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ntroduction

Device measurement at it's simplest requires the following
steps

» Probe and accessory physical Set-up for calibration

« Calibration instrumentation setting preparation

 Calibration raw measurement steps, error computation and
calset delivery to instrument

« Calibration verification
« Wafer alignment and test plan set-up
» Device measurement, including biasing

« Measurement of de-embedding structures and post process
activities to remove unwanted parasitics

Company Confidential See it. Touch it. Measure it. ®
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lypical System

Vector Network
Analyzer

Cables

Probes

Probe positioners 1

Probe station
Contact Substrate
Calibration Substrate

Calibration Software

Company Confidential See it. Touch it. Measure it. ®
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%. VlicroChamber™ Technology

MICROTECH

Dry, Frost Free
environment

Auxiliary Chucks
Roll-out chuck

Stable repeatable
platen

See it. Touch it. Measure it. ©
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*definition: planarization -
the ability to ensure all
contacts are at the same
height

Equal
probe
marks

Use Contact
Substrate to
planarise probes

See it. Touch it. Measure it. ©
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seenalll lanarizing the Probes

MICROTECH

Contact Substrate

- PN 005-018

* Dull gold finish
 Bright contact marks

Adjust planarity until
equal marks from all
probe contacts
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%- RE Impedance Standard Substrates

Electrical behavior of standards

+ Standard dimensions

* Probe pitch

* Probe placement (Use Alignment marks)
« Cal coefficients supplied with probe & ISS

Company Confidential See it. Touch it. Measure it. ®



(%- S Alignment Marks

Sets probes overtravel & spacing
for calibration

Initial Contact (zero overtravel)

 Line the edges of the probes to
edge of flags

» Center the contacts with X & Y
micrometers

Final Contact (2 —3 mils overtravel)
 Tips lined up with flag centers

» Center the contacts with Z
micrometer only

See it. Touch it. Measure it. ©
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Live Vid;

File Mo w  Tools
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Tools for the novice

« Guided Wizards

» Multi-media Tutorials
* Intelligence in setups

Tools for expert
« Enhanced verification

* Real time measurement
validation

« Enhanced reports

*Ei Cascade Microtech WinCal XE
File Setup View Calbration Tools Wizards Help

n @48 H @ EFF O Q
System Tools Calibrate Measure Options Summary << Less
Tutorials Wizards
@N} Tour WinCal and See What's New
%ﬂé& Set Up The Measurement System
‘;}j\} Align Probes To ISS

One Button RF Calibration

Measure A Device

More Wizards ...

Company Confidential

See it. Touch it. Measure it. ©
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Measurement System Setup

» Define the measurement system
VNA, prober, ISS and probes .
- VNA Qualification et i e Pl Svoco o ColSumtolioNomo oo |

Test that the VNA is functional | | L e
and repeatable LIOK

| VNA | Station| Vlrjrobesr i Standards | Port Map

Step 1: Add Substrate To System

* Probe Qualification 1

Substrates:
|104-783A W-BAND GSG 75-1 » |

Check that the probe is making —_— B |
contact

Step 2: Define Stage Position of Reference for 104-783A SN 1111
I S S l I l a n ag e I I I e nt 2 Select Reference Structure Record Current Location

What structures to use Y Ty
Is a structure good?

Company Confidential

See it. Touch it. Measure it. ©
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sing Wincal XE to Prepare the

libration

W System Setup

£ PNA (GPIB) Stimulus Settings

Station | Probes | Standards | Paort Map Description | B
Information Description From YNA 1041642 ...
Jtemm Walue Frequency Listand ... |
ma;ulfacturel éggesqt;echnologies Sweep Mode Lin
fululo) 4
Seial 0543140785 Blum Sagments |
\SEft_S'm ﬁé%EL%SilNLmB . Stale Start Freq Stop Freq [Num Points
10nE 2 ’ o |
S\Eitching Terme  Awailable Freq Segment 1 By 100 MHz 67 GHz 201
|IF Bandwiclth 50Hz
Averaging | E N
Select WNA -
= lum Avetage 1
(PHA (GFE) ] IndependentiF Ban ... Cizable
Communication Channel Independent Fower Clisakhla
GPIB Addr: 16 Misc | ~
Alternate Sweeps i
Interpolation On
| Comcr::rfwli:ation | Yna Settings l Stimulus Settings Port E)den.sinns : |
FPort Extensions Disakle
Eiftzet Fort 1 s
System 20 (ohms) Ciffcet Paft 2 0P
Welochy 1
Power and Attenua ... |
Fort Power Coupled On
Port 1 Power -30 dBm
Fart 7 Frowier =17 riBm Fusd
[ Sendtona ] [ Get From Whna ] [ Campare with Yha ] [ Set To Recommended ]
[] Perform Yna Presst before sending settings [ Help ] [ Cloge ]

Important to initialise instrument settings paying attention to power, number of points, Start and stop

and particularly IF bandwidth

See it. Touch it. Measure it. ©
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| Probe characteristics are
[ QuckSenp | . .
A | | displayed both graphically

Baze Probe Signal Config  Ophions Fitch

infinity v| (656 v [aomoer |1 v .
Orieritation Dul Probs Signsl and numerlca”y- PrObeS can

i 1

WOBOE |y be identified by serialisation

Differential -#+

Probe data required to
check calibration
PoriPooe Stk Compatab|||ty and where

Port 2 Probe: (SN undefined)
EAST infinity-GSG 4005067 125
STATION: Mucleus (This Computer)

et Santdsubmcy necessary provide lumped
element data

[ 0k ] [ Cancel Appy Help

Company Confidential See it. Touch it. Measure it. ®
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S Set-up for Auto calibration

W System Setup

(VNA_| Stafion | Probes | Standards | PartMap |

| Individually serialised iss
1 £ data can be loaded

Substrates
|1 01-1908 LRM G506 100-250 |

[ Add. || Remove ] ThlS |nf0rmat|0n |S
A important to keep track of

Rotate Substrate:

correct iss for calibration

Step 2 Define Stage Pozition of Reference for 101-1908 5M 1111

2 | Select Reference Stucture.. | | Record Curent Location and determlne |OCatIOn Of
[ Mave to Rieference | .
alignment structure

Step 3 Set Software Alignment Sngle for 107-1308 5N 1111
3 Iz Hardware Angle?u {Deg e Align..

See it. Touch it. Measure it. ©

Company Confidential




AR

T S Alignment structure location

Select Structure on 101-190B sn 1111

ET— = ISS Reference location
(1011908 Agmertbare %) determines the correct orientation
( and alignment of the probes with

respect to the entire iss

A similar tool is used to inform
the software of damaged or
Group Alignment Subgroup _ untrimmed |CatiOnS

A" TR Y T e

I

- - Mg -
sl polel] gl Yy gl ol
s snn s Esnesnd
shhsnw sz rsn
I - 1 - | -
s snn sz 800
I - 1 - | -
T | | T - |
] ] ] L] L] L]
o = - — — I
—_ n | | | |
é:aludnﬂlclmchhc. m
o
0K ][ Cancel ][ Help

Company Confidential See it. Touch it. Measure it. ®
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m Calibration

File. Setup  ‘Wiew  Calbration Tools  Locations  Measurements  Help
* I 2-port LRRM » “Halign... IS5 a=iwna., S Monior
£7| Compube  # Yalidate &l 2-Port LRRM PROBER e 5?3 T YHA
@REF m Setup... 'ﬁ] Meas (¥Edi.. 15 Maove Lip §=|Move Down [ | Second Tier

=1:101-1908 Thiu [ Meas || View £ E EPE
- 5-Para parts: 1, 2 [Thru)

‘o Switch Gamma term parts: 1, 2[5 witn::hing
=l Separate @

| | 5-Paaport: 1[Port 1 Open)
| [ S-FPara port: 2 [Port 2 Open) i
= 1011908 Short

S-Para port: 1 [Port T Short] @
‘o 5-Para port: 2 [Part 2 Shart) mm
= 101-1908 Load [ Meas |[ View |
o S-Para port: 1 (Port 1 Match) --
S-Fara port: 2 [Port 2 b atch] @

Ready

Company Confidential See it. Touch it. Measure it. ®



CéASCADE. alibration Procedure

Automatic calibration will use the prober to automatically move from
standard to standard

On pressing autocal the procedure is as follows

* Repeatability check measures raw open multiple times in order to
check the system is repeatable (often picks up problems relating to
cabling, system directivity, Excessively high If bandwidth)

 Calibration moves though all standards for the calibration,
computes calibration and sends to instrument

 Verification will look at a verification standard to compare against
known values (typically an open)

* Monitoring measurement will store data for future checks against
system stability (is cal still good)

Company Confidential See it. Touch it. Measure it. ®
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m Calibration

Fll.é,, Getup Miew  Calibration ;i'ools Locations  Measurements  Help
L] ke 2portLrem  align... M55, sS)NA., B Manitor

|£7] compute  # validate 8l 2-Port LRRM PROBER: = A3 T

I@,‘ Ref m Setup.. 'ﬁ_ﬂ Meas [(YEdit.,. 5 Move Up §=| Move Down [ 5ecend Tier

P E EPQ

bration | Validation | Monitoring |

Ready

i ¥ - °H

H e e CE

“» | Repeatability test results are ACCEFTABLE,
“‘*--"Q/ Conkinue?

Wincal measures open to check repeatability of measurement system

Company Confidential

See it. Touch it. Measure it. ©




alibration measurements for LRRM -
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m Calibration

hE sl oo 1o 25l ss] 0@ @@T M 12]s]4] @lm
s e’ . .
. : L | R no SR
; w " abl R . . s
& - ¢ PR 2. TR e d
= ANVl T A
&l n St e WA 1= Moie | Second Tiet @ ) Y S U o Rl
B 1 s 1 . N - -
= : . ’
. o e A, rods
f’: J N W) Aty . 4 4.2
071305 Thid Meas | P1E Epz
S-Para portsr 1, 2 (Thru Meas | Wiew . : -
) ol . . . SO S sl o
Switch Gamma termn porte: 1, 2 [Switchine  keas Wiew 5 4 B VO (A 1 4 .
B I pa 450 . 4 ¥
= Separate Meas Yigw " ] SN » v’ . - ’
5-Para part: 1(Pat 10 i i 4. J. 5. y 4§ i
il [l pen) s | - . 4 4 : A
S-Para part; 2 [Port 2 Open) Meas | Yiew
1= 1011908 Short Meaz | View
S-Para port: 1 [Port T Short] Meas | Wiew
S-Para port; 2 [Port 2 Shart] Meas vty .
= 1011908 Load Mezs [ View K T L T RS
S-Para port: 1{Port 1 katch] heas -~ 9 \“l;'i 2 :‘, i 3 . ® .': ;f’ '
. . N " 4
5-Fara port: 2 [Port 2 Match] Meas | Wiew z N % _; ;" - ."’ - »\x .- 'd., s 3
2 v by g ¥ #o o
" * Pk ) g $ .
- PP N (S O T
Measuring SWitCh Gamma term ports: 1,1 2 on 101-1908 Thru... [‘m_n_nm ] Mouse Made: Acjust Yisior Location Field of View 5+4x408

Company Confidential See it. Touch it. Measure it. ®



alibration measurements for LRRM —
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m Calibration = B3| o

Bl os | to] 26 ss] u0||d @@ T%E|# (2]0]«] &M
= |
&
@l Mess [ Edi = Mo L f5HMovE Do Second Tier E ‘

| Validation | Moritoring|

5-Para port: 2 [Port 2 Match) Meaz e

= 101-1908 Thiu Meas Wiew Epz c
S 5-Paraports: 1, 2 [Thu) Meas @ I
. Switch Gamma term ports: 1, 2 [Switchire  Meas o .;"
o 5-Para port; 1 [Port 1 Open) Meaz
[ 5. 5-Para port: 2 [Port 2 Open) Meas @
& 101-1908 Short Meas L 2N /4
“ 5-Paraport: 1 [Part 1 Shart) Meaz @
o 5-Para port; 2 [Port 2 Shart) Meaz
= 10711908 Load Meas [ View | 3 T
5-Para port; 1 (Paort 1 Match) Meaz -
[ View |

Measuring 5-Para pork: 1 on Separate. .. [ nnnnnnnnnn ] gt

aaaaaaaaaaaaaaaaaaaaaaaaaaaaa

System re-measures open for the calibration. At times the
open measurement uses substrate opens hence the need
for remeasurement

Company Confidential See it. Touch it. Measure it. ®
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m Calibration

e
I / e Al 1 2epg = :J
'ﬁ&.- 1 -r Edit... Y= Maie o BEL Mo Do Second Tiet

Ol #1140

Yalidation | Moritaring
= 101-150B Thru Meas Wiew P E
! S-Para ports: 1, 2 [Thru) Meas iew
Switch Gamma term portg; 1, 2 [Switchine,  Meas e
= Separate Meas Wiew
o 5-Paraport 1 (Port 1 Open) Meas @
S-Para poit: 2 [Port 2 Open) Meas [ iew
= 101149 ik

| Riepeatability

[ Meas [ empty

[Shiows abstract visual repres

5-Para port: 1 [Port 1 Shaort] Meas
S-Para port; 2 [Port 2 Short) Meas || empty
= 101-1908 Load Meas [ Wiew ]
S-Para port; 1 [Port 1 Match) Meas iew
S-Para poit: 2 [Port 2 Match) Meas @ o e
Measuring S-Para port: 2 on 101-1908 Short. ., [r‘"""'“""“"'“ ] - Mouse ode: Adiust ison Location Field of View 544405

Company Confidential See it. Touch it. Measure it. ®
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m Calibration

alibration Measurements - I.oad

S-Para port; 2 [Port 2 Shart) bleaz

Meas |

S-Para part; 1[Port 1 Match) Meas
S-Para port: 2 [Fort 2 Match]

Meas

Q=L Second Tier
©
Eapeatablllti
El T01-1908 Thina Iz igw P p
S-Para ports: 1, 2 [Thiu) Meas Wigw
Switch Gamma term porks: 1, 2 [Switchim  beaz Wigw
=l Separate Meas i
S-Para part; 1{Port 1 Open) Meas
S-Para port: 2 [Fort 2 Open) Meaz
= 101-1908 Shart ez il
: S-Para port: 1 [Part 1 Shiort) Meas:

[Shows abstract visual representation

ik

Measuring 5-Para port: 2 on 101-1908 Load. ..

[Sensensannenan ]

Mouss Mode: Adjust vision Location

Fieldof View S44x408

It is important that only 50 ohm loads are used for this part

of the calibration

Company Confidential

See it. Touch it. Measure it. ©
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alibration — Computation and sending of

PHA Settings

X

Cal Set Contral

Set the description for thiz Cal Set ta
zend to the PR,

Usze %5 to inzert cal algorithm name.
Usze XU to inzert user's name.

Cal Set Deszscription
=5 =U

gl;tc-w thiz dialog when zending Cal

[] Sawve WM State After Sending

.C5T

[ ak. ] [ Cancel ] [ Help

Wincal applies the selected calibration to the measured

data (typically we recommend LRRM) and error set is sent
to the instrument

Company Confidential

See it. Touch it. Measure it. ©
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alibration - Validation

Following calibration a validation is carried out against a known standard. Typically this
is an open whose capacitance is known by the probe pitch, but can be a golden dut
whose characteristics are pre-measured and stored. For Irrm the open is the raw open
measured during the cal and corrected by the calibration (post corrected)

See it. Touch it. Measure it. ©
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alibration — Monitoring

Following validation wincal will take a measurement of a
standard for use in later monitoring tests.

Monitoring test allow Wincal to gain a metric of system
drift and thus the continuing validity of the calibration.

An open is an easy standard to reproduce and is affected
little by probe movement — ie this can often be measured

just above the device under test

See it. Touch it. Measure it. ©
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dependent Verification Standards

CASCADE

Linear Phase Lag

500hm to stub Z miss-match
Fringing C at stub open end

_ SIGNAL—!

GROUND

GROUND

N T O
30 35 40

®@
=
)
S
S
7]
©
@
=
=
=
)
S
o
T
b=
)
]
(72}
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afer Alignment

Prior to carrying out any

£ Paint .-’-'-.Iign] Soft dlign | Hard &lign Auto Align l

Blignment Type - Alignment Options i mUIti_die teSt the Wafer

& ‘wafer Alignment [ Estra Fine Alighment ]

" 155 /Module Alignment ;Sunﬂu:ﬁrmegize ShOUId be allgned to the

i:‘ag:nr::::tr;lc'l;:;zshdwes Y US; Dii;:;ﬂe SyStem aXeS and

™ Mertical Stage Moves | y W— | appropriately Sized.

Auto-blign Target Image I T N
i e -
- = Nucleus can carry out this

F Visen Optons activity automatically using

- optical pattern recognition

Cloze

If an exisiting wafermap is
available his can spped up
alignment process

Company Confidential See it. Touch it. Measure it. ®
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ater alignment

Filz

L -
<

=[5 1+] alal

ey Tl
Bk e 05 | 10 |[25] s5 | w0 [ @RT"E

llllllllllllllllllllllllllllllllllllllllllllllllllllllllllll

MEEEIRIEEL

Using Evue microscope multi ccd view makes location of usable
optical alignment points straightforward

Company Confidential See it. Touch it. Measure it. ®
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ater mapping

' Wafer Map: test wafer.wfd

File Mode Wafer Wiew

DEE aNe QAPYSEs 0860 2

Parare ter ]None ﬂ Subsite ] t

Nucleus wafermap allows test plan to be visible and test progress to
be tracked

Company Confidential See it. Touch it. Measure it. ®
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afermapping - subdie

+'| Wafer, Map: Subsite
Subsites  Mode Tools  Wiew

EREODRA R R D

Index | ¥ Offset | Y Offset |
R0 0 0
1 641 -1

MMSE 3 2879 1279

Subdie allow for multiple devices to be identified and
tested within each die

Company Confidential See it. Touch it. Measure it. ®
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Watermap parameter mapping

FHle Mode Wafer View Fle Mode Wafer View Fle Mode Wafer View

= = ) QLAPYWL 70002 D @ QAAPHE27OS G2 W= = QAP LIOGSES 2

Wafermaps can also be used to see the distribution of
single point data for die and subdie as the test progresses

This tool is most useful for spotting set-up issues during
the test sequence

Company Confidential See it. Touch it. Measure it. ®
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& Wafer Map; Subsite g‘

Substes Mode Tods Yiew

ERRADAA KRR

Al [ Label Index ‘ #offset ‘ ¥ Offset ‘
RO 0 0
HMST 1 641 -1
HMEK H 1920 1
HMEK 3 273 1279

Ready

er Map: Subsite

xamples of using subdie for tests

GREDRAKRRNDY

Ready

|| Label ‘ Index ‘ X Offset ‘ ¥ Offset ‘
0 0

HHISR: RO
ST 1 641 -1
= 2 1920 1
HHIEK 3 2873 1279

Fie flode View Tools

LGt os] ofzs] ss [0 [d @D T M =[] &[]

I
e il

|

wE

Bl

Mouse mode: Pt & Shaot

Fildof View 117,897/

£ Live Video
Fie Mode view Tools

b+ SHe os | 10f[2s] 55| 20[d @O T M # i[]s]] Glm

1™ .
1 Ve s s
5 T
EHE AR RN RREE EE B
_7 # HE NN NN | il
N N NN EE | 1 8
| SN _EE NN NN NE §E 55

H el gl

ouse made: Pank & Shoot

Fildof iew 11974857/

Company Confidential
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2 RF Data Viewer - NMSR AFTER RECAL

easurements and comparison

xample of using Wincal XE for spot

1200 1500 NMSR
1500 NMSFR

300 1500
1700

1500 NMS.

= 7001500 NMSR (511)

= 10001500 NMSE [S11]

= 1500 1500 NM3R [511]
1700 1500 NMSR (511]

= 11001500 NMSH [S11]
1200 1500 NMSR (511]

= 900 1500 NMSR (511]
= 1400 1500 MASH [511)
= 1300 1500 MMSR (511)

Eile  Miew Report Instrument  Tooks  Help
- B
Data ltems | Pagel |
Mame Filename Date ¥ 2
7001500 NMSR 7001500 NMSR... 10716 0
800 1500 NMER 8001500 NMSR...  10/1E.
900 1500 NMSF 900 1500 NMSR.... 10716 B
1000 1500 NMSR 1000 1500 NMS..
1100 1500 NMSR 1100 1500 NMS -0
1400 1500 NMER 1400 1500 NMS..
1500 1500 NMSR 1500 1500 NMS... -18
1200 1500 NMS
i -20

= 7001500 NMSR (512]

= 1000 1500 NMSR (512)

= 15001500 NMSR [512]
1700 1500 NMSR (512]

GHz

= 8001500 NMSR [512]
= 11001500 MMER [512]
1200 1500 NMSR [512]

B oo

I3 e e ]
W

3544

40 4"
i

45

<50

55 4
o 10 20 an 40 &0 B0

= 5900 1500 NMSR [512]
= 1400 1600 MMER [512]
= 1300 1500 MMSR [512]

= 700 1500 NMSR (521)

= 1000 1500 NMSR [521]

= 15001500 NMSR [521]
1700 1500 NM3R (521]

270
= 800 1500 NMSR (521)
= 11001500 NM3R [521]
1200 1500 NMSR (521]

= 900 1500 MMSR [521]
= 1400 1500 NMSFR (521)
= 13001500 MMSR [521]

= 700 1500 NMSR (522)

= 1000 1500 NMSR [522]

= 15001500 NMSR [522]
1700 1500 NM3R (522]

08 "o
- 001500 NS 522]
- 1100 1500 NMER, (522)
1200 1500 NMSR [522]

= 900 1500 MMSR [522]
= 1400 1500 NMSFR (522)
= 1300 1500 MMSR [522]

it. Measure it. ®




