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hy DRAM KGDS Test Needed in Advanced Packaging:

e Advanced Packaging Complexity Trend: = E-g e
- From simple SoC + HBM to multiple SoC + multiple HBM g
- HBM DRAM stack increased § e
- Package size growing E‘, mh
e Advanced Packaging Revenue Growthin CAGR  § mw R
6.6% (2014~2025) ; T Gl
- More chips in the package = high value $ —C Source: Cadence website
- Advanced Packaging offers more features and computing HBM2 HBM2E HBM3
power than individual IC package result into market Advanced packaging market share evolution
growth o T o
e DRAM KGDS Test Help Reduce Risk and Cost on i Advanced Packaging revenue as % of total packaging

Advanced Packaging/HBM

Wafer Test Coverage

- Higher complexity - lower yield _
0 0 . o ey
- Higher complexity = higher packaging cost D £ | Zero AN
- Earlier defect detection help save package cost ; §
- 0O | 5| Some WEJE » |
2014 2015 2016 2017 2018 2019 2020 2021 2022 2023 2024 2025- -

® AP ® Ocher

Low | High
Packaging Cost

Figure 2. Advanced Packaging market share evolution 2014-2025.
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https://community.cadence.com/cadence_blogs_8/b/breakfast-bytes/posts/tsmc-s-3d-fabric
https://www.swtest.org/swtw_library/2020proc/pdf/00pm_SWTest_Untethered_Keynote_Slessor_FormFactor.pdf
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HBM and DRAM Data Rate Spec Drives KGD Test Requirement

e HBM Application Expands to Broader Market
— From Graphic to Server, Al, Automotive, HPC

e HBM to HBM3 Performance Enhancement

Moving to Vollifiie Market

- Faster data rate speed if,fZ‘;ZnsGB
) Expansion to various ’ e
- Higher memory bandwidth IIcSHEl ECG/ In DRAM
- Wider temperature range — . Bplized
e KGD Test Requirements, PC Challenges - Qe
- Probe Card speed requirement from 1.6GHz to >3GHz , Tt S WG
- Temperature range from -40~125C to -40~150C ' . - @

- Test efficiency to meet high volume production

Source: SK Hynix Presentation “An In-depth Study of High Bandwidth Memory”

y AGbps >3.2Ghp
Data rate 3200Mbp ( ( 6G i 2.8Gbp =g

j (TBD)
Pin count x4/x8/x16 - .'"_P - %102 103
Eandw-ldth I: II_‘ ‘I - :SUUB;‘: ] SDDE‘B;S
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Probe Card Solutions Case Study: KDS HBM2 and KGD LPDDR4
e KGS HBM2 Probe Card

e KGD LPDDR4 Probe Card
- Max 64DUTs, 18TD, T11.2P (-40~150°C) - Max 128DUTs,45TD, T11.2P (-
- Target Speed 3.2GHz

40~150°C)
- Advantest T5503 Hsz H7-010508 - Target Speed 3.2GHz

i e

Both Probe Card Solution Achieve Highest DUT Parallelism and Speed
Requirement (>3GHz), T11.2P Offers Wide Te mperature Range
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robe CardDesigrrExperience: Design & Actual Co

Eye-Diagram
Assume 500hm on die termination
Prefect Input Signal

Loss Return Loss
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e SHMOO Plot from Tester on TCK vs. TAC Pin at
105°C Test

e - LPDDR4 KGD test target spec 4.266Gbps

6’0 (~2.2GHz)

— Maximum test speed run up to 6.061Gbps
(~3.0GHz)

- Test pattern total # of transition >1632 times

Test pattern considered ISI (inter symbol
interference)
e Conclusion:

- From 2GHz speed to 3 GHz speed test all
patterns passed enough timing margin

From 2GHz to 3 GHz, probe card degradatlo
within 25ps only. Exceeds expectatlon

FFI K32 probe card proven work
3GHz speed test
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Probe Card D-Eye SHM

D-Eye (VRE_OUT vs. TAC) SHMOO
Data Rate 4.266Gbps and 6Gbps

D-Eye (VRE vs. TAC)
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LPDDR4 Probe Card D-Eye SH MOQQQhCIUSlon

Density ]
I 1 -
) (T

Perfect .
Input D i

Signal

01 LA L B TT
150 200 250 300 3a50

time, psec

Summary

m easurem ent
0.450

measurem ent Summ ary
Levell 0934
Level0 0.016
Hegght 0.632
Width 1.289E-10 Lewel1
Lewvell 0.067
Height 0216
Width 1.2189E-10

Probe Card Output
Simulation 3.2GHz

Tester Input Signal
Simulation 3.2GHz

D-Eye SHMOO from Test Floor
3.0GHz Data Rate Test Pattern

e FFl simulation considered tester and probe card signal degradation
e Simulation considers ideal case (no crosstalk noise and power/GND noise)

e Simulationshows 43% eye height, confirmed by SHMOO plot and test floor data

nerformancereach 90~95% to the simulation result.
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Me'r Improve Probe Card Speed Performance Beyonm

Specification
m1 m2
bﬁ?s?r’,ss:’);g'z".ﬁs1 el ggJ e FFI PCB Desigh Measurement Result

Show There is Path for Probe Card
Support >5GHz KGDS Test

Requirement
SeSTS55R - Multiple signal channel PCB only
1—\—1—::9: —= 4 M
Gonnn 228 simulation
Donnd. D500 _ .
A - With advanced design rule (for HFTAP

K40 and K50 product)
- Existing tester configuration

o 1 2 3 4 5 & T 5 o - With PCB high speed material and
freq, GHz manufacturing rule o

: PCB design with Advanced Design Rule ) , , et
B design with HFTAP K32 Design Rule 3dB bandwidth LIRS by 1

— . |

-y

| —

SR
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- Future KGDS Probe Card Development Direction

e Satisfy for Higher Speed Test

Requirements
- K32 (3 .2G H Z) haS released to HVM Memory KGDS Speed Test Requirement vs. FFl Product Line
FFl Product  FFl HFTAP Clock Data Rate

- K40 (4.0GH2z) in customer evaluation | et

- Probe Card architecture proven for 3000 16000

7000 14000

>5.0GHz speed st00 12600

B 5600 11200

- >4.0GHz development pending ATE S B I B

3733 7466

roadma P Matrix K32 e =

e o e o 2800 5600

e Increase Test Efficiency by Raising S B T T

Maximum # of DUT on Probe Card i || ol s T
- K16 (1.6GHz) has a solution for x2 I R — | O ———
signal sharing by x2 TTRE technology t¢— wou 1so0 | | |

. Matrix, PH K8
double the parallelism ce7 1—"-"3h

Matrix, PH K5 534 1067,

— Co-working with tester companies for L csoneta o rede i 2015 2006 2017 2018 2019 2020 2021 2022
~higher density channels for x256 DUT i
- 3.2GHz ~ 4.0GHz solutions

r— i =] = riaa
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Key Take Aways and Acknowledgments "

e KGDS Test Demand Increase as Advanced Packaging (HBM) Chip demand Increases Dramatically
- AP IC revenue continues growing since 2014 forecast at 6.6% CAGR

- As more IC integrate to AP and size & signal channel scale, AP become more complex which leads to a low
yield and high-cost combination.

- KGDS test is one way to improve final yield and reduce packaging cost by eliminating bad components at early
packaging stages

e KGDS Test Requirements Continue to Challenge Probe Card Technology
- KGDS test speed requirement continues to increase (from 800MHz to 3.2GHz)

— As AP IC demand increases, KGDS test solution requires better test efficiency to reduce cost and support
higher volume

— FFIHFTAP probe card technology has validated on production test passed 3.0GHz speed and achieved max

128 DUT. Performance and measurement data show promising result on Probe Card support higher speed and
parallelism

e Acknowledgment
- Mr. Byeongseon Ko (SK hynix): worked with FFI provided production test data i
- - Mr. MJ Lee (FFI): provided materials for this presentation il
r. Jim Tse ng (FFI): provided simulation & measurement data for this presentation
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