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Introduction Necessity of thermal characteristics analysis

The amount of the heat of the device is growing,
like high-brightness LED ,high-performance LSI and high-power device, etc.

However...
Enough heat radiation measures might not be taken by some limitations.
In general, in the semiconductor device case...

Rise of junction temperature
- life-time degradation & increasing of failure rate Reliability degradation

Si semiconductor It breaks when Tj exceeds about 150
What is countermeasure?

It is necessary to consider & design enough heat radiation
at the design stage of the systems or devices.

1"‘

v

Thermal resistance that is one of the important heat characteristic parameters
for thermal design, should be measured with high accuracy and easily.
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Introduction Conventional evaluation method

—

Materials

Heat radiation material CPU cooler etc

Printed board

e Method Hﬂﬂ
using thermo-couple

Semiconductor device

e

Power
device

® Method using TEG Hﬂﬂ
® Method using actual device

e Decline of measurement precisi¢c New evaluation approach
e Can not obtain the structure inftc Thermal transient characteristics analysis
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Introduction measurement flow
4 o _ o ) K-factor
Peculiarity of thermal transient characteristic analysis slope[ / ]
Improvement from conventional method I >~ =
S - - S Current
e The definition of a detailed structure not obtained by ~.
a conventional method is realized according to =const.
the fast measurement as every g4 seconds class. Temperature[ ]
e Conversion from the transient response characteristics of Transient response
the temperature to the structure function is enabled to be of temperature
calculated easily by a special application. y Ter[np].
A transitional VF change during cooling is monitored everylu secondsl
VF is converted to the temperature by using K-factor. :
Time[sec]

As the heat transmission is peculiar to each structure ¢ x
material, the structure information on the package is able Onver

to obtain from the temperature change of the diode. Structure function

e Thermal transient characteristics analysis Cth

[ /]

Conversion to the structure function

The thermal resistance & capacitance of each comprehension %

composition _ R[]
material is obtained from the structure function. structure function /
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Introduction Structure function

e Image of the structure function
( |

e _| example of the structure | . | Y [Thermal cenelEls
device \ heay/ L€0IR FNjunction _. Shown by the inclination
i N a ie-
die-bond - / L pac.l e Low thermal conductivity
grease | —~ |_heat sink High thermal resistance
< D, Small inclination
example of the structure function die-bond, grease, efc...
heat sink _ e High thermal conductivity
die-pad Amb'e”j Low thermal resistance
Cth : La.rge.lncllnatlon
[/ ] | Metal, Si-chip, etc...
chip grease :
PN junction die-bond : Thermal resistance & capacitance in each
— >, structure part can be evaluated by the
Tl B 6 e 6 Efee _/ Rth[ / ] y thermal transient characteristic analysis.
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Introduction Evaluation example

e Evaluation example of the LED light
Purpose
Applied the “Thermal transient characteristics analysis™ to the LED light.
— Comparing the structure function. — Consider about a thermal quality.
Samples
LED lightx  kinds company A, B, C, D ; close power type
Measurement condition
Heating current DC current that flows to the LED-terminal when AC100V operates.
Heating time, Measurement time Heat saturated condition
Sensing current Small self-heat condition
State of sample
Right picture

Cover
remove

Power supply line
to tester

Inverter circuit
remove
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Introduction Evaluation example

e Evaluation example of the LED light  Evaluation results structure function

Ambient |

1.E+05
1.E+04
1.E+03
1.E+02

g 1 E+01 € company A

é 1 E+00 M company B

= A company C
5 1E-01

@ company D
1.E-02
1.E-03
1.E-04
1.E-05

LED device Rth[K/W]
company Alcompany Blcompany Clcompany D] | The difference in total Rth is
caused by the fin structure.
[Tlf/t\";‘\'”Rth 1175 1339 9.92 0.88 Y
: 7/ \NT— : _ Why the Rth of B company
Fin-less structure Light-weight fin roduct was hiah?
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Introduction Evaluation example

e Evaluation example of the LED light  Evaluation results & consideration
differentiated structure function

Company B

1.E+05 ‘ 3 1.E+07

1E+04 || Heat spreader  Fin | SE 1 1E+06

1.E+03 : - : - LE+05

1E+02 : o = LE+04
< LE0L Y J S 1 1E03
g LE+00 | o g5 B S 1 LE+02
= 1E-01 [ il R N 1 LE+01 £
O 1E-02 [ 4 S e 1 1E+00 ¥

LE-03 g T ‘ 1.E-01

1.E-04 o <"~ | Two or more minute || 1.e-02

I LE-05 [/~ | change points [ 1E-03

1.E-06 ‘ 1.E-04

0 5 10 15
Heat spreader Rth[K/W]
== Fin

Two or more minute change points are seen between the heat spreader and the fin.
— Good connection parts and incomplete connection parts exist in parallel.
— The decrease of thermal resistance is expected by improving the connection.
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Introduction Evaluation example
e Evaluation example of the LED light  Evaluation results & consideration

Temperature change

60
— 50 s S
Y D |
& 40 R \ . & company A
o | N - iy, B company B
2 30 f : 7
© : | | ? A company C
qé-)- 20 et R . @ company D
|2 | | |
T S R S,
0 :
1E-06 1E-04 1E-02 1E+00 1E+02 1E+04
Time[sec]

company Alcompany Blcompany Cicompany D
5241 50.68 46.10 51.08

A Tjmax
[ 1

The junction temperature is about 80 in all products. R.T. 30
— The problem on thermal reliability may be not so high.

The rise of the junction temperature of C company product is especially small.
— Advantage in the thermal design (power and Rth).
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Introduction Evaluation example

e Evaluation example of the LED light Conclusion

Purpose
Applied the “Thermal transient characteristics analysis" to the LED light.
— Comparing the structure functions. — Consider about a thermal quality.
e Total Rth of A and B company product is higher than that of C and D.
— Itis caused by the fin structure.
e B company product contain the incomplete fin-connection, and it causes high thermal
resistance.
— The decrease in thermal resistance is expected by improving the connection.
e The actual junction temperature of all samples are around 80C, and there is not so high
Qmpact to the thermal reliability. There are some advantages in C company product. Y,

Measuring the total Rth
— Verification of catalog specs data

Extracting the thermal resistance of each material from the structure function
- Specifying the part with the problem in thermal design. — Considering the countermeasure.

Acquiring the temperature of the P-N junction.
— Considering the influence on reliability from the P-N junction temperature.
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Thermal transient characterlstlcs analysis under decompression condition
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Furposc
e Example of evaluation items by thermal transient characteristic analysis
Obtaining the total thermal resistance(Total Rth) of the semiconductor device.
Specifying the high thermal resistance part in the device.
Specifying the unstable manufacturing part.

Want to minimize

1E+05 | : ; | $ the thermal transmission
LE+04 | e E— Total Rth f—— — >3 in this direction.
LEH03 | —— .
QE+02 [ R
+ veves b o @ ”,,0000900 /
S LEH0L [ g

Example of unstable manufacturing
Void in die- bond

Cth[Ws/
/ B
]}'IHE>

Example of high temperature resistance @

1e-04 -| The die bonding material with high thermal resistance
. ‘ ‘ ‘ ‘ | Want to analyze
0 5 10 15 20 25 the thermal transmission
Rth[k/W] in this direction only.

In a usual measurement, the characteristic A and B are superimposed.
- What is countermeasure?

© Copyright 2010 Oki Engineering Co., Ltd I EI—PUZRTER All rights reserved 14
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Thermal transient characterlstlcs analysis under decompression condition
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Furposc
e Using heat sink - The direction of heat transmission can be limited.

small

f
il

big

However, even if use a heat sink,
e The heat transmitted to B direction is remain.
e The large thermal capacity heat sink for reducing the element of B side
cause the shortage of rising temperature of the device.
The enough S/N ratio is not obtained

Difficult to transmit the heat to B side.
— Corresponding by losing the heat radiation medium (air).

© Copyright 2010 Oki Engineering Co., Ltd I EI—PUZRTER All rights reserved 15


http://www.oeg.co.jp/

L OXK X ovenvwvour areams http://www.oeg.co.jp/
Thermal transient characterlstlcs analysis under decompression condition
I:VGlluaLIUI M ICLI IUU

e Device under test Power MOSFET TO-220 type package

e State of device Connected to the heat-sink with the thermal conductivity grease
and fixed with bolt.

e Evaluative environment DUT is set up in the vacuum chamber, and the thermal
transient characteristic analysis is executed under the decompression condition.

e Decompression condition about Air pressure 102 101 10-® 107° [Torr]

Vacuum chamber

Power
MOSFET

=)

Bolt

Grease

Heat sink

Thermal transient tester

© Copyright 2010 Oki Engineering Co., Ltd M AIZPUZRER All rights reserved 16
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Thermal transient characterlstlcs analysis under decompression condition

e Results (Structure function)

1.E+05
1E+04 -

Total Rth

1.E+03
1.E+02

1E+01

1.E+00

Cth[Ws/K]

1E-01

.
“““
e
-“‘
re

& 1E+3 Torr
W 1E-1 Torr
A 1E-3 Torr
® 1E-5 Torr

“““
p

s

1E-01

A-region

7777777777777777777777777

,,,,,,,,

¢ 1E+3 Torr
W 1E-1 Torr

A 1E-3 Torr
@ 1E-5 Torr

1E-02 |- 1E-02 ---

1E-03 k ‘

ve-os gl T

1E-05 ©
0O 5 10 15 20 25 30 35 0 5 10 15 20
Rth[K/W] Rth[K/W]

The change on the structure function by decompression was chiefly the following two points.

Increasing tendency of Total Rth
Decreasing the thermal capacity in A-region.
Consideration about >
All rights reserved 17
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Thermal transient characterlstlcs analysis under decompression condition

consiceration

IS
e Increasing tendency of total Rth

34 1.E+05
1E+04
32.] 1.E+03
30 1.E+02
g T LE+0L :i?i ;orr
%) - orr
% 28 % 1E+00 A 1E-3 Torr
0_: 26 | . N O 1E-01 @ 1E-5 Torr
g ‘ L . 1~ 1E-02 |-
24 | Total Rthisincreasing | o | R e s —
_, || tendency accordingto | 1e-04 gt | is generated in this area.
decompression. LE-05 _—
20 Lo Lol Lol 0 5 10 15 20 25 30 35
1E-05 1E-03 1.E-01 1E+01 1E+03 REh[K/W]
atmospheric pressure[Torr] Sample outside edge
1E+3 Torr|1E-1 Torr|1E-3 Torr[1E-5 Torr - /
F_}?;\E;\II_IRth 26.19 30.86 3261 32 99 .yﬁ& ..... |

Decompression (A decrease of heat transmitter around sample) - Total thermal resistance
increases because the heat transmission from the sample outside edge to the ambient
environment is limited.

© Copyright 2010 Oki Engineering Co., Ltd I EI—PUZRTER All rights reserved 18


http://www.oeg.co.jp/

L OK I dpen up your dreams

http://www.oeg.co.jp/
Thermal transient characterlstlcs analysis under decompression condition
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e Decreasing the thermal capacity in A-region.

LE+00 1 E+05 [INside of transistor — 1E+10
: 1E+03 -ptomeeeteeeei -t 1 Fi08
A-reg|on Insulation sheet| —\::
L ‘ i 1LE+01 [ 1E+06
e - S e IS S 1E-01 i gumaooostozscad® - 1E+04
< . ¢ 1E+3 Torr . ! ‘ e : ‘
2 B 1E-1 Torr < 1E-03 A A 1E+02 &
£ A 1E-3 Torr 3 | | iy | | <
o (s | ® 1E-5 Torr = 1E-05 [+ | ‘ 1E+00 &
1E-02 [ R S £ Ao~ S =
. ‘ ‘ O 1E-07 [N "\ S Nt R 1E-02 ¥
1E-09 \J | f**l RRR 1.E-04
. 1E-11 4 —1 :SP:'t 1.E-06
. 4 A-region ¢ spit
0 5 10 15 20 1E-13 [* g - “—split differentiated 1.E-08
Rth[K/W] LE-15 | | . |—split differentiated | E_10
Which structural part is A-region? 0 5 10 15 20 25 30 35
Splits evaluation - Specifying of structure Rth[K/W]

split Grease

split Insulation sheet

A-region s ...

e existing at the outside of device comparatively
e large Thermal resistance.
— Molding resin area in transistor device outer

Explain more.
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Thermal transient characterlstlcs analysis under decompression condition

con IDIUCI C1LIUI I

. . . . ) I
e Decreasing the thermal capacity in A-region. K sheet
N or
K grease
a
.. q =
- 0
A regionis ... | i 'g 5|8
e existing gt the outsndg _] 8 &3
of device comparatively M- =@ o | O
e large Thermal resistance. A s e Il =
~ Molding resin area 7 tEws | LE+10
in transistor device outer pEo3 | B E e
R S =, 3 /[ 1E+06
| LE-01 |- asssnalaan ’ ffffff LE+04
o 16-03 |-\ AR A LE+02
2 = | B | |
S 1E-05 |3 i A R LE+00 &
= ol :|Insulat|on sheet| =
O 1E-07 |- W&/ \ A *E”;”””(”*”‘T ***** W TE-02 X
LE-09 k)i 1 i splt 1E-04
1E-11 |--ip 1 —i# spit 1E-06
The thermal capacity of the molding resin 1613 | 3| A-region f—spit diferentiated | ¢ oq
decreasing by decompression 1E-15 b [Pl differentiated |, ),
0 5 10 15 20 25 30 35
Rth[K/W]
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Thermal transient characterlstlcs analysis under decompression condition
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e Decreasing in thermal capacity in A-region

ﬁ ﬁ A ﬁ/ Heat radiation by
@% HES _ @ atmospherical

S convection

=) (A

[——]

Heat radiation by the atmospherical convection is not generated under the decompression condition.

- Heat radiation from the surface of the molding resin is not generated.

— The heat that radiated to the atmosphere by convection under the normal pressure condition
transmits to the heat sink side under the decompression condition.

— Most heat transmits to the direction of the heat sink, and the heat transmission to the transistor
surface side decreases.

— The contributing rate to thermal capacity of the molding resin decreases.

- It appears to the structure function as a decreasing in thermal capacity.
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Thermal transient characterlstlcs analysis under decompression condition
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e Decreasing in thermal capacity in A-region

Uuuy
e

Heat radiation by the atmospherical convection is not generated under the decompression condition.

- Heat radiation from the surface of the molding resin is not generated.

— The heat that radiated to the atmosphere by convection under the normal pressure condition
transmits to the heat sink side under the decompression condition.

— Most heat transmits to the direction of the heat sink, and the heat transmission to the transistor
surface side decreases.

— The contributing rate to thermal capacity of the molding resin decreases.

- It appears to the structure function as a decreasing in thermal capacity.
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Thermal transient characterlstlcs analysis under decompression condition

CUI IDIUCI C1LIUI I

e Decreasing in thermal capacity in A-region

Heat radiation by the atmospherical convection is not generated under the decompression condition.

- Heat radiation from the surface of the molding resin is not generated.

— The heat that radiated to the atmosphere by convection under the normal pressure condition
transmits to the heat sink side under the decompression condition.

— Most heat transmits to the direction of the heat sink, and the heat transmission to the transistor
surface side decreases.

— The contributing rate to thermal capacity of the molding resin decreases.

- It appears to the structure function as a decreasing in thermal capacity.
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Thermal transient characterlstlcs analysis under decompression condition
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e Decreasing in thermal capacity in A-region

Thermal capacity
decreasing.

SR

Heat radiation by the atmospherical convection is not generated under the decompression condition.

- Heat radiation from the surface of the molding resin is not generated.

— The heat that radiated to the atmosphere by convection under the normal pressure condition
transmits to the heat sink side under the decompression condition.

— Most heat transmits to the direction of the heat sink, and the heat transmission to the transistor
surface side decreases.

— The contributing rate to thermal capacity of the molding resin decreases.

— It appears to the structure function as a decreasing in thermal capacity.
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e Decreasing in thermal capacity in A-region ~—[Thermal capacity
1.E+00 ; ; ; )
§ § § g decreasing.

A thermal capacity decreasing in molding resin part

1.E-01
> & 1E+3 Torr
g W 1E-1 Torr
g A 1E-3 Torr
O @ 1E-5 Torr

1E-02 8 RS (SLLLEEEEE e

0 5 10 15 20

1.E-03

Rth[K/W]

Heat radiation by the atmospherical convection is not generated under the decompression condition.
- Heat radiation from the surface of the molding resin is not generated.
— The heat that radiated to the atmosphere by convection under the normal pressure condition

transmits to the heat sink side under the decompression condition.
- Most heat transmits to the direction of the heat sink, and the heat transmission to the transistor

surface side decreases.
— The contributing rate to thermal capacity of the molding resin decreases.

It appears to the structure function as a decreasing in thermal capacity.

—
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Thermal transient characterlstlcs analysis under decompression condition

—Results(femperatarechangey
e Temperature change

80 i :
N /_ Saturation
0 E‘- .................. T..-‘E i i
& 705 ‘_-_-_--_- Y ———
" 60 ‘ | L
3 50 ®1E+3Torr|| | Increase
o .0 ® 1E-1 Torr < |
2 ALE-3Torr ||| & 60 [~ NG
ga_ 30 ® 1E-5 Torr = —_— N o1
e . . . .
S 20 < A Tjmax is increasing ‘
10 | A so || tendency according |
0 | | | to decompression ‘
1E-05 1E-03 1E-01 1E+01 1E+03 1E+05
Time[sec] 40 \
1E+3 Torr| 1E-1 Torr|1E-3 Torr[1E-5 Torr LEOS 108 LEOL LBl LEOS
[A T]Jmax 5659|  66.14| 6915  69.96 [Torr]

A Tjmax increases by about 24% under the decompression condition compared with the atmospheric
pressure. The thermal resistance in data sheet is the thermal resistance in the atmosphere and it is
including the thermal released from the package surface part usually. It is necessary to pay attention to

the junction temperature rise because the thermal radiation from the surface of the package may
decrease under the decompression condition.
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e The thermal transient characteristic analysis was executed under

the decompression condition.
As a result, in the heat transient from the sample outside edge to

the ambient environment being limited, and ...

Total thermal resistance increases.
The thermal capacity in the molding resin decreases seemingly.

These were the results of suggesting being able to limit the

directions of the heat transmission by decompression.
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Conclusion

e Explained the necessity and the principle of measurement of the thermal
transient characteristic analysis.
Introduced the example of evaluating the LED light.
e The thermal transient characteristic analysis under the decompression
condition was executed.
As a result, in the heat transient from the sample outside edge to the ambient
environment being limited, and ...
Total thermal resistance increases.
The thermal capacity in the molding resin decreases seemingly.
These were the results of suggesting being able to limit the directions of the heat

transmission by decompression.
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