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Motivation

Objective

& Explore accelerated aging of thin films with presence of Sn-Pb solder on 9K7
low temperature co-fired ceramic (LTCC).

Goal

¢ Establish a relationship between microstructures, mechanical behaviors and
accelerated aging conditions of thin films on 9K7 LTCCs. Special attention
paid to:
« 0.2Ti, 4Cu, 2Pt, 0.375Au
« 0.2Ti, 1Cu, 2Pt, 0.375Au
* A4Cu, 2Pt, 0.375Au

Approach

& Determine wire bonds and soldered joints integrity via mechanical testing
(ribbon pulling and pin pulling). Determine solid-state interface reactions of
different thin film stacks in multiple accelerated aging conditions.
 Room Temperature (baseline)

« 10, 25, and 100 days at 170°C
« 500 and 1000 Thermal Cycles
» -55°C to +125°C at 1 cycle/hr per JEDEC22-A104-D
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Approach

¢ The long-term reliability of the LTCC is determined by potential
degradation modes resulting from solid-state interface reactions (thin
films - solder) that occur at elevated temperature environments.

, 9x 0603 9x 0402 6x Ni Sebastian
32 ribbon X Pull Pins

_ Capacitors
bonds Capacitors

¢ Testing and Analysis

1. Mechanical testing:
a) Ribbon pull
b) Pin pull
Evaluate failure modes.
Cross section aged samples.
Use the SEM images to
measure the thicknesses of the
Ti, Cu, Pt, and IMC layers.
5. Use SEM/EDS to determine
inter-diffusion and elements in
IMC layers.

B wn
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RT Baseline

202) — 9K7Ag,

TiZ |
LTEC —Al, ba, Ca, P

EHT = 20 00kV WD = 148 mm Signal A = SE2 Wdth = 1.524 mm EHT = 2000k WO - 14 3mm Signal A =SE2 Width = 38 11 pm

100 pm

100 pm

EHT = 20,00k WD =124 mm Signal A= SE2 Width = 1.524 mm C EHT = 20,00 kY W= 122 mm Signal A= SE2 idth = 38.11 pm

Solder wetted pad corners during fabrication and continues to react with thin film layers.
Without Ti adhesion layer, solder can undermine the Cu layer.
These accelerate aging degradation.
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RT Baseline

Images taken at the solder flllet Dlspersed Pb- rlch partlcles & Au-Sn IMC laths in Sn-Pb solder.

9K7 surface roughness provides creases in the film stacks.
Substrate surface topography can cause thinned regions and other discontinuity defects in the

films that accelerate aging degradation.
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RT Baseline

202) — 9K7Ag,
Q 0.2Ti,4Cu,2Pt,0.375Au

Solder Fillet

SEM

Map data Map data Map data
MAG: 3000 x HV: 20.0 K¥ WD: 14.8 mm MAG: 3000 ® HV: 20.0 KV WI: 14.8 mm MAG: 3000 x HY: 20.0 KV WD: 14.8 mm

Pt

7

Map data 7 pm Map data | pm | h a i
MAG: 3000 x HV: 20.0 kW W

MAG: 3000 x_HV: 20.0 k\Y WD: 14.8 mm MAG: 3000 % _HV: 20.0 kV WD: 14.8 mm

Au-Sn IMCs found in Sn-Pb solder fillet. Very thin Au-Sn IMC layer above the Pt layer.
Discrete layers (LTCC—>Solder) ~0.2um Ti, ~0.4um Cu, ~0.2um Pt, and ~0.5um Au-Pt-Sn IMC.
Au and Pt peaks almost overlap.
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RT Baseline — Pin/Ribbon Pull Forces

Pin Pull Forces, Room Temp Aging Ribbon Pull Forces, Room Temp Aging
35 15
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+ 12
g 25 + . ? ‘ .
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0 } t t 0 t t {
Ti4Cu2Pt TilCu2Pt 4Cu2Pt Tid4Cu2Pt TilCu2Pt 4Cu2Pt
Thin Film Stack Thin Film Stack
Solder Failure Pin Pull
s ansnannnss * With Ti > failed in solders
e ' e Without Ti = thin film/LTCC separation
Ribbon Pull
* All samples failed in the ribbons.
Remarks

* Tilayer needed for higher pin pull and ribbon pull forces.
Thin film/LTCC separation
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LTCC Solid-State Aging

¢ The long-term reliability of the LTCC is determined by potential
degradation modes resulting from solid-state interface reactions
that occur at elevated temperature environments.

Test Vehicles in Furnage

Reosefifoseec u.r." A./D,uxuazznnu,

\ e T S “ eyl
AR\ | TR s
: :. 4 ):\- :v' -.-l “ L A
k X
. ¢ - x

Examine the following samples in detail:
« 0.2Ti, 4Cu, 2Pt, 0.375Au

« 0.2Ti, 1Cu, 2Pt, 0.375Au

* 4Cu, 2Pt, 0.375Au

Perform mechanical Testing (ribbon & pin
pull) for the following aging conditions:

« 10, 25, 100 days at 170°C

« 500 and 1000 thermal cycles

Examine microstructure (solder/thin film
interaction) of the selected samples.
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LTCC Solid-State Aging — Ribbon Pull Forces

¢ Average Ribbon Pull Forces
Average Ribbon Pull Force (g)

16.0

12.0

—_—

Average Ribbon Pull Force (g)

4.0 - + + 9K7Ag, Ti-4Cu
m 9K7Ag, Ti-1Cu

9K7Ag, 4Cu

0.0

& S S S & 5 & &

e e e e e o o

O B RS RS RS S S
~ v AN AN AN N

Aging Conditions

e All failures were in the ribbons.
* Annealed ribbons have lower strengths (100days @ 135°C and 170°C).
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LTCC Solid-State Aging — 10, 25, 100 days at 170°C

202B — 9K7Ag, 202C - 9K7Ag, 202D — 9K7Ag,

.-.M

0.2 72Pt,0.37 0.2Ti,4Cu,2Pt,0.375Au 0.2 i,4Cu,2Pt,O.375A

_,

10 days 25 days 100 days

Solder interaction with thin films = increasing intermetallic compound (IMC) formation.
Pb-rich particles coarsened in the solder fillets.
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LTCC Solid-State Aging — 10, 25, 100 days at 170°C

Average Pin Pull Force (lbs)

= =N N w

2 Average pin pull forces, 10, 25, 100 days at 170°C
9K7Ag, Ti, 4Cu/ 1Cu Solder 9K7Ag, no Ti, 4Cu Failed at

=0 T + 9K7Ag, Ti-4Cu Failure _ 350 ﬁ|m/|.TCC

o0 ; M 9K7Ag, Ti-1Cu 830 interface

5.0 § 25.0

0.0 ] ;: 20.0

5.0 ; ] E 15.0

0.0 $ g" 10.0 -

<o & g . R ; Yery weak

0.0 0.0 . ‘\’

RT 10d@170C 25d@170C 100d@170C RT 10d@170C 25d@170C 100d@170C
Aging Conditions Aging Conditions

* Pin pull forces:
* Little effects from Cu thickness
* Large effects from presence/absence of Ti
* Pin pull forces decreased from RT—>100d due to increased intermetallic compounds
(IMC), brittle phases.
* 9K7Ag, Ti, Cu dropped > 75%
* 9K7Ag, no Ti, Cu, poor adhesion, dropped 100% to zero
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LTCC Solid-State Aging — 10, 25, 100 days at 170°C

¥ Average pin pull forces, 10, 25, 100 days at 170°C, 9K7Ag w/ Ti & 4Cu.

9K7Ag, Ti, 4Cu/ 1Cu Solder
35.0 H
T ¢ SK7Ag, Ti-4Cu Fa ! l ure
g 30.0
= B 9K7Ag, Ti-1Cu
g 250
£ I
= 20.0
&
£ 15.0 ; I
: :
8 10.0
; §
g 50 °
0.0
RT 10d@170C 25d@170C 100d@170C
Aging Conditions

202B - 9K7Ag,
0.2Ti,4Cu,2Pt,0.375Au

(Au,Pt)-Sn IMC

202C — 9K7Ag, L
0.2Ti, 4cU 2Pt 0. 37$'3Au

ﬂ orT| SnIMC

4-‘

4-(Au Pt)-Sn IMC

Pin pull forces decreased from RT—->100d.

e 10d: IMCs formed above Pt layer and Pb-
rich particles coarsened.

e 25d: Solder breached Pt layer and reacted

with Cu and Ti layers.

100d: significant IMCs, Solder reacted with

all thin film layers. Solder volume decreased

- >75% drop in force w/ respect to at RT.

202D - 9K7Ag, Cu-Sn' IMC
0.2Ti,4Cu,2Pt,0.375Au

(Au,Pt)-Sn IMC
Cu-Sn IMC

10d@170°C
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25d@170 C
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SEM

Map data
MAG: 2000 x_HV: 20.0 kWY WD: 14.0 mm

LTCC Solid-State Aging — 25days at 170°C

Map data

Pt-LA

Map data
MAG: 2000 x _HV: 20.0 K\ WD: 14.0 mm

8/12/2014

Map data

——

202C- 9K7Ag,

0.2Ti,4Cu,2Pt,0.375Au

Solder Fillet

MAG: 2000 x HV: 20.0 KV WD: 14.0 mim

oy

Map data
MAG: 2000 x _HV: 20.0 KV WD: 14.0 mm

MAG: 2000 x HW: 20.0 kW WD: 14.0 mm

Map data
MAG: 2000 x HV: 20.0 K\ WD: 14.0 mm

E—

Solder breached through Pt layer from top.
Sn reacted with all elements- Au, Pt, Cu, Ti-in film stack.
Islands of unreacted Cu in film stack.
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LTCC Solid-State Aging — 10, 25, 100 days at 170°C
2 Average pin pull forces, 10, 25, 100 days at 170°C, 9K7Ag w/ Ti & 1Cu.

9K7Ag, Ti, 4Cu/ 1Cu Solder
e | soxmg iaca  FAIlUre | Pin pull forces decreased from RT—>100d.
%z:z % @ ok7Ag THC) « 10d: IMCs formed above/below Pt layer. Cu
E oo : layer was compromised.
£ 50 ; I e 25d: Pt and Cu almost completely
%100 : consumed. Significant IMC in solder.
£ 50 i e 100d: significant IMCs, Solder reacted with
00 all thin film layers. Solder volume decreased
RT 10d@170C 25d@170C 100d@170C
Aging Conditions - >75% drop in force w/ respect to at RT.
209B — 9K7Ag, 209C — 9K7Ag, 209D — 9K7Ag,
0.2Ti,1Cu,2Pt,0.375Au 0.2Ti,1Cu,2Pt,0.375Au ,O.ZTi',1Cu,2Pt,O.375Au | -~
(Au,Pt)-Sn IMC (Au,Pt,Cu)-Sn IMC (Au,Pt-Sn) IMC
Pt pt Cu-Sn\IlMC

0 pm
p——— EHT

10d@170°C 25d@170°C 100d@170°C
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LTCC Solid-State Aging — 10, 25, 100 days at 170°C

¥ Average pin pull forces, 10, 25, 100 days at 170°C, 9K7Ag 4Cu.
9K7Ag, no Ti, 4Cu Failed at
350 film/LTCC | *Separation between film stack/LTCC at RT.

w
o
o

interface | Pin pull forces were weak.
e 10d: IMCs formed above/below Pt layer. Cu
layer was compromised.

25.0

20.0

15.0

Average Pin Pull Force (lbs)

100 : ¢ 25d: Pt and Cu almost completely

504 ¢ Very weak consumed. Significant IMC in solder.

0.0 i X e 100d: significant IMCs, Solder reacted with
RT 10d@170C 25d@170C 100d@170C . . .

Aging Conditions all thin film layers. Cracks found in IMCs.
218B — 9K7Ag, 218C —9K7Ag, 218D - 9K7Ag, G RT
4Cu,2Pt,0.375Au 4Cu,2Pt,0.375Au , 4Cu,2Pt,O.3ZVCU-Sn IMC

(Au,Pt)-Sn IMC Cracks fro | :
(Au,Pt)-SnIMC Pt~ Cu-snmc « LUPE-3n IMC
Pt .~ a5 A J - Cu-5n IMC

Cu’srs KMC“ T

s / #sPb-rich/

Separatlon-—>

10d@170°C 25d@170°C 100d@170°C
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LTCC Solid-State Aging — 10, 25, 100 days at 170°C

¢ Thin Film Layer Thicknesses

* Pt dissolution, (Au,Pt)-Sn IMC in 170°C aging
* Pt-Sn IMC growth was diffusion limited as thickness o timel/2
* Abundance source of Pt and Sn atoms.
e As IMC layer thickens, it takes longer time for Pt and Sn to diffuse through IMC
layer to react with each other.
e At 100 days, Pt was completely consumed in all samples.

IMC Layer Thickness (um)

PL-Sn or Au-Sn IMC Laver Thickness Diffusion-Limited Growth of Pt-Sn IMC
o __250
' Pt-Sn Pt-Sn Pt-Sn Pt-Sn £
2 v=1.7083x+ 1.3234
oo =20.0 :
. ) ) 1/2/ » R® =0.8961
thickness a timg"%” ¥ g *
o £ 15.0
. + 9K7Ag, Ti-4Cu =2
. ) =
100 ] = 9K7Ag, Ti-1Cu E 10.0 .
. 9K7Ag, 4Cu 9
5.0 A / 951Au, 4Cu g 5.0 / /:/
e 2 ¢
0.0 & = 0.0
RT  10d@170C 25d@170C 100d@170C ;ﬁ 0 2 4 6 8
Aging Conditions & Square Root of Time (day”0.5)
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LTCC Solid-State Aging — 500 & 1000 Thermal Cycles

¥ Average pin pull forces, 500 and 1000 thermal cycles.
9K7Ag, Ti, 4Cu/ 1Cu Solder 9K7Ag, no Ti, 4Cu Failed at

) 35.0 T « ok7Ag, THaCu Failure ~ 350 film/LTCC
z T % B 9K7Ag, Ti-1Cu 2 00 linterface
g 25.0 e 8 25.0
e L T, 8
= 200 ; ......... = 200
£ 150 1 é) £ 150 1 .
En 10.0 E" 10.0 y i
2 s0 2 so x

0.0 0.0

RT 500Cycles 1000Cycles RT 500Cycles 1000Cycles
Aging Conditions Aging Conditions

* Pin pull forces:
e Little effects from Cu thickness
* Large effects from presence/absence of Ti
* Thermal cycling induces thermomechanical fatigue (TMF) between the pin, solder,
and 9K7 LTCC caused drop in pin pull forces.
* Without Ti, adhesion between thin film and LTCC is poor. Little effects from thermal
cycling on pin pull forces were observed.
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LTCC Solid-State Aging — 500 & 1000 Thermal Cycles

¥ Microstructures at 1000 thermal cycles.
202K — 9K7Ag, 209i — 9K7Ag, 218i — 9K7Ag,
0.2Ti,4Cu,2Pt,0.375Au 0.2Ti,1Cu,2Pt,0.375Au 4Cu,2Pt,0.375Au
Au-Sn IMC
g AuU-Sn IMC . " Ay-sn IMCy \
P N

Pt

3pm

e Microstructural examination of 1000 thermal cycle samples revealed:

* Pt and Cu layers showed NO signs of dissolution.

* Au-Sn IMC formed above Pt layer. This IMC layer helped retard solder — Pt
interaction and decreased likelihood of solder breaching/interaction with thin
film stack.

* Due to low IMC volumes, pin pull forces did not appear to decrease much with
thermal cycling.
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LTCC Solid-State Aging — 1000 Thermal Cycles

202K — 9K7Ag,
0.2Ti,4Cu,2Pt,0.375Au
Solder Fillet

Pt

Map data 7 pm Map data 7 pm Map data 7 pm

[ u 2l
— M ey
MAG: 3000 x_HV: 20.0 KV WD: 13.0 mm MAG: 3000 = _HV: 20.0 kW WD: 13.0 mm i 000 xHY: 20.0 KW WD: 13.0 mm

Discrete layers (LTCC—>Solder) Ti, ~0.4um Cu, ~0.2um Pt and ~1.7um Au-Sn IMC.
Pt and Cu layers appeared to be undisturbed.
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Summary: LTCC Solid-State Aging

& Observations from Mechanical Testing:
* Ribbon pull test showed failure in ribbons
* Pin pull forces ‘

——e% decreased slightly after 1000 cycles. 202K — 9K7Ag,

“decreased >75% at 100 days at 170°C. 0.2Ti,4Cu,2Pt,0.375Au

with Ti >> without Ti. | > -

with Ti, failed in solder.

without Ti, Failed at thin film/LTCC interface.

%T? 43%2% %’e 5 ‘
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Summary: LTCC Solid-State Aging

& Observations from Mechanical Testing:

* Ribbon pull test showed failure in ribbons.

* Pin pull forces
« decreased slightly after 1000 cycles.
» decreased >75% at 100 days at 170°C.
« with Ti >> without Ti.
« with Ti, failed in solder.
« without Ti, Failed at thin film/LTCC interface.

& Observations from Cross-sections:
* For 170°C — not much solder left at 100 days
» Significant growth of Pt-Sn IMC with time
(diffusion-limited).

8/12/2014 P. Sarobol, Org. 1832 SNLA

209D — 9K7Ag,

0.2T§1Cu,2Pt,0.375A0

~
4
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Summary: LTCC Solid-State Aging

& Observations from Mechanical Testing:
* Ribbon pull test showed failure in ribbons.
* Pin pull forces

decreased slightly after 1000 cycles.
decreased >75% at 100 days at 170°C.
with Ti >> without Ti.

with Ti, failed in solder.

without Ti, Failed at thin film/LTCC interface.

& Observations from Cross-sections:
* For 170°C — not much solder left at 100 days

Significant growth of Pt-Sn IMC with time
(diffusion-limited).

* For 1000 thermal cycles.

Long cracks in LTCC under solder fillet
Large separation between Cu film and LTCC
Discrete Au-Sn IMC form above Pt layer.

No significant Pt-Sn IMC formed.

8/12/2014 P. Sarobol, Org. 1832 SNLA

i + 9K7Ag,
1Cu,2Pt,0.375Au
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from flllet {e] /
hroughLTCC
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Summary

€ Mechanical testing (ribbon/pin pulling) results showed excellent adhesion between
the accelerated-aged thin films with Ti and LTCC in general.

¥ Absence of Ti layer contributed to lower pin pull forces.

¥ With Ti, pin pull forces on the aged samples were not affected by Cu layer
thickness (1um or 4um).

Important Observations
« The thin film/LTCC interface is the “weak link”. Ti layer is important !
« Solder breaching thin film layers started during the soldering process.
« Pt-Sn IMC growth is diffusion limited (a t¥?) at 170°C.

« Cracks in LTCC under solder fillets occurred in all examined cross-
sectioned samples aged at 1000 thermal cycles.
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Microstructure Examination
LTCC Solid-State Aging — 10days at 170°C

202B — 9K7Ag, 209B — 9K7Ag, 218B — 9K7Ag,
0.2JifdGu;2Pt,0.37 0.2Ti,1Cu,2Pt,0.375Au Pt,0.375Au

402B — 951Au,

10days —
Pb-rich particles coarsened

20 pm
[—

Solder fillets are intact.
Pb-rich particles coarsened.
Pt-Sn IMC layer above Pt layer is prevalent.
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Microstructure Examination
LTCC Solid-State Aging — 10days at 170°C

202B —9K7A,
0.2Ti,4Cu,2Pt,0.375Au

(Au,Pt)-Sn IMC

2um

2098 - 9K7Ag,

0.2Ti,1Cu,2Pt,0.375Au

(Au,Pt)-Sn IMC

Pt

218B — 9K7Ag,
4Cu,2Pt,0.375Au

(Au,Pt)-Sn IMC
p

202-Solder breached to LTCC

(Au,Pt)-Sn IMC

209-Solder b

to cover pad
¢ ) “

| (Au,Pt)-Sn IMC

402B —951Au,
4Cu,2Pt,0.375Au

Pt

In solder region, prevalent growth of (Au,Pt)-Sn IMCs and Au-Sn IMC laths disappeared?
Top surface of Pt layer showed signs of dissolution (roughened).
Observed solder breached through (creases in) Pt layer, interacted with Cu = Cu-Sn IMC.

Observed solder breached through cover pad and interacted with via materials.

8/12/2014
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Microstructure Examination

LTCC Solid-State Aging — 10days at 170°C

small-cap_10d_170C_202_C1 _mapl

EDS spectrum taken within circled area

Pulses/el

z

8/12/2014

Al
oy Pt =n
4 6
ke

Map data

MAG: 3000 x HV: 20.0 KV WD: 12.9 mm

(Au,Pt)-Sn

&« * Pt-Sn IMC
* Au-Sn IMC
* Au-Pt mix

u
n-nLdIil
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SEM

Map data
MAG: 3000 x HV: 20.0 kW WD: 12.9 mm

Microstructure Examination

LTCC Solid-State Aging — 10days at 170°C s

202B- 9K7Ag,
0.2Ti,4Cu,2Pt,0.375Au
Solder Fillet

Map data Map data
MAG: 3000 % HV: 20.0 KV WI: 12.9 mm MAG: 3000 % HV: 20.0 KV WI: 12.9 mm

Pt

Map data
MAG: 3000 X HV: 20.0 K¥ WD: 12.9 mm

8/12/2014

7 pm Map data 7 pm Map data

u u
— "
MAG: 3000 x _HV: 20.0 K\ WD: 12.9 mm MAG: 3000 x HV: 20.0 K\ WD: 12.9 mm

Discrete layers (LTCC—>Solder) ~0.2um Ti, ~0.4um Cu, ~0.2um Pt.
Pt-Sn IMC above the Pt layer. Cu layer was not disturbed.
Note that Au and Pt peaks almost overlap.
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Map data
MAG: 3000 x_H\: 20.0 KV WD: 12.9 mm

Microstructure Examination
LTCC Solid-State Aging — 10days at 170°

218B — 9K7Ag,
4Cu,2Pt,0.375Au
Solder breached to Cu

Pt

Map data Map data

Map idata
MAG: 3000 x HW: 20.0 K\ WD: 12.9 mm

8/12/2014

MAG: 3000 x_HV: 20.0 k' 1 MAG: 3000 x _HV: 20.0 K\ WI: 12.9 mim
s — — p— = "

i

7 pm Map data 7 pm

[T i
" "
MAG: 3000 x_HY: 20.0 kK WD: 12.9 mm

MAG: 3000 % _HV: 20.0 kV WD: 12.9 mm

Solder breached through creases in Pt to LTCC.
Pt-Sn, Au-Sn, Cu-Sn IMC present.
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Microstructure Examination S
LTCC Solid-State Aging — 10days at 170°C L

209B — 9K7Ag,
0.2Ti,1Cu,2Pt,0.375Au
Solder Breached cover pad

Map data
MAG: 1000 x_HV: 20.0 kV WD: 12.9 mm

Pt

Map data Map data
MAG: 1000 X _HV: 20.0 K¥ WD: 12.9 mm MAG: 1000 x HV: 20.0 K\ WD: 12.9 mm

Ni-Sn IMC under capacitor Ni outer layer.
Ti layer lifted. Cu-Sn IMC not seen?
Via breached. Pb-rich particles segregated in Ag. Presence of Ag-Sn IMC and Sn-Pt IMC.
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Microstructure Examination
LTCC Solid-State Aging — 25days at 170°C

202C — 9K7Ag, 209C - 9K7Ag,
0.27Ti,4Cu,2Pt,0.375AU 0.27i,1Cu,2Pt,0.375Au"

9K7Ag,
Pt,0.375Au

Thin film stack detached from LTCC
under solder fillets
).Eﬂi{ EHT =20.00 kv WD =136 mm

Thin film stack detached from LTCC

under solder fillets
)IE”HW‘—{ EHT =20.00 kv WD =127 mm

25days — Pb-rich particles coarsened

20 pm
—

Solder fillets are intact.
Pb-rich particles coarsened.
Without Ti adhesion layer, thin films delaminated from LTCC under solder fillets.

Solder breached and interacted with Pt and Cu almost completely at the fillets.
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Microstructure Examination
LTCC Solid-State Aging — 25days at 170°C

1 202C - 9K7Ag, " il ) (9 C & 9K7Ag, 218C —9K7Ag,
OﬁTl 4Cu, 2Pt O 3/ Au ; 0.2Ti,1Cu,2Pt,0.375Au 4Cu,2Pt,0.375Au
3 | cu- Sn IMC -' (Au,Pt)-Sn IMC
<-(Au Pt)-Sn IMC (Au,Pt,Cu)-Sn IMC A

s ;'-

Pt _ Cu- Sn IM
g N Cu %n fM‘E'“

402C —951Au,

, 4Cu,2Pt,0.375Au
(Ni,Au,Pt,Cu)-

Sn IMC

(Au,Pt)-Sn IMC

SoIder reacted W|th Pt, breached through and reacted with Cu to great extent
402B appeared to have the least Sn-Cu interaction.
Observed signs of Sn reacted with Ti.
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Microstructure Examination JR——
LTCC Solid-State Aging — 25days at 170°C[ &
| 202C- 9K7Ag,

0.2Ti,4Cu,2Pt,0.375Au
Solder Fillet

oy

sen

Map data Map data Map data
MAG: 2000 x_HV: 20.0 kWY WD: 14.0 mm MAG: 2000 % HV: 20.0 KV WD: 14.0 mm MAG: 2000 X HV: 20.0 KV WD: 14.0 mm

Pt-LA

Map data 10 pm Map data 10 pm Map data
MAG: 2000 x _HV: 20.0 K\ WD: 14.0 mm MAG: 2000 x HV: 20.0 K\ WD: 14.0 mm MAG: 2000 x HV: 20.0 K\ WD: 14.0 mm

Solder breached through Pt layer from top.
Sn reacted with all elements- Au, Pt, Cu, Ti-in film stack.
Islands of unreacted Cu in film stack.
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Microstructure Examination

209C- 9K7Ag,
0.2Ti,1Cu,2Pt,0.375Au
Cu all consumed

i o '3 -
: ! M ey § i !
—rir f 3 -, h E
b . ; % ?‘-‘ﬂﬁif‘m- e :
. i - oY -|-. T 7 ..f-\. ht..-:‘_'" T,
» - B
&, - . 1 B %"; 1' " ".';-.-.’" i
2 B s o A =] .Lg
Map data Map data Map data- - % .
MAG: 2000 x_HV: 20.0 kV WD: 14.1 mm MAG: 2000 x_HV: 20.0 KV WD: 14.1 mm MAG: 2000 % _Hi: 20.0 KV WD:14.1 min

Pt-LA

Map data
MAG: 2000 x HV: 20.0 KV WD: 14.1 mm

Map data
MAG: 2000 x HY: 20.0 K\ WD: 14.1 mm

Map data
MAG: 2000 x HV: 20.0 K\ WD: 14.1 mm

— E—

Sn reacted with all elements in thin film stack - Au, Pt, Cu, Ti.
All Cu in the film stack is consumed. Pt in the film stack is almost all consumed.
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Microstructure Examination
LTCC Solid-State Aging — 25days at 170°C
: . ..,_, _She 218C — 9K7Ag,
o :?‘I S 4Cu,2Pt,0.375Au
T Rk O Solder breached to Cu

-" Cy 9 o
230 B € -

Map data
MAG: 2000 x_HV: 20.0 KV WD: 13.7 mm

Pt-LA

Map data Map data
MAG: 2000 x_HV: 20.0 K\ WD: 13.7 mm MAG: 2000 ¥ HV:'20.0 kV WD: 13.7 mm

10 pm

g o S

Map data 10 pm Map data
MAG: 2000 x _HV: 20.0 K\ WD: 13.7 mm MAG: 2000 x HV: 20.0 kY WD: 13.7 mm

Map data
MAG: 2000 x_HW: 20.0 K\ WD: 13.7 mm,

e

Sn reacted with all elements in thin film stack - Au, Pt, Cu and in the capacitor shells — Ni, Cu.
All Cu in the film stack is consumed. Pt in the film stack is almost all consumed.

Pb rich particles found at the thin film/LTCC interface were possibly due to molten solder undermining film

stack during the time the joint was made because there was no Ti adhesion layer.
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Microstructure Examination
LTCC Solid-State Aging — 25days at 170°C

402C —-951Au,
4Cu,2Pt,0.375Au
Minimal solder breached to Cu

- g
- v
L s |

Solder breached Solder breached |

Map data through Pt from toel 10 pm | Map data Map data

MAG: 2000 x HVN@KY WD: 12.8 mm MAG: 2000 x HV: 20.0 kY WD: 12.8 mm MAG: 2000 X HV: 20.0 KV WD: 12.8 mm
= T A ” -

L

pb-LA
Map data
MAG: 2000 xHW: 20.0 K\ WD: 12.8 mm MAG: 2000 x_H: 20.0 kY WD: 12.8 mm

Map data
MAG: 2000 x_HY: 20.0 kv WD: 12.8 mm

"y

Solder breached from toe, reacted with Cu layer more quickly than solder breached through Pt from top.
Pt layer is mostly intact.
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Microstructure Examination
LTCC Solid-State Aging — 100days at 170°C

202D — 9K7Ag, 209D — 9K7Ag,

218D — 9K7Ag,
Pt,0.375Au

A«AM

0.2]Ti,4Cu,2Pt,0.375Au,

202D

" Solder

Intact with

_ No Ti layer,
Ti layer

films
separated
from LTCC

Where did the solder go???
Vias and Ni/Cu shell on capacitors were infiltrated with solder.
Pb-rich particles coarsened. No discrete Ti or Cu layers.

Significant growth of Pt-Sn and Cu-Sn IMCs.
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38



Microstructure Examination
LTCC Solid-State Aging — 100days at 170°C

202D - 9K7Ag, Cu-Sn'IMC 209D —9K7Ag, 218D — 9K7Ag, 3™~ \“—‘“
0.2Ti,4Cu,2Pt,0.375Au '0,2'T'i,1Cu,2Pt,0.375Au : - 4Cu,2Pt,O.3:5)/Cu-Sn IMC
Cracks fro
~ " (Au,Pt)-Sn IMC
(Au,Pt-Sn) IMC Cu-5n,IMC -
(Au,Pt)-Sn IMC - Cu-Sn IMC
Cu-Sn IMC s

Cu-Sn IMC X s I ZPBoich

2vm

402D - 951Au,

4Cu, 2Pt 0.375Au r\

pockets of SN ™ % Cu-5n IMC
Samidio et Separation  (Au,Pt)-Sn IMC
This joint is basically all petaabun i from LTCC Pb-rich
IMCs with small amount of Iy ' ' Cu-Sn IMC -

solder left on from fillet. Separation from LTCC¢

Where did the solder go???
All joints composed of Pt-Sn, Sn-Cu, and Ti-Sn IMCs with many segregated Pb-rich particles.
Micro-cracks in regions near or in Cu-Sn IMCs.

Clear separations from LTCC.
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Microstructure Examination
LTCC Solld State Aging — 100days at 170°C

e 202) - 9K7Ag, 5.
‘fh %’ 0.2Ti,4Cu,2Pt,0.375Au | *‘%} ‘
Solder Fillet S N

nis LA by 7S

Map data Map data
MAG: 2000 x HV: 20.0 kW WD: 13.1 mm MAG: 2000 x HV: 20.0 kKW WD: 13.1 mm

Pt

Map data Map data
MAG: 2000 x_HV: 20.0 K\ WD: 13.1 mm MAG: 2000 x HY: 20.0 kv WD: 13.1 mm

Sn reacted with all elements in thin film stack - Au, Pt, Cu, Ti.
The Cu-Sn IMCs appeared scalloped with Pb-rich pockets between them.
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Microstructure Examination

209) — 9K7Ag,
0.2Ti,1Cu,2Pt,0.375Au
Solder breached via

Map data
MAG: 600 x HV: 20.0 kWY WD: 13.2 mm MAG: 600 x HY: 20.0 KV WD: 13.2 mm

Pt

] ¥ a (T T
Map data ) a Ey ': Ly & qnpme Map data
MAG: 600 x_HV: 20.0 KV WD: 13.2 mm : 600 x_HW=20) D:13.2mm. Sl e MAG: 600 x _HV: 20.0 KW WD: 13.2 mm

Ti layer lifted. Cu-Sn IMC at capacitor shell location and pockets in the solder.
Via breached. Pb-rich particles segregated in Ag. Presence of Ag-Sn IMC and Sn-Pt IMC.
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Microstructure Examination
LTCC Solid-State Aging — 1000 Cycles

i  9K7Ag, 218 =8KZ4Ag;
1Cu,2Pt,0.375Au 2Pt,0.375Au

402i - 951Au,

402i — clear /‘ 218i— crack s't/ed' N
separation from from fillet tog /
LTCC at toe hrough LTCC

Solder flllets are mtact F|Ims adhered to LTCC in samples W|th Ti layers.
All samples have long cracks starting from fillet toes in LTCC.
Pb-rich particles coarsened.

Discrete Au-Sn IMC layer above Pt layer, less laths dispersed in solder as in RT samples.
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X Microstructure Examination
LTCC Solid-State Aging — 1000 Cycles

202K — 9K7Ag, 209i — 9K7Ag, 218i — 9K7Ag,
0.2Ti,4Cu,2Pt,0.375Au 0.2Ti,1Cu,2Pt,0.375Au 4Cu,2Pt,0.375Au
Au-Sn IMC
¢ Au-Sn IMC . “ Ay-sn MCy N
P : . - o

Pt

402i — 951Au,
4Cu,2Pt,0.375Au

402i —crack in LTCC "<
near via cap

In solder region, Au-Sn IMC laths and discrete layer above Pt layer.
Pt and Cu layers showed NO signs of dissolution. There are creases.
Au-Sn IMC layer prevented solder breach to thin films, via caps, and via materials.

*Cracks in LTCC near fillet toes and cover pad. Clear separation of Cu layer from LTCC in 402i.
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Microstructure Examination
LTCC Solid-State Aging — 1000 Cycles
402i —951Au,

4Cu,2Pt,0.375Au
Solder Fillet

7pm Map data 7 pm Map data

] u
2 ]
MAG: 3000 x_HV: 20.0 KV WD: 13.0 mm L] 000 x HY: 20.0 KW WD: 13.0 mm

Discrete layers (LTCC—>Solder) ~0.4um Cu, ~0.2um Pt and ~1.7um Au-Sn IMC.
Sn only reacted slightly with Pt layer.
Cu layer appeared to be undisturbed.




Microstructure Examination
LTCC Solid-State Aging — 1000 Cycles

202K — 9K7Ag,
0.2Ti,4Cu,2Pt,0.375Au
Solder breached to cover pad |

Map data
MAG: 2497 xHV: 20.0 K\ WD: 13.0 mm

"

Pt

Map data 9 pm Map data 9 pm Map data
MAG: 2497 x _HV: 20.0 KV WD: 13.0 mm MAG: 2497 x HV: 20.0 K\ WD: 13.0 mm MAG: 2497 xHV: 20.0 K\/ WD: 13.0 mm

Creases in thin film stack provided discontinuity in the Pt.
Sn reacted with Pt, Cu, Ti and Au to form IMCs.
Via breached. Sn reacted with Ag via material to form Ag-Sn IMC.
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