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Technicai Background

Electronic products:

Smaller and lighter
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Increasing function
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Lower power
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Small form factor
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Wide 1/O

2.5D/3D Interposer

2.5D/3D vertical integration:
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oncept of deveiopment

LSI Device IC Device

Inductor

Hum 84S
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2, Embedded passives
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Thin fiim Resistor

_I Process flow

Resistor Layer

Cu Wiring
(Cr,Ti)

(Plating

Cu plating (ground) | 6| Resist Stripping

2| BCB Patternin

7 | Resist patterning

Adhesion and barrier layer
in sputter semi—additive process
is applied as resistor.

3| Sputtering (Cu/Ti)

4| Resist Patterning

8 | Wet etching (Ti)

Both resistor and wiring
Resist Stripping can be produced
Cu etching in the same process step.

|

5| Cu Plating (wiring)
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Thin fiim Resistor

Ti film resistor I DMM

Digital multi meter

Film thickness : 15nm

7000 ; :- -
Width(um) %

6000 F---| ——31.25um foiibeninnnnne. Ry A v
— —=—62.5um : : :
S5000 fof s i Lorrannnes
@) 250um : ' 3
e || —e—s00um | 3
cCJ 4000 —e— 1000um §
S 3000 ......_.!._..2..0.995‘[‘"1. ) g
2 : : :
9 2000 i oo e
o : : : 8
1000 | i

0 Resistance

Min :  6.30hm

0 500 1000 1500 2000 Gap length - 125,m

Gap length(um) width : 2000um
Resistivity(average) Max : 6630ohm

Gap length : 2000um

DNP 1.5x10 [ohm-m] ( width : 31.25um



Thin fiim Resistor

Cr film resistor

Film thickness : 20nm

90000
80000

DNP

Widtél(um)

——31.25um
——62.5um
125um
250um
—&—500um
—&— 1000um
+2.000um

500

Resistivity(average)
2.3x107° [ ohm-m]

- == d

LG ICRCIC PL RO RN

iaSaalleacabtaa

1000
Gap length(um)

JERE L - - -

1500

2000

000872

Resistance
Min

Max :

. 77.8ohm
Gap length : 125um

width : 31.25um
780000hm

Gap length : 2000um

width : 31.25um

1 10 100 1k 10k 100k 1M 10M(R)
. Carbon—film resistor
Metal—film resistor (thick film)
_____ Metal—film resistor (thin film)
Ti|film resistor
Cr film resistor

B |
| _———
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Spirai Inductor

Process flow

1 | Cu plating (ground)

_l_

2 | Insulation layer
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3 | Sputtering (Cu/Ti)

\/

4 | Resist patterning
Cu plating

_-_I_I_'_

5 | Resist stripping

Ctﬁtcﬂng- '

DNP

To ground layer

2nd wiring layer

1st wiring layer

Measurement Pad
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TEG pattern

Size Line width Narmber | winstent | Pattern (typical)
200um[] | 1st layer |10 ____ Lo ___ 974 ©
=10um |20 ____ L 119 329@._,
2nd layer 3.0 : 1903 .
=20um [ 35 :_ R (o) 3.5turns
1
400uml] | 1st layer S — P o
=10um |20 ____ l___329 | =
2nd layer 3.0 ] 4403 &
_______________ S
=20um B _3'_5 _____ :_ o e 4.5turns
4.5 : 5774
1.0 ! 3674
800umb] | {st Jayer '-2-0““-:- -------
= 10um __;_____:_____6_61_9_
2nd layer |30 ____ L L
=20um __3_5 _____ | _ 10410
|40 __ L___l2027_ ‘
45 ! B Sturns

The variety of the fabricated spiral inductors are total 15 patterns

DNP

with changing size ,nupher of turns and wiring length.
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Analysis result (1)

Z= oL

@ Frequency vs. Inductance (calculated from S11 smith chart)

2.0

200um]

Inductance(nH)
N
o
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| |+-200umO|f il at 1GHz
= 400umO | } .
. | e | S S—
—A—800umO | : H /‘/ :
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few much
of turns H
0 1 2 3 4 5 ioh :
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Thin Film Capacitor

_I Process flow

Wafer (SiO,/Si) Sputter (Top electrode)
2 | Sputter (Bottom electrode) Insulation layer

6 |Sputter semi—ad _
3 erp g

Anodic oxidation TI
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Thin Film Capacitor

Formation process of Ta;Os5 film

Anodic oxidation
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advantages: The oxidized film is stoichiometric (Ta/0=2/5)

dewi/woo ssald

The thickness is good repeatability
because the thickness is controlled by applied voltage ¢

The equipment is simple and low price
because vacuum equipment is not used

Equipment Current—voltage curve :

0

DC Source [ voltage ] ; : T :

Platinum ' Voltage i %

Sample plate ‘ ' ; | 2
(Ta205 - Tl me > 3

€20z Asenu
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Thin Film Capacitor

. . Capacitance[pF] |Resonance
Thickness[nm] |Size (1GH2) |Point[GHz]
110/ 50um”2 4.8 |[>4GHz
100um”2 19.5 2.58
200um”2 18.4 1.38
137 50um”2 3.9 |1>4GHz
100um”2 15.9 297
200um”2 64.0 1.45
182 50um”2 29 [>4GHz
100um”2 11.9 3.27
200um, 24 48.2 1.76
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Thin Film Capacitor

Pattern @

Pattern @

pe umoq

I A

Resonance Point

Real Part of Impedance (ESR) = 40hm

00088&

No Resonance Point

Real Part of Impedance (ESR) = 30ohm
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Thin Film Capacitor

SEM image

The cause of parasitic resistance

WL

v

1. Bad step coverage

2. Crystalline structure of Ta is Tetragonal

—>in comparison with bulk Ta(bcc)

C e e , XRD
resistivity is more than ten times. :

s

e

20 30 40 5
28 (deg.)

After capacitor forming, we take in “Cu plating” on capacitor electrode.

L Apply Gnd forming process

. New process flow

3
1 Ta/Ta205/Ta BGE

Cu Plating
1= 10 L./
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Thin Film Capacitor

1-port S11 characteristics

Measuring Frequency:
Sample : Dielectric layer thickness = 150nm form 0.1GHz to 20GHz

Electrode area:100um”2: 200um”™2: —A&A— 500um”2:
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9)u02-sdew/wo:

Real axis (Resistor) element is decrease
—> Capacitor Characteristics is Improvement
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® Dielectric Constant : 21.8

DNP - I
Capacitance (at Imm™2) = 1.93nF/mni  (Thickness:100nm)



Passive devices

The Characteristic of Individual passive components could be measured.

L

Trial production of integrated LC filter
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Sample Picture

Low Pass Filter(LPF) Band Pass Filter(BPF)
“[@H""H

Inductor

)

Inductor

Ta205 Capacitor
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Inductor BCB Capacitor Ta205 Capacitor
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Passive devices

Measurement Result -S21 measurements using VNA
Range :0.1 " 20 GHz Measurement : S—parameter of S21
Port : 2—port Calibration : SOLT Method

(Short—-Open-Load-Through)
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Compare to simulation results
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Passive devices

_| Simulation Result

Simulator: 3D Electromagnetic—Field Simulator (FEM)
[ansoft HFSS]
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Passive devices

eIpUBW//:dNYy woly papeojumoq .
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Measurement Result -S21 measurements using VNA
Range :0.1 " 20 GHz Measurement : S—parameter of S21
Port : 2—port Calibration : SOLT Method
(Short—-Open-Load-Through)
wa Simulation Ansoft Corporation Actual measurement
| B N il
-20.007 \ a0 ;

-40

-40.00

50

Y1
[dB]

£0.00 / -E0 : /

| 70 -_ IJ(
80.00_| \ / _ %A “
| W -80 -

-100.00

0.00 500 10.00 15.00 20.

Freq [GHz
at 1 0.0 2.5 5.0 75 10.0 12.5 15.0 17.5 200

-sdew|/wo9"ssa.

9JU0D

Compare to simulation results
The result is in good agreement with actual measurement.

DN P —Our gimulation is able to use for filter design
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Etch. step

SF6

Etching’
Mask

DNP

=)

Deep-RIE Bosch Process

depo. step Etch. step depo. step

C4F8 SF6 C4F8

U ! U

Scallop

Sy

. i

'j!l E i o
I f‘&‘:ﬁ—; T’:’_‘"“‘" .'.’ )

Straight and smoth surface hole

000888
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Coverage oxicide of inner holes

-Using PECVD for low stress process-

idus|jeuelpuswy/:dny wouy papeojumoqd

Stress control of thin film PECVD-SiO2

0.150
0.100
0.050
0.000
-0.050
—0.100 "\ Compressive stress
-0.150 -| @ Stress >
—0.200 ..

Y ESELLLLLEEEELE] EEELEEEEEEE P

-0.300

B/S92US)

Stress/GPa
o

0 100 200

g0z Arenuer ¢ uo1sanb Aq ypd-| +d1-0dpG10z/29$2922/S92000/04a/S10Z/4Rd-ajo1l

000889 24
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TSV filled with Cu technology

The cross section photograph and the image of X-ray transmission analysis

Si

TSV filled with C
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Example of optimized PPR method
Condition A Condition B

00°ssaidus||e:uelpusw//:dny Wolj papeojumod

Void remain in the cupper plug. no voids in the cupper through plug.

er g0 uo isanb Aq jpd- | ydj-o

Good filling characteristic is obtained by process control
with liquid flow and ion delivery and current density in the hole

DNP

€20z Asenu

N
(=2]



RDL (Re-Distribution Layer)

RDL consists of fine wiring layer formed by SAP(sputter semi-additive process)
Double sided dielectric layer Pl formed by the photo-via process
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2
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©
(23
o
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]

‘L4 Metal |
'D34Pl |
L3 Metal '
'D23Pl |
L2 Metal |
‘D12PI !
‘L1 Metal |

S5500 2.0kV x1.50k SE(LA30)

Up to 4 layers for Metal/PI build up
DN p 000892
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rine Cu wiring

Fine Cu wiring fabricated by SAP(semi-additive process)
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L/S=5um/5um L/S=3um/3um
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i Interposer
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i Interposer

Reliability test results (THB) using TEG

The schematic view of Sample

THB ( 85°C 85% 1000hr)

g

%

1.0E+13 §
1.0E+12 g

=ro = - oM A e o 3

10E+11 AT .—I_il_: _____ e -] _g
1.0E+10 %
jjga chi %
-L1.0E+09 ch2 5
n
-4 1.0E+08 ch3 3
1[5 ch4 S
0 1.0E+07 ch5 z
ché S

1.0E+06 S
1.0E+05 §
1.0E+04 E

0 121 242 363 484 605 726 847 968 g

A il [H] 3

Measurement condition 2

Temperature 85°C |Hole diameter 50uni
Humidity 85% |Hole pitch 200um
Additive V 10V |Number of Hole 100x2
Measurement V 10V [Time 1000hr

000895
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i Interposer

Reliability test results (TCT)
o o ;

TCT (-55°C & +125°C 1000cycles)

40 3
35 - ‘ — :
— — - - S— ¢ 4

30 .

3

— 25 ch.14 %
9. ch.15 %
@ 20 ch.16 g\,
15 —=—ch.17 %f
" —==—ch.18 i
15 ch.19 _g
ch.20 g

g

10 g
05 §
00 %3
SRERAT 200 400 600 800 iERT% g
Vieasurement condition :3

Temperature -55~125°C [Hole diameter 50um H
lcycle time 15min Hole pitch 200um 8
Total cycle 1000cycle |[Number of Hole 100 5

3

Double side thick polymer insulator that buffers the stress created by CTE mismatch

DNP
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i Interposer

Signal integrity for high frequency

Insertion loss (S;;) Measured result

\

.

N

\

S1 through hole — BCB via

T

~

surface via

| I Y Y D |
Lh e e 2 = D

\\

Magnitude [dB]

]

\/

1 1
-1  Ch

{ S/ through hole

1
(= a]

10
Frequency [ GHz]

>> BCB via ]l

15

A

Si through hole

Insertion loss of Si through hole is larger than surface via

~

|e-uelpLaW//:d)y woly papeojumoq .

BCB 8 4« mi
Via 30 4 m:

=

Via70 um:

@

S

(=]

o
087¥aa/5 1 0z13pd-eloiE/se0UBIBOD-
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DNP Reducing the loss of Si.through hole is very important !
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i Interposer

3D—-electromagnetic field simulati

low resistivity (0 silicon whose volume resistivity is 1.5§2-cm

Jvol1[a/m~2] .
5. BEEEE +BE Y
Y. EE7Se+EEL
Y4, 3758 +E0Y
Y4, BE25e+EAY
3, 7@ +EAL
3. 4375e+E0Y
3. 1258 +E0Y
2, 8125e+E0Y
2, SEEEE R
2, 1875e+E0Y
1, 8758 +E0Y
1. 5E25e+@Ek

1. 20BBe+0EY
9. 3750e+003
5. 20B0e+003
3. 12606 +003
B, BEBEe +B28
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51 Interposer

3D—-electromagnetic field simulati

high resistivity (0] silicon whose volume resistivity is 4000 %2 -cm

Jvol1[A/n~2]

BEEEe+a8Y
EE75e+8EY
3758e+884
AE25e+A8Y
TE0Be+AEY
Y4375e+88Y
1258e+884
8125e+084
EBEEe+08Y
1875e+084%
G750e+004%
SE25e+084
2508 e+AEY
3758e+883
250Be+883
1258e+883
BBEE e +B0E

n

© oW @ w P P MMM W W W F
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i Interposer

Signal integrity for high frequency

Reduced insertion loss

Insertion loss (S,))

N

Measured result

1l

| T~

2

N

N~

BCB via

Silicon resistivity higher

\"'\

Magnitude [dB]
-

6 H == BB via

high-r Si

w—low-T  S1

=

T
|

5

10

15
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Si Interposer with passives .

Via last TSV with Embedded MIM
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Si Interposer with passives .

Via first TSV with Embedded MIM
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Si Interposer with passives .

VL(Via last structure MIM)
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Si Interposer with passives ‘

1.00E-08

1.00E-09 ‘,rl’r.—.
: /
-+
[
o
o
(0] +
& 1.00E-10 vE
g

1.00E-11 . . . ; .

0 1 2 3 4 5 6
Applied voltage(V)
DNP

ad

=}

VL(Via last structure MIM)

=
2
o
o
o
@
o
=
5]
3
=
g
=
3
@
=3

Cu/Ti =200/50nm
B SN 200nm
Cu/Ti=200/50nm

VF(Via first structure MIM)

HPGP0Z/29%2922/598000/0dA/S 1O/

Cu/Ti =2000/50nm

BN SiN 200nm

Cu/Ti=2000/50nm

© 2013 Dai Nippon Printing Co.,Ltd. All Rights Reserved 39



Summary J
— -

B Embedded passive devices was fabricated on Si substrat;e
by thin film method. |

B The measurement result of integrataed passive device
was compared with simulation result .

B Thin film SIN capacitor as embedded passive device
was built in surface of TSV interposer by two types methogd.

B The capacitance and leakage current of capacitor

was compared with two types method.
Capacitance of Via last MIM is higher than Via first MIM .
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