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A Triple-Through Method for
Characterizing Test Fixtures

RENEP. MEYS, SENIOR MEMBER, IEEE

Abstract —Test fixtures for evaluating microwave components such as
transistors or MMIC’s consist of two “unmeasurable” sections, each
having, for example, one coax and one microstrip terminal. A method is
proposed for evaluating the S parameters of these sections through three
conventional reflection/transmission measurements. It rests on the use of
an auxiliary 2-port. No microstrip standard is needed, except for a load
that is necessary if the SWR of the auxiliary 2-port is not low enough.

I. INTRODUCTION

ANY METHODS have been proposed for remov-

ing the effect of the test fixture used in component
measurements, a survey being given in [1]. Among them,
the one-tier methods directly include the test fixture effect
in the network analyzer error model, allowing real-time
display of the device S parameters [2]. If the § parameters
of the test fixture are to be known separately (as for noise
measurements), then only two-tier methods work. With
these methods, the network analyzer is first calibrated
using coax standards. The test fixture parameters are then
derived from various measurements. In the most classical
case, three reflection measurements are performed on each
part of the test fixture, with successively a short, an open,
and a load connected to the microstrip terminal. The open,
short, delay method [3] is based on two reflection measure-
ments with an open and a short and one reflection /trans-
mission measurement with a delay line inserted between
the two test fixture parts. Finally, the short, through, delay
method [4] uses one reflection measurement with a short
and two reflection/transmission measurements with a
through connection and a delay inserted. In this paper, a
method is presented based on three reflection/transmis-
sion measurements that minimizes the microstrip hard-
ware, as only a load is needed or even no standard at all.
The method is directly adaptable to other environments
such as waveguide and finline. ‘

II. PRINCIPLE

Suppose (Fig. 1) we have a test fixture consisting of two
sections A and B, each including for example a coax-to-
microstrip transition, bias circuitry, and so on. No assump-
tion is made about the sections. Particularly, they need not
be identical, as in [5]. We further suppose an auxiliary
2-port C is available that also has one coax and one
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Fig. 1. The three 2-ports under use; A and B are the input and output
sections of the test fixture to be characterized; C is an auxiliary 2-port
(for example a coax to microstrip transition).
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Fig. 2. The three 2-ports, obtained by through-connecting A, B and C,
that are to be measured.
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microstrip port. All three of these 2-ports are assumed to
be reciprocal, a condition easily met by test fixtures. In
every case the coax port is called no. 1 and the microstrip
port no. 2. We now perform three S-parameter measure-
ments on the 2-ports in Fig. 2, obtained by cascading and
through-connecting 2-ports A, B, and C. Note that the
resulting 2-ports have two coax ports and can as-a conse-
quence be accurately measured on a network analyzer
calibrated with coax standards. Let us denote by

TAB ’ TBC s TZIA

the wave transfer matrices in the forward direction (from
the left to the right) that are derived from these measure-
ments. Let us further call

‘ TA’ TB ’ TC
the wave transfer matrices of the 2-ports A, B, C in the
coax-to-microstrip direction, and ‘
T T3, T

the corresponding matrices in the reverse direction. The
relation between the 7 and T” matrices, calculated in the
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Appendix, is

T'=IT'T (1)
where I’ is defined by
10 1
r=[} &
Also note that
I t=r. (2)

As a consequence, the three measurements we perform can
be expressed as

Thy=T,15 (3)
Ty =TpI¢ (4)
Tep=1c1}. (5)

Each 2-port having three independent S parameters, it
could be thought that the nine equations that follow when
the above system is converted back to S parameters would
make it possible to completely characterize the text fixture.
However, on physical grounds, it seems unreasonable that
the impedance level at the microstrip side could be found
without any reference at this terminal. A numerical verifi-
cation confirmed this: in fact equations (3) to (5) are not
independent. So, something more has to be known. This
feature will clearly appear when the system is solved. To
this purpose, the following procedure is suggested.

First replace the 7’ matrices by their value (1) in (3) to
(5), yielding

Top=TI'Tg'l’
Tye=ToI'TS T’
Tep =TT T

(6)
(7)
(8)
Then rewrite successively (6), (7), and (8) as

T, =T I'Tyl’

Tp=TyI'T I

Te =T T, I
Finally substitute in order to obtain

Te =T I Tyg I' Ty I'T I’

(9)
(10)
(11)

or

TeI'To 0 = Toa I Tag I'Tye..

(12)
The first member of (12) can be viewed as the transfer
matrix of the back to back cascade connection of 2-port C
with itself (Fig. 3). The result is obviously a symmetrical
2-port. The second member of (12) is known, as it is a
function of the measured transfer matrices T,p, The, and
Te4- Going back to the S parameters, let us denote by

Sk St
Sy S

the S-parameter matrix of the 2-port in Fig. 3 and by

Sy S5
S, S,
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Fig. 3. The fictitious 2-port described by (12).

the S matrix of the auxiliary 2-port C. Using the S-param-
eter formulas for cascaded networks, system (12) can be
written as

S, + 5828, /(1- S})

Stz/(l - SZZ)
Stz/(1 - 522)

S, +828,/(1-52)
_[Se Sr 1)
ST SR '

(14)
(15)

From it follow the two equations
Sy + 83, /(1- 82) = Sk
52/(1-82) =S;.
Solving them for S, and §,, we get
S, = (SR - 81)/Sr

s,=i\/sT &E__S__)_)

St
Equations (16) and (17) show that S, and S, are obtained
provided S, is known. This completes the determination of
the S matrix of 2-port C. It is then a simple matter to find
the T and S matrices of 2-ports A and B (the actual test
fixture parts) from (10) and (11):

Ty = TacI'T I’
T, = I'TAT.T .

(16)

1- (17)

(18)
(19)

III. DiIscUsSION

As explained above, in order to solve the problem, the
S, parameter has to be known. S, is the reflection factor
of the auxiliary 2-port C with a load connected to its
microstrip terminal. This means that such a load is in fact
needed, or that S, has to be determined by some other
means. However, remember that 2-port C can be chosen
arbitrarily. For example, it may be simply a transition
from coax to microstrip that can exhibit a very low SWR if
properly designed [6]. Accordingly, even in the absence of
a good microstrip load, S parameters for the test fixture
are obtained whose accuracy is only limited by the quality
(SWR) of the transition available. Note that the loss and
phase shift of the transition do not introduce any error, as
their effects are incorporated in (3)—(5). Moreover, once
the auxiliary 2-port has been characterized, the S parame-
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Fig. 4. Adding 180° electrical length to 2-port C gives the same overall
‘ transmission phase.

ters of further test fixtures are derived in only two steps:
measuring 2-ports B+C and C+ A (see (18) and (19)).

IV. PHASE UNCERTAINTY

A plus or minus sign appears in (17). It corresponds to a
180° phase shift and can be explained as follows: adding
180° to the phase of the transmission parameter S, of

2-port C would give the same overall measurement S,

(compare Fig. 3 and Fig. 4). In order to choose the right
sign and thus the right phase, the approximate electrical
length / of 2-port C is needed. It can generally be com-
puted from the physical dimensions. Using this parameter,
we have ‘

arg S, =~ Bl=—(2afl)/c (20)
where

B propagation factor,
f frequency,
¢ velocity of light.

At each frequency the phase of S, that best fits in with the
theoretical value should be chosen. Note that phase uncer-
tainty is not specific to this method. For example, the same
problem arises when classically calibrating a test fixture by
connecting three impedances at the microstrip ports: a
180° phase shift does not modify the reflection factor and
so remains indeterminate.

V. EXPERIMENTAL VERIFICATION

The main question that arises is: how accurate are the S
parameters of the test fixture sections derived in this way?
To answer it, the method was tested on three measurable
(connectorized) 2-ports. Sections A and B of the test
fixture were simulated by two commercial bias networks
with PC-7 connectors. A PC-7 to N male and N female to
PC-7 adapter combination was used as the auxiliary 2-port
C. The S parameters of these 2-ports were determined:

a) directly on a network analyzer calibrated with PC-7
standards;

'b) by the method descrlbed above, i.e., by measuring the
four S parameters of the three cascades A+B B+C,
C+ A and applying formulas (16) to (19).

The results are summarized in Table 1. Part 1 of this table
shows the S parameters for the 2-ports A+B, B+C,
C+A. Part 2 contains the S parameters derived by the
procedure described in this paper. Directly measured S
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TABLE I
EXPERIMENTAL RESULTS FOR A SIMULATED TEST
FIXTURE CHARACTERIZATION
(PHASES: DEGREES; FREQUENCY: 2 GHz)

]
2- pDrthﬂgSll‘ﬁrgSll{NagSlE‘ﬂrgSIE HagSEl1QrgSEl;NagSEE[ﬂrgSEE,
. ! ; ‘ ; ‘
l I
a+B | .@21 | -38. m1 .978 |-147.8| .87% L 147.9] 023 ; -92.51
1! B+C | .e1s i -1.8| .878 { —79.7! .878 | -79, Hi .e13 | 2.5
C+d | .26 | -1B.0{ 878 | -78.8| 878 { -78.5; .025 | 23.1]
4 } ¥ f | | i |
LA | -928 lz2.8( .97 186.3 .887 1 106.0! .@28 | 8.8
EE B | 220 -11.8( .887 10&.1 L9B7 | lEE.Hi 218 EE.H;
i | .o@8 {-l15. 73 .8891 | 17%.2! .991 | 174.2{ .00 | -75.3|
H l T ] T
] | .02k 3.5] .9B4 1e5.97 .884 | 186.2) .026 | 13.wf
3 B | .o20 —17.8' .9B4 lEE.@1 .884 | 1@6.3; 018 1 3%.%@
£ | .08 i-11%5. 7\ . 394 174,41 894 ¢ 174.4] .Q08 |-1@02.2;
T l T T T
A | .oeu8(-108.3| .@075{ -7.5| .B@4E|-122.8| .@@33} 165.11
4l B | .0013; 1lo%. S| .0035{ -4u.l{ .003¢| -73.6| .0023| -B1.B|
- C | 0000 | - | .0Q4E|-136.6 -R@46 1 ~136.6) 0038 |~-147.9|
) ; ; ; ; : ; T
| 1 T 1 f i ] |
A { .028 | -2.8} .987 { 1@6.3| .987 | 106.8; .02 | -B.4:
S| B .085 { -27.5| .987 | 186.1] .987 | 106.4{ .013 | 14.1]
C {.o@e { - | .991 { 174.2} .991 ; 174.2( .013 | -92.5]
T T T 1 oy 1
A | .@@43; 135.11 L0075 -7.S5 Q046 | ~IEE.E\ .00B8H| 93.3!
6 B | .@OB%{ 11B.5] L0035, -44.1 'EEEQ ~73.6{ .006&; 6£3.3]
. C | 008 |-115.7] .@046 | -136.6 @046 | ~135 E L0253} 102.34
. : I ! b
1: basic triple-through measurements
2: § parameters derived
3: directly measured § parameters
4: error vectors (3-2)
5: S parameters derived with the assumption §; =0
6: error vectors (3-5)

parameters are given in part 3, while-in part 4 the dJif-
ferences between derived and measured S parameters (er-
ror vectors) are calculated. It is seen that the agreement is
quite good, no error vector being larger than 8-10 3. Part
5 of the table is for the S parameters derived with the
assumption S; = 0. The errors (sec part 6) are now some-
what larger, but remain quite acceptable for practical
purposes. Also note that the assumption S; = 0 essentially
affects the reflection parameters, the transmission parame-
ters remaining virtually unchanged. Accordingly it is ex-
pected that, under similar conditions, S parameters for
“unmeasurable” test fixture parts are obtained to within
10~2. Moreover, no frequency sensitivity has to be feared,
as is the case with methods involving delay lines [1],
making broad-band characterizaticn possible.

VI. CONCLUSIONS

A method for characterizing test fixtures has been de-
scribed that essentially rests on three standard (coax)
S-parameter measurements. The use of microstrip stan-
dards is reduced to a minimum, as only one reflection
measurement with a load has to be performed on an
auxiliary 2-port. It may even be canceled if this 2-port is a
transition with low SWR. The method is broad-band,
frequency insensitive, and extendable to other media.

APPENDIX

Suppose (Fig. 5) a linear reciprocal 2-port is described
by its left-to-right transfer matrix:

_131 _ TZa ]Eb 142
_141 ];a Tzly 132 ‘

Expressing the 7' parameters as a function of the § param-

(21)
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Fig. 5. Defining the symbols used in (21).

eters [7] yields -

S, /S
[T] _ 1/Su
- Szz/ S21 1/ Sz1
with v
AS SuSzz S1285-

To obtam the S matrix of the reversed 2-port we have to

interchange

S0 8y, ‘

is
- AS/S;

[T/] — [— S /SZI

‘ 11/921

which can be written as:
=171

n-l3 3]

S2/5n } _ [ Ty,
1/521 - Tbb

with

T,
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Thus the left-to-right transfer matrix of the reversed 2-port

Taa] (2)

ab

(23)

1
2]

[
5]
(6]
Ui
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