[’5[” HEWLETT

PACKARD

HP 70820A Microwave Transition
Analyzer: Picosecond Delta-Time
Accuracy

Product Note 70820-3

HP 71500A/70820A
Product Note Series

DC - 40 GHz frequency range
1 picosecond accuracy
0.1 % time span resolution

Device characterization and
modeling

Switching times

Rise/fall times

Delay
M1(Y) 8.5 ps 8.247 aV

M2 (%) 1.1 ps 9.0852 mV

EXT

AN
/

/ 4 \ \
R
The HP 70820A microwave
transition analyzer provides
? s 1@ ps/div excellent AT accuracies. This
Tr1=Ch1 TrP=Ch? product note demonstrates the
4 mV/div Y mV/div proper measurement technique
-808 uV ref @V ref for achieving picosecond time-

scale accuracies.

Figure 1. The HP 70820A controls
a synthesized source for best AT
accuracies. Here, the HP 70820A
measures AT between two points
to 1 picosecond accuracy
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Accurate AT Measurements Using the
HP 70820A Microwave Transition Analyzer

The HP 70820A microwave transition analyzer accurately measures
the time between two events, either on a single signal or between
two signals. Accuracies of 1 ps can be achieved using proper meas-
urement techniques. These techniques rely on a stimulus/response
environment, using a stable signal source to stimulate the device
under test, a common frequency reference with the HP 70820A, and
minimizing system noise.

The frequency of the RF input signal must be entered into the

HP 70820A to set up the x-axis time scale. By configuring the

HP 70820A with a source in a stimulus/response system, entering
the source frequency is as easy as setting the RF input frequency.
Using a stable source with a common frequency reference, the time-
scale accuracy can be improved to the absolute accuracy of the
frequency reference (approximately 0.1 ppm/year).

Other measurement methods can be used, but they result in a
larger signal-frequency uncertainty. The HP 70820A multiplies this
uncertainty, resulting in an inaccurate x-axis time scale. A later
section, “Alternate Measurement Setup for Reduced AT Accuracy,”
provides more information regarding other measurement methods.

Markers can be used to measure rise time, fall time, delay, pulse
widths and frequency. To perform marker frequency measurements
of an unknown input signal, the HP 70820A provides a find-signal
routine. This routine measures the signal frequency and improves
the accuracy of the time scale.

The HP 70820A microwave transition analyzer is a two channel,
dc-40 GHz measuring receiver module for the HP 70000 modular
measurement system. It combines time-domain and frequency-
domain measurement capabilities into one instrument.

The HP 71500A microwave transition analyzer system is configured
by installing an HP 70820A in an HP 70004A color display and
mainframe to form a complete measuring system.



The HP 70820A offers other advantages for AT measurements:
e Improved noise performance using noise-reduction filtering

e Improved AT resolution using fast Fourier transform (FFT)
and phase measurement to improve signal-to-noise ratio

s Negative time; that is, the ability to see events prior to the
trigger. Negative time simplifies measuring rise time on
the trigger edge without using a delay line that could
degrade the transition.

¢ User corrections for input cable losses

Additional information for using the HP 70820A to perform AT
measurements can be found at the end of this note:

Table 1. -- Sample AT accuracies

Appendix A -- Reducing the effects of frequency estimation errors
Appendix B -- Sample time-scale accuracy calculations
Appendix C -- Supported sources

Appendix D -- Supported source compatibility

Appendix E -- Glossary of defined symbols

For more information on the HP 70820A, contact your local
HP representative and ask for the following literature:

Technical Data Sheet
HP 71500A Microwave Transition Analyzer System
Literature number - 5091-0792E

Product Notes
Product Note 70820-1

The Microwave Transition Analyzer: A Versatile Measurement Set
for Bench and Test

Literature Number - 5952-2543

Product Note 70820-2
The Microwave Transition Analyzer: Measure 25 ps Transitions on
Switched and Pulsed Microwave Components

Literature Number - 5952-2546




AT Accuracy

The accuracy of time-interval, or AT, measurements made with the
HP 70820A depends on the accuracy of the displayed time scale and
the resolution of the time-interval markers. Equation 1 defines AT
accuracy as the greater of:

AT =(E, x AT)+TYN,

or

=1ps eq. 1
where:
E ¢ = Time-scale accuracy, a ratio
AT = Delta-time marker reading
T, = Time span
N, = Number of trace points, and
TN, = Time-scale resolution = T,

As an example, using the data shown in figure 1:
AT = (0.1 ppm x 14.1 ps)+100ps/1000
AT =0.1ps

or
AT = 0.1% of time span

Having an accurately calibrated HP 70820A time axis depends on
using proper measurement techniques shown in figure 2 and
discussed in this product note.
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Figure 2. Recommended time-scale
accuracy measurement setup



Time-scale Accuracy (E.)
The accuracy of the time-scale is defined by equation 2:

E, =(F/F)+E, eq- 2
where :

F,. = Frequency estimation error

F, = IF frequency

E, = Frequency reference error, a ratio

The best way to improve the time-scale accuracy is to reduce the
frequency estimation error to zero.

Fog=F orFgp)+Fp, eq. 3
where:

F__ = Accuracy of the find-signal routine.

F,, = Difference in frequency between the source and the
HP 70820A frequency reference.

F,... = Change in input signal frequency from estimation.

The first step in reducing the frequency error (Fy; in equation 3) to
zero is to use a common time base between the HP 70820A and the
synthesized source, as shown in figure 2. Here, the 10 MHz
frequency reference of the synthesized source and the HP 70820A are
connected. Sharing a common frequency reference eliminates F; and

F

Drift.

To set F_, to zero, the HP 70820A can be used to control the source
over either HP-IB or HP-MSIB. The frequency and power level of the
source are set from the HP 70820A front panel, and the signal
frequency is known exactly.

If the source cannot be controlled by the HP 70820A, F__can be
eliminated by entering the value of the source signal frequency into
the HP 70820A. Knowing the exact input signal frequency of the
source eliminates the need to use the find-signal routine in the

HP 70820A to determine the signal frequency. Thus F_ is set to zero.

Therefore, the frequency-estimation error is zero. From equation 1,
E,=0+E, ~0.1ppm

and from equation 2,
AT =ExAT) + T =T,

The uncertainty of the AT measurement is therefore reduced to where
it is dominated by the resolution of the measurement.
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Noise Reduction Filtering Improves Measurement Resolution

Displayed noise on a signal affects the resolution of a AT measurement.
Averaging the trace reduces the noise but slows the measurement time.
The noise filter in the HP 70820A provides a 20 dB improvement in the
signal-to-noise ratio on a single trace acquisition, improving resolution

while reducing total measurement time when compared to averaging.

Averaging of the trace may still be used with the noise filter for greater

reduction in noise. Figure 3 illustrates the effects of using the noise
filter on the resolution of a AT measurement.

TEXT | EXT

sourke freg: T
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Without Noise Filter With Noise Filter

Using the Fast Fourier Transform to Improve AT Resolution
Using the fast Fourier transform (FFT) provides another method of
improving the signal-to-noise ratio. When measuring the AT between
two sinusoid waveforms, the FFT can improve resolution by lowering
the noise level. The FFT improves the signal-to-noise ratio by

10 x log(N,,). Figure 4 demonstrates the results of using the FFT in
tabular form using table mode. The phase readout from the table has

a 0.1 degree readout resolution between the two signal fundamentals.

The phase reading is then converted to AT using the formula shown
in figure 4.
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AT = 360 X freq
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Figure 3. Effects of adding a noise
filter

Figure 4. Using the FFT to perform
a delta-time measurement



Alternate Measurement Setup for Reduced AT Accuracy.
An alternate method for making AT measurements using the
HP 70820A is shown in the measurement setup of figure 5.
Table 1 presents information on the AT accuracies that can be
expected using this setup.

HP 70820A

SYNTHESIZER

or ————
XTAL CONTROLLED SOURCE o DUL )

F.. = (F., or F.) + Foner

Fee = F..
F.. = 0.2ppm
Forer = 0.1ppm

F. = 0.01 Hz; CW = 500 Hz to 10 MHz
F. = 15 Hz + (0.035ppm x CW); CW = 10 MHz to 40 GHz

When sharing a common frequency reference with the synthesized
source is not possible, the find-signal routine of the HP 70820A
should be used to determine the input signal frequency (Fy). The
routine determines signal frequencies to an accuracy of approxi-
mately 15 Hz +(0.035 ppm x F, ] for input signals > 10 MHz, and
0.01 Hz for input signals < 10 MHz. This signal frequency accuracy
does not include the frequency reference uncertainty. The refer-
ence uncertainty is added later (see equation 2).

In the setup shown in figure 5, the source uses a crystal-controlled
oscillator as a frequency reference but cannot be locked to the

10 MHz reference of the HP 70820A. In this case, the frequency
source is stable, but F is not zero; even so, it is still acceptable in
many cases. As an alternative to using the find-signal routine to
estimate the input signal frequency, the signal frequency can be
entered into the HP 70820A. Entering the signal frequency re-
places F  with F .. Typically, F__is less than F;, so using the find
signal routine is recommended for this type of setup.

Figure 5. Alternate time scale
measurement setup



With the frequency estimation error not zero:

Ei=F/F.+E; and
AT, = (E; x reading) + T,

The uncertainty of the AT measurement is no longer dominated by
the resolution of the measurement. Appendix A discusses means of
improving the time-secale accuracy for this alternate case.

Performing AT measurements with a source that is not crystal con-
trolled or that drifts is not recommended. Unstable sources pro-
duce the highest inaccuracies in the time scale. Table 1 provides an
example of these inaccuracies.

Pulse and Function Generators as a Source (Baseband)
Care should be taken when using pulse generators as sources with
the HP 70820A. Pulse generators typically use a resistance-capaci-
tance oscillator as a time base, and the relative instability of the
oscillator directly affects the stability of the pulse generator. For
pulse repetition frequencies (PRFs) between 153 Hz and 5 MHz
(pulse repetition interval is set in 100 ns steps), the internal pulse
generator of the HP 70820A should be connected to the external-
trigger input of the pulse generator. This configuration, shown in
figure 6, provides the best possible time-scale accuracies by locking
the pulse repetition frequency of the pulse generator to the

10 MHz frequency reference of the HP 70820A. This configuration
also provides the flexibility to change the pulse amplitude, which is
not available when using the internal pulse generator of the

HP 70820A. For repetition rates faster than 5 MHz, the external
trigger input of the pulse generator must be driven with a synthe-
sized source set to the desired repetition rate. The frequency refer-
ence of the synthesized source and the HP 70820A must be con-
nected to eliminate the frequency-estimation error, Fop.

Internal
Pulse Output

FUNCTION or
PULSE GENERATOR

o (<M ot— DUT —
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Figure 6. Setup for pulse function
generators



Pulsed-RF Source

When measuring a repetitive pulsed-RF signal, it is important to
note that the signal frequency is the PRF; the signal frequency

is not the RF carrier frequency. As a result, F typically is less
than 500 Hz. The time-scale accuracy, E , is now very dependent
on F, being small, i.e., zero. Therefore, it is essential for these
measurements that the pulse source be frequency stable and
known. Connecting the HP 70820A to the same frequency reference
as the source is the easiest way to ensure a stable, known pulse
source. The internal pulse generator of the HP 70820A can also be
used to trigger the pulse and achieve this same stability. Non-
repetitive or unstable pulses can be measured with the single-shot
mode, but the time-scale resolution is limited to 50 ns, at best.

Common <
10 MHz
Reference

Common o
10 MHz
Reference

HP 70820A HP 70820A

Internal
Pulse
Generator

Internal
Pulse
Generator

'DUT]

External
Modulator

= =
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=
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ooo 0000 =

a) Pulsed Source with Internal Modulation b) Pulsed Source with External Modulation

Figure 7. Pulsed-RF source set up,
showing internal and external pulse
modulation connections
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Table 1

Sample calculations of AT accuracy using the setups shown in figure 2 and 5. A 1,000 point (N,) trace length is
used in each example, and the frequency reference error (Eg) is 0.1 ppm. Using the setup shown in figure 2 yields

the smallest errors in AT measurements.

Time span’ Frequency Time Scale AT Accuracy AT Accuracy
(T Estimation Accuracy (AT=time span) (AT=time span)
Error (F..) (E.o) (time) (%)
Common frequency reference, frequency entered. F__ = 0.

50 ps 0 Hz 0.1 ppm +50fs 0.1%
1ns 0 Hz 0.1 ppm +1ps 0.1%
1us 0 Hz 0.1 ppm +1ns 0.1%

The following information illustrates the effect on time-scale accuracy when the find-signal routine is used.

Common frequency reference, frequency determined by find-signal routine. Fee=F,.
50 ps 1,415 Hz 3.5% +1.8ps 3.6 %
1ns 50 Hz 0.25% +35ps 0.35%
1us 0.01 Hz 0.1% +2.0ns 0.20 %

No common frequency reference, determined by find-signal routine. F__ = F _ + F o @ssume drift = 0.1 ppm.
50 ps 5,415 Hz 13.5% + 6.8ps 13.6 %
1ns 150 Hz 0.75% + 85ps 0.85%
1us 0.11 Hz 1.1% +12.0ns 1.2%

No common frequency reference, frequencies entered (F.=0). Fec =F  +F_ ., assume drift = 0.1 ppm.
50 ps 12,000 Hz 30 % +15.0 ps 30 %
1ns 300 Hz 1.5% +16.0ps 1.6 %
1us 0.3 Hz 3% +31.0ns 31 %

The best accuracy and easiest-to-use configuration results when a common frequency reference is used between the
source and HP 70820A. Appendix D lists the HP sources that are supported with a driver in the HP 70820A. AT
measurements using a drifting source are not recommended, although frequency and power measurements may be
made in these configurations. Shown below are the effects on AT when using a drifting source for the measurement.

Frequency determined by auto-acquire routine, frequency drifting. F. . =F_ + F

Drift?

assume drift = 1 ppm.

50 ps 41,415 Hz? 104 % +52. ps 104 %
1ns 1,050 Hz? 5.3 % + 54, ps 5.4 %
1us 1.01 Hz? 10.1% +102ns 10.2%

" Input frequency (FiN), sampling frequency (FS) and IF frequency (FIF) for the time scale settings are shown below:

Input Sampling IF
Time span Frequency Frequency Frequency
(F) (Fy) (Fe)
50 ps 40 GHz 20 MHz 40 kHz
1ns 1 GHz 20 MHz 20 kHz
1 us 1 MHz 10 kHz 10 Hz

2 Assuming a drift of 1 ppm from the time the frequency estimate was made.

13




APPENDIX A: Improving Time-Scale Accuracy

The accuracy of the time-scale depends on two factors:

1) The frequency of the time-scaled replica of the RF input in
the IF (F ;). This is determined by the time-scale setting of
the HP 70820A.

2) The accuracy with which the HP 70820A knows the RF input
frequency.

An error in estimating the RF frequency, or a drift of the RF signal
from the estimation, results in a time-scale accuracy error. Knowing
the RF input frequency exactly reduces the time-scale accuracy
error to the frequency-reference accuracy. The following equation
describes the time-scale accuracy uncertainty (E,) of the

HP 70820A as a ratio:

ETS=(FEE/F wHEg eq. 4
where:

F . = Frequency estimation error; that is, the difference
between the HP 70820A signal frequency and the actual signal
frequency.

F . = Frequency of the signal in the IF.
E, = Frequency reference accuracy, a ratio.

Connecting the frequency reference of the source and the
HP 70820A reduces the frequency-estimation error (F,,) to zero.
The uncertainties are then dominated by the AT resolution.

An understanding of how to achieve the most accurate time-scale
with the HP 70820A can be gained by examining how the system
acquires data. The HP 70820A uses a sampling technique called
“harmonic repetitive sampling,” which is described below.

Overview of the HP 70820A Data Acquisition Process
Figure 8 shows a simplified block diagram of the HP 70820A. As a
measurement begins, the HP 70820A sets the frequency of its local
oscillator to a value very close to a sub-harmonic of the input
frequency (either the fundamental or the PRF of a pulsed-RF
signal). The frequency is set between 10 MHz and 20 MHz;
typically the frequency will be very close to 20 MHz. The

HP 70820A samples the waveform, incrementing forward through
the input signal, as shown in figure 9. Each time the sampler is
enabled, the HP 70820A samples a different point on the input
signal.
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Figure 9 shows an example of this sampling process. The input
signal frequency is 100 MHz. The sampler frequency chosen is
slightly less than 20 MHz. Choosing a sampling frequency of slightly
less than 20 MHz (period slightly greater than 50 ns) causes the
sampler to sample successive points on the waveform, and the
sampling point moves forward through the input signal.

The sampling process creates a time-scaled replica of the RF signal
in the IF. The HP 70820A digitizes and analyzes this IF signal.

If the sampling frequency chosen had been exactly 20 MHz, the
same point on the input waveform would have been sampled each
time. The resulting sampled signal would correspond to the dc value
of the input waveform at the sample point.

Reducing the Frequency Estimation Error

For the setup in figure 2, the frequency-estimation error is zero and,
for this reason, is the recommended setup. The setup in figure 5,
however, has a frequency-estimation error. The effect of this error
can be minimized in some cases.

If the frequency-estimation error is not zero, the time-scale accuracy
can be improved by increasing the frequency of the signal in the IF
(F ). This signal is a scaled replica of the RF input and is the wave-
form that actually is displayed on the CRT screen. Increasing F; is
most easily accomplished by reducing the number of trace points
across the screen, though this also reduces time-scale resolution (T).

The time-scale aceuracy error (ratio) is:

E=(F,/F.)+E, eq. 5

Figure 8. HP 70820A Simplified

Block Diagram




IF Response

Amplitude

50
RF cycles
Input: ]
signay = 100 MHz square wave Tg = Fs = (N X Tggna) + Tp
Tsignal = 10 ns
— i _ _
Instrument State: Ty = tmespan - 10 NS-gq ps

# trace points 100
Time Span = 10 ns ; _
# Trace Points = 100 Therefore: T = 50.1 ns

N=25

Figure 9. Harmonic Repetitive
Sampling, an example

If the measurement is dominated by the time-scale accuracy error,
E, rather than the resolution, T,, then several tactics can be used
to increase F, and thus reduce E .
Increasing F . can be accomplished by:
1. Decreasing the number of trace points (Np).
2. Increasing the number of cycles shown on the screen (N).
3. Increasing the sampling frequency (Fy).
An examination of how F, is calculated is useful. The equation
that describes the F,; and its relationship between the number of
cycles on the screen, trace points, and sampling frequency is:
F.=(N./N,)xFg eq. 6
where:
N, = Number of cycles of the signal shown across screen

N, = Number of trace points across screen

F, = Sampling frequency

16



Sample calculation of F

Equation 6 shows how sampling frequency, number of cycles on
screen, and number of trace points affect the IF frequency. In the
following example, the display of the instrument shows one cycle of
the waveform using a trace length of 1,000 points. For this single
cycle, the HP 70820A must acquire 1,000 sample points.

The sampling frequency is approximately 20 MHz (50.1 ns/point).
Therefore, . for this display equals 1/1,000 x 20 MHz = 20 kHz.

The example can be changed slightly so that two cycles of a waveform
are displayed, and the trace length is kept equal to 1,000 points. Now
500 data points represent one cycle of the waveform. A simple calcu-
lation shows that F |, now equals 2/1,000 x 20 MHz = 40 kHz.

H

Substituting for F , in equation 1:

= +E
™ (F,xN)

R eq. 7

For RF input frequencies greater than 10 MHz, the sampling
frequency, F, may be assumed to equal 20 MHz. F . is limited to
values between 25 Hz and 1 MHz. While harmonics may mix into the
IF above 1 MHz, the fundamental of the input signal will be mixed to
less than 1 MHz in time-domain applications.

Equation 7 shows that the time-scale accuracy error is inversely
proportional to the sample rate, F. For RF input frequencies greater
than 10 MHz, F has been given as 20 MHz.

F is effectively reduced in other cases:

Rep freq > 10 MHz, noise filter off F_ = 20 MHz
Rep freq > 10 MHz, noise filteron F_ =1 MHz
Rep freq < 10 MHz and > 10 kHz F_=10kHz

Rep freq < 10 kHz F. = PRF > pulsed-RF
Rep freq < 10 MHz, noise filter on F measurements

As can be seen, some modes significantly reduce F, which can
significantly increase the time-scale accuracy error. Therefore, for
these cases, HP recommends using the setup in figure 2 to reduce the
relative frequency reference error to zero and totally remove this
error.

In summary, more cycles onscreen, fewer trace points, and a higher
sample rate F give a higher F,, and, thus, better time-scale accura-
cies. However, these factors reduce the time-scale resolution, which
from equation 1, may reduce the overall AT accuracy. A trade-off
must be made depending on how large the frequency-estimation error
is expected to be.
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APPENDIX B: Sample Time-scale Accuracy
Calculations

Examining a typical uncertainty scenario shows how time-scale
accuracy may be calculated. The instrumentation setup includes a
synthesized source that shares a common frequency reference with
the HP 70820A. Therefore, the drift has been eliminated. However,
in this example, the source is not coupled over HP-IB to the

HP 70820A, and the find-signal routine is used to determine the
input frequency.

The following assumptions apply to the calculation:

1. RF input frequency = 1 GHz = 1 x 10° Hz

2. Frequency estimation error (Fy;) = 50 Hz + (0.035
ppm x 1 x 10°) = 85 Hz

3. Number of trace points (N ) = 1,000

4. Display 1 cycle on the screen (N), this implies time span (T)
=1ns.

5. Sampling frequency (F) = 20 MHz

The frequency in the IF is determined

F, =N, /N, xF
= (1/1000) x 20 x 10° Hz
= 20 kHz

The time-scale accuracy error is determined:

Epg = Fyy /Fp) + Eq
= (85 Hz /20 x 10° Hz) + 0.1 ppm
= 4950.1 ppm or 0.425% of time span

where E is determined by the drift term, which is 0.1 ppm/year.
The time-scale resolution is determined:
T =TyN,
=1 ns/1000
=1ps
Let reading = AT = 1 ns

The AT accuracy is determined:

AT, = (EgxAT) + T
=(0.00425 x AT) + 1 ps
=425 ps+1ps
=5.25ps
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As cycles on the screen are reduced to less than one, the error begins
to increase. When 1/10' of a cycle is displayed on the screen, the
time-scale accuracy error can be calculated as follows:

Fy =(0.1/1000)x 20 x 10° Hz = 2 kHz
The time-scale accuracy error is determined:

E,, =85 Hz/2x 10° Hz = 0.0425 or 4.25%
This error is fairly large. For measurements with fractions of a cycle
onscreen, the accuracy can be improved by using the setup shown in

figure 2.

If the input signal frequency is entered so that the F,, = 0; the time-
scale accuracy error (E) is reduced to 0.1 ppm.

AT, =(0.1ppm xAT) + T =T =1ps.

11/10 of a cycle of a 1 GHz input signal is 100 ps across the screen (time span).
This provides a screen resolution of 10 ps/div.
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Appendix C: Supported Sources

Synthesized Sources Supported With HP 70820A Drivers

Frequency Frequency Frequency RF Out Pulsed-RF Pulse Mod
Range Resolution & Power ON/OFF Carrier Freq ON/OFF
(GHz) Controls Control Adjustment Control

HP 3325B'2 1 uHz? to 21 MHz 1 uHz Yes No Yes No

HP 3335A"? 200 Hz to 81 MHz 1 mHz Yes No Yes No

HP 8340 0.011026.5 1Hz Yes Yes Yes Yes
HP 8341 0.011020 1 Hz Yes Yes Yes Yes
HP 83620A Opt 008 0.0110 20 1 Hz Yes Yes Yes Yes
HP 83622A Opt 008 21020 1 Hz Yes Yes Yes Yes
HP 83623A Opt 008 (hi pwr) 0.01t0 20 1Hz Yes Yes Yes Yes
HP 83624A Opt 008 (hi pwr) 20 20 1 Hz Yes Yes Yes Yes
HP 83640A Opt 008 0.01to 40 1 Hz Yes Yes Yes Yes
HP 83642A Opt 008 2 to 40 1Hz Yes Yes Yes Yes
HP 836xx W/O Opt 008 1 kHz Yes Yes No® Yes
HP 8672A 2to 18 1-3 kHz Yes Yes No® Yes
HP 8673B 2t026 1-4 kHz Yes Yes No® Yes
HP 8673C 0.05t018.6 1-4 kHz Yes Yes No?® Yes
HP 8673D 0.05to0 26 1-4 kHz Yes Yes No® Yes
HP 8673E 2t018 1-3 kHz Yes Yes No? Yes
HP 8673G 210 26 1-4 kHz Yes Yes No® No

HP 8673H 2to12o0r5t0 18 1-3 kHz Yes Yes No? Yes
HP 70320A (HP 8644A)’ 0.00025210 2.06 0.01 Hz Yes Yes Yes Yes
HP 70325A (HP 8645A)' 0.000252t0 2.06 0.01 Hz Yes Yes Yes Yes
HP 70322A (HP 8665A)' 0.000100t0 4.20 0.01 Hz Yes Yes Yes Yes

Use of a synthesizer under HP-IB or HP-MSIB control and sharing a common 10 MHz time base, while

not absolutely required, is highly recommen
synthesizers consist of HP-IB/HP-MSIB driv
level, RF output on/off, and pulse modulation o
HP-IB synthesized sources may be defined over HP-IB.

1The HP 3325, HP 3335, and HP 7032x synthesizers do not support
time sufficient to let the signal settle in frequency sweeps. The dwe

desired.

*The HP 3325B and HP 3335A work well for fre
But these instruments have jitter that is invers
repetition frequencies, this jitter may make the
TP recommends using the internal pulse general
reducing the jitter problem. The HP 3325B is supported only down to

3For pulsed-RF component characterization, t
the AM/PM demodulation routines to operate
resolution are recommended for pulse
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a “signal settled” bit. To
11 time required depends on the noise filter BW

quency and power sweeps or any ca
ely proportional to th
HP 3325B and HP 33
tor (as a time base for low repetition frequencies
0.1 Hz.

he HP 70820A may adjust the carrier freq
properly. Because of this adjustment, synt.
d-RF component characterization.

e repetition frequency. When ob
35A unsuitable for AT measurements with the HP 70820A.
) to trigger an external signal source

ded to simplify the use of the instrument. Drivers for
ers in the HP 70820A to control the source frequency, power
/off from the HP 70820A. Custom drivers for other

be safe, the user should include a dwell
used and accuracy

se where approximately one cycle is onscreen.

serving fast events at low

uency slightly from what was chosen to allow
hesizers with at least 1 Hz frequency




Appendix D: Table of HP signal sources and
compatibility with HP 70820A

Following is a list of HP signal sources and their compatibility rating with the HP 70820A.
See Appendix C for synthesizers specifically supported with an HP-IB/HP-MSIB driver in the HP 70820A.

Synthesized signal sources compatible with HP 70820A:

10 MHz
Model # Frequency Range in out HP-IB
HP 3325B 1 uHz to 21 MHz yes yes yes'
HP 3335A 200 Hz to 81 MHz yes  yes yes'
HP 8642A/B 100 kHz - 1,057.5/2,115 MHz yes  yes yes
HP 8644A dc - 2.060 GHz yes  yes yes'
HP 8645A 252 kHz - 2.060 GHz yes  yes yes'
HP 8656B 100 kHz - 990 MHz yes yes yes
HP 8657A 100 kHz - 1.040 GHz yes® yes yes
HP 8660D 10 kHz - 2.600 GHz yes  yes yes
HP 8662A 10 kHz - 1.280 GHz yes?  yes yes
HP 8663A 100 kHz - 2.560 GHz yes?  yes yes
HP 8665A 100 kHz - 4.200 GHz yes yes yes
HP 8671B 2 GHz - 18 GHz yes  yes yes
HP 8672A 2 GHz - 18 GHz yes  yes yes'
HP 8672S 10 MHz - 18 GHz yes yes yes'
HP 8673B 2 GHz - 26.5 GHz yes  yes yes'
HP 8673C/D 50 MHz - 18.6/26.5 GHz yes  yes yes'
HP 8673E 2 GHz - 18 GHz yes  yes yes'
HP 8780A 10 MHz - 3 GHz yes yes yes

Synthesized sweep generators compatible with HP 70820A:

10 MHz
Model # Frequency Range in out HP-IB
HP 8340B 0.01 GHz - 26.5 GHz yes  yes yes'
HP 8341B 0.0t GHz - 20 GHz yes  yes yes'
HP 83620A 0.0t GHz - 20 GHz yes  yes yes'
HP 83622A 2 GHz - 20 GHz yes yes yes!
HP 83623A 0.01 GHz - 20 GHz yes yes yes'
HP 83624A 2 GHz - 20 GHz yes yes yes'
HP 83640A 0.01 GHz - 40 GHz yes yes yes'
HP 83642A 2 GHz - 40 GHz yes yes yes'

Not Compatible with HP 70820A
Non-synthesized signal sources and sweep generators:

10 MHz
Model # Frequeny Range in out HP-IB
HP 8350B depends on plug-in no no yes
HP 8640B 0.5 MHz - 1,024 MHz no no no
HP 8683/4 B 2.3 GHz - 12.5 GHz no no no
HP 8683/4 D 2.3GHz - 18 GHz no no no

' HP-IB driver available
# The external reference input level required is greater than the HP 70820A reference output level. Use the source frequency reference output
as the system frequency reference.
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Appendix E. Glossary of defined symbols

E= Time scale accuracy, a ratio

E;= Frequency reference accuracy for the HP 70820A. The
drift term of the internal reference is 0.1 ppm/year.

F,, = Frequency error due to the accuracy of the find-signal
and auto-acquire measurement routines. This error is
introduced by a frequency measurement of the signal
undertest.
Signal Frequency Faa

500 Hz < CW signals <10 MHz 0.01 Hz + (E;x F)
10 MHz < CW signals < 40 GHz 15 Hz +[(0.035ppm +E) x F ]

F.= Foo-EpgxFro)

F .=  Change in frequency of the input signal from the
frequency measurement.

Fop = Frequency estimation error. This is the difference be
tween the actual input frequency and what the
HP 70820A thinks the input frequency is (F_+ F, +
FDrift)'

F,= Frequency of the signal in the IF

Fy= Input signal frequency (this is the PRF for a pulsed RF
signal)

Fy = Sampler Frequency

Fi= Frequency error due to the difference between the two
frequency references of the source and the receiver. We
approximate the frequency reference difference as 2x ER
= 0.2ppm. This assumes that the error of the source is the
same as the error of the HP 70820A, which represents
worst case.

N, = Number of displayed cycles, carrier or pulses

N, Number of trace points

AT = Delta time marker reading

AT, = Delta time accuracy

T = Time-scale resolution = T /N,

T, = Time span
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For more information, call your

local HP sales office listed in your
telephone directory or an HP regional
office listed below for the location

of your nearest sales office.

United States:
Hewlett-Packard Company
4 Choke Cherry Road
Rockville, MD 20850

(301) 670 4300

Hewlett-Packard Company
5201 Tollview Drive
Rolling Meadows, IL 60008
(708) 255 9800

Hewlett-Packard Company
5161 Lankershim Blvd.
No. Hollywood, CA 91601
(818) 505 5600

Hewlett-Packard Company
2015 South Park Place
Atlanta, GA 30339

(404) 955 1500

Europe:

Hewlett-Packard S.A.
Marcom Operations Europe
P.O. Box 529

1180 AM Amstelveen

The Netherlands

(31) 20 547 9999

Canada:

Hewlett-Packard Ltd.

6877 Goreway Drive
Mississauga, Ontario L4V 1M8
(416) 678 9430

Japan:
Yokogawa-Hewlett-Packard Ltd.
15-7, Nishi Shinjuku 4 Chome
Shinjuku-ku

Tokyo 160, Japan

(03) 5371 1351

Latin America:

Hewlett-Packard

Latin American Region Headquarters
Monte Pelvoux No. 111

Lomas de Chapultepec

11000 Mexico, D.F. Mexico

(525) 202 0155

Australia/New Zealand:
Hewlett-Packard Australia Ltd.
31-41 Joseph Street

Blackburn, Victoria 3130
Australia

(03) 895 2895

Far East:
Hewlett-Packard Asia Ltd.
22/F Bond Centre

West Tower

89 Queensway

Central, Hong Kong

(852) 848 7777

Data Subject to Change
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