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Presentation Outline

Problem Statement
Root cause investigation
Test Methodology
Solution & Validation
Conclusion
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Problem Statement

» Customer reported gross

functional failures 4

— 4x RMA (Return Merchandise *

Authorization) were given for analysis ’

— Abnormalities reported in Force &
Measure circuits

* Customer goals
— Sustainable problem resolution Measure
— Rapid containment " Current
— Address root cause G2artgoermza-o—sznrlensiogadzzo

(o=l

N
[

x__F I & | § | °§F | & ["“§F g J —e—Force
Voltage

Voltage (V)

)

 ElevATE goals
— Fulfill customer needs SMU Current (A)
— Preserving yield Figure 1: Electrical testing results of failing RMA
Devices failing Channel boxed in red
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Determination of failure

. . D i C tant I i
« All devices passed final test A Failure Failure “Failure
— Proved parts exiting facility were good Rate Rate Rate
parts

Observed Failure
Rate

». Early
*"Infant

» Defects only appeared post-

Failure Rate

"“ Mort?lity" | |
test (field use) W Constant (Random) |
— Early life failures? i e |
— Randomly distributed? | el . :
_ Undetected Latent defects? e bt
Time >

Figure 2: Reliability bathtub curve for
semiconductors [1]

Te St CO nX Implementing Effective Test Limits for Rapid Root-Cause Analysis in RMA Investigations 4 2 02 5

Korea



Root Cause Investigation

* Testing process
1. Rescreen RMA devices
2. Issue replication on bench
3. FA (Failure Analysis) imaging using PEM
4. Validation of tests

* Result
— Visible hotspot in imaging of Forcing and
Measure circuitry

Figure 3 : Top PEM imaging showing an area of high
electron emission intensity

Bottom : Transistor impacted by failure caused by MIM
Capacitor short
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Physical Failure Signature

 Electrical signature

— Electrons emitted from transistor
gate via EMMI testing

— Caused by physical MIM (Metal-
Insulator-Metal) Defect

 Traceable to failure

— Loss of functionality in Measure
circuit

— Capacitor short creates leakage
path to gate of transistor

Figure 4: Increased electron emission caused by MIM
Capacitor short confirmed in design simulation failing
device red, reference device green)
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MIM Capacitor Failure Mechanism

 Failure factors:

— Voltage stress
— Duration of stress

« Manufacturing defects can

weaken the dielectric

— Lead to accelerated breakdown of the
insulating dielectric of the MIM capacitor

- @
. E
:::
« @
. =
"
*m
a
. ey
‘I

=
+ =

10" 10° 10° 107 10°
Stress time (s)
Figure 5: Change in capacitance vs external

conditions [3]
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Methodology Review

Result 1
.

— Confirmed root cause

— Cross functional team for data
collection, correlation, analysis Top plate

— 100+ engineering hours

Pinhole
Dielectric 'd defect

insulator

Multi-step process

— High cost
— Time intensive Bottom plate

Figure 6: Diagram of root cause MIM capacitor defect

Short
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ATE Stress Testing MIM Capacitors

* Goal: e A N T IR T A T T [ ‘w‘\“““w‘w““"||-‘\‘u‘w““\w”““ ol eyl
— Develop a screen to detect defects '
g-lo
* Method: E.s
— Understand propensity for failure g'zo
through targeted voltage stress on '
specific capacitor instances v

« Result: w0

CHCHCHZHEHEHSCHCHTCHCHCHCHEHEHSCHCHCHCH CHEHEHEHS HECHCHCH CHCHEHEH S HEH 7

— Distinct |eakage measurements 02EA2412 0AE9E3D2 0AEA1BBS5 0AEAC4AE
between failing and passing devices cﬁmp
annel

— ATE results correlate with failure UniquelD

mechanism from [3] Figure 7: RMA failures tested for Voltage delta while
Stressed At +7V & -2V 5xLoop
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ATE Test Enhancements

successfully detected the MIM
capacitor failures

* Further adjustments of limits
focus on detecting: 1

— Marginal failures

— Lot variation

. - o Figure 8: Qualification testing on ATE across
— Ensuring repeatability & reproducibility vagrious o 2
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Solution: ATE and Foundry Improvements

0.50%

» Multi-faceted approach

0.40%

— Short Term: Developed
targeted ATE screen

0.35%

0.30%

— Permanent Corrective
Actions: Foundry
improvement for MIM
capacitors I I I

Figure 9: MIM Cap Failure Rate Improvement
at New Foundry
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Validation of Results

Test_Block Part Serial

. . DISC_COMP_MIMCap.Stress s dochcr B BTARMOS
Unit e 30CAES7  ® 314BA4E
v o 30CB4BE 314BA6C
Test Name 2 e 30CB4C6 314BA6F
dV_EXTFRC/ dV_EXTFRC/ dVEXTFRC dV_EXTFRC/ dV_EXTFRC/ dV.EXTFRC/ dV_EXTFRY dV_EXTFRG ° 30CB4CS e 314BASC
c . e . SNS_- SNS._- SNS_- SNS_-  SNS_+7V_DC.C SNS_+7V_DC_CSNS_+7V_DC_O3NS_+7V_DC_O ggggj?‘ ‘ 3135?2@
o 3 =
— Early Llfe Fa”ure Rate (ELFR) quallflcatlon 2V_DC_CLOSE...2V_DC_CLOSE...2V_DC_OPEN_12V_DC_OPEN_2  LOSED_1 LOSED 2 PEN_1 PEN_2 IR A
0 ax =0 ez == L=+ B = ot 30CBAFF 314BA13

* 30CB502 * 314BA16

test over MIM caps based on JEDEC ]

® 30CC259 314BA38
30FC2BO 314BA43

standard [9] g - S
8 e 30FDC6B  » 314BAS6
& * 30FE393 314BA59
3 30FEDSC = 314BA68
o e 30FF7A9  ® 314BA72

Successfully identified MIM-cap Ly

30FFDA4 314BAAA

related failures without yield loss | —r———_ oo e Es

314B9ES * 314BAB8
* 314B9F4 * 314BABB
=1 314B9F9 314BABE

Significantly reduced RMA ; T trae

3148937 * 314BACD

° 314B991 314BAD2
3148994 14BADS

process time j

® 314BA0B * 314BB2C
® 314BAOE 314BB2F
5 314BA02 * 314BB4E

— Multi-week root cause to days £
Figure 10:ELFR testing performed between

foundries

C1 PrePost Delta
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Conclusion

Effective test limits

— Improved customer confidence
— Rapid RMA resolution

Collaboration accelerates problem solving
Balance cost, effort, and implementation time

Future Work

— Monitor foundry Process Control Monitor (PCM) data
— Correlate wafer-level data with test outcomes
— Explore split wafer experiments
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