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PREFACE

This application note will help vou make transmission and reflection measurements with the
Hewlett-Packard Model B505A RF Network Analyzer and its associated tesl sets. Previous ex-
penience in network analysis techniques is assumed. so the note concentrates on generalized
setup. calibration. and measuremen! sequences rather than basic measuremeant theory. As vou
become familiar with operation of the instrument vou can modify and extend these sequences
to more specialized applications

The first part of this note introduces the 8505A and the standard test sets, then describes the
main operations to make measurements. The Transmission Measurements. Reflection
Measurements. Power Level Measurements. and S-Parameter Measurements seclions contain
specilic ."rTl.'I,}'hV'Sll‘.‘l'.l sevjuences used to make particular measurements on a device, Il vou have
o device to measure. go directly 1o one of 1hese sequences and try it Use the Intraduction as o
relerence for nperations that require more l:"'l.F_lefhi“””. A section for the 8501 A Storage- Nor
malizer provides a brief descriptioa of how 1o use 1} 5 important accessory. A foldout at the rear
of this note presents a photo of the 8505A frant panel and a summan of the funclions of the
controls. indicators. and displavs

Learn by doing. Use the B5053 1o measure a deviee with known characteristics Yoo wall bt
ter appreciate the ease with which measurements are made i vou have access 1o an A505A with
test wel from the very beginning. But. during the interval prior to arrival of vouer 85055, vau can
develop valuable background knowledge of instrument operation [rom this noje Although the
B505A is ully programmable via the HP-18. this note does nol describe Programming opera.
tions It is recommended that vou gain a gond understanding of the 85054 in manual operalion
before writing programs to control i
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INTRODUCTION

The B505A is a high performance RF network analvzer that includes a leveled source. Trequency counter, lwo
measurement channels, dualirace CRT with both cartesian and polar displays. digital readout of the measured
value. and an electronic line stretcher. Together with appropriate signal routing accessories. the 8505A is a fully
integrated stimulus'response test svstem thal measures magnitude. phase. and delay characteristics of linear
networks by comparing the incident signal with the signal transmitted through the device or reflected from its
input

The basic transmission measurements described in this note are: insertion loss and gain, insertion phase. elec
trical length. deviation from linear phase. group delay. and transmission coeflicient {5, or 5,,) Basic rel lection
measurements are: return loss, trom which SWR can be calculated. and reflection coefficient [S); or 54, from
which impedance can be calculated or read from a Smith Chart overlay

To begin lamiliarizing vourself with the B505A recognize that it is packaged in two cases, The lower case
contains the sweeper controls and displavs, the receiver input connections. the measurement marker cantrols
and the frequency counter display The upper case contains the dual irace CRT. the measurement selection con
trols. the measured value displavs. and the electrical length controls and display. The hoxed characters adijo
cent 1o the swilches buttons, and displavs are HP-IB* addressing codes used when programeming the instrument

dlock Disaram Desenption

The source produces leveled RF for the test device and a tracking local oscillator signal 1o the receivers
Reference (R and test [A and B| inputs {rom the test setup are down-converted 1o 100 kHz IF frequency for ap
plication 1o the detectors This combination of two identical fixed oscillators, which are phase-locked to a com-
mon reference and offset by 100 kHz. with a YIG-tuned swept oscillator provides continuous very linear 3-'
decade frequency sweeps and the precise local oscillator tracking required for narrow bandwidth detection
High reliahility thin-film technology enables all three input mixers to have clusely matched magnitude, phass
ard delay characteristics with full —10 to - 110 dBm dvnamic range and greater than 100 dB isulalion hetween
mputs.

Transmission and reflecting characteristics an be measured simultaneously by using twao idenlical measure
ment channels. one for the reference input aad one switched between the A and B test inputs on alternate
sweeps, Completely independent magnitude. phase. delay. and polar detectors process the IF 1o DC levels for
muliiplexing 1o the CRT displav. The electronic line stretcher allows =lectrical lengt of the A and B test signal
paths 1o be independently matched to the reference signal path by adding or subtracting up 10 1700 degress of
linear phase shift per sweep priar to detection. This techmque virtually eliminates the need for mechanical line
length adjusiments and allows direct measurement of deviation from linear phase The group delay detector
provides direct. calibrated measurement regardless of sweep width or sweep rale

Frequency. magnitude. phase. and delay are read directly Irom digital displayvs by positioning a measuremen!
marker lo any point on the trace. Frequency at the marker is measured using a new up-down counter whirch
measures the local oscillator frequency and subiracts the 100 kHz offset. This technique pravides up to 100 Hz
resolution and *2 counl acruracy withonl 1he —=eed to stop the sweep al the marker. Magnitude. phase and
delav values are measured by =zampling 1he selectes fetecior outputs al the marker position An autoranging
valtmeter displavs the measured value with up o 001 " 0.1 degree. and 0 1 nanosecond resalution

"HPIR the Hewleit-Fa kard Interd s e Bus i s lm i -Fan arris nh|||5-r:1-nl,5rum ol IKFE 28R




INTRGDUCTION

TEST SETS

The following test sets are designed especially for use with the 8505,

For precision lransmission tests. or ralio tesls using a stan-
dard device as a reference. the 11851A RF Cable Kit and
11850A [502] or 118508 (752] Power Splitter provide the
necessecy RF  connections and  shielding with  excellent
magnitude and phase tracking characteristics over the 8505 fre-
gquency range. The 118508 includes three 502 to 752 Model
11852A minimum loss pads,

S

118508 B Thres Way Power Sohiler

The B502A [508) or 85028 {75Q) Transmission/Reflection
Test Set conlains a power splitter and directional bridge allow-
ing simultaneous transmission and reflection measurements. 11
also includes a 0 to 70 dB, 10 dB step attenuator which allows
control of the incident signal level independent from the
reference signal level, The 85028 includes one 502 to 750
Model 11852A minimum loss pad
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BEO2A Transmesseon Refecton Test Sl

Transmission and rellection measurements on two port
devices which require measurement of both furward and
reverse characleristics can be accomplished easily using the
8503 A (50Q) or B503B [7539) S-Parameter Test Set. With this test
sel and included cables. measurement of bulh forward and
reverse  characleristics can  be accomplished  without
disconnecting ¢ 7 reversing the test device DX bias connec-
tions for Iransistor lesting are provided
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INTRODUCTION

INTRODUCTORY MEASUREMENT SEQUENCE

With a basic understanding of the instrument and these test sets in mind, follow this typical operating se-
guence for measuring transmission insertion loss or gain. Use a bandpass filter ar similar device with known
characteristics. If you are not in front of an instrument. use the faldout at the rear of this note 1o locale the con-
trols. This introductory sequence assumes measurements are made using the 8502 test set, or an 8503 lesl set
with the front panel S-PARAMETER SELECT switch sel 1o FORWARD.

Connec! Test el — See connection diagram. Do not connect the test device,

Faway. Comngros,
Teu Provesais
inies T

T St lovier Comm, |

Sert sienal Levels — Sel the INPUT LEVEL dBm MAX switch to =10, Use the OUTPUT LEVEL dBm and VER-
NIER to set the approximate signal levels to the test device. [Reler to the Power Level Measuremenis sequence
on page 25 o measure the absolute power, il necessary |

Select AMeasurvmen! — Sel CHANNEL 1 INPUT swiizh to B/R 10 select transmission. MODE 10 MAG 1o select
magnitude ratio. and SCALEDIV to 10 dBidivision. Set CHANNEL 2 MODE and ELECTRICAL LENGTH MODE
1o OFF.

Set CRT Display — Press to detent REF LINE POSN/BEAM CENTER to display reference line. then use CH1 § to
sel reference line to desired position. usually center screen. Set TRIGGER to AUTOD

Sal Frequency Sweep — Sel RANGE MHz to lowest range that includes lrequency range of inlerest, Sel sweeper
MODE to LIN EXPAND. and WIDTH 1o STARTISTOP 1. Now use the FREQUENCY controls below the FRE-
(HIENCY MHz displays to set the end points of the frequency sweep. Read the end points of the frequency sweep
from the FREQUENCY MHz displavs.

Calibrate — Connzct through. Set MARKERS swilch to position 1. then use the adjacen! vernier lo set upward-
pointing measuremen! mearker to desired calibration frequency. Press CHANNEL 1 MKR. then press and hold
ZRO until the iterative zero process is complete and the trace moves to the reference line. This eslablishes lest
set response at 0 dB insertion loss or gain

{ onnect Test Devite — See connection diagram.

Read Measured Value — Use the MARKERS 1 vert ier to position the measuremen! marker to any poinl on the
trace. If necessary to position the trace for viewing. use the CH1 § contral or the CHANNEL 1| REF OFFSET bul-
tons [ moves trace up, ¥ moves trace down). Read the frequency at the measurement marker from the FREQ
COUNTER MHz display, Press the CHANNEL 1 REF hutton to display value ol the reference ine. then press
MKR to display marker displacement [rom the reference line. The measured value [dB] is the sum of the REF
and MKR values.

The following paragraphs describe the functions of the controls used in these steps in more detail
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INTRODUCTION

SET SIGNAL LEVELS
Set Sweeper Output Level

The OUTPUT LEVEL attenuator and VERNIER set the
sweeper output level at the RF coanector to any level from +10
to —72 dBm. The sum of the rotary switch and the VERNIER
setting is the RF output level, +1 dB. If the OUTPUT controls
are se¢l lo —30 and — 6, then the level at the RF connector will
be —36 [+ 1) dBm.

.‘ .r

- -I

Set Relerence and Test Channels Input Level .
The maximum signal level which can be appli=d to the R, A, —— T —

or B inputs is either — 10 dBm or — 30 dBm depending upon the —

INPUT LEVEL dBm MAX switch setting. If the signal level at Allm WA s

any input is greater than the switch setting the R, A. or H t-IfIﬂ u

OVERLOAD indicator on the dark panel above the switch will
light to show that the input signal iz near the compression poini
for the inpul mixer and measurement errors may result.

The switch is normally set at the - 10 position. When making measurements in which the A or B inputs are
below about — 80 dBm and the R input is below — 30 dBm. set the INPUT LEVEL dBm MAX switch to the — 30
pasition. Selecting — 30 increases the signal level into the detectors |and adds appropriate display compensa-
tion) thus reducing the magnitude. phase. and delay measurament uncertainties for low signal level
measurements,

Signal Level Considerations ; _— .
Minimum measurement uncertainty is achieved when the in- iy Ei)-rz’:} o R

pul levels are near maximum. For example. when the test input

drops from — 20 dBm to — 100 dBm. the magnitude ratio unces- ey .

tainty increases from +0.01 dB to 4.0 dB, The B, A, and B in-
puts are identical, each with — 10 dBm to — 110 dBm of range.
thus allowing measurements to be made with 100 dB dvnamic
range. But. for best results in ratio measurements, the test input
should be above —110 dBm for magnitude. —100 dBm for
phase. and — 90 dBm for delay.

The reference input level should remain constant for calibra-
tion and measurement. The test input level at calibration deter-
mines the gain and insertion loss range available for measure-
ment without overload or excessive measurement uncertainty.
Two examples are shown in this chart. Example {1] represents
calibration levels {or a passive device with both reference and
tes! inputs at — 10 dBm. When calibrated at this level the 8505
can measure the test device magnitude ratio to over 100 dB in-
sertion loss. Example (2} represents calibration signal levels
for an active device. |t shows the reference level sei to — 10 dBm
and the test channel se! to —50 dBm. Al these levels the %
magnitude ratio can be measured to 40 dB of gain and to over =~ Pana Frooe 10 4Hr @
&0 dB for insertion loss.

Powmd Laved A1 Iripisl [dflm)

At low signal levels measurement uncertainty is seen as uoise on the CRT trace. Select the 1 kHz IF bandwidth
{the 1 kHz button to the right of the CRT) to reduce the predetection bandwidth and improve the signal-to-noise
ratic into the detectors. Select the VIDED FILTER lo reduce the post-detection bandwidth and thus reduce the
residual uncertainty caused by detector noise. Slower scan time may be required

f
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INTRODUCTION
SELECT MEASUREMENT
The CHANNEL 1 and CHANNEL 2 MODE and INPUT swil- | INPUT |
ches function independently to select the measuremen ' Ay R |
displaved on the CRT. This illustration shows the display for- '_]-I_w
mat and measurement selected for each combination of MODE l MODE  — roLan —
and INPUT switch settings for cither channel when the R input GFF  MAG PMASE DLY  MAG AHaL

is the reference. the A input is the reflected. and the B input is - B | R ER e

the transmitted signal.

MODE
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The MAG. PHASE, and DLY selections use the cartesian display: POLAR MAG and POLAR PHASE use the
polar format. R. A, and B INPUT positions can anly be selected with MODE in MAG. The MODE switch also
selects the appropriate dB. degrees. microsecond or nanoses ond units indicator near the measured value LED
display. The CRT trace is identical for both POLAR MAG and POLAR PHASE selections. In POLAR MAG the dB
ratio at the marker is displayed and in POLAR PHASE the phase angle at the marker is d isplaved

For AR and B/R INPUT selections. the CRT trace and the measured value is always presented as the ratio of
the test channel to the reference channel

The SCALE/DIV switch uses four scales. The MAG, PHASE.

and DLY scales set the vzlue per division on the carlesian uaG T 4 iSC»!_:LE:D!V’ i o1 om |
display: the POLAR FULL scale establishes the linear trans- ol i A e

mission or refiection coefficient value of the polar display outer &l -I_w?* %
circle. Mote that the DLY scale uses additional scaling factors L-ré:;;.:ff-_ T R AE ;--i:t]“;;”r

which depend on the RAN! £ MHz switch position.

As an exercise. connect the RF outpul directly to one of the R. A. or B input connectors. Sel the INPUT LEVEL
dBm MAX switch to - 10, the OUTPUT LEVEL dBm VERNIER to —12. and the OUTPUT LEVEL dBm attenuator
lo — 10. Rotate the VERNIER toward zer~ and note the setting at which the OVFRLOAD indicalor lights. This is
the simplest ope~ator check vou can make on the source and receiver The OVERLDAD indivator lights at about
% 2 dB of the INPUT LEVEL swilch setting. Make this test at each of the R. A, and B inputs v.ing the — 11 andior
the = 30 input swilch settings

To observe the CRT trace. set CHANNEL 1 or CHANNEL 2 to R A, or B MAG. set SCALE/DIV to 10 dBidivi-
sion and repeal the above exercise. Il the trace does not appear, set the CRT display as described on the next
page.




INTRODUCTION

SET CRT DISPLAY -

Pressing tu detent the REF LINE POSN/BEASN « ENTER button displays the cartesian reference line or the
polar beam center during the sweep retrace. Standard controls are used for beam focus, beam intensity, scala il- . .
lumiration. and trace align. This illustration presents a sequence for setting the cartesian reference line and

poelar beam center positions

-
1 Depress REF LINE POSN/BEAM CENTER bution
CHANNEL 2 MODE OFF
CHANNEL 1 R, MAG .
{Use SCALE/DIV switch of press REF OFFSET ta move CRHT traca
away lrom reference hnel
CHT# o position relecence ine .
CHANNEL 1 POLAR MAG
POL-t» and POL ¥ to cenler beam
CHAMNEL 1 MODE OFF
CHANNEL 2. R, MAG .
CH2 & to pasiton relerence line
Press to release REF LINE POSN/BEAM CENTER
{may be lett depressed) .
For the carlesian display. the reference line 15 the position
from which SCALE/DIV expands or contracls the trace The e .
value of the reference line i initially zero dB. degrees or : : !
eerconds armed the trace is prr_l;:ti:mm] above or below the I_._Tm:l'l.l;q —E__ ::. LD f :
reference  line  depending  opon  whether  the  response = = +$[_I Wb e
characleristic is nositive or negative 11 1‘:‘“’- 1 Ln I j I I’ .
| ﬁ!lﬂ"hll.. P, . i &
The reference line can be set to any position on the CRT at - WL 1]s Loz |-
any lime using the CH1 § and CH2 § controls without disturb R b pa |2 .
ing the calibration values. (B R | _:" : :
I—ItlL: 1 ~zm L.l s
To continue the previous exercise. press to detent the REF
LINE POSN/BEAM CENTER button and move the reference line LR EET :2 ..:2 _: .
to the center CRT graticule line. Connect the test set. and sel : -"“{ 3 L S
CHANNEL 1 or CHANNEL 2 INPUT 1o R. A. or B and set MODE N R i il
to MAG. IT the REL indicator near the measu. d value displav is _il.f S | w Le ki
lit. press and hold the CLR butlon until REL goes oul {= 2 AT 2 e, . 1w A k7 .
secunds al each INPUT position). Read the power at the R, A T[S e | B i
and B inputs from the CRT display by assuming that the ERELIENNREE W :-, :I:t;r _1}1
reference line is D dBm and noting the Irace position with Poulworect Uit | | PR B .
respect 1o the reference line
Canesian Dysplay
For the polar display. reflection and transmission coefficient
values can be read directly from the polar graticule. For .
magnitude ratio, the beam center position is the point ol zero
reflection coefficient (infinite dB return loss) and zero transmis-
sion coefticient {infinite dB insertion loss) The outer circle is
the magnitude ratio reference line, having a linear cocificient .
value coresponding to the SCALEDIV POLAR FULL selection.
Al POLAR FULL 1 (and zero dB REF OFFSET) the cater circle
represents a reflection coeffident magnitude of 1 (0 dB retun .
lnass) and transmission coefficient magnitude of 1 [0 dH insertion
loss). For phase angle, the zero degrees reference line is the right g
hand intersection of the center live and the concentric circles
and is scaled from zero o + 180 degrees. .
H L
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INTRODUCTION

SET FREQUENCY SWEEP

Frequency sweep is controlled by the RANGE MHz. MODE. and WIDTH switches. RANGE MHz selects the
frequency range. MODE selects logarithmic or linear full sweep. or the linear expanded sweep selected by
WIDTH. You can set and store an independent expanded sweep al each of the WIDTH switch START/STOP 1.
START/STOP 2. and CW + AF positions using the FREQUENCY MHz displays and FREQUENCY controls. To
familiarize vourself with operation of the sweeper frequency controls. follow this sequence.

| ;0 e | T 1 Select LOG FULL or LIN FULL and cartesian
Aanitee e —] display. Dawn-painting markers are displayed ac-
- &S F IN] ’1 cording to WIDTH
HRASEER _f' WIDTH to START/STOP 1. Position markers using
¥ START and STOP FREQUENCY controls
TP S [ T N - T | WIDTH to START/STOP 2. Position markers using
i il s 2 START and STOP FRETQUENCY conltrols
E WIDTH to CW + AF. Set + AF markers using +AF
= 3 — FREQUENCY contral, center £ AF markers on
b area of mteres! using CW FREQUENCY conlrol
Set MODE to LIN EXPAND and selecl scan
using WIDTH FREQUENCY controls are

AN T Py s phivasts hare aperative = all WIDTH positions excep! ALT
scTlaslly oy e sl oyl meckery see degleyed

LI EXPAND

CEEED : ;. In W T 117 I‘ ENENEER i ’_L 11T ___} 1 'I:_ ~

PR HRAEE HHHERS pediee) HHHH

:li.,;,i o +H 4 BEE Y LR lit[_‘f u : BN
! ] . H ] 1 et —

FH P R B T

L H _‘J 1] _JI_Jl_tL_‘L{'_ _IL1IJ _.:-‘l__H tHH ii M| E_} R it
STARTSTOR 1 ESTARTFETOR T ALT oz AF o

In LOG FULL. the full selected frequency range is swepl with a logarithmic frequency axis. |The log sweep
end points are identified above the RANGE MHz swilch and log [requency graticule overlavs are available J LIN
FULL selects a linear sweep of the full selected frequency range (500 kHz to 13. 130, or 1300 MHz] In the fuli
sweep modes selecting one of the START/STOP ar CW +4F places two down-pointing frequency markers on the
CRT trace to identifv the sweep end points The FREQUENCY controls pesition these markers: each adjacen
VERNIER provides fine adjustment but does not change the FREQUENCY MHz displavs.

For ALT CHANNEL 1 displayvs the START/STOP 1 sweep and CHANNEL 2 displavs the STARTISTOP 2
sweep. The FREQUENCY MHz displavs and the 2EQ COUNTER MHz display readings applyv ta the
STARTIS I OF 1 sweep unless CHANNEL 1 is of . in which case the readings apply 1o the CHANNEL 2 . coep. For
CW. the frequency counter measures the actual CW frequency and displavs it using the left-hand six-digit FRE-
QUENCY MHz display.

In START'STOP and CW + AF the FREQUENCY MHz displays do not have counter acruracy and thus should
nal be used for other than setting approximate frequency sweep widths. Residual FM performanue is improved
in the lower RANGE MHz settings. so selecl the lowes! selting which includes the frequency range of interest for
your measuremenl. [he frequency controls can be set so thal the start frequency is above the stop lrequency,
but degraded sweep linearity will reduce the accuracy of the measvred frequency and group desay values

Set Sweep Time

Time for a complete sweep of the selected frequency range is selected by the SCAN TIME SEC switch and ack-
jacent VERNIER. Select the fastest sweep time then decrease until there is no distortion of the lest device
response. The vernier allows continuous adjustment within the selected range.

9




INTRODUCTION

READ MEASURED VALUE

The peneral sequence to read the measured valur af 2 par- ;
ticular point on the CRT 120 s 45 fallaws. =

— DISFLAY —y

= REF QFFSET —

EEE-EECE
&

iy

- CLE]
B BN BX G BE |

Measigod Vilue Display

Use REF OFFSET buttons and SCALE/DIV swiltch to position CRT trace on the SCreen

Select one of the live measurement markers using the MARKERS switch, then position the marker i
| on the CART trace at the paint to be measured using the adjacent numbered vernier

Head the Irequency at the measurement marker from the FREQ COUNTER Mz display

! Press REF button and read the value of the reference ine. Press MKR button and read the marker
H displacement from the relerence fine. Add the REF and MHKH values to abtain the measured value @t
the measurement marker

REF and MKR Value Displav Modes

When the REF button is pressed. the measured value display shows the value assigned to the reference line. When the
MKR bu*ton is pressed the measured value display shows the displacement of the selected measurement marker from
the reference line. The magnitude. phase. or delay value at any point on the CHT trace is then:

REF value + MER value = Measured Value

If REF OFFSET has not been used to position trace. REF will equal zero and the MER value alane represents the
measured value,

REF OFFSET

Pressing any REF OFFSET Yulton increments the reference
B an)

line value for that channel. thus maving the CRT trace in rela-

tion to the reference line. Holding s REF OFFSET button pressed LAY T g e
; i Mol L——— - -mm o me
increments the assoriated LED numeral at the rate of about two &

i . 3 + - : e <
digits per ﬂn&:r_:n_nd. Maomenlarily pressing the CLR bulton resets G Tcee /- ? LN
the reference line value for that channel to zero E

Lomerre i Fine

There is no accuracy advantage in moving the CRT trace closer to the reference line to make the measure:
menl. In facl. the MKR value is correct even when the CRT trace and the measuremen! marker are positioned

off screen. However. when the SCALE/DIV switch is at one of the
value is less than : bout 8 dB. 80 degrees, or 8 delay units. the dis
decima! digit of reoluiion. To see this change, select MKR mode. move SCALE/DIV to one of the four right-hand

four right-hand positions and the REF or MKR
played REF or MKR value gains an additional

@

positions. and use KEF OFFSET 'o move the CRT trace toward and away from the relerence line.

10
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INTRODUCTION

Using REF OFFSET. the magnitude. phase, and dela: trace positions can be sel independenily. The REF value
is stored in six independent Reference Offsel registors: three for each channel, one for each of the MAG. PHASE.
and DLY selections. [The POLAR MAG position shares the same Reference Offsel register as the MAG position
and POLAR PHASE shares the PHASE register. |

Frequency Counter

The FRED COUNTER MHz display indicates the frequency in
MHz at the selected measurament marker in all sweep modes
excepl CW. In CW. the counter uses the lelt-hand FREQUENCY
MHz display to indicate the CW frequency

Resolution of the FRFUQ COUNTER MHz display is controlled
by RANGE MHz and SCAN TIME SEC selections. Slow sweep
times allow greater counter resolution. shift one or more digi's ML FINE RS
off the left of the display and cause the display OVERFLOW in-
dicate: to light. To obtain six digit counter resolution. move
SCAN TIME SEC to a faster sweep pasition to inspect the mos!

t ) 3 L]
® @

significant digits. then to a slower sweep position to inspect the @
® @
® @®

least significant digils:

i
]
%

When the MARKERS rotarv swilch is moved to positions 2
through 5. all lower numbered markers are displayed on the
CRT trace pointing down. The selected measurement marker
PoAnts up.

Polar Display

The CRT trace is the same for both POLAR MAG and POLAR
PHASE selections. The measured value display reads the

-
magnitude ratio at the measurement marker in POLAR MAG ke e
and the phase angle at the measurement marker in POLAR j_
PHASE. !

MEAGHI TLIOE

For POLAR MAG. the displayed measured value is the same
dB ralio as indicated for the MAG selection. The magnitude
part of the linear coefficient can be read from the concentric
circles of the polar graticule. or calculated using the REF +
MER dB value and the HP Reflectometer Calculator [HP pln
5952-09 8] or the following equation:

Measured Value

trorp = 10" where D= 3

Where r and p represent the magnitude part of the linear transmission or reflection coeflicient. respectively.
and Measured Value {dB| represents the REF + MKR value. For example if the REF + MKR valusis — 15 dB. the
magnitude parl of the linear coefficient is 0.178.

The phase value of the linear coefficient, £4. is read from the radial lines of the polar graticule, or by selccting
POLAR PHASE and reading the REF + MKR value from the measured value display

11
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INTRODUCTION

Using REF OFFSET. the magnitude. phase, and delay trace positions can be set independently. The REF value
is stored in six independent Reference Offsel registors; three for each channel. one for each of the MAG. PHASE,
and DLY selections. [The POLAR MAG position shares the same Reference Offsel register as the MAG position
and POLAR PHASE shares the PHASE register. )

Frequency Counter

The FREQ COUNTER MHz display indicates the [requency in
MHz at the selected measurement marker in all sweep modes
excepl CW. In CW, the counter uses the left-hand FRIEQUENCY
MHz display to indicate the CW frequency.

Resolution of the FRFL) CUOUNTER MHz display is controlled
by RANGE MHz and SCAN TIME SEC selections. Slow sweep
times allow greater counter resolution, shift one or more digi's y VARKERS
ofl the left of the display and cause the display OVERFLOW in-
dicates 1o light. To obtain six digil counter resolulion, move
SCAN TIME SEC to a faster sweep position to inspect the most

7 4
significani digits. then o a slower sweep position to inspect the @

least significant digits,

When the MARKERS rotary switch is moved lo positions 2
through 5. all lower numbered markers are displaved on the
CRT trace pointing down. The selected measuremen! marker

points up.

Polar Display

The CRT trace is the same for both POLAR MAG and POLAR
PHASE selections. The measured value displav reads the
magnilude ratio al the measurement marker in POLAR MAG peucliioc <)

and the phase angle at the measurement marker in POLAR
PHASE.

For POLAR MAG. the displayed moasured value is the same
dB ratic as indicated for the MAG selection. The magnitude
part of the linear coefficient can be read from the concentric
circles of the polar graticule. or calculated using the REF +
MKR dB value and the HP Reflectometer Calculator {HP pin
5952-089 18] or the following equation:

Measured YValue

torp = 10" where D= -

Where r and p represent the magnitude part of the linear transmission or reflection coefficient, respectively,
and Measured Value (dB] represents the REF + MKR value. For example if the REF + MKR valueis — 15 dB, the
magnitude part of the linear coefficient is 0178

The phase value of the linear coefficient, £4. is read from the radial lines of the polar graticule. or by selicting
POLAR PHASE and reading the REF + MKR value from the measured value displav

11




INTRODUCTION

CALIBRATE

Measurements on a test device are made relative to a measurement standard with known response
characteristics. Calibration establishes the offsets required to obtain a correct measured value for the measure-
meni standard using the same test set-up as will be used for measurements on the test device.

The calibration standard for transmission measurements is a “through' connection (connect the points at
which the test device will be connected). Complete .;ansmission calibration sets the magnitude ratio between
the transmitted and relerence signals to unity [0 dB). equalizes anv electrical length difference between the
transmitted and reference signal paths. sets the phase to zero degrees, and the group delay to zero seconds This
establishes the transmission coefficient of the test set-up as 1.2 0° with zero seconds group delay, the theoretical
vilue for a zero-length transmission line

The calibration standard for reflection measurements is normally a short circuit connected al the measure-
ment plane (the point at which the test device will be connected). Complete reflection calibration sets the
magnitude ratio between the reflected and reference signals to unity [0 dB]. equalizes any electrical length dil-
ference between the reflected and reference signal paths. and sets the phase to 180 degrees. This establishes the
reflection coefficient of the test set as 1.2 180°. the theoretical value for a short circuit

Calibration values are stored in independent Stored Reference Offset registers. one for each measurement
category. Thus. you can perform calibration for transmission and reflection magnitude, phase. and delay in se-
quence prior to measurement. Calibration values are shared by CHANNEL 1 and CHANNEL 2 so calibration us-
ing one measurement channel serves for both, Also, calibration values for magnitude and phase are shared by
the cartesian and polar display modes so calibration using one display mode serves for both. Calibration values
remain stored for as long as power is applied to the instrument or until manually cleared or changed

ZRO buttons far CHANNEL 1 and CHANNEL 2 provide the magnitude, phase, and delay calibration function,
Operation of the ZRO) button depends upon the MKR or REF display mode selection. The MKR, ZRO SequUence is
used to establish a zero reference. as for magnitude, transmission phase, and delay calibrations. MKR, ZRO
stores the offset required to move the measurement marker and trace 1o the reference line. The REF. ZRO se-

guence is used to establish a non-zero reference. as for the + ar — 180 degree phase offsgl required for reflec-
tion phase calibration.

The REL indicator above the display lights to show that a calibration offsel is stored and that the measured
value is relative to the calibration standard. Pressing and holding CLR for about one second clears the stored
calibration and extinguishes the REL indicator




INTRODUCTION

MKR, ZRO

To calibrate using MKR, ZRO. select the measurement mode. select MKR, then press and held ZRO until the
iterative process which moves the marker to the reference line and zeros the measured value display is com-
plete [2 or 3 sweeps). Now the measurement marker is positioned on the reference line and the MKR and REF
values are both zero, The process assigns the reference line the value of zero. then stores the offset required to
move the measurement marker to the refereace line. This is an example of MKR, ZRO operation for magnitude
calibration using a simple transmission test sel with a through connection.

e | ] ——

B/R dB magnitude ratio;

H = BdBm - R dBm
-2 }—=
: — = —6dBm — (~ 18 dBm) !
! = 4 1 EdE E

B/'H, MAG measured value:
: o i = B/R dB — Stored calibration i
| relerence ollset |
| il slore calibration:
= +12d8 - 0.00

. = +12dB

1 Atter MKR. ZR0O calibration
= +12dB —(+12)

Tam [
“>“ Dmirs “>_' = 0.00dB

Calibration should be accomplished at higher than or equal to the resalution at which the measurement is to
be made. Thus, if high resolution measurements are made. calibration should proceed as a lwo-slep process,
First sel SCALEMDIV to one of the four left-hand positions. press MKR, then hold ZED pressed until the displav is
zero. Now move SCALEDIV 1o one of the four right-hand (high resolution) positions and hold ZRO pressed until
the display is zero again. Nutice that the display decimal point moves one digit to the el during the second step.

Offset values in the calibration registers cannot be displayed. It is not necessarv lo examine the calibration
value following calibration because the value nnly represents the offset value necessary lo remove the test set
losses and offsets from the measurement. The sbsolute value of the measurement is the sum af the calibration
offset value, the RFF value. and the MKR value. hut the instrument automalically subtracls the calibration
value from the measurement and the test devire response characteristic is rep-esented by the MKR + REF value
alone.

Each time ZRO is pressed. a new calibration offset is stored. Thus. for example, il the measurement marker is
not at the correct calibration frequency the lirst time ZRO is pressed. the marker can be moved and ZRO
pressed again. Normally, use ZRO only al calibralion CLR can be pressed momentarily to clear the displaved
REF value, but holding it for about one secund will Flear the calibration offsel value Pressing and holding CLR
until the REL indicator goes out will make recalibration necessary

13




INTRODUCTION

SET ELECTRICAL LENGTH

Electrical length is equal in the reference and test signal paths when the linear insertion phase response does
not vary {is constant} over the frequency sweep of :nterest. Constant insertion phase is identified by a flat trace
in a cartestan measuremenl, or a small cluster in a polar measurement.

Prsimr P

N
= et o SR
L. © L, w0,
i 2 fisk I : }§
: S P A S
e = -8
Ecpiad Electnca Longih Pl ridaborsbeg constant welh necuesocy Linmerpand Ebecivical Length Phase relabonsahp sl [name v sitson

will Irquaersly
On the ELECTRICAL LENGTH part of the control panel, [N-

PUT selects display of the electrical length added to or sub-
tracted from the reference signal path to equalize the A or B test
signal path. There are two Electrical Length Offsel registers. ane
for A and one for B. The LENGTH pushbutions increment the

registor selected by INPUT, allowing independent equalization L e
al the lwo test signal paths. Momentarily pressing the CLR but- A .
ton sets the selected register and display to zero. The A and B BEm .
VERNIERS allow fine length adjustrment with ..t changing the 11.;
LENGTH display or the value stored in the A or B electrical i
length register. Setting MODE 1o OFF removes the line length - T
equalization for the test signal path selected by INPUT. Move TR
the INPUT switch 1o the other position to deselect length for @ @

both channels

The MODE switch selects the units for electrical length. When MODE is sel 1o x1 and x10. elecirical length is
introduced in units of meters or centimetess of equivalent air line as shown by the m or em indicator above the
display. When MODE is set to PHASE x10*/SCAN. ten times the displaved degrees of phase shift is introduced
over e selected frequency sweep. The linear insertion phase added or subtracted is zero at the beginning of the
frequency sweep. increasing linearly to ten times the display degrees at the end of the sweep. This depreesfscan
mode allows greater range than the x1 or x10 MODE selectien and is usually required for devices with long elec-
trical length

In the PHASE x10°/SCAN MOUE. equivalent electrical length can be calculated from the displaved value us-
ing the following computation,

phase change |degress) " 3 x 10" melers/sec

electrical length [meters)
sweep width (Hertz) 360 degreesicycle

dizsplay value x (10]
sweep width [MHz)x 1.2

where display value represents the FA.ECTRICAL LENGTH display reading. and sweep width represents the
tatal selected frequency sweep in MHz. For example, if it is necessary 1o add + 1350 degrees lo Matten the phase
respaonse trace and the frequency sweep is from 1100 to 1110 MHz. the equivalent electrical length compensa-
tion s:

+ 1350
imeters) = = 4+ 112.50 meters

(11101100) 1.2

Electrical length calibration is accomplished by selecting the A or B input, equalizing ne electrical length
with the calibration standard connected, then pressing the ELECTRICAL LENGTH ZRO button. The displaved
value is stored in the selected Stored Electrical Length register as the calibratiou elecirical length offset. and the
display is set to zero. The REL ind:cator lights to indicate that a non-zero calibration value is stored and that the

display value is relative lo the calibration value. Press and hold CLR until the REL light goes o1 * to reset the @
stared calibration value to zero. Each time ZRO is pressed, the displaved value is added to the stored calibration
value




TRANSMISSION MEASUREMENTS

This section describes transmission insertion loss and Ban. insertion phase. electrical length. deviation from
linear phase. and group delay measurements. These measurements are described individually. each with
separate setup. calibration. and measure ent sequences. For a generalized calibration sequence for all
Iransmission measurements, refer to the S-Parameter Measurements, General Calibration Sequence. Below is a
diagram of transmission les! connections using the 8502 Transmission/Reflection Test Set,

@ 11 © =
i I— i —————— —
T ot — e ) Pt
*
L 1
e n:.: r_’t‘“_"*_’i“‘_"*f“_'_j

e I Sl R e B D

_ | — | = S

Connections to the test set and test device are made usiu? the cables supplied in the 11851 A Cable Kit The
test device input port is connected o the 8502 front panel TEST connector. For lransmission calibration, the
cable which connects to the device output is connected to the 8502 TEST outpul. Whatever configuration s
used. all cables, adapters. and fixtures required for the measurement should also be used for calibration
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TRANSMISSION MEASUREMENTS

INSERTION LOSS AND GAIN

This sequence lists the steps for a typical insertion loss or gain measurement.

| SETUP
Set signal levels
Set freguency Sweep i
! Set CHT display {
' MARKERS' 1, position moasurement markar sa FREQ COUNTER MHz reads desired
1: calibration frequency
|
|
|
|
i

CALIBRATION . ;

Connect through e
CHANNEL 1 SHENE

B/R, MAG 10 dB/division, ‘c
MKR, ZRO (hokd until dsplay zero) I SEFEEE A NE S
Ll

MEASUREMENT e
Connect lest dewce WEKFL ZIR0) maneera makhes ba raberenca e
Position measurement markes 10 read magnitude rabo

(MKHA + REF) and frequendcy

Calibration for insertion loss and gain measurement sets the magnitude ratio between the transmitted and
reference signals to zero dB with the through connection. After connecting the test device. a negative measured
value indicates insertion loss: a positive measured value indicates gain. Take care lo choose signal levels to
achieve maximum dynamic range [s=e page 6],

This figure shows a display of the magnitude ratio response of a bandpass filter. The measur-ment marker is
pasitioned to the minimum insertion loss point in the passband. For this measurement no REF OFFSET has been
added (the 0 dB reference line is positioned at the top graticule using CH1 § or CH2 3| so the displayed MKR
value represents the insertion loss.

MEKR dB

165

FREQ COUNTER MMz

=100

Relative Measurements

To measure the difference between two points on the trace. select MKR display mode, posilion the measure-
ment marker o the first point, add or subtract REF OFFSET to make the MKR reading zero. then move the
marker to the second point. 7 = MKR reading ai the second point represents the differ nce between the two
points. Calibration is retained using this sequence and the measured value alwavareprer 15 the sum of the REF
and MKR values al any poinl.




TRANSMISSION MEASUF.EMENTS

The same operation can be performed withou! preserving the original calibration value by positioning the
marker to the first point. pressing MKR then ZRO (hold until display zero). the moving the marker to the secand
point. Using this sequence. a new calibration value is stosed and all further measured value readings [REF +
MKR) will be relative 1o the first point instead of the original calibration value

Thus. both sequences are equivalent. but the first sequence retains the original zalibration value. These se-
guences can also be used for magnitude. phase, and delay measurements.

3 dB Frequencies

For example. the insertion loss or gain measurement sequence can be extended (o measure the 3 dB poinis ol
the filter.

SCALE'DIV: 1 dB/drvision

Set requency sweep 1o center the passband trace with 3 db points visible

Position measurement marker 10 center of passband or mngmum inserton loss poinl :
MKR, then use REF OFFSET 50 MKR value i zeo '
Move marker 50 MKR vaue is - 3 00 dB '
Read freguency from FREQ COUNTER MH:

} Mowve marker 1o other 3 dB pont and read frequency
! CLR (momentardy) to remove REF OFFSET

Be sure to press CLR momentarily: if held lor more than about ore second, the REL Light will go out indicating
that the stored calibration offset has been cleared and recalibration is necessary

Gain Compression

A sequence similar to that above can be used 1o measure the 1 dB gain compression oulput power,

Fosition measurement marker (o freguency of mterest

QUTPUT LEVEL dBm arvd VERHNIER to increase nciden! power leve! until magnitude ratio begins to
decrease

MEKR, then use REF OFFSET so MKR value is zero
Increase moxoent power untd MKR value is - 1 d8

The amplifier output level can be estimated by summing the amplilier gain and sweeper oulpul power. then
subtracting test set iransmission loss. A more precise measuremenl can be made by connecting the test device
output directly 1o the B input and measuring the absolute power level by selecting B, MAG [sew page 25)

17




TRANSMISSION MEASUREMENTS

INSERTION PHASE

This sequence lists the steps for a typical insertion phase measurement,

SETUP

Sel signal levels
Set frequency sweep
Set CRT display.
MARKERS: 1. position measurement marker so0 FREQ COUNTER MHz reads destred
calitwation frequency
CALIBRATION

Connect through

CHANNEL 1 H
B/A. PHASE, 90 degrees/diasion i B o B

ELECTRICAL LENGTH et A n:
B. MODE as required {usually x1 or x10), HHH
CLR if REL lighted mumganaa
LENGTH AND VERNIER B tor ftat response - .

CHANNEL 1 Centint rarker, press MKR, hen press and hokd |
MKER, ZRO (hofd until display zero) CHANMEL 1 ZRO while adjusting LENGTH !

MEASUREMENT

Connect test device
Elertrical length MODE (and sweep width f PHASE x10%SCAN selected) same as calibration
Position measurement marker lo read insertion phase (MKR + REF) and frequency

T
i

This figure shows a bandpass filter insertion phase. The
85054 phase measurement range is + 180 to — 180 degrees, and
the vertical line represents the transition between these values.
Thus, the trace between any two of these transition lines
represent= 360 degrees of phase shift.

To illustrate the display format, determine the total phase shift for the selectad sweep width as follows: Posi-
tion the measurement marker as far to the left as possible before the FREQ COUNTER MHz displav blanks.
Read the phase value [ + 100° in this example} and determine the total number of degrees befare the first transi-
tion trace {100 + 180). Next count the second and following Iransition traces and multiply by 367 (2 x 360), Now
determine the number of degrees from the last transition trace 1o the right edge of the screen (180 + 60) The
sum of these values represents the total phase shift ove the frequency swesp

(100 + 180) + (3 x 360]) + [1BD + 60) = 1BOO"

When the transmitied signal is below the noise floor for insertion phase measurements the CHT trace usually
reads zero degrees




TRANSMISSION MEASUREMENTS

ELECTRICAL LENGTH

“ This sequence lists the steps for a typical measurement of equivalent electrical length.

SETUP
Sel signal levels
Sel frequency sweep
Sel CRT desplay
CALIBRATION R
Connect through =
CHANNEL 1 T

B/R, PHASE, 90 degrees/division

A

-

ELECTRICAL LENGTH
B, MODE as required (usualty PHASE «10"/SCAN),
CLR # REL Ilﬂhll‘.ﬂj. Coonber madher piess MIKE, than preds wnd hokd
LENGTH and VERNIER B for flal response, ' CHAMNMEL 1 TR0 whibe achushng LENGTH
FRO,
MEASUREMENT
Connect test device
Electrical length MODE [and sweep width il PHASE x10*/SCAN selected
must be same as calibrabon
ELECTRICAL LENGTH:
LENGTH lor flal esponse over requency range ol nlerest, || MODE sel to x1 or 210 reatd
. equvalent electncal length ol test dewce rom ELECTRICAL LENGTH display or if MODE
‘ sel to PHASE x 10%/SCAN. calculate equivadent edectrical length of 1est device using

drsplay value x 10
sween width (MHz) 2 1.2

meters =

This measurement determines the linear insertion phase required to equalize the electrical length of the
reference and test channels with the t=st device installed. Note that if PHASE x10°/SCAN is selected the sweep
width cannot be changed without affecting the calibration: il x1 or x10 is selected. changing sweep width does
not affect calibration. To avoid the electrical length caleulation required when the PHASE x10°(SCAN mode is
selected. measure electrical length with a frequency sweep width of 8371 MHz. With 1his sweep width. the

. ELECTRICAL LENGTH display reads the length in centimeters directly.

The wide range « " the electrical length controls allow great latitude in the lest setun. but you should recognize
the limitations. For best acturacy in phase and electrical length measurements the maximum values listed
below for electrical length should pot be exceeded.

ELECTRICAL RANGE MHz
LENGLE MU 0.5-13 0.5-130 | 05-1300
x1 *+19.9m +1.99m +19.9cm
x10 =100 m =10.0m =100 cm
PHASE x10°/SCAN 17007 +1700° =1700*
) The values represent the sum of the calibration value and any length added during the measurement, Above

these values insertion phase linearity is degraded




TRANSMISSION MEASUREMENTS

DEVIATION FROM LINEAR PHASE

This sequence Lists the steps for a typical measurement of deviation from linear phase,

SETUP
Set frequency SWeep
Set CHT display.
CALIBRATION BEGE AR FANAN |
Comnect through -41 _Z
CHANNEL 1: e ;j;
B/A, PHASE, 80 degrees/dnasion Lt
ELECTRICAL LENGTH bt L
B, MODE as required [usually PRHASE x10°/SCAN), I
MHRELWM- Caonter maser, oreaa MIH, hon pross and hokd 1
LENGTH AND VERANIEA B tor tat response CHANNEL 1 ZR0 whils acuahing LENGTH
MEASURREMENT

Comnect tes] device

Electrical length MODE (and sweep width if PHASE x10*/SCAN selected) must be same as
Sheats

ELECTRICAL LENGTH: I
LENGTH and VERNIER B for flal phase response mn frequency range ol interesl

Position measurement marker to read phase deviabon

o 1

- e - = e ——— - e |l

Measuring deviation from linear phase is an alternative to measuring group delay made possible by the range
of the 8505 electronic line stretcher. Insertion phase consists of two components. linear and non-linear. Devia-
tion from linear phase is a measure of the non-linear component of insertion phase. By compensating for the
linear insertion phase component using the electrical length controls, the deviation from linear phase over the
frequency sweep can be measured directly. Compared to group delay. deviation from linear phase is a fun-
damental measurement because delay is the derivative of phase change with frequency. Also. greater phase sen-
sitivity allows a greater dynamic range than group delay measurements, and deviation from linear phase will
produce greater detail in areas where the phase response charnges rapidly over a small frequency change.

This figure shows how introducing linear insertion phase [electrical length) allows determination of non-
linear insertion phase.

[ n—— E el L Mhusss Fasporor
N =1
= 1]
T = —
B3 RS -_
5 A FUILEans
e M PUTLE AL
. FFEAR iFirl:'u piF
= PRARLE: il w3 3 iy

Note that the same maximum electrical length considerations as for the electrical length m=asurements (page
19) must be observed. If the network exhibits large phase changes with frequency. reduce the sweep width and
m=ke a series of measurements over the frequency range of interest. This example shows the deviation from
linear =hnse of a bandpass filter with markers at the 3 dB frequencies. Even if the network must be specified in
terms of group delay. the deviation from linear phase measurement serves as a good check of the actual phase
respanse. Using the duali-ace capability of the 8505A. compare deviation from linear phase with the network
group delay as described on the next page.
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TRANSMISSION MEASUREMENTS

GROUP DELAY

This sequence lists the steps for 5 typical group delay measurement.

SETUP
Set signal levels,
Sel frequency sweep,
Sel CAT display
MARKERS: 1, positior measurement marker so FREQ COUN TER MHz reads desired
calibyation Irequency
CALIBAATION
Connect through : HH
. CHANNEL 1 - E ]
[ B/R. DLY, 100 nanoseconds/ divisson, :
MER, ZRO [hald untl display zero) ’ S - St

MEASUREMENT jaas

Connect test device MHEA, PO moves mavkesr 1o relerence i
Position measurement marker to read group delay
IMKR REF] and frequency

'y

A device with no phase distortion presents a linear insertion phase characteristic Group delay will thus ap-
pear as a flat horizontal line. This figure shows that group delay varies as a function of frequency when the tes*
device exhibits deviation from linear phase.

- b
[ L* ﬂxﬁ?_-' [T pe—
T - TR TITTT B .
*LL”[ 1 t B L 5 'LLLH_ r
Bl 1] 3 = i [ N b i
< 1 8 H IT < -
1 L ] [ ] T
i g B I T+ 3 1 .:]?J
£ Y E - i B ..._F 3 w i
#HE T3 bl i | 1 T o FEH
T 1 oy I 158 T
h L] ty e t I fy 2

With slow sweep times or narrew frequency sweeps the instrument switches from the continuous mode to a
sample mode in order to maintain the best signal-to-noise ratio for the measurement. Maximum sample rate is
1000 samples per secand. If the test device bandwidth will permit fast sweeps. increase the sweep speed until
the instrument switches to the analog mode. then slow the sweep speed until just before the switch to sampling.
if not. slow 1o = 1 sec/sweep and use the sample mode with video filtering.

Conrutus Mode For best acowacy Siernpde Mode Fast sween means 3 smal Sampde Mode For best accuracy skow
mmmmmem number of large sarmiles 1o lass than one second per sween

The maximum group delay which can be displayed depends upan the RANGE MHz selection as lollows:
0.5-13. +80 microseconds: 0.5130, =8 microseconds: and 0.5-1300. =800 nanoseconds and is the sum of the
calibration offset value and the actual measured value
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REFLECTION MEASUREMENTS

This section describes return loss and reflection coefficient measurements. These measuremenis are describ-
ed individually. each with separate setup. calibration, and measurement sequences. For a generalizad calibra-
tion sequuence for all reflection measurements. refer to the 5-Parameter Measurerents, General Calibration Se-
quence. Below is a diagram of reflection test connections using the 8502 Transmission/Refleciion Test Set

<4 _J it T Fihecned To

Shawrt Chreyait
To Cahbrats

RF gt

AL
— ]

é

Test To bnpast B

For bl sooufasy . SSrminats tert dence oskpart wrih
high gaaiiny SO0 o TEC Load

Connections to the lest set and test device are made using the cables supplied in the 11851 A Cable Kit. The
test device input port is connected to the 8502 front panel TEST connector. For reflection calibralion. connect
the short circuit at the same point to which the test device will be connected. Whatever configuration is used. all
cahles, ads oters, and fixtures required for the measurement should also be used during calibration.
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REFLECTION MEASUREMENTS

RETURN LOSS

. This sequence lists the steps for a typical return loss measurement.

SETUP

Set signal levels.
Sel trequency sweap.
Set CRT display,
MARKERS. 1, position measurement marker 59 FRECQ COUNTER MHz reads desired

calitvation frequency |

L]
CALIBRATION I |

Connect short

CHANNEL 3 B
| AR, MAG. 10 dBVdivision, !
. MKR. ZRO (hold until display zero) [P s

! MEASUREMENT ' ' !
| Connec: lest device MKA, TR0 moves nai 10 reference lne

Prosition measuremen! marker to read magnitude ratio
| {MKR + REF) and frequency

I
mamg:
|

the reflected and reference signals to zero dB with the sher! cir-
cuit. After connecting the test device a negative value indicales
that the reflected signal magnitude is less than e reference
signal magnitude.

This figure shows a display of the return loss of a bandpass
filter. The measurement marker is positioned to the minimum
return loss point in the passband. The 0 dB reference line is set
to the center graticule using CH1 § or CH2 § and ne REF OFF-
SET has been added. so the absolute value of the MKR reading
is the return loss measured value.

I‘ Calibration for return loss sets the magnitude ralio belween
W 48 FRED COUNTER Mis

Slanding wave ratio, SWR. can be calculated from the return loss measured value using the HP Reflectometer
Calculator or these equations:

measured value (dB)

g = 10" where D) =
20
SR - P
1—-p

J

For example. if the measured magnitude ratio is — 30 dB. p i50.032 and the SWR is 1.07
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REFLECTION MEASUREMENTS

REFLECTION COEFFICIENT

This sequence lists the steps for a typicai reflection coefficien! measurement.

SETUP

Set signal levels

Set frequency sweep

Set CRT display, polar beam cenfer

MARKERS: 1, position measuremean! marker so FREQ
COUNTER MHz reads desired calibeation requency.

CALIBRATION

Connect short
CHANMEL 1:
! & H, POLARMAG, POLAR FULL 1,
| MER, ZRO (hold until display zero],
ELECTRICAL LENGTH
A, MODE as required [usually x1 or x10), CLR 1 REL
ighted, LENGTH and VERNIER A lor smallest cluster
CHANNEL 1
FOLAR PHASE
MER, 7RO (hold until display zero), .
REF,
i REF OFFSET so display reads = 180 degrees

IR0, ‘

MER
MEASUREMENT

! Connect lest devica
Elet:trical length MODE (and sweep width «f PHASE
¥102/SCAN selected) same as cahbr =t -
Read p.2 & at any point from polar dis;
POLAR MAG,
1 Position measurement markers (o ra:
ratioc (MKS +REF) and frequency
Calculate p using

retum loss (4B
p =10" whereD = ———
20

i
| POLAR PHASE,
Read # ¢ value (MKR +REF)

MR, JRO moves morker 0 roro dedidoen
reference line

Ri FFSET and REF ZRD moves markér to
=1 B0 degrees

Pria Twice
.—‘IE:Il ST —
= .

&
? = =

Pemzd Twica

impedance — Using Smith Chart

Impedance can be read directly from the polar display reflec-
tion coefficient by installing a Smith chart overlay. Smith chart
overlavs are supplied with the 8505 in four versions. 3.16. 1.0,
0.5, 0.2. and 0.1 full scale linear coefficient value of the outer
circle, For the 3.16 full scale version use REF OFFSET to sel the
REF value to +10 dB in POLAR MAG and select POLAR FULL
1. For the other overlays. set the REF value to zero and select the
POLAR FULL value corresponding to the full scale value of the
Smith Chart

MER d3 MER DEG FREQDOANTER MMz

=TT B - BIEE
. .
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POWER LEVEL MEASUREMENTS

<el 1o MAG, the 8505 measures the absolute
this capability are: measuring and setling ac-
A. and B inpuls prior 1o calibration: verifying
incident and transmitted power: and direc

With the INPUT switch set to R, A or B and the MODE switch
power level in dBm al the R. A. or B inpul. Some applications far
tual reference. reflected and transmitted signal levels into the R.
signal levels at various points in the test setup i luding actual
measurement of losses in the test sel. cables, and fixtures.

TR L=t

R, A, or B, MAG

' CLR (hold for 2 sec it REL kghted)

SCALE/DIV and REF OFFSET 1o posation trace

Position measurement marker to read measured dBm value (MER + REF)

I desired, convert dBm to mW using
dbm

0
! myy 10

ent may not be identical to the B/R. niad

The dBm difference betwesn an R, MAG and a B. MAG measurem
accuracy than absolute power.

measured value. The 8505A measures ratio values |AMR. B/R] with greater
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S-PARAMETER MEASUREMENTS

Using the 8503A S-Parameter Tes! Set with the 8505A vou
can measure both forward and reverse transmission and rellec-
tion characteristics without disconnecting the test device. This
illustration shows a tvpical 8505A/8503A nstallation Use the
19 cm Type N cables supplied with the B503A to connect RF, K.
A and B on the B505A and B5G3A front panels

¢ el

He sure 1o connect The supplied 1est sel interconnection cable
between the B505A TEST SET INTER-CONN conneclor on the
rear of the signal processor and the SIGNAL PROCESSOR
INTER-CONNECT connectlor on the rear of the BS03A 1est sel

Taal Sa1 Intas conn

PF Chatgmat F ool

The 8503A front pane] FORWARDIREVERSE control switches the incident RF to Port 1 for FORWARD or Porl

2 for reaverse. These illustrations show vhe functions of the 85054 B, A, and B connections in FORWARID and
REVERSE

FAF Chitgmat Hewaeis

A it

Fl lasmy s

= i)
Pl
-6 4 a " " . it
R Aetiecred T revmmnatoed | FTe—— Hlethecied RE
> s ! ' ! <
—& 4R | | ; L
{64n auui &8 2 nI.Ja /
| Cmi preireg ol wray | T g sl areg
L} T REE | Tet
i o B T L AT K o [ Ko T
Par 1 Powt 2 g § E Posy 1 Powt 2
P A= £ A
Bradge B Erahge B Bratge iz Eirimtipr B
1 2 '

Forward bncddent wave o Port 1

Heleraned

Feverse Inddent wive at Poet 2

With these connections. the forward (inpul! and reverse loutput] parameters as follows:

FORWARD

Sy = BIR = Forward Transmissing Ceellicient

511 = AR = Inpul Reflection Coelficien!
REVERSE
S = AR = Reverse Transmission Coefficient

5:; = B/R = Output Reflection Coelficient

Thus. the forward calibrations and measurements are made in exactly the some way as described in the

previous Transmission and Reflection Measurements sections. For reverse measurements the 8505 A and B in-
puls exchange transmission and reflection functions.

Connecling the 8503 A test set rear panel interconection cable to the 85054 signal processor enables a second
sel of Reference Offset, Stored Reference Offset. Elecinical Length Offset. and Stored Electrical Langth Offset
registers, allowing independent storage of forward and reverse magnitude, phase. delav. and elecirical length

calibrations.

26
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S-PARAMETER MEASUREMENTS

I Connections o the test device should be made using the 11857A Tes! Porl Extension Cables or with the
11608A Transistor Fixture. As shown in the following illustrations. vou mav connect the test device directiy 1o
. the 8503A Port 1 or Port 2. Using two cables balances the electrical length of the 1est set up. Connecting the
device directly to the BS03A port may reduce reflection errors at one port by reducing cable and adapter reflec-
tions. Whatever configuration is used. all cables. adapters, and fixture, required 1o make the measurement
should also be used during calibration.

Towees Crutslin Sy adra Calsla Syrierm
o e o O ) " %] g © © = v e
1
L]
it 1 rgrthens Pt L :
Wi L - Crwrwmet, e med L i
calitwwteon .\ ey / lf
Pawi 1 Powt 7 Comvrmns | igertess Powr 7
et Fomwwaril  Cimwwt Hrwers Fim 17 mrped bt Crmwa { Hopwes e
e . ol ifw e et

Transistor Bias

BRIDGE BIAS 1 and 2 on the 8503 A rear panel provide connections for =30 Vde, =200 mA bias when measuc:
ing transistors, Use a dual de power supply. such as the HP 62058, that is designed lor use with bias lees oplimiz-
ed for RF applications. [The HP 87178 Transistor Hias Supply is nol compatible with the 8503A; it is designed
for bias tees optimized for microwave frequencies and may cause the test device to oscillate]

For common emitler configurations. bias is established by setting V, . to the desired vollage then monitoring |,
as V. in combination with resistor f, establishes the base current

l:”.. [ 4 ] .
i ]
!

T

For common base configurations, bias is established by setting V,, 1o the desired voltage then monitoring I as
V.1 in combination with R, establishes emitter current,

A1
A

<

Vo 4
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SPARAMETER MEASUREMENTS

GENERAL CALIBRATION SEQUENCE

When testing mos! two port test devices it will probably be most convenient lo perform complete forward and
reverse transmission and reflection calibrations at one time. This sequence lists the steps for complete forward
and reverse transmission and reflection calibration for all measurements

SETUP
Sel sagred levels.
Set frequency Sweep
Set CRT display; polar beam cenler
MARKERS: 1. position measurement marker so FREQ
COUNTER MHz readts desared cakbration freqguency

FORWARD TRANSMISSION S,,, Electrical Leng'h.
and Group Detay
Select 8503 FORWARD
Connect through
CHAMNNEL 1
AR, POLAR MAG, POLAR FULL 1, W
MER, ZRO (hold until display zero)
ELECTRICAL LENGTH
B, MOGE as required,
CLA if REL bghled,
LENGTH and VERNIER B for smafiest casster, W
ZRO
CHANNEL 1
POLAR PHASE, .
ZRO (hold untl display zero), P
DLY.
ZRO (hold until thsplay zero) ‘
INPUT REFLECTION: S, , MKA  ZRO maves marker lo Zer0 degeecs

Connect forward short referance lma
CHANNEL 1:

AR, POLAR MAG, REREE

I
i
i
ZRO [hold until desplay ze<o), -4 |
ELECTRICAL LENGTH: AN RS BLRE
A EN®iLE "'Jf"- T

{a
S EEE

CLR if REL bghted BESS 2 1 1
LENGTH and VERMNIER A for smallest cluster,
ZRO,
CHANNEL 1
POLAR PHASE,
ZRO (hold until disglay Terc),
REF.
REF OFFSET so display reads = 180 degrees, B
i MKER,
REVERSE TRANSMISSION: 51? REF OFFSET a-:;: ;lgF ZIRO moves marker (o
Use above FORWARD TRANSMISSION seguence Prem Twscn
except select B503 REVERSE. change CHANNEL 1 T =
B/A to A/R, and change ELECTRICAL LENGTHBto A = ate
OUTPUT REFLECTION: 5., =)
Use above INPUT REFLECTION sequence excepl * = B
connec! shorl on output porl, change CHANNEL 1 From Twia
A/A to B'R, and change ELECTRICAL LENGTH
Awm B

MER ZRO movas marker lo reference ine

8




SPARAMETER MEASUREMENTS

The measured value for any ol the S-Parameters can be read directly from the polar display graticule. The
magnitude ratio. 1 for transmission or p for reflection. is read from the concentric circles and the angle. 4.
read from the radial lines. [Also see page 11).

Magnitude and phase values can also be read using the measurement marker as foilows:

) R

Position measurement marker to desired point on trace
Select AR or B/R.

|
|
| Select POLAR MAG
! Read magnitude rahio (MKR + REF), |
! Caleutate inear magnitude coelficient using !
[
i rorp = 10° vibrore B e R i
| 20 !
i Select POLAR PHASE :
: Read phase angle, 2 ¢, (MEKR + REF) |
| ?
| ;
The S-Parameter displaved is determined by combination of the 8503 S-PARAMETER SELECT swilch and
#8505 CHANNEL 1 or CHANNEL 2 INPUT switch position
BS03A - a
SPARAMETER 5PARAMETER A505A MEASUREMENT
_ SELECT INPUT
5y FORWARD AlR INPUT REFLECTION
B FORWARD RBiR FORWARD TRANSMISSION
85 REVERSE AR REVERSE TRANSMISSION
S REVERSE BIR OUTPUT REFLECTION
For a device with greater than unity gain, the transmission SCALE OV
coefficient will exceed 1 and REF OFFSET must be added 1o B | iEeserersy| T
place the full Irace within the outer circle. Adding 20 dB of REF mim AL f % 3 h on larom) w—] 0
OFFSET changes the polar full values by a lactor of 10 as ool B SN O A G 3

shown.

Flectrical Length, Deviation from Linear Phase. Group Delay

These measurements can be made in the forward or reverse direclion using the measurement sequences
described in the Transmission Measurements seclion

Return Loss

Relurn loss can be meazured using FORWARD. AIR or REVERSE. B/R in either MAG ar POLAR MAG mode
Refer to the Return Loss measurement sequence in the Reflection Measurements section

Impedance — Using Smith Chart

Impedance can be read directly from the polar display of retection coefficient [S,, or 5..] by installing a
Smith Chart overlav. Smith chart overlays are supplied with the 8505 in four versions: 3.16, 1.0. 05 0.2, and
0.1 full scale linear coefficient value of the outer circle. For the 3.16 [uil s +'z versior use REF OFFSET to sel the
REF wvalue o + 10 dB in POLAR MAG and selec! POLAR FULL 1. For the others. sel the REF value lo zero and
select the POLAR FULL value corresponding 1o the full scale value of the Smith Chart
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THE 8501A STORAGE-NORMALIZER

The B501 A provides independent processing and storage for both 85052 measurement channels 11 servis s
display memony for the 85052 by digitizing and storing measurement d= 1 at the BR05A sweep rate then autput-
ting the processed trace to the CRT at a fixed display rate Computatonag) capabibites permid real Hine averag-
ing and normalization, and the magnifier can increase display resolution Also ke 85052 Channel 1 and 2
measurerpenl parameters are displaved as labels on the CRT

P L

300 3 3OO U O oor A -
.ﬂ'l'_l - w rm; - - e 'L_ _]

With #8501 A STORAGE ON the 8500 conteols all infirmiation presented on the AS05A CRT displon The
MKR and REF values on the BS05A measured value disploys are not affes ted by B501A processing All 85054
selup o ihibration. and msasurement LTI TS il palwsed i thias ot ean b i ur'r|.|:|||l.||.1l-|| with STUORAGE ()
but the tabeling intertaoe miost be conoes Bed o ddisplay thee eefierene e Lo or bweams ient . Seele Pirg HS013
STORAGEOFF by passes the A500A aned returns the B305 A CRT tooconventional analog opeeration

To lamiliarize voursell with operation of the 4501 A mane these control settings then peers ewel with the Lollow-
ing paragraphs

STORAGE OFF LABELS OFF MAGNIFIER X1
Channel 1-and Channed 2 INPUT OFF MEMORY VIEW OUT AVERAGING OFF

When the device TES (OIS 1 haractenisti FETyLIrEs 3 sliv <wve ) Toan o distortion of the measuremen? sebood

STORAGE ON
Channel @ and or Channel 2 INPUT ON

Cartesian traces are cigitized al 300 frequency points on the X axis and 500 pomts anthe Y oaxis with = 564
evertange on the ¥ axis availuble to digitize an offscale trace Similach polar traces aee digitized a1 250 fre-
quency Boints with = 50 overrange for both the X and Y axis Changing the relemnee Dine or beam oenter pos-
tizn away from the middle of the CRT moves oflscale points onto the display

INPUT OFF blanks the Channel 1 oor Channel 2 trace STORAGE HOLD freezes the CRT display b
photography or turther analusis and memon is not updated with new daba on sabsegquent sweeps ERASE o
pletely clears A301A memory of all stored information

| & |:|"j"'

Seleal LABELS O Swerp mode and Tregquentios appear ot the bottom ol the CHT and medsorement o
selections. including the MKR value, appear ot the top of the CRT H505A Chanmel 1o or C el 2 S 100k
swile hes mgst besed to ather than OFF for the labweds 1o appeer

i




[ 85301A STORAGE—-NORMALLZER

Averacing
b Both accuracy and resolution are improved when averaging

15 used 1o remonve radom noise variations fromm measvrements
To use averaging. select

ERASE (momentary),
Charned 1 and of Channel 7 AVERAGING ON
AVERAGING FACTOR as requared

e W e L E

BSM A averaging acls as a “digital” video hilter. performing
an exponential running average on the data at each lrequenc
point. The current trace has the weight 1-1/n and the new trace
has the weight 1in where n s the selected AVERAGING FAC-
TOR. Select an averaging factor appropriate for the sweep rate
and degree of signal-to-noise improvement desired noting thal
2n sweeps are required to converge o 86% of the final value
and 4n sweers are required to reach 9% Signaldo-noise im-
provement increases with

These CRT pholos illustrate the improsement in group delay Ay A vt g
measurement accuracs obtamed by averaging

Maunitication

High resolution displavs at up to 0.01 dB. D1 degree. and 0.1
nanosecond per division are accomplished using the
‘ MAGNIFIER switch to expand the 8505A SCALETHY selectio,.
For example. with 01 dBdivision sel a' the B505A and
MAGNIFIER X10 selected. the CRT display resolution is 0,01
dBidivision The data stored in memory is amplilied prior to
displav and the MAGNIFIER expands the trace about the
reference line or beam center position Frequency response of a
cable using a 500 MHz sweep width and 0 01 dbidivision is
shown in this display  Digitizer resolution produces the step ef-
fect: each step represents a 0.002 dB change

Fanaband Faoode a1 0 0108 divassin WS L]
gt e TR

“omalzation

Normalization is the process of storing a reference trace in memory and ther automatically subtracting the
reference trace from the incoming trace and displaving the difference Tvpizal applivations are w remove loe
quency response characleristics of the test setup from the measurement or 1o make a COMPATESry M AU emend
in which the tesl device is matched to a standard Sormalization is independent for Channel | and Channel 2
and isordinarily used onlv lor cartesian displavs To normalize

Comnect standard (open. shorl through of standard dewce)
B505A SCALE DY same as lor measurement.

MEMORY STORE [momeniary)

INPLUT —MEM

Connect test dewnce

) When MEMORY S5TORE 15 pressed. the display ed trace is transferrimd 1o eference memorny Selecting INPLY
i WMEM displavs the difference betwieen the referinoe trace snd the cuceent trace resulbing g Flat traee ol the
reference line if the reference trace and the current trace are identical

il




ToBFS50DA or B501A
MNormatizer

Processor
HE- I8 Connechon
{Signal Processor
Address = T19|

]
]

Y

suind el

-

i | emeso L
—

0- 10V, 260 6 aBv

200 mA current sink,
closed during sweep

2k +1 25V
0 25 Vidisplay drasion

BEAM INTEMNSITY
=10V, — Bright

2r. Q16 VW
0 25 Vidisplay division

@@@

H.lu-.-‘- ige

-

Source
HP-I1B Connection
|Source Converter

Address = T16]

To B50D1A Nomalizer
Labeding interconnect
| Ot (OT

VO e, <50 kHz To 8503A
=1JV, =2V p-p. Test 51
2dBW = 1usac
I|
——— ———
LIME WOLTAGE | POWER MODULE Fusk
- S50, - 10% SELECTION \
Catie 0BSUS-60C2 E,Uﬂm' Lk
betwean FREGUENCY 9010 103 Vac 1 |1 5aT 2 OAF
CONTROL INTER-COMN 1082 126 Vac Y20 1y sa7 2 DHT:
and SHGMNAL PROCESSOR 198 1o 231 Vac a20v |l.? Bat t |.h“-"|-I
INTER CONN = reguwed 21618 252 Vac 240v [0 BAF ! nr"TI.

B50EA Rear Panel Connec hons

Y — )

E
f
i
i
ff
|
|
[
|



CONTROLS AND DISPLAYS SUMMARY

CRT DISPLAY — The response of both measurement channels can be displayed simullanecusly with magnitude
and phase response displaved in either cartesian or polar format.

BEAM CONTROLS — Independant cartesian reference line pasition controls for each ciiannel, beam center for -
both channels, and standard controls for beam and scale. |

To smaoth trace.

SWEEPER OUTPUT — Sweeper output at RF connector is sum of step attenuator and VERNIER setlings f

REFERENCE AND TEST INPUTS - Three identical inputs for absolute or ratio measurements. Each input has a |
measurement range from — 10 dBm to - 110 dBm. Slide switch selects maximum inpul level applied at B, A, |
and Hinputs for linear operation. OVERLOAD indicators above inputs light when level exceeded

FREQUENCY SCAN CONTROLS AND DISPLAYS — RANGE MHz selects frequency range. MODE selects log
and linear scans of full range or linear expanded scans selected by WIDTH. With MODE in LOG FULL or LIN
FULL. WIDTH selections display down-pointing markers to identify end points of stored frequency displayed by |
the FREQUENCY MHz displays and set hy the FREQUENCY controls. Moving MODE to LIN EXPAND selects the

frequency stored for the WIDTH selection.

MEASUREMENT MARKFRS — The rotary MARKERS switch selects measurement marker | through 5 The ad-
jacent mumbered vernier controls marker position on trace. The FREQ COUNTER MHz display is blank when

the measurement is nol accurate. Al positions 2 thorough 5. deselected markers point down. the selected m: rker
points up,

FREQUENCY UDUNTER — Displays frequency of measurement marker selected by MARKERS. Resolulion is

controlled by RANGE MHz and SCAN TIME SEC. OVERFLOW indicatcs one nr more most significant digits are —
shifted off left of display. Select fast scan time to inspect most significant digits, and slower scan time lo inspect

least significant digits.

ELECTRICAL LENGTH — Display shows equivalent electrical length or inear insertion phase added to
reference channel to equalize electrical length in reference and A and B fest signal paths depending upon IN-
PUT and MODE selections. LENGTH bultons increment the displayed value. CLR {momentary) zeros display:
CLR (buld until REL out) clears stored calibration: ZRO stores displaved value as calibration and zeros display.

CHANNEL 1 and CHANNEL 2 — Two identical. independent measurement channels, INPUT and MODE select
measuremenl trace displayed on CRT. LED displays show the reference line value {REF bulton pressed] or
measurement markes displacement from reference line [MKR button pressed). Measured value al marker is sum
of REF and MKR values. REF OFFSET buttons increment the reference line value stared in separale magnitude,
phase. and delay reference offset registers for each channel. CLR [momuntary) resels the reflerence line value to
zero; CLR (held until REL out) clears stored reierence offset calibration. ZR0 stores the calibration reference
offset for selected measuremeni

I IF and VIDEO BANDWIDTH — Select either 10 kHz or 1 kHz IF bandwidth, and 30 Hz post detection video filter |
|
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Channel 1 and Channel 2
Measurcd Value Controis
and Displays
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