76

% 1l & XX

2353} A7) AZA e AR A e 2F 9

A Study on the Thermal Design for A Signal Processor
in the Micro-Wave Seeker

Won-Hee Lee*, Young-Joon Yu** and Ho-Yong Kim***

ABSTRACT

This paper focuses on the thermal design of a signal processor in Micro-Wave
Seeker. High temperature environment and ESS(Environmental Stress Screening) test
condition should be considered in designing a signal processor. First, we performed
the thermal analysis to know conditions under which a signal processor is thermally
reliable. As a result of thermal analysis, we found that adopting heat transfer block
to the thermally fragile components is most efficient, because the heat transfer block
can control the thermal loads of the individual components. Next, we verified this
solution by numerical simulation and experiment and concluded that thermal reliability
of a signal processor can be achieved. Maximum temperature difference between
numerical simulation and experiment is about 2C.
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[ : Critical Components | %] =8 | w83 | ooy tons fiors Table 1. Thermal resistance of thermal pad
1 A 1.55W Max. junction : +126 *C
2 B 2.57TW Case : —40°C to +85°C
pCB;VA”ﬁ =" 3 B 1.60 W Case : ~40°C to +85°C Thermal Pad FPGA ADC DDCAX}‘
Sl 4 8 257w Case.=-4l.)‘()(o485'-c &DSP &Requlator -
El | 5 [+ 0.706 W Max. junction : +150 °C
6~9 D 1.485W Max. junction : +150 °C (I)Ed 7(‘_-] _II:_j;” _J'\_
= ' 10 E 131W | Junction : ~40°C to +150°C 30 30 30
i El | 1 F 6.71W | Junction :-40°C to +150°C [W/m—K]
&) = 12 F 456W | Junction :-40°Cto+150°C =
g 13 F 6.71W Junction : ~40°C to +150°C - 7}” [m] 00008 00008 00008
PCB- B 14 G 0.782W Junction : ~40°C to +125°C
o [ =e [ wew [ operaingTemp Range HEHA M | 0.000729 0.0001 0.000361
1 A 1.07TW Max. junction : +126 °C
T1 T AXNBC/MW] | 0336 | 2667 | 0739
3 B 1.53W Case : —40°C to +85°C
4 E 1.897 W Junction : -40°C to +150°C
5 G 0.207 W Junction : ~40°C to +125°C .
s | ¢ | seow | sncion—swctommwc Table 2. Thermal resistance of thermal grease
7 F 3.99W Junction : ~40°C to +150°C
e e R Thermal Grease Regulator
1 A 2.017TW Max. junction : +125 °C
2 H 0.116 W Max. junction : +150 °C
3 I 0.180 W Max. junction : +150 *C oEd X‘—-I —I‘:—71| #—[W/m_K] 0-59
a4 J 0.160 W Max. junction : +175 °C
5 F 1.755W | Junction :—40°C to +150°C —I|:— ”'” [m] 000000635
6 G 0175 W Junction : ~40°C to +125°C
7 F 1.900W | Junction : ~40°C to +150°C E __:T 04 7&! [mz] OOOO‘]
. - . of 7] SH ¢
Fig. 2. Thermal specification of components A C/W] 0.1076
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Fig. 3. Schematic of thermal design
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R : conduction thermal resistance [K/W]

Q  : heat transfer rate [W]

k : thermal conductivity [W/mK]

A : cross sectional area [m2]

AT : temperature difference [K]

L : conduction length [m]
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COPPER FOIL 1oz 1. COMP
PREPREG 0.06x1 2. GND1
CCL 0.1T(0.50z7) 3. INT1
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Fig. 4. 16Layer of printed circuit board
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Fig. 6. Temperature contour of A, B and
C boards without thermal block

(High temp. condition, 71C)

Table 3. Temperature margin of components
without thermal block

Components [Operating Temp. Range| Data | Margin
FPGA Max. Junction : +125C | 949C | 24%
DSP Case : +85C 106.7°C | Fall
DDC Max. Junction : +150C | 89.8C | 40%
ADC Max. Junction : +150C | 123.9C | 17%
DDS Max. Junction : +150C | 80.3C | 46%
OP-AMP_A |Max. Junction : +150C | 934C | 38%
OP-AMP_B |Max. Junction : +175C | 79.4C | 55%
Regulator A |Max. Junction @ +150C | 107.3C | 28%
Regulator_ B [Max. Junction : +150C | 145.7C | 3%
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Components Without With Marain Decrease

P HIT Block |H/T Block 9 Temp.
FPGA 949 82.2°C 4% | 127C
DSP 1067C | 759C 1% | 30.8C
ADC 1239C | 96.3C 36% | 27.6C
Regulator A | 107.3C | 927C 38% | 146C
Regulator B | 1457C | 1251C 17% | 20.6C
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Table 5. Temperature margin of components
with thermal block

Components With H/T Block |With H/T Block Marein

omponents 1« - g0s 55C, 600s £
FPGA 822C 91.4C 27%
DSP 75.9°C 82.2°C 2%
ADC 96.3°C 103.9C 30%
Regulator A 92.7C 105.7C 29%
Regulator B 125.1C 139.5C 7%
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Table 7. Temperature margin of components

0Os 60s 120s | 180s | 240s | 300s
FPGA| 71TC |822T |864C |89.6C |924TC | 951C
DSP | 71C |759T |786C |81.1C | 83.7C | 86.1C
ADC | 71C |96.3C | 99.4TC (10247 [1052C|107.7C
Re_A | 71C | 9277 |99.3C [103.3|106.5C|109.3C
Re B | 71C |125.11C|132.21C|136.57C|139.8C |142.8TC

Temperature
g
120.000

13,750
107.500
101.250
95.0000
88.7500
82,5000
76.2500

70.0000
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