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Copyright Notice

The presentation(s)/paper(s) in this publication comprise the Proceedings of the 2015 BiTS Workshop. The
content reflects the opinion of the authors and their respective companies. They are reproduced here as they
were presented at the 2015 BiTS Workshop. This version of the papers may differ from the version that was
distributed in hardcopy & softcopy form at the 2015 BiTS Workshop. The inclusion of the presentations/papers
in this publication does not constitute an endorsement by BiTS Workshop or the workshop’s sponsors.

There is NO copyright protection claimed on the presentation content by BiTS Workshop. However, each
presentation is the work of the authors and their respective companies: as such, it is strongly encouraged that
any use reflect proper acknowledgement to the appropriate source. Any questions regarding the use of any

materials presented should be directed to the author(s) or their companies.

The BiTS logo and ‘Burn-in & Test Strategies Workshop’ are trademarks of BiTS Workshop. All rights reserved.
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Space Transformer PCB
For Testing 200 um WLCSP

Khaled ElImadbouly
Smiths Connectors
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What is the Space Transformer PCB

Standard pitch extender PCB to fan out the 200um
DUT pins to 0.7mm pitch or larger for standard
load board fabrication process

_ul_o OOO

P/N # 436576 001-A
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How It Gets Used Iin the Probe Head

Space transformer connects the Monet 200um probe head
to load board through a low profile spring probe interposer
For Probing Wafer For Final Package Test
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Comparing Probe Head with Load
Board vs. Traditional Probe Card

Parameter | Load Board with Probe Head Traditional Design
smiths connectors Proprietary Design | Probe Card

Application Probe wafer and final packages Probe wafer only

Multi-Sites No limit (up to max tester resources) Size restriction for tooling
Limitation
Maintenance Field service repairable Non field service repairable
When a probe is damaged, the When a probe is damaged,

cartridge for a broken site can be the entire PH is down and
replaced for quick PH recovery need to be replaced

Cost Of PH can be refurbished when probes reach | PH will be retired when probes
Ownership end of life reach end of life

High Speed Acceptable Acceptable
Signal Integrity

High Power Superior Acceptable
Delivery

Ln
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Parameter

Standard PCB

smiths connectors
Proprietary Design

MLO (Multi-layer Organic)
Thin/ Thick Film Substrate

MLC
Multi-Layers Ceramic

Flatness

Acceptable

Need Improvement

Best

Thermal
Performance

Acceptable

Need Improvement

Best

Rigidity

Acceptable

Need Improvement

Best

High Power Delivery

Acceptable

Need Improvement

Acceptable

Hole’s True Position
to Pads

Acceptable

Acceptable

Poor

16-Layers Average
Thickness

Acceptable

1.3to 1.6mm
range

Acceptable

Too Thick
3 to 5mm

Via Resistance

Acceptable

Acceptable

High Resistance

High Speed Signal
Integrity

Acceptable
Up to 6Ghz

Acceptable

Poor

n
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The Challenges of PCB

The success of the probe head relies heavily on
the success of the space transformer PCB

PCB flatness will have big effect on tip to tip
coplanarity of the probe head (first to last
touch)

Alignment hole true position accuracy is very
critical for pin to pad alignment

RF signals need special routing

Ln

i

Space Transformer PCB For Testing 200 um WLCSP
Burn-in & Test Strategies Workshop N

Burn-in & Test Strategies Workshop www.bitsworkshop.org March 15-18, 2015




Session 3 Presentation 3

BiTS 2015 Wafer Level Pots of Gold - Wafer Level Chip Scale Packaging (WLCSP)

PCB Flathess

The old design PCB had a flatness issue in the same direction of the bowing
induced by the spring probe interposer preload.

The new design PCB with controlled thieving and solder mask improved flathess
by 10um and is now in the opposite direction of interposer bowing and preload

Old Design New Design
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Probe Head Flathess

The new SS frame structure and the improved PCB flatness
design contributed significantly to reduce the bowing by 30um

. t

Stress:
The maximum stress is 18.1 kpsi for 249-13 pin and
24 1 kpsi for 249-02 pin for which yields the safety
factor of (31.2/18.1=) 1.7 and (31.2/24.1=) 1.3

SST Frame

Ceramic Peek; SST; PCBROTTS
Bolted - Fixed Support
Deformation: 0.0058 mm = -+ Symmetry (Quarter model is used)
il phal S = Pre-Load: MonetPCB-101972-000; Total: 2430
. Test-Force: PCB-623-0249-02/13; Total 1521
The maximum deformationof _____ :
interposer board is 0.0070 mm S Spring Connector (not shown)
\ 00085 mm [ GapContact

(The vonMises stress criteria is used to predict the failure)
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Probe Head & PCB Flatnhess

The overall PH coplanarity and the bowing was reduced by 30um

after improving the structure of the PH frame and PCB flatness.
4 PH using the Old PCB design Same PH using the New PCB design

Tip Coplanarity :o | Tip Coplanarity
Cartridge Coplanarity
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Alignment Hole True Position

Placing fiducial pads Example of 2mils shift in
around alignment holes in alignment hole's true position

PCB with true position of

+/-0.001” is a standard Fiducial Pad for
practice for POP interposer [Rislicielinilie
PCB, however for these

200um WLCSP PCB, the

target pad is too small, Fan out  Dowel "
PCB Pin

therefore we developed . -
additional fiducial pads to 0.0020 £0.051] ~| Wl

0.0050 L[0.12/7]1—

achieve precision PH
0.0079 [0.200]—

optical alignment
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RF Signal Routing

Developed special routing for RF signal | .
to meet 6GHz speed requirement. :
This routing was simulated then verified

by actual measurement not only for the

PCB but also for the entire Probe Head
Simulation vs Actual Measurements: IL: -1 dB, 6.8GHz;

Insertion Loss Return Loss
All Channel Total Stack All Channel Total Stack SE Insertion-Loss

Insertion Loss, dB Return Loss, dB

11)

dB(S33)

IB(S

dB(IL_WRF_RFIN_5G) = dB(RL_WRF_RFIN_5G)
dB(IL_WRF_RFIN_2G) dB(RL_WRF_RFIN 2G)
dB(IL_WRF_PAOUT 5G) ; dB(RL_WRF_PAOUT 5G)
dB(IL"WRF_PAOUT 2G) dB(RL_WRF_PAOUT 2G)
dB(L_FM_RFIN) dB{RL_FM_RFIN)
dB(L_BT RF) ] dB(RL_BT RF)

LA ARSI LARRE RARLN LRARY RARRE RRAR} LA LR AR RN RN LANRE RARR]
1

5 0 65 2 % 2 ¥ 4 50 % 2 3 3 ¥ 4

freq, Gz freq, GHz
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Test and Validation

Design and set up 4-wire Kelvin Cres board to measure leakage and

Space Transformer PCB For Testing 200 um WLCSP
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Test and Validation
Example of Cres report for each probe head

WLCSP- 395 - 0.2mm 6-Sites Cres Report
PH SN 40-0814-1142 08/05/2014 SN# 1123 SN# 1165 SN# 1142 SN# 1151 SN# 1143 SN# 1146
RF Avrg Cres 0.257 |0.236 0.234 0.273 0.273 0.2350.297 0.311 0.282|0.230 0.226 0.258|0.262 0.287 0.260{0.217 0.230

RF STD DEV 0.069 |0.047 0052 0.071 0.057 0.063]0.071 0.089 0.084]0.060 0.065 0.123]0.073 0.074 0.066|0 047 0052

Signal Avrg Cres 0.433 |0.449 0453 0.419 0438 0.412{0.454 0.464 0447|0408 0.418 0.404|0.435 0.451 0.431|0.414 0430

Signal STD DEV 0.094 |0.079 0.098 0.074 0.068 0.068]0.107 0.105 0.107[0.112 0.115 0.114]0.095 0.098 0.097)0.072 0.074

High Cres
Pins

Socket Cres Criteria's Avrg Max
Cres Cres

Het Hame 1 2 1 2 1 3

K
PCIE_TCDNO 0.235 0.250 0239 0234 0258 0337 0.262]
FCIE_TCDFO ¥ B 0.232 0.256 0.274 0.287 0.281] 0.221 0.218)
FCIE_RDFO ¥ B 0.268 0.290 0.244 0.188 0.185]| 0.289 0.330
PCIE_RDNO ¥ B 0.265 0.299 0. 0.204 0.283 0.231] 0.307 . o 0.295)
UsE3_TDP ¥ B 0.273 0.316 0.218 0.271 0.155] 0.211 0.185)
USE3_TDM ¥ . 0219 0.212 0.352 0.364 0.317] 0325 0.244]
EO& ; _REG_{ . X 0.377 0.385 0.342 0.361 0.338] 0.426 0.377
EO7 § § . x 0.429 0.360 0. 0.375 0.417 0.382] 0.352 0.478
EOS - SW _ . . 0.410 0.3%3 0385] 0.385 0.382 0.370] 0.406 0.384
E10 -_SW ! . . 0.343 0.353 0.310 0433 0.320] 0.340 0.392
E11 F_SW_CTRL_4 X 0337 0.352 0335 0318 0.377| 0.370 0.313]
FO2 ACKAGECPTION_2 B - 0.325 0.341 0.305 0.384 0.381] 0.351 0.483)
FO& . X 0.512 0.540 0.334 0.441 0.401] 0319 0.437)
FOB il GFic_1z ¥ . 0.334 0.343 0.268 0.325 0.263]| 0.306 0.443)
FS15 P15 _FCIEUSB_AVDDPZ I : 0.055 0.072 0.020 0.037 0.041] 0.0M2 0.083)
FS16 PlE_USBZ_AVDD33 ¥ B 018% 0.211 0.093 0177 0.112] 0.274 0.168)
FS13 F13_VDDIO I : 0.090 0.036 0.091 0.08% 0.015] 0.072 . 0.053)
PS20 P20_WRF_SYNTH_VDD3 ¥ B 0.273 0.267 0.162 0.178 0.202] 0.227 1} 0.214]
PS21 P21_AVDD3P3 . 3 0.087 0.103 0.07% 0.127 0.083] 0.111 0 0.128)
P522 P22 _WDDIO_RF X : 0110 0.085 0.090 0.045 0.130] 0.087 0.108|
PS25 P25 BT VDDC I B 0.042 0.056 0.035 0.045 0.041] 0.047 0.078)

PS04 WRF_XTAL_VDD1F2_SEN 254 ¥ 3 0.240 0.314 0206 0.221 0A77| 0.229 0 0.235]
PS08 WOUT_LNLDO_SENSE 351 » 3 0311 0.281 0.207 0.233 0.255| 0.322 0.237]

FE03 WOUT_BTLDO 2P5_SENS] 362 » . 0.433 0.486 0.234 0244 0.221] 0.318 0.233
GO 1 GMD_T54 A | 0.000 _0.025

Cres Report Leakage Report 395_0.2mm Pin Map Cres_Socket_Measurements LKG_SDEkEt_MEaSLII’EITEl 4|
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Test and Validation

Example of a device pin map showing the Cres measurement of the
exact location of each bump, to check any failing via, pad or pin

Site 0

1 2 3 4 5 6 T 8 3 10 W 12 13 W 21 22 23 24 25 26 27T 28 23 30 3 32 33 M35

044 042 045
046 044 042 043 038
033

003
013 033

0.03
044
043
042 042 003

044 042
033 042

043 044 042 034 044

044 034

043
0.3
044 037 038
042 043
044 003

013 042

044 043 o 02

12 3 4 5 6 7 8 910 M 12 13 14 2122 23 24 25 26 27 28 29 30 31 32 33 34 35
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Test and Validation

Example of first article PH validation to verify the space transformer PCB
and the PH can withstand the 300K cycles at room temp, 85C and -10C

WLCSP 395 - 0.2mm 6-Sites PH Cres Report

===RF Avrg Cres -=-Signal Avrg Cres =w=Power Avrg Cres

M’%

VVwww ™ \d v v
ww?, VYYvyVvvYvwvvwww? VYVYVVVYYVVVYVYVYYVYYVYVY

LR EEEN RN EEEEEEEE R

100K @ Room 100K @ 85C 100K @ -10C
Cycles
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Summary

* Over the past several years, development of this type of
fan out PCB that gets integrated into PoP test sockets
has been very successful, and more recently has been
adapted to probe heads for multi-site 2200um WLCSP

The design standards of this space transformer PCB
have been developed in such a way as to ensure
precision alignment in HVM environment and in
consideration of PCB fabrication, yield, and tolerances

Overall performance is very satisfactory while there is
still room for improvement, moving forward for the next
generation Probe Head.
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