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C61 (First Frequency Converter)

The unit after assembly is to be tested for functionality using signal generators and a spectrum
analyzer:

This will require the following apparatus:

e Marconi 2031 signal generator.

e Marconi 2041 signal generator.

o Spectrum analyzer, Tek 2710 , Tek 7L14 or HP 8591E.

e RG 223 RF cable Type-N male to Type-N female (Two numbers).
o RG 223 RF cable TNC male to Type-N male.

o +19V DC power supply.

The experimental setup should be as shown in Figure 1. Set the spectrum analyzer to span
55MHz around the center frequency of 70MHz. Set the signal generators as listed in Table 1,
and note down the power level of the 70MHz line appearing on the center of the spectrum
analyzer screen after doing a peak search. Complete the table as instructed therein. The results
should be within the specified limits. Note down the unit number at the head of the table, in
the space provided for this purpose.

After this test, the unit has to be kept powered on in an airconditioned test laboratory for ten
days from a +19V power supply (burn in qualifier test).

After the bum in test is complete, the functionality test that was performed before the bumn in
test, has to be repeated, and results noted down in the appropriate column in the table. The
results should again lie within specified lirmts.

The unit is now ready for final qualification and characterization. This will require the
following apparatus:

o HP 8753C network analyzer.

e Marconi 2031 signal generator,
o J00MHz lowpass filter (a qualified C63 unit will suffice).

o HP 11549A 6dB resistive power splitter.

® HP colorpro plotter at proper HPIB address (set as per HP 8753C).
¢ Type-N 20dB attenuator pad.

¢ TNC 10dB attenuator pad.

e +19V DC power supply.

¢ RG 223 RF cable Type-N male to Type-N male (Three numbers).

® RG 223 RF cable TNC female to Type-N female.
® R(; 223 RF cable Type-N male to Type-N femule.
¢ Type-N female to Type-N female adapter. _

® RG 223 RF cable TNC male to Type-N male.

The procedure to measure the conversion loss or conversion gain is explained at length in the
HP 8753C network analyzers’ manual. Appropriate pages are being reproduced for the users’
convenience here. The figure numbers and appendix numbers referred to below correspond to
the numbers on these reproductions. Set up the apparatus as shown in Figure 31 of Appendix
1, and follow the instruction listed therein. Use the 100MHz lowpass filter with 20dB pad and
the 10dB pad on the input side (by using appropriate RF cables) and go through the
calibration procedure as listed out. The stimulus settings should be: Center Frequency 70MHz,
Span 40MHz, Amplitiide OdBm.



Next reconnect the setup as shown in Figure 9. Insert the device under test, i.e. the C61 unit,
in between the 20dB pad and the 10dB pad before the lowpass filter. Apply DC bias, and LO
carrier as listed in Table 2 and take plots for each setting. You will require to follow the steps
listed out in the measurement procedure repeatedly for each LO setting. The final plots should
resemble those shown in Test Plot 1.

Table 1.
Unit Code: C61/
Marconi 2031 | Marconi 2041 Spectrum Analyzer readings (dBm) Minimum Results Maximus
(@+12dBm) {@-55dBm) Before burn-in test | After burn-in test (dB) (dB) (dB) (dB)
A B A+55 | B+55
120MHz S50MHz 23 26
220MHz 150MHz, 23 26
305MHz 235MHz 22 25
395MHz 325MHz 22 25
680MH: 610MHz 21 4
1070MHz 1000MHz 21 24
1270MHz 1200MHz 20 - 22
1490MHz 1420MHz 16 18
Table 2.
RF band | Marconi 2031 setting (CW @+12dBm)
S50MHz 120MHz
150MHz 220MHz
235MHz ¢ 305MHz
325MHz 395MHz
- -_. | 610MHz 680MHz
’ 1000MH:z 1070MHz
1200MHz 1270MHz
1420MHz 1490MHz



~Appendix 1

Accuracy Enhancements

Because a mixer is a 3-port
device operating ocver multiple
{requency ranges, it is impossible
to take advantage of traditional
2-port vector accuracy enhance-
ment when measuring its non-
linear characteristics.

However, there are certain pro-
cedures that can be followed to
improve the measurement accu-
racy of our mixer test system
{e.g., frequency response and
power méter calibrations).

Frequency Response
Calibration

A frequency response calibration
can be used to remove the fre-
quency response characteristics
of the receiver channel cabling,
attenuation and filtering. This
enables a direct output power
measurement of the mixer
under test.
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Measurement Procedure

1. Configure measurement and
set stimulus parameters.
Calibration Procedure

1. Connect the measurement
hardware as shown in figure 31
with a thru connection between
the power splitter and the

HP 8753’s B measurement port.

[MEAS]
[(B/R] 3

2. Using the keystrokes shown
below, perform a frequency
response calibration.

{CAL]

(CALIBRATE MENU]
[RESPONSE]

[THRU]

IDONE]

‘3. Leaving the thru cable in

place, insert the receiver
channel cabling, aitenuation,
and filtering belween the power
splitter and the HP 8753's B
measurement port, as shown in
figure 31.

4. Store a trace of the resulting
frequency response into memory.
This memory trace will be used
te remove the frequency response
of these receiver channel compo-
nents from the measurement of
the device under test.
[DISPLAY]

{DATA — MEM]

[DATA/MEM]

5. Re-configure originzl measure-
ment and measure the device
unider Loest. :

Once this frequency response
calibration is complets, the mea-
surcment system will be making
direct cutput power measure-
ments of the device under test.



Conversion Loss

Swept RE/IF Mixer
Measurements

One of the primary contributions
of the HP 8753 to mixer testing
is its ability to make a swept
RF/IF conversion loss measure-
ment. This is achieved by utilizing
the frequency offset measure-
ment mode of the HP 8753,

Frequency Offset Mode

This mode of operation allows
you io offset the HP 8753's source
by a fixed value, above or below
the HP 8753's receiver. For
example, this allows stimulus of
a device under test over its input
frequency range and the display
of its response over 1ts output
frequency range. This is precisely
the measurement configuragion

required for a conversion losd +."

measurement.
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Figure 9, Connection
diagram for a swept [FF
conversion loss
measaremaent,

Measurement Procedure

The following procedure describes
the swept IF conversion loss
measurement of a broadband
component mixer.

LO Source

1. Set the LO source to the desired
CW frequency and power level.

(CW][1000] [MHz]
(POWER] (13] {dBm]

HP 8753 | |
1. Connect the instruments as
shown in figure 9.

2. [PRESET] the HP 87653.

3. From the {ront panel of the

HP 8753, set the desired receiver
frequency and source output
power to be used.

(START] [100] [M/jt]
{STOP] [500] [M/u]
IMENU]

[POWER] {6] [x1]

4. View the absolute input power
to the HP 8753’s R channel.

[MEAS]
{R]

“5. Set the frequency offset mode

LO frequency.

[SYSTEM]
[INSTRUMENT MODE]
(FREQ OFFS MENU]
(I.O FREQUENCY]
[1600i [ M/]

6. Select converter type.
[(DOWN CONVERTER]

7. Select a high-side LO
measurement configuration.

{RF<LO]



8. Activate frequency offset
mode. In this high-side LO,
down converter measurement,
the HP 8753’s source frequency
range is set to equal the LO
frequency (1000 MHz] ~

the recciver frequency range
{100-500 MHz] = [300-500 MHz].

[FREQ OFFS ON]

Nuotice, in this high-side LO, down
conversion configuration, the
HP 8753’s source is actually
sweeping backwards,

(900 MHz-500 MHz].

The measurements set-up
diagram is shown in figure 10.

9. View the conversion loss,
shown in figure 11.

[VIEW MEASURE}

10. Scale the data for best
vertical resolution.-

[SCALE REF]
[AUTOSCALE]

) (oulput power)
Conversion logg = —7——=-- -
. (input power)

In this measurement, input power
is set while output power is meas-
ured. By selecting attenuation
values and power levels such that
the small signal input to the

- mixer i1s 0 dBm, figure 10 shows
the absolute loss through the
mixer, attenuator and filter
versus mixer output frequency.
Mixer conversion loss can be
calculated by subtracting the
loss of the attenuator and filter
from the overall loss shown in
ligure 11.

Optional: For information on
removing systematic frequency
response errors, see Appendix 1.
Optlional: For information on
performing a source power meter
calibration, see Appendix 2.
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1682
RETUAMN
Figure 10. Measurement
set-up diagram for a
swept IF conversion loss
measurement.
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C62 (Programmable Attenuator)

The unit after assembly is to be tested for functionality using the polyskop.
This will require the following apparatus:

. Polgfskop

* RG 223 RF cable Type-N female to TNC male.
« RG 223 RF cable Type-N male to TNC female.
s 219V and +5V DC power supply. )

The experimental setup should be as shown in Figure 1. Set the polyskop to span the display
from DC to 150MHz and zero it after setting the RF power level to 0dBm. The control TTL
signals should be given as listed in Table 1 and the gain observed should be noted down in
the appropriate column of the table. It should be within the specified Limits listed therein. Note
down the unit number at the head of the table, in the space provided for this purpose.

After this test, the unit has to be kept powered on in an airconditioned test laboratory for ten
days from a £19V power supply (burn in qualifier test).

After the burn in test is complete, the functionality test that was performed before the burn in
test, has to be repeated, and results noted down in the appropriate column in the table. The
results should again lie within specified himits.

The unit is now ready for final qualification and characterization. This will require the
following apparatus:

* HP 8644A signal generator at HPIB address 10.
» HP 8508A vector voltmeter at HPIB address 12.
» HP 11549A 6dB resistive power splitter.
» PC with PCL748 GPIB and PCL203 digital 10 cards.-
- GPIB cables. '
* RG 223 RF cables Type-N male to Type-N male (Two numbers).
* RG 223 RF cable Type-N male to TNC female.
~* RG 223 RF cable Type-N male to TNC male.
» 2I9V-DC power supply.
- » HP colorpro plotter at HPIB address 5.
= If HP colorpro plotter is not available, then HP7475 plotter with appropriate RS 232 cable
for interconnection.

The experimental setup should be as shown in Figure 2. Boot the PC and make sure the
following files are present in your working directory:

(1) PRATR BAS (2.) GAINS.DAT (3.) READER.BAS (4.) PLOTBAS

Additionally, your PATH variable should point to the location of GWBASICEXE (or
optionally GWBASIC.EXE should be located in your current working directory.).

Now run the program PRATR.BAS by typing "gwbasic pratr” at the DOS prompt. You will
be prompted for the filename to store the data in. Supply the same. Then the program
prompts for the unit code & number. Give the same in the format C62/---. Wait for the test
to be completed. (The computer beeps -on completion of the test.) Data acquisition is now
comnleta .



The following steps show how to take a hardcopy of the data acquired above.

If you are using a HP colorpro plotter then run the program PLOT.BAS by typing "gwbasic
plot" at the DOS prompt. Otherwise proceed to mnext step. Now run the program
READER BAS by typing "gwbasic reader” at the DOS prompt. The program will prompt you
for the name of the datafile to be processed. Enter the name of the file to which you have
saved the acquired data previously. The program will generae HPGL format data
corresponding to the acquired data, and exit after writing this data to a new file whose name
will be displayed by this program.

Load the plotter with appropriate colour pens in the carousel. (The plotter will use PEN-1 for
drawing the graticule, PEN-2 for drawing the trace, and PEN-3 for labeling.) Now just type
the following command at your DOS prompt to get the hardcopy plot: “copy <hpgl_filename>
coml”. This should set the plotter to start making the plot.

The plot should resemble Test Plot 1.



Table 1.

Unit Code: C62/

Control voltages Maximum | Before burn-in test | After burn-in test | Minimum
Kl | K2 | K3 | K4 (dB) (dB) (dB) (dB)
oV OV | 5V | OV -0.5 -1.5
ov OV | 45V | +5V -2.5 -35
Y% ov ov ov -45 -5.5
ov oV OV | 45V -6.5 -7.5
OV | 45V | 45V | OV -8.5 -9.5
OV | +5V | 45V | 45V -10.5 -11.5 .
OV | +5V | OV oV -12.5 -13.5
OV | +5V | OV | +5V -14.5 -15.5
+3V | OV | +5V | OV -16.5 -17.5
+5V I OV | 45V | +5V -18.5 -19.5
5V | 0V | .0V ov -20.5 -21.5
+5V. | OV oV | +5V -22.5 -23.5
+V | +5V | +5V | OV -24.5 -25.5
+5V | +5V | 45V | 45V -26.5 -27.5
+5V t 45V | OV % -28.5 -29.5
+V | 45V | OV | +5V -30.5 -31.5
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C63 _glOOMHz Lowpass Filter)

The unit after assembly is to be tested for functionality A-using the polyskop and tuned if
NECEssary.

This will require the following apparatus:

» Polyskop
* RG 223 RF cable Type-N female to TNC female.
* RG 223 RF cable Type-N male to TNC male.

The experimental setup should be as shown in Figure 1. Set the polyskop to span the display
from DC to 150MHz and zero it after setting the RF power level to 0dBm and setting the
vertical scale to 1dB/div. Now revert to 10dB/div and tune the trimmer capacitors so as to get
a response approximately like the one depicted in Plot 1. Revert back to 1dB/div scale and
retune if required so as to reduce the ripple in the passband to within £0.1dB. Switching back
to 10dB/div, ensure that the rejection at 150MHz is around atleast -40dB. Now change the
span to cover upto 1GHz. Ensure that there is no spurious passband anywhere which is more
than -40dB. If any such response exists, it is necessary to retune to remove it, and iteratively
repeat the above procedure till all the criteria are satisfied. This procedure is deemed
completed only when the insertion loss does not exceed 0.8dB, ripple is within +0.1dB as
already specified, rejection at 150MHz is -40dB minimum, and there is no spurious passband
larger than -40dBc¢ upto 1GHz.

The unit can now be closed, marked, and is ready for final qualification and characterization.
This will require the following apparatus:

* HP 8753C netwerk analyzer, along with the HP 850464 S-parameter test set and HP
85032B calibration kit. ‘

* HP colorpro plotter at proper HPIB address (set as per HP 8753C).

* RG 223 RF cable Type-N male to TNC male.

* RG 223 RF cable Type-N male to TNC female.

—

Calibrate the network analyzer as explained in the HP 8753C network analyzers’ ‘imanual. The .
procedure and setup required to measure the insertion loss and return loss is explained at
length in the same manual and will not be repeated here. (A copy of the relevant pages of the
manual is attached at the end of this writeup for the users’ convenience.) Follow the necessary
steps to get a display resembling the one shown in Plot 1. (It includes both the insertion loss
and return loss measurements on one screen in split mode.) The insertion loss should not
exceed 0.8dB (as already specified) and the return loss should be better than -18dB upto
100MHz. Take a hardcopy to resemble the one shown in Plot 1.



Basic Setup

Measuring Insertion Loss and Gain

i

1. Choose vieasurement Settings
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Transmission Measurement
Examples

The next two chapters demonstrate the many kinds of
work measurements that can be made with the HP 875:
For each example a complete measurement setup is give:
following the same “Four Step Measurement Sequence”
described in Chapter 2. '

The exampies used represent typical network measuren
The DUT used in the examples is a bandpass SAW filter
a 134 MHz center frequency. Modify the instrument set
shown to suit your particular needs, For further informe
on any of the measurements shown, refer to the HP 87°
Operating Manual for the mest complete description of
allowable operating modes, parameters, etc.
#

Most of the examples described in this chapter use the
HP 85046A /B or HP 85047 A 5-parameter test set Lo <«
nect to the device under test. This approach simplifies tl
measurement setup, and provides fully specified result:
the analyzer’s frequency range. Fully specified measure
ments can also be made using the HP 85044 A /5B trans:
sion/refiection test set. Or you can create your own tes
setup with discrete power splitters, couplers, attenuato
etc. If you use your own setup, note that the analyzer
requires a signal level at the R input in the range of O to
dBm to phase lock the internal source.

Insertion loss and gain are ratios of the cutput to input
nals. When set up as shown below, the results can be ri
directly in decibels.

Connect the S-parameter test set to the network analyz:
explained in chapter 1, “Installation”

Press [PRESET] and choose these measurement settin

Measurement 521 (orB/R)on CH 1

Format - LOGMAG

Stimulus CENTER 134 MHz
SPAN 30 MHz



* 2. Perform Measurement Calibration

3. Measure the Device Under Test

4. Output the Result

Measuring Other Aspects of Insertion Loss
. with Marker Functions
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Insertion Loss

Press [CAL] [CALIBRATE MENU] [RESPONSE] to begin
frequency response calibration. Connect a “thru’” between
the measurement cables ard then press [THRU]. Press
[{DONE:RESPONSE] to cormnplete the calibration,

Replace the thru with the DUT, Press [SCALE REF] and
[AUTOSCALEY] if the trace needs to be repositioned. Press
[MXR][134.75] [M /1] to set the marker as shown. Note tt
the CRT (and figure) show the complete response of the
bandpass filter under test. -

Press {LOCAL][SYSTEM CONT. ROLLER][COPY][PLO"
to plot a copy of the result (details in “Printing and Plottin
tutorial). Or just observe the result.

From this disb]ay you can derive several important flter
parameters. The power of the marker functions greatly
simplifies this task. ‘

— TR -~

‘Insertion loss can be read’to 0.001 dB resolution by movir

the marker to any frequency of interest. The marker ampli
tude and frequency are read in the upper right hand corne
of the display.



Basic Setup

Measuring Insertion Loss and Gain

1. Choose Ivieasurement Settings
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Transmission Measurement
Examples

The next two chapters demonstrate the many kinds of net-
work measurernents that can be made with the HP 8753C.
For each example a complete measuremnent setup is given,
following the same Four Step Measurement Sequence”
described in Chapter 2. -

The examples used represent typical network measurements.
The DUT used in the examples is a bandpass SAW filter with
a 134 MHz center frequency. Modify the instrument setups
shown to suit your particular needs. For further information
on any of the measurements shown, refer to the HP 8753C
Operating Manual for the most complete description of
allowable operating modes, parameters, etc.

s

Most of the examples described in this chapter use the

HP 85046A /B or HP 85047A 5-parameter test set to con-
nect to the device under test. This approach simpiifies the
rmeasurement setup, and provides fully specified results over
the analyzer's frequency range. Fully specified measure-
ments can also be made using the HP 85044A /B transmis-
sion /reflection test set. Or yeu can create your own test
setup with discrete power splitters, couplers, attenuators,
etc. If you use your own setup, note that the analyzer
requires a signal level at the Rinputir the range of C to —33
dBm to phase lock the internal source.

Insertion loss and gain are ratios of the output to input sig-
nals. When set up as shown below, the results can be read
directly in decibels.

Connect the S-parameter test set to the network analyzer as
explained in chapter 1, “Installation”

Press [PRESET] and choose these measurement settings:

Measurement 521 (orB/RyonCH 1

Format - LOGMAG
Stimulus CENTER 134 MHz

SPAN 30 MHz



* 2. Perform Measurement Calibra_tion

3. Measure the Device Under Test

4. Output the Result

Measuring Other Aspects of Insertion Loss
- with Marker Functions

I
Dok

Insertion Loss

Press [CAL] [CALIBRATE MENU] [RESPONSE] to begin
frequency response calibration. Connect a ““thru” between
the measurement cables ar.d then press [THRU]. Press
{DONE:RESPONSE] to complete the calibration.

Replace the thru with the DUT. Press [SCALE REF] and
[AUTOSCALE] if the trace needs to be repositioned. Press
[MKR][134.75] [M /] to set the marker as shown. Note tF
the CRT (and figure) show the complete response of the
bandpass filter under test. -

Press [LOCAL] [SYSTEM CONTROLLER] [COPY] [PLO"
to plot a copy of the result (details in “Printing and Plottin
tutorial). Qr just observe the result,

From this disf:olay you can derive several important fiiter
parameters. The power of the marker functions greatly
simplifies this task. :

R -~

‘Insertion loss can be read’to 0.001 dB resotution by movir

the marker to any frequency of interest. The inarker ampli
tude and frequency are read in the upper right hand corne
of the display.



Measurement Accuracy

Measuring Return Loss,
Reflection Coefficient,
.nd Standing Wave Ratio (SWR)

Connect high quality terminations (loads) to all unused ports.
With an S-parameter test set, measurement port 2 supplies
this termination during measurements ¢f S,, and S;;, while
port 1 supplies the load for measurements of 5, and 5,,.
All switching is automatic, controlled by the analyzer.
When using a transmission /reflection test set, terminate
the unused port at the B input of the analyzer or witha
high quality load.

Inreflecion measurements, the accuracy of the final result

is highly dependent on the signal separation device,
adapters, and the DUT terminations. Systematic errors
such as the frequency response of the test setup, leakage
signals, and mismatches degrade overall measurement
accuracy. The analyzer’s built-in measurement calibration
routines can remove these measurement errors as
explained in the “Measurement Calibration™ tutorial. The

- most accurate measurement calibration (full 2-port) is used

in the first setup in this chapter. Subsequent setups use the
simpler 1-port calibration.

The signal reflected from the device under test is measured
as a ratio with the incident signal. it can be expressed as

- reflection coefficient, a return loss, or SWR. These

measurements are mathematically defined as:
return loss (dB} = —201log (p)

reflection reflected power .
iy = ——————— = p(magnitude only)
coefficlent incident power

I'=5,0r5,
(magnitude and phase)
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TF B83es Connect the S-parameter test set to the analyzer as shown.
TS ERAE The DUT wil! be the SAW filter used previously.

1. Choose Measurement Seftings Press [PRESET] and choose these measurement settings:

Measurement S11{orA/R)on CH 1

: Format
LOG MAG

Stimulus ,
START 119 MHz
STOP 149 MHz

(If you press [CENTER] and [SPAN] now, you'll display the
same frequencies previously entered; use whichever format
is easier.)

2, Perform Measurement Calibration For maximum accuracy do a full 2-port calibration, Press
[CAL], select [CALIBRATE MENU], [FULL 2-PORT],
[REFLECT'N] and follow the prompts to connect and
measure an open, short and load for port 1 (S,,) and port 2
{S35). Connect the standards at ports 1 and 2 using any
___ adapters or cables that will be used in the actual measure-
- - _ ~ ment. Select (REFLECT'N DONE] after measufing these six
_ . standards. Next select [TRANSMISSION], connect a “'thru”
and select the four transmissiori measurements, one at a
time. Select [TRANS.DONE ] when done. Finally, select
[ISOLATION], fOMIT ISOLATION] and {ISOLATION
DONE]. Isolation accuracy enhancement, as described in
chapter 5, “Measurement Calibration”, is not required for
this measurement.

3. Measure the Device Under Test Replace the thru with the DUT and reposition tie trace as
before. Press [MKR] to activate the marker. You wiil
measure the DUT in three different formats next.
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- Return Loss  The results of a typical reflection measurement are shown.
' This device does not have very good match inside the filter
passband, aithough it does illustrate that within the filter

| ‘ T passband, the device matches the systemn impedance more

i —" closely than cutside the passband. Therefore, the reflected
signal in the filter passband is smatler than outside the
passband. In terms of return loss, the value inside the

L passband is larger than outside the passband. A large value
for return loss corresponds to a small reflected signal just as
a large value for insertion loss corresponds to a small

e transmitted signal.

1} oy mAG L1104 AEF -2 af L -2. 8028 a®
L I em  poreemoa
4 iy 80 ORA =

1 B B . i
CrATEN 3400 L M A 30, OtG o ey

Reflection Coefficient To display the same data in‘terms of reflection coefﬁgient,
press ([FORMAT] [LIN MAG]. This simply redisplays the

r a1 v et ot an merau o vanae existing measurement in a linear magnitude format that .
D i varies from I = 1.00 at the top of the display (100%
o ! B B reflection) to C.00 at the bottomn of the display (perfect
SR e g g 4 s match).
i - ; . __ R Comame
Lo L e
B j: i : 1 A
Lé_': R 1),, .!l [ { . i roas
Standing Wave Ratio To display the reflection measurement data in terms of
' standing wave ratio (SWR), press [FORMAT] [SWR]. The
Saan s a s e o aaer analyzer reformats the display in the unitless measure of
) n R e SWR with SWR = 1 (perfect match) at the bottom of the
cor —— display.
NG 1 /{:_\_,__
| / -
st I ) il -~
4. Output the Result  After compieting the full 2-port calibration you may want to
, save the results for future measurements. The analyzer has
—— o five memory registers that you can use to store up to five
o [ s instrument states. Because instrument states can be very
el P g complex, it is possible to fill the available memaory with less
than five states.
- . £
. ioomn 2
*;’T =t aeciures
! e D ettt
% ' o i ! —“ atomE T

CENTER (3¢, 006 L0D iy SPAN  30.CO0 B0f anr
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4. Output the Result  Press [LOCAL}[SYSTEM CONTROLLER] [SAVE] [STOR}
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TO DISK]{STORE FILE nn] to store the result (data trace,
measurement settings, and calibration) on an external disk.
(See the “Disk Drive” tutorial for details,) Or just observe
the trace.

Just as in measuring insertion loss or gain, the various
marker functions (marker search, min /max, offset, etc.) car
be used to examine the details of the phase response.

The figure shows the phase response of the bandpass filter.
Notice the linear phase shift through the passband, and the
rapid fluctuations outside this region. The random phase of
the broadband noise floor causes the spurious out-of-band
response.

@
The analyzer measures and displays phase over the range
— 180 to +180 degrees. As phase increases beyond these
values, a sharp 360 degree transition occurs in the-display a:
the trace “wraps’ between + 180 and — 180 degrees. This
causes the characteristic “sawtooth” display usually seen or
devices with linearly increasing (or decreasing) phase
responses. '

In some cases it is useful to be able to view more than one
measured parameter at a time. Simuitaneous gain and phase
measurements for example, are useful in evaluating stability
in negative feedback amplifiers. Such measurements are
easily made using the dual channel display.

To see both channels simultanecusty, press [DISPLAY]
[DUAL CHAN ON]. Two displays appear on the CRT, with
channel 1 on the upper and channel 2 on the lower display.

Sometimes it i3 nfote convenient to view both channels on
single graticule. In the [DISPLA Y] menu, press [MORE]
[SPLIT DISP OFF]. '

Press [SPLIT DISP ON], [RETURN] and {DUAL CHAN
OFF] when you are finished with this measurement.
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Co64 (70MHz SAW Filterbank)
The unit after assembly is to be tested for functionality using the polyskop.
This will require the following apparatus:

* Polyskop

* RG 223 RF cable Type-N female to TNC female.
* RG 223 RF cable Type-N male to TNC male.

» +19V and 12V DC power supply.

The experimental setup should be as shown in Figure 1. Set the polyskop to span 32MHz
around 70MHz center frequency. With RF power as -20dBm, and vertical scale as
10dB/division, zero the polyskop. Now select the 6MHz bandwidth and ensure that the
insertion gain at 70MHz is approximately 10dB. Rejection at 5SMHz and 85MHz should be at
least -40dBc. Now select the 16MHz bandwidth. The insertion gain at 70MHz should be
approximately 5dB. Rejection at 55MHz and 85MHz should be at least -40dBc. Now select
the through path. Insertion gain should be approximately 2dB throughout the band. Note down
the above observations in the appropriate columns provided in Table 1.

After this test, the unit has to be kept powered on in an airconditioned test laboratory for ten
days from a +19V power supply (burn in qualifier test). ‘

After the burn in test is complete, the functionality test that was performed before the burn in
test, has to be repeated, and results noted down in the appropriate column in the table, The
results should again lie within specified limits.

The unit is now ready for final qualification and characterization, This will require the
following apparatus: ’

* HP 8753C network analyzer, along with the HP 85046A S-parameter test set and HP
850328 calibration kit.

* HP colorpro plotter at proper HPIB address (set as per HP 8753C).
* RG 223 RF cable Type-N male to TNC female. : .

* RG-223 RF cable Type-N male to TNC male.

* +19V and 12V DC power supply.

Calibrate the network analyzer as explained in the HP 8753C network analyzers’ manual. The
procedure and setup required to measure the insertion loss is explained at length in the same
manual and will not be repeated here. (A copy of the relevant pages of the manual is attached
at the end of the writeup for C63 for the users’ convenience.) While calibrating, set the RF
stimulus to -20 dBm. Follow the necessary steps to get a display resembling the one shown
in Plot 1. The insertion loss and rejection 'should be within the criteria already listed in table
1. Take a.hardcopy to resemble the one shown in Plot 1 by superposing the three plots
corresponding to the three selections on to the same paper loaded onto the plotter (It is
essential not to remove the paper unless all the three plots have been superposed). The grid,
markers and text should be enabled only for one of the three plots. While superposing the
other plots, only trace should be plotted and the other selections should be turmed off by
pressing the necessary keys.



Table 1.

Unit Code:C64/
Bandwidth Selection Insertion Gain at 70MHz (dB) Out of Band Rejection(dBc)

' Before burn-in | After burnin | Nominal | Before burn-in | After burn-in | Nominal
6MHz +10 -4}
16MHz +5 40
Through +2 NA NA.  NA.
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C65 (Second Frequency Converter)

The unit after assembly is to be tested for functionality using signal generators and g spectrum
analyzer. : ‘

This will require the following apparatus:

® Marconi 2031 signal generator.

e Marconi 2041 signal generator.

e Spectrum analyzer, Tek 2710 » Tek 7L14 or HP 85 9IE.

® RG 223 RF cable T ype-N male to Type-N female (Two numbers).
® RG 223 RF cable TNC male to Type-N male.

e +19V DC power supply.

After this test, the unit has to be kept powered on in an airconditioned test laboratory for ten
days from a +19V power supply (burn in qualifier test).

After the bum in test is complete, the functionality test that was performed before the burn in
test, has to be répeated, and tesults noted down in the appropriate column in the table. The
results should again lie within specified limits, ’

The unit is now ready for final qualification and characterization. This will require the
ToHewing apparatus: ) '

® HP 8753C network analyzer.

® Marconi 2031 signal generator.

® 130MH: bandpass filter (g qualified C66 unir will suffice).

* I75MHz bandpass filter (a qualified C67 unir will suffice).

® HP 115494 64B resistive power splitter.

* HP colorpro plotter ar proper HPIB address (set us per HP 8753C).
* TNC 20dB attenugtor pad.

¢ TNC 10dB attenuator pad.

* +]9V DO bower supply.

® RG 223 RF cable Type-N male to Type-N male (Three numbers).
® RG 223 RF cable Type-N male 1o TNC female.

® RG 223 RF cable Type-N male to TNC male .-

® RG 223 RF cable TNC female to Type-N Jemale.

The procedure 1o measure the conversion loss or conversion gain is explained.at length in the
HP 8753C network analyzers’ manual. Appropriate pages are reproduced for the users’
*convenience at the end of the writeup for CGI. The figure numbers and appendix numbers
referred to below corresrend to the numbers on these renrodperiong,




Set up the apparatus as shown in Figure 31 of Appendix 1, and follow the instruction listed
therein. Use the 130MHz bandpass filter with 20dB pad and the 10dB pad on the input side
(by using appropriate RF cables) and go through the calibration procedure as listed out. The
stimulus settings should be: Center Frequency 130MHz, Span 40MHz, Amplitude OdBm.

Next reconnect the setup as shown in Figure 9. Insert the device under test, i.e. the C65 unit,
in between the 20dB pad and the 10dB pad before the bandpass filter. Apply DC bias, and LO
carrier as listed in Table 2 and take the plot. This should resemble Plot 1. You will require to
follow the steps listed out above after replacing the 130MHz bandpdss filter with the 175MHz
bandpass filter. The calibration procedure is to be repeated with the new stimulus settings as:
Center Frequency 175MHz, Span 40MHz, Amplitude OdBm. Apply DC bias, and LO carrier
as listed in Table 2 and take the plot. This should resemble Plot 2.

Table 1.

Unit Code: C635/

Marconi 2031 { Marconi 2041 Spectrum Analyzer readings (dBm) Minimum Resuits Maximum
(@+12dBm) (@-55dBm) Before burn-in test | Afler bum-in test (dB3) (dB) (dB) (dB)
A B -A+55 | B+55
200MHz T0MHz ' 19 22
105MHe 70MHz 19 Pl
Table 2.

Bandpass filter used | Marconi 2031 setting (CW @-+12dBm)

130MHz 200MHz
175MHz 105MHz




Note!
See Table—1 for the settings
of the Marconi Signal Generators.

Lo
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Figure 1.
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- C66 (130MHz SAW Filter)
The unit after assembly is to be tested for functionality using the polyskop.
This will require the following apparatus:

* Polyskop N

* RG 223 RF cable Type-N Semate to TNC female.
* RG 223 RF cable Type-N male 1o INC male.

* +19V DC power supply.

The experimental setup should be as shown in Figure 1. Set the polyskop to span 100MHz
around 130MHz center frequency. With RF power as -20dBm, and vertical scale as
10dB/division, zero the polyskop, and make the Ineasurement. The insertion gain at 130MHz
‘should be within -3dB to OdB. The rejection at 105MHz and 155MHz should be better than
-40dBc. Note down thesge readings in the appropriate column provided in Table 1,

After this test, the unit hag to be kept powered on in an airconditioned test laboratory for ten
days from a +19V power supply (burn in qualifier test).

The unit is now ready for final qualification and characterization. This will require the
following apparatus:

* HP 8753C nerwork analyzer, along with the HP 850464 S-parameter test set and HP
850328 calibration kir. .

* HP colorpro plotter qr proper HPIB address (set as per HP 8753C).

* RG 223 RF cable Type-N male 1o T, NC female.
* RG 223 RF cable Type-N male to TNC male.

* +I9V DC power supply,

Table 1.

Unit Code:C66/

Before burn-in | After burn-in Limits
Insertion Gain at 130MHz dB dB Min=-3dB Max=0dB
Rejection at 105MHz. . dBec dBc Min=-40dB¢
Rejection at 155MHz _ dBc dBc | Min=-40dB¢
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C67 (175MHz SAW Filter)

The unit after assembly is to be tested for functionality using the polyskop.
This will require the following apparatus:

» Polyskop

* RG 223 RF cable Type-N female to TNC female.

* RG 223 RF cable Type-N male to TNC male.

« +19V DC power supply.

The experimental setup should be as shown in Figure 1, Set the polyskop to span 100MHz

around 175MHz center frequency. With RF power as -20dBm, and vertical scale as -

10dB/division, zero the polyskop, and make the measurement. The insertion gain at 175MHz
should be within -2dB to +1dB. The rejection at 150MHz and 200MHz should be better than
-40dBc. Note down these readings in the appropriate column provided in Table 1.

After this test, the unit has to be kept powered on in an airconditioned test laboratory for ten
days from a +19V power supply (burn in qualifier test).

After the burn in test is complete, the functionality test that was performed before the burn in
test, has to be repeated, and results noted down in the appropriate column in the table. The
results should again lie within specified limits. '

The unit is now ready for final qualification and characterization. This will require the
following apparatus: '

« HP 8753C network analyzer, along with the HP 850464 S-parameter test set and HP
85032B calibration kit. ’

* HP colorpro‘plotter at proper HPIB address (set as per HP 8753C).

* RG 223 RF cable Type-N male to TNC female.

* RG 223 RF cable Type-N male to TNC male.

* +19V DC power supply. '

T w

Calibrate the network analyzer as.explained in the HP 8753C network analyzers’ manual. The

procedure and setup required to measure the insertion loss is explained at length in the same -

manual and will not be repeated here. (A copy of the relevant pages of the manual is attached
at the end of the writeup for C63 for the users’ convenience.) While calibrating, set the RF
stimulus to -20 dBm. Follow the necessary steps to get a display resembling the one shown
in Plot 1. The insertion loss and rejection should be within the criteria already listed in table
1. Take a hardeopy to resemble the one shown in Plot 1.

Table 1.
Unit Code:C67/
: ‘ Before burn-in | After burn-in Limits
Insertion Gain at 175MHz dB ' dB Min=-3dB Max=0dB
Rejection at 150MHz - dBc dBc Min=-40dBc

|- Rejection at 200MHz dB¢ : dBc Min=-40dBc
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C68 (150MHz Lowpass Filter)

The unit after assembly is to be tested for functionality using the polyskop and tuned if
necessary.

This will require the following apparatus:

» Polyskop
« R(G 223 RF cable Type-N female to TNC female.
*» RG 223 RF cable Type-N male to TNC male.

The experimental setup should be as shown in Figure 1. Set the polyskop to span the display
from DC to 250MHz and zero it after setting the RF power level to O0dBm and setting the
vertical scale to 1dB/div. Now revert to 10dB/div and tune the trimmer capacitors so as to get
a response approximately like the one depicted in Plot 1. Revert back to 1dB/div scale and
retune if required so as to reduce the ripple in the passband to within 20.1dB. Switching back
to 10dB/div, ensure that the rejection at 250MHz is around atleast -40dB. Now change the
span to cover upto 1GHz. Ensure that there is no spurious passband anywhere which is more
than -40dB. If any such response exists, it is necessary to retune to remove it, and iteratively
repeat the above procedure till all the criteria are satisfied. This procedure is deemed
completed only when the insertion loss does not exceed 0.3dB, ripple is within 10.1dB as
already specified, rejection at 250MHz is -40dB minimum, and there is no spurious passband

~ larger than -40dBc upto 1GHz.

The unit can now be closed, marked, and is ready for final qualification and characterization.
This will require the following apparatus:

* HP 8753C network analyzer, along with the HP 85046A S-parameter test set and HP
85032B calibration kit.

* HP colorpro plotter at proper HPIB address (set as per HP 8753C).

* RG 223 RF cable Type-N male to TNC male.

* RG 223 RF cable Type-N male to TNC female.

Calibrate the network analyzer as explained in the. HP 8753C network analyzers” manual. The
procedure and setup required to measure the insertion loss and return loss is explained at
length in the same manual and will not be repeated here. (A copy of the relevant pages of the
manual is attached at the end of the writeup for C63 for the users® convenience.) Follow the
necessary steps to get a display resembling the one shown in Plot 1. (It includes both the
insertion loss and return loss measurements on one screen in split mode.) The insertion loss
should not exceed 0.3dB (as already specified) and the return loss should be better than -18dB
upto 150MHz. Take a hardcopy to resemble the one shown in Plot 1.
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C69 (200MHz Lowpass Filter)

The unit after assembly is to be tested for functionality using the polyskop and tuned if
necessary.

This will require the following apparatus:

» Polyskop
* .RG 223 RF cable Type-N female to TNC female.
» RG 223 RF cable Type-N male to TNC male.

The experimental setup should be as shown in Figure 1. Set the polyskop to span the display
from DC to 330MHz and zero it after setting the RF power level to 0dBm and setting the
vertical scale to 1dB/div. Now revert to 10dB/div and tune the trimmer capacitors so as to get
a response approximately like the one depicted in Plot 1. Revert back to 1dB/div scale and
retune if required so as to reduce the ripple in the passband to within +0.1dB. Switching back
to 10dB/div, ensure that the rejection at 330MHz is around atleast -40dB. Now change the
span to cover upto 1GHz. Ensure that there is no spurious passband anywhere which is more
than -40dB. If any such response exists, it is necessary to retune to remove it, and iteratively
repeat the above procedure till all the criteria are satisfied. This procedure is deemed
completed only when the insertion loss does not exceed 0.3dB, ripple is within *0.1dB as
already specified, rejection at 330MHz is -40dB minimum, and there is no spurious passbhand
larger than -40dBc upto 1GHz.

The unit can now be closed, marked, and is ready for final qualification and characterization.
This will require the following apparatus:

* HP 8753C network analyzer, dlong with the HP 85046A S-parameter test set and HP
85032B calibration kit. ‘

* HP colorpro plotter at proper HPIB address (set as per HP 8753C).

* RG 223 RF cable Type-N male to TNC male. '

* RG 223 RF cable Type-N male to TNC female.

Calibrate the network aralyzer as explained in the HP 8753C network analyzers’ manual. The
procedure and setup required to measure the insertion loss and return loss is explained at
length in the same manual and will not be repeated here. (A copy of the relevant pages of the
manual is attached at the end of the writeup for C63 for the users’ convenience.) Follow the
hecessary steps to get a display resembling the one shown in Plot 1. (It includes both the
insertion loss and return loss measurements on one screen in split mode.) The insertion loss
should not exceed 0.3dB (as already specified) and the return loss should be better than -18dB
upto 200MHz. Take a hardcopy to resemble the one shown in Plot 1.
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C69A (205MHz Lowpass Filter)

The unit after assembly is to be tested for functionality using the polyskop- and tuned if
necessary.

This will require the following apparatus:

 Polyskop ' |
* RG 223 RF cable Type-N female to TNC female.
* RG 223 RF cable Type-N male to TNC male.

The experimental setup should be as shown in Figure 1. Set the polyskop to span the display
from DC to 330MHz and zero it after setting the RF power level to 0dBm and setting the
vertical scale to 1dB/div. Now revert to 10dB/div and tune the trimmer capacitors so as to get
a response approximately like the one depicted in Plot 1. Revert back to 1dB/div scale and
retune if required so as to reduce the ripple in the passband to within +0.1dB. Switching back
to 10dB/div, ensure that the rejection at 330MHz is around atleast -40dB. Now change the
span to cover upto 1GHz. Ensure that there is no spurious passband anywhere which is more
than -40dB. If any such response exists, it is Necessary to retune to remove it, and iteratively
repeat the above procedure till all the criteria are satisfied. This procedure is deemed

completed only when the insertion loss does not exceed 0.5dB, ripple is within +0.1dR as -

already specified, rejection at 330MHz is -40dB minimum, and there is no spurious passband
larger than -40dBc upto 1GHz.

The unit can now be closed, marked, and is ready for final qualification and characterization.

This will require the following apparatus:

* HP 8753C network analyzer, along with the HP 850464 S-parameter test set and HP

850328 calibration kit.

* HP colorpro plotter at proper HPIB address (set as per HP 8753C ).
* RG 223 RF cable Type-N male to TNC male.

* RG 223 RF cable Type-N male to TNC Jemale.

Calibrate the network analyzer as explained in the HP 8753C network analyzers’ manual. The

procedure and settp required to measure the insertion loss and return loss is explained at

length in- the same manual and will not be repeated here. (A copy of the relevant pages of the
manual is attached at the end of the writeup for C63 for the users’ convenience.) Follow the
necessary steps to get a display resembling the one shown in Plot 1. (It includes both the
insertion loss and return loss measurements on one screen in split mode.) The insertion loss
should not exceed 0.5dB (as already specified) and the return loss should be better than -15dB
upto 205MHz. Take a hardcopy to resemble the one shown in Plot 1.
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C71A (AGC Preattenuator cum Voltage Controiled Amplifier)

The unit after assembly is to be tested for functionality using signal generator and spectrum

analyzer.
This will require the following apparatus.

o Marconi 2031 signal generator.

e Spectrum analyzer, Tek 2710 , Tek 7L14 or HP 859]F.
o A qualified C718 uniz.

o +5V, 0-5V, 219V and +10V DC power supply.

e RG 223 RF cable Type-N male 10 TNC male.

® RG 223 RF cable Type-N male to TNC female.

The experimental setup should be as shown in Figure 1. Set the spectrum analyzer to span
100MHz around a center frequency of 1S0MHz. Keep the VCA control voltage at
approximately 1V. Set the signal generator to output a CW at 150MHz at a power level of
-50dBm. Set the the various AGC preattenuation controls as listed out in Table-1 and note
down the output levels in the column provided. Make the necessary calculations. The results
should be within the limits shown. Now change the VCA control voltage to +5V. The output
should decrease by approximately 25dB to 30dB.

After this test, the unit has to be kept powered on in an airconditioned_ test laboratory for ten
days from a +5V power supply (burn in qualifier test).

After the burn in test is complete, the functionality test that was performed before the burn in
test, has to be repeated, and results noted down in the appropriate column in the table and
appropriate calculations made. The results should again lie within specified limits.



Unit Code: C714/

Table 1.

| Control voltages (to C71B) | Before Bum in | After Burnin | Maximom | A750 | Bs50 Minimum
Il 1112 T N3 714 | A(dBm) | B (dBm) (dB) (dB) | (dB) (dB)
oV | ov | +5v | Qv | S5 ] -7.5
OV | OV | +5V [ 45V | 75 ] -9.5
oV 1 ov | ov | gV -9.5 | -113
oV 1 ov | ov [ 45V -1L5 | -1353
0V ] +5v | +5V [ oV -13.5 | -155
OV | +5V | +5V [ 35V -15.5 [ 175
OV I+5V | OV | oV -17.5 -19.5
OV | +5V | OV | 45V -19.5 -21.5
SV 1OV | 45V | OV -21.5 -23.5
+5V IOV | 45V | 45V -23.5 -25.5
VLoV [ov | ov -25.5 -27.5
SV OV [ oV |45V -27.5 -29.5
+5V | +5V [ 45V [ oV 295 | -31.5
+SV | +5V | 45V [ 45V 315 ] | -335
+5V 1 45V [ ov | ov f -335 ] | 353
WV [ 5V | 0V | 45V | 355 | | 375
OV | OV | +5v [Tov g 550 | 75
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C71B (AGC Controller)

The unit after assembly is to be tested for functionality usin £ a polyskop.
This will require the following apparatys,

e Polyskop.

e Digital multimeter.

® RG 223 RF cable Type-N male 1o INC male.
® RG 223 RF cable Type-N male to TNC female.
o £I19V, +5V and +10V DC power supply.

around a center frequency of 150MHz. Set the RF power level to -30dBm and vertical scale
to 10dB/division and calibrate the instrument. Now measure the gain of the C71B unit. It
should be approximately +8dB+0.5dB. Tune potentiomenter Pl to get GCV as approximately

After this test, the unit has to be kept powered on in an airconditioned test laboratory for ten
days from a +19V and +10V power suppty (burn in qualifier test), '

After the bum in test js complete, the functionality test thar was performed before the burn in
test, has to be repeated.- The results should again lie within specified limits.

Table 1.

Unit Code: C71B/
Inputs Outputs —]

L1 [ 12 [A3 T4 | i[53z 723 [ 124 1525 [ 726 [ 127 | 128

OV IOV T oV v Iav]ov sy OV [ -5v [0V | oV | 5v
OV 1 OV [+5V [ ov [ 5v T ov SVIOV OV [5V [ 5v T ov
OV | +5V [0V oV | 5v [ ov OV | -5V [ sV [ OV | 5v | ov
HBSY 0V | oy | ov OV | sV I-sv oV [ 5v [ov | 5v oV
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C72 MCM-IF control interface card)
The card after assembly has to be tested for functionality.
This will require the following apparatus:

o PC with PCL203 digital IO card.
o £12V and +5V DC power supply.
e Digital multimeter.

The experimental setup should be as shown in Figure 1. Boot the PC and make sure that the
file IFCTL_R1.BAS is present in your current working directory. Additionally, your PATH
variable should point to the location of GWBASIC.EXE (or optionally GWBASIC.EXE
should be located in your current working directory.). Before proceeding, make sure that the
data connections from the PCL203 card to the card under test, are connected exactly as
specified in Figure 1. The connections are not one to one, though both connectors are 20pin
FRC, and the test will be meaningless if these connections are incorrect. Also any mistake in
making connections is liable to damage the PCL203 and/or the interface card under test.

Now run the program IFCTL_RI1.BAS by typing "gwbasic iftc] R1" at the DOS prompt. The
program will start to reset the MCM-IF control interface card which is under test and various
LEDs on the card will blink repeatedly. Wait till the reset 15 over, and then follow the
instructions given by the program to £0 through the entire test. You will be required to note if
the particular LED, as intimated by the program blinks, and check the voltage levels as
required by the program at various IC and connector locations.

After this test, the card has to be kept powered on in an airconditioned test laboratory for ten
days from a 12V and a +5V power supply (burn in qualifier test).

After the burn in test is complete, the functionality test that was performed before the burn in
test, has to be repeated. ’
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