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HiCoFlex 
- an ultra-thin, highly flexible Multilayer
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ceramics

separation layer

polymer

Ti/Cu/Ni

polymer

deposition of 
separation layer

1st polymer layer

1st metal layer

2nd polymer layer

1. Rigid substrate as carrier

2. Apply thin release layer

3. Apply 1st polyimide layer

4. Sputter 1st metal base layer

5. Structure 1st metal layer by  

photolithography (incl. plating)

6. Apply 2nd polyimide layer 

7. Open via’s by laser or plasma

8. …Repeat step 5 to 7 for each conductor   

level.

9. …Assembly of components 

10. Separate parts by laser contour cutting

11. Release parts from carrier.

HiCoFlex® Process
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Ti/Cu/Ni/Au

polymer

2nd metal layer

3rd polymer layer

assembling, bonding, protection, 
test

separation

HiCoFlex® Process
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Fabrication of Multilayer 
Structure on 

Rigid Carrier Substrate

Assembling, Bonding,
Protection, Test

Separation of Multilayer
from Rigid Substrate

Reuse of Carrier

Thin Film Processes (MCM-D)
No Lamination Processes

Highest Interconnection Density

No Handling Problems
No Shrinking

Easy Flip-Chip Mounting

Separation Force-Free

High Flexible
Extremely Thin

Foldable

HiCoFlex

HiCoFlex® Process
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Conductor line width a 20 µm 

Line spacing for conductor with via’s b 60 µm 

Pitch for conductor with via’s a + b 80 µm 

Spacing conductor to via c 20 µm 

Via capture pad d 80 µm 

Via e 30 µm 
 

c

e

a

b

d

HiCoFlex® Spacing for Conductors and Via’s
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HiCoFlex® Process

Conductor pitch 30 µm
15 µm lines and spaces

Laser cut via‘s 
∅ 30 µm
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Properties Value Unit 

dielectric constant 3  

dissipation factor 0.006  

volume resistivity 1 x 1017 Ohm cm 

breakdown voltage > 230 V/µm 

glass transition temperature 289 °C 

decomposition temperature > 500 °C 

weight (3-layer circuit) 8 mg/cm2 

water content in balance < 1 % 

min. bending radius (3-layer circuit) < 1 mm 

 

HiCoFlex® Properties
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340°
r = 1 mm

10 mm

77 wires, 150 µm pitch, 
25 µm total thickness

number of cycles > 107

no mechanical damage
no change in electrical properties

HiCoFlex® Bending Cycles
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on 3-layer Polyimide MCM and HiCoFlex (MIL tests)

• Adhesion (scotch-tape, before and after 1h 300°C)

• Solderabilty of top conductor layer (wetting)

• Repair of chip components (200°C without peeling)

• Destructive bond pull test (MIL 883-meth.2011, 25 µm bond, > 5 gm

• Thermal shock (MIL 883-meth 1010, 10x –55...°125°C) followed by

• Constant acceleration (MIL 883-meth. 2001, 5000 g, y1)

• Life test 125°C, 2000h (Bond pull test, > 10 gm)

• Cold test -65°C, 96h (Bond pull test, > 5 gm, Die shear strength-test)

• Pressure cooker test (130°C, 2 bar, 25h) followed by scotch-tape test)

• Residual gas analysis (R G A, MIL 883-meth. 1018, 

MIL-class K(S) < 3000 ppm and MIL-class H(B) < 5000 ppm)

All tests: Passed

HiCoFlex® Reliability Tests
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A
dvantages

Disadvantage

+ all advantages of flexprints, in addition:

+ smallest dimensions of conductors and via‘s 

+ assembling, bonding, flip-chip, soldering, testing on a rigid carrier substrate

+ no adhesives

+ metal tracks completely encapsulated

+ excellent chemical stability

+ high temperature stable

+ low weight  ( 0.8 g / dm2 ) 

+ thickness of conductors (typ. 2-10, max. 40 µm)  

+ thickness of polyimide layers (range: 3-20 µm) 

+ highly flexible, bending radii < 0.3 mm without plastic deformation 

+ foldable without effect to electrical properties

- still higher production cost

HiCoFlex® Pros and Cons
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Product Technology

Flexible Multichip Modules 
3-D Packages
CSP‘s
HDI, VHDI
Micro Coils
Integrated Resistors and Capacitors
RF Cables & Coaxial Lines

Product Market

Space & Aircraft 
Sensor Applications

Flow Sensor
Medical Electronics

Hearing Aids
Heart Pacemakers 
Retina Stimulator

Microsystems Technology
Telecom

RF Cables for OE

HiCoFlex® Applications
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Assembly, Soldering
Die + Wire  Bonding
(on Carrier Substrate)

Protection
(on Carrier Substrate)

Separation, Folding

HiCoFlex

HiCoFlex® 3D-Multichip Modules
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HiCoFlex

- Foldable Flex cable with up to 20 Interconnections per mm.
- Connection to Substrates by Wire Bonding or Thermode Bar Soldering

HiCoFlex®, a HDI for stacked MCMs and Hybrids
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Side View

HiCoFlex®  3D-Packaging
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Side View

4 ICs, 7 x 7 mm, Flip-Chip on HiCoFlex

BGA Pitch 1.27 mm

Flip-Chip PbSn-Solder Interconnections Pitch 180 µm

HiCoFlex® MCSP! 
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Example 1 Example 2: 15 µm line and space

HiCoFlex® 

Micro Coils Integrated in Flexible Substrates
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1Fabrication of Multilayer
Flex on Carrier Substrate

Assembly of Comp.
on Rigid Carrier2

3 Separation of Flex from
Substrate

HiCoFlex® 

Assembly of Micro Systems on 6” x 6” Panels
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HiCoFlex® 

Assembly of Micro Systems on 6” x 6” Panels

6“ Substrate before Assembly 

Final part assembled and separated
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Ni-Resistor ( 10 µm line and space) HiCoFlex R

Polyimide15 µm

Polyimide 3 µm

Ni  0.5...6 Ω/Sqr

Ni/Au-Pad

Low Thermal Mass                Fast Response

Protection by Polyimide               Excellent Chemical Stability

HiCoFlex®        Integrated Ni-Resistor
Temperature and Mass-Flow Measurements
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Coplanar Waveguides

CPW

CPWG

CPW on PI

CPW on LCP
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Evaluation of Polymers for RF Structures
Physical data of 
Polyimides, Kapton, LCP, 
BCB

PI 9161-15 PI 2611 Kapton LCP 
Rogers 
R/flex 
3600) 

Cyclotene 
3022 (BCB)

Coeff. of Therm. Expans. (CTE) ppm/K 3 3 17 (x,y) 52

Dielectric Constant @ 50% RH 3.1              
0% RH

2.9              
1 kHz

4.0              
1 kHz

2.9              
1-10 GHz

2.65            
1MHz

Dissipation Factor (tg d) 0.002          
1 kHz

0.007          
1 kHz 0.002

0.015          
GHz

Volume Resistivity Ohm*cm 1016 > 1016 5*1015 1019

Breakdown Voltage V/µm > 250 > 200 118 160 300

Decomposition Temperature °C 620 620

Youngs Modulus GPa 7.8 8.5 4.8 2.0
Tensile Strength MPa 310 350 110 103 85
Elongation % 27 100 25 16 6

Water Absortion @ 85°C 
50%RH

% 1.5              
23°C, 95%

< 0.1 4                 
23°C, imm.

0.04            
24h, 23°C

< 0.13
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Evaluation of different polymers for RF

PI 9161-15 
14 samples of different length 4 … 7.5 mm, measured at 25°C 
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S11, S22 < -20 dB 
S12, S21 > -1 dB 
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Evaluation of different polymers for RF

LCP Rogers R/flex 3600 
10 samples of different length 4 … 7.5 mm, measured at 25°C 
To get reasonable results the backside Cu of LCP foil had to be removed. 
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Contacting by Soldering

Polyimide

Solder Contact pad

Polyimide

Substrate

Substrate
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Recent process upgrades

• Metal / polyimide adhesion improved by
polyimide surface treatment

• Laser drilling of vias increases yield 
and lowers process costs

• Blistering reduced by studying 
mechanisme

• RF test structures developed and 
realised

• Alternative polymers evaluated
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Future process upgrades
Large Area Panels (LAP)

12“ x 12“ and 24“ x 24“ substrates

Expected Benefits
Reduced cost per square inch
Higher production capacity
Large parts will be possible 

(long cables)

Integrated components
Resistors, capacitors, RF structures

Microstrips in Polymer Sandwiches
embedded 50 Ω microstrips 

15 – 30 µm lines and spaces

Gnd

Polymer 1

Polymer 1

Polymer 2 
Vias
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HiCoFlex is a good solution for:

• extremly thin, highly flexible, light weight substrates

• MCM‘s on flexible substrates

• extremly flexible HDI and VHDI / cables

• flexible RF structures and interconnections

HiCoFlex is a good solution due to:

• extremly thin, highly flexible, bendable, foldable
• all process steps on a rigid carrier

(assembling, bonding, protection, test)

Conclusions


