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8 Error Module of Vector Network Analyzer
and Calibrating Theory .

Hou Zhengjia Huang dong Tong Ling

(School of Automation Engineering ;University of Electronic and
Science Technologv of China .Chengdu 610054,China)

Abstract It gives the 8-error module of S-parameter measurement of vector network analyzer and investigates
the calibrating theory. The calibrating method of network analyzer is designed by making use of a set of devices
with standard parameters by the theory. The simplified calibrating calculation 1s got.
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sures and displays the response of the testing device.
1 Introduction | The S-parameters need to be in ratios. The forward

transmission S,, is B/R. The reverse transmission S,,

When we measure the 2-port network parameters is A/R. The reflection S,, of port 1 is A/R. And the

of radio frequency,we usually use the vector network reflection S,, of port is B/R.

analyzer. The analyzer has an RF signal source that We need the ratios of the two signals from the

d incident signal,which is used a imu- . .
produces an incident signal,w us S a stmu two ports of DUTs. One is input,and the other is out-

lus to the devices under test. The signal will be trans- put. But the ratios will be different from the values

itted to the DUTs. Th tput signal will be t -
mitted 1o the > € output signal witl be trans measured by network analyzer. Because the standard

mitted to the network analyzer. See fig. 1.

input and output tie-ins are type N negative tie-ins,we

Referred to Fig. 1, the forward transmission sig-
g 4> 8 must use the cables for DUTs to connect them to the

nal (routed to input B) and the reflected signal (input
P & P network analyzer. Further more the DUTs usually

A) are measured by comparing with the incident sig- _ _ o
o _ _ have many different input and output tie-ins. We can
nal. The reversed transmission signal (routed to input
_ , only connect the DUTs to the measurement system
A)and the retflected signal (input B) are also mea- _ o _ _
_ . o ‘ through certain transitions. There is some reflection at
sured by comparing with the incident signal. The ana- .
, o _ the tie-in transition,and there is also some wastage In
lyzer couples off a small portion of the incident signal

. . , the cables. The values measured by network analyzer
and uses 1t as a reference signal (routed to input R).

. . are the S-parameters of the DUTs and the reflection
Sweeping the source frequencies, the analyzer mea-

and wastage of transmission system. So there are
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some errors in the measurement system. We must
proofread the measurement system before we measure

the S-parameters of DUTs.
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2 8-Error Modeling

In the actual measurement system, we can look
the parts out of network analyzer as three two port
networks. The network A is the transmission system
from first port of analyzer to first port of DUT. The
network X is the device under test (DUT). The net-
work B is the transmission system from second port of

DUT to second port of the analyzer. See Fig. 2
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We can use the signal diagram to express the two
port networks. The models of signal figures of for-

ward and reverse transmission system are showed as

Fig. 3",
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This is the traditional 12 error model of S-param-
eter measurement using network analyzer. But in fact,
we can see Epps Egrs Errs ELr and Eq as the S—par-ame—
ters of network A, and see EpryEsr s Errs E1r and E - as
the S-parameters of network B. The S-parameters are
ratios of outputs to inputs. Such as network A,
whether the RF signals are in forward or reverse,the
S-parameters of network A are aptotic. So we consider
that Eg is equal to E, g and Egris equal to E. The net-
work B is the same to the network A. In this case,
E.r is equal to Eg and E ¢ is equal to Ezz. So we can
predigest the 12 error model to 8 error model. The
signal diagram of forward and reversed transmission

system are showed as Fig. 4.
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According to Fig. 4,the models we got have 8 er-
rors. They are S,,49S,50 »Siza s S1in 9S50 99,8 and Cg o Cp.

3 The Analysis and Elimination of Errors

According to Fig. 4, we can get the S-parameter

measurement by network analyzer using Mason Law:

S,..S,.
Szmch li ZIBZX

S _C = SIZASIZK
12M — “R
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SllM‘_Slm [ D
S, .S 8,481 10) +51,18,158, xS0 o
1'— 1 1
SZZM:SEZB I 218 ZZX( 22A g)_‘— 22A~21B“"21X 2X (:thd6
D=1-—58,5,x— SlIBSzzx —S,2a5118921x912x — Sl_m =M,
SzzASnBSllezzx | SzzB:Ma
Based on equations above,we can get the actual M, —M,
Sea=31' =z
S-parameters of DUTs; : ]
<o < MM,
;zx —S Syom—S Sym—Cr. Spam—C MM,
YT S T S TRAE TS Saus= (M, —M;) (154,810
B Sia= (M,-M;) (1 _"SzmSuB)
Saox =

Soam—S Siim—S Soim—Cr. ,Sizm—C
[D22M 72228 ) | DUM AG ) — (DAMTLFy (D12M R)Szm]

S21B S124 S218 ~ Siga
B
S.u—C
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g — 12A
721X B
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We can eliminate the errors in the ﬁetwork A and
B with a set of devices with standard parameters.

(1)Two ports connect through

(S;x=82x=0 Sux=S5Sx=1)

S
M, =Sz = 1—“5?;5113
M, =Sn=Cx 1——22:8113
M, =S, u=S, J=+ 1_8__125;8;5“3
M, =S, == Syp 1 Ezgj:lsﬁnﬂ

(2)Two ports connect to the Loads
(811)(:8221{::821}(2812}(:0)

M; =S, m=Cs
Mﬁ =S]2M:CR
M, ::SllM =SllA

M=S,,Mm=Sus

According -to the 8 equations, we can get the 8

4 Conclusion

We consider that the 8 error module of S-parame-
ter measurement using vector network analyzer meet
the actual requirements. The S-parameters of a two-
port network are changeless. It cannot vary with the
direction changes of the stimulating signals. Not only
the DUTs but also the transmission network A and B
has this character. So we consider that the S-parame-
ters of forward transmission system is equal to the
S-parameters of reversed transmission system. And
we get 8 error module from 12 error module.

In the vector network analyzer,the S-parameters
are complex numbers. We need calibrations in every
frequency points for the S-parameter measurement in

a frequency span. In one frequency span,we get hun-

dreds of points to measure. In the measurement,there

are great deals of complex calculations. Applying the 8
error module to the measurement, we can simplify the
calculation of calibration and accelerate the measure-

ment.
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