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Abstract— I his study presents the mechanical 
characteristics on the stress of the Dual Row 
Quad Flat No Lead (DR-QFN) of a 44 lead 
DR-QFN package 011 the staggered lead frame 
design and 48 lead DR- QFN package 011 the 
inline lead frame design. The steady-state 
structural analysis for DR-QFN package with 
different lead frame design is performed using 
ANSYS software. Reducing the lead frame 
thickness is the other technique presented in 
this study. This is to analyze the stress 
behavior in the DR-QFN package. The 3D 
models used in this study were huilt using 
finite element method with SOLID 70 and 
MESH 200 element types. From the study, 
results show that thinner lead frame gives 
smaller value of stress. DR-QFN package w ith 
lead frame thickness of 0.15 mm has about 6% 
smaller value of stress compared to package 
with lead frame thickness of 0.20 nun. For 
lead frame configuration analysis, staggered 
and inline lead frame design, the staggered 
configuration has about 0.55% smaller value 
of stress compared to inline configuration. 

Keywords - QFN, dual row, design, 
leadframe, finite element method. 

I. INTRODUCTION 

T h e t e c h n o l o g y , e s p e c i a l l y m o b i l e p h o n e s a r e 
b e c o m i n g f a s t e r in t e r m o f s p e e d p r o c e s s o r a s 
c o n s u m e r s n o w a d a y s a r e g e t t i n g m o r e p a r t i c u l a r 
in t he s i ze , c o s t a n d f u n c t i o n a l i t y o f e l e c t r o n i c 
g a d g e t s . Q u a d tlat n o lead ( Q F N ) is o n e o f t he 
f a s t e s t g r o w i n g p a c k a g e t y p e s in t he e l e c t r o n i c s 
i n d u s t r y . T h e Q F N is t h e f u t u r e g e n e r a t i o n 
t e c h n o l o g y f o r n o n - c o n s u m e r e l e c t r o n i c that is 
s u i t a b l e w i t h t he c o n c e r n o f r e l i ab i l i t y a n d o t h e r s 
[2] , A s a l o w - c o s t s o l u t i o n f o r e l e c t r o n i c 
a p p l i c a t i o n s , t h e Q F N p a c k a g e s a r e a l w a y s b e i n g 
u s e d b e c a u s e t h e y h a v e l o w p i n - c o u n t 
r e q u i r e m e n t a n d it is o n e o f t he p a c k a g e 
t e c h n o l o g i e s tha t is m a d e wi th p l a n a r c o p p e r lead 
f r a m e s u b s t r a t e [3], 

T h e I /O is d i f f e r e n t b e t w e e n t he v a r i a t i o n s o f 
Q F N p a c k a g e . F o r c o n v e n t i o n a l s i n g l e r o w Q F N . 
it d o e s no t s a t i s f y in I / O but D R - Q F N d o e s g i v e 
t h e g o o d r e su l t [6] . T h e n , to get a be t t e r 
p e r f o r m a n c e in I / O , t he m u l t i p l e - r o w Q F N is t h e 
s o l u t i o n [7] , I h e D R - Q F N d e s i g n is in t he 
m i d d l e b e t w e e n s i n g l e r o w Q F N a n d B G A s ty l e 
p a c k a g e s . D u e to t he lead f r a m e b a s e d 
t e c h n o l o g y , t he D R - Q F N e n a b l e s h i g h e r I / O 
c o u n t p e r a r e a o f s i n g l e r o w Q F N p a c k a g e s , a n d 
wil l m a i n t a i n w i t h s i m i l a r c o s t i n g [1 ]. 
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C o n s u m e r s n o w a d a y s d e m a n d e d f o r s m a l l e r 
t e c h n o l o g i c a l g a d g e t s . D u a l r o w Q F N c a n m a k e 
t h e d e v i c e s h r u n k i n t o s m a l l e r s i z e f o r t h e s a m e 
n u m b e r o f l e a d f r a m e c o m p a r e to s i n g l e r o w 
Q F N . T h e l ead f r a m e d e s i g n c o n f i g u r a t i o n c a n 
a f f e c t t h e t h e r m a l p r o p e r t i e s , t h e m e c h a n i c a l 
c h a r a c t e r i s t i c in t h e s t r e s s , t h e r m a l p e r f o r m a n c e 
a n d a l s o t h e e l e c t r i c a l p e r f o r m a n c e . It a l s o c a n b e 
a f f e c t e d w h e n t h e t h i c k n e s s o f t h e l e a d f r a m e is 
d i f f e r e n t . 

T h i s Q F N p a c k a g e h a s t w o t y p e s o f d e s i g n 
c o n f i g u r a t i o n s w h i c h is s t a g g e r e d a n d i n l i n e . 
T h i s p a p e r wi l l s h o w t h e c o m p a r i s o n b e t w e e n 
b o t h o f t h e s e c o n f i g u r a t i o n s a n d f o c u s o n t h e s a w 
s i n g u l a t i o n [5 ] , T h e s a w s i n g u l a t i o n is p r o v e n t o 
b e t h e b e s t w a y b y u s i n g t h e s t a g g e r e d l ead 
d e s i g n a s a s o l u t i o n to t h e p r o b l e m s tha t wi l l 
s i m p l i f y t h e a s s e m b l y f l o w a n d r e d u c e un i t c o s t 
a s t h e r e s u l t a n d g u a r a n t e e a s t r o n g e r a n d r e l i a b l e 
p a c k a g e [ 1 . 7 | . 

T h e p r i m a r y c a u s e o f t h e s e m i c o n d u c t o r 
p a c k a g e f a i l u r e a n d r e l i a b i l i t y i s s u e s is t h e 
t h e r m a l - m e c h a n i c a l s t r e s s f a i l u r e in p a c k a g i n g 
m a t e r i a l s [4 ] , T h e s e s t r e s s e s a r e b e c a u s e o f t h e 
c o m b i n e d e f f e c t o f m i s m a t c h in t h e r m a l 
e x p a n s i o n c o e f f i c i e n t s b e t w e e n t h e m a t e r i a l s . 
T h i s s t r e s s w i l l c a u s e d i e c r a c k i n g a l o n g t h e 
c r y s t a l l o g r a p h i c p l a n e a n d f i n a l l y t h e 
s e m i c o n d u c t o r p a c k a g e s a r e in f a i l u r e s i t u a t i o n 
[10]. 

T h i s s t u d y is f o c u s e d o n t h e m e c h a n i c a l 
c h a r a c t e r i s t i c s o n s t r e s s o f t h e D R - Q F N o f a 4 4 
l ead D R - Q F N p a c k a g e o n t h e s t a g g e r e d l ead 
f r a m e d e s i g n a n d 4 8 l ead D R - Q F N p a c k a g e o n 
t h e i n l i n e lead f r a m e d e s i g n . T h e 2 D a n d 3 D 
m o d e l o f D R - Q F N f o r t h i s p r o j e c t is s i m u l a t i n g 
b y u s i n g A N S Y S s o f t w a r e in t h e s t e a d y - s t a t e 
s t r u c t u r a l a n a l y s i s . T h e p a c k a g e s i z e 
r e q u i r e m e n t s f o r m o d e l i n g a n d s i m u l a t i o n w e r e 
g i v e n in m e t h o d o l o g y s e c t i o n , a n d b o t h s t a g g e r e d 
a n d i n l i n e o f t h e c o n f i g u r a t i o n s w e r e c o m p a r e d 
t h r o u g h d e s i g n s a n d m o d e l i n g a c t i v i t i e s . 

T h i s p a p e r a l s o h a s t h e s t u d y o f e f f e c t o f l ead 
f r a m e s t h i c k n e s s o f D R - Q F N p a c k a g e t o t h e 
t h e r m o - m e c h a n i c a l p e r f o r m a n c e . T h e p a p e r is 
o r g a n i z e d a s f o l l o w ; t h e r e v i e w o f t h e Q F N 
c o m p o n e n t a n d t h e d e s i g n s a r e o u t l i n e in S e c t i o n 
II. t h e p r o p o s e d m a t e r i a l s a n d d e s i g n s a r e o u t l i n e 
in S e c t i o n 111. f o l l o w b y r e s u l t a n d d i s c u s s i o n a r e 
in S e c t i o n I V . F i n a l l y , in S e c t i o n V is t h e 
c o n c l u s i o n o f t h e s t u d y . 

t y p e s o f l ead f r a m e d e s i g n a r e h a v i n g d i f f e r e n t 
n u m b e r s o f t h i c k n e s s . T h e M e c h a n i c a l A P D F 
S y s t e m w a s u s e d in t h e A N S Y S s o f t w a r e . In 
g e n e r a l , t h e f l o w c h a r t o f t h i s m e t h o d o l o g y is 
s h o w n in F i g u r e 1 w h e r e it i n c l u d e s t h e 
i m p o r t a n t s t e p in t e r m s o f m o d e l i n g a n d 
s i m u l a t i o n p r o c e s s e s b y u s i n g A N S Y S s o f t w a r e . 

Start 

43L 

DR-QFN - 3D Model ing 

Define material properties 

Testing and trouble 
shooting 

Analyzing all the data 

Figure I Flow chart of structural analysis of DR-
QFN packages 

A. Material Properties 

T h e s t r u c t u r a l m a t e r i a l p r o p e r t i e s o f t h e f i n i t e 
e l e m e n t a n a l y s i s ( F E A ) o f t h e m o d e l l i n g a r e 
l i s t ed in T a b l e I [3 . 4 ] , T h e c o e f f i c i e n t o f t h e r m a l 
e x p a n s i o n is u s u a l l y f o r p a c k a g i n g t h a t 
u n d e r g o e s t h e r m a l s t r e s s a n d s t r a i n a n a l y s i s [4 , 

9 ] . 

I A B L . K I. S I K L ' C T l ' R A L M A T E R I A L P R O P E R T I E S O F 

Q F N P A C K A G E S . 

II. METHODOLOGY 

In t h i s s t u d y , t w o t y p e s o f l ead f r a m e d e s i g n 
h a v e b e e n s i m u l a t e d a n d e x a m i n e d . T h e t w o 
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Al l t h e m a t e r i a l p r o p e r t i e s in t h e t a b l e a b o v e 
h a s b e e n a p p l i e d in b o t h o f t h e d e s i g n s , s t a g g e r e d 
a n d i n l i n e a n d a l s o at t h e m o d e l w i t h d i f f e r e n t 
t h i c k n e s s e s o f l e a d f r a m e s . 0 . 1 5 m m a n d 0 . 2 0 
m m . 

B Package Design 

A t a r g e t p a c k a g e s i z e o f 5 x 5 m m w i t h a 0 . 5 5 
m m f o r s t a g g e r e d a n d 0 . 6 0 m m t h i c k n e s s f o r 
i n l i n e c o n f i g u r a t i o n w a s g i v e n f o r a p a r t i c u l a r 
a p p l i c a t i o n . T h e J E D E C o u t l i n e w a s f o l l o w e d is 
D G u i d e 4 - 1 9 D . A p p a r e n t l y t h e s t a g g e r e d r o w 
d e s i g n h a s 4 4 l e a d s , bu t t h e i n l i n e r o w d e s i g n 
C o n f i g u r a t i o n a l l o w e d 4 8 l e a d s . T h e o t h e r d e t a i l s 
o f t h e f i na l p a c k a g e d e s i g n s a r e l i s t e d in T a b l e II. 

C. Geometry and FEM Mesh 

F o r t h e f i n i t e e l e m e n t m o d e l l i n g p u r p o s e s , t h e 
Q F N m o d e l w a s d e s i g n e d by a f u l l y m a t r i x Q F N 
21) a n d 3 D tha t w a s d e v e l o p e d in A N S Y S f o r t h e 
n u m e r i c a l s i m u l a t i o n . A s t h e g e o m e t r y o f 
p a c k a g e is s q u a r e a n d s y m m e t r y , j u s t o n e - q u a r t e r 

o f t h e p a c k a g e is n e e d e d to b e m o d e l . T w o 
m o d e l s o f Q F N p a c k a g e s , w h i c h a r e t h e 
s t a g g e r e d a n d i n l i n e d u a l r o w c o n f i g u r a t i o n s , 
h a v e b e e n s i m u l a t e d f o r t h e d a t a o f t h i s s t u d y . 
T h e o t h e r t w o m o d e l s a r e a d d e d w i t h d i f f e r e n t 
n u m b e r o f t h i c k n e s s e s . B y u s i n g A N S Y S 
s o f t w a r e , t h e F E A m o d e l l i n g w a s p e r f o r m e d i n t o 
a q u a r t e r m o d e l o f a Q F N s t r u c t u r e . T h e e l e m e n t 
t y p e s tha t w e r e c h o s e n a r e S O L I D B r i c k 8 n o d e 
7 0 a t d e g r e e o f f r e e d o m f o r t e m p e r a t u r e l o a d i n g 
at e a c h n o d e a n d M E S H F a c e t 2 0 0 to m a k e t h e 
2 D m o d e l b e c o m e 3 D q u a d r i l a t e r a l w i t h 4 n o d e s . 
F i g u r e 2 s h o w s t h e lead f r a m e t h i c k n e s s o f 0 . 1 5 
m m f o r b o t h d e s i g n s f o r q u a r t e r o f D R - Q F N . O n 
t h e o t h e r h a n d . F i g u r e 3 s h o w s t h e l ead f r a m e 
t h i c k n e s s o f 0 . 2 0 m m f o r b o t h d e s i g n s o f q u a r t e r 
o f D R - Q F N . 

ici (d: 

Figure 2. (a) FE mesh of the inline QFN package for lead 
frame thickness of 0.15 mm, (b) FE mesh of the 
staggered QFN package for lead frame thickness 
of 0.15 mm, (c) Lead frame for inline 
configuration (d) Lead frame for staggered 
configuration. 

f a ) (b) 

T A B L E II. D i m r o w Q F N p a c k a g e D E S l c p 
F E A T U R E S . 

Design Feature Value 

P a c k a g e S i z e 5 x 5 m m 
P a c k a g e T h i c k n e s s 0 . 5 5 m m ( s t a g g e r e d ) 

0 . 6 0 m m ( i n l i n e ) 
L e a d f r a m e T h i c k n e s s 0 . 1 5 m m ( C u ) 

0 . 2 0 m m ( C u ) 

L e a d C o u n t 4 4 ( s t a g g e r e d ) 
4 8 ( i n l i n e ) 

L e a d S i z e 0 . 2 5 x 0 . 2 5 m m 

W i t h i n R o w P i t c h 0 . 5 5 m m 

B e t w e e n R o w P i t c h 0 . 3 m m 

D i e s i z e 2 : x 2 m m 
P a d s i z e 3 . 2 x 3 . 2 m m 
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Figure 3. (a) I I mesh of the inline Q I N package for lead 
frame thickness of 0.2(1 mm, (h) 11 mesh of the 
staggered (JFN package for lead frame thickness 
of 0.20 mm. (cl l ead frame for inline 
configuration (d) l ead frame for staggered 
configuration. 

D Thentio-inechanical Modeling 

L i n e a r - e l a s t i c t h e r m o - m e c h a n i c a l s t r e s s 
p r o c e s s is a p p l i e d to s i m u l a t e t h e m o d e l [3 ] . T h e 
t e m p e r a t u r e is a p p l i e d d i r e c t l y t o l e a d f r a m e a t 
t h e D R - Q F N p a c k a g i n g . T h i s s t u d y a p p l i e d 
v a r i o u s v a l u e s o f t e m p e r a t u r e s to i n v e s t i g a t e 
w h i c h t e m p e r a t u r e h a s m a d e t h e h i g h e s t s t r e s s 
v a l u e in D R - Q F N p a c k a g e s , t h e t e m p e r a t u r e s 
a r e b e t w e e n 2 5 ° C t o 3 0 0 ° C . 

111. RFSPl IS \ N D DISCUSSIONS 

T h e r e s u l t s f o r d i f f e r e n t c o n f i g u r a t i o n o f l e a d 
f r a m e s a r e r e c o r d e d in T a b l e III . F i g . 4 a n d 5 . F o r 
d i f f e r e n t v a l u e o f t h i c k n e s s , t h e r e s u l t s a r e 
r e c o r d e d in T a b l e I V , F i g . 6 a n d 7 . In t h i s s t u d y , 
t h e f o c u s is m o r e o n t h e s t r e s s t h a t w a s d i s t r i b u t e d 
b e t w e e n t w o t y p e s o f c o n f i g u r a t i o n s a n d l ead 
f r a m e t h i c k n e s s e s . 

A. Design Modeling 

T h e g r a p h f r o m t h e s i m u l a t i o n r e s u l t s a r e 
s h o w n in F i g . 5 w i t h r e s p e c t to t h e t e m p e r a t u r e 
l o a d i n g . T h e v a l u e s t h a t h a d r e c o r d e d a r e 
d i s p l a c e m e n t . P ' p r i n c i p a l s t r e s s a n d v o n M i s e s 
s t r e s s . T h e s t a r t i n g t e m p e r a t u r e f o r b o t h m o d e l s 
is at a m b i e n t t e m p e r a t u r e , w h i c h is 2 5 ° C . 

F r o m t h e s i m u l a t i o n r e s u l t s , a l l l o a d i n g 
t e m p e r a t u r e s s h o w n o d i f f e r e n c e f o r t h e 
d i s p l a c e m e n t , s t r e s s a n d v o n M i s e s s t r e s s v a l u e s 
f o r b o t h m o d e l s . B u t at 1 5 0 ° C , d a t a s h o w s a 
s l i g h t l y d i f f e r e n t v a l u e f o r 1st p r i n c i p a l s t r e s s , 
w h i c h is a b o u t 0 . 3 3 % in d i f f e r e n c e . F o r v o n 
M i s e s s t r e s s , at t e m p e r a t u r e 5 0 ° C . 7 5 ° C . 1 2 5 ° C 
a n d 3 0 0 ° C . d a t a s h o w s d i f f e r e n t v a l u e s . T h e 
m a x i m u m v a l u e o f s t r e s s is o c c u r r i n g a t 3 0 0 ° C , 
w h i c h is t h e s t a g g e r e d h a v e t h e s m a l l v a l u e t h a n 
i n l i n e c o n f i g u r a t i o n . 

In t h i s c a s e , e v e n t h o u g h b o t h d e s i g n s h a v e 
a p p r o x i m a t e l y t h e s a m e v a l u e s o f s t r e s s f o r all t h e 
t e m p e r a t u r e t e s t e d , t h e r e a r e st i l l d i f f e r e n t a f t e r 
c a l c u l a t i n g t h e a v e r a g e v a l u e s o f b o t h d e s i g n s . 

w h i c h a r e 4 9 . 9 9 % f o r s t a g g e r e d a n d 5 0 . 0 2 % f o r 
i n l i n e c o n f i g u r a t i o n . T h i s is b e c a u s e t h e 
t e m p e r a t u r e is d i r e c t l y a p p l i e d a t t h e lead f r a m e , 
no t at t h e d i e . D i e is t h e c o m p o n e n t in p a c k a g e 
tha t w i l l g e n e r a t e hea t w h e n t h e d e v i c e is 
o p e r a t e d . 

I NIHI L III Kl St i I FOR DR-QFN PACKAGES IN 
DISPLACEMENT, F 1 PRINCIPAL SIRESS AND VON MISES 

SI RESS USED STAGGERED AND INLINE CONFIGURATION. 

T r a p t n r c r t 
Comtiioi f C | 

D u p l i t n t i t i i ) l ' P n i n p l S r a i i T P n Y u t f w S m l l h l T r a p t n r c r t 
Comtiioi f C | 

i l i i ' f m l I i l i i* j u j ' f r t d l i b * s a j j t r t d U K 

•> i M 3 C15 : S " 5 1 " : ; t 155 

SO y - o r 11" 301 3 H 

" 140 0.40 176 :"f 451 45 : 

l o t 0 : 3 :3S : 3 5 6 t : «o : 

115 0.66 293 ; s 3 ' 5 : "53 

1 5 4 ; i s o c SO 353 PC: 903 

:oo 10" 46? JSP : : t c 1293 

j l i S l i s 610 s : c ;:« 156-3 

300 m 1.60 : M "54 1110 

Figure 4. (a) Resulting maximum displacemenL (b) 
maximum F1 principal stress, (c) maximum von 
Mises stress of inline configuration, (d) maximum 
displacement, (e) maximum P1 principal stress, 
(f) maximum von Mises stress of 
staggered configuration. 
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1 igure 5. (al A pint of displacement for different lead frame 
configuration versus temperature condition, (bl A 
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B Thic kness modeling 

T h e g r a p h o f t h e s i m u l a t i o n r e s u l t s a r e s h o w n 
in F i g . 7 w i t h r e s p e c t to t h e t e m p e r a t u r e l o a d i n g . 
T h e v a l u e s t h a t h a v e b e e n r e c o r d e d w e r e 
d i s p l a c e m e n t . I s ' p r i n c i p a l s t r e s s a n d s o n M i s e s 
s t r e s s . T h e s t a r t i n g t e m p e r a t u r e f o r b o t h m o d e l s 
is at a m b i e n t t e m p e r a t u r e , w h i c h is 2 5 ° C . 

F r o m t h e s i m u l a t i o n r e s u l t s , al l l o a d i n g 
t e m p e r a t u r e s s h o w s o m e d i f f e r e n c e s in t h e 
d i s p l a c e m e n t , s t r e s s a n d v o n M i s s e s s t r e s s v a l u e s 
f o r b o t h m o d e l s . F o r s t a r t i n g t e m p e r a t u r e 
c o n d i t i o n , a t 2 5 ° C , t h e d a t a f o r d i s p l a c e m e n t 
s h o w s t h a t a b o u t 0 . 0 5 m d i f f e r e n c e b e t w e e n b o t h 

t h i c k n e s s e s . A t 5 0 ° C . it s h o w s a b o u t 0 . 0 9 m 
d i f f e r e n c e in v a l u e o f d i s p l a c e m e n t b e t w e e n b o t h 
lead f r a m e t y p e s . A t 7 5 ° C , t h e d i f f e r e n c e in v a l u e 
o f d i s p l a c e m e n t is i n c r e a s e d b y 0 . 1 4 m . T h e n , a t 
1 0 0 ° C . it b e c o m e s to 0 . 1 9 m m t h e d i f f e r e n t 
b e t w e e n t h i c k n e s s 0 . 1 5 m m a n d 0 . 2 0 m m . A t 
1 2 5 ° C . t h e d i s p l a c e m e n t f o r t h i c k n e s s o f 0 . 2 0 m m 
w a s h i g h e r ( w h i c h is 0 . 9 0 m ) t h a n lead f r a m e o f 
0 . 1 5 m m t h i c k n e s s ( 0 . 6 7 m ) . A t 1 5 0 ° C . it s h o w s 
tha t t h e d i f f e r e n c e o f v a l u e o f l ead f r a m e 
t h i c k n e s s is 0 . 2 8 m . In t h e n e x t t e m p e r a t u r e 
l o a d i n g , t h e v a l u e is i n c r e a s e d a g a i n , w h i c h is 
1 . 0 7 m f o r l ead f r a m e 0 . 1 5 m m a n d 1 .44 m m f o r 
l ead f r a m e 0 . 2 0 m m . A t 2 6 0 ° C , t h e d i s p l a c e m e n t 
v a l u e s h o w s t h e d i f f e r e n c e b e t w e e n t w o l e a d 
f r a m e s is 0 . 4 9 m . A t 3 0 0 ° C . it is s h o w n tha t t h e 
d i f f e r e n c e b e t w e e n t w o t h i c k n e s s e s is s l i g h t l y 
h i g h , w h i c h is 1 .60 m f o r lead f r a m e t h i c k n e s s 
0 . 1 5 m m a n d 2 . 1 6 m f o r lead f r a m e t h i c k n e s s 0 . 2 0 
m m . T h e m a x i m u m d i s p l a c e m e n t is r e c o r d e d at 
t h i s t e m p e r a t u r e . 

In t h i s c a s e , t h e 0 . 1 5 m m l e a d f r a m e t h i c k n e s s 
h a s l e s s d i s p l a c e m e n t c o m p a r e d t o t h e 0 . 2 0 m m 
lead f r a m e t h i c k n e s s . F o r s e m i c o n d u c t o r p a c k a g e , 
w h e n t h e d i s p l a c e m e n t o f t h e l ead f r a m e is l a r g e r , 
it c a n c a u s e f a i l u r e to o t h e r c o m p o n e n t s in 
p a c k a g e , s u c h a s e p o x y , d i e a n d m o l d c o m p o u n d . 
F r o m t h e s i m u l a t i o n , it c a n b e c o n c l u d e d tha t t h e 
t h i c k e r lead f r a m e i n c r e a s e t h e p o s s i b i l i t y o f 
p a c k a g e f a i l u r e s u c h a s d i e c r a c k i n g a n d a l s o t h e 
d e l a m i n a t i o n e f f e c t . 

F o r r ' p r i n c i p a l s t r e s s , t h e m a x i m u m s t r e s s is 
p r e s e n t e d a n d t h e m a x i m u m t e m p e r a t u r e w a s 
f o u n d t o b e a t 3 0 0 ° C . b y 8 0 3 T P a f o r t h i c k n e s s 
0 . 2 0 m m a n d 7 0 4 T P a f o r t h i c k n e s s 0 . 1 5 m m . 
W h e n t h e v a l u e o f s t r e s s i n c r e a s e s , it w i l l m a k e 
t h e d e v i c e in h i g h r i sk f o r d i e c r a c k i n g f a i l u r e . 

F o r V o n M i s e s s t r e s s , t h e m a x i m u m v a l u e w a s 
o b t a i n e d a t t h e 0 . 2 0 m m lead f r a m e t h i c k n e s s , a n d 
v a l u e w a s 1 9 2 0 T P a . T h e v o n - M i s e s s t r e s s e s c a n 
b e u s e d to p r e d i c t f a i l u r e b y d u c t i l e t e a r i n g . O n 
t h e o t h e r h a n d , it is no t c o r r e c t f o r f a i l u r e b y c r a c k 
p r o p a g a t i o n , w h i c h o n l y d e p e n d s o n t h e 
m a x i m u m p r i n c i p a l s t r e s s . A s u r f a c e c r a c k c o u l d 
c r e a t e d e v i c e f a i l u r e . 

1 A B I I IV. R E S U L T FOR D R - Q K N PACKAGES IN 
DISPLACEMENT, I S ' PRINCIPAL STRESS AND VON M I S E S 

STRESS USED LEAD FRAME 0 . 1 5 MM AND 0 . 2 0 MM. 
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Figure 6. (a) Resulting maximum displacement, (b) 
maximum 1M principal stress, (c) maximum von 
Mises stress of staggered 0.15 mm. (d) maximum 
displacement, (e) maximum 11,1 principal stress, 
(t) maximum von Mises stress of staggered 0.20 
mm. 
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Figure 7. (a) A plot of displacement for different lead frame 
thicknesses versus temperature condition, (b) A 
plot of Ip r inc ipa l stress for different 
thickness versus temperature condition, jc) A plot 
of von Mises stresses for different thickness versus 
temperature condition 

CONCLUSION 

T h e s t a g g e r e d c o n f i g u r a t i o n w a s p r e d i c t e d to 
h a v e l e s s v a l u e o f s t r e s s . F r o m t h e s i m u l a t i o n , 
e v e n t h o u g h b o t h d e s i g n s in d e s i g n m o d e l i n g 
h a v e a p p r o x i m a t e l y t h e s a m e v a l u e s o f s t r e s s f o r 
al l t h e t e m p e r a t u r e t e s t e d , t h e r e a r e st i l l d i f f e r e n t 
a t m a x i m u m t e m p e r a t u r e a n d a f t e r c a l c u l a t i n g t h e 
a v e r a g e v a l u e s o f b o t h d e s i g n s , w h i c h is t h e 
s t a g g e r e d is b e t t e r t h a n i n l i n e c o n f i g u r a t i o n . 

F r o m t h e s i m u l a t i o n r e s u l t s in t h i c k n e s s 
m o d e l i n g , it h a s b e e n s h o w n tha t l o w e r v a l u e o f 
l ead f r a m e c a n r e d u c e t h e s t r e s s v a l u e w i t h i n t h e 
D R - Q F N p a c k a g e . H o w e v e r , t h e i n c r e m e n t o f 
s t r e s s s h o w s n o s i g n i f i c a n t d i f f e r e n c e f r o m t h e 
s t r e s s p e r f o r m e d b y t h e l ead f r a m e t h i c k n e s s o f 
0 . 2 0 m m a n d l ead f r a m e t h i c k n e s s o f 0 . 1 5 m m bu t 
it s h o w n t h i c k n e s s o f 0 . 1 5 m m is b e t t e r t h a n 0 . 2 0 
m m . It s e e m s tha t t h e d e v i c e c a n b e s m a l l e r b y 
f o l l o w i n g t h e t e c h n o l o g y a n d c u s t o m e r d e m a n d . 

RECOMMENDATION 

F o r f u r t h e r a n a l y s i s to i m p r o v e a n d to p r o d u c e 
a g o o d c o n f i g u r a t i o n o f a D R - Q F N p a c k a g e , it is 
r e c o m m e n d e d to s e l e c t t h e r i gh t m a t e r i a l tha t 
h a v e b a s e d o n c o e f f i c i e n t s o f t h e r m a l e x p a n s i o n 
( C ' T E ) m a t e r i a l w h i c h is no t t o o m u c h d i f f e r e n c e 
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b e t w e e n t h e m a t e r i a l , s o tha t it c a n p e r f o r m a 
l o w e r a n d b e t t e r s t r e s s v a l u e . 

S i n c e t h i s p r o j e c t is u s i n g t h e s t e a d y - s t a t e 
a n a l y s i s , it is r e c o m m e n d e d f o r f u t u r e r e s e a r c h to 
c o n d u c t t h e s i m u l a t i o n u s i n g t r a n s i e n t a n a l y s i s f o r 
t h e r m a l l o a d i n g a c c o r d i n g to t h e J E D E C s t a n d a r d . 
It is b e c a u s e o f t h e s i m i l a r i t y t e c h n i q u e b e t w e e n 
t h e r e f l o w p r o c e s s e s to t h e a c t u a l a p p l i c a t i o n in 
i n d u s t r i e s . 

A( KNOW I I DGMLN 1 

I w o u l d l i ke to g r a b t h e o p p o r t u n i t y t o s h o w 
m y g r a t i t u d e to m y f a m i l y a n d to all p e o p l e w h o 
i n v o l v e d d i r e c t l y o r i n d i r e c t l y w i t h m y r e s e a r c h . 
A p p r e c i a t i o n is e x p r e s s e d to m y r e s e a r c h e r 
adv isor P u a n T u a n N o r j i h a n b i n t i T u a n Y a a k u b 
f o r h e r s u p e r v i s i o n a n d t h o u g h t f u l a d v i c e s tha t 
m a k e m y p r o j e c t a s u c c e s s . 
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