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Mecto C-napameTpoB B moaAennpoBaHUN

Test priority for model extraction

C S-PARAME
PULSE I\D
FREQ DOMAIN
LOAD-PUL
TIME DOMAIN
LOAD-PULL

>
_I Amount & sophistication of
the measurements

T. Gasseling, MW Journal, 03-2012
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[ne HauuTaetca cnektp CBY?
<«—SOUND RADIO LIGHT HARMFULRADIATION —»
r A )
THE RADIO SPECTRUM
[I}VLF LF MF HF | VHF| UHF | SHF : R U L
VHF = VERY HIGH FREQUENCY 24GHz 4G CELLULAR
! UHF = ULTRA HIGH FREQUENCY RRR ISM band 6-100 GHz
,’I SHF = SUPER HIGH FREQUENCY ISM bands
; EHF = EXTRA HIGH FREQUENCY 315-915 MHz
! 30 km 3 km 3m -
Radar Bands
Microwaves ———
| I 7
1 MHz 100 MHz 10 GHz
Source: JSC.MIL

I
10 kHz
10 Ty, — AnMHA BONHbLI ~ 3 €M
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.. BCE€ Te Xe BOJIHbI...

[TapatoLlan OTparKeHHaA

[lpenomneHHasn b,
(nepenaHHan)
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... nyepes C-napameTpbl

B Onpepenserca OoTHOWEHUEM:

m [lapgatoweit (a) BoAHbI K oTpaxKeHHoM/nepenaHHoM (b)
BOJIHbl Ha NOPTax 0H6BbEKTA

Port 1 Port 2
O— —O0
& S| az
“«\/- sl VAV o
b1 O_ _O b2
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Mouemy C-napameTpbl, a He Apyrue BeJINYUHbI?

B [lapameTpbl BO/H NPOLLE U3MEPUTb

B J/lerko KOHBEPTUPYIOTCA B NapamMeTpbl Lenewn,
Hanpumep: Z-, Y-, H- n nHbie

ai Zputr + ZREF

b; A — 4
S, — _  4DpUT REF
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Kak nonyyaetca matpuua C-napameTtpos

B [Ipamoe HanpaBneHue

S1,=b,/a, S,,=b,/a,

B OO6paTtHoe HanpaBaeHune

S,,=b,/a, S1,=b,/a,

2 MPICORPORATION
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C-napameTtpbl usmepsaot BALlom

B BeKkTopHblX aHanu3aTop uenei (BAL)
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Mouemy “BeKTOpHbLIN"?

B C-napameTpbl ABAAIOTCA KOMMNJIEKCHbIMMW BE/IMMUHAMM:

H AMI'IJ'II/lTy,EI,HOe 3Ha4yeHne

m daza

HBT

20

15

10

5

Mag(S21) (dB)

0
0 20 40 60 80

Frequency (GHz)
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120

Phase(S521) (Degree)

-200

HBT

200
100 M

-100

0

20 40 60 80 100
Frequency (GHz)
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BeKTop B NONAPHON cCMCTEeMe KOOpAUHAT

0.25
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I'paHMu,a aMnantTyabl ANA NaCCUBHbLIX KOMIMNOHEHTOB

0.25 Per Div
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CornacoBaHHaA Harpys3ka

Mag(b,/a;) =0 \

-

\0)
&
&
0 |
0.25 S 9

3

0

Per Div
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KopoTKoe 3ambiKaHue

2 MPICORPORATION

Mag Max i e
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Xonocroun xopn

Mag(b;/a;) =1 ~«
Phase(b,/a;) =0 ;

S >
jad n AR}
0.25 ) ; U
~ S
Per Div
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Pa3BepTKa no yacrore




Pa3BepTKa no yacrore




MonapHaa gnarpamma un guarpamma Cmurta

|:| aaaaa ) 2 S o Sq ﬁ ZDUT — ZREF
A ° /7 ’”W @ Zpur + ZREF
Amnantyaa "0
7>

0.25
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MonapHaa gnarpamma un guarpamma Cmurta

o
O\ A7 bi ZpurT WV ZREF
, \ai ZDUT ZREF

Imag(Zp7)

0.8
0

QL

Real(Zpy7) 0"

Y
2 MPICORPORATION
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MonapHaa gnarpamma un guarpamma Cmurta

Ounarpamma CmuTa — 3TO NONAAPHAA AMarpamma
KO3dDUNLUMEHTA OTPAKEHUA C HAHECEHHOM Ha Hee
CeTKoM ANna yaobHOro YteHnsa AeUCTBUTE/IbHON U

MHMUMOW COCTaBAAIOLWMX UMNeaaHca 0bbeKTa
M3mepeHuns

ﬁMpl CORPORATION Company Confidential 21



CornacoBaHue = «nNpPo3pPavYHoOCTb»

2o (AIR)
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CornacoBaHue = «nNpPo3pPavYHoOCTb»

2o (AIR)

20 (WATER)

2 MPICORPORATION
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CornacoBaHue = «nNpPo3pPavYHoOCTb»

Zo (AIR) OTpaskeHHas BOMHaA
[lapatollaa BOMHA b, 20

A

[lpenomneHHaa BOJIHA
b,

Zy (WATER)

2 MPICORPORATION
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YcnoBua cornacosaHus

ai Zpur + ZREF

b; A — /4
S, — _ 4DpUT REF

b, 20 Zpur = ZREF Si 20

2 MPICORPORATION
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CopeprKaHue
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OwnbKn nsmepeHus

B Cucrematnyeckume
m Kabenu, nepexogHukm ... y6mpa+0Tcs|

m [pyrve nostopaemble KannbpoBKoOU
[Npend BO BpemeHu

LLiym

HennHeMHOCTb NPUEMHMUKOB, U T.N. ...

[1OBTOPAEMOCTb KOHTAKTA

2 MPICORPORATION
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OCHOBHOM NPUHLUUN KannbposKu

B Cucrtematnyeckme olMbKKM Ha npumepe
N1BYXTOYEYHOT0 U3MEPEHMA CONPOTUBNEHUSA

Agilent  B2912A Precision Source/Measure Unit 101 2ch 12 )3 o
= - @z L |
#+210.0000 V -0, e
Imit (Comphrx Aty 7 )8 W 9~m .
+00.00001 nA e —n -
: 70 | ¥~ L < > |
W +10.50000 A G - o [ Achy Smm fa Guard
+06.00000 V I

R
, DUT 1
Ry =Rpyr+Rege '
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KannbposKa n koppeKumna owmnbok

B Srtan KannmbpoBKU

RM RERR

Ry =Rpggp [ \N\N—

@ RS TANDARD

T =

B KoppeKuusa ownbokK

Rpyr =Ry - Regg Rpyr

2 MPICORPORATION
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Mpumep BANAHUA OLLMOOK namepeHUsa

200 ¥ T L T g T L) T ] T
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Pe3ynbraTt KannbposKu

B Y6upaet cuctematmyecKkme
NOrpeLHoCTU, NNN:

m [lepemelL,aeT ONOPHYHO NIOCKOCTb
N3MepPEeHUA B TOYKY N3MeEpPeHUn

m Onpepenaet 3Ha4YeHMA ONOPHOTrO
nmnegaHca Zger B TOYKE U3MEpPEHUA

Moaenb owmnbok  Ob6beKT
CUCTEMBI N3ImepeHus

b; A — /4
S, — _ ZpurT REF
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ai Zpur + ZREF
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MeTtoabl KannbpoBKM

B OpHonoptoBble
m Sort-Open-Load (SOL)

B /IsyxnopToBble 06Llero HasHayeHusa

m Short-Open-Load-Thru (SOLT) = Thru-Open-Short-Math

(TOSM)

] ,ﬂ,ByXI'IOpTOBbIe cneunain3npoBaHHbIE
m Thru-Reflect-Line (TRL)

Line-Reflect-Match (TRM) = Thru-Match-Reflect (TRM)

0
m Line-Reflect-Reflect-Match (LRRM)
m

2 MPICORPORATION
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CornacosaHue ABYX cpeA pacnpegeneHus

KoaKkcunanbHasa cpeaa

2 MPICORPORATION
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KonnaHapHble KOHTaKTHble NAOLaAKMU

Ground

Signal

Ground

& MPICORPORATION

.

Ground

Signal

Ground
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KoHdurypauma v war 30H4,0B0OU rONOBKU

Lar, MKm

Ground
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KoHdurypaumsa v war 3o0H40B0MN ro0BKU

2 MPICORPORATION
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YHuKanbHbIU An3auH HakoHeYyHUuKa TITAN rosnosku

>

2 United States Patent

Liu

US007977960B2

US 7.977.960 B2
Jul. 12,2011

10y Patent No.:
(4% Date of Patent:

{54)  CANTILEVER TYPE PROBE HEAD HAVING
I IDUCING PORTION WITH END FACE
HAVING A TAPERED PORTION AND AN
EXTENDED RECTANGULAR PORTION

(75)  Inventor:  Shih-Ming Liu, Taipei (TW)

(73] Assignee: ALLSTRON Inc., Taipei (TW)

(*) Notce:  Subject 1o any disclainser, the lerm of this

patent is extended or adjusied under 35
US.C. 154(b) by 61 days,

{210 Appl.No.: 12423528

(22) Fikxt: Apr. 14, 2009
(65) Prior Publication Data
US 20100259250 A1 OcL 14, 2010
(510 Int.C1.
GOIR 3100 {2006.01}
(52) US.CL ... 324775507, 324/755.01; 324/755.11
(58)  Ficld of Classification Scarch None

See application ke for complete search histoey.
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(56) Referemces Cited

US. PATENT DOCUMENTS
6,633,176 B2* 102003 Takemoto <t al. .
6342003 B2* L2005 Yoshids et al.
TA48.708 H2* 122006 Kister ...
20060171425 AL* S2006 [ecetal. ..
# cited by examiner

Primary Examiner — Minh N Tang
(74} Amovwey, Agews, or Firm — Muecy, Geissker, Okls &
Lowe, PLLC

(57 ABSTRACT

A cantilever type probe bead, the bead at least inclodes a
probe having an introducing portion for contacting a pad of s
member 1o be probed, the introducing partion is & conical
column with its end face having a tapered portion aexd an
extended rectangular portion, the tapered partion and the
extended rectangular portion are provided in a coplanar posi-
tion at the end face on the introducing portion.

11 Claims, 6 Drawing Sheets
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MpUHUMN KOHTAaKTUPOBAHUA KaK Y 0ObIYHOW Urabil
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Bbl BUgUTE TOUKY INNEKTPUYHECKOIo KOHTAKTA
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KOHTaKTHbIX OoTNe4yaToK HakoHeyHuKa TITAN

5x30 MKm
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KannbpoBouHble cTaHAapTbl

560000 ,..0
500506060
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KannbpoBouHble cTaHAapTbl HA NOAN0XKaX

" " " L] Ty wy " -m "y w " -
(-]
e @ 3 1E £ (] 31 '

I S O e g e e
fEomesl s m s i m ozl E e

L
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KannbposouHblie ctaHAapTbl HA NOANOMKaX

XonocTtomn xop, CornacoBaHHaA
HarpyskKa

lllllllllllll
uuuuuuuuuuuu
--------------

[ U B |
lllllllllllll

2zl B B ez

I B B B ]

B JneKTpuyecKkmne xapakTepUCTUKMN U3BECTHbI
(paccunTaHbl/M3mepeHbl NpPousBoAUTENEM)

B [lpymeHAalOoTCA ANA CMeLleHMA NNIOCKOCTU U3MepPeHUA
K KOHLY 30H4,0BbIX T0JIOBOK

2 MPICORPORATION
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NMpumep ctaHpapToB GSG KOHPUrypaunm

Xonoctou CornacoBaHHas [Mpoxon
X0z, Harpys3Ka (nnHunA)

Port 1 Port 2 Port 1 Port 2

100 Ohm

Signal Resistor

Ground

CORPORATION Reapy For THE Test™




Mpumep KoHPuUrypauumum GS un SG

SG-GS Elements

Short Open Load Thru

GS-SG Elements
I I H N ]
Short Open Load Thru
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KonnaHapHble KaanbpoBoUuHble NOAN0MKKMH

2 MPICORPORATION

CtaHAapTbl ONTUMU3NPOBAHHbIE NOA,
KOHKPETHYIO TEXHO/IOTUIO F0JI0BKMU
m [0/10BKM U CTaHAapTbl OAHOrO NPOU3BOAUTENSA

KoHdurypaumm AoKHbl coBnaaaTb
m T40A-GSG-125 c AC-2 noanoXXKou

O6bI4HO OAWH CTaHAAPT NoAAEPKMBAET
HEeCKO/1IbKO ro/1I0BOK C Pa3HbIM LLArom

Company Confidential
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XapaKtepusoBaHHble ctaHaapTtbl MPI...

Nominal capacitance per unit length, pF/cm
Nominal characteristicimpedance @20 GHz
Effective dielectric constant @20 GHz, real part
Effective velocity factor @20 GHz
Parameters of the simplified model of line losses
Reference loss, dB
Reference delay, ps
Reference frequency, GHz

2 MPICORPORATION

1.492
50 Q
4.94
0.45

- - A s
l--Acz—
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... N0 metoauke NIST

)(Q)

0

Real(Z

)(Q)

Imag(Z

60

AC-2 and ASP110-GSG-100

T l‘ T T T T

|

—— Characteristic Impedance

55 4

50 -L
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0
4 L
-6 T T T T
0 20 40 60 80 100 120

Frequency (GHz)

CORPORATION

EFF )

Real(e

EFF )

Imag(e

6.0

55

5.0

4.5

4.0

1.0

0.5

0.0
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AC-2 and ASP110-GSG-100

T T T T T
|

—— Effective Dielectric Constant

20 40 60 8 100

Frequency (GHz)
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120
Frequency (GHz)
AC-2 and ASP110-GSG-100
— T T T
——— Effective Dielectric Constant
20 40 60 80 100 120

B/Bo (unitless)

a (dB/cm)

2.30

2.28

2.26

2.24

222

2.20

AC-2 W#006 and ASP110-GSG-100

T T T T T T T T T

Attenuation Constant

20 40 60 80 100 120

Frequency (GHz)

AC-2 W#006 and ASP110-GSG-100

Relative Phase Constant

N~——————
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3I'IEKTpM‘-IECKMe moaenun CtraHaapTos

B Yacto Ha3biBalOT “KoppeKTMpoBOYHbIMM
KoadPMUMEHTAMMN 30HAO0BbLIX FOIOBOK”

Xonoctou KopoTkoe CornacoBaHHas
X0/, 3amblKaHue HarpyskKa
COPEN | sHoRrT | LoaD
| |
% | Y Y Y Y YN

% RLOAD
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INEeKTpuyeckue mogenm CtaHpapTos

\ Y Y e
NY\__.__\ ::\
Ry O . e Y AU N |

IR ||

/

B OnpepnenatoTcs TONbKO B Nape CTaHAapT-ro/I0BKa
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3I'IEKTpM‘-IECKMe moaenun CtraHaapTos

S/N: 147,999
P/N: T40A-GSG100
Probe Type: A (45°) o . .
Configuration: GSG Calibration Coefficients for AC-2
Pitch (um): 100 C - Open, fF: 5,2
1 B BB ac2 Connector type: 2.92 mm L - Short, pH : 6,3
 —— S Max. Freq. (GHz): 40 L-Load,pH : -2,5
TEST REPORT
0
g0 || Tsm
20 H 822
=
=
-30 |
-40 |
-50 |
-60
0 5 10 15 20 25 30 35 40
Frequency, GHz

B 33BMCAT OT KOHPUTYPaALMKN U TUMA FOJIOBKU

2 MPICORPORATION
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INEeKTpuyeckue mogenm CtaHpapTos

B [lpoxoa v ANNHHbIE NIUHUK

Electrical Characteristics of CP\W Line Standards

Nominal capacitance per unit length, pF/cm 1.492
Nominal characteristic impedance @20 GHz 50 Q
Effective dielectric constant @20 GHz, real part 4.94
Effective velocity factor @20 GHz 0.45
Parameters of the simplified model of line losses
Reference loss, dB 0.34
Reference delay, ps 25.5
Reference frequency, GHz 20
Electrical length of line, ps
Thru 1.10
Line 1 (0309) 3.00 ObpaTtuTecb K PyKOBOACTBY
i) 650 Mo KaAMBpPOBOUHOIA
Line 3 (0709) 13.00
Line 4 (1309) 25.50 noanoKke
Line 5 (0101) 38.50

CORPORATION Reapy For THE Test™




SOLT kannbposKa obwero npumeHeHUs

K3 (Short) MonHocTbio n3BecTeH R=0; L=6.3pH

XX (Open) MonHOCTbIO N3BECTEH R=inf; C=5.2fF

CH (Load) MonHOCTbIO N3BECTEH R=50; L=-2.5pH
Mpoxog, (Thru) MonHocTbio n3BecTeH a=é?=ti(1).01p5

W. Kruppa and K. F. Sodomsky, "An explicit solution for the scattering parameters of a linear two-port measured with an imperfect test set," Microwave Theory
and Techniques, IEEE Transactions on, vol. MTT-19, pp. 122-123, 1971.
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BanaHue moaenen ctaHAapTOB HA TOYHOCTL SOLT

CPW Line

0.5

-0.5 —

— DB(|S[2,1]])
Incorrect Models

— DB(|S[2,1]1])
Correct Models

-1.5
0

|
20

|
40

Frequency (GHz)

|
60 80
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CneunanusmpoBaHHble metoabl > 40 My,

Open and Short (multiline TRL)

190 20
— Short (L) o S | ] e

§ - Open (R) 1 1 @
> 180 o
S )
— —
i |
) )
2 170 a
© ©
e e
o o

160 — — ' -10

0 20 40 60 80 100 120
Frequency (GHZz)
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BY Kabenu ana 3o0HA0BbIX CTAHLUUMA

2 MPICORPORATION
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BY Kabenu: B uem pasHmua?

Onsa BALU [1na 30HA0BbIX CTAHUMNM

2 MPICORPORATION
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Kabenun ana 3o0HA0BbIX CTaHLUMW

B [TnaHapu3auusa ronoBoOK, KOHTAKTUPOBAHME
B MUWHMMaANbHbIX MEXaHUYECKUIN CTPEecCC

B KoHcTpykuua BY pyK maHunynatopa
m KOMNaKTHbIN WWTEKep

A

2 MPICORPORATION
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TUNUUYHaA NOBTOPAEMOCTb KOHTAKTa Ha PYYHOM CTaHLUUMU

AC-2 Thru S21 Repeatability. Manual TS50 System.
0 ' l ' ! ' ' ' 1
—O— Max Repeatability Error

gnitude (dB)
A
o

21

S Error Ma

o 10 20 30 40 50

Frequency (GHz)
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KayecTBO KOHTAaKTUPOBAHUA

B [loBTOpPAEMOCTb
m KannbposKa
m /IamepeHua

B CtabunbHOCTb
B [lhntenbHble namepeHus

2 MPICORPORATION
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KoHTaKTUpOBaHue: U30n1ALUnNA OT BHELLHMUX
BUGpaunmn
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KoHTaKTUpOBaHue: An3anH NOBbILWEHHOMN
YKeCTKOCTH

TS200-SE

2 MPICORPORATION
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ANHaMmomeTpuyeckme Karuum

B 114 yaydlweHMa NoOBTOPAEMOCTU KOAaKCUa/IbHbIX COeANHEH NN

2 MPICORPORATION
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KoHTaKTMpoOBaHMe: YHMKa/IbHbI NPpUBOA
30HA,0BOrO CTO/A

Tpn dUKCMpPOBAHHbIE NO3ULUU

3arpyskKa [lepemelteHune KOHTaKT
3 MM 300 MKm

2 MPICORPORATION
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MPI: PyHKUMA aBTOMATUYECKOrO0 KOHTAKTA

[Toabem KOHTaAKT

1 MKM NOBTOPAEMOCTb

He3aBUCUMO OT OT Onepatopa

2 MPICORPORATION
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BAOKUpaTop NO3MLUKM B peXXMme 3arpysKu

3ab6/10KMpPoOBaAHO Pa3bi1oKknMpoBaHO
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OTtKanubposaHHana BY cucrema
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Echun Bbl nogsuraete BY Kabenb
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Ectb Ayywasa no3uuma ana BALL!

Picture source: Cascade Microtech, Inc.
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Cucrema MPI nHterpuposaHHaa ¢ BAL

3a cTaHuMen

Ha cneunanbHOM
MHCTPYMEHTANIbHOM
cTone

OnNnTUMM3NPOBAHHAA
AnvHa Kabenewn (80 cm)
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dunkcauna BY kabenen Ha maHunynatTopax

Company Confidential
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Npumep BY pasvemos

V(1.85 mm) A (1.00 mm)
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YacToTHbIX AMana3oH U meXaHUu4YecKas
COBMECTUMOCTb

0
O
O
=
<
O
Q
=
28]
O
O
110
0 20 40 60 80 100 120

N =SMA ESMA+ 3.5 mK(2.92) mQ(2.4) mV (1.85) mA (1.00)
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Mpumep BY Kabeneu nocrasnaembix VPI

26 My

110 My,
67 GHz
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Cnacnbo 3a BHMMaHue!

2 MPICORPORATION

MoceTnTte Haw Beb-pecypc AnAa 4ONONHUTENIBHOM
UHdopmayuu:
www.tbs-semi.ru
WWwWWw.mpi-corporation.com



http://www.tbs-semi.ru
http://www.mpi-corporation.com

