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AK Bipolarmodellierung Overview 2008

- equipment

- how to determine probe S-parameter and parasitics
(probe specific calibration coefficients) for different probes with
only one impedance standard substrate (ISS)

- GSG and GS results
- verification

- conclusions
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AK Bipolarmodellierung Equipment 2008

available probes at FH

port1 / reference plane 1 Crseadle Micmied:
e.g. coaxial 2.92 mm connector PSRRIyl 5 differnet
- ACP GS/SG 150 pm
ISS are

- HPC GSG 100 um >
Picoprobe necessary
- GGB 40A 150 pm for calibration
Suss

port2 / reference plane 2

- |Z|-Probe 40N 125 ym

coplanar (GSG) or

| stripli
dual stripline (GS) measurement equipment

NWA Agilent 8720 D

cables Huber+Suhner, 3.5 mm

Agilent 3.5 mm calibration kit (85052D)
Impedance Standard Substrate (ISS)
Cascade 101-190 B

problem:determine TwoPort S-Parameter from
reference plane 1 to reference plane 2 including
"contact parasitics"
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AK Bipolarmodellierung

Simple Solution 2003

[DBJ

mag (K15.22)

mag (K1S. 11

perform 3.5 mm one port SOL-calibration at port 1

UPDATE_MANUAL
n=size(freq)
complex x.22[n]

GL=LO/SOLT.m.11 Imeasured reflection coefficient of the load
measure at the calibrated port 1 the on Wafer GO=0L/SOLT.m.11 Imeasured reflection coefficient of the open
GS=SL/SOLT.m.11 Imeasured reflection coefficient of the short
RL=sc101_190B/11/S11 lknown reflection coefficient of the load
IOad, open and short Standards connected at pOrt 2 RO=sc101_190B/01/S11 tknown reflection coefficient of the open
RS=sc101_190B/s1/S11 lknown reflection coefficient of the short
_ : N12=(GL-GO) / (RL-RO)
calculate the probes S-parameters using the N1SM(ELIGS) (RLRS)
i=0
shown ICCAP Transform "K1S" while i <n
x.22[i]=(N12[i]-N13[i]) / (RO[i]*N12[i]-RS[i]*N13]i]) ISource Match Error
. . 12[i]= N12[i]*(1-x.22[i1*RL[i])*(1-x.22[i]*ROJi IS Tracking E
(SOL One Port Calibration) iy Al R ERELIRO0E ouree Tracking Errer
x.11[[]=GL[i]-RL[I*x.21[]**2 / (1-x.22[i]*RLIil) IDirectivity Error
- i=i+1
Example |Z|-Probe o i
*EB-E*‘\\\\‘\\\\‘\\\\‘\\\7?’-5?’ return x
P e fl e
e S
il E problem1: "in on-wafer probing the electrical behavior of
- g the standards are dependent upon the probe
***** Jew F and how it is placed" [1]
Y problem 2: probe manufacturers deliver probe specific

standard definitions only for their own ISS
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AK Bipolarmodellierung Self-Calibration with TRL[2] 2008

Standard Known Parameter Unknown Parameter-determined by self-calibration
short line ("Thru") length
long line ("Line") length line propagation constant

on wafer load DC resistance / Q skin effect loss, load inductance,
characteristic line impedance
on wafer open ("Reflect") - reflection coefficient; open capacitance

on wafer short - reflection coefficient; short inductance

result: calculation of the 12 TERM error coefficients
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Line Parameters - Propagation Constant

2003

[E+D]

b1 GSG
4

GS5x18  al G5Gx18 kil G5

al

1

- B

yl=(a+j-B) I=al+-bl

bl

10*al

measured y - | using 1 ps and 14 ps lines on ISS with GS and GSG Probes
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AK Bipolarmodellierung Characteristic Line Impedance Z0 [3] 2008

- measure uncalibrated S-parameter of the load and calculate the reflection coefficient I', _, using the TRL solution

- measure DC resistance of the load R 4 4

. c C~ vl .1+FLoad
- calculate the line capacitance j-® Rioadde 1-Tioad
- calculate the characteristic impedance 70~ 1!

j-o-C
real part of Z0
BE. = il T T ‘ T T T ‘ T T ‘ T T T

- b l l l
N T | | |
+ 78.8 [— S22 - b=e======= bee====== be=======4
o I8 ; 1 1
. I R\ cadaces = 100 Q
< il 1 1 1
% 52.@?7777777:777777777:777777777:7 777777777
(g ! 1 1 1
& ‘ | _
gj RLoad,dc,GSG =50 Q
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Modeling of the LOAD

2003

- measure uncalibrated S-parameter of the load and calculate the reflection coefficient T’

ZLoad =Z0-

1- FLoad

model parameter GSG:
model parameter GS:
Cascade ACP GS
Cascade HPC GSG

1+ rLoad —

req Lo

Loa

L,-freq N L, -freq? N Lj freq®

f 0.5
R- 1+0c-( j +j o
1GHz 1

012 . 1024

10—33

|

1042

R=50 Q, 0=0.012,L,=0 H,L,=0 H/Hz,L,= 0 H/Hz2, L,= -1.2 H/Hz®
R=100 Q, a=0.012,L,=-125 H,L,=0 H/Hz,L,= 0 H/Hz?, L,= 0 H/Hz®

R=50 Q, L=57.8 pH
R=50 Q, L=-3.5 pH

3
§ G
s real(Z, ..)
- Load 5
., g 2.9
12m.32 - o
ﬁ‘ T T T T =
5 N I I I 3
3 L \\\ I I I N
S N\ ! I I 7
Y Nl | I = .
122.2 — — — — — — e s dec==== - ‘38 = .
) | T o
' I | Bl e s,
5 = | | | o
8 I I I S
] | | | B -8.92
B 80.9 — — - ——— t--——== G====== H======= €
> I I I -
z, B I I I =
Il I I I %
v I I I !
u‘ B
5 | | | 4 _
o BE.B|——=====gd======d-—=—===o=—====== 2 lz.@
S T T i )
= — | | | g
L - — | GSG :
- | | | =
ol | | | pl
4
o ao.2 ‘ ‘ ‘ bl -16.8
® @.8 5.9 18.9 15.@ zZo.9 g a
IS N
= Ffreqg CE+3S 13 g
8

4 using the TRL solution and Z0

GSG

GS
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AK Bipolarmodellierung Modeling of the OPEN 2008

- measure uncalibrated S-parameter of the open and calculate the reflection coefficient T’ using the TRL solution and Z0

Open

1 1-Topen . C, C,-freq C,-freq> C,-freq®
Open = 75" =10 st o7 T 36 T 445

GS
model parameter GSG:  C,=-8.7 F,C,=350 F/Hz, u
C,=-10 F/Hz2, C,= 0 F/HZ® 3 GSG
model parameter GS: Co=-7 F,C,=0 F/Hz, 5
C,= 7 F/Hz2, C4= 0 F/HZ? ol
Cascade ACP GS C=-11fF H
Cascade HPC GSG C=-9.3 fF .

FHW-S 1o}

Fachhochschule Wiirzburg-Schweinfurt Lab. RF Modeling 0

University of Applied Sciences email baureis@faw.fh-wuerzburg.de



AK Bipolarmodellierung Modeling of the SHORT 2008

- measure uncalibrated S-parameter of the open and calculate the reflection coefficient I'g,, using the TRL solution and Z0

1+T . L Li-freq L ~freq2 L ~freq3
Zspop =20 ——Short — j. .| 0™ L2 s
Sher TS (1 02 10  10%® 10742

o L L B B B
e az.@;i\v,jﬁ‘\ﬂ 77777777 o \
model parameter GSG:  L,=-0.5 H,L,=250 H/Hz, j o IR . \T\ GS
L,= 0 H/Hz2, L= 0 H/HZ® 3 S A VANA VI
model parameter GS: L,=40 H,L,=0 H/Hz, : e {“H/\J\_ ”””””
L,= 60 H/HZ2, Ly= 0 H/HZ? PR = S U SS SRS
Cascade ACP GS L=49.8 pH T | GSG
Cascade HPC GSG L=2.4 pH . N l 1 1
% 7 freqg | CE+91 |
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AK Bipolarmodellierung

Example Datasheet of ACP40-Probe

2003

Kalibriersubstrat C101-190B Messung vom 30.07.2008

é =16 C T T T | T L | L— \771 7\ L— ] Elo &) PItCh 150 pm
B | | | ] SN:434907
ST SRR S e - |
% C S | i = data provided by Cascade:
¥ -38.0 3 -8.28 =
2L 0 ¥ Copen =-9.7 fF
_ ,ZA —@a. 32 g
- g Lshort = 4.8 pH
0] -s@.2 -@.4a
Y
7 : Lload =0.2 pH
€ —60.9 —@.508
delay = 1 ps
Copeng=—11.5fF Rload=50.00Q LineZ0  =50Q
Copeny :267-10'27 F/Hz Lshortp=7pH alpha =0.012 delay =1.105ps
_ -24 _ GQ
Copeny= -6.5-10 20 F/HZ Lshort)=350-10 =" H/Hz Lloadg=3pH loss@1GHz 29—
: s
! T 1 T T AMMARRARSS
A o o [ r - s s I S S S
) o TP e 2 S y METTrTTroors
s
| e i
: b T oA
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AK Bipolarmodellierung

Calibration Standards on GaAs Wafer

ACP40 GSG Pitch 150 ym SN:434907 Messung vom 30.07.2008

Copen o =-11.5fF
Copen ; = 267 -10°%7 F / Hz
Copen , =-6.5-10 36 F / Hz?

<o ‘ ‘ ‘
5 j I | P
5 el e |
| £ | |
M A |
g —aa ,%f.:gf,,ﬂ,,,f,,,
¢ F I I
| i I I I
&I | e e
8 | I I I
_ia.m 1 1 1
frea cEss

Rload =50.55 Q
alpha = 0.0115
Lload , =0 pH
Lload ; = —300 -10 %*H / Hz

I - 1 1 T T

B

¢ E | | | | |

5 m.a;fg,pffpffpfﬂ‘p,,
4 E EF‘ | | ‘\

g moE=lclr==F==F=SFk==
3 L= I I I

7 =EE T TR [y |
3 E_ L%y _L_ L
= | | |

g Fazn 7

¥ t

H

= s E+

probe in air

il

Lshort , =0 pH
Lshort ; = 430 -10°%* H / Hz

Lshort m Lshort s [E-12]
RS

I

I

I

1--
B

I
o g | ]
B 44’%4
ne j

| ]
i 1R ]
b

I

I

I

Line1 Z0 =61Q

delay =1.35 ps

loss@1GHz =110 C
S

RRRRR

=121

~
?{

delay. 12 delay. 1l

B——a~

RRRRR

wwwww
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Specification of measured Probes to

AK Bipolarmodellierung 20 GHy 2008
Probe Pitch/um  max(S11)/dB max(S22)/dB min(S21)/dB
Suss Z-Probe 40 N GSG Ni 125 25 205 05
GGB EDPW 40 GSG W 150 25 22 -0.65
ACP40 GSG W 150 18 -20 0.5
ACP40 GSG W 150 -21 -26 -0.38
HPC40 GSG BeCu 100 24 -20 0.3
HPC40 GSG BeCu 100 -26 -26 -0.34
ACP40 GS W 150 -19 13 -0.76
ACP40 SG W 150 -18 14 -0.76
Suss Z-Probe GSG Ni 1mm 100 25 25 -0.39
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[E+9]

FtGS FtGSG FmaxGS FmaxGSG

[E+A]

Ro G5 Rb GSG

B—=a

AK B

p

Comparing GS with GSG measurements

GaAs HBT 2x10 ym?
V=3V, ;=10 mA
Frequency 0.05...20.05 GHz

S GSG.12%¥18 5 G5G.21%08.1

[

S G5.12%18 S G5.21x%0.

+
3
0
Q

S 0SG.22

S GSG. 11

S 0S.22

S GS.11
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1Tmm Z-Probe to 110 GHz

AK Bipolarmodellierung

uncalibrated measurements at IMS-Bordeaux

(401

(@l )

O

(12°5)beuw

650 . 80._0 1ae. A 122. 1A

40 .

2.

—402.

a
n
I

-60.09

CE+9S

[
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AK Bipolarmodellierung Conclusions 2008

a method for self calibration of on wafer probe parasitics is shown using TRL
this is necessary if a ISS with unknown standard definitions is used (e.g. 101-190B with GS probes)

known standard parameters are length of two transmission lines with equal charcteristic line impedance
and dc resistance of a load

the method can be further improved using NIST multiline TRL algorithm

with the TRL solution the S-parameters of short, open, load and thru standards are measured and
modeled using the parameters available in e.g. 8510 NWA to achieve a broadband solution without
ripple in SOLT/SOLR calibrations

the load model is extended by inclusion of the skin effect
it is possible to characterize a self built on wafer calibration kit

using the probe tip contact parasitics for the availalble calibration standards the probes S-parameter
are calculated with the SOL algorithm

GS and GSG measurements deliver different results for transistor modeling (e.g. Fmax and Rb)
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Thank You for Your attention
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