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CHAPTER 1
GENERAL INFORMATION

1.1 INTRODUCTION

The AX08 can be considered either a multi-purpose PDP-8-series peripheral or as an integral
part of the Lab-8 Hardware/Software System (PDP-8 or 8/1, AX08, Lab-8 Averaging Program. The
AX08 provides a facility for monitoring up fo four channels of analog information (expandable by option,
see Paragraph 1.4), performing cnalogu-.;c;"-‘a_iai_toi _conversionm (ADC) for data storage at the computer,
performing digital-to-analog conversion (DAC) on inputs from the computer for display, sensing time
through two real-time clocks, and sensing digital inputs. For ADC, the AX08 uses the successive
approximation technique. Standard PDP-8 1/O instructions initiate and monitor the operations of the
AX08.

This manual provides a description of operation, programming, theory , and maintenance
of the AX08. The level of discussion assumes familiarity with the PDP-8 Programmed Data Processor

and a working knowledge of DEC logic symbology .

1.2 PHYSICAL DESCRIPTION

The AXO08 is housed in a single cabinet designed especially to provide simple interconnection
and easy access fo logic modules. The back-wired panels provide interface with the PDP-8 type com-
puters. The signal connections to the computer or to other external equipment are made via DEC cable
connectors that plug directly into module slots. A control/indicator panel is located on the front of
the AX08.

Power is supplied from either the computer or from a standard DEC power supply . Reference

power =10V for ADC and DAC is provided by DEC Type A704.

1.2.1 Physical Characteristics

Dimensions: Panel Width - Standard 10-1/2 in.
Panel Height - Double Rack
Depth 18-3/4 in.

1/O Cables: DEC Type WO11 or W021 modules located per drawing
(see UML, Chapter 5)

Power: Module power is supplied by Type 728 or (for 50 Hz opera-
tion) 728A power supplies. If the PC 8/1 option is selected,
the Type 779 or (for 50 Hz operation) 779A power supply is
also provided.

Reference voltage is provided by an A704.
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1.3 FUNCTIONAL UNITS

The AX08 provides a 9-bit display with two axes and intensity control (see Paragraph 1.4),

a 9-bit ADC with four channels of multiplexed input (expandable to 24) incorporating preamplifiers

and sample and hold.

The basic operational flow is shown in Figure 1-1. Channel selection is accomplished by

decoding IOT instructions from the computer, and conversion is controlled by command, timing, and

control sequences of the computer and AX08 logic; completed analog-to-digital conversions are sent

from the Y-register, through the input mixer to the computer. Computer inputs through the buffer are

controlled through decoded 10T instructions and AX08 logic to provide analog outputs for display .

Both ADC and DAC use the same registers and in case of simultaneous requirement, ADC has priority.
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Figure 1-1 AX08 Operational Flow Diagram

The interrupt and control scheme for this is described in Chapters 2 and 3.
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1.4 OPTIONS

The following options may be added to the AX08:

OPTION XR - This option expands the registers of the AX08 to include three levels of
brightness control on the scope, eight digital inputs (contingency), three digital outputs and one
additional pulse input. A single XR may be added to an AX08.

QPTION (Multiplex expansion) - The first four channels of additional analog input are
included in Option XM. This includes the preamplifiers, additional multiplexing and expansion of
the channel selection regis.ter. A single AX08XM may be added to an AX08.

OPTION XC - This option is for the expansion of the ADC channels beyond eight. Each
AXO08XC adds four channels of preamplified multiplexed analog input. Four option XC's may be added
to an AX08 with XM option.

1.5 SYSTEM CHARACTERISTICS

The following tables define the major operating characteristics of AX08.

Table 1-1
Operating Characteristics
Analog-to-Digital Conversion

Conversion Successive approximation
Word Length 9 bits including sign
Accuracy +1/2 LSB £0.2%
Speed <17 ps
Preamplifier Input +1,024V full scale, 50K input impedance
Sample and Hold Full scale track in 2 ps
Number Notation Signed 2's complement
Clocks
R405 Crystal Clock Set to 100 ps 1o e Lisee
R0/ RC Timing Clock ~\;;'ic:b|e from 2 sec to 20 s
Table 1-2
Power Requirements and Environment
Reference Voltage ' -10V nominal
Input Power Std. DEC voltages
Operating Temperature 0°C to 50°C




Table 1-3
A-D Conversion

Analog Input Digital Output
Voltage (£2 mV) (signed 2's complement) (+1/2 LSB)
1.8 . L4

+1.020 0377 L R a«w}/—w [
+0.768 0300
+0.512 0200
+0.256 0100
+0.004 0001
+0.000 0000
-0.004 7777
-0.256 7700
-0.512 7600
-0.768 7500
-1.024 7400

1.6 REFERENCE DOCUMENTS

Title Document No. Description
Digital Logic Handbook c-105 Specifications and descriptions of FLIP CHIP modules,

simplified explanation of the selection and use of
these modules in numerous applications.

Small Computer Handbook ¥ €800 Describes operation and programming of PDP-8/1
(1967/1968 Edition) computer.
PDP-8 Interface Manual F-85 Contains computer organization information,detailed

description of all instructions, basic PDP-8 program-
ming data, and operating procedures.

AXO08 Bulletin J Contains operation and programming data at the user's
| | P prog
evel.



CHAPTER 2
OPERATION AND PROGRAMMING

2.1 GENERAL

This chapter contains operation and programming instructions for the AX08. Since the
AXO08 is a special I/O device for the PDP-8 series of computers, refer to the applicable documents of

PDP-8 literature for programming information.

2.2 CONTROLS AND INDICATORS

T T AL

EDZO020 L ABORATORY PERIPHERAL

Figure 2-1 AXO08 Front Panel Controls

2.3 ENABLE REGISTERS

The Enable Register is used to

a. Selectively enable interrupts for the ADC, the ADC timing error indicator, Schmitt
triggers, the crystal clock and the RC clock.

_b. Initialize and run the RC clock.
c. Shift between two speeds of the RC clock.
_ d. Provide automatic initiation of ADC upon RC or external timing pulses.

e. Enable an external clock pulse to set the RC clock flag (and cause ADC if enabled).



2.4

I/O INSTRUCTIONS

The AX08 IOT instructions are called by PDP-8 IOP 1, 2, and 4 pulses. A complete dis-

cussion of PDP-8 programmed data transfers, including IOP 1, 2, and 4 generation is contained in

Chapter 2 of the PDP-8 User's Handbook . *

The PDP-8 instruction op codes for the AX08 IOT's are of the form: 63AB, where A represents

bits 6 through 8, and B represents bits 9 through 11 of the instruction word. All AX08 instructions are

10T instructions. Table 2-1 lists the IOT instructions and defines them in terms of IOP 1, 2 and 4

control.
Table 2-1
AXO08 IOT Instructions
107 IOP IOP IOP
Instruction 1 2 4
630X DXC DXL DIS (6304)
Clear X Register Load X from AC Intensify point
631X DYC DYL DIS (6314)
Clear Y Register Load Y from AC Intensify point
632X SKXK SKER DSB (OPT XR)
Skip on Crystal Skip on ADC timing error - Set Brightness
Clk flag convert command received DSB 0 =dim
when last conversion not DSB 1 = normal
yet read into AC DSB 2 = bright
633X XRIN SKAD XRCL
OR external sense Skip on ADC done Clear all bits of
register into AC external sense register
that correspond to set
bits in AC
634X SKRK ZTEN OTEN
Skip on RC timing Zeros in AC clear Ones in AC set bits in
clock flag bits in Enable Enable Register then AC
Register is cleared
635X CLER CLXK CLRK
Clear ADC timing Clear crystal Clear RC clock flag
error flag = and clock flag

error condifion
0 —> ADCERR,
0 —> ADCIP




Table 2-1 (Cont)
AX08 IOT Instructions

10T

Instruction

10P

10P
2

10OP

636X ICMX
Increment multiplexer RADC (6362) ADCV (6364)
channel (set to Chan 0 0—> AC Initiate Conversion
if at maximum imple- ADC buffer —> AC
mented channel) 0 —> ADC done
0 —> ADCIP
637X ACMX RADC (6372) ADCV (6374)
Set multiplex 0——> AC Initiate Conversion

ADC buffer —> AC
0 ——> ADC DONE

0 ——> ADCIP

register from AC

2.4.1 Microprogramming

Microprogramming of most AX08 IOT's (except SKXK DSB or SKER DSB) is allowed. As an
example of microprogramming effectiveness, note that with the combination of instructions ACMX
RADC ADCV, it is possible to set up a multiplex channel, start a conversion, and read the results of

a previous conversion all in one instruction.

2.5 DISPLAY CONTROL

In AX08 operations, ADC takes precedence so that a display command will have no effect
if an ADC is taking place (conversion in progress or complete and value not yet read from buffer). The
display control consists of two 9-bit DAC's and scope blanking facility.

The axis organization for display is shown in Figure 2-2.

Loading the Register X with DXC DXL and Y wn'rh DYC DYL ¢ drlves the display as shown
in Figure 2-2. Intensification is accompllshed wutkh—éﬂ3-011 or 6314 (DIS = 6304)

The commands DCX (Display X-Axis Clear-6301) and DYC (Display Y-Axis Clear-6311)
clear the X~ and Y-registers (to 000), and set X-OUT and Y-OUT to -5V. Power clear has the same
offect. The IOT's DXL (Display X-Axis Load=6302) and DYL (Display Y-Axis Load=6312) load from
the accumulator into the X- and Y-registers (AC bits 3-11to X and Y bits 0-8). Since 000 inthe X~

and Y-registers implies half-scale, AC bit 3 is complemented before being transferred to the X-register

(half-scale on X is represented in the AC as 400) .




YOUT =

ov 0,377 777,377
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NOTE . SYSTEM REVERTS TO X UNDER DXC,
DYC OR POWER CLEAR

Figure 2-2 Display Axis Organization

If an ADC conversion is in process (a convert pulse has been given but RADC or CLER has
not) then the display control instructions DYC, DXC, DIS DXL and DYL will have no effect. Thus,
in automatic conversion mode, an inadvertent display command will not destroy the conversion.

Brightness control is set from MB bits 10 and 11 when instruction DSB (6324) is given.
(Optional = option XR)

IOT's 6304 and 6314 both intensify a point; however it is obvious that within the structure
of PAL IIl (symbolic machine language assembler, see DEC document Digital-8-3-5), it is only neces-
sary to specify one mnemonic (DIS = 6304) to handle both sequences of micro instructions: DXC DXL
DIS and DYC DYL DIS.

2.6 ENABLE REGISTER BIT CONFIGURATIONS

Enable Register flip-flop outputs, control certain optional modes of operation. A description
of the Enable Register bits and how fHey are set from the AC with the instructions ZTEN OTEN is shown
in Table 2-2,



Table 2-2
Enable Register

et P

SKEN ’Q Slows RC Clock rate by factor of 8

CVEN Jj Conversions initiated by RC or external clock pulse

RKEN 2 RC Clock flag causes interrupt

XKEN 3 Crystal clock flag causes interrupt

EREN 4 ADC timing error causes interrupt

ADEN 5 ADC Done flag causes interrupt

R4 6 R4 =1 (option XR)

R2 7 R2 =1 (option XR)

R1 8 R1 =1 (option XR)

EXEN 9 External clock available as RC timer. S1,52,53 can cause
interrupfs .

CNEN 10 RC counting chain enabled

SO N Set pulse channel 0 (SO) Flag to 1

R4, R2, and R1 may (if implemented) be used to provide logic control of digital devices (e.g. relays).

2.7 CLOCKS AND SCHMITT TRIGGER INPUTS

There are four instructions concerned with the two clocks in the AX08.
Crystal Clock:
IOT 6321 = Skip on crystal clock flag
1OT 6352 - Clear crystal clock flag
RC or External Clock:
IOT 6341 - Skip on RC clock flag
IOT 6352 - Clear RC clock flag
The crystal clock flag = 1 will cause an interrupt request to be generated if bit 3 of the
Enable Register = 1. Note that there is no way to stop and start the crystal clock and to absolutely

synchronize the clock with a program. The sequence

CLXK
SKXK
JMP .-1

will synchronize within a jitter of 0 to 5.75 ps (£30%).




The RC clock flag = 1 will cause an interrupt request to be generated if bit 2 of the Enable
Register = 1,

The rate of clock pulses can be changed by a factor of 8 by changing bit 0 of the Enable
Register. Bit 0 = 1 selects the slower speed. Power clear sets bit 0 = 0.

M_——-‘;‘?__’Bz_tuminq the RC counting chain off and then on (OTEN with AC10) program=RC clock

synchrony is possible.

The ADC may also operate in synchrony with the RC clock by setting enable register bit
1 = 1. RC clock pulses, if so enabled, cause an A/D conversion, starting at the RC pulse time. This
eliminates the jitter characteristic of programmed ADC control .

The "external" input on the front panel can be used as an RC clock by setting bit 9 (1) in

the Enable Register. (If the user wishes, RC clock may be disabled by bit 10 (0). Bit 9 (1) also serves

to enable interrupts from pulse inputs S1, 52, or S3.

S0, S1, S2, S3 and the "contingency" inputs may be read into the AC by the instruction
XRIN. (53 and the "contingency" inputs CO through C7 are optional , part of option XR.)

S1 through S3 are set by front panel inputs to Schmitt triggers. CO through C7 are set by
a digital logic level OV. SO is set under program control via the Enable Register. ENABLE 11(1).

SO through S3 and CO through C7 are cleared by setting corresponding bits in the AC =1
and executing the instruction XRCL. Note that in the microprogrammed sequence: XRIN XRCL, only
the bits in the register = 1, at the time of the XRIN are cleared by the XRCL. This prevents missing
events that occur in the 2 us between XRIN and XRCL (provided that the maximum rate on any single

input does not exceed the programmed sampling rate on the register).

2.8 MULTIPLEXER AND ADC

Power clear sets the multiplexer register to Os. The ICMX instruction increments this register
until the largest implemented channel number is reached. The next ICMX resets the multiplex register
to channel 0.

The instruction ACMX jam sets the contents of the AC into the multiplex register.

RADC clears the accumulator and the flag ADCIP then sets the AC with the contents of the
ADC buffer.

ADCYV initiates a conversion and sets the flag ADCIP(1). RC (or external) clock pulses cause
the same action if auto conversion mode is enabled CVEN(1). 17 ps later, the conversion is complete
and the ADC DONE flag is raised which causes an interrupt if ADEN (1) (see Table 2-2).

SKAD senses the state of ADC DONE. Skip is on ADC DONE(1). RADC will clear the
ADC DONE flag.
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The IOT's ACMX, RADC, and ADCV may be microprogrammed since ACMX jam sets the
multiplex register and RADC jam sets the AC. Reading of conversion result on one channel and initi-

ation of conversion on another may all be done in_one instruction.

e

If conversions are done at a rate that does not permit the operating program to read the
result before initiation of another conversion, the flag "ADC Timing Error" will be raised. This flag
may be sensed by the instruction SKER. Skip is on ADC ERR(1). ADC ERR(1) will request an interrupt
if EREN(1) - ENABLE 4(1). ADC ERR may be cleared by the instruction CLER (which also clears ADC
DONE and ADCIP).

ADCIP(1) disables the display instructions 630X and 631X.

Front panel analog knobs are connected to channels 34, 35, 36 and 37 (from top to bottom)

2.9 DIAGNOSTICS

Chapter 4, Maintenance, contains descriptive material on diagnostic testing philosophy for
the AXO08.






CHAPTER 3
PRINCIPLES OF OPERATION

3.1 BLOCK DIAGRAM

The major functional elements of the system are shown in Figure 3-1, AX08 Block Diagram.
All AX08 operations are controlled by the computer program; decoded IOT's provide the commands
that initiate ADC or DAC operations, and skip and interrupt request logic alerts the computer to
conditions in the AX08.

Analog inputs are processed through preamplifiers, multiplexers, and sample and hold cir-
cuits to a comparator (in the ADC Control). Successive approximation is achieved by the Y-OUT
analog equivalent of the digital value in the Y-register being fed back to the comparator to control
the input to the Y-register. The X-register keeps track of the step number in the approximation. Final
output value of the ADC is the content of Y-register which is sent to the computer via the input mixer.

DAC for display, is accomplished by transfer of data words from the computer AC to the X-
and Y-registers where the ladder networks provide the Y-OUT and X-OUT analog equivalents as out-
puts to the display. The display control (with option XR) provides three display intensity levels; bright,
normal, or dim.

The system has two clocks: a crystal controlled clock that is set to 100 ps and an RC timing
clock that is variable from roughly 20 ps to 2s. The crystal clock can be used to calibrate the RC clock.

The external register provides a buffer for inputs SO through S2, (SO is sync output) and as
part of option XR, S3 and 8-bits of digital inputs.

The 10T decoder decodes IOT instructions from the computer to control AX08 operation
together with the 12-bit Enable Register. The Enable Register provides function control levels which

selectively enable interrupt conditions and in general , control optional modes of operation.

3.2 IOT DECODING

Generation of all IOT commands for the system is shown in Figure 3-2. Memory buffer bits
6, 7 and 8 from the computer provide the 3-bit code for generation of 100 through 107, and memory
buffer bits 3, 4 and 5 when 011 enable the decoder gates. The decoded 100 through 107, in conjunc=
with the IOP timing pulses 1, 2 and 4 from the computer, generate the 10T and major control commands
for system operation.

Table 2-1 presents the generation and operation of all IOT's.
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3.3 CLOCKS

3.3.1 Crystal Clock

The crystal clock serves as a timer and provides a pulse every 100 ps to set the XTAL CLK
flag (flip-flop) (Figure 3-3). The state of the crystal clock flag is used by the IOT SKXK (skip on
crystal clock flag) to cause a skip request if the flag is set. IOT SKXK is caused by BMB bit 9(0) and
the combination of 102 decoded in the decoder (MB 6, 7, 8 as 010) and the IOP 1 pulse from the com-
puter. To cause an inferrupt request, the 1 state of the flag is ANDed with XKEN(1) from the Endble
Register. XKEN is set by IOT OTEN (AC bit 3 (1)).

FrROM EnARLE
REG., F/F + XKEN(1)

AND —# INT REQ

100 SEC XTAL &K

10T CLXK

AND |—# SKIP REQ

10T SKXK —b
Cap on (LK
FLAG,

Figure 3-3 Crystal Clock Logic

3.3.2 RC Clock

The RC Clock consists of a 5-stage counter, count control logic, and output skip and in-
terrupt request logic. The clock's counting rate is adjustable by front panel control and the RCLK flag
can be set at the end of either 32 or 4 pulses from this counter chain.

The operator can control the RC clock pulse rate by using the timing control RANGE switch
and the FINE (potentiometer) adjustment in the front panel. These adjustment inputs control an R401
Variable Clock that produces 100 ns pulses from a stable RC-coupled oscillator. The RANGE switch
selects one of ten capacitor controlled frequency ranges; the FINE control permits fine adjustment to
the desired pulse rate to provide the CNT CL pulses to the counter.

As shown in Figure 3-4, if the flag (flip-flop RCLK) is cleared and SKEN (1) is present (from
the Enable Register, caused by IOT OTEN and ACO(1)), then the RCLK flag will be set every 32-clock
pulses (enabled by 10T OTEN and AC bit 10(1) in the Enable Register). If SKEN (0) is present (from
the Enable Register by IOT ZTEN, which commands reset if AC bit is 0, and AC bit 0 (0), the RCLK

flag is set at the count of four in the counter.

3-4



SEP on RC cuk

FLAG.
SKEN (1) AND 10T SKRK —-ﬁ
AND SKIP REQ
RCLK
AND OR RCLK
SKEN (0) — | i
RANGE SPEED CLOCK o
FINE SLOCK COUNTER AND INT REQ
RKEN (1) —
FrRom ENABLE
EXEN (1) REG, F/F.
AND _» RCT ICK
EXCK —

Figure 3-4 RC Clock Flag Logic

Whenever the EXEN(1) from the Enable Register is present, (set by 1OT OTEN and AC 9(1)0
and positive going external clock pulse EXCK arrive, the flag RCLK will be set.

The state of the flag may be tested by the computer command 10T SKRK (skip on RC clock
flag). An interrupt request occurs when RKEN (1) from the Enable Register (set by 1OT OTEN and
AC2(1)) and the RCLK flag is set.

3.4 ENABLE REGISTER

The Enable Register is used tfo:

Selectively enable interrupts from the ADC, the ADC timing error indicator,
crystal controlled clock, the RC clock, and the Schmitt triggers;

Initialize and run the RC clock;

Shift between two speeds of the RC clock, one 8-times faster than the other;

Provide for automatic initiation of ADC conversion upon receipt of every RC flag setting
pulse;

Enable an external clock pulse to set the RC flag instead of the RC timer provided;

Control 3 digital outputs (Optional - option XR).

The Enable Register control level flip=flops are reset under control of IOT ZTEN (zeros in

_the AC clear corresponding bits Ebg,&,ggb_l_e_ﬂggjﬁlﬁ:), and are set under control of IOT OTEN (ones

am——

in the AC set bits in the enable) as shown in Figure 3-5.

—

Three bits of the Enable Register are reserved for the optional digital outputs. These bits, as
with other bits of the Enable Register, are sef with the combination of instruction ZTEN OTEN.
The effects of the Enable Register are described in Chapter 2 (Paragraph 2.5).



10T ZTEN —» 10T ZTEN
A
AND 0 |— SKEN (0) ND O |—= ADEN (0)
ACO (0) — ACS (0) —f
. SKEN ADEN
10T OTEN 10T OTEN
1 SKEN (1) 1 A 1
AND |—o AND DEN (1)
ACO (1) — ACS (1) —d
10T ZTEN 10T ZTEN
AND AND
> R4
act 01 — © CVEN 0} AC6 (0) —om| o—* re@
CVEN R4
10T OTEN —o N 10T OTEN 1 R&(1)
AND |—o» AND
ACY 1) —» ace (1) —aesd
10T ZTEN 10T ZTEN
AND AND
—» RKEN( 0 —# R2(0)
AC2 (0) — ° ENGO) ACT (0) —»
RKEN R2
10T OTEN 10T OTEN
1 RKEN (1
AND EN (1) AND 1 —® R2(1
AC2 (1) — AC7 (1) —u
10T ZTEN 10T ZTEN
AND O —® XKEN (0) AND O —® R1(0)
AC3 (0) —» ACB(0) —o
XKEN R
10T OTEN 10T OTEN
1 1
AND ——=8 XKEN (1) AND 1 R1(1)
AC3 (1) —» ACS8 (1) —
10T ZTEN 10T ZTEN
AND 0 |—® EREN (O) ano 0 |— EXEN(O)
ACA (0) —] ACS (0) —8m
EREN EXEN
10T OTEN 10T OTEN
\ — 1
AND 1\ |— EREN (1) AND EXEN (1)
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AND
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1 CNEN (1)
AND EN(
AC10 (1) —

Figure 3-5 Enable Register

3.5 CONTINGENCY REGISTER - OPTIONAL (OPTION XR)

The contingency register flip-flops CRO through CR7 are set by CO through C7 inputs applied
through the connector on the control panel. The basic logic is shown on Figure 3-6. The CR outputs
are sent to the AC through the input mixer by IOT XRIN. ‘ok exfeinal senae keq irtek

- ik+o A C ,/

3.6 SYNCHRONIZATION OR "SYNC"

A level may be output on SO (sync channel) by the instruction OTEN with AC11 (1) as shown
in Figure 3-7. Flip-flops S1 and S2 are set by the output of Schmitt triggers. The inputs and lower
threshold levels for these Schmitt triggers are available on the front panel of the AX08. Sync S3 is
part of option XR, as are the contingency inputs (CO through C7).
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1 R6 (1
e ‘ CR6 (1)
10T XRCL
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1 CR7 (1)

7 ————

Figure 3-6 Contingency Register
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TR LEVEL !
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TR LEVEL 2

AC3 (1) —
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TR LEVEL 3 —#

AND
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[o]
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1 —» SO
o]
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[o]
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1 s2
(o]

S3
1 s3

Figure 3-7 "Sync" Channel Logic
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3.7 INPUT CHANNEL SELECTION et fe

The multiplexer register is jomset frpm the ACGhrough 11 Lv:/‘l:rtheLOT ACMX (Flgure 3-8).
The register may be incremented by ‘the 10T ICMX A dlodWOOZ) is cut to decode the highest
channel number implemented at each installation. If the highest channel number is reached, the
multiplex register is resef to zero at the next ICMX. Thus, for all but the highest channel number in
the MPX register, NEXT MX OK is available and ICMX counts the MPX register. In the highest chan-
nel, NEXT MX OK is not present, therefore ICMX will not count the register but instead generates
RESET MPX, which sets the register to 0.

MXO through MX3 select the channel within a A130 multiplexer module.
MXA through MXF select the channel group (multiplexer module) if option XM is implemented. MX-H

selects the multiplexer module assigned to the front panel knobs.

3.8 ANALOG-TO-DIGITAL CONVERSION

The overall function diagram and the major timing of the analog-to-digital conversion
(ADC) operation are shown in Figures 3-9 and 3-10 respectively. The converter is a 9-bit successive

approximation type.

ADC GO T
HOLD

2us
TRACK — — — — — —

MSB

DELAY ‘Lsusl

CONVERT

TS O B
ETE I
A

DONE

cvT2

Figure 3-9 Analog-to-Digital Timing
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The ADC in the AX08 has preamplifier input channels that accept £1.024V full scale. The

input channels and multiplexing are available in multiples of from four to 24 channels. Channel select
signals are applied to all multiplexer modules (a module switches 4 channels) .

The conversion sequence begins by a clock pulse enabled by CVEN (1) and ADCIP (0) or by
a computer command ADCV and ADCIP (0). This generates ADC GO, setting the sample and hold in
the track state, which sets the X- and Y-registers to 000 (half analog scale). 2 ps later, the sample
and hold returns to the hold state and a 1.5 ps delay provides settling time for the MSB (most significant
bit) decision. When the 1.5 ps fimes out, the CV clock is enabled to generate 9 CVT 1's and CVT 2's
as shown on the timing diagram. '

A CVT 1 pulse shifts the X-register one place to the right as shown in Figure 3-11. XOis
complemented before shifting to %1. When the bit originally set to 0 by ADC GO is shifted (s a 1)
through X8 into ADC DONE, the conversion is complete and ferminates af the next CVT 2 pulse. CVTI
and CVT2 pulses are alternately generated (as shown on the timing diagram) by clock pulses which also
cause generation of STROBE COMPARE pulses.

In the conversion process, the X-register serves as a step marker. One set bit is stepped
through the X-register by CVT1. The active X bit is used to select which bit of the Y-register will be
set by CVT2 and which bit will be cleared b'y CERR. CVT2 and the X-register generate test values for
the DAC. The X-register is then shifted by CVT1. Slightly before the next CVT2, Y-OUT from the
DAC ladder network is compared with the sample and hold output in the comparator. If; as a result,
Y-OUT is too positive, STROBE COMPAR generates CERR clearing the test bit set at the last CVT2 or,
for the first decision, sets to 1. This is done by using the X-register to point to the last test bit. Then
CVT2, slightly after CERR time, sets the next test bit in the Y-register (CVT1 has shifted the X-register
right). In this way, all bits of Y are successively set and (if this results in Y=-OUT too positive) are
reset. After 8 shifts, CVT1 and X8(1) set ADC DONE.

3.9 DISPLAY CONTROL

D/A ladders (X and Y) for display control , are cleared by pulses "SET X" and "SET Y"
respectively. These are generated by 10T DXC and 10T DYC if there is no A/D conversion in progress
(ADCIP(0)) (See Figure 3-12). 1OT's DXL and DYL generate LOAD X and LOAD Y to transfer from
the AC3 through 11 into X0 through X8, YO through Y8 (again if ADCIP(0)). AC3 is complemented
before seﬂihg XO0.

If option XR is implemented, DB-register and associated delays are installed. DB is power

cleared to 0 which selects normal intensity (also selected at all times if XR not implemented). This

3-11



siajs1b9y-A pup =¥

| -€ ®inB1

(hHhov (heov (189v (18V (2ov (1192 (sov (Wpov
(@€ oV
aNY oNvY aNv anvy aNy aNy aNv anvy any
X Qv01
@)X (@9% (oISx ©@Wx (@)% (@)2x @ (1 ox
X (hex (nsx hex (hex (hex X (610X
vie{v v je{v ve{v (v ]| v] v je{v ve{v v}e{v v e{v b AAD
X 138
8X @ 9X X X 3% 2x X ox
) ) ! ° b ) ! ° ! ° b ° ! ° } ° !
(v (ho1ov (1169v (n8av (M2ov (09 ov (NSaV (Wwov eV
v v} J_m_ﬂ v A avol
(n8x (hex J (hex J (16X hvx (MEeX zx (DX
v v v v v L.W._ h*,r 2 1AD
Ja—
v (nex (h2x (hex (nsx - ex Y e T mex (X
v h_u._l H‘Tl h_ul \ﬂ_w_l \_.,Tl L.«J\ v YER)
- X 135
8A LA 9& SA vA €A 2A VA oA
! ° ! ° v ° ! ° ! 0 ! ° ! ° : ° !
v 5y oL
su3gayn [#3E A0

1no A

3-12



setting of DB disables BRIGHT and DIM intensity (see Figure 3-13). Disabling may be removed by
setting either DBO(1) or DB1(1). This is done by strobing BMB10 and complement of BMB11 into DB
upon 1OT DSB. Thus,

DSBO: DIM - DB(01)

DSB1: NORM - DB(00)

DSB2: BRIGHT - DB(10)

10T DXC 10T DYC
AND SE1 X
ADCIP (9) — ADCIP (D)

SET Y

ADC GO Y] ADC GO

|9‘ g

10T OXL 10T DYL
AND LOAD X AND ’———-P LOAD Y
ADCIP (0) ADCIP (D)

Figure 3-12 Display Command Logic

3.10 INPUT MIXERS

IOT's RADC and XRIN strobe contents of AX08 registers into accumulator as shown in
Figure 3-15. RADC sends AC CLEAR with data on input mixers. AC CLEAR, causes 100 ns pulse,
clearing AC. In PDP-8, the 500 ns delay insures that data is still available at AC when the internal
100 ns clear pulse ends. In the PDP-8/1 these pulses are examined at IOP strobe time, the AC is
disabled, and the 1/O bus enabled on the transfer bus. Sign extension is performed, loading ADC
buffer as a signed 2's complement, 12-bit, right-justified word. XRIN strobes entire external register

(S0 through S3, CRO through CR7) into AC as shown.
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2us T
AND
AND l
1 1
I0P 4  DISGRP ° e
08O 81
AND AND AND AND
MB10(0) MB11(1)
10T DSB MB1O(1) MB11(@)

Figure 3-13

Intensity Logic

ADCIP(Y)

INTENSIFY



Y- DEFLECTION D/A LADDER X- DEFLECTION D/A LADDER
[} 1 [ 1 (] 1
Yo X0 X1
SET Y » - — - l » - -
sacalt)
BAC 3 (1) BAC 3 (D) —
AND AND AND
LOAD Y —8% LOAD X ——»

Figure 3-14 Display Registers
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. —
FROM Y REG
MO0 M@ IMP2 IMO3 IM@4 IM@S IMP6 IMD7 ImM@8 IMP9 M9 M1t

10T XRIN

sa) Si(1) s2u) S3(1) CRO(1) CR1(1) CR2(1) CR3(1) CR4(1) CRS(1) CR6(1) CRT(1)
- — /
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Figure 3=15 Input Mixer






CHAPTER 4
MAINTENANCE

4.1 INTRODUCTION

This chapter contains the information required for maintaining the AX08 system when
operating with a PDP-8 or 8/1 programmed data processor.

Preventive maintenance includes such routine periodic checks as, visual inspections, stand-
ard cleaning procedures, adjustments, and the occasional running of diagnostics to expose weakened
conditions before they become malfunctions.

Both troubleshooting and preventive maintenance include procedures that range from basic
power supply checks to intricate logic checking techniques involving programmed operation (diagnos-
tics) of the processor (PDP-8 or PDP-8/1).

For a detailed understanding of diagnostic procedures, reference should be made to the
pertinent processor maintenance manual and applicable software documentation.

The maintenance equipment specified in the PDP-8 Maintenance Manual with the addition
of a precision voltage supply (EDC VS-11 or equivalent), is adequate for performing tests on the LAB-8
system.

Detailed designations and location information of all modules and assemblies in the system
are presented on drawings D-MU-AX08-0-11 and A-PL-AX08-0-11 listed in Chapter 6. All input/

output connectors with pin and signal information are shown on drawing D-BS-AX08-0-9 in Chapter 6.

4.2 DIAGNOSTICS

The AXO08 diagnostic (MAINDEC 8/1-D6AA-D) tests the functions described here. The

operation of this diagnostic is described in the writeup supplied in the Software Kit.

4.3 CALIBRATION

In an operating system, (with part III of the AX08 diagnostic) readings of 0000 +1/2 LSB is
produced with OV £2 mV (offset); 0376 +1/2 LSB with 1.016V £2 mV (gain); and 7402 +1/2 LSB with
-1.016V 2 mV. Adjustment of the A202's may be necessary from time to time to provide this calibra-

tion.
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GAIN GAIN

-376
OFFSET //
+376

@|o| A4O! o|o| A202 |o|@

/

OFFSET

Channels 34 through 37 (front-panel knobs) may be used to set up the A401 if it should
require readjustment. 1/2 to 1 turn from full stop in either direction should range the converter from
-376 to 7401. If this cannot be done, set the pot to 3/4 turn from full clockwise, and adjust A40l off-
<ot to convert to 0376. Then set the pot 3/4 turn from full counter-clockwise , and adjust A401 gain

to convert to 7402, Repeat until both end conditions are met.



CHAPTER 5
ENGINEERING DRAWINGS

This chapter contains copies of all engineering drawings and replacement schematics neces-
sary to understand and maintain the Type AX08 Laboratory Peripheral System. The engineering drawings
supplied here are in addition to a complete set of drawings supplied with each system. Should any
discrepancy exist between the drawings in this manual and those supplied with the equipment, assume
that the drawings supplied with the equipment are correct. Drawings are listed below in the order in

which they appear in the manual.

Engineering Drawings

Drawing No. Title Revision Page
D-BS-AX08-0-1 (Sheet 1) [1OT Decoders 5-3
D-BS-AX08-0-1 (Sheet 2) 10T Decoders 5-5
D-BS-AX08-0-2 Timers and Synchronization or "Sync" Channels 5-7
D-BS-AX08-0-3 ADC Control 5-9
D-BS-AX08-0-4 Enable and Contingency Registers 5-11
D-BS-AX08-0-5 Buffered AC Bits and MPX 1OT's 5-13
D-BS-AX08-0-6 Scope and Multiplexer Controls 5-15
D-BS-AX08-0-7 Input Mixers 5-17
D-BS-AX08-0-8 X and Y Registers 5-19
D-BS-AX08-0-9 1/O Connectors 5-21
D-BS-AX08-0-10 Additional Channels (Option XC) 5-23
D-MU-AX08-0-11 (Sheet 1) AX08 Lab Peripheral (UML) 5-25
D-MU-AX08-0-11 (Sheet 2) AX08 Lab Peripheral (UML) 5-27
D-AD-7005831-0-0 Control Panel Assembly B 5-29
D-AD-7005832-0-0 Rear Panel Assembly A 5-31

Replacement Schematics

Type Title Revision Page
A130 Multiplex Linc-8 A 5-34
A202 Two Analog Preamplifiers B 5-34
A401 Sample and Hold A 5-35
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Type

A502
A601
A604
A704
A706

R002
R107
R113
R121
R122
R123
R151
R202
R203
R205
R302
R401
R405
R603
W500
W501
Wé81

Replacement Schematics (Cont)

Title

Comparator
Digital-Analog Converter
Digital-Analog

Reference Supply

Power Supply for A202

Diode Network

Inverter

NAND/NOR Gate
NAND/NOR Gate
NOR/NAND Gate

Input Bus

Binary to Octal Decoder
Dual Flip-Flop

Triple Flip-Flop

Dual Flip-Flop

Dual Delay Multivibrator
Variable Clock

Crystal Clock

Pulse Amplifier

High Impedance Follower
Schmitt Trigger

Scope Intensifier
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Revision
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Page

5-35
5-36
5-36
5-37
5-37
5-38
5-39
5-39
5-40
5-40
5-41
5-41
5-42
5-42
5-43
5-43
5-44
5-44
5-45
5-45
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Note: Pages 5-3 to 5-31 were copied folded in the copy
of the manual this scan was made from. Since they are
not very readable they are stored in a separate document
at http://www.pdp8.net to save download time. The
original document is not availabe to get new copies from.
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S1-
S2

S3

R4

R2

R1
GND

Cco
Cl
C2
c3
C4
C5
Cé
c7

Front Panel Amphenol Connector Pins
(Front View)

Y

HQ -

5
10
HQ
1
14
HQ
15
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HQ

21

24

- HQ

25
GND

X

a-S]

6

HQ
_—
12
HQ
13

16
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17
22
HQ
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26
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GND

Numbers refer to Channel Numbers, HQ is HQGND for Pair of channels on either side

of GND is chassis GND.

Rear Panel Amphenol Connector

(Front View of Panel)
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A502 Comparator
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‘ - Y
)52

v 2 a D
57
/ % o
— —OS GND
: T ——OAe IOVIA)
{ —OF H.Q.GND
C GND
) RE 13 RI7 R21 R26
a1 i os 120000 18,000} |as wpod - J1ep00
DEC30098 S Re  Se% DEC30098 RIS Ss% DEC30098 Rz
5 < 820 L~ 820 >
a2
) Casos ce ) 308
(] 330 D4 =0 o7 _?o € L
0-003 | p2 r2 0-003 | bs RI2 a6 0-003 | pe R20 T T
82 | 5600 es2 | 6,600 2N1308 v ee2 | 8,600 b ":‘3"'9
e T Qe ki (14 QK ,ﬁ?‘é
v ct Q2 ca
58 f DECEB se ﬁ DECEB 5', DECEB ;g;t
" 03 g oe o " 09 Siksos
D-es2 D-662 D-662
c
MED MFD
Lm RT Lum ) Lmo R22 SR2S
1,800 1,200 1,800 1,800 2 1800 1300 68000
5% 0y % g %
—QB-18V
—Q E- IOV REF
R9 RIO 18 R27
S, Ee 33 e o
1% MF 100PPM SOPPM | 50PPM 50 PPM SOPPM
HO—AAA—OJ  LO—AAA~
DAC TP
UNLESS OTHERWISE INOICATED DAC INPUT ouTPUT
ORS ARE L/4W; 10%
MF RESISTORS ARE O.1%;1/8W
CAMCITORS ARE MMFD
Note:
€D AS THE L
YAy T conu:c'r AL
AND CONNECT H TO Ha.
- —
4 C
Ry [ - I £ ..
s SR — ! (SRS
L S TN ¢! A601 Digital-Analog Converter
L -
R A L
o - s L
f -OS GND
—OA+IOVA)
-OF HQ. GND
—OC  GND
Ln3 L7 San Som I,:m
ai 318000 a3 6 515000
S:r,mos > rRs  95% _joNmoseLue Suzooie > s >5% 5%
80
e )
ot frd 04 1
0-003 L) 0-003 N
02 R2 a3 5 RI2 a8
p-662 | 600 DECEB 0-662 OECES
v & ) T > e
¢ v
¢l 03 Q4 SRO ce D6
330 D-662 25 330 D-662
i e o | ¥ 1
§ R
™ ha
]QD Qa7 1?
DEC30098
02
DEC30098 &
o2
Yo-ee2
4.¢8 4c7 on
~o T~0 -662
SR R4 3Re G E|wo Sru SRi4  |MFD SRI7 Yo-o
‘»ﬁ’o 860 68,0 20v [ S '-5°° 3560 S !!mo
MFD
l TANT. 15V
—OF - 10V REF
UNLESS OTHERWISE INDICATED
RESISTORS ARE Vew: 10% SN9e2 S P s S'ver
‘ﬁzmi‘/'a%o Re W b L
R 8 b ARE DECKMAN CODE 57782 DAC INPUT Sl Soac oureur

MF

A604 Digital-Analog
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P
. '
T ANy , T4 a G
L Y
o i > e oL
L v
ps
o
s T —1 —— -0 ¢ o0
]
o | L
{ [} ra Rit ~is e o S
| 27,000 27,000 oo 1,000 [oad NFD
! L% WY 5%, WW 5*1 < e | sov sov g R22
+ SENSE | w 6 6 10,0008
T Q4 w <
DECE534D
ne RIO
80,000 728
SN ww 5%,ww
o1 1 Q3 L
IN3a99 et
e2v m ot MFOD
tsa
¥4 Q2 [ o +] c3
20,000} R23 2 ¢ DEC22I9A DEC2219A 2 ATNFD -
304-6 180 38 K
cw Snze
190
(0
S0A-
ry
100

r ™
ww
J é K] 10,000 [ *-L "c : o

2 iz S T
100 -1 20v
ww 1300 T

cw ns ne

18,000 az8 A
™ v A% WW { s%ww

- i ‘ S -O€ -lov ouT
430 i n‘g°|
0% : 3%
-SENSE ww ow
vo —O8 -1V

UNLESS OTHERWISE INDICATED:

RESISTORS ARE 174 W1 10%

RIO, R6 AND RI ARE DAVEN 3PPM TYPE 1195

R3, R4, RS AND R8 ARE DAVEN 20 PPM TYPE 1283

BRESFEREEE o o)) S DA-6 /5= Ol 6§5s%

e e T [N 3477 [/—0(53%

JH 73 Su B j/—-C2¢ 2/
A704 Reference Supply

8
—O - 15V

Ems _L
10000 | c3
4 .01
Iuso
RI7 Rig
> 330 %I0,00D
08
Y
0a
Vi ina2s H Q
o NT

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W;10%
TRANSISTORS ARE DEC3638

A706 Power Supply for A202
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oio
Bl

pO——

Ldl
D664 _OF
08
£ O—Pt
D664
09
i
HO——
D664 Ox
D4
yo— Pt
D664
oe
LO— Pt
D664 N
03
M O Pt
D664
o %
L4 Lot)
0664 s
vz
RO—— Pt
0664
06
il
TO— P
D664 v
0
VO— !
0664

G716 Resistor Card

R0O02 Diode Network
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1
:X ' —Q A(+10V)
R R R3 R4 RS R6 ] éﬁ" o
éno&,ooo 160,000 100,000 100,000 %noo.ooo %mo.ooo | 810,000 |
RN et r=—-=-
: ' i > * O C(GND)
' S; l!! oe |
Q2 Q3 Q4 4 Qs 4 Qe | /07 : Desz:
1 )
[ o 'y
v —~.0 ! 662 )
! :1‘ MFD ! o !
]
F v Lo NO RO— i ly o0, !
ko Ao &0 Zoe ook ! | r L I
BE | ¥ 06621
H
T T,
R o3 RIO Di4 Ri 018 RI2 oe 3! o RI4 1 2RIS
ceee S 7800 ¥ 5es2 7200 ¥ oee2 %7.500 Y.oee2 %zsoo ¥ oee2 éuoo VY oesz $7500 | Yoee2 7,800 I 1,300 !
| H '
1
' 1 1
: z, 'w —L—08(-isv)
1 ] [ -
RI6 1 RI7 20 QRIS p21 2RI 022 R20 024 %nzz | | sTRATE !
Secz Sisooo ¥ Bee Sis.ooo ¥ Dssz %-s.ooo Y ceez %IS.OOO Y oes2 %us.ooo Y ‘:![nuz 13,000, LSTRATE_
[ 1 1
1
[0 N S J
ozs o2e 027 Boze D29 &Koso Ros
: 3 ¥ ¢
UNLESS OTHEAWISE INDICATED
RESISTORS ARE 1/4W, 5%
DIODES ARE D-664
TRANSISTORS ARE DEC 36398
PRINTED CIRCUIT REV. FOR
DGL BOARD 1S SIA
R107 Inverter
O 8-I15V
1 1
R2 010 SRE R8 020 SRI2 SRI4 029 SRI6
$18,000 06643 7,500 15,000 ¥ eedrs00 18000 ¥ e 7,500 .
of x 026
o e 27 028
D664 06 D8 D664 oi6 D18 D664 0 )28
oo—t ¢ no—pt e e Lo—pt ¢ .
Q2
0. 3 013 4 DEC36398 025 SRI5 DEC36398
Desa SRa | DEC3EIDB 5 e SR D664 QRIS
eO—Ppt— 0y 39
O A+ IOV
? 1 )
L |
Rl ! SR7 !!DIS RN | SRIB |
15,000 $15,000 0 6645 7,500 163451
s oV | -
Ll 0 2a|
05 07 D 664 015 017 lz
To—94 ¢ I][ozsl ci
Qi o bRo Q3 | PL %
DEC36398 peeq 3160000 °““3”|][uzz: WFD
R vo—pt— |
I] o2 |
2 ' —O € GNO
-3V STRATE

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W,5%
DIODES ARE D662

R113 NAND/NOR Gate
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O A+10V(A)
. -0 C GND
R2 ¢ RS < R8 S RIS
100,000 $ 100,000 100,000 100,0009 ===
Q! Q2 1 03 Q4 12 |
[ oar |
LY DI2 oI7 022 | ¥-0-66
0-662 y 0-662 ) 4 0-662 y 0-662 ) 4 | 26 |
05 ou 016 o2l '
os Yosez oo ¥o-ee2 ois ¥o-ee2 020 ¥olee | [ o-s62
s o—Pt— MO—Pt—e Jo—Ppt—¢ co—p—o | o255
03 09 oI4 ') 1T o-ee2
T o—P— NO—PH—¢ x O—Ppl—e F 3 | @024
02 OR D8 -oL H 0D | Y- 0-662 |
v O—Pt—e » O—Pt—o : |
ol 1
v o—Ppt—o : I
1
SRI  QR3  Ro7 R4 R6 AROI3 SRT in» Av8 SRIO gmz Aoa3 | SrRB |
S$18,000 $7,500 S15,000 $7,500 S15,000 $7,500 S18000 $7,500 1 Sn%00
' )
| ]
) 1
0B -15V
e
-3V STRATE
UNLESS OTHERWISE INDICATED:
TRANSISTORS ARE DEC 36398
DIODES ARE D-664
RESISTORS ARE 1/4 W, 5%
R121 NAND/NOR Gate
A+10MA)
T 1 . g
%f = C GNO
RS Ql [JU Q3 RI6 & Qs R2| Q7 wo 9
22 DEC 22,000 DEC 22,0008 DEC 2 DEC 038
10% 30098 0% 0% 30098 10% 0098 Woles2
037
010 019 026 033
a2 o-e62¥ Qe o-ce2 ¥ 6 D-662 ] ¥oce:
09 oi8 0 D32 w938
os 08 ¥-0-662 o o7 X066 D22 D24 ¥0-66 029 03 ¥D-662 o L Yo-ee2
B B v o T
so—P—o—i¢ N O—Pi—o—i¢ JOPr—1¢ € MFD o
SR4 SRI0 SR18 20 j 0-662
03 07 013 DI p2 D23 028 030
0P —OR | N —OL | K —OH | F d p—O0
3R3 9 SRIe 2R19
0z D6 02 DIS
vo—p I ’O—”TH—‘ L L
SR2 SRe  SR7 SR 8 SRz SRI3 SRI7  SR18 SR22 SR23 SR24
S 7,500 3 52500 S $7,500 S$7,500 $1,500
o1 0S
v on 4 020 & 027 o034 A
RI
B-I8V
UNLESS OTHERWISE INDICATED:

RESISTORS ARE 18,000, 1/74W, 5%
DIODES ARE D-664
TRANSISTORS ARE DEC 36398

R122 NOR/NAND Gate

5-40



O A +10V (A)

,RZ <R S RS %RII SR 14 SRI7
100,000 100,000 100,000 100,000 300,000 3100000
—O C GND
Ql 02 Q3 Q4 s 06
0a 08 012 o6 0 D24
¥otee ¥ote Yosez Yoo b £L0H ¥n-&sz
H J N P v
03 07 o 0I5 o019 p23
¥olee2 ¥oles2 ¥ oee2 ¥iosez ¥ %2 b 2559
02 06 010 D4 018 022
+g—o0 0P —g—ox LOP9¢ g—or sO—Pt—¢
D! 09 o7
A1 R4 R7 RIO RI3 16
315,000 15,000 15,000 Ts,ooo ius,ooo 15,000
O 8 15V

UNLESS OTHERWISE INDICATED:
TRANSISTORS ARE DEC 3639
RESISTORS ARE I/4W,5%
DIODES ARE D-664

R123 Input Bus

1 O A +10V
ém R2 SR3 > R4 RS :ns 3 R7 é RS
-0 0 ¢——OC GND
Qi Q2 _@oa _@04 Qs Qs @07 4 a8 !!M,l
M N P R s T y v
o [ p—-o02 —o03 —04 p—o03 —O06 p—o7 yosz|
: : Y 043
RI? hes | R1® 4 hee | RO 4 %oz? R20 ¢ oza| R2' S %ozs R228 b0 23S %‘m R24 G %nsz Woas
¥ o04s ¥ o4s Y 047 \ A1 Y.oss Y. 0s0 Y o051 Y. os2 R25
9 ¢ ¢ ——oB-isv
R9 Y033 RIOQ Y034 HII% Yy o35 RIZ} o3 RI3Q WO3? RI4Q O3B RI5S Yo39 Ri62 Y040
£ 2 2 22 A 2 A2 2 X XXX 243 %3 8 2 A A #
o t1o—J0 Joz o3 [os4os Joe 07 To8 Tos TowTon Toz ToizTos ToisJoie Toiz Jois[ow [o20 |21 {022 |D23 024
2 FF o
e
z 10
2 ":'ocf

R151 Binary to Octal Decoder
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: —
043 ]EDaQ J[ms o465 049 047 ]Ewe Aoso
€ BL P v
OA+IOV
LRa R8 Ri4 Emo
Yo 106,000 1000009 016 wozs 3100000 1 yo3s
al Q2 93 L] OC GND
DEC| 3639 DEC [3639C veclessc] oecmasc | TN
o1 1 D6 os | cz2 o9 c3 | oze ez
L ]
Pt :;f Pt ¢ ?d) {¢—ox —1| 1< Pt o: |1°(——° ¥ o-ee2
o | Ry e, | o oo | o | Y Y2 | Sh | o] | Low
id - v -
Pt F M!!E“ o !!D-“g L N Lal Lad R b 4 p‘;s.z o Y b-662 < L 4 0-662
o-Pt P
os o8 |8 5] on p23| o2z |8 %[ om0 040
OR3 R7 SRI3 |7 § RI7 Y o-e62
02 15,000| Y M 13,000 | OI7 021 15,000 $15,000 236 es L
—i¢ .01 =
R R2 RS Re n:' RIO Rl RI2 RIS RIE ’rus" Roo  MFO| w033
Booo Sitooo [Mor 35700 Sawo [MORZ Sispoo $is.000 {6000 Sisooo |M02634,700 4,700 | Mo3i %us.ooo 15,000 0-662
-08-18V
i\ Bl R2I
g Ll
03I g ps2 1500
L)
UNLESS OTHERWISE INDICATED:
RESISTORS ARE |/4W; 5%
CAPACITORS ARE MMFO
DIODES ARE D-664
R202 Dual Flip-Flop
A0s7  ARoas D49 A 050 Aos  Aos2
o] H ON v v
Ariova
SR2 2RE Srio Ri4 I8 SR22
3100000 gioopco Yo Yo 100,000 SioopooYozs Yozs  $i00,000 Sioopoo¥ 039 ¥oaz
—OC GND
] e | o o o3 84| oza | c2 as 9| o | c3
o it 54 c2 c3 046
04 i 100 18 o 100 032 100 L} o-eez
o-ese ¥ 9 ¥o-ee: p3l oesz A 23¥Wo-es2_| operl oeee ¥ 537¥ 0-66 41
03 Yo-e62 os Yoes2 o017 Yo-e62 022 Yo-e62 kg o031 Yo-ee2 36 YWo-es2 - 048
—id v i a 10 18 ~ ‘a 0-662
o i o o < ' o >t B L | o Ll 19
o2 os | & o7 02 |pie o | & °8 | ozt 026 |30 o33 | & o oms 040 | ca== L pae
FE oL T s o1 ¥ oeez
o [ R
> < L ! 043
RI R3 2R4  2RS R7 2RE R9 2RIl 2RI2 2RI3 QRIS RI6 RI? ORI SR20 QR2! Sr23 >R24 0-662
215000 4,700 | 34,700 318,000 fnspoo 15,000| 2150004,700 | $4,70018000 $15,000 15,000 | 1500034,700 | $4,700$15000 15,000 «ins.ooo
+—OB-I15V
Ao &os Ao Aoz ?ou Ao
R28
1,500

UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4Ws 5%
CAPACITORS ARE MMFD
DIODES ARE D-664
TRANSISTORS ARE DEC 3639C

R203 Triple Flip=Flop
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o) A

+10v
CGND
016 [+
Yoeez |ics ¥Yoee2 +ci0
<39 1
a2 as  Wge, THFo o ¥ e T ueo
DEC
DI4 0
al 3639C Yoeez 38 ¥ oce:
—OV — 8
D29
p 479 ¥ osez
500 i« 012 028
——] g 010 | W oks2 ¥ osez
) W 027
RS R 1) ¥ Oeez SR19 ¥ o
us.oooi o 1,000 ¢ 18,000
P
RI R2 R4 T RI2 Ri4 RIS Ri6 RIS R28
1,500 31,500 315,000 ¢—|d—H-+P} 7,500 1,500 1,500 <1,500 $15,000 1,500
o33 |06 D08 —O B -ISV
R3 R7 SRI3 RIT SR27
18,000 15,000 1,000 % 15,000 1,000
ct b
100 k k
N e E (2
TO—AN—4 v L
R 20,60
allg 20,000 ad i@ ,000
s b7 SURN Die D21 D23 BOUANS OR
L] 7 B N n
oz Dbs P SAYSTROM DAYSTROM
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W; 5%
CAPACITORS ARE MMFD
DIODES ARE D664
TRANSISTORS ARE DEC3639
.
R205 Dual Flip-Flop
053 2R054 k056 057 ZR0% &osi
o N
l —OA+IOVA)
ﬁ Qx > T
03 w06 $106,000 106,000 o021 . ;30 $100, SHES
2y $ Yo yo? Wy 027 yo30 $100,000 $100,000 045 y 048
cl al c3 ca Oc oND
00 | 08 DEC 3639C o | 100 100 | o2 Stcasasc oar | 100 cs
J—4- ¢ I 7 Gl WA @ Tol
02 Ly LI Bl AN 04 < ) Y852, | mr0
o oo DEC 3639C D4 020 ces D: DEC 3639C] p38 Des
> o e 0-662]
o8 DI3 Lg!
Voee2 o2 L 23 037 Sal os
04 S or2 D28 36
P40  oy-d P @ Ler
o7 ’ o3 P e T o
WFD 4 050
D-662
o1
£ oo o w fes P o 3
[ T \ v ! Sl gl [ b L ¥ 212
RI__QR2 Qr3 QRS ne QR7 RIO _QRI2 mi3 QR4 QRIS QRIT me_ QR R -
%ma!%m%usm%ﬂ.wo %4,700%!5” 000 Q18000 %-w%upo%um%.wo ‘.mo%u:oo §|n?oo§a$oo
T 9
~OB-15V
OF
RN le dr23 ans
5,000 29000 5,000 %gsoo
o023 < <
UNLESS OTHERWISE INDICATED! ¢ P00 ol ber
RESISTORS ARE //4W; 5 % b L L T~
CAPACITORS ARE MMFD cs
DIODES ARE D-664 022 09 | 100 | D48
H 1qG—OQM s LAY ¢ v
0 0858 060 D62

R302 Dual Delay Multivibrator
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-OA+I0V(A)

026 0i0 S I 1 $-0¢ GND
RS R? RY RI2 RIS RIT
o Yo-se2 %l.ooo 15,000 1,000 ENABLE O 1,000 100,000 16,000
Ll 09
¥o-es2 A 4 e
g g-: R 8 Sa7
2 DE 109 DEC
]!91“2 2894-28| —{> [ 0% 2894-28
Yo-se2 Lois | O1° 2 Lo
L ¥oZesz 330 oo
RI3
D6 2
Yo eez b 4 100 W w82 A A ¥
'— Di4 0% “|oie D22 | |D23
" B
iy pecacth it -
2
P o-es2 o 1,600 ¢
4 (=]} Or cs '
1,200
Qt P ’
-66: w, RN Ho—)
b -lB‘ 2 WECDOOS ce 520,000 I_‘
p 23 ' *BOURNS H
02 D-662 W, N
Y s u c3
yoz., Re 0.15
; e S Lon Moo gos  FO y "o
[ D! RIO
vo S10% & 4 1,000
LoteR
' L
Ri4 RI6 R20 RI8
fusooo %3.000 3,000 7,500
0B- 15V
UNLESS OTHERWISE INDICATED:
RESISTORS ARE_I/4W, 5%
CAPACITORS ARE MMF
DIODES ARE D-664
TRANSISTORS ARE DEC 3639-0
RIl IS A #275P
R401 Variable Clock
——OA +10V
t ’ OC GND
RI R4 R7 RI2
4,700 4,700 4,700 3100000 .
10% 10% 10% 1
03 Q6 oI7 !
INTAB 0662 |
I
- * 04 1
~C3 " !
Les RS T3s oee4 |
100000| ¢z g1,500 MFD p o7 o | i |
06 D-662 on 1
wro D-664 Yoie 1 —=cs
0 | /& \o3 RY s ¢ 1 Tosez | T .0
iy N4 0-664 i | MFD
cnt 1,800 L ca Yois !
Q2 N _ 330 | [ o-ee2
— L MMFOD ' '
02 Wois \
24 |INTas 0s 0s Aoz} [ 0662,
2N3009 0-664 D-664 0664} |
Lo=e R2 RE v )
$270,000 a,700 Y o1 ] I
10% 10% | D-664 | |
» ' |
| |
1 1
RS RIO R RI3 RI6 RIT I ¢RIB ]
S 390 1,500 15,000 1,500 7,500 1,500 :il,soo |
|
UNLESS OTHERWISE INDICATED: e —OB-i5V
RESISTORS ARE 1/4W; 5% 1 -3V :
TRANSISTORS ARE DEC 3639-0 } STRATE
FOR VALUES OF L1,Cl 8 CRI SEE ODWG CHART A-00517-2 [ SO

R405 Crystal Clock
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—OA+IOV(A)
) 1 1 1 1 O%i:‘d"'u
R RIO 13 RI7 R20
1ooooo|  &oH o000 wopoo| &A023  $i0,000 wopoo| &035  Sioooo
” = . ¥8%.
N &3 o’ & Speczssaze 0z \ ke 2894-2 2
[ >DEC 289428 OIS 57 - 02
Lal Ll
<
\§ SR23 R24 0%
07 >47 o9 > 47 0a
Yo ez pai ¥ ) 42 - c7
[P " " NFO W 038
o6 = F
p 0-s62 T3% o Y o D-s62
02 os 04,
o e e Btee
R2 RS ]:DIO .';oolim ;Mliﬂzﬂ
15000 2\ 7, 7,500
% %5% LY
)\ ‘ OB-18v
R R4 !!09 L] RIl !!02'
15,000 15,000
0y s 5% Q5
¢l c3
ol & B | W] |
il al
’-9‘ 1C ] 0 Lo—Pr 1C < K
Yoaa | B4 Das WYoass | Ol6 047
. .
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 1/4W:10%
CAPACITORS ARE MMFD
DIDOES ARE D-664
TRANSISTORS ARE DEC 3639-C
. pe
R603 Pulse Amplifier
—0
AsiOV(A)
lel Ql2 Ql4
> el i€t
1, ﬂ'&‘) R32
o 1,500 o
X M
R3 3 R3S
1,500 1,500 3,000
0 L
INPUT g—ISV
o
C GND
RS RIS R2%S
2 i e
Q3 Q7 Qi
L 1641 28 _67 1601 2% 1641
gl 34 gl RI7 \ Ny T Rey
RI R2 100 100 100
1,500 1,500 10% 10% 10%
o1 os s
03 RI2 07 R2 on
|'< ) 1,500 : ) 1,500 g o
[ s v
RS R
UNLESS OTHERWISE INDICATED Sho0  Sheoo 000 S1800 35%
DIODES ARE D- 654
TRANSISTORS ARE DEC 2894-3 R T

RESISTORS ARE

1aw, 5%

W500 High Impedance Follower
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—QO A+ I0V(A)
"3,200 I
" D ~—0 8- 15V
R3 R4 RS R6 RrR7 RIO RIl
7,500 7,500 4,700 1,500 21,500 g 1300
5% % 5% 5%
03
DEC 2894-38
Yo S— ¢
R8
1,500
o1 1
Ole ol Q2 %
RO ° < 4 2N3605| 2N3605 Qs ZEou
02 o5 2N3605 0-662
o NO—4
Ll T
D~664! 03 X2 0-664 £3'%:
D-664 D-664 09
$30 j 4 Xolee:
SO—AAM—9—OT L ~ XO—¢
]
- 0e
F :;v Kn»uz
MFD
-OC.,V GND
UNLESS OTHERWISE INDICATED:
RESISTORS ARE 174W; 10%
. N
W501 Schmitt Trigger
—OA ¢+ 10V (A)
019
L) Ri4 018
88,000 81,500 3 0662 0-670
1
03 1] o7 L] j C1]
x O—Pt )‘: l,: ¢ DEC 2894-3B
0-062 a8 R20
646 -
ns M f DEC3646-8 1300 on
18,000 on o16_0-670) PoSITIVE
ol >y
—Pr Land
02 08 SR13 RI6 7 SRI9 0
- ¢ 7,%0 33,000 3,009 3,000 IFD
nz
318,000
[ O ¢ oND
86 MMPD Q2 R9 ! 023
ol 15 51,800 0-ee2
L O—P— p O1e 3 022
| R6 &olero SRi8 ¥Yolee
- 1,300 ? (13 >2,200
318,000 ’ o3 DEC2894-38 JL P
b CSeas-s 1300 " Dtz
8l U 2
Y cz ¢ NEGATIVE
o010 020
012 0-670 86 MMFO T o ¥ ez
Lal L LAy “:
R
RS Re S RI0 QRI 013 3 SR2 3 R22
os X 3J3c00 O° 37 75003  33m033,000 40-670 s v )y w800 3 1,800
°
UNLESS OTHERWISE INOICATED:
DIODES ARE D- 684 [3
TRANSISTORS ARE DEC 3639-8 -

RESISTORS ARE /4w, 8%

Wé81 Scope Intensifier
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