—

SWTEST

PROBE TODAY, FOR TOMORROW
2022 CONFERENCE

W

Novel reverse engineering way of fine
pitch pre-bump probe head development

i / Chan Yin Hong Patrick, Chithambaram Shaalini, Chen Changging
‘ = * (GlobalFoundries - Singapore, Singapore)
| T Q) Dr. Jeffrey Lam, Yang Qu (Star-Quest - Singapore)
GlobalFoundries™ 577’f i i
Dr. Choon-Leong Lou (STAr Technologies - Taiwan)

Dr. Szu Huat Goh (Qualcomm) -

" - i
| | ] N | ]

June 5 - 8, 2022



' o Overview

¢ Introduction

e Background

e Expected outcome and goals

e Proposed solution

e Design Consideration

e Challenges

e Experimental data in GLOBALFOUNDRIES
nclusion and further works

SWTest | June 5 - 8, 2022




" What's WLP .

e WLP = Wafer Level packaging

e Fan-In WLP are formed on the dies while they are still on the
uncut wafer. The final packaged device is the same size as the
die itself. singulation of the device occurs after the device is
fully packaged.

e Fan-Out WLP starts with the reconstitution of individual dies
to an artificial molded wafer. The molded reconstituted wafer
forms a new base to apply a batch process that features

build-up and metallization constructions
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Trend of WLCSP/Fan-in WLP

WLCSP/Fan-In revenue forecast - In M$

(Source: Advanced Packaging Quarterly Market Monitor, Q3 2020, Yole Développement)
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! o!‘s and Cons for WLP

e Pros
— Smaller chip size
- Shorter electrical path
- Lower cost

e Cons
- Prolong process learning cycle
Extra cost for process monitoring
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'ole of test in process learning cycle ‘.
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'l - Role of test in process learning cycle !

<plit A 4 weeks Further
b fabrication address issue
it B 4 weeks Issue
Spll fabrication solved

e |n cases of multiple learning cycle is needed to resolve 1
process issue, the impact of cycle time induced by packaging
and testing is accumulative.

e |[n above example, there are 4 weeks spend in WLP which is
50% of wafer fabrication time. —

I =
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oposed solution
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Bump Probe Head Un-Bump Probe Head
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Design Consideration

Number of Ball/pad 56 219
Pitch of Ball/pad 350um 50um
Pad Size Solder Ball 35um round pad

e Remap of pins location
- Extract from Synopsys Avalon software with no change in tester channel assignment to ensure
production test program is compatible

— avoid sensitive underlying structure

- Traditional Cobra VPC will not be able to meet this very small pitch requirement and special
made MEMS 2mil probe pins. was used to replace original bump pin while ensuring the current
carrying capability and gram force are still within required specification to avoid damage to

- wafer contact point and underlying device layers.
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esign Consideration

L L L L T _L Lot _‘L—

- “erts

Al NBLOCK 3154

M1 LD 43508,

Mx ILD 36508,

MOM TaN Dep 900A + Mitride 27548

NT ILD 9300

EA ILD 8150A

VWV = Nitride Dep 100048 + UV Nitride Dep 20004 + TEOS Dep 68004
Alu Dep 28KA

FPad = Oxide SHA + Nit 48008

e Foundry process information was studied for optimal probe settings

—  Process illustration shows minimal risk of damaging sensitive electrical structure under the contact points.
Double touch down strategy with ~35um OD shows robust contact with minimal continuity test failure.

. e
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esigh Consideration

Pogo Block
Interposer |

MLO —

e PBI redistribution layer for rerouting PCB contact points to new locations

- MLO Layer to to reroute electrical signal overcome challenges that bump, and pre-bump wafer testing requires _
dlfferent number and position of contact points while keeping the pre-bump probe head compatible to eX|st|ng probe
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esigh Consideration

Reinforced metal fixture —>'

Pad probe head

i_ =y ;}h-— MLO alignment mark

e User friendly housing mechanism and specially placed visual guide holes to facilitate easy probe head swap

- Reinforced metal housing to hold the multi layer probe head.

- Balanced and symmetrical screws with optimal torque force to ensure planarity and good contact between probe card PCB and pogo
pins.
Visual guide holes at critical position allow user to check and confirm alignment and avoid contact issue due to mechanical aIIowance 4
User can swap test head flexibility with minimal training to test both bump and un-bump wafer with a single probe card.

Author
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S Pin Used
e STAr-Prima SP65 & SP45

Item No. Needle Type
SP45

Needle Physical Length(um) <5000um

=45um
>1,500,000 (ref.

Probe Type Flat > Bump , Point > Pad

SP65
<6000um

<300mohm
=65um
<100mohm
>2,000,000 (ref.)
<1.85g(Customize)
<1.5%
=850mA
-40~125 (opt. 150)
Yes
0.25um(opt.)

<+/- 5um
= 10um

300~375um(by case)
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MEMS Pin Specification

Force vs CREs (avg.) Force vs CCC
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SP65 specification highlights
Reliable contact force against #of TD
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EMS Pin Specification

Temperature: 25°C I
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e SP65 specification highlights

ifetime up to 2mil




!Hallenges & reliability enhancement !

SITE2Z OPEN FAIL vs TOUCH DOMWHN

Last TD 18 FAIL ="

;12 TD 0 FAIL -

e

b 1 00 1500 D P el ey

e Reliability Issue Background

— To assess the reliability of the probe head, a wafer with 7800 dies was set to run in auto sort ar
- the middle of sort testing, it was observed that multlple pins start to fail continuity open
est. While visual inspection using prober microscope confirmed some pin
ter repeated to) cho /n —
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allenges & reliability enhancement

350w
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e Root Cause Isolation

— To isolate the root cause as well as to scope for potential area of optimization in design the probe head was
dismantled layers by layers. _

- It was found that the main reason for open is due to UD/LD layer not holding the pin securely and main reason f
‘plunger of pogo bending to touch the CU layer after repeated touch down. :

les 3 re-buil_g of t pbe head using tighter opening in mylar/UD a

L O —— I |

cen nd BGA layer -
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allenges & reliability enhancement

T —

e Test Result After Rectification

— The optimized probe head was subjected to 25 wafers testing totalling > fifty thousand touchdowns in an attempt of
eliability and functionality assessment. The yield result is inline with expectation with no more open and sht

—
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Success story - In Fab test enablement

Show Bin Group Color
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e In Fab unbump test enablement

Author

Unbump probe head validated to have comparable yield and bin distribution against bump wafer production sort result.
Shmoo on speed critical test show identical performance and passing window.
Fab can perform in-house test and device characterization without going through the costly and time-consuming

| Y
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ccess story - Fab process optimization suppo

Split stage:M3 & M4: ~ & hours Foup open & 48 hrs Qtime from Liner to ECP POR Envt Conditi I
Module B Exposure vs Process Split
Liner & ECP e = 14 15 16 17 18 19 20 21 22 23 24 25 I
500 A (Old POR) X x
Cu seed thk
(ModuleB) 600 A (POR) X X X X X X X X X
[6hours exposure ModuleB at night): Foup open X X X x X x X X X
POR X X X
Warst Condition. S — Enviranment & O time
Q time 48 hrs (Liner to ECP) X X X X X X X x X
ECP intinal step ?'i:}rﬁ'fsec OR = " X X X X =
(FECP707) 00V/0.5sec(POR) }
1.20v/0.5sec (Old POR) X X X % X
£CP 1'st step 4,54 (0ld POR) X X X &
6. 7SA[POR) X X X X X X X X |
Comment t POR Worst Conditi 0ld POR POR

“old POR - - Yield 97.73|97.85 97.47
' 14213 Power 1.28 | 1.33 1.68
S000_Scan 0.19 | 0.26 0.32
e 5005_Scan 0.22 | 0.18 | 0.10 0.21
E i st 14211 _Power 0.12 | 0.22 0.18
i : it 14020_Power 0.08 | 0.08
 en e 2017_CONT 0.04 | 0.06 0.03
- - 3299_Leakage 0.05 0.03
il i : 3021 Leakage 0.06 0.04
2015_CONT 0.03 0.01
5010_Scan 0.01 0.01

e In Fab process optimization

- Optimal CU seed thickness and ECP initial step voltage identified via DOE. Yield gain of ~4.5% using new recipe agal v
e |g|na| POR recipe. '
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uccess story - Enablement of in Fab EFA

Physzcal Analysis

Overlay i

e Root cause finding for high scan yield loss
- In-house sorting on un-bump wafer successfully reproduce the scan failure reported.
- Characterization sort shows failure is related to high leakage on one of the device power pad.
EFA and PFA confirmed root cause due to M3/V3 void.

n around time and significant cost saving as Fab can do one stage analysis now (Test+Charz+EFA+PFA) Nith
1 sending wafer to test house.
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| Conclusion & Future improvements

e Conclusion

— This paper has demonstrated the design and validation of a user interchangeable probe head solution that will

enable earlier stage pre-bump wafer testing while using existing production bump wafer test hardware and
program

— Such method will enable pure play foundries to enable in-house test solution for process improvement without
support from customer and with minimal lead time and cost.

— Volume wafers sorting confirm that un-bump probe head is production ready and is comparable to original bump
probe head in terms of functionality and reliability.

e Future improvements

— New technology future stack layer probe head will be copper layer free while maintaining the same rigidity.

Author
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Thank you !
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