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INTRODUCTION

Application Note 117-2 is the second in a series of Hewlett-Packard
publications describing the applications and operating techniques of
the 8410A Network Analyzer.

The 8410A provides the basic means for measuring the amplitude and
phase response of active and passive devices in 50 ohm transmission
line or waveguide, over the frequency range from 0.1 to 12.4 GHz.

A continuing development program has made available a series of
Test Units and Test Fixtures which allow the network analyzer to be
used to characterize a large variety of networks and components
quickly, accurately, and conveniently.

Figure 1 shows the 8410A Network Analyzer and the peripheral
equipment available. The immediate advantage of such a modular
concept, is that only those components necessary to cover a partic-
ular frequency range or measure a particular type of device need be
purchased with additional units available to expand the measurement
capability as and when required.

The earlier publication, Application Note 117-1 describes the basic
principles of network analysis and the use of the S-Parameter nota-
tion and provides operating instructions for all of the 8410A system
components (shown in Figure 1) except the 8746B S-Parameter Test
Set and the 11608A Transistor Fixture. The use of these instruments
is described here.

The Importance of Network Analysis at Microwave Frequencies

One of the major tasks facing the designer of multi-component cir-
cuits is predicting the performance of the final circuit from a knowl-
edge of the parameters of individual components. The engineer re-
sponsible for production of each circuit requires almost the opposite
information. He must know the tolerances allowable on individual
components to ensure a finished product within the specification.

At low operating frequencies, typical operating parameters for a
device are usually sufficient to meet the above requirements and the
tolerance on phase measurements is not critical. As operating frequen-
cies increase, the phase information becomes more and more impor-
tant and typical operating parameters are not always sufficient to
achieve optimum final performance, particularly when active elements
are cascaded.

The obvious solution to such problems is to completely characterize
the individual components and thus narrow the limits of uncertainty.
Further improvement may then be obtained by selecting components
which, when connected together, will complement one another.

Two things are, therefore, required. Firstly, a convenient way of
specifying the performance of a device and, secondly, some method
of easily and accurately measuring this performance.

It may be shown theoretically that any two-port device such as a
transistor, operating under linear conditions, can be completely

il

AN 117-2



AN 117-2

] n DISPLAY
ey i |
T 9 3 9 A ! B2 by
L d [ 3 [ ®
.o m-mEJ
o o o o O
SOURCE TEST UNIT SAMPLER NETWORK ANALYZER
i
3 @ ] 9 Q= = W@= °
L 2 * W e ®
oo gumesmm| e o o ©-[v o]
oD o o o O
HP 86908 HP 8743A 2.0 — 12.4 GHz HP 8411A HP 8410A
(s - o == [
6060 ol- .9 Q= ws
©0~ ~ ~00] 0~ 00 -0 -
HP 8620A HP 8745A 0.1 — 2.0 GHz
HP B746A 05 — 12.4 GHz
HP 8414A Polar Display
ACCESSORIES TRANSISTOR FIXTURES
o———m
Y o~ | [ oY — ] H
tE L= =]
e -
HP 8717A HP 11650A HP 116008  HP 116028
TRANSISTOR BIAS SUPPLY
HP 11604A HP 11605A HP 11608A
FLEXIBLE ARM FLEXIBLE ARM

Figure 1. Network Analyzer System Components

specified (at each frequency) by four complex parameters. Several
such sets of parameters have been formulated, and each has its own
points of merit. H, Y and Z parameters have long been used for
characterizing low frequency components and theoretically can be
used at microwave frequencies. However, these parameters are diffi-
cult to measure at microwave frequencies because they relate to volt-
age and current measurements under open and short circuit load
conditions.

The “‘scattering parameters’ (S-parameters), *offer a more convenient
notation at high frequencies, because they relate to the complex re-
flection and transmission coefficients of a device which is loaded with
a characteristic impedance. Mathematically, S-parameters may be
manipulated in the same way as other parameters and, if necessary,
converted to another form.

Once the S-parameter notation has been accepted, the Network
Analyzer System provides a rapid accurate means of direct
measurement.

*A More detailed account of the S-Parameter concept and the relation to H, Y and Z param-
eters will be found in Hewlett-Packard Application Notes 77-1 and 95.
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The 8745A S-Parameter Test Set and the 11600B and 11602B Trans-
istor Fixtures (shown in Figure 1) allow wire leaded transistors with a
TO-18, TO-72, TO-5, or TO-12 configuration to be directly character-
ized up to a frequency of 2 GHz. However, solid state technology has
extended operating frequencies to well above 2 GHz and the standard
wire leaded packages, already inefficient, have become impractical to
use. New, low-loss packaging designs that can be incorporated into
printed circuit strip transmission lines are gaining wide acceptance
and the measurement of such components requires a test fixture with
a suitable strip-line configuration and a test unit which covers the
appropriate frequency range.

The 8746B S-Parameter Test Set and 11608A Transistor Fixture have
been designed for use with the 8410A Network Analyzer to provide
direct measurements of stripline components in terms of S-parameter
values.

Stripline transistors are the obvious candidates for such measure-
ments, but with the necessary modifications, the 11608A Fixture will
also accept other stripline components, such as disc capacitors and
resistors or even complete subassemblies.

The 8746B test unit may also be used independently of the 11608A
to measure large components and assemblies.

AN 117-2



CHAPTER |
THE 8746B S-PARAMETER TEST SET

OPERATING PRINCIPLES

The 8746B test unit operates within the frequency range from 0.5 to
12.4 GHz and has keen optimized for use with the 11608A Transis-
tor Fixture. Figure 2 shows both units.

Figure 2. The 8746B S-Parameter Test Set and
11608A Transistor Fixture

Figure 3 shows the configuration of the complete network analyzer
system of which the 8746B forms a part and Figure 4 shows a simpli-
fied block diagram of the unit.

RF power from the sweep oscillator enters the 8746B through a rear
panel connector and is split by a directional coupler to provide a
reference signal and a test signal. The test signal passes through a
programmable attenuator which may be set to any multiple of 10 dB
up to 70 dB by depressing the corresponding front panel pushbutton.
This attenuator, therefore, allows the power incident on the test de-
vice to be set to a level which ensures linear operation without affect-
ing the reference channel and hence the operation of the Network
Analyzer..

After attenuation, the test signal may be switched to either Port 1
for the measurement of forward parameters (S11 and S21), or to
Port 2 for reverse parameters (S12 and S929). A second group of
switches determines the return path from the test device for either
reflection (S11 and S92) or transmission (S12 and S91) measure-
ments, and routes the return signal to the TEST channel of the
8411 A Sampler.

The correct switch configuration is selected automatically, by depres-
sing the appropriate S-parameter pushbutton on the front panel.

To measure the phase response of the device under test, the 8410A
measures the phase difference between the test channel signal and the

1-1
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Figure 3. System Configuration for Stripline Measurements

reference channel signal. In order to obtain a swept frequency display
of phase angle, therefore, the path length of the two channels must
be equalized. To allow for this, the reference signal in the 8746B test
unit passes through two adjustable lengths of transmission line, one
adjustable continuously, the other in fixed steps. The line stretcher is

adjusted by rotating the REFERENCE PLANE EXTENSION control -

on the front panel, and allows a continuous adjustment of up to 30
cm in the reference channel path length. The front panel digital
indicator records half the change in path length and may be indepen-
dently set to zero (or any other value between 00.0 and 15.0 cm) to
provide a reference point.

For some applications, where the electrical length of the external
circuit is large, the 30 c¢m variation provided by the line stretcher will
be insufficient.

The EXTERNAL REFERENCE CHANNEL LINK is a U-shaped sec-
tion of semi-rigid coaxial line attached to the rear panel of the 8746B
via two APC-7 connectors. By changing this link, any test channel
path length may be compensated.

1-2
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Figure 4. Simplified Block Diagram of the 8746B

The reference channel link supplied with the 8746B is correct for use
with the 11608A Transistor Fixture and two further lengths are avail-
able for the measurement situations described in Chapter VI.

The REFERENCE PLANE EXTENSION control also allows the
phase reference plane to be moved by a known amount. This facility
is particularly useful when making measurements of reflection coeffi-
cient (811 or S22), for determining the conjugate impedance required
at a given point in the line to match the input or output impedance
of the device. When measuring transmission parameters (S12 or S91),
the phase change caused by the physical length of the test device
may be compensated, allowing the phase change caused by the active
element to be measured.

All reference and test channel connections and the Port 1 and Port 2
connections are made through APC-7 precision 7 mm connectors to
ensure maximum repeatability up to 12.4 GHz.

1-3
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REMOTE CONTROL

The four S-parameters and any value of attenuation may be set by
remote control by applying a contact closure or transistor switch to
the appropriate pins of a 36-pin connector mounted on the rear panel
of the 8746B. Remote control contact closure will also lock-out the
front panel pushbuttons to prevent interference with remote opera-
tion. A rear panel slide switch allows the attenuator to remain under
manual control if required.

The remote control facility makes the 8746B suitable for use with
automated or programmable test systems such as the Hewlett-Packard
8542A Automatic Network Analyzer. The facilities provided by such
a system are described in Chapter VIIL.

BIAS FEED

An active test device usually requires DC Bias and the appropriate
voltages may be supplied through the 36-pin connector. Bias insertion
networks inside the 8746B test unit provide RF isolation of the DC
path and feed the bias to the device via the center conductors of Port
1 and Port 2.

Details of the bias supplies required and their use may be found in
Chapter III.

8746B OPTIONAL MODIFICATIONS

The standard 8746B test unit (Figure 4) has been designed to provide
optimum performance for the measurement of small signal
parameters.

The maximum power level which may be applied to the RF input is
+14 dBm. This level will provide a -16 dBm (maximum allowable)
signal to the reference channel and a -6 dBm incident signal to the
test device with the attenuator set to 0 dB. These conditions will
provide a dynamic range of 60 dB. If the incident signal level is re-
duced by using the attenuator, the dynamic range will be reduced
accordingly.

To allow measurements to be made with incident signal levels higher
than -6 dBm, two modified forms of the 8746B test unit are avail-
able. Figure 5 shows simplified block diagrams of the two options.

One modified version (Option 001) increases the available incident
power to +4 dBm with a reference channel level of -16 dBm and an
RF input level of +14 dBm. This unit could, therefore, allow a test
device to operate under non-linear conditions.

By using the attenuator, small signal conditions can also be achieved,
but the dynamic range is reduced by 10 dB compared to the standard
unit operating at the same incident signal level.

The second modified version (Option 002), increases the maximum
incident signal level to approximately +14 dBm at the expense of a
seriously degraded mismatch looking back into the two test ports.
Consequently, this version is primarily intended for use with an auto-
matic system, where a correction can be applied to the measured
parameters to compensate for the higher mismatches.

1-4
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CHAPTER 1i
THE 11608A TRANSISTOR FIXTURE

Stripline devices operate at high frequencies and, therefore, any test
fixture designed to accept them must provide a good electrical envi-
ronment over a broad range of frequencies, which closely resembles
the actual operating conditions of the device. This means that the
connections between the device leads and the input and output ports
of the fixture, must show a low VSWR and low loss and any field
perturbation caused by the clamping structure and outer casing must
be correctly compensated.

To optimize these conditions for each of the many different package
styles with a single fixture design, would not be possible- and there-
fore, for maximum accuracy, the fixture must be tailored to a par-
ticular package style.

OPTIONS

The 11608A Transistor Fixture is currently available to accommodate
the TI-line package (Option 002) and the K-Disc package (Option
003) with the dimensions given in Figure 6. Other dedicated versions
are possible.

0.25" 0.205"

TI-LINE PACKAGE K-DISK PACKAGE

Figure 6. TI-Line and K-Disc Package Styles

To meet the present needs of those who do not use the TI-line or
K-Disc package, or have experimental components which require test-
ing, Option 001 is available. This option provides the basic external
requirements of Options 002 and 003, but the internal structure has
been left blank so that it may be machined and modified, by the
user, to suit a particular device.

2-1
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Detailed machining instructions and tolerances are supplied with the
11608A Option 001 in the form of Hewlett-Packard Operating Note
11608A and an outline of limitations and basic requirements may be
found in Chapter V of this application note.

FIXTURE DESIGN

When the transistor fixture is used with the 8746B test unit, the
input and output ports mate directly and Port 1 is defined as the
input port. The fixture is completely symmetrical and when used
with an 8746B test unit with the standard Reference Channel link
(Part No. 11604-20021), all path lengths are correctly compensated.

Figure 7 shows the 11608A Test Fixture in detailed and Figure 8
shows parts of the internal structure for each of the three options.
With Option 001, the microstrip plate and ground structure are re-
movable so that they may be separately machined. With the dedi-
cated versions, they form a permanent part of the fixture and are not
intended to be removed.

Figure 7. The 11608A Transistor Fixture

A hinged lid with silicone rubber pressure pads, allows the device to
be quickly inserted or removed. The five individually mounted pads
apply pressure to the main body of the device and to each of the
leads, ensuring good electrical contact to the gold plated conductors.
The effect of the clamping structure is compensated for the particular
package and the lid is lined with lossy material to suppress the propa-
gation of spurious modes.

The complete fixture provides the optimum conditions to ensure
maximum measurement accuracy.

2-2
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Figure 8. The Internal Structure of the 11608A

CALIBRATION UNITS

As explained in Application Note 117-1, the 8410A Network Ana-
lyzer measures the amplitude ratio and phase difference between the
test and reference channels. It is, therefore, necessary to calibrate the
measurement system prior to inserting the device, to establish a
known ratio and phase difference. This is best achieved by inserting a
calibration unit with a known amplitude and phase response into the
test fixture and adjusting the operating controls until the display
indicates the correct values.

Two calibration units are supplied with each 11608A Test Fixture
with Option 002 or 003 (Figure 8). The Short Circuit calibration unit
provides a package with the input and output leads shorted to ground
at the point of entry to the case. The forward and reverse reflection
coefficients (S11 and S92) will, therefore, be 1.0,180° with the
point of entry to the case defined as the reference plane.

The Through Line calibration unit is a section of 50 ohm microstrip
of known length, which may be used to simulate a transmission coef-
ficient of 1.0L0.0°.

No calibration units are supplied with the 11608 A Option 001 since

the package style is not defined. A short circuit and through line
must be constructed. (See page 5-3.)

2-3
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CHAPTER 11l
APPLYING BIAS TO THE TRANSISTOR

BIAS FEED VIA THE 87468

Bias may be applied to the transistor under test via the appropriate
input connections on the 36-pin connector at the rear of the 8746B.
Figure 9 shows the six pins required for bias supply.

PORT 2
BIAS FEED
PORT 1 COMMON
CHASSIS
BIAS FEED GROUND
18:17:16:15 14 .13:12.11i10. 9.8 17 6.5 4 3-i2.i1
IRRRERARRARRERERE
llllillllllllllll}
36:35:34 33°32-31.30 29:28'27:26:25 24:23%22.21:20:19
PORT 1 GROUND
BIAS SENSE SENSE
PORT 2
BIAS SENSE

Figure 9. Bias Connections to the 8746B Rear Panel Connector

PIN 1 — Common chassis ground

PIN 2 — Port 2 hias feed. Connects to center conductor or Port 2.
PIN 3 — Port 1 bias feed. Connects to center conductor of Port 1.
PIN 19 — Ground sense. Terminal for sensing ground potential.

PIN 20 — Port 2 bias sense. Terminal for sensing Port 2 bias voltage
at the port connector, for feedback control of a constant voltage
supply.

PIN 21 — Port 1 bias sense. As for pin 20.

USE OF SENSE TERMINALS

The stability, output impedance, output voltage and other parameters
of a power supply, are normally specified with respect to the supply
output terminals. However, when measured at the end of leads con-
necting the supply to a device, these parameters are different due to
the losses and the subsequent loading effect of the leads. To over-

3-1
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come this problem, many power supplies have provision for external
feedback or sensing leads, which allow direct control of the output
voltage at the point of connection to the device.

Pin numbers 19, 20, 21 on the 8746B rear panel connector provideA
connection points for sensing leads when these are required.

When using normal power supplies and bias conditions, these termi-
nals may be ignored or may be used in parallel with the corres-
ponding bias feed terminal to double the current capability (0.5A
maximum to 1.0A maximum).

USING DUAL POWER SUPPLIES

A convenient method of supplying bias to the transistor is to use two
independent power supplies, with voltage and current monitoring. A
resistor may be used to limit the emitter current to a safe value.

The circuit connections for such a dual supply system are given in
the following procedures.

USING THE 8717A TRANSISTOR BIAS SUPPLY

The 8717A Power Supply has been designed specifically for biasing
transistors. It provides easy switching between different operating
modes and lead configurations and allows monitoring of the voltage
or current at any junction. A cable is supplied to mate directly with
the rear panel connector on the 8746B. No other connections are
necessary.

The 8717A contains two independent supplies. One operates in a
constant voltage mode to supply a preset operating voltage. The
second operates as a constant current source, with a feedback circuit
to maintain a constant emitter current, even if the DC load condi-
tions change from device to device.

CONFIGURATION OF BIAS SUPPLIES

The following procedures will allow the correct bias conditions to be
set for any type of device using either dual power supplies or the
8717A Transistor Bias Supply.

1. Determine the type of device — Bipolar or FET.

2. Determine the polarity — PNP or NPN for Bipolar transistors
P-CHANNEL or N-CHANNEL for FET’s.

3. Determine the lead configuration. Common base, common
emitter or common collector for bipolar transistors. Com-
mon gate, common source or common drain for FET’s.

4. Turn to Figure 11 for common emitter or common source.
Turn to Figure 12 for common base or common gate.
Turn to Figure 13 for common collector or common drain.

5. Set the 8717A slide switches as shown or wire the appropri-
ate power supply connections as shown. The resistor provides
overload protection.

3-2
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. 6. If using the 8717A, set the voltage and current monitoring
‘ controls and emitter (source) overload limit to suit the bias

to be supplied. Turn voltage and current adjustment controls s
to zero (fully counterclockwise) (see Figure 10).

SELECT VOLTMETER SELECT CURRENT
MONITORING METER MONITORING
POINT AND RANGE POINT AND RANGE

ADJUST COLLECTOR TURN BIAS
OR DRAIN VOLTAGE ON/OFF

SELECT EMITTER SELECT EMITTER OR SOURCE

OR SOURCE CURRENT RANGE{RED).ADJUST
CURRENT LIMIT EMITTER OR SOURCE
FOR OVERLOAD CURRENT (BLACK).

Figure 10. Operating Controls of the 8717A Power Supply
7. If using separate supplies, select voltage and/or current
ranges and turn adjustment controls to zero.
8. Turn on bias supplies.
9. Insert the device.
10. Increase first voltage and then current to required levels.

11. After measurement has been made, turn the current and
then the voltage control to zero before removing the device.
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TRANSISTOR CONFIGURATION

COMMON EMITTER OR COMMON SOURCE

BIPOLAR

8717A BIAS SUPPLY CONFIGURATION

SELECT B'POLAR OR FET " TRANSISTOR FIXTUEBE-CCGONF'G. I
8IPOLAR ISl FET ce-cs MEP " cc-co

SELECT NPN or PAT e oo

SELECT NORMAL MODE e

s68  B6S  9sG
1E-5 LIMIT (mA)
§~50-500

SELECT CE
SELECT BEC GSD

OUTPUTS
" NORMAL  INDEP

DUAL POWER SUPPLY CONFIGURATION

BIPOLAR
NPN PNP
+ —O PIN 3 (BASE) -}—————0 PIN 3 (BASE)
1 1
- +
PIN 1 (EMITTER) PIN 1 (EMITTER)
- +
2 2
+ PIN 2 (COLLECTOR) - PIN 2 (COLLECTOR)
CET
N-CHANNEL P-CHANNEL
—-}—————OPIN 3 (GATE) +}——— O PIN3 (GATE)
1 1

+ -
PIN 1 {SOURCE} PIN 1 {SOURCE)
- +
2 2 V,
+ PIN 2 (DRAIN) - PIN 2 (DRAIN)

Figure 11. Bias Supply Configuration for Common Emitter
3-4
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TRANSISTOR CONFIGURATION

COMMON BASE OR COMMON GATE

s BASE

7

EMITTER * LcotLecTor

PORT 18 j BPORT 2

BIPOLAR

SOURCE %DRAIN

FET

8717A BIAS SUPPLY CONFIGURATION

TRANSISTOR FIXTURE CONFIG
B ce-<6

SELECT BIPOLLAR OR FET — emce Py co-co

SELECT NPN PNP

OR TYPE LEAD CONFIG
N-CH P-CH o onp s o ot
SELECT NORMAL MODE vormee o @ |
SELECT CB . NO&LHPU‘:NSD“ Is-ssl_wl'go(om:)_. ;
SELECT EBC/SGD S - R [ _acom I8

DUAL POWER SUPPLY CONFIGURATION

BIPOLAR
NPN PNP

+ ——————-——0DPIN 1 (BASE)} -p—————OPIN 1 (BASE)
1 1

- +

PIN 3 (EMITTER) PIN 3 (EMITTER)

- +
2 2

+ PIN 2 {COLLECTOR) - PIN 2 (COLLECTOR)

FET
N-CHANNEL P-CHANNEL

- QO PIN 1 {GATE) + QO PIN 1 {GATE)

1 1

+ -
PIN 3 (SOURCE) PIN 3 {SOURCE)
- +
2 2
+ <O PIN 2 {DRAIN}) - PIN 2 (DRAIN})

Figure 12. Bias Supply Configuration for Common Base
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TRANSISTOR CONFIGURATION

COMMON COLLECTOR OR COMMON DRAIN

BIPOLAR
COLLECTOR

BASE\\ , EMITTER

PORT 1 > T BPORTZ
. =

@
1 @ L ]
R J
DRAIN
GATE SOURCE
DRAIN
FET

8717A BIAS SUPPLY CONFIGURATION

SELECT BIPOLAR OR FET | TRANSISTOR FIXTURE SONFIS
| BIPOLAR I FET cE-cs g cc-CD

ST en O b e e

SELECT NORMAL MODE SRS, O o

SELECT CC | " outeuts TE-5 LIMIT (mA)
SELECT BCE/GDS ;

NORMAL  INDEP 5-50-500

DUAL POWER SUPPLY CONFIGURATION

BIPOLAR
NPN PNP

O PIN 3 (BASE) —p————OPIN 3 (BASE)

+
PIN 2 (EMITTER) PIN 2 (EMITTER)
2 \/
O PIN 1 (COLLECTOR)

g - PIN 1 (COLLECTOR)

FET
N-CHANNEL P-CHANNEL

O PIN 3 {GATE) + p———r—meeeQ) PIN 3 (GATE)

PIN 2 (SOURCE) PIN 2 {SOURCE)
+
2
+—O PIN 1 {DRAIN) - PIN 1 {DRAIN)

Figure 13. Bias Supply Configuration for Common Collector

3-6

¢

¢



AN 117-2

CHAPTER 1V
MEASURING TRANSISTOR PARAMETERS

This section describes the operating procedures which will provide
optimum measurement of stripline transistors.

The measurement system should be assembled and connected as
shown in Figure 14, with the requ1red display unit plugged into the
Network Analyzer mainframe.

SWEEP OSCILLATOR

NETWORK ANALYZER

==~._——_==a MARKERS
I 9 BLANKING
¢ @ o @
oo mmwmmaEEm _] SWEEP REFERENCE
oD o 000 O
~
RF
INPUT
BIAS

] POWER SUPPLY

' [

)

'SAMPLER.
1

TEST

FIXTURE
11608A

TEST UNIT
87468

Figure 14. System Interconnection Diagram

Reference should be made to the appropriate operating and service
manual supplied with each instrument, for detailed instructions on
the operation of individual controls. If remote control of the 8746B
is to be employed, or if bias is required, the correct interconnections
must be made to the rear panel 36-way connector on the 8746B Test
Unit.

If possible, allow approximately 20 minutes for all instruments to
warm up before calibrating, so that operating conditions can stabilize.
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SETUP PROCEDURES

1. SWEEPER CONTROLS

a'v

b. -

C.

~ Set. the sweep range for an octave band within the fre-
quency range. ‘ o

Set the SWEEP TIME to approximately 0.05 sec.

Set the SWEEP SELECTOR switch to MANUAL.

2. NETWORK ANALYZER CONTROLS

a.

Set the FREQUENCY RANGE switch to cover the same
frequency range as above.

Set the TEST CHANNEL GAIN control to show 21 dB.
Set the SWEEP STABILITY control to CW.

Increase the RF power until the REF CHANNEL
LEVEL indicator is showing a reading at the high end of
the “OPERATE” region. This ensures enough power in
the reference channel for phase locking.

Rotate the MANUAL SWEEP control over the fre-
quency range selected and observe the REF CHANNEL
LEVEL indicator. If the needle moves into the right-
~ hand black portion of the scale, reduce the RF power
level to keep it within the operate region. The relation-
ship between the Reference Channel Level and the
power incident on the device is explained on page 4-3.

3. TEST UNIT CONTROLS

" When the 8746B is turned on, the S92 mode is auto-
matically selected and the attenuator set to 70 dB. (The

- same conditions are set should power failure occur dur-
ing a measurement.)

. Select 0 dB attenuation.

4. DISPLAY UNIT CONTROLS

&

‘Set the SWEEP SELECTOR control of the 8690B or
8620A to automatic sweep.

For the Phase-Magnitude Display (8412A) set the DIS-

- PLAY MODE to amplitude.

. For the Phase-Gain Indicator (8413A) use an external

oscilloscope to display the magnitude of the test signal.

For the Polar Display (8414A), if a dot appears on the
screen, extend the REFERENCE PLANE EXTENSION
control on the Test Unit (8746B) until the dot extends




@

to a semicircular trace. If no dot or line trace appears,
decreas2 the test channel gain.

5. PHASE LOCK SETTING

a. Adjust the red SWEEP STABILITY control on the
8410A, until the display trace is a solid line over the
entire sweep. This indicates that phase-lock has been
achieved over the entire frequency range.

b. In some cases, better phase-lock may be achieved by set-
ting the FREQUENCY RANGE switch on the 8410A
one or two notches on either side of the exact range.

c. Should any difficulty be encountered in setting for cor-
rect prase-lock operation, ensure that the SWEEP REF-
ERENCE connection is made between the sweeper and
network analyzer and reduce the sweep speed.

SETTING INCIDENT RF POWER LEVEL

When measuring active devices, such as stripline transistors, it is im-
portant to establish the power incident on the device to ensure that
the device operates in the linear region.

As explained on page 1-4, the standard 8746B Test Unit is optimized
for small signal S-parameter measurements and the power level at the
output port is approximately -6 dBm when the REFERENCE CHAN-
NEL LEVEL indicator on the 8410A is set to the top end of the
operate region and the 8746B attenuator is set to zero. When the
indicator shows mid-scale, the corresponding power level is -20 dBm,
approximately.

For a more accurate determination of incident power levels, an RF
Power Meter such as HP Model 432A with Model 478A Thermistor
Mount, should be connected to the output port (APC-7 to N-Type
adapter will be required) and the power level measured. The sweeper
power level control may be used as a vernier, to adjust to a conve-
nient reference value. The 0 to 70 dB attenuator in the 8746B test
unit allows the incident power to be decreased while maintaining the
reference channel power for good phase-lock operation.

SYSTEM CALIBRATION

When the basic operating conditions have been set and the required
power level determined, the system can be calibrated.

e A ——

1. CALIBRATION FOR S11 AND S22 MEASUREMENTS.

It is necessary to establish the phase reference plane and a
known amplitude level. These conditions can be achieved by
using a short-circuit calibration unit in place of the device,
to give a reflection coefficient of 1.0.180°.

a. Ensure that the bias supplies are turned off.

4-3
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0dB

AMPLITUDE = 0 dB

d.

Insert the SHORT CIRCUIT calibration unit into the
11608A Test Fixture, ensuring that the leads seat cor-
rectly onto the input and output connections.

Close the lid of the Test Fixture until the spring catch
engages.

Select S31.

Using the 8413A Display Unit

a.

If the 8413A Phase-Gain indicator is being used in the
swept mode, decrease the sweep speed to 1.0 second
and depress the 30 dB amplitude sensitivity button.

Adjust the TEST CHANNEL GAIN control on the
8410A to bring the reading to the center zero line.

Increase the sensitivity by selecting the 3 dB amplitude
position and repeat step b.

Use the AMPLITUDE VERNIER control on the 8410A
Network Analyzer, to bring the reading to exactly zero.

Adjust the PHASE OFFSET control on the 8413A to a
reading of +180°.

Depress the 180° phase angle sensitivity button.

Adjust the REFERENCE PLANE on the 8746B to bring
the oscillation of the needle to a minimum.

Depress the 6° phase angle sensitivity and again adjust
the REFERENCE PLANE for minimum oscillation of
the needle.

Adjust the PHASE VERNIER to center the oscillation
about the zero mark. For large sweep widths, the oscilla-
tion of the needle will not reduce to zero due to resid-
ual tracking errors within the system. For maximum
accuracy at CW frequencies, the calibration procedure
should be repeated for each frequency of interest. The
sweep speed may now be returned to the 0.01 second
position and an oscilloscope attached to the calibrated
amplitude and phase outputs.

More details on the use of the 8413A will be found in
AN 117-1.

Using the 8412A Display

a.

Set the mode switch to AMPL and the amplitude sensi-
tivity to 10 dB/div.

Adjust the TEST CHANNEL GAIN on the 8410A to
bring the horizontal line to the center of the graticule.
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Increase the sensitivity to 1.0 dB/div and adjust the
AMPLITUDE VERNIER to bring the line exactly to the
graticule center.

Select the PHASE mode with a phase sensitivity of 90°/
div,

Select a phase offset of +180°.

Adjust the REFERENCE PLANE EXTENSION on the
87468 to bring the sweep display to a horizontal line.

Increase the phase sensitivity to 1.0°/div and adjust the
PHASE VERNIER to bring the sweep to the center
graticule line.

Repeat steps f and g if necessary. For large sweep
widths, the display will not be a perfect horizontal line
due to the residual tracking errors within the system.

Using the 8414A Display

a.

Depress the BEAM CENTER button and adjust the spot
to the center of the display using the vertical and hori-
zontal shift controls.

Adjust the REFERENCE PLANE EXTENSION on the
8746B to collapse the line trace to a dot or small
cluster.

Adjust the PHASE VERNIER to move the dot to the
180° radial axis.

Adjust the AMPLITUDE VERNIER AND TEST CHAN-
NEL GAIN on the 8410A, to move the dot to the outer
circle.

The system is now calibrated to a reflection coefficient
of 1.0.180° and the REFERENCE PLANE ZERO may
be set to 0.00. After calibrating for S11, select S99 and
observe that the calibration is still approximately valid.
The directional couplers used in the 8746B have been
designed fo give minimum tracking error and the inci-

‘dent and reflected path lengths for S11 and S92 have

been equalized to within 1 mm. This means that it will
not usually be necessary to calibrate independently for
S11 and S22, except for the most precise measurements.

Should precise calibration for S99 be required, select
S99 and repeat the above procedures.

2. CALIBRATION FOR S19 AND S21

To calibrate the system for the transmission parameters S12
and S21, the THROUGH LINE calibration unit is used. This
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has an assumed response of 0 dB loss and a known electrical
length (specified with the unit) which is sufficient to define
the phase reference point.

a. Ensure that all bias supplies are turned off.
b. Select S91.

c. Insert the THROUGH LINE calibration unit into the
11608A Fixture ensuring that the leads seat correctly
onto the input and output connections.

d. Close the lid until the spring catch engages.
Using the 8413A Phase-Gain Indicator

Follow the procedure given above for S11, except that in
step e set the PHASE OFFSET CONTROL to 0° not 180°.

Using the 8412A Phase Magnitude Display

Follow the procedure given above for S11 except that in
step e the phase offset should be 0° not 180°.

Using the 8414A Polar Display ,

Follow the procedure given above for S11 except that in

step c adjust the PHASE VERNIER to move the dot to the
0° radial axis, not the 180° radial axis.

The system will now be calibrated for transmission measure-
ments, except that the electrical length of the through line
has been compensated by adjusting for a 0° phase response.
To remove this offset and re-establish the reference planes at
the input and output planes of the device, hold the REFER-
ENCE PLANE EXTENSION control firmly to prevent rota-
tion. Adjust the ZERO control until a reading is shown
equal to half the electrical length specified for the through
line calibration unit. When this has been set, release the ref-
erence plane extension control and rotate it until the reading
is again 00.0. The reference planes are now set correctly.

Following calibration for S91, select the S12 mode and observe that
the calibration remains approximately valid. This means that it will
not usually be necessary to recalibrate for S19 separately, except for
the most precise measurements.

If the SHORT CIRCUIT calibration unit is now replaced and S11 or
S99 selected, it will be found that these parameters are also cali-
brated approximately. This shows that the internal path lengths are
accurately compensated and means that a single calibration with the
THROUGH LINE or the SHORT CIRCUIT will be sufficient for the

measurement of all four S-parameters with nominal accuracy.

As the frequency of operation is increased, the observable differences
will increase, since the phase offset introduced by slightly unequal
path lengths becomes larger.
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DEVICE MEASUREMENTS

p
a Once the system has been calibrated, devices may be characterized by a
the following procedure:

1. Setup the correct bias supply configuration as described in
Chapter II1.

2. Turn on Dbias supplies but ensure that the output voltage
controls are set to zero.

3. Insert the device ensuring that all leads seat correctly and
close the lid of the 11608A Fixture until the spring catch
engages,

4. Increase the collector/emitter voltage to the required level.

5. Increase the base/emitter voltage to give the required oper-
ating current.

6. Select the desired parameter and the frequency limits and
observe the display.

7. BEFORE UNLATCHING THE LID OF THE 11608A FIX-
TURE, decrease first the base/emitter voltage, then the
collector/emitter voltage to zero.

Great care should oe taken when setting the bias levels to ensure that
excess voltage, switching transients, or loose connections do not cause
‘ burn-out of sensitive devices.

INTERPRETING THE DISPLAY

8413 A Phase-Gain Indicator

When measuring S11 or S29, the 8413A indicates the return loss in
dB or the phase change occurring on reflection.

When measuring S192 or S91, the 8413A indicates the gain or loss of
the device in dB or the phase change across the device. This display is
most useful for fixed frequency measurements, but a swept display is
possible by using an external oscilloscope.

8412A Phase-Amplitude Display

A superior swept frequency display of return loss and phase for S11
and S99 or gain/loss and phase for S19 and S21, is provided by the
8412A display unit. The center horizontal graticule line represents O
dB loss or zero degree phase angle and scale expansion is possible to
a maximum of 0.25 dB/cm or 1.0°/cm.

8414 A Polar Display

The 8414A provides a polar display of reflection coefficient (511,
S29) or transmission coefficient (S12, S21) as a radial distance from
the display center. Five concentric graticule rings provide calibration
marks of 0.2/division. Phase angle is displayed as rotation about the

. center with a radial line marking each ten degrees. A single dot may,

. therefore, represert both the magnitude and phase response of the
device and the locus of the point shows the variation in both param-
eters as a function of frequency.

4-7



AN 117-2

A transparent plastic overlay is provided, which converts the linear
radial display to dB return loss. A further set of overlays provide an
impedance calibration normalized to 50 ohms, in the form of a Smith
Chart with a full scale reflection coefficient of 3.16, 1.0 or 0.2.
These overlays correspond to TEST CHANNEL GAIN offsets on the
8410A of -10 dB, 0 dB and 14 dB. For example, when the system is
calibrated using the short circuit, the display is set to a reading of
1.04180° with a Test Channel Gain setting of, say, 21 dB. If the test
channel gain Is increased by 14 dB to 35 dB, the outer circle of the
display becomes 0.2 reflection coefficient, and the appropriate over-
lay provides the corresponding section of a Smith Chart.
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a CHAPTER V

DESIGNING A TEST FIXTURE USING
THE 11608A OPTION 001

BASIC REQUIREMENTS

The 11608A Option 001 Test Fixture is supplied with the basic in-
ternal structure left blank. Figure 15 shows the individual compo-

nents which make up the complete fixture.

Al LID~——__

. MICROSTRIP
PLATE

. GROUND
STRUCTURE

Figure 15. An Exploded View of the 11608A Test Fixture
with Option 001

There are two ways in which the components may be modified.

. 1. Machine the 50 ohm Microstrip and ground structure to suit
the device.
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2. Replace the 50 ohm Microstrip with another section. This
method will be necessary when a different thickness or a
different type of dielectric material is required.

The standard 50 ohm Microstrip plate (B) is made from 0.0310
+0.0005 inch thick Z-tron “H”* dielectric material which is a modi-
fied PPO#*#* (polyphenylene oxide) with a dielectric constant of 2.72
+0.02. This material may be machined using standard high speed
drills and cutting tools. Two such plates are supplied.

The bonded stripline is 0.080 inch wide tapering to 0.076 inch in the
center. The taper is designed to compensate for the added shunt
capacitance of the clamp on the lid of the fixture. A copper ground
plane is bonded to the reverse side and both surfaces are gold flashed.

The ground structure (C) is 0.234 inch thick brass with a gold flash
plating. This thickness allows the final machined ground plate to have
a top surface flush with the top of the microstrip board should the
device require it. This means that the maximum depth clearance avail-
able is 0.20 inch unless the base of the fixture itself is machined.

The space available in the horizontal plane is a one-inch square which
must accommodate both the body and the leads of any device.

Provided the above size limitations are observed, there should be no
restriction on the type of device which may be measured.

Complete microstrip assemblies may be tested or individual device
chips mounted on stripline board and the complete assembly tested.

The device does not have to be active. The high frequency perform-
ance of stripline capacitors and resistors may be determined by pro-
viding the appropriate mounting.

MAINTAINING THE ELECTRICAL ENVIRONMENT

To maintain the 50 ohm characteristic of the transmission line, the
leads of any device must be narrower than the microstrip conductor
(0.080 inch). If leads are wider than this, a new microstrip board
must be made with a wider line. However, the wider geometry will
degrade performance above 6 GHz.

A good ground contact is essential for accurate characterization of
the device. When the effect of device leads is not to be included in
the measurement, the ground contact should be made as near as pos-
sible to the device to avoid lead inductance. If it is desired to dupli-
cate an actual operating circuit condition, the ground structure
should duplicate the actual circuit as closely as possible.

The lid of the fixture holds five silicon rubber pads, four to clamp
the device leads and a central one to clamp the body. If the body of
the device is too thick or too fragile, the center pad may be removed.

The clamping structure provides some shunt capacitance to the micro-
strip and this should be compensated by tapering the line.

*Trademark of the Polymer Corporation
**Trademark of the General Electric Company
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TUNING OF COMPLETE FIXTURE

As the frequency of operation increases, the residual losses and the
effect of small perturbations increases also.

Above 4 GHz, it will be more difficult to manufacture the fixture to
compensate for all perturbations. To allow for adjustment of the final
structure, two tuning screws are provided, one at each end of the
microstrip line, to give a variable shunt capacitance at the input and
output. By measurirg the “through” line and observing the Network
Analyzer display, the screws may be adjusted for minimum residual
response.

At the top of the frequency range (6 GHz to 12.4 GHz) the residual
loss of the through line rises (approximately 0.75 dB) and adjustment
of the tuning screws becomes more difficult. The best way of adjust-
ing the fixture is to use a TDR (Time Domain Reflectometer) such as
the HP 1815 System, which shows the response of the individual
junctions within the fixture and allows the effect of tuning adjust-
ments to be closely observed up to 12.4 GHz. Figure 16 shows
typical TDR responses for the 11608A fixture with the through line
calibration unit in place.

SHUNT CAPACITANCE SHUNT CAPACITANCE
AT INPUT COMPENSATED BY
ADJUSTING INPUT
TUNING SCREW

Figure 16. Typical TDR Responses

CALIBRATION UNITS

When the fixture has been machined to accept the particular device,
suitable calibration units must be made.

Figure 17 shows the construction of typical short circuit and through
line section.

5-3
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DIMENSIONED
TO REPLACE ——(= O—
DEVICE

GOLD PLATED
0.003" THICK
BERYLLIUM-COPPER \

i VA s I

[ 3

\ SOLDER
BONDED
SOLDER STRIPLINE
DIELECTRIC

GOLD PLATED
SHORT-CIRCUIT BRASS BLOCK THROUGH-LINE

Figure 17. Typical Short Circuit and Through Line Calibration Units
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CHAPTER Vi
USING THE 8746B TEST UNIT
WITHOUT THE 11608A FIXTURE

Although the 8746B Test Unit and 11608A Transistor Fixture were
designed to give optimum performance when used together, the
8746B may be used as an independent test unit for the measurement
of passive components or complete assemblies.

Used in this way, it has the advantage of a broader frequency range
than the 8745A or 8743A Test Units. However, the 8743A has a
higher directivity above 4 GHz (30 dB against 26 dB for the 8746B)
and this unit should be used for optimum performance.

PATH LENGTH COVIPENSATION

As was seen during the description of the calibration routine for
transistor measurements, (page 4-3) the internal electrical path lengths
of the 87468 Test Unit are matched as closely as possible, to provide
the same path length for each of the four S-parameters. In this way,
only a small phase offset occurs when the parameters are switched
and a single calibration is approximately valid for all parameters.

The 11608A Transistor Fixture is electrically symmetrical between
Port 1 and Port 2 and, therefore, to maintain the convenience of
direct parameter switching with a single calibration, the connections
to any other device must also be symmetrical. Any increase in the
total external path length from Port 1 to Port 2 may be compensated
by adjusting the Reference Plane Extension or changing the External
Reference Channel Link.

PHASE OFFSET AS A FUNCTION OF PATH LENGTH AND
FREQUENCY

When considering the compensation of path lengths, it is important
to know the accuracy of matching which must be achieved for a
given phase offset at different frequencies.

For example, if during a calibration of the system a phase reference
plane is defined using the short circuit standards, (for say S11) Figure
18 shows the phase offset which will be caused by unequal lengths in
the remaining parameter modes (Sy9, S21, S99).

- For reflection measurements, the path difference is twice the physical

length difference since the extra length occurs in both the incident
and reflected paths.

Figure 18 may be used to calculate how closely the path lengths
from Port 1 or Port 2 to the device under test, must be matched, to
achieve a given phase error when only one parameter is calibrated.

USING THE 8746B WITH A SYMMETRICAL EXTERNAL CIRCUIT

Once a tolerable phase offset has been determined, approximately
matched lengths of cable may be used. The input VSWR and through
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PHASE OFFSET {«®)

PATH LENGTH DIFFERENCE (d cm)

Phase offset {«°} = 12 x [Frequency (fGHz}} x [Path Difference { d cm}]

Figure 18. Linear Phase Offset as a Function of Path Length
and Frequency

loss of the cables must be as low as possible otherwise the effective
directivity of the test unit will be seriously reduced.

The best connections are made using semi-rigid coaxial cable.

Where more flexibility is required, two HP 11605A Flexible Arms
may be used (as with the 8743A Test Unit) but the performance will
be degraded by the residual VSWR of the 11605A (Figure 19).

USING A NON-SYMMETRICAL EXTERNAL CIRCUIT

Better performance may be achieved, particularly above 2 GHz by
connecting the device directly to Port 1 and using a single 11605A
Flexible Arm with a 10 dB pad to connect the output of the device
to Port 2. This circuit arrangement is shown in Figure 20.

Using this technique destroys the symmetry of the external circuit so
that separate calibrations and different Reference Channel Links are
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Figure 19. The 8746B Used with two 11605A Flexible Arms
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Figure 20. The 8746B Used with One 11605A Flexible Arm and
One 8692B 10 dB Attenuator

6-3

AN 117-2



AN 117-2

required to measure the phase of S11 and S921 and the reverse param- o
eters, S12 and S99, are most easily measured by turning the device .
around.

Reference Channel Link, HP Part No. 08745-20064, will provide cor-
rect path length compensation for the calibration of S17.

Reference Channel Link, HP Part No. 08746-20031, will provide cor-
rect compensation for S21 measurements when the 11605A Flexible
Arm and an 8492B 10 dB pad are used as the return arm. The 10 dB
pad reduces the effect of the input VSWR of the 11605A Arm.

The calibration technique when using this system is identical to that
given in AN 117-1 for the 8743A Test Unit.
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CHAPTER Vil
STRIPLINE COMPONENT MEASUREMENTS WITH THE
8542A AUTOMATIC NETWORK ANALYZER

The 8542A Automatic Network Analyzer System combines the
8410A Network Analyzer with a small digital computer and multi-
band signal source to produce a completely integrated measurement
system. Figure 21 shows a typical 8542A System.

Figure 21. The 8542A Automatic Network Analyzer

The basic accuracy of the Network Analyzer is greatly enhanced by
error correction techniques applied mathematically to the basic meas-
ured data. At the same time, all the necessary configuration and
parameter. switching is performed automatically, thus providing rapid,
accurate measurements with little possibility of operator error.

The mathematical capability also allows the measured data to be con-
verted to a more directly usable form and presented to the operator
as printed data with the correct format and column headings, or in
the form of a visual or printed graphical display, or as a punched
paper tape.

The 8746B Test Urit and 11608A Test Fixture may form a part of
an 8542A system thus providing the design engineer with highly
accurate, broadband measurements of stripline components with on-
line data reduction. The added benefit of a punched paper tape for-
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mat provides for easy incorporation of the data into Computer Aided
Design programs.

Engineers concerned with the production and incoming inspection of
stripline components and assemblies have the capability for accurate,
high-speed testing with minimal operator intervention and provision
for hmit detection and other decision making operations.

As an example of the flexibility of such a system, Figure 22 shows a
typical printout following the measurement of a transistor. The basic
S-parameters have been converted to gain and stability parameters
which clearly indicate the performance of the transistor over a broad
range of frequencies. Comparison of parameters such as these, for
different devices, allows a quick selection of components for opti-
mum multi-stage performance.

OPTIONZ? @
VCB= 15.48 VOLTS
1C= 15.88 FRA

S -- KAGN AND ANGLES:

FREQ 11 21 12 22
1220.0 242 -166 3.367 76 .B67 66 623 -3
2000.0 +313 158 1,741 46 S1i7 61 621 -29
3oes.¢ .386 127 1.225 23 .178 54 597 - 44
4000.0 # 471 113 «951 4 233 49 . 683 -65
5800.0 460 82 .818 =15 2288 28 643 -36
6088.7 468 67 «645 29 379 19 «743  -116

DESIGN PARAM.(IN DB IF APP.)

FREQ W1 K set GA(RAX) ] G2 GU(RAX) U
19000.08 11.5 1.27 10.5 13.9 o3 2.1 12.9 .06
2000.9 5.2 1.27 4.9 8.6 d 2.1 T.4 .87
3800.06 2.5 Padd 1.3 6.2 .7 1.9 4.4 N
4002.6 .9 «95 -.d s NF= tal 2.9 2.5 .13
5000.9 2.2 .78 1.7 sIRFs 1.8 2.3 1.5 .16
6089.07 2.2 56 -3.8 e NF2 bet 3.6 8 .25

Figure 22. Typical Data Printout from the 8542A Automatic
Network Analyzer

Further information on the 8542A Automatic Network Analyzer may
be found in HP Journal, February 1970 and the 8542A Data Sheet.
Both are available, on request, from your local HP sales office.
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