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part, exactly as it would in the complete single-volume
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For generations of engineers, Hewlett-Packard—simply “HP”—set the standard for electronic 
instrumentation. Its instruments were not merely tools, but symbols of precision, reliability, 
and intellectual rigor. (When it came to oscilloscopes, many of us—myself included—often 
preferred Tektronix, but that is another story.)

Founded in 1939 by Bill Hewlett and David Packard, HP grew from a small Palo Alto garage 
into one of the most respected electronics companies in the world. Over the decades, it 
shaped the way measurements were made and understood, establishing reference points 
for generations of engineers and scientists.

This volume is part of the Technical Art Books collection and belongs to the series HP: The 
Golden Age – An Era Told Through Electronic Masterpieces, devoted to exploring the most 
significant period of Hewlett-Packard’s production through a selection of representative in-
struments, calculators, and computers. Rather than aiming at completeness, this series 
presents a portrait of an era through emblematic examples of electronic design.

This specific volume is dedicated to what Hewlett-Packard called signal sources: an excep-
tionally broad family of instruments—including signal, pulse, and function generators—pro-
duced in a vast number of different models, of which this book presents only a selected 
group of representative examples.

More than a catalog, this book is intended as a historical and 
technical journey, combining images, technical investigation, 
personal experience, and practical restoration, in order to pre-
serve the memory of an exceptional generation of instruments 
and of the era that produced them.

Giovanni "Gianni" Becattini
giovanni.becattini.books@gmail.com
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Signal Sources

A primer on the different types of equipment you will see in the chapters that follow

Section

15
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The 8012B is another product from Hewlett-Packard's mid-
seventies line. It offered many of the features of the 8015A in half 
the space. Its construction was slightly better than its bigger 
brother.
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A true classic masterpiece in signal generation

8640B Signal Generator

Signal Sources

Subsection:

Section:



Designed to 
be Serviced

Actually, the mainframe carries two devices: a signal generator and 

a frequency counter combined together to give you an accurate 

readout of the output frequency, very useful and far superior to simi-

lar equipment where a separate counter or complicated reference pro-

cedures are needed. 

It is not often that you find an instrument so perfectly designed to be easy 

to maintain. Francesco told me that when the Army decided to order a mili-

tary signal generator, very few modifications were required, and I can believe 

that. In addition to the modular design, clear instructions are provided for each 

subassembly. Most of the electronics is contained in removable boards, and each 

of them has its own test points easily accessible on the upper edge of the board it-

self, and so do the adjustment trimmers.

While I was writing these notes, an 8640B Opt. 323 (aka AN/USM 323) is available at Radio 
Surplus Elettronica, one of the best Italian surplus shops. You can find them easily on eBay.

Gold-plated 
printed circuit 

boards
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❶ The brass gear mentioned in the text. Loosen it to align the 
knob scale.

❷ This nylon gear reports the vernier movement to the brass 
gear. 

❸ This white disk carries the line used as scale 
index and rotates with the vernier 
movement.

❹ The transparent skirt of the OUTPUT LEVEL knob 
(the big one).

❺ Attenuator’s internal view. 

Like many other 8640B subassemblies, the at-
tenuator is fairly easy to remove, requiring only 
a few screws and the removal of the rigid coax-
ial leads. The 8640B is really designed for 
maintenance.

2

3

4

5
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3320B
Frequency Synthesizer

The 3320B Frequency Synthesizer is a very interesting instrument. Apart from its pe-

culiar user interface, there are at least three good reasons for saying so:

• Introduced in 1972, it was one of the first signal generators based on frequency 

synthesis;

• It was among the first to offer remote programmability, even as an option;

• It featured a programmable attenuator with an impressive 0.01 dBm step (available 

only in the “B” version, as the 3320A had a conventional potentiometer).

It was not the first synthesized and programmable HP generator; the prestigious 8660A, 

for example, had already appeared in 1971, but it was prohibitively expensive. Thanks to 

its lower price, the 3320B could reach a much wider audience, and for this reason it can 

be considered the first truly “popular” synthesized signal generator.

Pricing
We are talking about Golden Age Hewlett-Packard products, not peanuts, so do not ex-

pect prices comparable to today’s Chinese gadgets. At the time of its introduction, the 

“entry-level” 3320A—i.e., without programmable amplitude control—was priced at 

$1,900, while the 3320B cost $2,400, equivalent to $18,038 in 2024.

The GP-IB option was not available in 1972 and appeared in 1973 as Option 007, simply 

called “ASCII Remote Control.” It cost $595, bringing the total price to $22,510.

The Essence of the 3320B
For that price, however, you obtained an instrument capable of controlling both fre-

quency and amplitude by directly setting the desired digits, either via the front-panel con-

trols or through a remote command—something that most signal generators of the time 

simply could not do.
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1
❶ Phase detector output adjusts voltage-
tuned oscillator (VTO) to frequency that is N 
times 10-kHz reference frequency f

ref
. In re-

sponse to front-panel frequency controls, con-
troller sets ÷N block, a preset digital counter, 
to count down VTO output cycles by factor of 
N. Controller also sets pre-tune digital-to-ana-
log converter to produce DC that tunes VTO 
close to desired frequency, speeding up resta-
bilization of phase-lock loop when large 
changes in frequency are made.

❷ Simplified block diagram of Models 3320A 
and 3320B frequency generating circuits 
shows first two of five divider circuits (seven 
optional) that reduce span of local-oscillator' 
frequency f

lo
 in decade steps. Switches S2 

and S3 are set here to give output range of 
0.000-1.299 MHz. To give finer resolution in 
frequency selection, switch S1 substitutes 
vernier signal f

v
 for 10-KHz reference f

ref
.

2
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Signal
In

❶
❷

❹

❸

To Overload
Sense Circuits

DC Output to
Comparator

+
Q1A
and
Q1B
– IC2

Amplifier
Gain of
+4.5

IC1

DC Feedback

+V

Thermopile

Q5

Q3 Response
Control

10V
Reference

2 MHz
Clock

Output Mixer,
Filter, and Amplifier

f
lo

f
r

f
out

❹ AC to DC Converter, based on ther-
mopiles.

❺ Digital to Analog Converter Reference 
establishes the DC level for the 
comparison with 1, 0.1, and 0.01 dB 
digits. Step attenuator selects 10-dB 
digits.

4

5
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External Phase Lock: Input 
for Reference 5 MHz 
External Oven or External 
Phase Lock Signal.

Remote input connector 
for options 003, 004, 
and 007 (BCD and GPIB)

Pass-low Filter - I could not 
2nd information about it. 
Probably an option.
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Each 8015A includes two amplifier boards, named A2A and A2B, one for each output channel.

Like most of the other boards, the amplifiers are made up with discrete components. The ICs are 

just arrays of transistors, not some form of more complex circuitry.
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LOW to HIGH transition: As Vin 

increases, T1 begins to steal part of T2 

base current, so T2 begins to turn off, 

and so its emitter voltage starts to fall. 

But this increases T1's base-emitter 

voltage, so T1 turns on more quickly. 

The positive feedback snaps the circuit 

into a state where T1 is on and T2 is 

off. Vout is now close to 

+V.

HIGH to LOW 
transition: T1's emitter 

voltage now is determined by its emitter 

current. When Vin falls to about 0.6v 

above this value (call it VLT), T1 will start 

to turn off. This allows T2 to begin to turn 

on again, adding its own emitter current to 

T1's and so nudging the emitter voltage 

upwards. This compels T1 to turn off more 

quickly, and once again positive feedback 

snaps the circuit into its other state, with T1 off 

and T2 on. 

Formulas: (neglecting junction voltages)

• VHT = Re / (Re +Rc2) x V+

• VLT = Re / (Re+Rc2) x V+

Simulating a Schmidt Trigger
The circuit of the 8012B is exactly the same as the one described in Wikipedia, except that it uses 

small inductors as collector loads. We will examine this in more detail, but before we get to the 

process of naming the culprit, we need to talk about the pulse shapers.

In the picture, a transistor-based Schmidt Trigger, from 
Wikipedia. 

The schematic is by Di Audrius Meskauskas - Opera 
propria, CC BY-SA 3.0, https://commons.wikimedia.org/
w/index.php?curid=633382

1
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3

Not All The 
Mysteries Have 
Been Solved
I also had to increase L2 

from 0.220uH to 0.470. 

The idea came from the 

manual itself, where I no-

ticed that many inductors 

had been increased in sub-

sequent product changes. 

But why? Surely the unit 

worked at some point. All 

the resistors kept their 

value, but the inductor had 

to be changed if I wanted 

a working 8012B. I have 

no answer to that ques-

tion.

❶ The current in the inductor leg (in blue the total current in R169).

❷ The current in Q53 compensates for the current in the inductor when this is not active. 

❸ The output pulses, formed as they should.
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Not Everything Was New
Though significantly different, the 8165A clearly shows the hand of the same designers who created 

the 8015A and 8012B.

Not Everything Was Good
For these reasons, I approached the 8165A with preconceptions, because my experience with the 

previous generators had not been so good, and, rightly or wrongly, they mean to me:

• low reliability;

• extremely complex circuits with many transistors interacting with each other.

• manuals with few explanations and waveforms, and no voltages at all. Also with some errors or 

wrong indications (...very different from Tektronix);

• often everything seems to be OK, but it doesn't work…;

• even if it works, you are not sure if it works as it should; 

• etc.

In this case, my preconceptions were partially correct, and I spent weeks trying to fix this 8165A. I 

was not fond of the old 8000 series, so I ended up sticking with the 8165A, even though I am usually 

in love with most of these old electronic monuments. 

With my eyes today, it seems to me that this breed is not the best in the glorious history of Hewlett-

Packard; yes, digital solutions are starting to appear, but the effort to integrate them into an essen-

tially analog design is still clearly noticeable. 

Something like the Dark Ages of Hewlett Packard, waiting for the 3325A (etc.) Renaissance. But 

perhaps this is just my fantasy…

The Dark
Ages
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Block Diagram
To meet these and other requirements the design concept is as shown in the block diagram below. 

A 1-kHz-to-50-MHz oscillator (HF VCO in Fig. 3) generates a triangle output that may be used 

directly or fed to a sine shaper. The square wave is derived from the HF VCO's current switch drive 

voltage. Changing from triangle to ramp form, and consequently changing the square wave duty 

cycle, is achieved by varying the charge and discharge rates of the HF VCO's ramp capacitor. Duty 

cycles and ramp symmetries of 20%, 50%, and 80% are available. For high stability in continuous 

operation, the HF VCO can be phase-locked to an internal or external 10-MHz frequency reference.

Signals below 1 kHz are generated by a low-frequency generator (LFG). Simplified, it consists of 

an up-down counter (to divide the frequency) followed by a digital-to-analog converter (to synthesize 

a triangle). The counter is clocked by the HF VCO at a frequency 10,000 times higher than the out-

put frequency of the D/A converter. This allows the HF VCO to run continuously in the phase-lock 

mode even when a triggered low-frequency signal is required. Consequently, the basic crystal accu-

racy and stability of the output are preserved in all operating modes, and also phase noise should be 

lower in this way.

HF VCO
1 kHz - 50 MHz

Low-Frequency
Triangle

Generator
1 mHz - 999 Hz

Frequency
Control

Output
Amplifier

Offset
Source

8165A general schematic (redrawn from HP Journal). It is almost two instruments in one: one for high frequency (1 kHz 
to 50 MHz) and one below 1 kHz. The latter is all-digital and therefore much more accurate and precise, including 
waveform quality.
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A9 Board: Reference Loop (2 x PLLs)

LPF

VCO

÷N

Phase
Detector

Programmable
Frequency
Divider

Fout

Fref

Vt
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A5 Board: VCO and Sine Shaping

The VCO is entirely contained in the A5 board, together with the sine generation and other circuits. The A5 board is the 
motherboard, where most of the other boards are inserted. Here in this photo you can see only the effective area of the 
A5 circuitry.
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❶ In red, the circuit that allows to set correctly the reference 
ground for capacitors switched by transistor instead of a relay, to 
compensate for transistor Vbe. Red path is used in other cases.

❷ The high frequency compensation circuit described in the text is 
adjusted during calibration @50 MHz.

1

C24C23C22C21 C25
Q513

C26
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Direct VCO Control
You can control the VCO directly from an external DC source connected to the front panel BNC input 

by pressing the VCO button. The manual says 10 mV to 10 V for a 3-decade sweep (but you have to 

set a frequency value to select the range).
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Main HF VCO

Low
Frequency
Generator

1

2
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1

The positive cascode stage comprises common emitter transistor 0301, common base transistor 

Q303 and the positive current source; the negative cascode stage comprises common emitter tran-

sistor Q304, common base transistor 0306 and negative current source. 0301 and Q304 operate as 

voltage-controlled current sources, the input voltage to their bases determining which is more heavily 
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Even in VCO mode, when the output signal should only be controlled by a DC voltage, it only 

worked in the upper part of each range. No lucky condition, such as disconnected connectors, 

gave any hope, and trying to understand the inner workings was the only possible way. Youtube 

does not help: it seems that nobody had this problem.

The Approach
I am not sure if mine was the best approach, but the only way I know in cases like this is to study 

and document. These pages are just a summary of all the notes I collected and wrote down. That 

is why I have documented so much about the ramp generator and its trigger. Anyway, even though 

I think I understand most of the details of this area, I wouldn't have gotten anywhere without a little 

luck.

The Magic 100 Ohm
An important turning point was when I noticed that things 

got better when the trimmer R71 (picture on the right) was 

screwed in for the minimum resistance. So the current in 

the trigger is not enough, I thought, and decided to add a 

100 Ohm resistor in parallel to R70. This had a magical ef-

fect and even locked the PLL on some occasions. In parallel, 

the horrible output signal started to look more acceptable. 

After that I doubled the energies and studied the trigger, but.

.. with very little results.

A Digression
At this point I decided to take a digression and study the 

PLL. I was glad to see that Loop1 and Loop2 were working 

properly, and that the PLL sometimes worked quite well. I 

also discovered that many things worked fine until I enabled 

the PLL (NORMAL button). But I also discovered that I had 

forgotten to remount Q203, the only one that could really 

enable/disable the PLL operation. It seemed impossible, but 

the NORMAL button has no other effect.

Q20

÷

U5
+

-

Current Regulator

÷

egulator
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An absolute top-class pulse generator, probably much more than it could be required by the 

average electronic laboratory.

3325A Function Generator

Signal Sources

Subsection:

Section:
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Option 002 High Voltage Output
Frequency Range

• Sine and Square Wave: 1 µHz to 1 MHz; 

• Triangle and Ramps: 1 µHz to 10 kHz

Amplitude

• Range: 4 mVp-p to 40 Vp-p (≥ 500Ω, < 500F load) maximum output current, ±40mA

• Accuracy (at 2 kHz): ±2% of full output for each range

• Flatness: ≤ 10% of programmed amplitude

DC Offset

• Range: 4 times the range of the standard instrument

• Accuracy: ±(1% + 25 mV) of full output for each range

❶ A8 Board, Option 002.
❷ A9 Board, Option 001; the This photo comes from https://bukosek.si/hardware/collection/hp-3325a.html
❸ The transformer has dedicated wires for the Option 002. Probably, they are always present even without the option, to 
allow however to install it at a later time.

2 3
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MIXER

40 MHz

I0MHz OUT
DIFF. FREQ

30 MHz

it runs at 40.2 MHz, and so on. In 
this way, changing the value of 
÷N changes the generated 
frequency in discrete steps. 

A PLL that operates only by 
changing the divider ratio in 
whole-number steps is called an 
Integer-N PLL.

3325A Output Signal
In the 3325A, the VCO signal is 
not used directly as the instru-
ment output. Instead, it is mixed 
with the 30 MHz signal derived 
from the reference oscillator. 
Therefore, if the VCO is operating 
at 40 MHz, the resulting output is 
10 MHz, i.e., 40 MHz − 30 MHz.

For example, if ÷N = 398, the VCO 
is set to 39.8 MHz (398 × 100 kHz), 
and the resulting output is 9.8 MHz.

The value of ÷N is established by 
the control circuitry in response to 
front-panel settings or remote pro-
gramming. In normal operation, the 
3325A takes about 50 milliseconds 
to complete a frequency change.

Practical Note: the 3325A VCO control 
voltage comes from the connector 
A21J18A (cable marked 81 S-H). A +10 
V input produces 30 MHz frequency; 
+5V=42.6 MHz; -3 V=60.9 MHz.

2

3

❶ Basic PLL block diagram; ❷ 3325A’s 
frequency synthesis general scheme; ❸
Phase Detector’s output when the PLL is 
not locked (above) or locked (below).
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The table below makes this much easier to visualize. In Example 1, the required divide ratio is 

400, corresponding to a VCO frequency of 40.000 MHz and an output frequency of 10.000 MHz. 

The 9’s complement of 400 is 599, so the counter is preloaded with 599 and then counts up to 999. 

Since this requires exactly 400 input pulses, one output pulse is produced for every 400 VCO cycles, 

and the VCO signal is therefore divided by 400.

In Example 2, the required divide ratio is 301, corresponding to a VCO frequency of 30.100 MHz 

and an output frequency of 100.0 kHz. In this case, the 9’s complement of 301 is 698. Again, the 

counter counts from the preset value up to 999, and since that span contains 301 counts, the 

effective division ratio is 301. The table therefore shows clearly how the complement-to-999 method 

allows the divider to realize the required value of N without counting from zero.

A complication appears when N is odd, as in Example 2. Under normal conditions, the least 

significant digit section would count only an even number of cycles, because the divide-by-5 counter 

is driven from the prescaler operating at VCO÷2. To make an odd divide ratio possible, the prescaler 

is temporarily forced to divide by 3 for one cycle instead of by 2. This inserts the extra count needed 

to realize an odd value such as 301.

In the 3325A, this correction is enabled when the least significant BCD bit of the preset least 

significant digit indicates that an odd count is required, as in Example 2, where the preset digit is 

decimal 8 (binary 1000). A negative-going pulse from the preload one-shot then switches the 

prescaler to divide by 3 for one cycle. This odd-count correction is separate from, and additional to, 

the pulse-removal action associated with fractional-N operation itself.

The divider output pulse is derived from the bias pulse produced by the fractional-N control IC and is 

then synchronized to the VCO timing. The prescaler output, further divided by five, also provides the 

internal chip clock used for the timing and synchronization functions of the fractional-N control 

circuitry. A cycle-start pulse occurs each time the least significant digit is preloaded, that is, once 

every reference period, and this pulse initiates the internal control sequence.
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Example 1 Example 2
Sine wave output 10 000 000.0 Hz 100 000.0 Hz

Reference frequency 30 000 000.0 Hz 30 000 000.0 Hz

VCO frequency 40 000 000.0 Hz 30 100 000.0 Hz

÷N 400 301

999-N 599 698

9’s complement of N 599 698



Sweeping
Frequency Sweep
An important addition to a function generator is the ability to automatically vary the frequency of the 

signal over a specified range at a constant amplitude, a feature usually called a sweep. This is 

normally used to determine the behavior of a component or circuit, such as the frequency response 

of an amplifier, or to help tune the IF stage of a radio receiver. I also needed something like this when 

I was designing contactless antennas for smart card readers, and I used a spectrum analyzer with a 

tracking generator to do it. 

3325A Features

The 3325A has the sweep possibility, with some improvements over the old generators:

• a wideband sweep;

• there are no phase discontinuities, usually associated with synthesizers. Sweep is phase 

continuous over the full frequency;

• range of the main output.

The user has control of the start and stop frequencies, choice of linear or logarithmic sweep, and 

sweep time. The linear sweep has single-sweep and continuous-sweep modes with sweep times 

between 0.01 and 100 seconds. Total sweep times for single log sweep range from 2 to 100 seconds 

or 0.1 to 100 seconds for continuous log sweep. X-axis and Z-blank outputs are provided for 

driving CRTs and X-Y recorders. Also available is a TTL-level MARKER output that changes state 

during a linear sweep when the output frequency passes through the selected marker frequency. 

Logarithmic sweep is approximated by a succession of linear segments. A new frequency increment 

is loaded 10 times per decade during single sweep. Convenient "zoom" functions AFx2 and AF÷2 to 

quickly change the frequency span are supplied.

How Does It Do?
Phase-continuous frequency sweep of all functions was made possible by the addition of another 

register and BCD adder-subtractor to the count-by-O.F section.

A frequency increment stored in this register is added to the F register during each reference period 

to cause the frequency to sweep up. Sweep down is accomplished by subtracting the increment.
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• when the SIGNAL button is pressed (key indicator on), the front panel SIGNAL connector 

can provide a maximum output of 40 V p-p into a 500-ohm load. The maximum frequency for 

sine and square wave functions is reduced to 1 MHz, while triangle and ramp functions remain at 

10 kHz.

Refer to the Operations and Service Manual, Section VIII, Service Group M, for instructions on acti-

vating the rear panel signal output in one of two ways:

• place the standard/high voltage output on the rear panel only, disconnecting the front panel sig-

nal output;

• disabling the high voltage output and enabling the standard front/rear output configuration.

Sync Connector
It is located on the front panel and outputs a front at the signal zero crossings.

Other Rear Panel Connectors
Other connectors are provided on the rear panel (figure on page 366).

• ❶ MARKER TTL – high to low TTL compatible voltage transition at selected marker frequency, 

sweep up only;

• ❷ X-DRIVE 0-10V – 0 to +10 V DC linear ramp proportional to sweep frequency (sweep up 

only);

• ❸ Z BLANK TTL – low at start of sweep, high at stop. Remains high until start of next sweep;

• ❹ AUX 0dBm 21-60 MHz – see text;

• ❺ SYNC OUT – same as SYNC on the front panel. It outputs a front at the signal zero cross-

ings;

• ❻ EXT REF IN 1,10 MHz >0 dBm – external Reference signal, automatic detection;

• ❼ REF OUT 1 MHz 0 dBm – reference signal output;

• ❽ SIGNAL – see text;

• ❾ PHASE MOD ±5V – phase modulation input;

• ❿ AMPLITUDE MOD ±5V – amplitude modulation input.

Connectorsʼ Waveforms
To better explain the signals on the various connectors, a collection of waveforms is reported on the 

next page.
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The A3 board 
with the U15 
chip replaced 

by a socket 
(circled in 

red), ready to 
accept the 

new 3127E 
on the way 

to arrive.
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8160A
Pulse Generator

You Are Mad
You told us that:

• you passed on the 8160A in favor of the 8165A be-

cause you didn't like it;

• you said that the 8160A is just an 8015A in dis-

guise, which you hate;

• you said you hated working on those 1000 transis-

tor circuits;

and now you come up with the 8160A?

Well, folks, the point is that part of my hatred for these 

devices is due to the fact that I don't understand their 

circuitry, and like any human being, I tend to loathe 

what I don't understand...

But working on the 8165A has partly changed that, be-

cause it has forced me to study and understand. It's not 

love yet, but...

In addition, the devil did his work and offered me an 

8160A for 87 Euros plus 15 for shipping. Hard to resist… 

Of course it is not in perfect condition, so I expect new 

days of battles. But it arrived today and I can't wait to 

get my hands on it.

Surprise!
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Photo: the 8160A allows you to define the pulses produced with extreme "precision", using the term in its broadest and 
most intuitive sense. To appreciate how flexible and "precise" it is, you need a good oscilloscope.
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❶ A more detailed block diagram of the VCO. ❷ My frequency stability test @100us period. As you can see, after half a 
hour, the stability is more than excellent: about 1 Hz, a true record for a free oscillator. 

The change in hysteresis is compensated for by sensing the chip temperature and altering the 

temperature-compensation current accordingly. The resistor in series with the ramp capacitor for the 

20-99-ns range has a negative-temperature-coefficient to compensate for temperature-induced 

changes in propagation delay.

Donʼt Question Me, Please
I tried to understand all this circuitry, but it was not easy. After studying the HP Journal and the 

manual, don't ask me about it anyway...

1
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The Boards
Position-free?

The top cover of the housing shows board arrangements for both the standard model and that with 

option 020. For what I could understand, boards can be placed in almost any position, but Time In-

terval blocks must not be separated and cannot be placed across the established position, because 

use some lines to interconnect each other. For example, board addressing is performed by board 

A128 and then passed to latches A126' and A127'.

I named the Time Interval boards as A126, A127 and A128, meaning with them the model type, but 

when inserted on the bus their ID changes adding "100" for each group, so e.g. channel B width 

Time Interval block is numbered A426, A427 and A428.

Why Should I Do This?

You could think that this is just a lucubration of mine; just set the boards where they belong and 

don't bother us... On the contrary, it can be useful to remove the central boards and put the boards 

under test on the right, to have room to access them with the scope probe. With some smart adjust-

ments, you can survive in some way even without dedicated board extenders.

❶ The cover internal showing board arrangements for both base model or Option 020 
❷ Time Interval blocks in my 8160A; each of them is composed by three boards. Each block is identical to the others 
and distinguishes only by switches settings, so that in theory yours could have a different arrangement.

A Delay A Width B Delay B Width
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Some Shots
The 8160 was set for 100 us repetition rate, minimum pulse 8 ns with 3 ns leading and trailing 

edges.

• ❶ Wonderful performance of Tektronix 7834, one of my most beloved, in reduced scan mode, 

@ 2 ns/div in single shot thanks to 7B92A time base and 7A19 vertical amplifier, externally 

triggered by the 8160A. It could do even better, but the delay line moved the pulse to the right, 

outside of the screen.

• ❷ The same pulse on Tektronix 2440; 500 MSa/s; note the almost correct automatic 

measurements . Obviously, much easier to use than the 7934.

• ❸ The same pulse on HP 54540A 1 GSa/s. Top performer, it can also record the screen on 

floppy, to reduce my editing effort…

• ❹ and ❺ a touch of vintage: Tektronix 545B and 545.

3
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I thought that the half-broken driver had definitely failed and was no longer working at all. It was 

easier to start by removing acceptors to eliminate them from the suspect list, and so I removed all 

the boards that compose option 020 (BTW, I believe option 020 was so 

expensive when I saw all together the 9 boards that compose it!). 

But with the 9 boards removed, nothing changed and I de-

cided to a) analyze the problem better and b) analyze 

the peripheral bus with a scope.

The Solution

At that point I had a good inspiration, and 

decided to extract/insert the A2 micropro-

cessor board more times. This solved the 

problem. To be more sure of the result, I 

replaced the two missing screws which lock 

the A2 board in place (photo ❶). I lost 

other time reinstalling the boards, but now 

the problem was really over.

❶ The 8160A’s A2 microprocessor board 
can be easily serviced just tilting down the 

front panel. Good HP engineering… In the circle the original location of the RAM batteries. I suggest to move them to a 
safer location to protect the board against possible acid leaks. ❷ One of the two screws which keep in place the A2 
Microprocessor Board.

1
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Phase Noise @ 20 MHz
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