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Introduction
°

Motivations for this talk

@ De-embedding of a test-fixture measured in the coaxial
reference planes;

@ Perform a TRL calibration when the VNA provides some ill
conditioned solutions ("Reflect" checking not correct) ;

o Offer a open, complete and ready-to-use source code for
educational purpose.
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Introduction
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Some definitions : [S] parameters
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Some definitions : [T] parameters
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Introduction
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Some definitions : [T] parameters

a1 a2
4. 47
A B C
<+ —»
bl b2

[Trotar] = [Tal - [T8] - [Tc] (3)
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oooe

Conversions between [S] and [T]

e [S]to[T]
__1 _S5»
[T] = [ islzl 521-512§%111-522 ] (4)
So1 So1
o [T] to[S]

~In TuTa-TuTa
[S1=1| 4™ o (5)

T11 T11
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TRL
°

Standards for the TRL algorithm

@ THRU : totally known

] = 5 7 (©
o REFLECT : unknown
Sgn (§R {rSRtEdFLECT}> =+l (M)

o LINE : partially known

e V! 0
i) = %0 o] ©
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TRL

Measuring the THRU

[ THE| = (T [Tk - [Tour]

7] - [ THR] =

[Tin] -

[T?'IthU] [Tour]

| THE) = [Tour]

[Tw] ™ = [Ti]

(Tw] - |

Meas
7_THRU

} = [Tour]

(9)

(10)

(11)

(12)

oulder


http://ecee.colorado.edu/microwave/index.php

Measuring the LINE

[T = (Tl - [T ] - (Tour] (13)
(Tw] ™ [ T = [ T8 | - [Tour) (14)

[Tin] - {Tﬁﬁ?] = [ eO“Y" efy./ ] [Tourt] (15)
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TRL
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OUTPUT : Defining the [M] matrix
Equation (15) is :

Tu T2 [ Meas] [ Tue Tipee! (16)
T T2 LINE Tor-etr! Ty et/

(12) in (16) give :

Tu T2 | [ Meas }’1. |:-,—Meas:| [ Tue Tp-e!
Toi o THRU LINE Toy - etV Top- et

(17)

or

Ti1 Ti2 [ Tae! Tpie!
[ T T2 ] M= [ Top-etv! Ty et (18)

with .
] = [T [ TiRE]
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OUTPUT : TRL Equations

Equations given by (18) are :

T11-
T11 -
To1 -
To1 -

M1+ Tio-

Mo + Tio -
M1+ T -
Mis + T -

Moy = Tq1- €™
My = Tip-e”
Moy = Toy -
Moy = Tos -
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OUTPUT : Solving (%2

(20) gives :
e vl = (—) - Mo + M2 (23)

<E)2 Moy + <—1i> - (Mi1 — M) — M1 =0 (26)
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OUTPUT : Solving (%2

(21) gives :
e — My 4 (_1> Moy (27)

<E)2 Moy + <—2i> - (Mi1 — M) — M1 =0 (30)
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2
11 To1

OUTPUT : () and (%)

X2 . My + X - [Mll — M22] — Myo (31)
This polynom has 2 solutions : (%) and (%)
T T
Usually, 2 < |2

If we consider the following polynom :

X2 . M + X - [M22 - Ml]-] — My (32)

Then the 2 solutions are ( 211 ) and (12
T2 T2z
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INPUT : Defining the [N] matrix
Equation (15) is :

[ Tu T } _ [ Meas] _ [ e’ 0 ] _ [ T T2
To1 T LINE

(12) in (33) gives :

Tu Ti [ Meas] _[e 0 Tu T [TMeas ]
T2]_ T22 LINE 0 e—l—'y I T21 T2 THRU
(34)
or
T T [ Tue ! Tp-e!
[ T Ta ] M= [ To1- et Ty et/ (35)
with

THRU

) = [rhie] - [riee]
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Equation (35) is similar to (18). Thus we can consider :

X2 Noy 4 X - [Ny — Nao] — Nyo (36)
This polynom has 2 solutions : (%) and (%)
Usually, T12 < ‘ Tz
T2

If we consider the following polynom :

X2 Npp + X - [Noy — Ny1] — Nog (37)

Then the 2 solutions are (Q) and <Q>
T12 T2z

Boulder


http://ecee.colorado.edu/microwave/index.php

TRL

The THRU equality

a2 as
—» « «
TN Tour
« —> —>
bl b2 b3
(2)-[% 21G)
ar Tor T by
by \ _ | Tuu T2 | ( bs
az To1 T as
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Forward mode : b, equality to extract (% )
11

The b, equality leads us to :
Tu-ai+ T2 b1 =T b3+ T2 a3 (38)

And by definition, about the THRU measurement, we know :

Meas __ b Meas _ b
521625 — a_i, o and Slleas — a_i o
Thus,
— — b

ap - (Tn +T1o- a—i) = T11-b3 (39)
— T
T11 (1 + ( 12) SMeas) = Typ - Syjeas (40)

T11

( T11 ) (1 + (le) . 51"17635) (41)

= == M
T]_]_ 5216'25
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Tor

Reverse mode : a, equality to extract (

T_

The a; equality leads us to :

To-ar+ Toa-by=Tor b3+ Tao- a3 (42)
For the THRU measurement, we know :
Meas _ b Meas __ b
512635 — a_; al:o and 522635 — a_; N 0
Thus,
bi-To=To b3+ To1-a3 (43)
leads us to : y
T 5 eas
(_21) — 12 - (44)
T SMeas 1 (ﬁ>

T2
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REFLECT Measurement

FStd
REFLECT

ay
—>
FStd
REFLECT
<—
b
r5td _ ﬂ
REFLECT — a1
rstd _ @
REFLECT — a5

_ To1+ Top - SMeas

T11+ Tio- SMeas

T+ Ta1- S
Top + To1 - SMeas

by
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REFLECT Equality

Tor+ Top- SN Tip+ Typ - SHeas

= = 47
Tii+ Tio- SMeas Top 4 Typ - SMeas 47)
_ T2 Meas Meas Ti2
T21' 1+(T21) 5 :E. S22 +( 11) (48)
711 1+ (L) SMeas To1 SMeas + (%)
T11
SMeas_i_(%)
= SMeas+(@)
= 2 (T2 T2 = 2 (T 22 21
(T21) T Ti - (Tll) ‘ T ‘ T2 M
22 21 11 1+(?—21)~511
1+(%) SMeas

(49 ) Boulder
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REFLECT Equality

M 71
T Meas
To1 " 27
< = :l':
T2 T2 1+( >_51M1eas

There are 2 solutions. We select the good one thanks to the

(50)

=
+

‘ﬂ\

IN

N -

TN~
oy vy iy

N = N

N | ~—]—

v

. CMeas
51 1

RARS!
=N
N | =

~|
-
=

knowledge of Sgn (R{T 3%, ccr}) = £1 in (45) :
— T2 M.
[Std _ (T2 Lt (TT) S 1
ReFLECT = \ | T (51)

1+(

) SMeas

ﬂ\‘
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TRL Completed

The TRL algorithm is completed. We got 7 parameters from :
@ The [M] matrix : <%) and <T22) from (31);

e The [N] matrix : (%) and (T”) from (36) ;

o The THRU equality : (TE ) from (41) and < ) from (44);

~|\

22

o The REFLECT equality : <T21) from (50);

It is suffisent for [S] parameters de-embedding but not for power
measurement.

We need to normalize correctly the system of equation (finding the
absolute value of T11).

For that purpose we will consider a reciprocity assumption :

S = Siy

Boulder


http://ecee.colorado.edu/microwave/index.php

Reciprocity
[ 1}

Reciprocity assumption

We should have :
$21:512=511-522  S»

[Tiv] = [ A p ] (52)

S12 S12

Thus the reciprocity assumption (S21 = S12) leds to :

T Too—T1 - Tan=1 (53)
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Reciprocity
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Reciprocity assumption

We can obtain from TRL the complete [T y]| and [Toyr] matrix
from an arbitrary value of T1;. Those matrix has to be multiplied
by K in order to fullfill equation (53) such as :

K= —— LI
T11-Too—T12- Tor

1
Kedy|ee— (55)
Ti11- Ty — T2 Tor

There are 2 solutions. The good one is selected such as the
extrapolated phase of Sp; on DC is as close as possible of zero.

(54)
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Scilab Code
°

This code is now available in Scilab

<<un_T28 S2Pfles CiTile >>
@11 Interface avec Td/Tk
), Edter detexte Sonotes) | | Wicrowave Tooloox=> S29 fles > uW_TRL_calc
. urdeta
&), Gestan de a50039;ace
- paralel
O e meredemdesex || UW_TRL _cale
@b
Ly, bl Extract input and output [S] parameters of a test-fixture thanks to the TRL aigorithm.
@ Ju API call_sclab (moteur Scila
), Interfce avec Jova .
& Intersa Calling Sequence
). Préficences
Mcromave Toobox [5n, [Sout, [Sreflect]]]=uaN_TRL calc(s_thru,S_line,S_reflect,REFLECT STD)
@), Calbration
), De-embeddng Parameters
@ Ju Display
b4, fpri St
s tist containing the S parameters (S2P) ofthe measured THRU.
sty S_line

ACEIE Tead T tistcontaining the S parameters (S2P) ofthe measured LINE.

S_reflect
st containing the S parameters (S2P) of the measured REFLECT.
o REFLECT_STD
e String Either “OPEN" or “SHORT" depending of your TRL Cal-(t measurements.
S MsG

s it
uW_S2P_display I Desc"puon

w2 freq s " ding THRU, REFLECT and
WS read LINE

W52 steb_dieplay Examples

WS to Sep.

seesescsssscsssssssnci
n
K

w2 _wite o
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Example with an OPEN reflect

Scilab Code
®000

S2P Measurements : Thru (black), Line (blue) and Open (red).

o
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Scilab Code
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Example with an OPEN reflect

S2P Extracted : Port 1 (black), Port 2 (blue) and De-embedded
open (red).

0
20
0
0
0

7 H 3 T 4 .
20
o

. M
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Example with an SHORT reflect

Scilab Code
fe1e] Yo)

S2P Measurements : Thru (black), Line (blue) and Short (red).

14
08
06
04
02

0]

02

04

06

04
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Scilab Code
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Example with an SHORT reflect

S2P Extracted : Port 1 (black), Port 2 (blue) and De-embedded
short (red).

20
08
08 40 o
04
-60 o
02 ]
o] 8 & 2 3 4 5 6 7 8 9 10

0.4 100
06 0]
08
-100
B e B
El 05 0 05 1 ]

2 3 4 5 6 7 8 9 10

20
08
404 08
04
50
] 02
1 2 3 4 5 6 7 8 9 10 o] & (lf
200 02
00 04
0l 064
08
100
R e —
200 4 05 0 05 1
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Scilab Code
(1)

Source Code : uW_TRL calc.sci

S_thru,S line,S_reflect,REFLECT STD)

1), T_THRU.
1), T_LINE.

(2, 1) % (M1, 2)
(delta))/ (2M(2,
(delta))/ (2*M(2

501)))):
b2(801)))) 5

b2(801)))) 7 T--D,
2(501)))

1))/ (S_thru.522 (1) +C1) 7 D
1)4C2)/ (S _reflect 52 (1)4C1) 7
14C4+S_reflect.511(1));
;C-s01:D-C34C;
D=(C4D*S_reflect.S11(1))/ (AB*S_reflect.511(i));

1 (GAMMA_STD) >0) sREFLECT_STD:
0L (-1

T (GRMMA_STD) <0) <REFLECT_STD: ) then,
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Scilab Code
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Source Code : uW_TRL calc.sci

B=C4:C=s01:D=C3

A*D-B+C) ) 15

(K (s0e0

T_IN(+41) minv (A, B;C, D]
T_OUT (5+1) =(C5, C2+C5;C6*D, C1+C6+D] :

ey
X /10°, uvp#041]) *uwps
wp-ce (2) +rodulo (ee (2) 180} 5

Keabs (K) . vexp (3143p1 vuwp/180) £

15T21=(1:T22=115

4=1:51.e (I_THRD .
TLL=(TLLT_ING) (1,1) 15712 _IN(4) (2,1)]5T22= (T2 T_IN(G) (2,2) 17
end;
Bore_mN-ciisc(l : FUTILNITI2 N T2 221 ], T_THRD. L (1 /K ST (1K) STI2, (1L /K) T2, (1K) .4T22)
12-[]5T21=11:T22=11;
1=1:312¢ (T_THRD :
TLL=(TLLT_OUT (4) (1, 1) 15T12=(T12;T_OUT (4) (1, 2) 1;T21=[T21;T_OUT () (2, 1) 13722+ (T22;T_OUT (4) (2,2) 1
end;
131T21050722'],T_THRO. JKATIL KO ATI2, K. AT21, K. 9T22)

Pore_1);
(Rorc_0UT) ;
deesbedding(S_reflect,S_IN,5_OUT

© (5_IN,5_0UT, S R
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