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e The Need for Fully Automated, On-Wafer S-
Parameter Measurement

e Test System Requirements

o System Calibration / Diagnostics

e Device Layout Considerations / De-Embedding
o Considerations for Probe Selection

Probe Cleaning

Data Extraction Techniques
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‘Need - Yield Analysis
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' and RF Wafer Maps Makes Systematic Defects Visible.
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Vector Network Analyzer (VNA),

/ Cable and Connector calibration

Probe Card
Stability

Wafer Test Structures
and De-embedding

l
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M Probe Card And Prober
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stem interconnect showing
les, bias tees, probe card
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RF Test GUI

~| Keithley Test Environment | :
File  Edit Wiew Help _RF Test Setup
SN = E
KIFM WDU | EKITT | EULT LFE
@ =l M M ‘ RF Data Display
EOPED| PSE TSE EDE | 'Web Docs
Command:
Description: \_ Info
Project System ~ Global Data Entry
Keithley Crig.emy ' sB00g4165
Yersion: 5600 5 0 1a03 l'=»iEITHLE"'|'lr -
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Global Data : rfcall gdf [Local — RWw]

File  Options  “ersion Control Help
Global Tiafa Eclfior | Probe Card Editor eControl Wafer Loading
Data Name Type Yalue °0ptimize PI‘Obe Contact
hanualaferLoad int A

*Verify Contact Resistance
eMinimize Probe Wear

eSet Control limits by
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eEnable Tester SPC
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" RF SETUP - VNA

SOUTHWEST TEST WORKSHOP

2002

— RF SETUP —— Jopt/kiS600/dat/rfcal /rf_cal_file.rfi

File About

VN& | Signals | calibration | auto-z | Limits | SoLT | LRM |

—Measurement

512 Number of points to average
13 IF Band, H=z

— Fraquency

Frequency Set Label [freghame

Start, Hz Stop, Hz Mumber of Freg

Start, Hz Stop, HzZ Number of Freqg

Subset 1{1e8 129 229 329 429 529 629 729 39

Subset 21029 1529 20e9

Subset 3

A GREATER MEASURE OF CONFIDENCE




- -

Y/ :
o] Wik

SOUTHWEST TEST WORKSHOP

2002

~ RF SETUP - Signals

_—

RF SETUP —— /opt/kiS600/dat/rfcal /rf_cal _file.rfi

File About

2

—57gnal Set
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ST

Number of Signal Levels ﬂ

via | Signals | calibration | auto-z | Limits | SOLT | LRm |

Fortl Atth Fortl Fower
20 - =1

Fort? Fower
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10 —

-7

¥

A GREATER MEASURE OF CONFIDENCE




. & » accel
o] \0ldh RF SETUP - Calibration
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— RF SETUP —— /opt/kiSc00,/dat/rfcal /rf_cal_file.rfi

File About

vN& | Signals | calibration | auto-z | Limits | SOLT | LRM |

FKILOG/rfcal.log Cal Log File in $KILOG
Ff_card Frobe Card Label

I Use Manuwal FProber

d Use cal Kit

SOLT —

Site_2 —

Fin Fair 1
25 Porti DC pin
2B Portz DC Pin
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= RF SETUP —— fopt/kiS600/dat/rfcal /rf_cal_file.rfi

File About

vNa | Signals | calibration | aute-z | Limits | soLT | LRM |

W Enable aAuto-Z

1 Fin pair used for aUTO-Z test

16.0 Contact trigger walue, Ohms

auto_z Subsite Mame from WOL

2 Subsite Index ﬂ

5.0 Increment step ftor a contact

25,0 Additional Overdrive

RFCALSUF KLULT Libratry

Ffcalsup_t KULT Function

190, O Mazximum Travel . PLEASE USE CAUTION WHEM SETTING!
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— RF SETUP —— fopt/kiS600,/dat/rfcal /rf_cal _file.rfi

File About

vN& | Signals | calibration | auto-z | Limits | soLT | LRM |

—Contact Test Limits

Te-g6 Leakage on OFEN, Amp

B0 Resistance on MATCH, Ohms
8.0 Resistance on SHORT, Ohms
16 Resistance on THEU, Ohms

—S—Farameter VYerify Limits

—OFEN — SHORET

1e—1 =11 (G, 01 =11
1e—1 =12 (16,01 =12
1e—1 =21 e, o1 =y
1e—1 S22 | ||e. 01 S22
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o] Wil ~ RF SETUP-SOLT

SOUTHWEST TEST WORKSHOP

2002

— RF SETUP —— Jopt/kiS600/dat/rfcal /rf_cal _file.rfi G |

File About

vNa | Signals | calibration | auto-z | Limits | SOLT | LRM |

OFERN

G.5e-15 o, F

0. 4525e-3  Length, m

LOaD

0 Inductance, H
50 Impedance, Ohm
THREL

0 Length, m

5O Impedance, Ohm
SHORT

—-de-12 Lo, H

O, 055e-3 Length, m
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M Réquirements - VNA Calibration
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o Calibration is required to correct for systematic errors in the VNA and cabling.

The fixed probe spacing of a production probe card limits the choice error
correction methods to SOLT (two port, 12 term error corrected).

utomatic calibration is performed by inserting a calibration standard onto a
licon wafer.

ibration Substrate has gold test structures

mina substrate. Wafer

Calibration
Substrate
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easurement Structure Response

Ideal: Unity Reflection(0dB), 180 Phase Shift
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easurement Structure Response

Ideal: 0 Reflection, 0 Transmission port 1 to port 2
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- Calibration Considerations
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Calibration Frequency
o\With each probe card change (when test head docks)
e Periodic by time, DUT type or number of sites probed
e As part of needle cleaning and contact verification
Calibration Pass/Fail Criteria
e Dependent on user requirements (device size, frequency etc)
e Calibration Repeatability Expectations

e Critical factors are probe card docking and probe cleanliness

Frequency Response Statistics at 7.6 GHz

0.60 2

o
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Frequency Response Statistics at 7.6 GHz
2 and S21 Thru 0.30 30
0.20 s 25
) $ 20
S 010 . |
& R 15
o o.oo! ' | h
E *
-0.10 5
¢
o 10 ! g eYE3szsE e
. Frequenc-:y(GHz) - @ @ @ @ @ © o o o o o

Typical Pass/Fail Criteria for MOSFET S Parameter Testing

OPEN THRU
S11 0+0.15dB < -50 dB
S12 <-50 dB 0+0.10dB
S21 <-50 dB 0+0.10dB
S22 0+0.15dB < -50 dB
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BN Requirements — Test Structures and De-
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~ia Embedding

n+
|30,

device RS
s SRRaaER ¢ S Substrate
How Frequently? Technology Considerations?

| DUT |

DUT Considerations?
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Device Under Test (DUT)
GSG Configuration

» Fixed Pitch

typically 100-200um Sto G
100-300um S to S

e Shared Ground for Improved Area Utilization
e Pad size - typically 55x55 to 100x100 um

Top layer metal only is best

312 FORWARD TRANSMIZEION

LOGMAG

PEEF = 0.000 db

Device Layout Considerations - DUT

10.000 db £ DIV

X;“/'/ j;;mnfﬂwﬂ“fmwllu M
N
(]

GHz=
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“5002 " Considerations for Probe Selection

e 50 Ohm impedance match G-S-G construction

e Mechanical Design for Fine Pitch Probing (fine point and steep
pitch)

e Metallurgical match to probe pad requirements

e Balance Contact Force and Co-Planarity match to DC probes for
mixed DC/RF probe card

Durability and low cost
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m‘mments — Probe Card Stability
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Two types of contamination are most often observed

Small particulates which systematically

build up over many hundreds or thousands touchdowns. 0.04
e —— 7 _ 0.03
| AN /\//\
S11 OPEN cal 8 > NEIAAE AN,
before and after T o1 \v/\\// Vo
5000 touchdowns 0.02
I _0:03 | Post 5K
-0.04 P d
0 1 2 3 4 5 6 7
Frequency (GHz)
articulates which are generated on a random basis 04 \
S11 OPEN cal 03 I\
before and after 02 /
particle g o [
contamination g 0l —_f
» -0.1 l
N
-0.2
-0.3
0 1 2 3 4 5 6 7
Frequency (GHz)
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Contour Plot

n#easured during
r indexing

s11_dp1 MM<=0.0775 <= 0.0800 MEN<= 0.0825 Wii<=0.0850 Mi<= 0.0875 [i<= 0.0900
<=0.0925 <= 0.0950 Ml<=0.0975 M > 0.0975
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# Die Probed (4 Devices per die)

C of Probes Up S11 and S22 During a Test with 5000
ices Measured On Two Sequential Wafer Lots
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g Rea -Time Probe Cleaning, Re-Cal
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easured Data or Probes Up Sxx
ils Limits.

be Clean and Re-Test at
rent or Adjacent Site.

Clean and Re-Test at
or Adjacent Site Fails.

and Re-Test Previously

| B BN |
I_iVRe-CaI

2\!\ [SSF J
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E

Exit Help

Lot: [TESTE ¥|wafer: [Count_t  ¥|Site: [SiteS_x2_ 3¥|Device: [MIM_CAP_D1 3| File: [device.dat 3

Lot: +| Wafer: +| Site: +| Device: +| File: 4| 4 Enahle
| 3 | 2 | 2 | 3 | L]

Product: [1250vd | Technology: [ave_R4mos_512cap | Probecard: [default |

—Data Plot
Sdmos S512cap 125o0wd TESTE Count 1 Site 5 =2 y3 MIM CAP D1 dewvice.dat ~Plot Sty]E
1 S-Parameters —-|
B.6
' 2 s11 =
8.4
5 Swith =
ot —fxis Setup
6,2 ;
Linear ¥ =i |
] Linear ¥ =i |
—Lines Style
# lines & Points
~ Lines
~ Points
t@.4 ,
-2
8.6
Plot and De-Embed Controls
{ auto — | ot = abort | Hold  — | Bawerint —|  save | Plot | Exit |
auto

KEITHLEY

nang
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Exit
Apr_01_CAP_MOS = 0008?45—08
Atest_4030_3runs_ovd3d
CALKST2
Cle_Warac 7
e 7 7 7
Technology: | | Probecard: |default
Flot | Setup § Table E
—Plot Style ———————
Dependent =
4.5e+@89 T - T
FT 800874567600 w1 ud-pnps FREQ=12+89 VCE=18 —+— ¢ e |FT =
FT BEEEF gl/pnp/ FREQ=1e+89 YCE=18 —a— GMAK
4e+@9 'N. o 1 GTU /
% W Awis [IC E
3.5e+@9 | \ 1 Select:
Ze+B9 - n\n{\ =
2.5e+89 |- “\\ -
: i)
2e+B9 - "\\\ .
§
1.5e+8% [ \ =
1e+89 | ‘;\ .
W,
Se+BE | L 4
a 1 1
8. 8881 8,861 8,81 8.1
- Ic

auto — Tot — Abort Hold ~| B&W Print — Save Plot Exit

’rPht and De-Embed Controls
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Exit

Apr_01_CAP_MOS
Atest_4030_3runs_ovd3d
CALKST2

Cle_Warac

e =

— |0008745-09

Techno]ogy:\

7
| Probecard: |default

Flot | Setup § Table E

M

1.8e+18@

l.ge+lBd

T T
F_rgg; BBASE4S-B7 /L3 %1 udspnps FREQ=1e+B9
THaxEBEhs B, y4-pnps FREQ=3e+82
ylsphps FREQ=le+@9
Ulspnps FREQ=32+8%

o

VCE=1B —é—
VCE=18 -t

YCE=1@ -
VCE=18 ---

l.de+ld

l.2e+lB@

le+ln

FHAR

Se+A9

Ea+@9

de+@q

2e+dd

—Plot Style

Dependent =

o |FT =
Y oAuis GMAK
GTU |
i omwis [IC =
Select:

B

a
a.5881 8.881 8.81 8.1
I
Plot and De-Embed Controls
’7 auto — Tot — Abort Hold ~| B&W Print — Save Plot Exit
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Exit

KEITHLEY RF

Apr_01_CAP_MOS
Atest_4030_3runs_ovd3d
CALKST2

Cle_Warac

— |000a745-03

e =

M

Techno]ogy:\

7
| Probecard: |default

Flot | Setup § Table E

B

—Plot Style ———————
Dependent =
2.2e-12 T T T T T
C11 8313769 13-5ite 4 x7 y2-MIM CAP D3, —+—
e FT =
C11 B313763 13-5ite 4 %7 y2/MIM CAP D1,/ —8— H15 | e
2e-12 e t GTU ¥
i omwis [IC =
FREQ | []
1.6e-12 [ =
7
Dot.4e-12 | - i
o WCE J
|
1.2e-12 [ -
le-12 =
ge-13 [ =
g B 5
Ee-13 1 1 1 1 1
8 2e+89 4e+89 ce+B Se+89 1e+18 1.2e+1
FREQ
—Plot and De-Embed Controls
auto — Tot — Abort Hold ~| B&W Print — Save Plot Exit
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Exit

Apr_01_CAP_MOS = 0008?45-08
Atest_4030_3runs_ovd3d
CALKST2

Cle_Marac 7
e 7
Technology: | | Probecard: |default

Flot | Setup § Table E

=
B

—Plot Style

Dependent =

T T
WEE BEAEF45-87-C3 =1 ud-pnps FREQ=1e+8% YCE=18 ——

|FT =]

. Y oAuis GMAK
8.95 [ / . GTU ¥
/ i omwis [IC =

Select:

8.9 | / i

V»’
A
#
B e85 | e -
= v&.o
'?.t?
/Q(N‘Y.J')
- / -
8.8 -
/e’«/"’
a.75 | = .
«//
X 8.7 ! !
o. 0861 58681 B.681 8.1
Ic
Plot and De-Embed Controls
’7 auto — Tot — Abort Hold ~| B&W Print — Save Plot Exit
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o] 18k Conclusions
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 The need for large amounts of s-parameter
data for statistical modeling and process
control is becoming increasingly significant.

e The considerations for a solution and the
effectiveness of that solution have been
demonstrated.

Using this approach enables automated yield
optimization tools to support products with
C to Broadband performance parameters.

A GREATER MEASURE OF CONFIDENCE



Acknowledgements

WT WORKSHOP
2002

e Praful Madhani — Texas Instruments
e Tim Blythe — Texas Instruments

e Johnny Ai — Texas Instruments

o Bill Larson — Honeywell

Paul Green — Honeywell

Carl Scharrer — Keithley Instruments
Alex Pronin — Keithley Instruments
avid Rose — Keithley Instruments

A GREATER MEASURE OF CONFIDENCE



	SWTW 2002
	Agenda
	The Need for Fully Automated S-Parameter Measurement
	Need – Statistical Process Control
	Need – Yield Analysis
	Three Main Aspect of Requirements
	System
	Probe Card And Prober
	RF Test GUI
	Global Data Entry
	RF SETUP - VNA
	RF SETUP - Signals
	RF SETUP - Calibration
	RF SETUP– Auto-Z
	RF SETUP– Limits
	RF SETUP– SOLT
	Requirements - VNA Calibration
	VNA Calibration SOLT
	VNA Calibration SOLT (cont.)
	Calibration Considerations
	Calibration Pass/Fail Criteria
	Requirements – Test Structures and De-Embedding
	Device Layout Considerations - DUT
	Layout for De-Embedding
	RF Probe Card
	Considerations for Probe Selection
	Available Probe Technologies
	Requirements – Probe Card Stability
	Probe Contamination Monitor
	Contamination Monitor Results
	Real-Time Probe Cleaning, Re-Cal
	RF Data Display
	Data Browser - Ft
	Data Browser - FMAX
	Data Browser - Capacitance
	Data Browser – DC; IC vs. VBE
	Conclusions
	Acknowledgements

