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OUTLINE

"  What are we developing:

= Silicon photonics platform
*  What do we want to measure!

= Platform-specific device parameters
* How do we measure

= Baseline flow, test hardware

* Python test executive

* Working in the CR environment
= Data analysis and reporting

= Setup monitoring

= Conclusion
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Introduction

OPTICAL INTERCONNECT LANDSCAPE

OPTICAL LINKS REPLACING ELECTRICAL LINKS AT PROGRESSIVELY SHORTER INTERCONNECT DISTANCES

HPC/AI

e

Cloud Datacenter
Board-to-board Rack-to-Rack

%.Smdm] [5m-500m+]

Optical

Datacenter|C,5G C-RAN

Terabit-Scale Optical
Interconnectivity will be
needed by early 2020’s

Optical Interconnects will
2016 Move into the rack (<3m)

Sy 2002 Total Optical Transceiver

Volume expected to
increase >>10x

Objective:

Develop a Silicon Photonic
Integration Platform for
Optical Interconnect
Scaling at all link distances.

| Pbps I/O Density
i 100Tbps/mm
T  Hpcal
Intra-Package %
s O HBM -]
I TbPS [Imm-5cm]
100Gbpsimm A
Link
bandwidth = .. 19Gbpsimm _@....
| Gbps &=
HPC/AI
Package-to-Package
| Mbps 4= Logic-HBM-Switch
COPPer [5cm-0.5m]
1 1 1
1 1

SWTEST !/ mm
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What are we developing

IMEC’S 50G SILICON PHOTONICS PLATFORM
FULLY INTEGRATED 50GB/S NRZ,WDM S| PHOTONICS TECHNOLOGY

56G Silicon Ring Modulator 8+I-channel DWDM (De-)Multiplexing

56G Silicon Mach-Zehnder Modulator = 56Gb/s eye diagram

Fiber Edge Coupler

Fiber Grating Coupler

50G Ge Photodetector

*  Co-integration of the 50Gb/s building blocks in a single platform based on CMOS090
= Supports all dominant Si Photonics transceiver concepts pursued in industry & academia

y SWTEST = Available on 200mm [iSiPP200], under development on 300mm [iSiPP300]
VW PROBE TODAY, FOR TOMORROW M Based on 220nm silicon / ZOOOnm BoX SOI Wafers
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What are we developing

WAFER LEVELTESTING
FIBER AND LASER COUPLING STRUCTURES

Transmitter Receiver
- - _

-— - O/E

E/O O/E

E/O O/E

- - - > %
- = =i Single—-Mode
= = i Optical Fiber = m
-—> (SMF) - — >
Multi-wavelength Electro-optic Wavelength Wavelength Photodetector

laser array modulator array  Multiplexer Demultiplexer array

In-Plane Coupler Surface-Normal Grating Coupler

W IWTEST <24 loss over 100nm+ <3dB loss over 30nm
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INTRODUCTION

WHAT DO WEWANT TO MEASURE
PROCESS CONTROL MONITORING

= Monitor technology-specific parameters

= Observe impact of process splits on these parameters during development of the
technology platform

Passive
O-band C-band
1310nm 1550nm

Active
O-band C-band
I310nm 1550nm

y ‘w TR
v PROBE TODAY, FOR TOMORROW
2019 CONFERENCE

Grating couplers
Waveguide spirals
Crossings
Transitions
Directional coupling
Splitters
Germanium photo diode
Mach-Zehnder interferometer
Phase shifter loss

6

Insertion loss, bandwidth, peak wavelength
Propagation loss, bend loss
Insertion loss, cross-talk
Insertion loss
Power coupling, excess loss
Insertion loss, excess loss
Dark current, responsivity
Insertion loss,Vpi

Propagation loss

© imec/2019 — Jeroen De Coster — June 3 — PUBLIC



What do we want to measure

PROCESS CONTROL MONITOR STRUCTURES
FIBER GRATING COUPLER (FGC) PERFORMANCE

= A straight waveguide with a grating coupler on both ends

= Measured quantity: wavelength dependent insertion loss, fiber to fiber
Typical analysis of a FGC

= Extracted device parameters 0
. . . . FEW_IL
* Fiber-to-waveguide insertion loss | Ftw‘lL;QVL P Peak WL
FtW_IL_AWL [dB] 5] 0
£ \
* Peak wavelength s BW3 of the Fef
PWL [ nm] g \ Or BWI of the FeW
= Peak wavelength IL é‘ 20 Fiber-to-Fiber spectral
FtW_IL [dB] E 55 response
-
= |dB bandwidth g ]
BWI [nm] z In Out FtW_IL -4.12dB

—354 —— BWI358mm
peak WL 1551.95nm

SWTEST 1510 1520 1530 1540 1550 1560 1570 1580 1590
1W PROBE TODAY, FOR TOMORROW Wavelength [nm]
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What do we want to measure

PROCESS CONTROL MONITOR STRUCTURES
PROPAGATION LOSS TEST

= A set of (spiral) waveguides with increasing lengths

= Measured quantity: wavelength dependent loss vs. length
= Linear regression of IL vs L, #bends to obtain propagation and bend loss

7]0 m
_] 5 4
_ 201
jma]
=
g
7
g 301
£
==}
-35 In_REF-0.34cm
— In_1-1.00cm
—40 In_2-2.00cm
In_3-4.00cm
- — In 4-7.00em
1520 1540 1560 1580 1600

Xt

Wavelength [nm]

SWTEST

PROBE TODAY, FOR TOMORROW
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Normalized Insertion loss [dB]

7 —— In_2-2.00cm

In_REF-0.34
In_1-1.00 em

In_3-4.00 cm
In 4-7.00 ¢cm

cm

e

1530

1535 1540

1545 1550 1555
Wavelength [nm]

1560 1565

1570

Normalized Insertion loss [dB]

L, #bends

L @15500m (30)
__ -1.65 £ 0.031 dB/em
-10.1 = 3.2 dBm/90,
60 Rsq 1.000 Rsq Adj 0.999

00

Spiral length [em]
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What do we want to measure

PROCESS CONTROL MONITOR STRUCTURES TV
MODULATOR TEST . .
= Measured quantity: |V, wavelength dependent loss vs. DC bias
= Spectral response fitted with raised cosine
= Data (dotted line) —10u - oo
= Fit (solid line) _ — 0oV y
% — 5V 1
= Parameters extracted: = — :*; y
= |nsertion loss £ 20v
= Modulation efficiency Vpi g LY T
2
e @
154325 1543.50 154375 154400 1544.25
W ?p‘!TODE\"p — Wavelength [nm]
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How do we measure

THORTEST SYSTEM IN IMEC’S 200mm FAB -
FORMFACTOR CM300xi-SiPh PROBE STATION WITH SiPh- N

e

ifiie
Hi

P ML



AUTONOMOWUS SiPh MEASUREMENT ASSISTANT FOR CM300xi

Positioning and Z Displacement Control

Integrated and Validated Single or Dual Sided 6
Axis Automated Positioning

* FFI On-site warranty and spares

* Interchangeable Fiber Arm

* Single Fiber or Array Holders

* Integrated Z Displacement

* Integrated lllumination

/ 7 b= . =\ : . . .

' = " T m ' . \ * Calibration Kit

-, W e iy ——) * Integration Kit
AT, : :

SiPh-Tools: Automated Calibrations and Alignments

N FORMFACTOR

FormFactor’s Cascade CM300xi Probe Station
Highly Stable and Robust Platform for Optical/Electrical Probing B

X v
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How do we measure

THORTEST SYSTEM
SCHEMATIC LAYOUT OF THE OPTICAL PATHS

* Dual tunable laser sources O- and C-band
= All single mode fiber (SMF28)
= Measurement pigtails with straight cleaved facets

* Nominal incidence angle 10° from vertical

Power meter with analog output
for automatic fiber alignment

NanoCube
Motion Control

Power meter Calibrated power meter
for IL measurement

TLS O-band Power meter

Polarlzatlon control .\

WA SWTHT
'W PROBE TODAY, FOR TOMORROW
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Output pigey

\eady

Photonics wafer



calibrations

INSERTION LOSS CALIBRATION

6
NORMALIZATION OF MEASURED LOSS SPECTRA T 4 —
= Measurement pigtails bypassed with a SMF28 patch cord % 2
" Loss spectrum of components in the optical path measured :: —

over full range of TLS 1260 1360 1460 1560
. . . Wavelength [nm]
= Measured spectra normalized against this spectrum

Power meter with analog output
for automatic fiber alignment

NanoCube
Motion Control

Power meter Calibrated power meter
for IL measurement

TLS O-band Power meter

Polarlzatlon control .

oo SUEEEES

L —————

Photonics wafer

o

WA SWTHT
'W PROBE TODAY, FOR TOMORROW
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calibrations

INSERTION LOSS CALIBRATION

0.10

NORMALIZATION OF MEASURED LOSS SPECTRA 2 0.5
& 0.0 w

= Measurement pigtails bypassed with a SMF28 patch cord £ -0.05

g -0.10

" Loss spectrum of components in the optical path measured e

over fuII range OfTLS 1260 1360 1460 1560

. . . Wavelength [nm]
= Measured spectra normalized against this spectrum

Power meter with analog output
for automatic fiber alignment

NanoCube
TLS O-band Power meter _
‘ — Motion Control
Polarlzatlon control a m
m Power meter Wrated power meter
for IL measurement

L —————

Photonics wafer

WA SWTHT
'W PROBE TODAY, FOR TOMORROW
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calibrations

ABSOLUTE POWER CALIBRATION
INPUT PIGTAIL POWER MEASUREMENT

" Free-space power meter is used to measure absolute power at tip of input pigtail
= At different Ge photo diode target wavelengths

= Required to estimate power at DUT for responsivity calculation*

IL
Paut = Ptip — ? = Ptip — FtW IL

son il

Motion Control
Polarization control

m IRVl Calibrated power meter
for IL measurement

y SWTEST *assuming equal coupling loss at input and output pigtails
4
v

PROBE TODAY, FOR TOMORROW |
2019 CONFERENCE 5

Power meter with analog output
for automatic fiber alignment

NanoCube
Power meter

i

Photonics wafer
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How do we measure

BASELINE MEASUREMENT FLOW

* Calibrate wafer-level insertion loss (IL) measurement
ox oy« Calibrate absolute input power

* Wafer transport, alignment, profiling A
* Set fibers at nominal height
* Polarization tuning )

* Check probe contact
* Run open/short measurement on a few dies

for die in wafer map:
for test site in test plan:
for device in test site:
chuck movement to device
chuck Z: 50um below contact for passives
for left, right gratings in device:
fiber movement to input/output gratings
align left/right fiber at A=A,
[perform | sweep, detect peak A=4,]

W CWTEST [re-align at A=4,]
"W PROBE TODAY, FOR TOMORROW execute SpeCiﬁed test reCipe J
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How do we measure

BASELINE MEASUREMENT FLOW

* Calibrate wafer-level insertion loss (IL) measurement

: ) I x/month
ox oy« Calibrate absolute input power

* Wafer transport, alignment, profiling
* Set fibers at nominal height
* Polarization tuning )

™ Ix/lot
* Check probe contact
* Run open/short measurement on a few dies

for die in wafer map:
for test site in test plan:
for device in test site:
chuck movement to device
chuck Z: 50um below contact for passives
for left, right gratings in device: > | x/wafer
fiber movement to input/output gratings
align left/right fiber at A=A,
[perform | sweep, detect peak A=4,]

W CWTEST [re-align at A=4,]
'W PROBE TODAY, FOR TOMORROW execute SpeCiﬁed teSt reCipe J -
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How do we measure

TEST EXECUTIVE SOFTWARE

= Python code, hosted on Git

= Code for test execution and LOSS MEASUREMENT
data analysis & reporting DETECTOR MEASUREMENT
— . L | MODULATOR MEASUREMENT
= Test plan = Python script A o
. 2 S-PARAMETER MEASUREMENT
= Grati ng cou P|e r and Probe Pad SParamMeasurementSetting
coordinates pulled from XML design " Propertes N
library Apbise Sy, s e v
* VStep - Voltage resolution for S-parameter measurements 0.1V
1 1 1 * Lpower - Laser power during S-parameter measurements dBm
" Settl ngs Ob] eCts d efl n ed fo r G | . DpCBiasCompliance - Compriance of DCgbiaF: source ?OmA
different built-in test recipes 8 T e SO em———
* FNpoints - Number of steps in frequency sweep for S-parameter measurements
= Averagin| - Number of frequency sweeps to average for S-parameter measurements
" TeSt P I an d eﬁ n es a s eq u e n Ce Of ﬂ . DeviczT)ie - Component t::t is b:ing ter’ted. Detergmines h:w wavelength range is defined.
PortCombo<Input, Output, Probe pad> e

each linked with test settings object

WA SWTHT
'W PROBE TODAY, FOR TOMORROW

2019 CONFERENCE
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TEST EXECUTION
OPERATING MEASUREMENT TOOL IN CLASS 1000 CLEAN ROOM

= Motivation

= Operating the tool in a clean room allows to pull out wafers, measure, give feedback to
process integration

= Resulting in faster feedback

" Wafers are not lost for processing, i.e. more inspections are possible
= Hence we need to verify metal/particle contamination in the tool

* Front side particles: from clean room ambient, electrical probing

* Front side metal contam: probing

= Back side particles: robot arm, wafer chuck

= Back side metal: robot arm, wafer chuck

é" PROBE TODAY, FOR TOMORROW
2019 CONFERENCE
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Operation in clean room

TOOL CONTAMINATION STATUS
BACKSIDE PARTICLE MEASUREMENT

= Typical witness wafer work flow

Front-side particle measurement
Wafer flip

Go through normal load/unload
cycle on tool

Wafer flip

Front-side particle measurement

= Visible marks of robot arm,
pre-aligner, chuck lift pins

é" PROBE TODAY, FOR TOMORROW
2019 CONFERENCE
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Operation in clean room

BACKSIDE PARTICLE MEASUREMENT
VERIFICATION OF CLEANING PROCEDURE

= Initial tool status: measured ~100 level 5 wafers

* No cleaning done before loading witness wafers

= After 10 wafers, particle count drop below spec limit for target contamination level 3
= Chuck cleaned with IPA 25000

after wafer 12
& 20000
= Then loaded wafers |3-24 k)
) - VU 15000
= Particle count stabilized after E
another 3-4 wafers g 10000
5000
. I nnmm
NN T N O N O —_ N ™M I N o o O
O O O O O O OO —m m = = —_ — —— — — N N N N N
DDDOODDDDODDDOODDDDODDD
Woafer
W IWTEST m<0.| WO0.10.16 W0.16:02 W02-0225 W022503 W-0.5 W>05
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Operation in clean room

BACKSIDE METAL CONTAMINATION —TXRF MEASUREMENT
VERIFICATION OF CLEANING PROCEDURE

= Measurement without and with cleaning step prior to cycling witness wafer
= [nitial tool status: level 3

DuploWaferld |Element [Conc WL SL

= Cleaning step - wipe with |IPA and blow dry N, D03 Li 0.04 10 100
60 D03 Na 08 100| 999918
D03 Mg 0.15 100 999916

- D03 Al 8 100] 999907
D03 K 0.068/9999999(9999994

D03 Ca 0.24/9999999( 9999992

~ 40 == S D03 Sc 0.0037 10 100
g B No prior clean D03 Ti 0.078 100 999924
3 30 D03 v -4.00E-06 100 999925
« D03 Cr 0.035 10 100
g D03 Mn 0.0014 10 100
20  After cleaning D03 Fe 0.08 10 50
D03 Ni 059 10 100

D03 Co 0.0016 10 100

10 D03 Cu 02 10 100
D03 Zn 0.11 10 100

0 D03 Ga 0.00044 100 999910
D03 Ge 0.19 100/9999998

D03 As 0.042 100] 999908

WA SWTHT
'W PROBE TODAY, FOR TOMORROW
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Operation in clean room

FRONT SIDE PARTICLE MEASUREMENT
VERIFICATION OF PROBING AND AMBIENT

= Experiment #|: variable wafer dwell time on chuck: 1-2-4-8-12-24 hours

= Only for dwell times > 10h, clear relationship between dwell time and #particles

500

400

# particles
w
o
o

N
o
o

100

0 " e-eo—e ° -
0 5 10 I5 20 25 30
Dwell time [hr]

yswnﬂ —e—0.| —e—0. —e—0.16 02 —e—0225 ——03 —e—0.5
'W PROBE TODAY, FOR TOMORROW
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Operation in clean room

FRONT SIDE PARTICLE MEASUREMENT
VERIFICATION OF PROBING AND AMBIENT

= Experiment #|: variable wafer dwell time on chuck: 1-2-4-8-12-24 hours
= Only for dwell times > 10h, clear relationship between dwell time and #particles

= Experiment #2: probe touchdowns

500

400

# particles
w
S
S

N
o
o

100

0 eo—e—eo—e e @ O
0 5 10 15 20 25 30
Dwell time [hr]

yswmr ——0.| —e—0. —e—0.16 02 ——0225 —e—03 —e—0.5
'W PROBE TODAY, FOR TOMORROW 24
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Data analysis and reporting

AUTOMATED DATA ANALYSIS
ANALYSISWORK FLOW

= Python code in Git repository for data analysis

=  Automation:

= oio_pyro_service: Pyro 4 (Python remote objects) daemon encapsulated in a windows service
(defined using win32serviceutil module) which exposes a number of analysis methods

" oio_email_service:a windows service that encapsulates an email client; e-mail used to trigger
analysis/report generation for a specified lot/wafer/...

* Windows task scheduler to scan network folders for new data and automatically generate
reports overnight

= XML file meta data is used to select analysis method

é" PROBE TODAY, FOR TOMORROW
2019 CONFERENCE
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Data analysis and reporting

AUTOMATED DATA ANALYSIS
REPORTING

v

Output:

= | csv file per lot and per component class
" loss, photodiode, modulator, mmi, dc, ...
= Aggregated data table with all components
= Aggregated data table including
wafer statistics and spec check
= Target, USL and LSL defined
per component/parameter and project

= HTML report

= Results are also consolidated per
component type across different lots

SWTEST

PROBE TODAY, FOR TOMORROW
2019 CONFERENCE
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Spectalue

Variability Chart for SpecValue

Wafer

PWL : FGCCTE_FCWFC1DC_630_378

Variabiity Gauge

Speci/alue

Variability Chart for Specvalue =

1800

Name Wafer
Name Specame
FGCCTE_FCWFCIDC_630_378 D04

D05

Do

D15

DT

D1g

D20

D23

1M4128160416
FGCCTE_FCWFC1DC_630_378 FtW IL [dB]

Speifications

SpecName

Median

FGCCTE_FEWFCIDC_630_378  Fiber-to-Waveguide Insertion Loss [dB]

Comments

Peak Wavelength [nm]

Summary Table

Name Water

Spechame
FGCCTE_FCWFC1DC_630_378 D04

D05

D10

D15

D17

D18

D20

D23

1M4128160416
FGCCTE_FCWFCIDC_630_378  Peak WL [nm]

Median

1557.31
1556.53
1585.22
1572.73
1568.34
1569.23
1567.61
1564.14
1563.63
1585.24

Specvalue

021
028
032
020
026
023
025
025
031
057

LSL TGT
3

Specvalue

Mean | Std Dev | Quanties10 | Quantiess0

InSpec | DiesinSpec Yie

N| sum Ne
2719 1400 1400 00.
190 1400  14.00
353 1400 6.00
182 1400 1400
188 1400  14.00
228 1400 1400
209 1400  14.00
220 1400 1400
229 1400  14.00
207 12600 118.00

Mean | Std Dev | Quantiles10 | Quantilesgo

1557.18
1555.55
1565.28
1572.75
1568.07
1569.39
1566.07
1563.35
1563.31
1564.65

236
5.00
282
220
289
1.90
214
187
206
5.90

155311
1542.01
1561.14
1569.13
15632.33
1566.64
1563.34
1560.33
1559.71
1556.33

1560.19
1563.04
1569.54
1575.72
1572.03
1572.54
1569.61
1565.53
1586.04
1572.01

© imec/2019 — Jeroen De Coster — June 3 —
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inspec | Diesinsp
sum

1400
14.00
14.00
11.00
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<.3 dB COUPLED POWER REPEATABILITY

W

SiPh Verification Test Summary

9 structures, 900 total result : PASS

T T T T I
X inspec AP <0.3[dB]
-13.50 + 0.03 [dB] — — — min couplad power spac P > -30 [dBm]
- — |
-13.97 + 0.03 [dB]
+14.58 + 0.03 [dB]

-16 — i
18— -17.60 + 0.04 [dB] |
E
o
&
)
g
i
2 -18.95 = 0.04 [dB]
B
5
8 -19.57 + 0.03 [dB]

0 [— |

22—

+21.86 + 0.03 [dB]
-23.52 + 0.03 [dB]
2 — |
-24.42 + 0.04 [dB]
| | | | | | | |
die1, subdiet die, subdie? diet, subdied die2, subdiel die2, subdie? die2, subdie3 die3, subdiet die3, subdie? died, subdied

IWT

PROBE TODAY, FOR TOMORROW
2019 CONFERENCE
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SYSTEM LEVEL CHALLENGE
THE SUBSYSTEMS THAT NEED TO COME TOGETHER TO ACHIEVE THIS MEASUREMENT
PERFORMANCE: Polarization

Control

Laser Source

= ~Im Kinematic Loop 9 Axis
=  Fiber Tip / Z Displacement Sensor

9 DOF of two positioners (18 Axis)

Prober platen and Base

XYZ and Theta chuck stack

Woafer

= Components
= Laser Source
= Polarization control
=  Power Meter

=  Characteristics needed to achieve:
=  Stable kinematic loop
=  Positioning calibrated to Probe Station
=  Well tuned servo control
=  Optimized scanning motion
=  Stable input power and polarization
= Stable environment

WA SWTHT
'W PROBE TODAY, FOR TOMORROW

Power Meter

28
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Test setup monitoring

MEASUREMENT REPEATABILIITY
LOSS MEASUREMENT ON 2 WAFERS

= Measurement sequence:

(V " Transport first wafer from cassette to pre-aligner
* Rotate wafer at 87 deg
* Transport wafer to ID reader
* ReadID
* Transport wafer to pre-aligner
= Align wafer to 88.53 deg

20x * Transport wafer to prober
= Auto-align the wafer
" Perform a Z profiling of the wafer (using autofocus on 7 dies)
= Set chuck and fiber home position
* Perform a loss measurement on |3 dies (5 spirals, LR fiber alignment on each spiral)
*  When measurement finishes, return fibers to home position

K * Transport wafer from prober to cassette
* Repeat above steps for all remaining wafers in the cassette (only two wafers in this experiment)

2‘ v PROBE TODAY, FOR TOMORROW
2019 CONFERENCE
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Test setup monitoring

MEASUREMENT REPEATABILIITY
LOSS MEASUREMENT ON 2 WAFERS

-3.27| -2570769231
Std Dev| 0.0042) 0.0048| 0.0044 0.0059 0.01 0.0428 0.0041 0.0051| 0.006 0.0064 0.0532| 0.0063 0.0109, 0.012623077 -0.004910233
N 20

Propagation loss [dB/cm] |Mean

1552 1552.846154
Std Dev| 0.0839 0.0717) 0.0785 0.0822 0.0858 0.097 0.0818 0.0717| 0.0785 0.0632 0.0754 0.0959 0.0822 0.0806 5.19047E-05
20

Peak WL [nm]

Mean -2.643846154
Std Dev| 0.0089 0.0092) 0.006 0.0059 0.0061| 0.0088 0.0083| 0.0072| 0.009 00131 0.0152 0.0183 0.0035 0.009192308 -0.003476869

N

Propagation loss [dB/cm]

Peak WL [nm]

1539 1541 1538| 1540.923077
Std Dev| 0.0804 0.0795 0.0505 0.0795 00981 0.1047 0.0901| 0.1182| 0.0901 00813 00795 0.0996 00766 0086776923 5.63149E-05
19 19 19

\

‘ L/ PROBE TODAY, FOR TOMORROW

2019 CONFERENCE
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Test setup monitoring

MEASUREMENT REPRODUCIBILITY
REFERENCE WAFER MEASUREMENTS

= Repeated measurement of same wafer/dies/structures, ~bi-weekly interval

= Evolution of 8 device parameters tracked
= FWIL TE/TM, C/O band

o'
= Photo diode responsivity =35 _
: € 40 - v
* Photo diode dark current S 4.0 - .00 ¢
tn 45 kRr 075 @
- R 050 <
. ® >0 ] W 0 O
= Also implemented Western o 55 L 000 2
Electric rules 2 60 |
)
L

X BT

2019 CONFERENCE
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Test setup monitoring

MEASUREMENT REPRODUCIBILITY
REFERENCE WAFER MEASUREMENTS

Corrective actions taken when required

Symptom

Id too low

FtW IL out of spec

Responsivity out of spec and
FtW IL is also out of spec

Responsivity out of spec but
FtW IL is in spec

Xy et

2019 CONFERENCE

Bad probe contact

Incorrect fiber height

Fiber facet not clean
Polarization not well calibrated
Fiber facet damaged

Setup loss not well calibrated
First solve issue with FEW IL

Poor calibration of pigtail output
power

Imbalance between input and output
pigtail FeW IL

Adjust probe overtravel
Clean probe tips

Adjust fiber heigt

Clean fiber facet

Calibrate input SOP

Replace measurement pigtail
Calibrate setup loss

See steps above

Calibrate power at tip of input pigtail

Check if input and output pigtails are
at same height
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Test setup monitoring

MEASUREMENT REPRODUCIBILITY
REFERENCE WAFER MEASUREMENTS

= Data analysis

= Target value for each die/device/parameter
defined as average of past measurements

Each data point is normalized as
(i-th observation of quantity x)
D = Xji — Hi

Ji o;
= For each die, parameters p; (j=1...8) are plotted
on a radar plot
* Greenzoneis tlc

* Bold blue line = wafer average
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CONCLUSION

Running PCM measurements in clean room enables faster feedback to process
integration engineers

= Enables checking process changes in-line to tune parameters
* Inline measurements require a fully automated tool - FormFactor CM300xi-SiPh
= Calibration procedures are in place to ensure accuracy of measured parameters
* Dual use case of measurement data
= Ensure technology-specific device parameters are meeting PDK specifications
= Validating the effect of process/design changes on those structures
= Contamination analysis verifies that the tool operates within cleanroom specification
= Tool is not a source of contamination

= Test Setup Monitoring is used to demonstrate the tool is providing repeatable and
reproducible measurements

PROBE TODAY, FOR TOMORROW
2019 CONFERENCE
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