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Abstract 

Silicon on Insulator technology is  promising for  
high voltage power I C  applications. The required SO1 
layer thickness can b e  reduced if a large portion of t h e  
applied voltage i s  sustained by t h e  bottom insulator 
layer. Combination of SO1 and trenches or LOCOS h a s  
merits of simplified device isolation and high device 
packing density. Thin SO1 layer will realize high- 
speed switching in high voltage devices because of 
t h e  smaller amount of stored carriers. Substrate  bias 
influences on  device characteristics and potentials of 
SO1 technology are discussed. 

1. Introduction 

Silicon on  Insulator technology has  been of con-  
siderable interest for power IC applications s ince it 
w a s  numerically predicted[ 11 that high breakdown 
voltage devices above 5OOV can b e  realized on rela- 
tively thin SO1 of less than 20pm. A high device pack- 
ing density and low cost  dielectric isolation can b e  
realized by a combination of t renches and SOI. 

T h e  basic concept i s  that t h e  required silicon layer 
thickness can  be  reduced if a portion of t h e  a p p l i d  
voltage i s  sustained by t h e  bottom insulator layer. 
This  approach has  not b e n  adopted because of t h e  
belief that t h e  substrate  bias will greatly influence 
t h e  high voltage device characteristics. 

There  a r e  three basic problcms to overcome in 
order  t o  realize high voltage power ICs on SOI: 

1)How t o  realize high breakdown voltage devices on 
thin SOI. 

2)How to minimize substrate  bias effects oa high 
voltage device characteristics. 
3)How to realize large current high-speed devices o n  

thin SOL 
This  paper summarizes our rcccnt rcscarch rcsults 

and  shows that all thrcc problcms c a n  b c  ovcrcomc. It 
w a s  experimentally vcrified that high voltage dc- 
vices, exceeding 500V. can  b e  realized on a. 10pm 
thick SO1 on 3pm thick bottom oxide. 

T h e  a u t h o r s  a n d  a n o t h e r  research  t e a m  
showed[2,3] that negative substrate  bias can dy- 
namically b e  shielded by inducing a p-channel on t h e  
bottom oxide if high voltage devices are formed on a 
relatively thick SO1 layer. The substrate  bias effects 
a r e  less significant for lateral IGBTs on SOl[2]. It 
w a s  further predictedI21 that even switching charac- 
teristics of IGBTs a r e  not significantly influenced by 

t h e  substrate  bias. These results show that IGBTs 
can b e  used as source followers o r  high s ide  switches. 

Recently, it was  reported[4] that switching spced 
of IGBTs on SO1 is faster than that of conventional 
junction isolated IGBTs. This  paper, for t h e  first time, 
compares, in detail, the  trade-off relations of IGBTs 
on  SO1 and conventional junction isolated lateral 
IGBTs.  

2. Optimization of high voltage SO1 device struc- 
t u r e  

T h e  analysis on diode breakdown voltages on SO1 
w a s  first donc by H.C. Chcn c t  al. in 1989[5]. Sincc 
thcy adoptcd a p'ln-Ioxiddsubstratc diodc structure 
and SIMOX substrate, they did not contemplate t h e  
idea of imposing a large part of applied voltage on t h e  
bottom oxide. T h e  authors proposed an n'ln-loxidd 
s u b s t r a t e  s t r u c t u r e  for high vol tage  d iodes  i n  
1990[1]. It w a s  found that  positive interface chargc 
density increases diode breakdown voltage. The au-  
thors  further proposed[ 1.61 that n+/n-ln'loxidclsub- 
s t ra tc  structure enhances diode breakdown voltage 
s ince the  bottom oxide shares  a larger part of the  ap- 
plied voltage. 

T h e  diode breakdown voltage takes  i t s  maximum 
when the  total donor impurity dose  of t h e  SO1 layer i s  
around 1 .2x1OU. following the  Resurf principle. 

Figure 1 shows calculated n'ln-Ioxiddsubstratc 
diode breakdown voltage as a function of n- layer 
thickness with bottom oxide thickness as a parame- 
ter, assuming a n  abrupt n+/n- junction. A similar cal- 
culation, first performed by S. Merchant e t  a1.[7] in 
1991, showed t h e  possibility of a very high break- 
down voltage diodes, theoretically and expcrimen- 
tally, if SO1 thickness i s  less than a f e w  100nm. 

Figure 2 shows t h e  breakdown voltage d e p m d -  
c n c c  on n- layer thickness with positive intcrfacc 
chargc dcnsity as a paramctcr. Figure 3 shows similar 
results, using a shallow n diffusion layer on the  bot- 
tom oxide instead of positive interface charges. Fig- 
ure 4 shows an optimized high voltage IGBT structure 
on SOI, based on the  above analyses. Figures 1 t o  3 
show the  1 dimensional breakdown voltage along the 
symmetry axis A-A' in Fig.4. The 1-d breakdown 
voltage can  be realized by optimizing lateral diode 
s t ruc tures .  

2. Static I-V characteristics of IGBTs and MOSFETs 

Figure 5 shows calculated hole distribution for an 
on SO1 and substrate bias effects 

0-7803-0817-4192 $3.00 0 1992 IEEE 

9.2.1 
IEDM 92-229 



IGBT of Fig.4 whcn a lOOV ncgativc substratc  bias 
is applied against both thc  sourcc and thc  drain. It is 
sccn that substrate  bias is shiclded by thc  induced 
bottom p-channel and that most of thc  SO1 laycr 
remains undcplcted. This  means that the  on-resis- 
tancc of relatively thick SO1 MOSFETs o r  IGBTs is 
not greatly affected by the substrate  bias and ,thus, 
can bc  used as high s ide  switches or  source follow- 
e r s .  

Figure 6 shows calculated on-resistance change 
as a function of SO1 layer thickness associated with 
negative substrate  bias with total impurity d o s e  as a 
Parameter .  R, a n d  Ro. a r e  def ined  in  t h e  figure. T h e  
calculations were cam4 out, assuming uniform im- 
purity concentration in t h e  SO1 layer, with total impu- 
rity d o s c  kcpt constant. T h e  on-resistance of a SOOV 
MOSFET on a very thin SO1 such as lOOnm depends 
greatly on t h e  substrate  bias as seen in Fig.6. This  is 
because t h e  thickness of t h c  SO1 layer is  comparable 
t o  that  of inversion layer(p-channcl). 

Thyristor likc dcviccs, such as IGBTs, a r c  rcla- 
tivcly frcc  from substrate  bias cffccts d u c  t o  a largc 
amount of carrier plasma, and exhibit almost t h c  samc 
current-voltage curves regardless of the  substrate  
bias level. Figure 7 shows t h e  calculated drain cur- 
rent change as a function of negative substrate  bias. 
It w a s  shown that t h e  calculated on-resistance w a s  
scarcely affected by negative substrate  bias. T h e  
stored carrier plasma easily shields the  substrate  
bias and  a hole accumulation layer i s  formed on t h e  
bottom oxide. It is understood that  t h e  substrate  bias 
scarcely affects t h e  current voltage curve of IGBTs 
s ince  only a small portion of t h e  total currcnt flows in 
t h e  bottom accumulation layer. 

3. Electrical characteristics of IGBTs on SO1 

aM.m 

It w a s  experimentally shown that  IGBTs on SO1 
operate  a t  high switching speed. However, it was  
found that  t h e  trade-off relations for SO1 IGBTs are 
no bettcr than those for optimized junction isolated 
lateral IGBTs. 

Figurc 8 shows our  cxpcrimcntal rcsults on t h c  
tradc-off relation bctwccn t h c  drain currcnt for 3V 
forward voltagc vs. fall-time. Fabricated dcvicc 
s t ructures  were  exactly t h e  samc except for t h e  dc- 
vices labeled A. SO1 wafers were  fabricated using 
boron doped 200ncm resistivity wafers. Each of these  
wafer were directly bonded t o  another substrate  wa- 
fer af ter  2 ~ m  thick oxide films were grown. SO1 layer 
thickness w a s  adjusted by t h e  conventional lapping 
technique. 8pm diffusion layers were formed on all 
the  SO1 and 200acm p- bulk wafcrs. Thus, t h e  differ- 
ences  among t h e  SO1 wafers are t h e  thickness of t h e  
remaining p- layer bctwccn t h e  n diffusion layer and 
the  bottom oxide. 

The broken line E in the  figure 5 shows the  change 
in the  fall-time with t h e  decrease in t h e  SO1 layer 
thickness, namely from JI t o  l l p m  thick SOL Al- 
though t h e  fall-time actually decreases. the  dcvicc 
characteristics a r e  not improved from the  viewpoint 
of t radeoff  relation. However, significant improve- 
mcnt in t h e  trade-off relations in IGBTs on SO1 wcre 
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still realizcd by optimizing drain structures as indi- 
catcd by solid lincs B,C, and D in FigS.  Thc typical 
new drain structurc is shown in Fig.9. 

T h e  influcnccs of further rcdudion  in t h e  SO1 
layer thickness was invcstigatcd by a dcvicc simula- 
t o r  TONADDE II . Calcula t ions  w e r e  car r ied  o u t  
assuming uniformly dopcd n type SO1 layer with 
keeping total impurity dose  as a constant value of 
1 ~ 1 0 ~ .  T h e  results are shown in Fig.10. 

Switching s p e d  enhancement is predicted for 
IGBTs on very thin SO1 such as 2pm. Surface recom- 
bination cannot be  neglected for IGBTs on very thin 
SOL Figure I 1  shows calculated forward voltage 
dependence on surface recombination velocity S with 
SO1 layer thickncss as a parameter. 1 or 2pm SO1 i s  
still quite attractive because of high-speed switch- 
ing and  easy device isolation. although their cbarac- 
teristics are significantly influenced by surface re- 
combination velocity. 

4 .Conclus ion  

I I I I I 
I 

200 m 6 . m  L a o I M o  

n- layer t h i c b n a s  (1yn) 

Fig.1 Calculatcd 1 -d n'ln-loxiddsubstrate diode 
brcakdown voltagc as a function of n- laycr thickness 
with bottom oxidc thickness tox as a paramctcr 
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Fig.2 Calculated 1 -d n'ln-loxiddsubstratc diode break- 
down voltage as a function of SO1 layer thickness with 
interface charge density C as a parameter 
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Impurity dose  in bottom n diffusion laycr(x 10'2cm-2) 

Fig.3 Calculated n+/n-ln/oxiddsubstrate diode break- 
down voltage as a function of n diffusion layer impurity 
dose  with n- layer thickness as a parameter 
Gaussian impurity profiIc(2rnti= 1 pm) is assumed 
for bottom n diffusion. 

A 

Drain 

Fig.5 Calculatcd hole density distribution for IGBT 
of Fig.4 

Fig.6 Calculated on-resistance increase rate  asso- 

ciated with negative sub. bias as a Eunction of SO1 
layer thickness with total impurity dose in SO1 lay- 
as a parameter. 
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Fig.7 Calculatcd drain cutrcnt for 2.8V forward voltage 
does  not change with substrate  bias. (15pm SO1 IGBT) 
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Fig.8 Measured trade-off relations between drain cur- 
rent for lmm channcl width(3V forward voltagc) and 
fal l - t ime.  
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Fig.10 Calculated trade-off rclations for less than 
lOpm SO1 . Obtained experimental results for IGBTs 
on SO1 thicker than lOpm are shown together. 
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Fig.11 Predicted on-resistance dependence on sur- 
face recombination velocity for IGBTs on 2pm thick 
so1 . Fig.9 Typical high speed with new drain structure 
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