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Surface emissivity and the environment transmittance calibration

for QFN package with thermal imager

Yuan Yue, Yu Huiping, Qin Fei, An Tong, Chen Pei

(Laboratory of Advanced Electronic Packaging Technologies and Reliability, College of Machine Engineering and Applied
Electionics Technology, Beijing University of Technology, Beijing 100124, China)

Abstract: Using infrared thermal imager calibrated the epoxy molding compound (EMC), copper, copper
joints surface emissivity of not separated QFN package within 40-200 ‘C, using the above three surface
calibrated the air transmittance. The results show that the direct calculation method and direct adjustment
method can be well applied in the calibration of EMC, direct calculation method can be well applied in
the calibration of copper joints and copper solder. The emissivity calibration results of EMC is in 0.97 or
so; the emissivity calibration results of copper joints with a linear change from 0.17 to 0.35 when the
temperature increased; the emissivity calibration value of copper surface increased after the first stabled.
The air transmittance calibration value of EMC surface and copper joints were around 100%, fluctuated
less than 2% . The experimental results could provide some corresponding parameters for infrared
termograph during the process measuring QFN using temperature and cutting separation temperature.

Key words: surface emissivity; air transmittance; QFN package

Wi H#:2017-01-05;  {£iT H #3:2017-02-03

EE€W A HK A AR (11272018)

EZ B v o0 1 (1991-), Lo, 1 Ak, 32 A 506 1k ol 23 FOR 55 nl 2 4 J7 16 19 F 5% . Email:jhe_yy @sina.cn

SURE AT O (1973-), 4, Wl WA S0, W BN A SR Ty o A 2 e B AR 4 O T 1 F
Email:yuhuiping@bjut.edu.cn

0917004-1



bk TR

% 9 i www.irla.cn % 46 B
FPAGAN TAE G i Uk B iy & B %, % B TAESH 5
0 5] § FRY ), A R o HL 00 L % SR A A T B T A5

BB &8 T M RG Y EM K =
KK, Znli 30 MK JE , RE W H B T Ul B
Pl B A R 7R RS L T 7 100% | Tl ot
P 390%™ . T Wk st e Ak v L) R} 2k 1A R
v F L HoA g5 IE e oF 6 5| £ %€ (Quad Flat No-lead
Package , QFN) j&& — F it 8 RSP/ AR BN (LI REE
Ry BERA R BT 2 1 2R TG 2 8N B R

QFN E 4 fE R r gk fe b, o1 T U0 R v e
B o e A UL EI B A QFN U8 i 7 T 8 1 i A 2%
A GRS ECE R I T, ] 7 (5 bR S s A
S BE 0 A8 fb P2 = QFN 36 9 77 i i it & G H 2L
21 A G AN AT AR 2 fih b I i AR AR 3R DR S
A1, HLE A e 7 B2 PR D R R R A e, R T AR
VR 2 Tl S5 80 )2 B, ARk 951 A U] HI
I A5 S5 380 T e R A

R {8 FH 20 A0 BRI I B 25 A Ry BR A o £1 40 4
AGASCIN I 2 0 422 00 e DU P 1k 3% 1 R ok i e R B
Mo T H bR PR & H 0 20 0 56 55 5 3 38 210 AR D
L, A KRR, R K ZER A Ak 5
NN PN T AR R N | B4 R N 7S
U %) % S iR R DA 5 L S R R RS BE o 0 Ah R R
SRR RN 2 B A A% T TR R A S A A 23 fif 40 4b
FRARASCIN A5 1) U 55 0 A 1) 52 s Tk BE A7 A 25 5 o

Arriola 55" F£L A1 FAAZ AR A H A 19 X LG 7
P IR LD A PR AT R B L AR I A v A
Pk ; DaviesM P4 H & S5 32 2 76 I %1 I B2 ) S o )
Y M 19 B K 5 i R 2 5 Skouroliakou ' F] F 4T 4 #4
A B e JBk e TR BE , 98 AR BREE T SR
JE IR B 2 I 3R 9 A 1 ) G B A 3R 5 Philippe ™ 45
BEXT 20 25 P58 A £ A PG A i 1) 155 B0 T
—fa] R[] i 0 A5 3R T S AR R O s, S
T LT A FAAR AR TR B 5 W S a1 AR ST T A TR
KT LLAMRBA R MR R 2 i 2, fe i B
P 2 THT 4 5 5B iy, 21 A PRSI R A B B 1 o

LLAM AR IR B R © TR A& A Gk, (H H i A
FHELAM AAGART B 5 28 D) 8 43 B 2o 2 00 3 1 F 5%
BT A L0 A AR AR 2 B BE B SR,
Z90 s D) b 1 5 QFN 3 35 b4 kLA AN W] I B2 B XF By e

SCH M T AL A0 SR A QEN 3 256 A4 72 40~
200 Cifl B B #E 47 T 83 EPRH(EMOC) 2 1T i M i 4% %
T 338 R AR RE o — e, A 52 06 3 P9 sl B 0
K 22 W ORI R B R (B R — R
JIE B JEE A AR AR R I o R TR 0 SC v £ 40~200 C g [
PN Y R AT T bR, SR AR AT O 2D Ah AR
ASCI € QFN ) fif FHT 3l JBE K U0 31 73 5 i ) 3k B2 42 3t
FHIEZ 8

1 S5 IE R 3E

TELLANRARAL A, 2151 AR % 4 nidon] LG [ 1%
Oy WA BEAT B — AP 0 R T ZL A SR i AT L1 A A
AR AR T B R R AR R GO Sk B
b 21 S0 8 55 03 A 9 i T ALBUE S TR YOt R
/R HR SEBLH B Y % 5, B A5 B B H AR
Byl IR .

2T A BAAR S0 3L 2 5 4 52 W ) R 3 TR S
55 O Al S HCR B Y o S B T kPR 2 B A
RO AT LG =0 - H bR B S AR S R BE BT R A
DR S o A AR 3 TR 1) A R

Li=e\Li(To)+prLin( T)=Lin(To)+(1—a) L(T,) (1)

Horp 2 — 0y R MO R 2, 5
ORI R B 85 06 3 A A S L T S i ) AR 3% T ik
BT, R EEILE , e 3R A3, py O TR
&SNS E TP LT & 8

H1 2 25 SCHRT9 T AR A0 3t 2 X0

T ={1,[eT,+(1-a)T, 1+&,T. } 2)
1
1| L L -a-mr-2er ) (3)
e LT, Ta

2 T, R 2180 BAS A 7 1 6 56 T2 5 T g DU 9
PR 2T S PR S T, R SRS TR 5 e, 9 KSR T %
T, RERGEN R e AR R, AR
e B AGALES  n B BCE AN R, X 8~14 wm #5831
#5,n {H N 4.00; X 6~9 um £ 28 ,n {6l 5.33; %}
3~5pm FRM # 0 fHK 9.25, 203K (2) ] H 204 1%
ASCIN A5 1 T B2 55 0 4 1 2 T R S R A B I R
By A T R L s AT B R PR B R G

14 Bk 0 % T R R AR LR e=a, HOON RS
e=o=1-7,, WA (2) . (3)E N :

0917004-2



bk TR

% 9 i www.irla.cn % 46 B
T =r[eT,+(1-&)T,1+(1-7,)T, (4) T\ (1 T, \

Tle e T 1 e HTO ) _(To ) }/{1_(% ) } (6)

T:{L{l e (L)_ﬂ - A0 B £ W 4 A6 45 6L IE T FRA 22

Tle Iy, TV TEN T ] (6 AT 8 H i 0 4% T 9 S IR T [T 340 B0

T BRI I, =1, 2 I 2 T R AR
i, TJT, AR/l 2%, 22 X(4) ((5) Al ik — B i fe .

2 IWRESRET X

21 LWEE

% 92 % 3k F FLIR 2 w] SC7300M 41 4k #4445 4%
(3~5 um) JR FF Eoks A R AE R A G L DL g
RBHE (1946 FRA W42 Bt QFN R A . A 315
BEWME T R,

FLIRSC7300 thermal
infrared imager

Constant temperature]
heating stage

B 1 b E SV

Fig.1 Experiment platform for the calibration

22 RHEERE

0k A TR A S A R TR B O LR
P A E T

(1) EH Ik

X A A 1) — E A G bk AT e e D7
o BN QFN B RER I TR b C AR 5F R 1 IR ORE,
AR 52 5 396 % Bk 2R 0N 0.97 T 1R i 28 (5 BOTNY [
ZhWEE o K QFN HCE NG b 78 TRORE R T S S
2 T 8 IR JBE A% 1 — AR A DX, PR AL A T AR
SR PR XN R . B G = R A =
200 C, 43 [ 5 Cic ot — WU o 815 FpF 10 R
X IO PR A S5 AR (L, 25 0 R R 1 R R 5 T R A v i
AHTR] , RN DA 1 A S5 4806 O 3 5 26 1 1 B b fEL o

(2) HEIITH L

TE BN 2 W TR b R ST AR A TR, S8 AR
5 BRI EAMIE, 10 R 0k E U B W 2 SRR
P E o Har R, 7=1, A ) ] A

i R AL B SR B4 4R IR T, R LS R 0 S
IR FARA LS (6), AT R A 8 5 % e
Xt 22 ) oy T 45 00l % 22 22 X0

QA:L,{ AQ"F
T, ne t _1+( T, ) o

i) el

(8—1)71(% T—““+n T

2.3 EHEMIFIRE

FLIR /A 7] SC7300M 41 7 #4554 K A8 Gt
HAGIEDIRE , AT B KRS SR PR ) ) T O G
I bR RE LI BT I SR AT AR A o

TS R TH R R R R R AR, R LT ik
FH R 3% 0.97 BT & R & 8 BOTNY [ 3l Wi %,
B A B =R E 200 °C, E W 5 Cic 3 — k5
P, 0 H G S A HEAT AR E 5 L AN AR A S 2k
S0 0.97 1 SR 2 T IR I R 20 AN R S 8L
WERNE S REMBIER, ER R SR
7 T RE 5 R I 1R R RE AR R, B A g R
S TR IEAH BD O RSB SR I b A .

(D

3 XWER

3.1 EHMERFERE

S Y Xk B ek 23 ) L IR Yk M 3
AR A AT 3 AL ST, B Al 5k UG I R AR E 1Y
3 WA A0S AR O 2 R (T) - % 51 5 (o) il
2o SCHIXRE AN 2 o, PR O 12 5L 5 B E A6
LA M i 3 s, i S A i o 2L
S AR

98.47
Surf " 94.35
urface o
the EMC ™ 89.88
without 84.98
paint 5 ’ 79.56
————— e 73.45
_____
66.41
Surh . 58.02
urface o
— 47.50
lack pai
black paint 12.93
= 6.94
n 0

Pl 2 QFN H:f 3¢ 10 i 2 &5 R) i
Fig.2 EMC surface of QFN package sample

0917004-3



bk TR

% 9 i

www.irla.cn

% 46 %

Bl 2 bl 2 HE 1R WA K BT 0.97 1 B IK
BRI AR TAT , HE 2R HE 2 J& R IS MR A B EMC 1R R T .

&3 AT PR A Tk A5 A S e A R,
Tl 7 T LG 2 ARERAR /N 107 ZOBCRE 9, vl A R 1
200 CLAPY EMC # R} % 55 3R B 1 H Se AR K .

1.10
1.05f
1.00f
-‘? 0.95} WAA YW
4 0.90F
£ 0.85}
m  Direct adjustment method
0.80F 4 Direct calculation method
—— Direct adjustment method fitting
0.75F —— Direct calculation method fitting

0.70

40 80 120 160 200
Temperature/°C
3 EMC [ i 79 4 5 1F 58 05 0 08 bR 2 45 2R
Fig.3 Emissivity calibration results with regulative method and

calculation method for EMC

Xof T A 75 b 5 R AT O R 25 A T . L
PE R R £ 7E-0.17%~0.19% = [i] ; H it &
VMR 5 25 75 —0.16%~0.82% = ] , {H I Y& 1% 2% 75
150 CZ2 A7t BLUE (E , 2 B T o0 7 o 0 00 3, 0 3 i
g b — BT B R B I ) (8 21 A B0 S0 3 T
Bl AT B 6 0 A 6 0 R 1 R, T e S B SRR AR
FE M 150~200 C i B i Bl i 75 %% 46 2 T 45 3k (150~
500 C) A nf LA 35 B 5 B2 AE BT 75 A998 N, 150 Th
P Rl R I LR, PR AR 150 CHip g H BLIR 22 48
KIAL
32 SAERELEHENRE

] TR AR 280 ) [ B R P T 3 0 0 3k iE AT R B A
GE AT 3 A1SE 5, SE I iR A 4 TR, A2 il 5
Y A R A PR

i 189.42

Copper pins 182.01
173.78
Copper 164.49
solder surface 153.69
140.69
124.04

Surface 99.67

of black paint 41.65

0

P 4 QFN B % Uk i 11 2 4% 7 4k
Fig.4 Copper surface and copper joints package of QFN

3 I R VA A B AN W | DOV N -

] TRT 5 A e P A AR B B TR, O 3 DL 4 4y Sk
N7 PR A R B O PR A R B AR AL R (U 5E
i 52y 1] v BA R () A by B 515 EMC AH [
7)o FELTAN G B AT LLYE A B B w4 R
B T I B A 25 AR o

Bl 5 a7 kb bk g 45 B LA i 2o e 45
B R TE 40~180 C & 5 2 B I 15 T+ & i T i, 35 6
RO A o X L I 2 R R AT R 25 4 B R BN R
JE 3 T v IR R 2 Y 5.30%~2.71 % 5 8 Uk e,
“HE 7 b kP 2 QEN ) IR S5 M K

0.40

m Emissivity of copper pins
— Linear fitting line ™
0.35

o

W

S
T

0.25F

Emissivity

0.20F

0.15 \ . . . . . . \
20 40 60 80 100 120 140 160 180
Temperature/°C

Pl 5 487 by E 4R

Fig.5 Calibration results of copper joints

Pl 6 45 2R /R 76 130 “CYE [l A 5 1m0 % 5 38 B A
U5 R, AE 130 CZ 5 K G184 1K 3, i X
MBS Y SR DR A TR SR A A, MR TR
I, 0w 50T N R R, ke A A A P i TS RE D
I A FE B T i R R T R A R A R
B R e A 3 N4 e A A AR TR T AR T AR
R TS JEE A BT M, R R 38 R T 6 S R AT
B S AR R B S 2 R A N R 22 (B AE 9%~
10.5% , {5 3155 45 21 H % 1 I 52 15 DR 1A 3 3 i it B2 A
Xt 22 fE-1.3%~1.8% , Il 22 8/ .

0.025

—s— Emissivity of Cu

0.020}
0.015}
0.010} [’/
0.005}

ol --l---anf\'“'\c'--il

20 40 60 80 100 120 140 160 180
Temperature/°C

Emissivity

[N R AVERAE S

Fig.6 Calibration results of copper surface

0917004-4



bk TR

% 9 i

www.irla.cn % 46 B

3.3 EHERE

6 T 98 R TG AT R A T Ak W R AR Mk PR AT
GhbrE , f R R 5 Cid g — B, 517 3 dbr e
S B E A R BCT B, SR A R W T R

110%

-=-Surface of EMC
-e-Surface of copper solder
105%[ -«Surface of copper pins

95%(

Transmittance

90%

o : \ . . .
Rt 40 80 120 160 200
Temperature/°C
7 B BRI A R AR b s B TR R E
Fig.7 Air transmittance calibration result of EMC, copper surface

and copper joints

P 7 78 200 CHt [l ]WEMC #8456 25 /s 5 2% b
TE 45 LA 98%~100% , £ 80 TLLHT L & 160 CLLG
TRFEAE 100% , fE a2 BREAIR I 4, J&2 T A
110 CAT 150 Cif 45 AL 43 i ) 15 B 5 ) FH 4 i A
“HET b X A3 RE R AR E S R AR 100% . A
23 HE 0 22 B 5 1Y 35 S 25 2 52 B o S 28 0 AIK BF, 41
AN FAGA TR 755 18 1 3 A 125, G Ah 24 37 S el 22 BROK
ZLA BAR AR 7 19 W BE 55 52 s Tk B R 25 o R . X
i A 235 SR A7 0 R 25 B AE-1.78%~0.38% Z 1] ,
A I NS M 7 N T IV N I il Sl L = W v 8
100% , H. 3 B 375 5 38 55 3 B AR SG A R o

4 & &

(1) BEHEREM BT AR T TSR
PR GT RbR R, EATT R a N T R bR
O RbRE

(2) X F QFN & 2 i1 48 1kl 17 H 7 200 TLA K
B RARE A 0.97 i A7 e R RS 5 0 F 48
Ak 200 CLA P % 5T 3 by 5 1 B L2 T i 0.17~0.35
SRR ROCR . XTI 200 TRLN i T AL
PR G R H BB AR E R I KR4, kR E
R T LR PR AR IR 2R B, % vk AT R T T
JRE I

(3) 7E 200 C LA N & 58 2 b1 kL 2E 47 25 K35 4
FRRE, H L BT 98%~100% =[] 5 %t T4 | 4% T 25
OE SRR AR e R AE 100% 5 A S5 36 3R 85 S5 A7 N 3 S
R A R PEA K

S E k-

[1] Yang Xiaodong, Wu Songhua, Song Yinghong. Research
progress of polymer-based thermally conductive electronic
packaging materials[J]. Adhesion, 2012(2): 75-79. (in Chinese)

[2] Niu Ligang. Thermal reliability analysis for QFN based on
factorial experimental design [J]. Equipment for Electronic
Products Manufacturing, 2009, 9(8): 46—50. (in Chinese)

[3] Quan Yanming, Zhao Jing, Li Yiping. Surface emissivity
calibration for metal cutting tool and workpiece materials
with infrared imager[J]. Journal of Mechanical Engineering,
2009, 45(12): 182-185. (in Chinese)

[4]  Arriola I, Whitenton E, Heigel J, et al. Relationship between
machinability index and in-process parameters during
orthogonal cutting of steels[J]. CIRP Annals-Manufacturing
Technology, 2011, 60(1): 93-96.

[5] Davies M A, Ueda T, M’ saoubi R, et al. On the
measurement of temperature in material removal processes[J].
CIRP Annals-Manufacturing Technology, 2007, 56(2): 581 —
604.

[6] Skouroliakou A S, Seferis I, Sianoudis I, et al. Infrared
thermography imaging: evaluating surface emissivity and skin
thermal response to IR heating [J]. E-Journal of Science &
Technology, 2014, (11): 85.

[7] Herve P, Cedelle J, Negreanu I. Infrared technique for
simultaneous determination of temperature and emissivity [J].
Infrared Physics & Technology, 2012, 55(1): 1-10.

[8] Hu Jianhong, Ning Fei, Shen Xiangheng. Influence of surface
emissivity of objects onmeasuring accuracy of infrared
thermal imagers [J]. Chinese Journal of Optics and Applied
Optics, 2010, 3(2): 152—156. (in Chinese)

[9] Yang Li, Yang Zhen. Infrared Thermal Imaging Principle and
Technology[M]. Beijing: Science Press, 2012. (in Chinese)

[10] Zhang Kaihua, Yu Kun, Zhang Feng, et al. Experimental
investigation of infrared spectral emissivity of copper at 300—
1123 K [J]. Spectroscopy and Spectral Analysis, 2015, 35
(8): 2159-2163. (in Chinese)

0917004-5



