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Background
Advanced power and control systems for space applications require the development of novel electronic devices, module interconnects, and packaging assemblies so that system requirements in terms of reliability, efficiency, and weight can be met. In addition, the selected components must withstand operation in the outer space harsh environments where various stresses, such as wide temperature swings, are encountered.

In a collaborative effort between NASA Glenn Research Center (GRC), NASA Langley Research Center (LaRC), and the Jet Propulsion Laboratory (JPL) under the NASA Electronic and Packaging Program (NEPP), two different flexible printed circuit boards were designed and built by NASA LaRC.  Each board comprised of a three-layer laminated structure of Soluble Imide (LaRC -SI) insulating material film with seven serpentine-like copper traces sandwiched between them.  The first printed circuit board (board #1) had only the LaRC-SI film as the main insulation media, while the other printed circuit board (board #2) consisted of a mix of the LaRC-SI film and boron nitride. The addition of boron nitride was to facilitate structural or other temperature-induced changes such as delamination or modification in the electrical properties of the circuit board. Fabrication of the boards and the processing techniques used were described in detail in a published report [1]. These boards were delivered to NASA GRC for in-house evaluation under wide temperature cycling.  Photographs of board #1 and board #2 are shown in Figures 1 and 2, respectively.  It is anticipated that the results of these investigations will help in understanding the effects of extreme temperature exposure and thermal cycling on the integrity and the functionality of these boards and thereby steps can be taken in the design and construction of reliable printed circuit boards for operation in extreme temperature environments. 
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Figure 1.  Photograph of Board #1. 
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Figure 2.  Photograph of Board #2. 

The present investigation constitutes a phase II effort as a follow-up for a testing activity performed previously on these two boards. In an earlier work, these boards were characterized in terms of their dielectric properties and physical structure under thermal cycling between +100 (C and –125 (C. The numbers of thermal cycles applied on board #1 and board #2 were 21 and 4, respectively. The results obtained in the previous work (phase I) indicated that the limited thermal cycling produced no noticeable effect on the physical integrity and the dielectric properties of either board. Detailed description and discussion of these results are given elsewhere [1,2].
Test Procedure and Setup

The two boards were each subjected in this phase II activity to a total of ten cycles. One complete thermal cycle is defined as exposing the board under test between +90 (C and –125 (C at a temperature rate of change of 5 (C/min.  A soak time of 15 minutes was allowed at the extreme temperatures.  Prior to the thermal cycling activity, the capacitance and dissipation factor of all seven serpentine traces of each board were measured at 20, +90, and –125 (C (pre-cycling).  These dielectric properties were evaluated in the frequency range of 200 Hz to 500 kHz.  After completion of the ten cycles, these properties were also obtained in-situ at the extreme temperatures, i.e. +90 (C and –125 (C (post-cycling).  The boards were then examined for changes in physical appearance or integrity such as delamination, warping, discoloration. Finally, measurements of the boards’ capacitance and dissipation factor were repeated at room temperature.

Test Results of Board #1

Changes in the capacitance and dissipation factor of the seven serpentine traces of board #1, which had only LaRC-SI film as the insulating material, before and after the thermal cycling are shown in Figures 3 through 9.  These results represent data taken at room temperature, as well as, at 90 (C and –125 (C. The capacitance change with temperature at the test frequency of 1 kHz is also reported in these figures.

A close examination of Figure 3, which depicts the capacitance and dissipation factor of trace 1 of the first board as a function of temperature and frequency, shows that the variation in these properties, at a given test temperature and frequency, exhibited the same trend before and after the thermal cycling.  Similar to trace 1, the other six traces of board #1 have displayed almost an exact behavior in their capacitance and dissipation factor with temperature and frequency as can be seen in Figures 4 through 9. While some variations appear in the measurements for a given trace, they are minimal and are mainly attributed to the parasitic effects introduced by the wire leads that connect the flexible circuit board inside the environmental chamber to the external instrumentation.  Instrument accuracy at the very low frequencies and change in the humidity level, although might have also played a factor. Nonetheless, it is important to note that the changes in the capacitance and dissipation factor with temperature seem, however, to be transitory in nature as these properties for each trace recovered to their respective room temperature values after thermal cycling was completed.

Visual and microscopic examinations were performed on the board after the thermal cycling activity and dielectric characterization were completed. No structural damage such as layer delamination, breakage, warping, or other physical alteration was detected.

These findings suggest that this additional thermal cycling activity, a total of 10 cycles in the temperature range of 90 (C to –125 (C, produced no effect on the electrical or physical characteristics of the flexible printed circuit board #1.
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Figure 3. Capacitance and dissipation factor of trace 1 of board #1 before and after thermal cycling.
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Figure 4. Capacitance and dissipation factor of trace 2 of board #1 before and after thermal cycling.
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Figure 5. Capacitance and dissipation factor of trace 3 of board #1 before and after thermal cycling.
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Figure 6. Capacitance and dissipation factor of trace 4 of board #1 before and after thermal cycling.
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Figure 7. Capacitance and dissipation factor of trace 5 of board #1 before and after thermal cycling.
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Figure 8. Capacitance and dissipation factor of trace 6 of board #1 before and after thermal cycling.
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Figure 9. Capacitance and dissipation factor of trace 7 of board #1 before and after thermal cycling.
Test Results of Board #2

Data obtained on the dielectric properties as a function of temperature and frequency for the seven serpentine traces of board #2, which had LaRC-SI insulation with boron nitride additive, before and after the thermal cycling is depicted in Figures 10 through 16.  These results represent those taken at room temperature and at the extremes of 90 (C and –125 (C.  The capacitance values measured at the test frequency of 1 kHz are also reported in these figures.

Figure 10 shows that the dielectric properties of trace 1 of this board do not undergo much change due to the thermal cycling. This trend applies throughout the entire test frequency range and at the three different test temperatures. It can be also seen that, regardless of subjecting the board to thermal cycling, the capacitance of this trace tends to increase very slightly when the temperature is increased, and vice versa. This indicates that there seems to be a somewhat linear relationship between the capacitance of the metallic trace and the temperature.  These changes in the dielectric properties are found to be temporary as recovery to their original values occurs after removal of the thermal stress.  Similar to trace 1, traces 2 through 7 have displayed almost an exact behavior in capacitance and dissipation factor with temperature as can be seen in Figures 11 through 16, respectively. In addition, no major changes were observed in the characteristics of these traces due to the thermal cycling.

After completion of the thermal cycling activity, board #2 was then subjected to visual as well as microscopic examinations to check for any induced physical changes. As was the case for board #1, this boron nitride-containing board did suffer any alterations in its physical or structural properties. Therefore, it can be concluded that this limited exposure to thermal cycling had no impact on the performance or the integrity of this board.
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Figure 10. Capacitance and dissipation factor of trace 1 of board #2 before and after thermal cycling.
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Figure 11. Capacitance and dissipation factor of trace 2 of board #2 before and after thermal cycling.

[image: image12.wmf]9

0

 

°

C

-125 

°C

 25 

°C

-150

-125

-100

-75

-50

-25

0

25

50

75

100

125

T

e

m

p

e

r

a

t

u

r

e

 

(

°

C

)

(

a

)

 

T

r

a

c

e

 

3

70

75

80

85

90

95

100

C

a

p

a

c

i

t

a

n

c

e

 

(

p

F

)

@ 1 kHz

25 

°C

9

0

 

°

C

-125 

°C

@ 1 kHz

9

0

 

°

C

25 

°C

-125 

°C

-125 

°C

9

0

 

°

C

25 

°C

0.1

1.0

10.0

100.0

F

r

e

q

u

e

n

c

y

 

(

k

H

z

)

0.000

0.001

0.010

0.100

D

i

s

s

i

p

a

t

i

o

n

 

F

a

c

t

o

r

-150

-125

-100

-75

-50

-25

0

25

50

75

100

125

T

e

m

p

e

r

a

t

u

r

e

 

(

°

C

)

(

b

)

 

T

r

a

c

e

 

3

 

a

f

t

e

r

 

t

h

e

r

m

a

l

 

c

y

c

l

i

n

g

70

75

80

85

90

95

100

C

a

p

a

c

i

t

a

n

c

e

 

(

p

F

)

0.1

1.0

10.0

100.0

F

r

e

q

u

e

n

c

y

 

(

k

H

z

)

70

75

80

85

90

95

100

C

a

p

a

c

i

t

a

n

c

e

 

(

p

F

)

0.1

1.0

10.0

100.0

F

r

e

q

u

e

n

c

y

 

(

k

H

z

)

0.000

0.001

0.010

0.100

D

i

s

s

i

p

a

t

i

o

n

 

F

a

c

t

o

r

0.1

1.0

10.0

100.0

F

r

e

q

u

e

n

c

y

 

(

k

H

z

)

70

75

80

85

90

95

100

C

a

p

a

c

i

t

a

n

c

e

 

(

p

F

)


Figure 12. Capacitance and dissipation factor of trace 3 of board #2 before and after thermal cycling.
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Figure 13. Capacitance and dissipation factor of trace 4 of board #2 before and after thermal cycling.
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Figure 14. Capacitance and dissipation factor of trace 5 of board #2 before and after thermal cycling.
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Figure 15. Capacitance and dissipation factor of trace 6 of board #2 before and after thermal cycling.
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Figure 16. Capacitance and dissipation factor of trace 7 of board #2 before and after thermal cycling.
Conclusion
Two laminated flexible printed circuit boards were characterized in terms of their dielectric properties and physical structure under a second run of thermal cycling in the temperature range between +90 (C and –125 (C.  Each board had a three-layer structure of insulating material (LaRC-SI) with seven serpentine-like copper traces sandwiched between them.  While one board had only polymer insulation, the other contained polymer/boron nitride combination.  The results obtained after this thermal cycling activity indicate that neither board suffers any degradation in their physical or electrical properties. Only temporary changes occur in the capacitance and dissipation factor of the boards at the extreme temperatures. Extended long term thermal cycling and aging as well as comprehensive testing are required to fully assess the performance of these flexible printed circuit boards to determine their suitability for use in extreme temperature environments. 
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