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AX08 - LABORATORY PERIPHERAL 

The AX08 was developed to integrate into one piece 

of electronics hardware all the accessories (A/D, 

multiplexer, Schmitt triggers, clocks, display, etc .) 

commonly required with the PDP-8/L or PDP-8/1 to 

assemble a compact, inexpensive, yet versatile com- 

puter system especially tailored to the laboratory 

environment. Further advantages are convenience 

and efficiency in programming and protection from 

analog-input overloads. By eliminating the duplica- 

tion of modules required with separate A/D converters 

and displays, cost was decreased without loss of ca- 

pacity. The DWO8A, IO Bus Converter Panel is re- 

quired when using the AX08 on the PDP-8/L. 

As shown in Diagram 1, the basic elements of the 

AX08 are as follows: 

I. Analog-to-Digital Converter Section 

A. Preamplifiers 

B. Multiplexer 

C. Sample-and-Hold 

D. Converter 

E. Timing Error Flag 

II. Schmitt Triggers 

III. Crystal-controlled and RC Clocks 

IV. "Enable" register 

V. “External” register 

VI. Display Control 

VII. Power Supply 

The following options may be added: 

Option XR - Expands the registers to include three 
levels of brightness control on the scope; adds eight 
digital inputs, three digital outputs, and one addi- 
tional pulse input. 

Option XM - Expands the analog section for eight in- 
puts - includes extra multiplexer and preamplifiers. 

Option XC - For expansion of the analog section be- 

yond eight inputs - an additional four channels in- 

cluding preamplified multiplexed analog input (4XC's 

and one XM are required for expansion of basic AX08 

to 24 inputs). 

1. Analog-to-Digital Converter (ADC) Section 

The ADC Section, including preamplifiers, multiplexer, 

sample-and-hold, and 9-bit successive approximation 

converter was designed to perform as a system with an 
accuracy of 40.2%, +1/2 LSB (Least Significant 

Bit). 

Basic elements of the ADC have the following specifi- 

cations: 

A. Preamplifiers - Two A202 modules (in basic con- 
figuration) each containing two preamplifiers for two 

input channels. As special systems and at addition- 

al cost, 3-wire (balanced) low-level differential pre- 

amplifiers are available with gains up to 1000. 

Input 

Amplitude: ZIV 

Impedance: 50K ohms, +10% 

Configuration: Single-ended, resistive to 

ground 

Negligible at 50K ohms 
input impedance 

Leakage current: 

Overload Protection: Input clamped at 1.7V; 
protected to 1000% over- 

load 

Amplifier 

Recovery: 2 us or faster after 1000% 
overload 

Response: 3 db down at or above 50 KHz. 

Gain: Factor of 5 (suitable for 

driving A130 Multiplexer); 

variable 10%.



Output 

Amplitude: +5V nominal 

Impedance: 10K ohms nominal 

Zero level offset: Adjustable, +10% 

B. Multiplexer - In basic configuration one A130 

module containing 4 diode-selection multiplexers . 

Switching time: Less than or equal to 1 ps (full scale) 

Slew rate: Less than or equal to 1 ps, as used in the 

system. 

Input 

Amplitude: £5V 

Impedance: 10K ohms nominal 

Configuration: Emitter-follower circuit 

Output 

Amplitude: -0.5 to -5.5V from multiplexer 

Gain and offset accurate to 4% (adjustable) 

Cc. Sample-and-Hold - One A401 module - for 

up to 24 channels. 

Tracking: Any signal with a slew rate of less than 2 us 

for full analog input scale; accuracy better than 0.2% 

"Hold" Time - Approximately 2 us after sampling pulse. 

"Held" Value - Value of input signal at "hold" time. 

Input (amplitude) - Nominal -0.5V to -5.5V (from 

A130 module). 

Duration of Hold - At least 17 ps 

Output 

Amplitude: 0 to -10V nominal 

Impedance: Nominal 5K ohms (non-linear) 

D. Converter (Successive Approximation Type) 

Precision: 9 bits, including sign (1 part in 512) | 

Maximum sampling rate: 17 us per point with resultant 

digital value held in ADC buffer. 

E. Timing Error Flag 

This flag is set whenever two conversions are initiated 

without the result of the first conversion being read 

(by the instruction RADC). 

It is sensed with instruction SKER and will cause an 

interrupt if Bit 4 of Enable Register has been set. The 

second conversion will be inhibited. 

The instruction CLER will clear the ADC error and 

ADC done flags. The next ADCV will not cause a 

timing error. 

G. Front panel knobs are connected to analog 

channels 34-37 implemented in all AX08's. 

II. Schmitt Triggers 

Two W501 modules, each containing a Schmitt trigger, 

connected to potentiometers and input BNC connec- 

tors on the front panel. Option XR adds one addi- 

tional pulse input (BNC connector) and a W501 mod~- 

ule connected to a third front-panel potentiometer. 

The Schmitt triggers are threshold detectors and can 

accept pulse or continuously (and slowly) varying 

analog inputs. In either case, the circuit will fire 

when the trigger threshold has been exceeded in the 

negative direction after having been 0.7V above 

trigger threshold. 

Trigger level: Variable from -0.5 to -2.5V 

Input: +10V maximum 

Output level: Switches from -3V to 0 on triggering. 

Ill. Crystal-controlled and RC Clocks 

A. Crystal Clock - The crystal clock runs at the 

rate of 10 kHz (100 us between pulses). Each pulse 

"sets" the crystal clock flag. The crystal clock can 

be used to supply timing information to the computer 

in two ways:



(1) Executing instruction SKXK (Skip on crystal 

clock flag). Will cause a program branch if the 

crystal clock flag is up ("set"). 

(2) A program Interrupt - If Bit 3 of the Enable 

Register is in the “one" state, a Program Interrupt 

will occur when clock flag goes up. 

In order for the state of the crystal clock flag to convey 

meaningful timing information it must be cleared after 

tt is read or "sensed". This can be done with instruc- 

tion CLXK (clear crystal clock flag). 

B. RC Clock - A variable frequency (16 Hz to 

200 kHz) oscillator controlled by a multiple position 

switch (coarse) and potentiometer (fine) on the front 

panel of the AC08 is used to generate RC clock pulses 

(if Bit 10 of the Enable Register is set). 

Relationship between RC or External Oscillator and RC 

Clock Pulse Rate: 

(1) An RC Clock Pulse is generated every 4 

oscillator pulses if Bit O of Enable Register is in 

the "zero" state and bit 10 is in "one" state. 

(2) An RC Clock Pulse is generated every 32 

oscillator pulses if Bit 0 of Enable Register is in 

the "one" state and bit 10 is in "one" state. 

(3) An RC Clock Pulse is generated every time 

an external clock pulse is received at EXTERNAL 

connector (on front panel of AX08), if Bit 9 of 

Enable Register is in the "one" state. 

RC Clock pulses set the RC clock flag and can be 

used to supply timing information to the computer 

in the following ways: 

(1) Executing instruction SKRK (Skip on RC 

Clock Flag) causes a program branch if the RC 

Clock Flag is set. 

(2) A program interrupt will be caused if Bit 2 

of Enable Register is in "one" state and RC Clock 

Flag is set. 

- “(3) A/D conversions will be automatically 

initiated at the RC Clock rate if Bit 1 of Enable 

Register is sef. 

Instruction CLRK clears the RC Clock Flag. 

IV. ENABLE REGISTER (See Diagram 2) 

This register is primarily used to set up conditions to 

make possible or "enable", actions by other elements 

of the AX-08. Certain bits of the Enable Register must 

be in a given condition (usually set) before some action 

can cause some other action to occur - such as a clock 

or A/D flag causing a program interrupt. 

A. Conditions can be set up for program interrupts 

actuated by the following elements with the indicated 

bits of the Enable Register: 

1. Analog-to-Digital Converter - Bit 5 set 

(Interrupt initiated when A/D Done flag goes up) . 

2. ADC Timing Error Indicator - Bit 4 set 

(Interrupt initiated when ADC Timing Error flag 

goes up). 

3. Crystal-controlled Clock - Bit 3 set 

(Interrupt initiated when Crystal Clock flag 

goes up). 

A. RC Clock - Bit 2 set (Interrupt initiated when 

RC Clock flag goes up). 

Be The RC Clock is started as soon as Bit 10 of 

the Enable Register is set. If Bit 0 of the Enable 

Register is in the "zero" state, "cleared", the RC 

Clock flag will go up 2 oscillator pulses later and 

every 4 thereafter (or every 32 oscillator pulses, if 

Bit O is set). 

C. When Bit 9 is set, each pulse arriving at the 

EXTERNAL connector on the front panel generates an 

RC Clock pulse. 

D. When Bit 1 is set, A/D conversions are in- 

itiated by RC Clock pulses. 

E. With Option XR the condition (state) of 3 

external relays can be controlled by bits 6, 7, and 8 

of the Enable Register. 

F. The level on Syne channel 0 will change as 

soon as Bit 11 is set and will remain at the new level 

as long as Bit 11 remains set.
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A/D Conversions begin every time RC Clock 
flag changes to "one" state. 

Program Interrupt occurs when RC Clock 
flag goes to "one" state. 

Program Interrupt occurs when Crystal Clock 
flag goes to "one" state. 

Program Interrupt occurs when ADC timing 

Program Interrupt occurs when ADC Done 
flag goes to "one" state. < 

First external relay turned on (Opt. XR) 

Second external relay turned on (Opt. XR) 

Third external relay turned on (Opt. XR) 

External Clock pulse arriving ot EXTERNAL 
connector "sets" RC Clock flag (to the "one" 
state). S1-S3 generate interrupts. 

Starts RC Clock and sets RC Clock flag 
(to "one" state) after 4 or 32 RC oscillator 
pulses (see bit 0). 

Sets the level to OV on Sync Channel 0/ 
when set 

Diagram 2 A Summary of the Function of the Various Bits of the Enable Register 

Any or all bits of the Enable Register can be set by 

having the corresponding bit number(s) of the accumu- 

lator set to a "one" and executing the instruction 

OTEN (Ones to Enable Register). All bits in the 

Enable Register (except Bit 11) may be cleared by 

having corresponding AC bits in the "zero" state and 

executing the instruction ZTEN (zeros to Enable 

Register). Bit 11 must be cleared with the instruction 

XRCL (External Register Clear). Bit 11 of the Enable 

Register is the same flip-flop as Bit 0 of External Re- 

gister. 

G. When Bit 9 of the Enable Register is set, 

inputs firing Schmitt triggers will cause interrupts . 

V. External Register 

The External Register is a set of flip-flops, which is 

ysed as a buffer between external devices and the 

computer system. The inputs connected to the External 

Register can be divided into the following three cate- 

gories: 

A. Eight "Contingency" Inputs located on the 

front panel "blue-ribbon" connector. A OV input 

(CO-C7) will set the corresponding flip-flop in the 

External Register if option XR is implemented. (See 

Diagram 3.)
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(Front Panel) Pin Connections 

B. Two (or three, if Option XR is implemented) 

Pulse Inputs (S], $9, $3,) which are separate BNC 

connectors on the front panel. These inputs are con- 

nected to W501 Schmitt Triggers whose thresholds 

(triggering levels are controlled by adjacent potent- 

jometers. This means that the incoming signal (at SI, 

$2, or $3) must first be more positive than the upper 

threshold and then it must become more negative than 

the lower threshold (adjustable from -0.5 to -2.5V) in 

order to cause the Schmitt Trigger to fire which sets 

the corresponding External Register flip-flop. 

Cc. One Syne Output (BNC connector SO on the 

front panel). This is an output which rises from -3V 

to 0 as Bit 11 of the Enable Register is set. (When 

Bit 11 is cleared this output will go back to -3V.) 

The contents of the External Register are read into the 

PDP-8 accumulatror by means of instruction XRIN 

(External Register In). In this instruction only those 

bits of the External Register are cleared which cor- 

respond to bits of the accumulator which are set (typi- 

cally by the last XRIN instruction). (See Diagram 4.) 

Diagram 5 illustrates how this feature of the instruction 

XRCL (External Register Clear) can prevent events 

from being missed which set additional bits of the Ex- 

ternal Register after it has been read by the accumu- 

lator but before it is cleared. This enables the in- 

puts which have occurred too late to be read by the 

last XRIN instruction to remain in the External Regi- 

ster after the clear instruction XRCL and to be read 

by the next XRIN instruction. This procedure results 

in "zero dead time" for events arriving at the Pulse or 

"Contingency" inputs.



EXTERNAL REGISTER TO ACCUMULATOR 

TRANSFER INSTRUCTION: XRIN (EXTERNAL 

REGISTER IN) 

Meaning when indicated bit is in "one" state: 

OQ. Level is -3V at SO as result of . 

Bit 1] of Enable Register being a "one". 

ACCUMULATOR 

Fol 1i2]3l4[sfe|7[s 9 joj 

a) 

bE BEEP Er Tel 
EXTERNAL REGISTER 

Input at $1 was more positive than upper 

threshold and went more negative than 

setting of S1 potentiometer (-0.5 to -2.5V) 

Input at $2 was more positive than upper 

threshold and went more negative than 

setting of S2 potentiometer. 

Input at $3 (if Option XR implemented) 

was more positive than upper threshold 

and went more negative than setting of 

$3 potentiometer . 

Level at CO was OV (Cption XR) 

Level at C1 was OV (Option XR) 

Level at C2 was OV (Option XR) 

Level at C3 was OV (Option XR) 

Level at C4 was OV (Option XR) 

Level at C5 was OV (Option XR) 

Level at C6 was OV (Option XR) ( 

Level at C7 was OV (Option XR) 

Diagram 4 Summary of the Function of the Various Bits of the External Register
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VI. Display Control 

The AX08 Display Control consists of two 9=bit digi- 

tal-to-analog converters (DAC) and oscilloscope blank- 

ing circuitry. The DAC's are driven by two registers, 

the "X" register and "Y" register, which are also used 

by the ADC section. However, the Analog-to-Digital 

conversion always takes precedence over display (to 

avoid losing irretrievable information arriving at the 

analog inputs). Between an ADCV instruction (initi- 

ate Analog-to-Digital Conversion) and the following 

RADC instruction (Read Analog-to-Digital Converter 

Buffer) the display instructions DXC, DXL, DYC,DIS, 

and DYL will have no effect. 

Diagram 6 indicates the relationships between: 

1) The "X" and "Y" coordinates of the dis- 

play on the oscilloscope screen, and 

2) The analog voltages required by the oscillo- 
scope to display points at these coordinates. 

The commands DXC (Display X-Axis Clear) and DYC 

(Display Y-Axis, Clear) set the "X" and "Y" output 

voltages to the oscilloscope to -5V. 

Power Clear (generated by turning on the power to 

the system or hitting the start key) will also get the 

display to mid=screen. 

VII. | Power Supply 

A single Model 728 (60 Hz) or 728A (50 Hz) power 

supply is included with the AX08 when ordered as a 

separate item or as part of a minimum LAB-8 config-' 

uration (PDP-8/I or PDP-8/L + DWO8A). Essen- 
tially all of the power output of the 728 is required 

by the AX-08. When the AX-08 is part of a config- 

uration with PC-8/I or PC-8/L, a Model 779 or 779A 

is supplied. 

SCOPE SCOPE 

INPUT AC AC INPUT 

VOLTAGES COORDINATES COORDINATES VOLTAGES 

_— _ / : Vi 

-10V ,OV 0,377 — 177,377 OV ,0V 

1717. 
-10V ,-5V 0,0 |------ X (400,000) 48,000. -5V ,-5V 

ro 

| 
| 
| o | 

| ee ) | 

-10V ,-10V 0 ,-377 l 777 ,-377 OV ,-10V 

Diagram 6



SUMMARY OF AX-08 INPUT-OUTPUT TRANSFER INSTRUCTIONS: 63AB 

(Third digit in vertical direction; fourth digit in horizontal direction) 

afe 1 2 4 
0 DXC (6301) DXL (6302) DIS (6304) 

Clear X register Load X from I's in AC Intensify point 

1 DYC (6311) DYL (6312) DIS (6314) 

Clear Y Register Load Y from I's in AC Intensify point 

2 SKXK (6321) SKER (6322) DSB (6324) with Opt. XR 

Skip on Crystal Skip on ADC timing er- Set Brightness 

Clock Flag ror convert command re- DSB 0 = dim 

ceived when last conver- DSB 1 = normal 

sion not yet read into AC DSB 2 = bright 

3 XRIN (6331) SKAD (6332) XRCL (6334) 

Or external sense register Skip on ADC done Clear all bits of external sense 

into AC registers that correspond to set 

bits in AC 

4 SKRK (6341) ZTEN (6342) OTEN (6344) 

Skip on RC timing clock flag | Zeros in AC clear bits in Ones in AC set bits in enable 

enable register register then AC is cleared 

CLER (6351) CLXK (6352) ~ CLRK (6354) 

Clear ADC timing error Clear crystal clock flag Clear RC clock flag 

-) flag-and error condition 
(0 to ADCERR, 0 to ADCIP) 

6 ICMX (636!) RADC (6362) __ADCV: (6364) | 

Increment multiplexer chan- 0 to AC Initiate Conversion 

nel (set to Chan 0 if at maxi- ADC buffer to AC | 

mum implemented channel) 0 to ADC done 
0 to ADCIP 

7 ACMX (6371) RADC (6372) ADCV (6374) 

Set multiplex register from 0 to AC Initiate Conversion 

AC | ADC buffer to AC 
0 to ADC done 
0 to ADCIP


