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Agenda

Is Known Good Die/Stack Test Needed?
Advanced packaging complexity trend
KGSD Tester Insertion in HBM manufacturing flow
KGSD (known good stacked die) test requirements challenge probe card design
DRAM speed spec drives KGSD test speed requirement
FormFactor HFTAP Products
FormFactor HFTAP series for high-speed wafer testing
Probe Card solution for KGD (known good die) test
Probe card solution case study: KGS HBM2 and KGD LPDDR4
Electrical Performance Validation
Probe card design simulation & measurement vs. production test result
Feature Development Direction and Acknowledgement
Conclusion, feature development and acknowledgement
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* Increased Complexity of Advanced : ,
Packaging Requirements: § |
| . | - - g
— Simple SoC - HBM to multiple SoC - multiple HBM $ /3
— HBM DRAM stack increase § —
— Bigger Package size e o Souon
* More Advanced Packaging is Required:  hemz B3 I
(Source: Status of the Advanced Packaging Industry 2019 report, Yole Développement, 2019)
— Revenue Growth in CAGR ~8% (2018~2024)
— Offers more features and computing power than s N -
individual IC package result into market growth o B o
- DRAM KGD, KGSD Test Help Reduce Risk and Cost e ol
on Advanced Packaging/HBM *u | «
— Higher complexity - lower yield = 5
— Higher complexity = higher packaging cost D e e e BN BN
— Earlier defect detection help save package cost o =iyl WL TSV mGnbedded ie Toml =Yoo (9
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KGD Test: At Wafer
Sort Test
DRAM Wafer[
)

E g ol h
@il N O aate—
g8 %
Wafer/TSV process Flip  Thinning e N T
i R @l D : - w»
Logic wafertest formation > T
n E—) e P Dicing *% *
E!:FF' & Debonding
Wafer/TSV procei Flip Thinning stack & Mold K
& Bump KGS Test: Post-stac
wafer test formation Wafer Test

Chioce 1
(Known Good Die Test)
DRAM Wafer Sort
Pad on DRAM Die
DRAM HFTAP Probe Card
Early in manufacurting process, bad die
imapct to HBM package loss is minimum
matured probing recipe and process control

Chioce 2
(Known Good Stack Wafer Test)
DRAM Wafer Post Stacking
Sacrifical PAD in HBM Bump Array
DRAM HFTAP Probe Card
Known good stack result
Relatively cost effective solution (high test
efficiency and good enough coverage)

Where to Test in the HBM Flow:
Probing Interface:
Probe Card Technology:

Advantage:

Test strategy and DFT build to die design to get
good enough coverage

Probing recipe optimization for wafer stack and

CTE management on composition material

Wafer stack and interconnect yield

Challenges:
management
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KGS Test: Post-Stack
\Single Die Test

-y F Fr F §F 8 8§ 4
Chioce 3
(Known Good Stack Single Die Test)
DRAM Stack Die Post Dicing
HBM Micro-Bumps
Vertical MEMS Probe Card

Full test coverage, truly known good stack

HBM2 bump pitch and signal count challenge

space transformer fan out (high cost)

Probing recipe develop on single die stack

handling
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 HBM Application Expands to Broader Market

Moving to Vollifiie Market

' i HBM3
— From Graphic to Server, Al, Automotive, HPC A
- : GFX
- HBM to HBM3 Performance Enhancement o e
HBM2 i
— Faster data rate speed g™ w o
— Higher memory bandwidth GFX)  icrouccs

105C

. a8 HP
—  Wider temperature range L Nl e

o i Cien’
« KGD Test Requirements, PC Challenges s

— Probe Card speed requirement from 1.6GHz to >3GHz
— Temperature range from -40~125C to -40~150C
— Test efficiency to meet high volume production

Low Cost Ver.
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FormFactor has provided HFTAP product class K5, K8, K10, K16, K22
— HFTAP probecard enables wafer testing up to 4.2Gbps

FormFactor’s HFTAP Probe card

*) HFTAP: High Frequency Test at Probe

Memory KGDS Speed Test Requirement vs. FFl Product Line

FFl Product FFIHFTAP Clock Data Rate
Platform Product Class (MHz) (Mbps)

LPDDR4x

LPDDR4
_ (e

2015 2016 2017 2018 2019
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FormFactor has provided HFTAP product class K5, K8, K10, K16, K22
— HFTAP probecard enables wafer testing up to 4.2Gbps

FormFactor introduces K32 and K40 class
— To enable leading edge higher speed wafer test demand

FormFactor’s HFTAP Probe card

Memory KGDS Speed Test Requirement vs. FFl Product Line

FFl Product FFIHFTAP Clock Data Rate
Platform Product Class (MHz) (Mbps)

*) HFTAP: High Frequency Test at Probe

Matrix .
LPDDR5
Matrix HBM3
LPDDR4x

- [ nemae

2015 2016 2017 2018 2019 2020 2021
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« KGSD HBM2 Probe Card  KGD LPDDR4 Probe Card
— Max 64DUTs, 18TD, T11.2P (-40~150°C) — Max 128DUTs, 45TD, T11.2P (-40~150°C)
— Target Speed 3.2GHz — Target Speed 3.2GHz

— Advantest T5503 HS2 H7-070569

(>3GHz), T11.2P Offers Wide Temperature Range
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Density

Perfect ] ‘
nput I (g

Signal

mary
Lewl1 ot measurem ent Summarny
Heggm 0.632
width 1.289E 10 Level1 0.450
Leveld 0.067

Height 0.216 s
Width 1.219E-10

2.3¢

1.95eNs 2.esens  2.esens

Tester Input Signal Probe Card Output |5;-“ISE§/ES§I:I'SI\/II'”5()“ﬁom Test Floor
Simulation 3.2GHz Simulation 3.2GHz 3.0GHz Data Rate Test Pattern

« FFI simulation considered tester and probe card signal degradation

« Simulation considers ideal case (no crosstalk noise and power/GND noise)

- Simulation shows 43% eye height, confirmed by SHMOO plot and test floor data, performance reach
90~95% to the simulation result.

« Both simulation and actual test result show FFI K32 probe card capable for >3GHz test speed, correlate
between design simulation and test result
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freq=5.831GH m2
req=>. z =3.936GH . '
HB(S(7 8))=.2.081 hrg(sm 18))_32 99J FFI PC.B Design Measurement Result Show
There is Path for Probe Card Support >5GHz
s I KGSD Test Requirement
™ \"T‘j_?. — Multiple signal channel PCB only simulation
5555 n s 2 T — With advanced design rule (for HFTAP K40 and
Soucgoags “ ‘ K50 product)
S Fon0n C
O e oginED - *‘Lmﬁ — Existing tester configuration
TTTT © 4
1 ., — With PCB high speed material and manufacturing
5 fastel rule
6l i — -3dB bandwidth improve by 1.9Ghz
0 1 2 3 4 5 6 7 8 9
freq, GHz

M1: PCB design with Advanced Design Rule
M2: PCB design with HFTAP K32 Design Rule
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HFTAP Readiness
— K32 has released to HVM
— K40 has confirmed FF internal
— Ready for up to 5.0GHz speed
— Needs ATE roadmap for >4.0GHz

Increase Test Efficiency

— Double up the parallelism with x2
signal sharing thru TTRE. Up to K16
(1.6GHz)

— Co-working with tester company for
higher density channels for x256 DUT
at 3.2GHz ~ 4.0GHz solutions

Memory KGDS Speed Test Requirement vs. FFl Product Line

FFl Product FFI HFTAP  Clock Data Rate
Platform Product Class (MHz) (Mbps)

GDDR6

LPDDR4X

2015 2016 2017 2018 2019 2020 2021 2022
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« KGD, KGSD Test Demand Increase along with Advanced Packaging

« KGSD Test Requirements Continue to Challenge Probe Card Technology
— Test speed requirement continues to increase (from 800MHz to 3.2GHz)

— KGD, KGSD test requires better test efficiency to reduce cost and support higher volume
— FormFactor HFTAP probe card now supports K32, K40 with 128 DUT (max).
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