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Motivation

Traditional Test flow:

. . Wafer test . . Optical bare .
Wafer Finish (probing) $ Dicing die test $ Packaging
HPC Chiplet Test flow:
Wafer Finish (rl;:)n;;f:gmv;?fc?ntteriﬁg Dicing Full conttZ r;tt barge$ $ Packaging
Ideal HPC Test flow:
Wafer test (full . .
Wafer Finish content die = Dicing Optical bare die Packaging

ATC) $ test $
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Microbumping

Back grinding
Test bare die

Sawing
Pick and Place

Fig. 1: Manufacturing process steps from tested wafer to
assembly process. Source: A. Meixner/Semiconductor

Engineering
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Fig. 3: Wafer level packaging process flow showing shift
right of wafer testing. Source: A. Meixner/Semiconductor
Engineering (after Ref. 9).
Key Message:
HPC Wafer test
« ° ° ”»
shift right

...In the News

ATC = Active Thermal Control

“ATC capability can enable additional
stress testing and test conditions more
closely resembling package testing for
higher voltage and frequency corner
testing,” said Intel's Gardner. “This can
boost good die into packaging, which
in turn can improve package test
yields. Singulated die testing’s ability
to run higher frequency testing can
also enable binning and performance
segregation before packaging. This, in
turn, can enable better die pairing of
chiplets during the assembly process,
which can be an additional benefit to
advanced packaging products.”

And active temperature
control, once only possible at
final test, now can be
implemented prior to assembly
to improve yield and reliability
earlier in the manufacturing
process.

Key message:
Wafer test is not
enough, only
singulated die test can
solve thermal issues.
But it is at high cost

Source: https://semiengineering.com/quest-for-kgd-drives-sinqulated-die-screening/
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Test Strategies for Semiconductor Makers

KGD for HBM and CPU/GPU

KGD for any Chiplet Key Message:

e end for Advanced Package
Role of Test in Disaggregated World
HBM LT HBM HT Chip On CoW CP Test Dicing/PKG Final Test Yield N 0 Wa fe rtest /
Wafer Wafer Test Easy Example: Single die into a package Cost risk °
No bare die test =
Burn In Test Level Test: Yield ~HIG .
Asembly MMHM M M Assbly/Pkg $ lost poor Yl e I d
Logic RT/LT Logic HT —
Any missed screening at sort
B directly impacts U/D
— ] o[ ] aggregated World
N : U Only way to solve this is to bring vield
K D e Heatina | a package (classic MCP) Cost risk

stress and full class content to
sort. So-called, Known Good Die.

Final  System
Burn In Test  Level Test : Yield ~

For each mis-
screened die:

1 good die lost

* more wafer for

- P . each die
ow, each die contributes to . still lose Pkg

missed screening

Role of Test in Disaggregated World

Yield
What about Four Die ? Cost risk

Yield 3%(!) in Only way to solve this is e 0 e
a 12-chip to bring stress and full N

Dicing yield

For each mis-
screened die:

Wafer tesv
‘ - 3 good die lost
dicing process yield single chip yield 12x module 32x module m Od u I e CI a SS Co n te n t to So rt. So - . ;I“;:I:a:;‘azelre

combined yield combined yield
9% 9% 89% 72% I I d K G d D. Only way to solve this is to bring + Still lose Pkg
% 9% 9% 2% callea, Akhown GO0 1e. siress a7 il desssontertto
90% 90% 289 3% | . ' .

Source: T.I.P.S. GmbH ISTW 2019

intelfoundry v

Source: Intel SWTW 2024 Carlsbad
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Challenge: Thermal Behavior During Test

Key Message:
The mass of the chuck is too large to have fast thermal

change as it can be done with low mass in single die /

final test

Wafer Test

Wafer Sort: a thermal perspective

* A tool to maintain the wafer at a constant temperature while some tests

are performed

Schematic of a typical wafer prober, not drawn to scale

Wafer - Probe card

. _

Heating / cooling technology

Foundry TD SW Test | June 3 -5, 2024
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Thermal considerations:
1. Mass:
The chuck diameter needs to match the wafer
To maintain low gradient, high thermal
conductivity materials are needed
High thermal conductivity materials also have
high density > the mass of the chuck is large.
2. Interface:
¢ Athermal interface is formed between the wafer
and the top of the chuck
The contact resistance is a function of the
pressure and the surface quality
Assuming a dry contact interface with relatively
low pressure, the contact resistance is high.

intel foundry

Final Test

SDX: a thermal perspective

e A tool to control the temperature of a single die during test with very
high precision

Thermal considerations:
1. Mass: e Parameter Improvement of
o The chuck dimensions defined to SDX over wafer
Schematic of SDX chuck, not drawn support up to a full reticle die
. Need materials with high stiffness sort
to scale and thermal conductivity
Due to dimensions of the chuck Interface

and material options > resistance
Probe card

Die 2. Interface: ' Heating rate

Interface A thermal interface is formed

the chuck
The contact resistance is a

I

—
[chu ] between the die and the top of Cooling rate
|

function of the pressure and the
Heating / cooling technology surface quality
© Using of a gas and high contact
pressure,

Foundry TD

SW Test | June 3 —5, 2024 intel foundry

Source: Intel SWTW 2024 Carlsbad
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The Fundamental Issue in HPC Wafer Test

* As aresult of the thermal mass
of the chuck, response time to
power applicated locally is not

Rezponse g Lo oC [~ Trerofatie: fast enough.

3.0Sec |
‘—’ 100W/cm?

Wafer vs. Singulated Die Test Thermal Performance

* |tis not enough to keep the top
side of the chuck temperature
constant, very fast lowering of
the top side of the chuck locally

: is needed to keep DUT

temperature constant

Wafer-based Thermal Solution Singulated Die-based Thermal Solution

Source: TSMC |.S.E.S. Taiwan 2025
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SCL Concept for HPC Wafer Test

*  Use ERS PowerSense Chuck System « Useinternal sensor for each section
« Use SCL (section layer) concept « Useinterface box toreadout DUT
e Use watttron Matrix Heater as section temperature during test
layer « User DUT temperature for section control
TDUT
»| Interface Box
Probe card
DUT TDUT
TDUT
| B | E// W W ey R 2 % Il 7 | Wafer
) High speed
Secte o ——T—TL—L— 1 T 1 e Coveerss
(SCL) PowerSense chuck tpr_are

Klemens Reitinger

Patent Pending

High dissipation cooling
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Matrix Heater core technology (1/2)

e 1000s of printed heating pixels for perfect temperature
control

e Pixelwise temperature control allows either
defined heterogeneous or perfectly homogeneous
temperature distribution - that’s digital!

e Low thermal mass — Ultra-fast heating (up to 7000 K/s)
e +0.5 K accuracy per pixel—even during ramp-up

e Broad operating range From ~35 °C (or below with
cooling) up to 600 °C

e Cansustaina 100 K difference across just 5 mm

Klaudiusz Holeczek 34th SWTest Conference | Carlsbad, CA, June 2 - 4,2025 9



Matrix Heater core technology (1/2)

e Tripple functionality

- Heating: Each pixel acts as a Joule heater
when current passes through its resistive
trace

- Sensing: The pixel’s resistance change
with temperature provides real-time
feedback, enabling closed-loop control

— Cooling: By attaching the heating pixels
to a cooling block

Electrical resistance

Fast, spatially resolved, temperature-
driven heater/cooler system

Temperature
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Matrix Heater Key Features

e Upto 100 K/s cooling with water cooling

e Heats up to 850 K/s with sub. 1 K precision

e Wide Temperature Range: 35 °C to 600 °C

e Temperature Gradients: 100 K difference
over 5 mm

e Power Density: Up to 180 W/cm?

e Inert Materials

e Smart Control: Detects process deviations
via temperature monitoring

(X
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e Scalable Design: Modular heaters fit
various equipment sizes



HPC Wafer Chuck DUT Test Vehicle

e 150mm thermal chuck with 256
independent sensing and
controlling zones

e Total dissipation power > 5kW

e Thermal change speed per
section > 50°C / sec

e Dissipation density > 50W/cm?

b Klemens Reitinger 34th SWTest Conference | Carlsbad, CA, June 2 - 4,2025
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Test Plan

* Setup aJIGrepresenting the JIG
DUT, in our case 25mm x == DUT
35mm size == EXT

COOLER

* Qualify Temperature raise
with regular cold chuck

« Compare to SCL controlled
chuck
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Result Cooler Only (80/100/150W)

JIG 60 1 ST
m DUT I - |
m— EXT >0

COOLER

40 |

[
z 30
o

: I

20 |

10 L

“baseline”
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Set Temperature:
+25°C

DUT
Temperature:
+33°C

+36°C

+41°C
DUT Temperature
Rise:
+ 8°C
+11°C
+16°C
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Result SCL static (80/100/150W)

60 S ' o o A o oo ]

JIG

m DUT 5o 1 5 | é § i Set T ‘
A T et Temperature:
EXT + : : : : : +250C

COOLER __________________________________________________________________________________________________________________________________________

40 |1

. DUT

PR | é é | f | Temperature:

£ 1 - § . : . || :

: 30 __r’____....._l!f"kL +28°C

H T 4 k\a..,._._{ k\‘; 1M.“I +29 o C

[ L +32°C

| 5 | 5 ~ DUT Temperature
I Rise:

101 3 5 5 ot

Mt s xC

0 +———— % T { — % ————t— I S } + 7°C

20 1

5°C...9°C improvement
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Result SCL dynamic (80/100/150W)

JIG 50

= DUT e t
E— 1 o : et lemperature:
EXT s0 | . | -

COOLER

0] s .
. _ .............................. ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, .................................................................... Temperature
faol . NS W +24°C
; . +25°C

IN§ : R, g
iJ _,._...__t\.‘............rw _/-“""f """"""" +25,5°C

20 I L .
_ ............................. .................................... e . B e R DUT Temperature

| O SO S Rise:
10 4 ; - 1°C

+ 0°C
+ 0,5°C

0 | , , , . | ;
..... , }
00:01:00 o( 00:08:00

8°C...16°C improvement, DUT temperature locally constant better than +/-1°C
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Side-by-Side Comparison

Temperature reaction of DUT when power is applied

With SCL Without SCL
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Conclusion

Section Layer Control enables local
fast thermal response to the DUT
temperature

Same performance as singulated die
test

Key is extra fast lowering of the

temperature of the backside of the
DUT

This is a fundamental difference to all
existing thermal chucks o

Source: TSMC I.S.E.S. Taiwan 2025
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Future Work (1/2)

e Extension of the heating

Extension for electrical contacting

Base Al,O; ‘
system to 300 mm substrate 7\ -\ .
0 152.4 mm y <7 X it
e Backside is fully | L  , SR
° ¢ /
accessible to attach a , \ RI50mm
cooler 4 :
4 \,
e Modular design '~ \
N .
s _ N
Printable '~ 30°
7 region .
,,,,,,,,,,,,,,,,,,,,,,,,, Pl ~
| = 0 132.4 mm '
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Future Work (2/2)

* Present Capability: 50 W/cm?2 dynamical control
* Next Chuck will have 120 W/cm? capability
« Making 300mm Chuck for existing automatic wafer prober

* Providing the interface box to read out DUT temperature
from existing probecard

» Reduction heating pixels size --> Increase of area heating
power by factor 4

* Metallization of the heating pixel surface
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Thank You!
Any Questions?

For more information, contact kreitinger@ers-gmbh.de
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