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Background: via-last TSV Integration

Need for via-last TSV integration

This study
6 um solid Cu via-last TSV

At last metal—;

At first 10x leve

N\

At first 4x leve

At 1x level

lyer, Subramanian S. "Three-
dimensional integration: An industry
perspective." MRS Bulletin 40.03
(2015): 225-232

Mot all levels shown

Elements/links of interest in this s

a TSV/Capture Level
A TSV itself
O TSV/Redistribution layer (RDL)e—

8IS 0] LMELD JOU DUE LUMOYS Sjanal e JoN
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What?

O What is the electromigration limited min/max. current for the
links comprising of TSV, TSV/Capture Level and TSV/Grindside
RDL?

Why?

O Maximize the current loading (within the existing design) per
TSV and thereby reduce the number of TSVs per chip if possible

0 Aid designers and package engineers with electromigration
related guidelines

How?

d By making each of the elements (TSV, Capture Level, Grindside
RDL) in the link as the weakest in properly designed
electromigration test structure to gain failure distribution
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Experimental Details — Test Structures (TSV/Capture Level)

25 pm wide capture level landing pad

____________________________________________________________

IEEE 66" ECTC — Las Vegas, NV USA  ECTG:

Link of interest: TSV/Capture level.
All other links are design robust

Two variations: (a) Single capture
level finger vs (b) Five fingers

May 31 - June 3, 2016

Metal wiring -
parallel fingers

6 um solid Cu TSV (not drawn to scale)

25 ym wide redistribution level landing pad

(a) single finger

Landing Pad TSV

Five parallel fingers of capture level
connecting two TSVs

Fagire
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Experimental Details — High Current Electromigration Oven

Current range: +2 uAto 4 A
Temperature: 60°C to 400°C

o Wi,
<%
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Experimental Details — TSV RIE and Fill Process

resist

1156.55 pm

TSV post etch

55um deep TSV (26)
patterned @ E1
Bosch etch on

LAM Syndion etcher

(SED1 -
m x10.0k SE 03/
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Results & Discussions — TSV/Capture Level

10% failure criteria ->
chip that exhibits 10%
increase in resistance
than the baseline
resistance at stress
temperature is classified

as failed chip.
~+~Chip 1

-#-Chip 2
~=Chip §
~==Chip 6
~~Chip9
~#~Chip10
+»Chip 13
—=Chip 14
~—=Chip 17
—+—Chip 18
-=-Chip 21
-a—Chip 22

Resistance vs Time Plot

2.50

TSV/Capture level - five parallel fingers

2.00 -

=
&
.

=
e
.

Resistance (ohms)

0.50

0.00 -
Stress time (arbitrary units)

Popup failures (rapid rise in resistance) - five parallel capture level fingers
connecting two TSVs :
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TsViCapture level -
five parallel fingers
0.95

0.91
0.84 10°C

0.7

0.5

.
t;; approximately 10x greater / 2

Probability

0.3

0.16

0.09

0.05

o/
0.015 /

TSViCapture level -
single finger

Time to failure, arbitrary units

Joule heating extracted
by TCR (temperature co-
efficient of resistance)
measurements

Stress current is 2.4x
times higher for five
fingers (300 vs 125 mA)

_________________________________________

= Single finger exhibits 10x times better EM performance than five fingers capture level

= Higher joule heating in five finger indicates a design influenced current crowding

(intrinsic integrity of the link is robust)
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Results & Discussions — Cross sectional Image
(Single flnger versus Flve fingers)

B Five Fingers
------------------------------------------------- .

No significant degradation. Few
voids at capture pad and TSV

RDL ANOD _________________________________________________'

TSV

(b)
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No significant degradation. Voids{= =
. at capture pad and capture level f
single finger
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Experimental Details — Test Structures (TSV/RDL)

TSV

TS5V RDL (bottom) con |r|ec1ing two T5Vs

'

Capture level
(top) redundant
wiring to make it
robust

Link o w_\\ssf‘?f%VIRDL All other links are design robust
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TSVICapture level -

five parallel fingers +. TSV/IRDL

.

0.95 Wi d
0.91
0.84 ¢ o /
| 0;\& & 20C /£ Stress current
% S / range (300 to 750
; N | n
z N é mA)
= N
s 06 A
E ®
o 4
0.3 &
of
0.16 !
<
0.09 >
0.05 TSViCapture level— :
' single finger_ ("
0.015 /

Time to fail, arbitrary units

= The failure criteria is aggressive and it only takes 0.05 ohms resistance increase to
classify as a failure for this huge structure. The structure didn’t result in hard open

= Test done at lower current didn’t tail till 2700 hrs of stress



Results & Discussion— Cross-sectional Images (TSV/RDL)

Showing robust
TSVI/Capture level
interface
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Experimental Details — Test Structures (TSV itself)

Capture level {top) redundant wiring to make it

Multiple RDL wiring from the pads TSV robust and connecting the two TSVs
feeding into the landing pad
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Experlmental Details — Test Structures (TSV itself)

£
s

3&5'35

12089935303332
qtiill.‘)3il!tt§

1.5 mil the maximum diameter 2 mil wire bond shorting two
g that can reliably be wire bonded I neighboring pads
A s
BSY A, 4. :*'“

jaaRy . O

F+ and F- wires are melted.
Only the sense wires in the
middle remain intact

‘‘‘‘‘
¢¢¢¢¢¢¢¢¢¢¢

Post EM test D 4

(a) Wirebonds are not robust enough to test the TSV itself structure

(b) 1.5 mil diameter wirebonds fuse beyond 1 A for 5 parallel wires (250 mA/wire)

Good candidate to test in package form with C4s. Need a robust design to maintain TSV
as the weakest link and uniform current distribution
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Experimental Condition
- Current
: Stress Stress Joule Electrical .
Link of Interest : Loading
Current | Temperature Heating | C/S Area Capability*
(mA) (°C) (°C) (Hm?)
TS_VICapt_ure Level 125 300 9 -5 1A
(Single Finger)
TSViCapture Level 300 300 10 12 >1A
(Five Fingers)
TSV/Grindside RDL 300 300 Negligible ~20 >1A
i Negligible
TSV element by itself 540-1000 300 ~20 >>1A

* By passing electromigration targets comfortably. Parameters used in this calculation: 10KPOH,
Activation Energy: 0.9 eV, Current Exponent=1.1, Operation condition = 100°C, 1A, Lifetime=11.4 years

What is the electromigration limited min/max. current for the

links comprising of TSV, Capture Level and Grindside RDL?

Integration Scheme is robust enough to handle 1A* and above

May 31 - June 3, 2016
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a In the 6 um solid Cu via-last integration scheme, current loading as high
as 1 Aiis demonstrated successfully

O Results indicate strong interaction of current crowding. EM intelligent
design to route the TSVs in the device side and grind side RDL will result
in current loading higher than 1A comfortably

Optimized Power Delivery for 3D IC Technology Using Grind Side

Redistribution Layers

Menglu Li', Prakash Periasamy?, K. N. Tu', and Subramanian S. lyer’

"Center for Heterogeneous Integration and Performance Scaling, Henry Samueli School of Engineering and Applied Science
UCLA, Los Angeles, CA 90024 °GLOBALFOUNDRIES INC, Malta, NY-12020
Friday, June 3, 2016. Session 41: Student Interactive Presentations

8:30 AM - 10:30 AM

O Improved structures and testing methodology needs to be derived to test
the limitation of the TSV element itself by making other elements/links
robust enough. >1 A stress current to 5 parallel wire bond wires had

fused
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