TIE WORKSHOP:
+ADVANCED TOPICS IN ELECTRONIC ASSEMBLING
TECHNOLOGY"

Desigh and Measurement of
Integrated Passive Devices on
Flexible Substrates

Detlef Bonfert, Karlhéinz Bock

Fraunhofer Research Institution for Modular Solid State
Technologies (EMFT), Hansastr. 27d, 80686 Munich — Germany

\

~ Fraunhofer

EMFT




Content
B Introduction to integrated passive devices on flexible substrates

B Comparison with discrete chip size passives
M Design rules for integrated passive devices on flexible substrates
B Thick film passive devices
B Thin film passive devices
M Realization of integrated passive devices on flex. substrates, R2R
B Measurement of integrated passive devices on flexible substrates
B Carbon based polymer resistive devices
B Intrinsically conductive polymer devices (PEDOT:PSS)
M Planar capacitive structures
B Interdigitated capacitive structures

M Summary and conclusions

\

~ Fraunhofer 2

EMFT

TIk




Temperature Profile Thick Film Chip Resistor
T b

/ 94.6 °C

76.4°C

| 58.3°C

AT=2.0°C |

40,1 °C

21.9°C

Uniform temperature thick film chip resistor, size 0805

y
~ Fraunhofer
EMFT




Temperature Profile Thick Film Chip Resistor

100.1 *C

81.8 "C

AT=6.0°C -

| 63.5 °C

I 45.3°C

271 °C

AT=6.0°C
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Thick Film RuO, Resistors on Al,O;

d)
Thick film chip

Thick film resistor, screen printed on Al,O, resistor, size

substrate, size 25.4 x 25.4 mm?2 0805, on Al,0,

¢) Optical view body,

d) IR view c) Optical view
d) IR view
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7h.3°C

Temperature Profile Thick Film RuO, on Al,O,

AT=2.5°C |

| 48.7 °C

T 35.5°C

22.2°C

| ] ] | | |
o i % ] 1]
i i L

Uniform temperature profile of thick film resistor, size
2000x2000 pm?, R100 /o, Al,O, substrate
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Temperature Profile Thin Film NiCr on AIN

82.8 °C

Temperature profile
NiCr AIN 50 O, 60 mA

68.4°C

54,1 °C

AT= 2.0°C

| 39.8 °C

255 'C

-20.0 °C 350.0'C

- T |

7 4 4 25.5°C 82.8°C
P

AT= 2.0°C

- .
. B

Uniform temperature profile at 60 mA current sampling of thin

film NiCr chip resistor, size 4000x3000 pm?, R50 /o, AIN substrate
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Temperature Profile of Polymer Resistor on Foil

90,7 °C

58.4°C

AT=10.0°C
DC-sampling at 12 mA
Heating up of resistor
Max. Temperature 91 °C

42.3°C

R esistor width

26.1°C

AT=15.0°C

= |

=

Resistor length
Temperature distribution during self- heating of flexible thick film
polymer resistor on Pl foil, hot spot in the center of the resistive layer.
Higher temperature gradient along and across the resistive layer
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Polymer Resistive Layers

c) d)
Polymer film resistive structures on foils (3.55 x 1.4 mm?):
a) Carbon filled polymer on PI, b) Carbon filled polymer on PET
c) PEDOT:PSS on PET, b) ATO on PET
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Polymer Resistive Layers

Conductive layer

Resistive layer
a) b)

Polymer film resistive structure on foil
a) top view, b) cross section
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Design Rules Thick Film Polymer Resistive Layers

» »lg »

¢
'
Geometry Type Min. [pm] Preferred [um] Comment
A 250 to 5200 B25 to 2600
B 125 250
C 125 250 Interconnection
conductor
D 125 250
E 125 250 Resistor-conductor
pad overlap
F 500 1000 Resistor- resistor
distance
5 250 500 Fad- pad distance
W 500 to 10000 1000 to 5000 Resistor width
L 500 to 10000 1000 to 3000 Resistor length
LW 0.3to 10 05to 5 L ratio

!
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Design Rules Thin Film Resistive Layers

<« A C

<« >l

B W, B

-

Geometry Type Min. [pm] Preferred [pm] Comment

A 250 to 5200 B25 to 2600

B 25 50

c 25 50 Interconnection
conductor

O 25 50

E 25 50 Resistor-conductor
pad overlap

F a0 100 Hesistor- resistor
distance

3 25 a0 Fad- pad distance

W 25 1o 10000 50 to 5000 Resistor width

L 23 to 10000 50 to 5000 Resistor length

LW 0.1to 20 0.25to 10 LAWY ratio
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Design Rules Capacitive Structures

L1

A

Drigital Trirmn

A ral o
THmM

Plate capacitor

L, and L, of the dielectric should
exceed the bottom electrode with

Interdigital Capacitor at least 250pum
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Layout of Flexible Thick Film Polymer Resistor

Fraunhofer EMATM{inchen 4019 [um)
40.00
— Profil
[pm] (\‘ 2989
30.00 / \ /\ :

TR -
W AV~ LT Y

10.00 //
0.00 fj
5.00 pm
-10.00 . . L L L
0.0 442.0 884.0 1326.0 1768.0 2210.0

[um]

Scanned profile of flexible polymer resistor (L=W= 700 pm, h=23 pm)
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DC Resistance / Q

DC- resistance versus number of

Annealing at Constant Temperature vs.
Electrical Pulsing with Constant Amplitudes

Resistor not
tempered

DC Resistance, TLP 100ns, 500V, 2500 Pulses,
Carbon Resistor on Kapton, 100 /o, W112, n.temp.

300
R(n)=R,+R;*exp(-n/n,) + Ry*exp(-n/n,)
250 A
- R,=34.0Q
200 - AR=Ri* R, R,= 170.0 O
150 - ny= 27
R,=55.0Q
100 - k ;it Measurement ny=450 - Fit
50 ~ Ro \-é* — Meas
¢
0 T T T T
0 500 1000 1500 2000

Number of Voltage Pulses at DUT / #

applied pulses, TLP- voltage
500V, pulse width 100 ns, 2500
pulses

2500

DC Resistance / Q

DC Resistance, During Tempering, Polymer Carbon

Resistor on Kapton, R 100 Q/o

350 R(t)=R,+R*exp(-t/t;) + Ry*exp(-t/t,)

300 R,=75.0Q

250 7 AR = R»] + R2 R1: 1500 Q

200 - t,= 250
Fit R,=70.0Q

150 1 / I\fﬁasurement t,= 6000

100 7\ R° \"‘"ﬁ;

7/
50 ~ — Fit
0 T T T T T -.-Measw
5000 10000 15000 20000 25000 30000

Time /s

DC-resistance chan?e Versus
I

time during annea

ng at 150°C
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Laser Trimming of Polymer Resistors

Single, double L-cut
Plunge-cut
Laser-Trimm cut shape m E
of the carbon loaded
Serpentine-cut Scan-cut

poly epoxy thick film
resistors (source: AEPT-
Report, ESI, Feb. 2002)
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Temperature Profile after Laser Trimming

Temperature distribution (IR images) before and after laser-trimming
during self- heating of flexible thick film polymer resistor on Pl foil,
Hot spot in the center of the resistive layer before trimming.

Hot spot moved from the center of the resistive layer after trimming
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emperature Profile after Laser Trimming

- [l [l
] . -] u ] ] F -------- |
1 1 1 L i i L ! |l i L L L

No-cut - | P-cut L-cut

ns
= | I I i i ] i | = |
¢

Cross sections of temperature distribution (IR images) before and after laser-
trimming during self- heating of flexible thick film polymer resistor on Pl foil,
Hot spot in the center of the resistive layer before trimming.

Hot spot moved from the center of the resistive layer after trimming
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Laser Trimming of Thin Film Resistors

O Pulses 20 Pulses

10 Pulses

30 Pulses

0 4 8 12 16 20 24 28 32

Nr. of Laser-pulses l

Thin film NiCr-Resistance
change after trimming with
single laser-pulses
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DC Electrical Stress and Measurement Equipment

Triax-probes used for
Shielded probe station (PA300) used contacting polymeric
for organic electronics measurements devices and systems
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DC Electrical Stress and Measurement Modes

R = V/I = Rsheet +2Rpad + 2(Rcontact + Rprobe)

=) ; I I *
= » v »
Probe-Tip + V- Probe-Tip N
Voltage Measure RprObe Rprobe
i I e . e
Resustor Pad

Rcontact Rsheet Rcontact
Rpad Rpad

Two point measurements

| Current Source

Substrate

| CurrentSource
- R=V/= Rsheet +2Rpad /2
(=)
Probe-Tip ity Probe-Tip
Voltage Measure Rprobe Rprobe
b
Pad Resistor Pad Reontact Rsheet Roontact
Substrate Rpad1Rpad2 Rpad2 Rpad1

Four point measurements
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Current / pA

DC Electrical Stress and Measurement Modes

, Rpc, Kelvin measurement, Ag Nano Ink Jet, Dimatix, Size
Carbon Resistor ESL 12115, not Tempered, 2
Double Current Sweep 0-1 mA, R01, PI Foil 11, M2 2400x720um~, double I-sweep, 0-10m A, Ry,

60 2.6 6
-o- Voltage 25 I'Upward
50 -o- R-4pk 14 58 —_ R-2p
-o- R-2p ) oSS S )
40 - 123 E 4 —
120 o — [-downward - R-2p
t21 8§ 3 . |- R-4p
20 A + 2.0 g ’5 2
119 © O i
10
1.8
0 T T T T T T T T T 17
0 10 20 30 40 50 60 70 80 90 100
Voltage/ V 0 1 2 3 4 5 6 7 8 9 10
Voltage / mV

For low value resistances,
significant difference between 2P
and 4P measurements (high R
Example of ink- jet printed nano-
silver layer.

At high value resistances, no
difference between 2P and 4P

measurements is observed contact/*

\
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Polymer Carbon Based Resistors on PI

90

i e

il o

Optical view of
carbon-based
resistor on PI,
100 Q/o

~ Layer thickness: 12 pm

Carbon-paste:

Layersize: —  Eg1 12112, 100 Q/o
1.4x4mm printing size ”

1.4x3.55mm active
area (2.5 o)

000000

IR- Image: 26.5°C 3D scan of carbon-
DC- sampling at based resistor on P,
100pA 100 /o
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Voltage / V

DC- Stress on Flexible Thick Film Resistor

Carbon Resistor ESL 12112, Tempered,
Double Current Sweep 0-20mA, R56, PI Foil 11, M14

Carbon Resistor ESL 12112, Tempered,

Current Sampling, 1-20-1mA, R56, PI Foil 11, M18-M23

10 435 435
9 | -o- Voltage 4
-o- Resistance + 430 30 20mA M20
. 425 4251
7 downward o 420 -
6 - 1 G
i 420 <3 415 1mA-M19
+415 & & 410 el
4 x o 405 - *<0.1mA-M18
37 T 410 1mA-M23
2 400 - 7
405
395
1 ¥ 1mA-M21
0 ¢ T T T T T T 400 390 T T T T T T T T T T T
0 2 4 6 8 10 12 14 16 18 20 22 0 2 4 6 8 10 12 14 16 18 20 22 24

Current / mA

DC resistance during current
sweep, thick film resistor on
foil, 100 /o (permanent
changes).

Time /s

DC resistance during current
sampling, thick film resistor on foil,
100 Q/o (permanent changes).
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Temperature measurements, ESL 112 resistors on PI

[ 90.7 °C

| 74.5°C

hé.4°C

DC-sampling at 12 mA
Heating up of resistor
Max. Temperature 91 °C

Resistor width

42.3°C

26.1°C

=
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Temperature Distribution, ESL 112 resistors on Pl

AN

NODAL SOLUTION =
= JUL 27 2011

STEP=1
SUB =1
TIME=1 . \
TEME (AVG) ;

RSYS=0 \
SMN =25

SMx =92.844

Electro-thermal direct coupling

Simulation of temperature distribution during self- heating of
flexible thick film polymer resistor on PI foil, showing hot spot in
the center of the resistive layer.
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DC- Stress on Flexible Thick Film Resistor

Carbon Resistor ESL 12112, Tempered,
Double Current Sweep 0-20mA, R11, Pl Foil 12, M4

20 1200
181 Voltage
-o- Resistance 11100

16

14 A
> -+ 1000
5 12 A a
g 10 downward T 900
g

6 -+ 800

4 9

) -+ 700

upward
0 T T 600

g T T T T T T T
0O 2 4 6 8 10 12 14 16 18 20 22
Current / mA

a)
power dissipation in resistive layer

Resistor burnout

Voltage / V

Carbon Resistor ESL 12112, Tempered,
Double Current Sweep 0-20mA, R11, Pl Foil 12, M4

110 Vo 1800

100 | Voltage 69 1

90 , 9 1600

% | g -+ 1400

70 ‘ | 1 downward | 1200

60 - Lo 4T 1000 z
i ¢ issipated | S

ig \é} Power 800 o

30 ] upward # 7 600

20 | R == 1 400

10 4 -+ 200

0 0

0 2 4 6 8 10 12 14 16 18 20 22
Current/ mA

b)

power dissipation in resistive layer

DC-sampling at6 mA
Heating up of resistor
Max. Temperature 54 °C

R esistor width

!
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Damage Signature on Flexible Thick Film Resistors

after Pulsed Stress

-V, Rye-V Characteristic, TLP 100 ns Beafore a 0

10 ‘Burn out
<03 "
=077 150
206 )
305 —h e 000, ©
< 0.4 1 -~R-V 000. 0
§0.3* 1100 o 00.0 oo
o027 075 Q

0.1+

0.0 ‘ ‘ ‘ ‘ ‘ ‘ 1050 S Bem 0.0

0 100 200 300 400 500 600 00

Pulsed Voltage at DUT / V AT1o a U
0 F“Q"! [ - I _ .
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DC Resistance / Q

Pulsed Stress on Flex. Thick Film Polymer Resistor

DC Resistance, TLP 100ns, 750V, 30000 Pulses,
Carbon Resistor on Kapton, 100 Q/o, W112, R 52

1600
1400
1200 -
1000 -
800
600 -
400
200

Resistor damage after 28000

0

DC-

0 5000 10000 15000 20000 25000 30000

applied pulses with constant

voltage amplitude
Number of Voltage Pulses at DUT / #

resistance change vs. nr. of applied pulses with constant voltage
amplitude, TLP- voltage 750V, pulse width 100 ns, R 100 Q/ o

RSITATEA
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Polymer PEDOT:PSS Resistor on PET Foil

LRSS L5 50 .

T o Layer size: Polymer-paste:

s A 1.4x4mm printing size Orgacon 3040 5/ um
1.4x3.55mm active area
(2.5 o)

Layer thickness: 0.5 pm

i E710.0

570

[ym]

0/um O/ pum

0.oan

Optical view of 0/ um
PEDOT:PSS resistive 3D scan of PEDOT:PSS resistive

layer on PET foil layer on PET foil

\
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DC Electrical Sweep Measurement of PEDOT:PSS

PEDOT:PSS Resistor , (Tempered 105°C 2h,)
Double Current Sweep 0-1mA, R01, PET Foil 1

-o-Voltage
-o- Resistance

0.0 <

Current / mA

DC resistance during current
sweep, PEDOT:PSS resistive
layer on PET foil, Rs 2.5 kQ/o
(reversible changes).

00 01 02 03 04 05 06 07 08 09 1.0

6.30

- 6.28
+ 6.26
+ 6.24

- 6.22

6.20

Resistance / kQ

Optical view of cured PEDOT:PSS

PEDOT:PSS
. grains

a)

polymer paste, Orgacon 3040, a)
resistive layer with polymer
conductor (silver), b) zoomed
resistive layer showing PEDOT:PSS

grains.

ITATEA

\
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DC Electrical Sweep Measurement of PEDOT:PSS

PEDOT:PSS Resistor, (Temp.105°C 2h,),Curr. Sampling

g Rpc, PEDOT:PSS Layer, Tempered,
0.1 -2.0 mA, RO1, PET Foil 1, Meas. 9-14

Current Sampling, 0.1-5mA, R13, PET Foil 1, M2-M10

4.0mA 3.0mA ,0.1mAa
'4 0.5mA

6550 4450
I = 0.1 MAT, = 26 °C l,=0.2mA T, =28 °C

re

4400 RETETY
o {—0—0.5mA
~ |h=0-5 mA T3=30 Cc 4350 & 1 o 1.0mA
— h=10mA T,=38°C a - ~o-2.0mA
\¥ 4300 —0-3.0mA
lh=15mATs;=49°C g —0-4.0mA
_ . _ nd —-0-5.0mA
h=2mA To=65°C 4250 o
h = 6~
\ 4200
6300 I T T T T T T T T T T T 1 o
0 2 4 6 8 10 12 14 16 18 20 22 24 4150
Time /s 0 2 4 6 8 10 12 14 16 18 20 22 24
Time /s

a) b)

DC resistance during current sampling, PEDOT:PSS resistive layer on PET
foil, a) reversible changes, b) irreversible changes.
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Temperature Profile of PEDOT:PSS

101.9*C
DC- sampling at 3.0 mA
Heating up of resistors

Max. Temperature 102 °C [ B2a4C

G300 °C

. | T 435

24.0 °C

\

Resistor width.

Resistor length

Temperature dlstrlbutlon during self- heating of PEDOT PSS resistive
layer on PET foil, hot spot in the center of the resistive layer.

\
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DC Resistance versus Temperature

DC-Resistance vs. Temperature, PEDOT:PSS on PET,
3550 um x 1400 ym x 5 ym

5000 - / o /
S R(T)= Rol1+o(T-To)] R = Reexp(ToT)
z %07 R = 66200 Ro = 0909
3000 |  _ 0 fy =ote
) o =-721 ppm/°C —— Simul-VRH vy = 0.25
000 - Meas y = 1/1+d
1000 —— Simul-Lin d=3
0 T T T T T ‘ ‘ ‘ ‘

50 60

/0 80 90 100

\
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DC Electrical Stress on PEDOT:PSS layer

PEDOT:PSS Resistor Orgacon 3040,

Current Sweep 0-10mA, R13, PET Foil 01, M11

-o-Voltage
‘|-~ Resistance

Resistor

burnout

Voltage \

Voltage /

S
g
&

Resistance

0 1 2 3 4 5 6 7
Current / mA

a)

DC resistance during current

sweep, layer burnout.

Current density at burnout:

1 kA/cm?

8

5600

-+ 5400
- 5200
-+ 5000
- 4800
-+ 4600
-+ 4400
-+ 4200

4000
3800

Ripx 1 Q

Voltage / V

40

35 A
30 ~
25 ~
20 ~
15 A
10 -

PEDOT:PSS Resistor Orgacon 3040, Dissipated Power,
Current Sweep 0-10mA, R13, PET Foil 01, M11

-o- Voltage
-o- Power

Q

g

{:
&Y

Voltage

N\

¢ Burnout
~\

Power

& Resistor

Dissipated |

Current/ mA

300

-+ 250

200

- 150

100

+ 50

DC-power during current

sweep, layer burnout,

Dissipated power at
burnout: 250 m\W

P/ mw

\

~ Fraunhofer

EMFT

35



Layer Burnout after DC Electrical Stress

b)
a) Resistor burnout during DC stressing,

b) caused by hot spot in the center of the flexible polymer
PEDOT:PSS resistor on PET foil,

c) crack propagation through resistive layer

\
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Polymer PEDOT:PSS Resistor on PET Foil

T &5 705 A
[

=

Layer size: Polymer-paste:

1.4x4mm printing size Clevios PH1000 EG
1.4x3.55mm active area

i T

(2.5 )
Layer thickness: 1 pm

Zoomed optical view Optical view of

of PEDOT:PSS PEDOT:PSS resistive
resistive layer on PET layer on PET foil

!
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Current / mA

DC Electrical Sweep Measurement of PEDOT:PSS

R-pc, PEDOT:PSS on PET, Clevios PH 1000, 6% EG, |

Size 355Ox1400pm2, double I-sweep, 0-25 mA, M3

30 26.0
1 no permanent Current S
25 - changes \ © R} 255
] downward
20 - + 25.0
] R
15 ¢ + 245
: upward Rc—:s\istance
10 < +24.0
5 1235
0 I I T T T 23-0
0.0 0.1 0.2 0.3 04 0.5 0.6 0.7

Voltage / V
DC- resistance during
current sweep, 0-25mA

Recommended current
density, max: 50 A/cm?

Resistance / O

o/ S/cm

1050

o, Conductivity of PEDOT:PSS on PET,Clevios PH 1000,

EG, Size 3550x1400pm2, double I-sweep 0-25mA,M3

1025 -
1000 ~
975 +
950 ~
925
900 ~
875 ~
850

o-upward

Prastereeeeeeeeeeeeee

o-downward

0 1 2 3 4 5 6 7 8 9 10

Current / mA

DC- conductivity during
current sweep, 0-10mA

TIE

\
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Current / mA

DC Electrical Sweep Measurement of PEDOT:PSS

R-pc, PEDOT:PSS on PET, Clevios PH 1000, 6% EG,

Size 3550x1400pm2, double I-sweep, 0-75 mA, M5

27.0

' L,c, PEDOT:PSS on PET, Clevios PH 1000, 6% EG,
_ Size 3550x1400um?, double I-sweep, 0-100 mA, M6

80 : Current I 90 | Current [ 27.0
70 - 1 265 o 80 | - 265 o
60 - < 70 downward Z
50 % no permanent 260 g E 60 | permanent — 1 26.0 §
40 | changes 1 255 § qu) 50 - changes R\ T255 £
30 | l i g5 ¥ Resist L 250 8
20 - "\ Resistance 250 & © 28 /uvaard eeistance o
10 upward —:;:?* 24.5 10 _:;:R* 24.5
0 T T T T T T T 240 0 T T I I 1 240
00 02 04 06 08 1.0 12 14 16 18 20 0.0 0.5 1.0 1.5 2.0 25 3.0
Voltage / V Voltage / V
DC- resistance during DC- resistance during
current sweep, 0-75mA, current sweep, 0-100mA,
no permanent changes permanent changes
—
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Temperature Distribution During Self Heating

= S R g
il i e .
TR PR T 1

Optical image of IR image and temperature
current stressing sampling at 100mA

\
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DC Electrical Sampling Measurement on PEDOT:PSS

R/Q

PEDOT:PSS Clevios PH1000 6% EG, (Temp.120°C 2h,),Curr.
Sampl. 1mA-100mA, R02, PET Foil 1, Meas. 7-22

z;s | o h=100mA
265 - o
=
25.5 3 i jg :A 350.0 °C
250 | e
245 - =z
24.0 T T T T T T T T T T T 1

0 2 4 6 8 10 12 14 16 18 20 22 24

Time/s
DC- resistance during multiple Layer temperature
current samplings, 1-100mA distribution during current

sampling with 100mA

\
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Voltage / V

DC Electrical Stress on PEDOT:PSS layer

PEDOT:PSS Resistor, Clevios PH 1000 EG,
Current Sweep 0-100mA, R02, PET Foil 01, M16

Current / mA

-o- Voltage Resistor

5 || Resistance burnout 1 55

4 A + 50
G

3 T45
¥

2 + 40 ©

L Resistance | 52

0 T T T T 30

0 10 20 30 40 50 60 70 80 90 100

DC resistance during current

sweep, layer burnout.

Current density at burnout:

7 kA/cm?

Voltage / V

PEDOT:PSS Resistor, Clevios PH 1000 EG,
Current Sweep 0-100mA, R02, PET Foil 01, M16

500

1 |- Power Burnout

-o- Voltage Resistor

+ 450

-+ 400
- 350
-+ 300
+ 250
-+ 200

-+ 150

™\\ Dissipated | 100
Power 150

0

Voltage

N\

10 20 30 40 50 60 70 80 90 100
Current / mA

DC-power during current
sweep, layer burnout,

Dissipated power at
burnout: 450 mW

\
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Layer Burnout after DC Electrical Stress

/

‘Resistor burnout

y
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DC Resistance versus Temperature

R(T), Meas. Vs. Simul., Flex R, Clevios PH 1000 EG,
RO2,PET Foil 01

{ R(T)= Ro[1+a(T-Ty)]
36 1 Ry,= 28.70Q

| o =2737xE-6/°C
120°C < T < 100°C

20 30 40 50 60 70 80 90 100

_——
~ Fraunhofer
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Plate Capacitor (Copper- PVP- Carbon) on PEN

Optical view

Structure:

- Bottom electrode: Copper

-Top electrode: polymer carbon

-Dielectric: PVP, 1.5 pm thick
-¢,:6.4
(measured)

-C_,1c: 37.8 pF/mm?
-Electrode areas S:
- 1 mm?
- 5 mm?
- 10 mm?
- 50 mm?
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Current / nA

Current / nA

Plate Capacitor (Copper- PVP- Carbon) on PEN

I-leak, Cu-PVP-CB on PEN, S 1 mm2, Dev. A2
Voltage sweep, 0 - +10V
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I-leak, Cu-PVP-CB on PEN, S 5 mm2, Dev. A2
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Cp/pF

Cp, G vs. f, Cu-PHSCL-CB on PEN, S 1 mm?, Dev. A4,

Plate Capacitor (Copper- PVP- Carbon) on PEN

f: 100Hz - 100kHz

Cp, G vs. f, Cu-PHSCL-CB on PEN, S 5 mm2, Dev. A4,
f: 100Hz - 100kHz
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El. Meas. of Thin Film Passive Devices on Pl Foil
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passive devices on Pl foil, Wafer Prober Stss PA 300
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El. Meas. of Thin Film Meander Resistor on Pl

Au R-meander on PI, RO7
Current Sampling, 1-35mA, Dev. 1, M1-M9
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TCR of Thin Film Meander Resistor on PI- Foil

R(T), Meas.Vs. Simul., Au R-meander on PIl, R07, M1-M8
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Interdigital Capacitor on PI- Foil

Structure:

- Bottom electrode: Copper
-Top electrode: polymer carbon
-Dielectric: PVP, 1.5 pm thick

— ¢, . 6.4 (measured)

-C_,1c: 37.8 pF/mm?
-Electrode areas S:
- 1 mm?2
-5 mm?2
- 10 mm?
- 50 mm?

Optical view
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Interdigital Capacitor on PI- Foil, Leakage Current

lieak / TA
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Parasitic Capacitance of measurement Setup

Capacitance, interdigital, Conductance vs. Bias Voltage,
Measurement Frequency 1MHz, 30 mV, M1, open
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Ciq/ pF

8.87

Interdigital Capacitor on PI- Foil

Capacitance, interdigital, Conductance vs. Bias Voltage,
Measurement Frequency 1MHz, 30 mV, M1
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Summary and Conclusions

M Integrated passive devices on flexible substrates were designed
and realized in a Roll-to-Roll process

B Design rules are similar to screen printed devices on rigid
substrates

B Thermal behavior of resistive passives is more critical
B Power dissipation must be done by the resistive layer itself

B Flexible substrates, like PET and Pl have low thermal
conductivities, < 1 W/m*K (Al,O; 10 W/m*K; AIN 170 W/m*K)

M Electrical measurements of integrated passive devices on flexible
substrates show similar results with chip size passive devices

B Limitations because of polymer versus inorganic materials

W Adjustment of integrated passive devices with laser trimming
possible
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Final Conclusion
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