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1. The HP 4195A’s Role in Circuit Design and
Evaluation

As shown in the flow chart in Figure 1, the
development procedure involves designing the
overall architecture, evaluating parts, building
prototypes, checking circuit operation, and pro-
duction. it is essential when checking circuit
operation to measure the following parameters:
harmonics and noige, transfer characteristics
( gain and phase ), and reflection charactsristics
{ line input and output impedancs ). In addition, it
is also essential to measure the characteristics of
the circuit components, such as operational am-
plifiers, filters, resonators, delay lines and other
devices. You can use the HP 4185A’s network,
spectrum, and impedance measurement and
analysis functions to design and fully evaluate
circuits. The analyzer's mutiple measurement
capability will increase design efficiency and re-
duce the cost of circuit design.

2. The HP 4195A’s Features and Benefits

Linear and Non-Linear Analysis Performed with a
Single Instrument

The HP 4195A can analyze linear and non-linear
characteristics important in designing circuits.
The analyzer can measure harmonic and inter
modulation distortion, important measurements for
developing mobile transmitters, ISDN, high-
definition TV and other communication media.
The HP 4195A can also measure phase and
group-delay of filters and amplifiers, significant
measurements for providing higher quality data
transmission. Finally, its frequency range is 10 Hz
to 500 MHz, making it useful for the audio and
video base band, plus the IF, HF and VHF bands.

High Accuracy and Resolution Network Analysis

The HP 4195A can perform amplitude ratic and
phase measurements with an accuracy of 10.05
dB ;/ +0.3° and resolution of 0.001 dB / 0.01°.
Small changes in amplitude and phase values of
components can be detected with the HP 4195A,

HP4195A

Multiple Terminals

The HP 4195A has two channels, each with one
output and two input ports. S-Parameter mea-
surements are performed using two transmission/
reflection test sets. Swilching from forward to
reverse S-Parameters is accomplished by simple
softkey operations, eliminating the need to change
the connection direction of the device under test.
The four inputs can be used to perform spactrum
measurements. This allows you to connect the
inputs to four different points in a circuit and make
spectrum measurements, you save time by not
having tg probe one point after another.

SoftKeys and User Functions

The HP 4195A"s softkeys make it a versatile, yet
compact analyzer that is easy to operate and
understand. Based on the design concept, "o
make an analyzer that more closely reflects user
needs", the HP 4195A is equipped with three user
functions: User program, user defined and user
math functions. These functions greatly increase
the measuring efficiency since they allow Carrier
Noise ( CN ) and Total Harmonic Distortion { THD }
measurerments, and automatic evaluation of filters
and amplifiers, without wusing an external
controller.

3.5 inch Flexibte Disc and Direct Copy Function

Measurement data, instrument setlings, including
calibration data and user programs, can be in-
dependently stored using the HP 4194A’s built-in
micro floppy disc drive, this is convenient when
several engineers share an HP 4195A. Measure-
ment data or analysis results can be ouiput direct-
ly to an external plotter or printer via HP-IB to
further facilitate the storage and comparison of
data.
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3. Using the HP $195A for IF Circull Design

The following paragraphs give a datailad example
of using the HP 4195A to evaluate IF circuils
{ which are Indispensable in anaicg transmission
and video circuits ).

31, IF Circuit Measurement
Paramaters

The following describes the results of evaiuating
components N an IF circuit and the analysis of
signals at ditferent points. in an IF circuit,

MIXER

------------

Iogut Signal

The frequency componants of the input signal are
easily measured using the HP 4185A°s Spactrum
Analysis function, Signal level and frequency are
read directly by using the 41854's markers.
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Band-pgass Filer Transmission Characteristics

Network ansiysis displays the gain and phase
Irequency chmracteristics of a fiter. Using the
marker function, insertion loss, rejection ratio, 3
dB bandwidth, and other parsmelss are easily
determined. Phase charactevistics are sasily mea-
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The signal cutput from the mixer contains the
desired IF signal a3 well a8 unnecessary SpuUnous
COMpOonents.

IIIIIIIIY,

The jocal cscillator trequency can be read directly.
I L

nﬁ“ 18“ ';% 208 000 000,008 1
380 0 S 050 848 ARE AL 10, ostoodn

o880, B8, o 2000 c0g, o0 0ok 001 B8

IHPEDNCE

Crystai Oscllator Equivalent Circult Analysis EQUIVALENT CIRCULT MODE

_S.El.ﬁ‘;;ﬂ! S = -
Equivaleni circuit analysis of a crystal oscillator
can be performed quickly and easily. The squiva- . = -
lant circuit and the circuit constants are displayed | ——li -| I- —fnl\_-m
on the scresn, and the equivalent circuit conatants AR -

can be used to simulate the irequency characters. - L4 -
Hes of @ crystal osciMator. OsciMaior circuits can
be designed quickly and reliably by using équiva- =
lent circtiit analysis and constants. AR e
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IF Amplifier Gain and Phase Characteriatics

Aain and phase characteristica can be checked at
a glance, 5o the 3 dB culolf frequency, and gain
and phase margina are messured quickly and
esasily.

Band-pass Filter Output

Only the IF jignal shouwld pass through the IF
{ band-pass ) filter. This Figure shows the IF sig-
nal altenuated by about 2.9 dB relative to the
mixer output { filter input ). Thia is primarily cau-
sed by the fiter's inserlion 10ss. The lower the
insertion loss, the better the filter is. Insertion losa
varies with the typa of filter; it is 2.3 dB for LG and
Crystal filters and 20 dB for SAW filters.
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The IF signal is shown ampiified by about 10.5 dB8
relative to IF filter's outpul. In addition to the IF
signals which are within the band-pass of the IF
filwr, the IF amplifer's culput alse conthuns
second and third-arder harmonics not present st
the amplifier's input,

iF Amplifier S-Parameisrs

Using S-Paramaler measurements, the transmis-
sion and reflection characteristics can be obtained.
This Figure shows Soo plofted on a Smith chart,
{ Smith chart indicates the reflaction charactens-

tics of the culput ).
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3-2. IF Mixer Measurements

3-2-1. IF Mixer Input and Output

The RF and LO signals are inpul to the mixer,
which outputs the sum and difference { in addition
to a number of other highly undesirable characters
such as RF and LO feedthrough, images, spurs,
noise, ...) of these input frequencies as the IF
signal. These signals are easily measured using
the HP 4195A's Spectrum Analysis function. Fig-
ure 2 shows an exampile of a spectrum measure-
ment of mixer's input and output signals.

In this example, the Superimpose function { » 1)
of the HP 4195A is used to display 2 signals simul-
tangously. The RF input signatl { A) shows the
spectrum of carrier. The carrier frequency in { A )
is read out using the marker function as 245 MHz.
In the spectrurn display of the IF oulput signal
(B), mixing components of the LO input signal
and the RF input signal can be observed and
measured. Since the RF input and the F output
signal are displayed simultaneously, the conver.
sion loss of the mixer is easily established. The
conversion loss is determined using the following
formula.

Loss=P,_-P

R T IF

The conversion loss for the example shown in
Figure 2 is determined by measuring the input and
output signal spectrum { the conversion loss is
approximately 12.4 dB ).

SPECTRUM Math < IF MIXER RF-IN/JIF-QUT >
A: REF B‘ FIEF * MKR 24‘5 000 000.001 Hz
0 000 0.0 IN .94382 CBM

[ DBM ) I DBH } ouT —31 7614 DBM

RF

DIV STAR 0.001 Hz
20.00 20.00 STOP 500 000 Q00,000 Hz
ROW: 300 KHZ ST:4.32 sec AANGE: A= 10, T=-20dBm

Figure 2. Mixer Input and Output Spectrum
Measurement Example

"W‘MMWWW {A) RP INPUT

- Aerpomd L_ ..l,._,n 18) IF ouTPuT

3.2-2. Third Order Intermodulation Distortion

The HP 4195A can measure intermodulation dis-
tortion by using the setup shown in Figure 3.
Normally, the intermodulation distortion is propor-
tional to the input signal level. In this example,
both the mixer input level and the intermodulation
distortion are measured. The RF input consists of
two signals, 244.5 MHz and 245.5 MHz, the fre-
quency of the local signal is 100 MHz and the
level is 3 dBm. The RF input signat of 245 MH2
500 kHz and the 100 MHz LO input signal pro-
duce 145 MHz 500 kHz and 345 MHz 2500 kHz
IF output signals.

Figure 4 shows an intermodulation distortion in the
mixer output. The intermodulation distortion value
is easily obtained with the marker function. The
intermodulation distortion obtained in the A mode
( » 2) is displayed at the position of the marker in
Figure 4. As shown in Figure 4, the intermodula.
tion distortion is -57 dB at an input level of -20
dBm ( A } and -44 dB at an input level of -15 dBm
(B).

HP419SA
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Figure 3.  Measurement Circuit Configuration
for Intermodulation Distortion.



SPECTRUM
A REF B REF 4 MKR 1 000 000.000 Hz
~31.79 _ 0.000 iMAG -57.6663 daen
[ abm 11 ] 4MAG

DIV DIV START 143 000 000.000 Hz

10,00 10.00 STOP 148 000 Q00,000 Hz
REW: 30 KHz ST. 486 msec RANGE: R=-40, T=-40dBm

{A) Input level -20 dBm

SPECTAUM

A REF | 8 REF 4 MKA 1 000 000.000 Hz
-26.75 . 0.000 MMAG —-44.0629 dem
[ dBm 1 ]  IMAG
DIV DIV CENTER 145 500 000.000 Hz
16.00 10,00 SPAN B 000 000.000 Hz

ABN: 30 KHZ ST: 486 msec RANGE: R=-10, T=-200Bm
{8) Input level -15 dBm

Measurement Example of Inter-
modulation Dislartian

Figure 4.

3-2-3. Measuring Reflection Characleristics
Measurements of reflection characteristics are
performed with the HP 4195A’s Network Analysis
function (» 3). Reflection coefficient, return
source, SWR and other reflection characteristic
parameters can be selected by simply pressing a
softkey. Figure 5 indicates the setup of the mea-
surement circuit. A transmission/reflection test set
is used with the HP 4195A to make Network mea-
surements. Figure 6 shows an example of an
SWR measurement. The superimpose function of
the HP 4195A allows simultaneous display of the
SWR of each RF, LO, and IF tarminal.

HP4195A
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Louncl SIRIT S2R27T2
O 9o GO0
AT
TEST SET
MIXER
20
z0
Figure 5.  Reflection Characteristics
Measurement Setup.
S11
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“““--..__,____,_..-
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ABW: 300 KHz ST: 1.45 sec RANGE: R=—-10, T=—10dBm

Figure §. SWR Measurement
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3-3. IF Filter Measurements

3-3-1. The Role of the iIF Filter

IF filters are used to selectively pass a band of
frequencies and attenuate ail frequency compo-
nents outside of the IF frequency band ( band-
pass filter). When an RF input signal is mixed
with the LO output signal to produce the IF signal,
the output of the IF filter is nol a nice clean signal
because the IF filter's center frequency drifts or
there is insufficient attenuation of out of band
frequencies. For such problems Figure 7 shows a
circuit contiguration for using the HP 4195A to
measure the spectrum of the input and output
signals of an IF filter to determine its transmission
and attenuation characteristics.

3-3-2. {F Filter Input and Output Signals

The input and output spectrum of an IF filter are
shown in Figure 8. Signat A is the input and the
signal B is the output. The IF filter input signal
contains many signal components as a result of
mixing the RF and LO signals. The difference in
the IF filter's input and output levels is caused by
the insertion loss of the filter. In this case, the
difference is 2 dB. Figure 8 shows how the IF
filter attenuates the harmonics. However, the
signal in the 400 MHz region is not sufficiently
attenuated and so the transmission characteristics
of the IF filter need to be chacked.

HF4I9SA
m’:ﬁ SIMT 32A2TE
o oo¢ oo?
Ll L]
AF 0RO 1F LTI
[T-1-. )
Figure 7. IF Filter Spectrum Analysis Circuit
Setup
T Math < IF FILTEFI INPUT;"IJIJTPIJT >
RReED ™ nef, " D of Gon 504,
[lJ gga JE OAM ) ouT -19_4542 nau
a3 1T
W cuTruY
D1V 01y L) Q.00 Hz

20.00 .00 STOP 500 000 000.000 Mz
RBW. 100 KHz ST: 12.0 sec RANGE: R-20, T=-200Bm

Figure 8.  IF Filter Input and Qutput Spectrum

3-3-3. Measuring Transmission Characteristics
lmproving Filter Characteristics

IF filter characteristics are measured with the
HP 4195A's network function. First, the result of
the filter's output signal spectrum measurement is
stored using the superimpose function. Then the
transmission characteristics of the F filter are
measured with the network function. Figure 9
shows the components of the measurment circuit,
and Figure 10 shows the transmission characteris-
tic measurement of the filter. Since the superim-
pose function was used to store the spectrum
measurement result on the display, the transmis-
sion characteristics and the spectrum of the out-
put signal can be viewed simultaneously.

HP4195A

Lounc: SIRITI S2R2T2
O T © (i) 00O
POWER
SPUTTER

TN .
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IF FILTER

Figure 8.  IF Filter Transmission Characteristics
Measurement Circuit

NETWORK Math
A: REF B: REF o MKR 145 000 000.001 Hz
0.000 10.00 T/R 71491 dB
[('é8 11 DBM ) ouT -19 4642 DBM
i) // N
I\ 4 1N
AN /
AN P
/ \W"‘{
!
N YRSV W s it
DIV oIy START 0.001 Hz

10.00 10.00 STOP 500 00C 000,000 Hz
ABW 100 KHz ST: 1.47 sec RANGE: A=-10, T=-10dBm

Figure 10. IF Filter Transmission Characteristics
and Output Spectrum



The transmission characteristics of this IF filter is
not sufficient in the 430 MHz region. The compo-
nent in the 400 MHz region is caused by the trans.
mission characteristics of the filter. To compen-
sate for this, the transmission characteristics of the
IF filter ware modified by adding a low pass filter
with the characteristics shown in Figure 11.

The transmission characteristics and output signal
of the modified IF filter is shown in Figure 12. The
attenuation in the 400 MHz region is now suffi-
cient, as shown in the Figure 12. The resuit of
output signal spectrum measurements indicate
that the IF filter only generates the IF signal com-
ponents, Thus the HP 4195A can perform both
spectrum and network measurements, and also
display several measurement results at the same
time. This greally simplified the comparison and
analysis of measurement results for design, tem.
perature and adjustment changes.

NETWORK
A: REF B: REF o MKR 14% 000 000.001 Hz
Q.000 180.0 T/R =706.971im dd

[ d8 1 deg ) [ deg

N
AN
\\\

) ' oIV START 0.004 Hz
10.00 36.00 STOP 500 000 000.000 Hz

ABW: 10 KHz ST: 1.74 sec RAMGE: A= 0, T=-10dBm

Figure 11.  Lowpass Filter Transmission

Characteristics
NETHOAK Math
A: REF B: REF HMKR 145 000 000.001 Hz
0.000 10.00 T/R =-2,36607 d8
[ d8 [ DBM ] out -20 23?0 DewM

I 4 il PLIFY P YT
oL LT
DIV DIV START 0.001 H2

10.00 10,00 STOP_S00 _00QC 000,000 Hz
ABW: 300 KHz 5T:1.45 sec RANGE: A=—10, Tx-410dBm

Figure 12.  Moditied IF Filter Transmission Char-
acteristics and Output Spectrum

The Significance of Group Delay Characteristics

The increasing sophistication and complexity of
signals handled by instruments with IF circuits
raises the importance of phase characteristics, and
makes the problem of phase distortion more
acute. Normally, group delay characteristics are
used to indicate linearity of phase distortion.
Group delay is calculated as shown below.

Ag
360° Af

GD= -

where A f is aperture frequency and 4¢ is the
phase difference.

The formula clearly indicates that highly accurate
phase measurements and frequency stability are
required to accurately derive a group delay value.
The HP 4195A can measure phase to $0.3° ac-
curacy and *0.01° resolution. The analyzer's
synthesized signal source aliows speedy and
stable group delay measurements, which has
greatly increased the reliability of phase distortion
evaluation of transmission circuits.

Figure 13 shows an example of measuring the
group delay characteristics of an IF filter. Here
group delay ripple is derived to show how the
phase value changes linearly {i.e. how flat the
group delay value is ) in relation to frequency.

The group delay ripple value in Figure 13 is ob-
tained with the A mode of the 0 and * marker.

NETWORK
A: REF B: BEF 4 MKR 1 600 000.000 Mz
-2.261 180.0n AT/R daB
[ a8 )J[ sec } 4t -—10.4842n sec
/ e T
W \\\
o N
_,—f’#,
DIV DIV EENTEﬂ 145 000 000.000 Hz

1.000 20. OOn SPaN_ 10 000 000,000 Hz
ABW; 30 KHZ ST: 1.54 sec RANGE: A=-10, T=-10d8m

Figure 13. Measurement of Group Delay Char-
acteristics of an IF Filter



3-4. IF Amplifier Measurements SPECTAUM
A:REF  B; REF 4 MKA 289 999 999,999 Hz
0.000 100,0 AMAG =55, 1266 dBim
{ dBm 11[ 1 dMAG

3-4-1. IF Amplifier Input and Output Signals

After the IF filter removes the unwanted compo-
nents, the signal now contains only frequency
components that are within the IF band pass. The
IF filter's output is feed into the IF amplifier. Al-
though the output of the IF amplifier consists of
amplified IF components, there are also harmonics
of the IF signal due to the nonlinear nature of the .\VMVM""‘N
IF amplifier. Figure 14 shows an example of an IF
ampilifier's input and output signal spectrum mea-
surement, Input signal A consist of a 145 MHz IF

signal only, whereas output signal B displays the My g

fundamental of 145 MHz, a second harmonic of 18130 331"0 Ssm; 500 000 000, 086 ﬁi
290 MHz, and a third harmonic of 435 MHz. RBW: 100 KHZ ST: 12.0 sec RANGE: R=-20, T= OdBm
Since the level of the 145 MMz fundamental har-

monic is -20 dBm at the input and -1.7 dBm at the Figure 15.  Qutput Harmonic Distortion
output, the gain is approximately 18 dB. Measurement

3-4.2, Harmonic Distortion SPECTRUM

PROGRAM EDITOR

Harmonic distortion is caused by the nonlinear FILE NAME: F1_16_P

characteristics of an amplifier. Parameters mea-
sured as harmenic distortion include second har-

monic, third harmonic, and total harmonic distor- 1 ' THD
tion (THD ). Harmonics can be measured using 19 SlHM2 1TRIG,SINGLE MODE
the HP 4195A's marker function, and TRD can be b R2=A
measured using the user-defined program function 39 MCF1 10-MKR MODE
{» 4). Figure 15 shows an example of measur- 40 MKMX VMKR2MAX
ing harmonic distortion at an amplifiers output. 58 IF MKR<1 THEN NXTPK
The third harmonic, measured using the marker gg ?é;”ésea 10 3
function, is about 55.1 dB relative to the fun-
damental. Figure 16 shows the list of the user 80 Bl1a=MKR
program empiayed in determining THD. As shown 563 NXTPK INEXT PERK
in Figure 17 the THD value derived with this pro- 108 IF MKRLR1B THEN RXTPK:GOTO 1885
gram is displayed at the bottom of the screen of 118 R2=~R2+1B*x+x((MKRA-R1)-/13)2
the HP 4195A. The THD value here is 1.24 %. 128 NEXT RO
138 R3~10D%*SAR(RE)
148 DISP “THD(X%)=",R3
158 END
i?ﬁE}RU" e: pepath < I augqslgggTégnggI ha Figure 16. ;}Sgr-Denned Program for Deriving
0.000 100.0 IN  ~20,2455 0BM
[ '08M ) [ D&M ] oOuT_-1.72208 DBM
WW&M‘W
2nd HARMONIC Ard HARMONIC i
H
/ ?
WM E N
Div DIV START cao
DIV TART 0.0014 Hz 10. BB 28.00 STOP
2508, (20690, 1, S10F, 200 000 905,000 1 THD(%)= 1.248087724400E+DD
Figure 14, IF Armplifier Input and Output Spec- Figure 17. User-Defined Program Derived THD
trum Measurement Value
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3.4-3. Noise Measurements
Noise Figure { NF )

NF expresses the degree of noise generated in an
amplifier. The NF value for an ideal ampilifier, with
0 internal noise, is 1 ( = 0 dB ). The NF value for
an IF amplifier is determined with the following
formula.

Ciw/ Nin C,,/kTB
NF = =
Cour / Noyr C1uG/ Noyr
Nour
GKTB
Where:
C,, = input signal level

N,y =input noise level
aur = output signal level
Noyr = output noise level

K = Bolzmann's constant
«1.381 x 107 (J/°K)
T = absolute temperature { °K )

B = noise bandwidth ( Hz )
G = amplifier gain

The NF value can be displayed on the log scale by
using the following formula,

Nour
NF{dB] =10Log
GKTB
N
= 10 Log -Log( G)- 10 Log( KT)

The third item is a constant which becomes 10 jog
{ KT ) = 174 dBm if the temperature is 23°C.
Thus, only the first item {i.e. noise level ) and the
second item (an amplifier's gain)} have to be
measured. The formula for determining NF can be
expressed as follows.

NF{dB)= N[dBm]-G[dB] +174(dBm]

{at23°C)

11

N and G are the ncise level and amplifier gain as
measured by the HP 41954, Since the HP 4195A
measures noise direclly, the resolution bandwidth
or log amplifier calcuiation of conventional spec-
trum analyzers are not required { » 53 ). Proceed
according to the following sequence o measure
NF with the HP 4195A.

1. Use the Network function to measure am-
plifier gain.

2. Terminate the input terminal of amplifier with
the correct characteristic impedance for the
amplifier,

3. Setect the Spectrurmn function and set INPUT
ATT.=0dB.

4. Measure the noise level.

5. Calculate NF wusing the preceding given
formula.

Figure 18 shows a NF measurement. The
HP 4195A has a powerful arithmetic function
(»6) and programming function, so the NF
value ¢an quickly and easily be derived. Using the
line cursor, the average NF value, { 17.5 dB in this
case, ) can be displayed on the screen. Figure 19
shows a User Program list tor determining NF.

SPECTRUM Makth

A: REF B: REF CRS 17.4563 DB
80.00 0,000 LE 19 S65 B18.452 Hz
(DB 11 ] RIGHT 496 419 601.843 Hz
L) l 1
Y I
o1Y DIY

START 0.001 Hz
10.00 10, STOP 500 €00 000,000 Hz
ABW: 300 KHz ST: 485 msec RANGE: R=-4), T=-40dBm

Figure 18.  Measuring an IF Amplifier's NF
SPECTRUM
PROGRAN EDITOR
FILE NAME: NF

1 RST
10 R11=1B#LOGC (1, 381E-234(273+23))#1088)
28 FHNC1:PORT]
32 0s5C1--18 DEM
35 ATR1=-D:ATTLI=10
48 SHIRG
SQ C=A
6@ !
78 FNC2;PORT2:SAP4
30 |IRNG3:ATTI=0

1
120 DnAa«MA-C-R11
138 PRMA™ NF™
148 UNITATDB"
10 MTHAL
180 DFA"AUTOHCF 3 CRAYVT
193 SEFR]
200 LMl
210 END

Figure 19.  User Defined Program for Determin-

ing NF



3-4-4. Measuring Transmission Characteristics
Gain and Phase Characteristics

Use the Network function of the HP 4195A and the
Transmission/Reflection test set to perform the
measurement using set up shown in Figure 20.
Figure 21 shows an examnple of a Gain/Phase
measurement, the results of which indicate the
gain of the IF amplifier is approximately 15 dB in
the 145 MHz range.

Gain Compression

Knowing an amplifiers Gain Compression is
necessary for determining its the dynamic range of
input levels. The input signal has to be swept in
order to determnine gain compression. Qain com-
pression values are measured using the
HP 4195A’s Amplitude Sweep function {(» 7 ).
Figure 22 shows an example of a gain compres-
sion measurement. At a measurement frequency
of 145 MHz, the o line marker DELLTA mode func-
tion determines the compression loss at 145 MHz
measuremsnt frequency at an input level of 1 dB
{ compression loss is -7.6 dB ).

HEHOEA

oo
oounce SIMITI SIR2TE
o] t(i) OOT
[
EWT 4

L

Figure 20, Qain and Phase Measurement Setup

THORK
e W% VR R
dl llml 55 JA47 L]

"i

.

‘.h"""“. I\\

. Il

oty Ly STARY 10 000 G00¢.000 H

1800 8106 300 000 006,000 M1
0 HHz 5T 1.54 wn RANGE: R= 20, = OdBm

Gain and Phase Characteristics
Measurement

\\l

A
u§

Figure 21.

=1. 00000
=7.6 GB

lld_g_l_ng?

—

biy OI¥ STaRT -26.0 oom
1.000 36,00 $T0P 0.0 gom
NN 300 KHZ ST 945 ke RANGE: Fle- LD, T== iodBe

Figure 22.  Gain Compression Measurement
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3-4-5. Measuring Reflection Characteristics
Reflection Characteristics

Although the input and output in a high frequency
circuit are matched with a characteristic im-
pedance, the input and output impedance may
drift from the ideal characteristic impedance de-
pending on frequency, this change in characteris-
tic impedance will causes reflections. Parameters
which indicate reflection are reflection coefficient
{ T ), return loss (R}, SWR and input and output
impedance { Z ), are related as follows:

Return loss: R_=-201log p

1+p
SWR: SWR =

1-p

Characteristic impedance Zy =
Z g is the characteristic impedance, T is the reflec-
tion coeflicient and p is the absolute value of T'.
Reflection coefficient is:

zZ.-28

l'=p iz —m™m™
Z+28

Thus when the input and output are perfectly
matched, there is no reflection, Z = Z8 So,

=0 (p=0, &a0")

RL = - 00

SWR = 1

When open, Z= , 50
Fz=-1 (p=1, §=180°)
R =0

SWR =

When shorted, Z=0
FT=1 (p=1, @=0°%)
R,=0

SWR= o

The HP 4195A can measure directly reflsction
coefficient, return loss and SWR.



Measuring Reflection Characteristics

The HP 4195A is used with a transmission/
reflection test set to measure return loss, SWR and
other reflection characteristics. Figure 23 shows
the setup of a measurament circuit for measuring
reflection characteristics. Figure 24 shows an
example of measuring return loss ( A) and SWR
{ B} up to 500 MHz.

HP4195A
hounce 1 RTT1 S2R2T2
o OTO O?O

IF AMP

Figure 23.  Setup for Measuring Reflection

Characteristics
S11
A AEF B; REF BKA 145_000 000,001 Hz
0.000 250.0 AL -17.0936 dB
{ d8 [ eep ) deg
™
|~

T

DIv oIY CENTER 250 090 Q00.C01 Hz
10,00 50.00 SPAN 409 993 999 D38 Hz

REW 100 KHz ST; 1,47 sec RANGE: R=-10; T=-j00Bm
{ A) Retumn Loss

i1
i:HEF B: REF HKA 3§45 000 000,001 Hz
10.00 250.0 SWA 1.3237
[ 11 deg 1 &g
-
—
e
oIy o1y LENIER 290 000 O00.0¢1 HZ
1.000 53 .00 SPAH 493 999 999,998 Hz
ABW: 100 KHZz 5T: 1.47 sec RANGE: R=~10, T=-10dBm
{B) SWR

Figure 24.  Example of Reflection Characteristic
Measurement

3-4-6. S-Parameters

S-parameters are used t0 measure the a high
frequency circuit network characteristics. As
shown in Figure 25, S-parameters are measured
by connecting two transmission/ reflection test
sels to the HP 4195A. Figure 26 shows the result
of an $n measurement  ( reflection
characteristics } of an IF ampiifier, For a more
detailed description of S-Parameters, refer to
Application Note 357-2.

HPAIS5A

Figure 25.  S-parameter Measurement Setup

s11

o 143 710 000.000 Hz

-14‘4?45l|

r )

-93.&515'
[ ]

A _Iw

4?‘71102

X o
-2.02292

Ls {M]
-3.85548p
Cs
samssr -
UL o3 308 008900
FBW: 300 KHz ST: 1.45 Sec AAMGE: R=-10, i--?auéa

Figure 26.  IF Amplifier S-parameter
Measurement



3-5. Impedance Measurements

Crystal Osciltator Measurements

As shown in Figurea 27, when the HP 4195A is
used with the HP 419514, the impedance of
devices can be measured over a range of from
100 kHz to S00 MHz {» 8 ) Using the
HP 4195A’s equivalent circuit function, it is easy to
derive the value of each component of the Crystal
oscillator’s equivalent circuil. Figure 28 shows the
result of a crystal oscillator impedance measure-
rment and the equivalent circuit analysis results.

4, Conclusion

As described above, the HP 4195A can not only
perform network and spectrum measurements, but
also impedance measuremsnts. It has four ports,
marker functions, user functions and many other
powerful functions that it an exiremely versatile
analog circuit analyzer of IF circuits. Using the
HP 4195A to evaluate circuits and components wilt
raise the reliability and efficiency of IF circuit
design and evaluation.

HP4195A

[~ X'tal

160924
SPRINGCLIP FIXTURE\ / resonater
-
DC <
SOURCE % S2 A2 T2
O 00O
418514

IMPEDANCE ADAPTER

Figure 27.  Crystal Qscillator Impedance Mea-
surement Setup

ARESCE o per
: M ¥ MEA 100 Q00 Q000.000 Hz
1.000K 10Q.0 F‘ZP 535.877 1]
[ 1] 1§ deg 1 [ =-52.1706 deg
J 7
d [ 4
/ \\
A
—
A "
71—
1
; X
C AN N
FHASE

BTH DIV CENTER 100 000 000.000 Hz
20.00 20.00 SPAN 20 000,000 Hz
RBW: 100 Hz ST: 40.8 sec RANGE:R= 0, T= (dJBm

A. Measurement Results

MPEDNCE
! EQUIVALENT CIRCUIT RODE

SELECTED ! E
A B [
Ca Ca
L
A L R R
ji] E
=1
L Ca R
L Ca R

EGV R 33.7323 n  EWV Ca  583.656-1BF
EQV L d4.34034s H EQV Cb  12.123B1p F

B. Equivalent Circuit Analysis Results

Figure 28.  Crystal Oscillator Impedance Mea-
surement and Equivalent Circuit
Simulation Results
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HP 4195A’s One Point Feature

This is a brief description of HP 41954 functions
marked with a " » * in the text. For a more de-
tailed description of these functions, refer to the
Operation Manual.

» 1 Superimpose Function

The HP 4195A can superimpose a maximum of
four traces on the display simuitaneously, This
enables the simultaneous display of many mea-
surement points using parameter measurements
or simultaneous display of input and output signal
spectrum measurements, and network measure-
ment transmission characteristics. The superim.
pose function allows easy comparisons and obser-
vations of measurement results.

» 2 Marker Function A Mode

The HP 4195A has three markers: o, * and LINE.
Thera is aiso a 4 mode in which the o marker
vafue is used as reference to denive the difference
between the o, *, and LINE markers. This function
allows the analyzer to directy measure parameters
such as intermodulation distortion, harmonic
distortion, CN ratio. Fiiter gain and ripple.

» 3 Parameters for Measuring Reflec-
tion Characteristics

The following reflaction characteristic parameters
can be measured directly.

R -8 (Return Loss)

I T'1-& ( Reflection Constant )

r,-T,

SWH - & ( Standing-Wave Ratio )

The T, - I'y measurement resuits can be plotted
and displayed on a Smith chart. Using a Smith
¢hart display, T, - T',. R-X, and LG, values can
be read with the marker function.

» 4 User Program Function

The program is easily input by using the keys for
the measurement sequence. Singe BASIC type
commands are provided, highly sophisticated
automatic measurements are performed without
using an external controller. The program can use
the following commands:

IF, THEN, FOR, NEXT, GOTO, GOSUB, RETURN,
AND, OR, PAUSE, WAIT, BEEP, DISP

Printed in Japan

0CT,1987
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» § Direct Noise Measurements

The HP 4195A can directly measure the noise
level. The following noise level units can be
rmeasured.

dBm/Hz, dBuV/HZ, nV/Hz

» 6 Arithmetic Function

The HP 41954 is equipped with a buill-in function
to calculate measurement data. This function is
capable of performing not only the arithmetical
operations, but other fundamental functions as
well. The following are some of the 4195A's
functions:

Trigonometric functions:

SIN, COS, TAN, ATAN

Logarithmic and exponential functions:

LOG, LN, EXP

Other functions:

ABS, DIF, MAX, MIN, COMPLEX, LMX, LMN, BIN,
AND, OR, NOT

» 7 Amplitude Sweep

The Ampilitude Sweep function is used for sweep-
ing output levels. The parameters which can be
swept are V, dBm and dBuV, and there are two
types of sweep: Linear sweep and Log sweep.
This function permits measurernents of nonlinear
characteristics of components such as gain
compression.

» 8 Impedance Measurement Function

The HP 4195A can measure the following complex
impedance parameters.

1Z]-8, R-X, Lg-Rg, Ls-0, C.-Rg, C.-D
|Y1-8, G-8, L,-R,, L,-Q, C,-R,, C,-D

The HP 41951 impedance test set is required for
conducting impedance tests.

5350 — 2931



