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Abstract 

500V three-phase inve r t e r  ICs for  
DC brushless motor dr ives  has  been 
developed, for  t h e  first t i m e ,  using a 
new d ie l ec t r i c  isolat ion method based on 
s i l icon w a f e r  direct-bonding(D1SDB). The 
new D I  method has  an advantage t h a t  it 
is completely compatible with 
conventional junction i so l a t ion  and 
Resurf principle. 

been developed without using c a r r i e r  
lifetime con t ro l  process. Thus, t h e  
developed I C s  can be fabricated using 
only conventional LSI processes. 

operate  at 16kHz PWM frequency, and 
realize compact low noise DC brushless 
motors when ins t a l l ed  inside t h e  motor. 

function is also proposed. 

600V high speed lateral IGBTs has 

The developed 500V i nve r t e r  I C s  

A new shor t c i r cu i t  protect ion 

1. Introduction 

5 0 0 V  three-phase inve r t e r  I C s  for 
DC brushless motor drives,  which 
i n t e g r a t e  six lateral IGBTs and 600 
BiCMOS logic devices, have been 
developed, for  t h e  first t i m e ,  by using 
new d ie l ec t r i c  isolat ion (DI) technique. 
A D I  technique has  conventionally been 
used t o  prevent i n t e rac t ions  among t h e  
devices i n  high voltage I C s  above 200V. 
This paper proposes a new D I  technique, 
which merges d i e l ec t r i c  isolat ion and 
junction isolation(J1). Low vol tage 
BiCMOS logics  can be  formed by 
conventional JI processes i n  a s ingle  D I  
island. The conventional D I  
technique(EP1C) is not su i t ab le  for  low 
vol tage bipolar logics  because of 
r e l a t ive ly  l a rge  area consumption. The 
proposed new D I  has  fu r the r  advantages 
t h a t  resurf pr inciple  can be applied t o  
high vol tage devices and t h a t  w e l l  
matured junct ion isolated analog logic 
l i b r a r i e s  can be simply ut i l ized.  

High speed lateral IGBTs have been 
developed without introducing l i f e t i m e  
kil lers.  Thus, t h e  developed high 

vol tage power I C  processes do not 
include a l i f e t i m e  reduction process  and 
are highly compatible with those  of 
conventional LSI. 

2. SO1 w a f e r  fabr icat ion and device 
isolat ion 

Dielectr ic  isolat ion is inevi table  
for isolat ing high vol tage double 
inject ion devices, which are 
indispensable output devices for  high 
vol tage power ICs. If IGBTs are simply 
i so l a t ed  from each o the r  by t h e  junct ion 
isolat ion method, an IGBT cannot 
maintain its blocking capabi l i ty  when 
t h e  neighboring IGBT is i n  its on-state. 
Figure 1 shows t h i s  example, where t h r e e  
500V lateral IGBTs w e r e  f ab r i ca t ed  by 
t h e  conventional J I  method. Figure 2 
demonstrates t h a t  t h e  d ra in  cu r ren t  
flows i n  an IGBT even i n  t h e  off-state 
and t h e  IGBT lo ses  its blocking 
capabi l i ty  i f  t h e  neighboring IGBT is i n  
its conduction state. The amount of 
current flowing in t h e  IGBT depends on 
how much current  is flowing i n  t h e  
neighboring IGBT and also on t h e  c a r r i e r  
l i f e t i m e s  of t h e  high r s i s t i v i t y  layers.  

Figure 3 shows a developed 
f ab r i ca t ion  process of new D I  wafers, 
merging D I  and JI techniques,  based on 
s i l icon w a f e r  d i r ec t  bonding (SDB) [l]. 
F i r s t ,  a thermally oxidized high 
r e s i s t i v i t y  P- w a f e r  is d i r ec t ly  bonded 
t o  another  subs t r a t e  w a f e r .  The 
thickness  of t h e  P- layer  is adjusted by 
conventional lapping technique. Then, N- 
layer  is ep i t ax ia l ly  grown after buried 
N-diffusion layer  formation on a P- 
layer.  V-grooves are formed and 
planarized by polysil icon f i l l i ng  and 
grinding, after a th i ck  thermal oxide 
f i l m  is grown. Grinding process  is 
stopped by t h e  th i ck  oxide f i l m  so t h a t  
t h e  ep i t ax ia l  N- layer  automatically 
remains. 

Figure 4 shows a cross  sec t ion  of a 
new D I  w a f e r ,  showing merged D I  and JI 
technique. A number of logic bipolar and 
CMOS can be  fabricated i n  s ingle  D I  
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island by t h e  conventional junction 
i so la t ion  method. This makes it possible 
t o  u t i l i z e  w e l l  matured conventional 
analog and d ig i t a l  logic l ib rar ies .  

3. High speed lateral IGBTs and diodes 

L i f e t i m e  cont ro l  processes have 
conventionally been adopted t o  achieve 
high switching speeds i n  d i sc re t e  power 
devices. However, l i f e t ime  cont ro l  
processes  have not been adopted i n  
conventional I C  fabr ica t ion  processes. 
Thus, our principle is t o  a t t a i n  high 
speed switching i n  high voltage output 
devices by optimizing device s t ruc tu re  
without introducing lifetime cont ro l  
processes. 

developed high speed 600V lateral 
insulated ga te  bipolar transistor(LIGBT), 

. fabr ica ted  on t h e  new DI w a f e r ,  is shown 
i n  Fig.5. A new anode s t ruc ture ,  
charac te r ized  by an  additional N+ region 
formed i n  a shallow P-drain layer,  
realizes a shor t  fall time, such as 
0 . 1 5 ~ ~ ~  without lifetime control,  as is 
shown i n  Fig.6 [2]. 

This new s t ruc tu re  behaves exac t ly  i n  
t h e  same way as conventional anode short  
s t ruc tu re  i n  t h e  high in jec t ion  
condition. However, in  t h e  low in jec t ion  
condition, t h e  s t ruc tu re  is t h e  same as 
ordinary LIGBTs. Thus, low forward 
voltage is maintained for  low cur ren t  
density level,  while a t t a in ing  a high 
switching speed. 

I-V cha rac t e r i s t i c s  and switching 
s eed is influenced by t h e  loca t ion  of 
N region i n  t h e  drain layer  as well as 
t h e  boron dose i n  t h e  shallow P-drain 
layer  beneath t h e  N+ region. Figure 7 
shows how t h e  r e l a t ion  between t h e  drain 
cur ren t  density for  3V forward voltage 
and fall t i m e  is changed by t h e  loca t ion  
of t h e  N+ region i n  t h e  P-drain layer. 

This new s t ruc tu re  w a s  a l so  applied 
t o  realize high speed switching i n  t h e  
free wheeling diodes (FWDs). 

f i e ld  p l a t e  and polysilicon f i e ld  p l a t e s  
w e r e  adopted t o  prevent breakdown 
voltage reduct ion caused by metal 
interconnections over high voltage 
junctions. 

A schematic c ross  sec t ion  for a 

? 

A combination of SIPOS r e s i s t i ve  

4. 500V 1A Inver te r  ICs 

Figure 8 shows a d ie  photograph of a 
fabr ica ted  500V-1A inver te r  IC, designed 
t o  cont ro l  a th ree  phase DC brushless 
motor, in tegra t ing  six LIGBTs, six FWDs 
and 600 low voltage BiCMOS logics. Both 
upper and lower ga t e  drive c i r c u i t s  are 
controlled by CMOS logic timing c i r c u i t s  

which accept  s igna ls  from 
Pulse-Width-Modulation (PWM) c i r cu i t  and 
pro tec t ion  c i rcu i t s (over  temperature, 
over cur ren t  self-protection etc.). The 
de ta i led  c i r cu i t  functions are described 
i n  t h e  following section. 

4.1 Circuit functions 

A block diagram of t h e  c i r cu i t  is 
shown i n  Fig.9. 500V 1A LIGBTs,  FWDs, 
g a t e  dr ivers  for  high s ide  IGBTs and 
boots t rap  diodes are d ie l ec t r i ca l ly  
i so la ted  by V grooves. 

Conventionally, PWM cont ro l  is 
performed i n  t h e  low s ide  IGBTs. However, 
i n  our c i r cu i t ,  PWM cont ro l  is performed 
i n  t h e  high s ide  I G B T s  and not i n  t h e  
low s ide  IGBTs. This w a s  found t o  be 
strongly e f fec t ive  t o  reduce t h e  
capac i ty  of bootstrap capacitor,  because 
t h e  capac i tor  wascharged up during t h e  
PWM operation. 

Conventional over temperature and 
over cur ren t  pro tec t ion  functions w e r e  
adopted and implemented. 

This IC opera tes  a t  PWM frequency 
of 16 kHz. The PWM frequency is above 
t h e  audible range , ’ so  t h a t  low noise 
motor operation w a s  achieved. Figure 10 
shows typ ica l  switching waveforms and 
output cur ren t  of fabr ica ted  inve r t e r  
ICs. The developed new I C s  can be 
ins ta l led  inside DC brushless motors, 
t hus  rea l iz ing  high system performance 
and s i z e  reduction. 

4.2 New pro tec t ion  function 
--- shor t c i r cu i t  p ro tec t ion  

Conventional over cur ren t  
pro tec t ion  c i r c u i t s  are slow, s ince  they  
requi re  cur ren t  sensing r e s i s t o r s  and 
processing logics, resu l t ing  i n  & long 
feedback path. Thus, they  are not 
adequate  for sho r t c i r cu i t  protection. W e  
propose a new device structure[3] and a 
high speed feedback pro tec t ion  method 
for  such purpose. 

New method d e t e c t s  an  abnormally 
l a rge  voltage drop i n  t h e  channel 
ins tead  of t h e  dra in  cur ren t  and shuts  
off t h e  device. Figure 11 shows t h e  new 
lateral IGBT, which has a f loa t ing  
source layer.  The po ten t i a l  of t h e  
f loa t ing  source layer  is t h e  same as 
t h a t  of t h e  N- l ayer  near t h e  channel 
and increases  l inear ly  with t h e  increase  
i n  t h e  dra in  current.  

Figure 1 2  shows t h e  r e l a t ion  
between dra in  cur ren t  and t h e  measured 
voltage of t h e  f loa t ing  source. It is 
d i f f icu l t  t o  know t h e  absolute cur ren t  
value, s ince  t h e  channel res i s tance  
depends on t h e  applied g a t e  voltage. 
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However, t h i s  f ea tu re  is suff ic ient  for  
sho r t c i r cu i t  protection. The 
short  c i r c u i t  p ro t ec t  ion is ac t iva t ed  
when t h e  f loat ing source po ten t i a l  
exceeds 5 or 1OV. Figure 13 shows a CMOS 
c i r c u i t  de t ec t ing  t h e  f loat ing source 
voltage.  Figure 14 shows a c t u a l  
operat ion waveforms of t h e  p ro tec t ion  
function. 

5. Conclusion 

5 0 0 V  three-phase inve r t e r  I C s  for 
DC brushless motor dr ives  have been 
developed, for  t h e  first t i m e ,  using a 
new d i e l e c t r i c  isolat ion method based on 
s i l i con  w a f e r  direct-bonding(SDB). The 
new D I  method has advantages t h a t  resurf 
pr inciple  can be applied t o  high vol tage 
devices  and t h a t  w e l l  matured junct ion 
i so l a t ed  analog logic  l i b r a r i e s  can be 
simply ut i l ized.  

High speed lateral IGBTs w e r e  
developed without introducing lifetime 
ki l lers .  Thus, t h e  developed high 
vol tage power I C  processes do not 
include a l i f e t i m e  reduct ion process  and 
are highly compatible with those  of 
conventional LSI. 

ope ra t e  at 16kHz PWM frequency, and 
r e a l i z e  compact low noise DC brushless 
motors when ins t a l l ed  inside t h e  motor. 

The developed 5 0 0 V  i nve r t e r  I C s  

All IGBTs are off. 

LIGBT-1 LIGBT-2 LIGBT-3 

Fig.1 Junct ion i so l a t ed  t h r e e  lateral 
I G B T s  
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Fig.3 
Fabricat ion processes of new DI(D1SDB) 
w a f e r s  

I G E T  NPN-Tr PNP-Tr . N-MOS P-MOS 

, 
Fig.4 Cross sec t ion  of new D I  w a f e r  - 

Fig2 Drain cu r ren t  vs. Drain voltage. 
IGBT lo ses  its bolcking capab i l i t y  
when neighboring IGBT is on. 
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Fig.5 Cross sec t ion  of new LIGBT 
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Fig.6 Turn-off waveforms of new IGBT 

Fig.8 500V 1A i nve r t e r  IC chip m- 
Shallow P drain 

I .  . 
e- 

- _ _  
Fall-time (nsec)- 

Fig.7 Trade-off r e l a t ion  between drain 
current  for 3V forward vol tage and 
f all-t i m e .  

D,DDl +- 8 0 0 1 5 1 1 A P  C H I R O E - U P  
C1 ,ACITOR H V l C  , 

6 artin C O N T R O L  
I I O N A L  

Fig.9 Bolck diagram of inve r t e r  IC 
Fig.10 Switching waveforms of t yp ica l  

i nve r t e r  operat ion 
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Fig.11 New IGBT with vol tage  sensing 
terminal 
The vol tage  sensing terminal DET 
is formed on a f loa t ing  N+ region. 

U 
DET vol tage  Vm (O.SV/Div) 

Fig.12 Drain cur ren t  vs. terminal 
voltage of vo l tage  sensing. 
Good l inea r  re la t ionship  is seen 
between t h e  drain cur ren t  and t h e  
DET terminal vo l tage  Vm. 

C. 

+ 

c 

c 

G a t e  vo l tage  VG 

Drain cur ren t  ID 
0 .2A/Div  

DET terminal 
vo l tage  Vm 2V/Div 

'Output vo l tage  of 
l a t c h  5V/Div 

10V/Div 

I J 

Fig.13 CMOS c i r cu i t  for  sho r t c i r cu i t  
p ro t ec t  ion 

Load shor ted  t : 1 0 P s e c /d  i v. 

Fig.14 Typical operat ion of sho r t c i r cu i t  
p ro t ec t  ion 
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