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ABSTRACT

The FPGA is used to the high speed digital satellite communication on the Digital
Signal Process Unit of the next generation GEO communication satellite. The high
capacity FPGA has the high power dissipation and it is difficult to satisfy the derating
requirement of temperature. This matter is the major factor to degrade the equipment
life and reliability. The thermal control at the equipment level has been worked
through thermal conduction in the space environment. The FPGA of CCGA or BGA
package type was mounted on printed circuit board, but the PCB has low efficient to
the thermal control. For the FPGA heat dissipation, the heat sink was applied between
part lid and housing of equipment and the performance of heat sink was confirmed
via thermal vacuum test under the condition of space qualification level. The FPGA of
high power dissipation has been difficult to apply for space application, but FPGA
with heat sink could be used to space application with the derating temperature
margin.
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Fig. 2. Configuration of Digital Signal Process
Unit(left) and Thermal Model (right)
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Table 1. Junction Temperature Margin of
FPGA from Thermal Analysis Results
Part PD?\SNST -|D—b aRJ—b :l—j T]ernax T]—daeraled Me:rgin
Wi [cl (femr| [l | [c] | [c] | [¢]

FPGA1| 96 |[+86.0| 22 |+107.1|+125.0| +85.0 | —22.1

FPGA2 | 96 |[+850| 22 |+106.1|+125.0| +85.0 | -21.1

Tb : Board level temperature from thermal analysis,
assuming acceptance level
Ri-b : Resistance between board to junction
Tj : calculated junction temperature
Timax : allowable max. junction temperature
Ti-derated : derated—junction temperature,
referenced from ECSS-Q-ST-30-11,
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Fig. 4. DSP Board with Heat Sink Assembly
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Table 2. Properties of DIS-A-PASTE

2310-PMF [7]

ltem Property
Hardness Durometer A 80
Lap shear, @+25C, Al to Al, [psi] | 360
Tensile strength [psi] 350
Elongation [psi] 70

550 @55C
Young‘s modulus [psi] 650 @25C

1650 @-60C
Glass transition temperature [C] =72
Thermal expansion coefficient alpha 1 : 50x10°°
linfin/C] alpha 2 : 160x10°®
Thermal conductivity, @+25C 0.84
[W/mK]

. N . TML : 0.51
Outgassing @10 torr [%] CVOM : 0.04
Volume resistivity, @+25T 1 ox10°"
[ohm-cm]

Usual Temperature Range [C] -72 T +225
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Fig. 6. Thermal Vacuum Test Profile
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Table 3. Temperature of FPGA Lid

Temp. of FPGA Power Re-h Temp. of
Heat Sink Dissipation [°(‘C/W] FPGA Lid
[C] (W] ) [C]
+77.6 9.6 0.2 +79.5

Re-n : resistance between FPGA lid to the top
of heat sink

Table 4. Junction Temperature of FPGA
with Heat Sink from Thermal
Vacuum Test

Part PDci)Sv‘vS?r Te Rij-c Ti Timax | Tj-derated| Margin
[W]- [cl |remwr| (el [c] [C] [cl]

FPGA1| 96 |+795| 0.1 |+80.5|+1250| +85.0 | +4.5

Te : temperature of FPGA lid

Ri-c : resistance between FPGA lid to junction
T; : junction temperature

Timax : allowable max. junction temperature

Ti-derated : derated-junction temperature,
referenced from ECSS-Q-ST-30-11

2.3.4 FPGA Fgtex

S| EAA 493 FPGA = Ate]o] ddd2
Ao, A= Ale]d] dd 2 FvE 74
™, & dA&Rn)S ¢ 027T/Wolth FPGA &
E JEo 2% = Table 33 #o] AXbxo] X
t}.

Table 4014 ®o]= nie} o] FPGAS e
2E(T)= +805CE A AW, B4 &
T2 7 (Tjderated) Q1 +85C ol thate] oF +4.5T o4
o] ntRl& FraTh

nm. & &

JAAET A FAQAA B4R AR
DA daA A% OAY nEFAL 9
FPGASl HFLE7} Bwaid 2
oleg EAE gule U s
g 2 gl
S P

Xﬂ°17} Ol—roixlui =

2

ol

oL

o,

AN
fo &
J\o

o

2
ﬂ

HiE A=

713

s —6‘}71 01%14.
A9 FPGA = Atolo] EA-F(Rio)°]

ol A2 Alele] dx t‘g( Rjb)H o} 2}

7] Wj&ol, FPGA =& 53 dd=r &4 &



794 WA PAS - 0

£

A -85 d - Ags A 2 T B RS

&2 ol
1IOWE S AHALES 7}

SR EESEER

A
(
%2
rr
e
~J
0
>
1o

References

1) Jin-Han Park,
Yeoung-Keun Jang, "A Study on Heat Load
for High Power
Equipment of KOMPSAT-2",
No. 30, Vol. 3, pp. 77~88, 2002.

Hyeon-Seok Seo,

Mitigation Dissipation

KSAS Journal,

2) Michael Pecht, Handbook of Electronic
Package Design, Marcel Dekker , Inc., New
York, 1991.

3) Min-Young Park,
Yeoung-Keun Jang, Hwa-Seok Oh "A Study on
Thermal = Modeling Method of Satellite
Equipment", KSAS Journal, No. 29, Vol. 7, pp.
127~136, 2001.

4) Frank P. David P. DeWitt,
Fundamentals of Heat and Mass Transfer, John
Wiley and sons, 1996

5) UG520, Virtex-5QV FPGA Packaging and
Pinout Specification, Xilinx Inc.

6) ECS5-Q-5T-30-11, Derating - EEE components,
ESA Requirements and Standards Division

7) Technical Data & Information of DIS-A-
PASTE 2310-PMF, Aptek Laboratories, Inc.

Kang, Jin-Han

Incropera,



