957 A5U36-17 | 85F5
A5U21-8 U5s5C A5U36-18 | FFUH A5U21-8 OHF4 A5U36-18 | 4P43
A5U21-13 | U59A A5U40-2 T74F A5U21-13 [ 7THUO A5U40-2 8957
A5U21-14 | F434 A5U41-13 | U55C A5U21-14 | 8FPP A5U41-13 | OHF4
A5U21-17| 0758 A5U21-17 | 0572
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8. To perform signature analysis of ROM 5 effects on
components shown on schematic 8B, proceed as follows:

a. Connect signature analyzer start and stop lines
to A5U3 pin 20 (chip select of ROM 5).

b. Measure signatures of ROM 5 according to the
table for DSA Setup B5.

Signatures for DSA Setup B5 (Schematic 8B)

Model 1615A

9. To perform signature analysis of ROM 6 effects on
components shown on schematic 8B, proceed as follows:

a. Connect signature analyzer start and stop lines
to A5U2 pin 20 (chip select of ROM 6).

b. Measure signatures of ROM 6 according to the
table for DSA Setup BS.

Signatures for DSA Setup B6 (Schematic 8B)

A5U20-4 A740
A5U20-7 610A
A5U20-8 7PH2
A5U20-13 | PC9P
A5U20-14 | 5087
A5U20-17 | C92C
A5U20-18 | UPUH
A5U21-3 F4FH
A5U214 A740
A5U21-7 610A
A5U21-8 7PH2
A5U21-13 | PC9P
A5U21-14 | 5087
A5U21-17 | C92C

A5U22-5 C92C
A5U22-7 5087
A5U229 PCoP
A5U36-3 UPUH
A5U36-4 C92C
A5U36-7 5087
A5U36-8 PCOP
A5U36-13 | 7PH2
A5U36-14 | 610A
A5U36-17 | A740
A5U36-18 | F4FH
A5U40-2 610A
A5U41-13 | 7PH2

Pin Signature Pin Signature Pin Signature Pin Signature
VH A5U1-16 7TA70 A5U21-18 | UPUH VH A5U1-16 TAT0 A5U21-18 | 0486
A5U20-3 F4FH A5U22-3 UPUH A5U20-3 FP53 A5U22-3 0486

A5U20-4 FAT71
A5U020-7 040F
A5U20-8 1250
A5U20-13 | 6431
A5U20-14 | F125
Ab5U20-17 | 4525
A5U20-18 | 0486
A5U21-3 FP53
A5U21-4 FAT1
A5U21-7 040F
A5U21-8 1250
A5U21-13 | 6431
A5U021-14 | F125
A5U21-17 | 4525

A5U22-5 4525
A5U22-7 F125
A5U229 6431
A5U36-3 0486
A5U36-4 4525
A5U36-7 F125
A5U36-8 6431
A5U36-13 | 1250
A5U36-14 | 040F
A5U36-17 | FAT1
A5U36-18 | FP53
A5U40-2 040F
A5U41-13 | 1250
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DSA SETUP C.

1. Remove assembly A5 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A5
and install A5 on the extender board. Proceed as follows:

a. Remove A5U12 and A5U24.

b. Find DSA jumper beside microprocessor. Re-
move DSA jumper from NM (normal) terminals and
reinstall it in the SA terminals.

c. Connect signature analyzer start line to A5TP9
(use pin 36 of A5U11 if A5 part number is 01615-66505).
This is the address bit Al5.

d. Connect signature analyzer stop line to same
point as start line, step ¢ above.

e. Connect signature analyzer clock line to A5TP8

(use pin 17 of A5U11 if A5 part number is 01615-66505).
This is the DBIN line from the microprocessor.

3. Set up signature analyzer as follows:

START oottt e I
SN 0) I
(03 70103 - S 1

Signatures for DSA Setup C {(Schematic 8B)

Service

DSA SETUP D.

1. Remove assembly A5 and the extenderboard from
the 1615A mainframe.

2. Install the extender board in the connector for A5
and install A5 on the extender board. Proceed as follows:

a. Remove A5U12 and A5U24.

b. Connect signature analyzer start line to ASTP9
(use pin 36 of A5U11 if A5 part number is 01615-66505).

e 2 A _ 1z
This is address bit Al5.

c. Connect signature analyzer stop line to same
point as start line, step b above.

d. Connect signature analyzer clock line to pin 18
of A5U11. This is the microprocessor WR line.

NOTE

DSA jumper on A5 remains in NM (normal)
position in this DSA setup.

3. Set up signature analyzer as follows:

START ..ot e I
Y0 I
(01700} : S I

Signatures for DSA Setup D (Schematic 8B)

Pin Signature Pin Signature

Pin Signature Pin Signature

VH A5U1-16 0001
A5U35-1 0001
A5U35-2 HP5A
A5U35-3 HP5C

A5U35-4 HC89
A5U35-5 3827
A5U35-6 HP5A

VH A5U16-1 0001
A5U18-1 1292
A5U18-2 755P
A5U18-3 PPOH
A5U18-4 755P
A5U18-5 HPP1
A5U18-6 7639
A5U20-11| 17639
A5U21-11 | PPOH
A5U36-11| 0421

A5U37-1 755P
A5U037-2 2H71
A5U37-3 0U55
A5U37-4 755P
A5U37-5 HAP6
A5U37-6 0421
A5U40-1 755P
A5U40-4 UUUP
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SERVICE SHEET 9

PRINCIPLES OF OPERATION

Key Switches. The key switches are wired in a matrix of
ten columns by four rows. Each switch has two 1-turn
coils wrapped around a core. When a key is relaxed (not
pressed), a magnet within the switch is positioned so
that its field saturates the core. The saturated core per-
mits very little coupling between coils. When the key is
pressed, the magnet is moved out of the core, allowing
the core and windings to act as a transformer.

Key Sensing. A 4-bit byte from the microprocessor
(HABO through HAB3) is decoded by BCD-to-decimal
decoder Ul. This grounds one column of switches,
allowing the other nine columns to float. HKBR is a 90-
milliampere pulse from the keyboard control on assem-
bly A5. It is applied to the switch column that is
grounded through Ul. Then the 4-bit byte is incre-
mented and Ul grounds the next column in sequence.

If a key is down in the column grounded by U1, flux ig
coupled from the primary to the secondary windings in
the key switch. This activates the associated output
integrator (U3B through U3E), causing it to produce a

negative-going output pulse.

A low output from any integrator sets the associated RS
latch high. When the microprocessor detects a high
from any latch (key down), it determines the key posi-
tion by decoding the row indicated and the internal
column count (4-bit byte). LKR (Low Key Reset) is a
clock that continuously resets the RS latches.

When the microprocessor detects a key down, it sets
HKYD (High Key Down) high. This offsets the bias
point of integrators U3B through U3E. The result of the
bias shift is a translation downward of the quiescent
output level of U3B through U3E. Now less total flux is
required to maintain the negative-going integrator out-
put pulse. The additional hysterisis introduced by
HKYD prevents multiple readings of key switch entries.
When all keys are read in the up position for one scan,
HKYD is returned low.

POWER
ON RESET
RESET DATAR _
8080 JLP
wonsﬁ:q —
N
M -3 -6
0scC b2
DBIN ]_ ]
WR

CONTROL LINES

ALP AP AND
PROGRAM DISPLAY
ROMS RAMS
/\\ // F /,\\

HRI4

/
| ADDRESS BUS \
T 7
\/ \/ \/ V
[ oata Bus \
7

Figure 8-53. Block Diagram. Control Section for Schematic §
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SERVICE SHEET 10A
PRINCIPLES OF OPERATION

Dot and Retrace Counters. The 8-bit dot counters (U9 and
U23) generate all of the horizontal dot locations across
the face of the CRT (dot 0 on the left and dot 255 on the
right). At the end of a line (dot 255), the terminal count
from U23 increments the line counter (U37 and U51) and
parallel enables the retrace counter (U11 and U10).

The retrace counter leaves its normal terminal-count
state, assumes count 1100 0000, and starts counting
PDCLK (Positive D Clock) clocks. This is the CRT
retrace period. During the retrace period, the dot counter
is disabled by a low from the retrace counter, and paral-
lel loaded to 0000 0000. At the end of the retrace period,
the retrace counter latches at terminal count, the dot
counter begins counting out the next line, and the cycle
repeats.

Vertical Presentation Control. The vertical area of the
screen is divided into 255 horizontal raster lines. The
line counter (U37 and U51), in conjunction with the ver-
tical format ROM’s (U50, U36, and U22), format the
entire display. The 8-bit output from the line counters is
decoded for each horizontal rasterlinein the vertical for-
mat ROMs. Each line must be treated as a special case:
some lines are used for blanking, some for alpha-
numerics, some for either alphanumerics or timing dia-
grams, etc. The ROM stores the format for each line and
configures this information into twelve lines of binary
data for the raster line being presented.

Alphanumeric Displays. In alphanumeric presentations,
each character is six dots wide by nine raster lines high.
The sixth dot and the last two raster lines in each char-
acter are blanked to provide spacing between characters
and lines.

The CRT face is divided into 800 character spaces, 40
character spaces along each line by 20 character lines.
The first line at the top of the CRT contains characters 0
through 39, the nextline contains characters 40 through
79, etc.

The character counters consist of U4 through U6. These
count the 800 alphanumeric character spaces on the
CRT face. During each horizontal sweep, they count up
40 characters. During eight out of every nine retrace
periods, they count back down 40 characters. During
every ninth retrace period, the count-down input is dis-
abled so that the following character count will begin on
the next line of 40 character spaces.

The character counters generate a 10-bit byte that
addresses the display RAM. The same line of memory is
addressed for each of the nine raster sweeps. Then the
next line of memory is addressed for nine sweeps, etc.

diadi

The vertical format ROMs select which raster lineofthe

character will be represented during each of the nine
sweeps.

NAND gate U25B supplies the count-up clock to the
character counters. When LHB1 and LHB2 (Low Hori-
zontal Blanking 1 and 2) are high, U25B connects
NCHCLK (Negative-edge Character Clock) to the count-
up inputs. During retrace, gates U12A and U12B supply
the clocks for the count-down inputs.

Three binary outputs from the retrace counters are
supplied to U12A. They are decoded to obtain exactly 39
clocks from U12A during retrace. These 39 clocks, plus
the terminal count pulse from the dot counters, are sup-
plied through U12B to drive the count-down input of the
character counters. These 40 pulses return the character
counters to the beginning of the line.

A high from VF2 (pin 10 of U50) is clocked through
U38A to enable U12B during raster lines one through
eight of each character. On the ninth raster line of each
character, VF2 switches low and prevents transfer of
the down-count clocks from U12A through U12B.

Alphanumeric Display/Timing Diagram Selector. The
alphanumeric/time switch consists of U39C, U52A, and
U46A. These switch logic levels which enable the alpha-
numeric circuitry and the timing diagram circuitry. The
alphanumeric circuitry generates the heading, channel
numbers, and data lists. The timing diagram circuitry
generates the traces used during timing diagram presen-
tations.

The HALPH, LALPH, and LALPHZ2, (High and Low
Alphanumeric) signals will always be true, exceptin the
CRT spaces where timing diagrams are permitted. In
these spaces, VFO (pin 12 of U50) is high. When timing
diagrams have been selected, HTIME (High Timing
Diagram) is high. When both of these signals are high,
U39C provides a low state to the D input of U52A. This
low switches the outputs of U52A and U46A to enable
the timing diagram circuitry and disable the alpha-
numeric circuitry. When alphanumeric presentations
are selected, HTIME is low. When in areas of the CRT
display reserved for alphanumeric presentations (such
as the heading), VFO is low. Either low will force the
alphanumeric/time switch to enable the alphanumeric
circuitry and disable the timing-diagram circuitry.

Horizontal Blanking. The horizontal blanking logic con-
sists of U24 and U25. At the beginning of a trace, the ter-
minal count of the retrace counters is high, and LHBI,
LHB2, and LHB3 (Low Horizontal Blanking 1, 2, and 3)
are all high. These three blanking signals are combined
on U24 to generate a signal called HHB (High Horizon-
tal Blanking) which is low. Any one of the LHB1, 2, or 3
inputs can go low to generate HHB which blanks the

CRT.

Service
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occurs after dot 240. This point is detected by U24A
which sets LHB1 low. At count 255, the dot counters
parallel enable the retrace counters and the terminal
count of U10 is low, generating LHB2. LHB2 remains
low for the horizontal retrace period. LHB2 maintains
the HHB high to continue blanking, stops HHSY (High
Horizontal Sync), and disables U25B to prevent
NCHCLK (Negative Character Clock) from clocking the
count-up input of the character counters.

One PCLKS6 clock later, LHB3 goes low. This sets the
alphanumeric/time switch to alphanumeric and contin-
ues the blanking of HHB from U24B.

When the retrace counters reach terminal count, even
though the dot counters are no longer parallel enabled,
they can not function due to LHB3 which remains low
until the next PCLK6 clock is received from the micro-
processor. This additional clock period after retrace per-
mits all functions to be synchronized with the
microprocessor clock. When PCLKG6 arrives, LHB3 goes

Model 1R15A

Horizontal Sync/Power Supply Sync. U25C, along with
U39B and U39D, generate HHSY (High Horizontal
Sync) which is used on assembly Al3 to control the
horizontal deflection circuit, and as a 20-kHz sync sig-
nal in the power supply.

Graticule Generator. The graticule generator consists of
U52B and U53. It is a divide-by-20 counter that operates
only during timing diagram generation. During alpha-
numeric presentations, U52B is cleared by alow LALPH
which prevents operation. The graticule generator
HGRAT (High Graticule) pulse occurs once every 20 dots
during a timing diagram. U58B divides the NDCLK by 2
and decade counter U53 makes ten counts to terminal
count. At the beginning of each line, U53 is parallel
enabled and loaded with a binary 9. On the first clock
after enable (High or LALPH), it generates the first
HGRAT pulse. Then it generates a new HGRAT pulse
every 20 clocks thereafter.

I61SA HORIZONTAL TIMING

10US 20Us

i |
|

3ous Ml) us SOIUS

HHSLI

[

HORIZ.
SWEEP

RETRACE COUNTERS
LHB2 COUNT 0-63 —

HHB2

VSOO NS

750Nshy
LHD3 f———————— DOT COUNTERS COUNT 0-255

HHB <@=RETRACE BL ANKE D=8 | @———eee 240 DOTS OF ALPHA INFORMATION DISPLAYED o

DOTS

[N ECRRR N o

LHB1 - blanks after dot 240 to eliminate alphanumerics.
LHB2 - blanks during horizontal retrace. Stops HHSY.
Prevents count-up in character counters.

LHBS - sets alphanumeric/ time switch to aiphanumeric,
and extends blanking period.

HHB - Composite of LHB1, LHB2, and LHB3.

HHSY - switches every half-sweep-cycle to control hori-
zontal deflection in A13.

HHB2 - activates a gate on the microprocessor board

that is used only during retrace in Xi0 magnification
modes.
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Figure 8-56.

Block Diagram, Display Section for Schematic 10A
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SERVICE SHEET 10B Alphanumeric Output Multiplexer. U3 consists of four = - -= —=—-=-—-~—— === = ——~ -— - - ~ | o e e e o — — — — — o — — e e
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Model 1615A

SIGNATURE ANALYSIS FOR SCHEMATIC 10B.

The signatures on this schematic are obtained by using
DSA Setups A, C, and D. The red letters on the schematic
signify the DSA setup to use when observing the signa-
ture on the adjacent IC pin. Setups and signatures are
listed below. For further information, refer to TROUBLE-
SHOOTING WITH SIGNATURE ANALYSIS at the
beginning of this Section.

DSA SETUP A.

1. Remove assembly A6 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A6,
and install A6 on the extender.

3. Remove microprocessor board A5 from the 1615A
mainframe and proceed as follows:

a. Remove A5U12 and A5U24.

b. Find DSA jumper beside microprocessor. Re-
move DSA jumper from NM (normal) terminals and
reinstall it in the SA terminals.

c. Connect signature analyzer start line to A5U1
pin 15.

d. Connect signature analyzer stop line to A5U1
pin 10.

e. Connect signature analyzer ciock line to ASTP8
(use pin 17 of A5U11 if A5 is part number 01615-66505).
This is the DBIN line from the microprocessor.

4. Reinstall A5 in 1615A mainframe.

5. Set up signature analyzer as follows:

START ..ottt e ;s
S {0) I
(0) 70 10) - CUT 1

Signatures for DSA Setup A (Schematic 10B)

Service

DSA SETUP C.

1. Remove assembly A6 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A6,
and install A6 on the extender.

3. Remove microprocessor board A5 from the 1615A
mainframe and proceed as follows:

a. Remove A5U12 and A5U24.

b. Find DSA jumper beside microprocessor. Re-
move DSA jumper from NM (normal) terminals and
reinstall it in the SA terminals.

c. Connect signature analyzer start line to ASTP9
(use pin 36 of A5U11 if A5 part number is 01615-66505).
This is address bit A15.

d. Connect signature analyzer stop line to same
point as start line, step ¢ above.

e. Connect signature analyzer clock line to ASTP8
(use pin 17 of A5U11 if A5 part number is 01615-66505).
This is the DBIN line from the microprocessor.

4. Reinstall A5 in 1615A mainframe.

5. Set up signature analyzer as follows:

Pin Signature Pin Signature

VH A6U1-24 C690
A6U27-3 C43H
A6U27-4 CéP3
A6U27-5 FA2P
ABU27-6 427H
A6U28-11| 427H
A6U29-11| FA2P
A6U30-11| C6P3

A6U41-3 FHPA
A6U41-4 57CA
A6U41-5 08F5
A6U41-6 AHAS3
A6U42-11| AHA3
A6U43-11{ O08F5
A6U44-11| 57CA
A6U45-11| FHPA

START ..ottt I
S 0 I
CLOCK ..ottt ee e i eeaaeas s
Signatures for DSA Setup C (Schematic 10B)
Pin Signature
VH A6U1-24 0001
A6U15-10 Uuuu
A6U15-13 5555
A6U16-3 CCcCC
A6U16-6 7FTF
A6U16-10 5H21
A6U16-13 0AFA
A6U17-3 UPFH
A6U17-6 52F8
A6U17-10 HC89
A6U17-13 2H70
A6U27-1 2AU9
A6U27-1 1920*
A6U27-1 P43A**
A6U27-2 0000 (blinking)
A6U41-1 2AU9
A6U41-1 1920*
A6U41-1 P43 A**
A6U41-2 0000 (blinking)
A6U47T-11 2AUS8
A6U47-11 1921*
A6U47-11 P43C*
A6U49-10 0000 (blinking)
A6U49-11 0001 (blinking)

A6U31-11| C43H

*When A5 is 0161566505 and HP-IB option not installed.
**When A5 is 01615-66505 and HP-IB optionisinstalled.
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DSA SETUP D.

1. Remove assembly A6 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A6,
and install A6 on the extender.

3. Remove microprocessor board A5 from the 1615A
mainframe and proceed as follows:

a. Remove A5U12 and A5U24.

b. Connect signature analyzer start line to ASTP9
(use pin 36 of A5U11 if A5 part number is 01615-66505).
This is address bit Al5.

c. Connect signature analyzer stop line to same
point as start line, step b above.

d. Connect signature analyzer clock line to pin 18
of A5U11. This is the microprocessor WR line.

Model 1b10A

4. Reinstall A5 in 1615A mainframe.
NOTE

DSA jumper on A5 remains in NM (normal)
position in this test setup.

5. Set up signature analyzer as follows:

START ... I
STOP ..ot I
CLOCK....ooi it I

Signatures for DSA Setup D (Schematic 10B)

Pin Signature
VH A6U1-24 0001
A6U47-10 0001 (blinking)

POWER
ON - RESET
RESET paTaK
8080 LLP
AP
PROGRAM
‘mm: — ROMS KEYBOARD
oz "
3 <6
osc 42
DBIN /\ ‘ /\
ﬁ j— ﬁ A N N
L3
H
x
CONTROL LINES A
\/ P
| ADDRESS BUS
Vi \/ Vi \VA
[ baTa BUS \

Figure 8-60. Block Diagram, Control Section for Schematic 10B
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Figure 8-61.

Microprocessor RAM and Alphanumeric Generator (P/0O A6) Schematic
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Model 1615A

SERVICE SHEET 10C
PRINCIPLES OF OPERATION

Data Multiplexer. Multiplexer U20 receives the data from
the 8-bit data memory on A3. U21 receives the eight
lines of glitch information from the glitch memory. U20
is always active because its strobe (pin 7) is low. U21 is
active only when LGL (Low Glitch) is low, glitch
presentations are selected for the timing diagram.

The timing diagram is normally presented with
channel 0 in the first CRT location. The other channels
are presented in sequence, with channel 7 in the last
CRT location. The sequence of presentation is
controlled by U19 and U33. It can be rearranged by the
1615A operator through menu selection. For example,
the operator may elect to display channel 4 in the first
location, channel 6in the second location, and blank the
third location. These menu selections are entered into
memory and loaded into U19 and U33 by the micro-
processor.

Before each run, RAM U19 is loaded with the numbered
channel to be presented at each of the eight timing
diagram locations. VF3 through VF5 from the vertical
format ROM indicate the timing diagram location
being addressed on the CRT. RAM U19 obtains the
present location from U33 and selects the channel
number to be presented according to the program from
the microprocessor. The first three bits from U19 select
one of the eight data and glitch channels in U20 and
U21. The fourth bit from U19 blanks the timing
diagram in channels that were turned off. An X is
displayed in the channel number column beside each
blanked timing diagram location.

HSTD (High Start Timing Diagram) controls selection
in U33. When HSTD is low, data bus inputs address
locations in RAM U19 that contain the channel
numbers. When HSTD is high, VF3 through VF5 select
a data and glitch channel for the timing diagram.

Data and Glitch Latches. The information from the data
and glitch channel selected in U20 and U21 is latched
into U8B and U32A by the PDCLK (Positive D Clock).
The outputs from U8B and U32A are applied to display
ROM U34 where they are interpreted as instantaneous
data and glitch. USA and U32B latch this information
on the next PDCLK. They supply their outputs to U34
where they are interpreted as the previous two bits.

Display ROM. The display ROM uses the present data
and last data information to detect changes in levels
(transitions). Vertical format bits VF6 through VF8 are
decoded in U34 to identify each raster line in the timing
diagram location being displayed. ROM U34 uses the
above information to format the timing diagram. All
points where the data are high have brightened dots on
the top raster line. All points where the data are low

Service

have brightened dots on the bottom raster line. All
points which include transitions (changes from low to
high or high to low) have brightened dots on each raster
line. The last two raster lines in each timing diagram
location are reserved for blanking between channels.

Any time that U47B receives a low input, it deselects
display ROM U34. The low input may come from
several sources, depending upon the mode of operation.
During alphanumeric displays, LALPH (Low Alpha-
numeric Display) is low. The fourth bit from U19 is
supplied to U47B to blank particular timing diagram
locations. HSTD is low when the channel number is
being written. This clears U46B which places a low on
U47B.

Outputs D1 (data) and D2 (glitch) from ROM U34 carry
the information for the unexpanded (X1) display mode.
D3 and D4 are the outputs for the expanded (X10)
display mode. U48B gates the data information and
U48A gates the glitch information from U34. Only one
AND gate in U48A and U48B is enabled at one time. -
HX1 (High X1) and LX1 (Low X1) from the micro-
processor make the selection according to display
magnification selections made by the 1615A operator.
When alphanumeric displays are being generated,
U48B is disabled by a low LALPH. In this case, U48B
provides a high output, enabling U7C to be conirolied
by HALPHVIDEO (High Alphanumeric Video) from
the alphanumeric generator.

Output Gating. U18A, U18B, and U18C control display
brightness for each data and glitch bit and graticule
line presented on the CRT. The three Ul8 gates are
open-collector AND gates. When any U18 gate receives
a low input, it draws current across its associated
resistor, lowering the voltage in the video output. This
brightens the corresponding point on the CRT. The
different resistor values in the gates of U18 are chosen
to provide different levels of brightness for data bits,
graticule line bits, and glitch bits.

U18B gates alphanumeric and timing-diagram data. It
also gates the information for the trigger line tics when
HTLIN (High Trigger Line) goes high during a timing
diagram.

U18C gates the graticule lines on timing diagrams.
U49C blanks graticule dots that occur within the time
segment where a data dot is presented. This prevents
excessive brightening of a single dot.

U18A gates glitch information and the expand
indicator. It prevents double brightening when a glitch
occurs within the brightened expand indicator. U47A
NORs the expand indicator with the data line to restrict
the expand indicator to that part of the trace which also
includes data.
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SIGNATURE ANALYSIS FOR SCHEMATIC 10C.

The signatures on this schematic are obtained by using

DSA Setups A and D. The red letters on the schematic.

signify the DSA setup to use when observing the signa-
ture on the adjacent IC pin. Setups and signatures are
listed below. For further information, refer to TROUBLE-
SHOOTING WITH SIGNATURE ANALYSIS at the

beginning of this Section.

DSA SETUP A.

1. Remove assembly A6 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A6,
and install A6 on the extender.

3. Remove microprocessor board A5 from the 1615A
mainframe and proceed as follows:

a. Remove A5U12 and A5U24.
b. Find DSA jumper beside microprocessor. Re-
move DSA jumper from NM (normal) terminals and

reinstall it in the SA terminals.

c. Connect signature analyzer start line to A5U1
pin 15.

d. Connect signature analyzer stop line to A5U1
pin 10.

e. Connect signature analyzer clock line to A5TP8
(use pin 17 of A5U11 if A5 is part number 01615-66505).
This is the DBIN line from the microprocessor.

4. Reinstall A5 in 1615A mainframe.

5. Set up signature analyzer as follows:

START ... e T
STOP ...t s I
CLOCK. ...ttt 1

Signatures for DSA Setup A (Schematic 10C)

Pin Signature Pin Signature

VH A6U1-24 C690
A6U19-4 FHPA
A6U19-6 57CA
A6U19-10 08F5

VH A6U19-12; AHAS3
A6U33-2 C43H
A6U33-5 Ce6P3
A6U33-11| FA2P

DSA SETUP D.

1. Remove assembly A6 and the extender board from
the 1615A mainframe.

2. Install the extender board in the connector for A6,
and install A6 on the extender.

3. Remove microprocessor board A5 from the 1615A
mainframe and proceed as follows:

a. Remove A5U12 and A5U24.

b. Connect signature analyzer start line to ASTP9
(use pin 36 of A5U11 if A5 part number is 01615-66505).
This is address bit A15.

c. Connect signature analyzer stop line to same
point as start line, step b above.

d. Connect signature analyzer clock line to pin 18
of A5U11. This is the microprocessor WR line.

4. Reinstall A5 in 1615A mainframe.
NOTE

DSA jumper on A5 remains in NM (normal)
position in this test setup.

5. Set up signature analyzer as follows:

START ... d
STOP. ... e I
CLOCK......oiiiiiiiiici i I

Signatures for DSA Setup D (Schematic 10C)

Pin Signature
VH A6U1-24 0001
A6U7-1 755P
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Figure 8-63.

G AND VIDEO LOGIC(01615-66506)
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