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@ Calibration Kit
@ SHORT, OPEN and LOAD standards
@ THRU standard and the need for SOLR calibration

© SOL (1-Port)
@ Error models
@ Error terms calculation

© SOLT (2-Port)
@ from [S] measurements
o from waves measurements

Q@ SOLR (2-Port)
o from [S] measurements
@ from waves measurements
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Introduction
.

NVNA architecture and 8-terms error model for calibration
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During SOLx calibration, I'short, l'open, and I'roqq are assumed to be totally
known.

@ SOLT : [S7hru] is assumed to be totally known. Model of the "Thru’ may
be not accurate enough.

@ SOLR : [S7hru] is unknown but RECIPROCAL (valid for passive device).
[SThru] values are identified during the calibration.
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Calibration Kit
®000

Models parameters for standards

View Standard in 850504 (2.4 mm) )
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Open: CO, C1,C2and C3
Short: LO, L1, L2 and L3

Load: Z0;

Line: Delay, Loss and Z0.
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Calibration Kit
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SHORT standard calculation

@ Inductance frequency polynomial model

L(f) = Lo+ L1.f + Lo.f*> + Ls.f?

o ]wL(f) — Z()

L= 5w L(f) + Zo

e Offset length model

Dehy.L . /
,I'Loss:e Zo % famz

—j.47.f.Dela
TDelay =e’ ! Y

@ Sq; of the standard

FShort = I‘L'TLoss~TDelay
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Calibration Kit
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OPEN standard calculation

e Capacitance frequency polynomial model
C(f) = Co+ C1.f + Ca.f? + C3.f3

_ 1 —ijOC(f)
1 —ijOC(f)

e

e Offset length model

Dehy.L . /
,I'Loss:e Zo % famz

—j.47.f.Dela
TDelay =e’ ! Y

@ Sq; of the standard

FOpen = I_‘C-TLoss-TDelay
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Calibration Kit
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LOAD standard calculation

o Fixed impedance
Z=R+j.Lrw
7 — 7
I'y=——
2T 75 Z
o Offset length model

—Delay | oss./
Tross =€ %0 fars

—j.4m. f.Dela
TDelay =e’ f Y

@ Sp;1 of the standard

FLoad = FZ-TLoss-TDelay
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Calibration Kit
°

THRU standard calculation

@ Ideal Thru

5= 7 o]

@ Modeled Thru

0 e VL
. 5] = L—”-L 0 ]
—_— . . with
- a v.L = ﬁ.Loss.w [farz) +j2n. f.T
C&E™) (o] (e
@ Issues

e 7 may be unknown

o Loss may be unknown

o Are Sq; and Sa3 equal to zero?
o Validity of the model ?
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SOL (1-Port)
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One port relative calibration error models

€10€01—€11€00 €11
ay _ eo1 5?1 am1
= 0 )
b1 —0e o bm1

€01 €01
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SOL (1-Port)
oce

One port relative calibration

LSNA papers

bm1 _ |eoo €01 am1
ai ewn e’ by

ay\ a 1 ﬂi am1
bi) "V ] \bma
M+

I =
1+ 3, T

I'=p.TTp 4+ +0.Tm
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Fm.611 — Ae
with Ae = eppe11 — e10€o1

I =

eoo + I'Ihp.e1n —Ae =T,
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SOL (1-Port)
.

SOL : SHORT-OPEN-LOAD

Fecsta> = by and Tpcstds = bm1 with < std >= Short; Open; Load

ai am1

VNA papers
Gm1 bm1\ _ |eoo eo1 Gm1
bm1 ai €10 €11 ’ by
1_‘<stal> = ﬂI-F<std>-Fm<std> + 'Y/ + 6/~Fm<std> €oo + F<std>~rm<szd>»€11 - I‘<sr,d>~A€ = Fm<std>
I's B1 —I'msI's 1 T'ms Tins €00 1 —-TwsITs -Tg
o | = 7{ |-TmoTo 1 Twmo T'nol=1en1].|1 -Twolo -To
Iy 5 —Lmr T 1 Top Tt Ae) |1 T lp Ty
-1

—I'ms.I's 1 Tms T's ﬂi 1 —-TnsIs —I's - Ts €00
~Tmolo 1 Tmo| -[To|=[m 1 —TwoTlo ~To| -|Tmo|=/[en
T ' 1 Thp I'y 54 1 -TI'ye I T s Ae
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SOLT (2-Port)
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SOLT : general concepts

@ Flow Graph

a, X DUT b,

-

-
m

2

1
|
|
|
1
1
|
[

b

o [T'] matrix definition

7] 1 {1 —S99 } o 9] 1 [Tm T11-T22—T12-T21}

T o1 [S11 S12.821 — S11.52 1 —Tiy

@ Cascading and de-embedding properties

[T = [Ix].[Tpur)[Ty] < [Tpur] = [Tx]) [T [Ty] ™"
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SOLT (2-Port)
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SOLT from [S] measurements : 7 error terms to identify

@ Port 1 (Fwd)

bm1 _ €00 €01 am1
ax ero eir| \ b

= Short-Open-Load on port 1 — eqo, e11, and ejg.e01 = Aex — ego.€11

bma2 _ |ess es2 am?2
as €23 ez2| \ b2

= Short—Open-Load on port 2 — eg9, €33, and e32.e23 = Aey — €22.€33

@ Port 2 (Rev)

@ Transfert

= [STh,'r'u,] (FWCI and Rev) — €10.€32
we can use 1 (direct solution) up to 4 equations (least-square method)
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SOLT (2-Port)
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SOLT : THRU calibration (ejg.e32) and [S] measurements

Amt X DUT -

- b —

[} L} 1 )

- = B <
bm1 'm2

] Finding (610,632) from [STHRU]
[Tm] = [Tx|.[Trurul.[Ty]

1 1 —€11 1 —es33

[ ] €10.€32 [600 —Aex] [ THRU] [622 —Aey:|

@ Calibrated [Spur| measurements

1
1 —e 1 e
[TDUT]:(em'eSQ)'Loo fAélx] -[Tm]-[e22 fA?;j

with Aex = epoe11 — e1oeo1 and Aey = ezzess — esze23
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SOLT (2-Port)
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SOLT from waves : 7 error terms to identify

@ Port 1 (Fwd)

(=T -G

= Short-Open-Load on port 1 — 31, 71, &1

a2\ _ 1 By am2
b s 0] \bme

= Short-Open-Load on port 2 — 35, 75, &5

@ Port 2 (Rev)

@ Transfert

= [SThru] (Fwd and Rev) — a2
we can use 1 (direct solution) up to 4 equations (least-square method)
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SOLT (2-Port)
oeo

SOLT : THRU (transfert) = ay

o Calibration error matrices
ar\ (1 B (aim as\ 1 By (azm
<b1> B {’Yl 51] ' <blm) and <b2) - [Vé 0y | "\ b2m
@ a from by = Sh1.a1 + So9.a9 in forward mode

_ So1.(am1 + B1.bm1)
Vo-Am2 + 05.bma — S22.(ama + B5-bm2)

(0%)]
o With an ideal THRU

[SturU] = [(1] (1)]

am1 + B1-bm1
a2 = — /
Vo-Am2 + 05.0m2
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SOLT (2-Port)
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SOLT : [S] from calibrated waves measurements

Two independent measurements :

@ Forward mode

@ Reverse mode

[bfwd b{%eu:| _ [Sll 512:| |:afwd a{%ev]

bgwd bgev So1 S . agwd aé?ev

-1
S11 Sio _ bfwd b{%ev a{’wd a{%ev
S21 S22 biwd pfev| lafvt afte
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SOLR (2-Port)

SOLR : SHORT-OPEN-LOAD-RECIPROCAL

IEEE MICROWAVE AND GUIDED WAVE LETTERS, VOL. 2, NO. 12, DECEMBER 1992 505

Two-Port Network Analyzer Calibration
Using an Unknown “Thru”

Andrea Ferrero, Member, IEEE, and Umberto Pisani

Abstract—A procedure performed by using a generic two port
reciprocal network instead of a standard thru in a full two-port
error correction of an automatic network analyzer is presented.
Although it can be applied to any type of waveguide system
the proposed technique is particularly useful with noninsertable
coaxial or on-wafer devices. show that
the suggested procedure provides a great degree of accuracy. IDEAL ERROR FREE NETWORK ANALYZER

Andrea Ferrero 1 INTRODIEHION

Fig. 1. Error box NWA model.

A. Ferrero, U. Pisani,
“Two-port network analyzer calibration using an unknown ’'thru"”
IEEE Microwave and Guided Wave Letters, Vol. 2, No. 12, 1992, pp. 505-507
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SOLR (2-Port)

SOLR : General Concepts

e Flow Graph

a, X DUT b
—
[}

[}

[}

[}

|

[}

|

[}
-
b

m1

@ [T'] matrix definition

=g Lo S 2rr.5m)
So1” [S11 S12-521 — S11-522

@ Reciprocity assumption

“r'ﬂNMC S12 =521 = det([T]) =1
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SOLR (2-Port)
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SOLR : Short-Open-Load calibration on port 1 (forward)

< std >=Short; Open; Load

o
>

- STANDARD b b

- % Iesta> = s and Tpcstas = L

[ a1 ml

Loy _1

: 1 —TIysls Ty Tins €00
: J 1 -Tnolo -To Fno | = en
D 2 1 -I',.,.I'r. -Tp oL AX

with AX = €00-€11 — €10-€01

€00, €11, and €10-€01 are known
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SOLR (2-Port)
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SOLR : Short-Open-Load calibration on port 2 (reverse)

< std >=Short; Open; Load

bg bm2 STANDARD b 2

Fegta> = — and Trcstgs> = —
a2 Am2

—1

1 —I'ypsI's —TI's s €33
1 —Twolo -To| . |Two]|=/|e2
1 -TI',.,.I'n. -TIyp oL AY

with AY = €33.€22 — €32.€23

€33, €29, and €32.€923 are known

Unknown Thru Calibration Algorithm
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SOLR (2-Port)
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SOLR : Reciprocity on the "Unknown Thru’

3 X DUT by

m

o

-

|
|
|
|
|
|
|
[
b

-
m

1 —€11 1 —es33

T p— . . T .
Hour) = (o) [600 —AX ] [Tl [e ~AY

with AX = egpe11 — e10eo1 and AY = ezzeas — e€32€23

@ Reciprocity

det([Tpur]) =1 = (eroes2)” = W

(e10¢01)-(e52€23)

(er0es2) = £ det (1]
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SOLR (2-Port)
©0000

SOLR from waves : 7 error terms to identify

e Port 1 (Fwd)

()= 2]-(m)

= Short-Open-Load on port 1 — 51, 11, &1

az) _ A Am2
ba) " | 05] \bme

= Short-Open-Load on port 2 — 3}, 74, 04

e Port 2 (Rev)

o Transfert
= Reciprocity (Fwd and Rev) — a2
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SOLR (2-Port)
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SOLR : SHORT-OPEN-LOAD = 51; y; 01; B5: 5 65

On port 4, for < std >=Short; Open; Load

b, b
Fsta> = — and Lpcstd> = 2
a; mi
@ Port'1
1
—I'ps s 1 Tys I's B1
—Twmolo 1 T'no| - [To]=1|m
_FmL-FL 1 FmL FL (51
o Port 2
-1
“TpsTs 1 Tos I's 5
-Tnolo 1 Tho ATo | =14
I, 1 I NS s
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SOLR (2-Port)
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SOLR : Reciprocity (transfert) = ao

@ Uncompleted Relative Calibration

a\ |1 B am1 ar |1 p) m2
(b1> B [71 51] ’ <bm1> and <b/2) B [7§ 55] . (bm2>

@ [X] is the partially calibrated [Syp;.,] measurement

X Xpp] _ [ W] [af  of -
Xor Xoo| |V WE| o) /¥
e Finding ais from reciprocity assumption (S2; = S12)

X1z

S S| | Xu Xio/ow
[Sthru] - - X
21

then ap = +
So1 S22 Xop.ap  Xoo ] 2
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SOLR (2-Port)
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SOLR : Root solution for as

X12
— 4,/
@ Xo1

So1 = Xot.02
Pick up the solution close to ¢est = —2m.f.7
Arg{S,.} o
. SR
2 solutions | ,, Good solution
per i >
frequency P \ f
%
‘ Delay estimation of ¢
the unknown ‘Thru’ ' est
HINMLC
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SOLR (2-Port)
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SOLR : Complete relative calibration

() =1 -G
by 7 01] \bm1

asy 1 f m2
()= [y ) (o)

I
al 1 51 0 0 Am1
by| _|m 6 0 O b1
az|] |0 0 as Ba| | ame
b2 0 0 Y2 52 bm2
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Conclusion

@ Some engineers should pay more attention on the validity of
their "Thru' CalKit model during VNA SOLT calibrations;

@ Using an 'Unknown Thru' calibration is a must compared to
the SOLT method;

@ NVNA software developers should include SOLR method ;

@ SOLR is easy to include in your code and obvious when the
SOLT method already exists;

@ This presentation includes all you need to know for adding a
SOLR calibration method on your NVNA system ;
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Conclusion
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Download this presentation

T. Reveyrand,
« Unknown Thru Calibration Algorithm, »
IEEE INMMIC 2018, Brive-la-Gaillarde, France, July 2018.
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