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ABSTRACT 

The d is t r ibu t ion  of C1 in LPCVD SiO2 film deposi ted by  Si~2Cl~ and N20 
was measured  by  IMMA. C1 was d i s t r ibu ted  b roa d ly  nea r  the  SiO2-Si in t e r -  
face even in unannea led  film. In  th ick  LPCVD SiO2 films on Si, surface rough-  
ness was observed af te r  the rmal  oxidat ion.  C1 was m a r k e d l y  pi led  up near  the  
in terface  be tween  the t he rma l ly  grown oxide and the Si substrate .  In  th in  
films, surface roughness  induced by  oxidat ion  was not  observed.  C1 d i s t r ibu-  
t ion af te r  oxida t ion  was a lmost  the same as that  of unannea led  film. The C1 
p i l e -up  is not  caused b y  oxidat ion,  bu t  b y  the  exis tence of the  Si-SiO2 in t e r -  
face. The cause of surface roughness  is a t t r ibu ted  to a smal le r  concent ra-  
t ion of oxygen  than  C1 at  the interface.  

CVD (chemical  vapor  deposi ted)  SiO~ film, which  is 
indispensable  to Si p l ana r  technology, has been  formed 
convent ional ly  by  the reac t ion  of Sill4 and O2 at  about  
400~ at  a tmospher ic  pressure.  LP  ( low p r e s s u r e ) -  
CVD SlOe film formed by  the react ion of SiH2C12 and 
N20 at  about  900~ has been examined,  because i t  is 
denser,  its thickness  is more  uniform, and because 
samples  a re  easier  to produce compared  wi th  conven-  
t ional  CVD SiO2 film (1). Oxidat ion  t r ea tmen t  a f te r  
deposi t ion of the LPCVD SiO2 film on Si, however ,  in-  
duces surface roughness.  Many  bumps on the SiO~ sur-  
face and many  etch pits on Si a r e  observed.  

Surface  roughness m a y  be caused b y  HC1 or C12 p ro -  
duced by  the decomposi t ion of SiH2C12, since s imi lar  
phenomena  have  been observed  in HC1 oxida t ion  (2-4).  
There  may  be a high concentra t ion of C1 ions in the 
LPCVD SiO2 film. In  this  paper  the  C1 d is t r ibu t ion  in 
the LPCVD SiO~ film was inves t iga ted  by  ion micro-  
probe  mass ana lyzer  ( IMMA).  C1 dis t r ibut ion,  the 
re la t ion be tween  surface roughness  and C1 dis t r ibut ion,  
and the mechanism of surface roughness  were  s tudied 
before  and af ter  oxida t ion  and before  and af te r  N~ 
anneal.  To inves t iga te  the C1 d is t r ibut ion  in the  
LPCVD SiO2, whose growth  mechanism is different  
f rom tha t  of the rmal  SiO2, we s tudied the effect of C1 
on the SiO2-Si interface.  We are  thus able  to de te rmine  
under  which condit ions useful  LPCVD SiO2 film could 
be produced.  

Experimental 
LPCVD SiO2 films were  formed on silicon wafers  by  

the react ion of SiH2C12 and N20 at  0.6 Tor r  at about  
900~ The two r eac t an t  gases, cont ro l led  by  mass 
flowmeters,  were  mixed  in the reactor .  The evacuat ion 
system consisted of  a mechanical  booster  pump and 
ro t a ry  pump. The flow ra te  of SiH2C12 was va r i ed  f rom 
15 to 50 cmS/min. The N20 flow rate  was fixed at  100 
cmZ/min. The growth  ra te  was f rom 55 to 70 A/min .  
The films were  deposi ted on 2 in. Si wafers  set ve r t i -  
ca l ly  on a quar tz  boat, pe rpend icu la r  to the gas flow. 
Thickness of the  film was measured  b y  e l l ipsometry .  
The index  of ref rac t ion  of the film, n, was f rom 1.44 
to 1.46. In f r a red  spec t rum of the f i lm showed the ab-  
sorpt ion at  9.4 ~m caused by  the S i - - O  bond. The ab-  
sorpt ion of S i - - N  bond was not  observed  at 12 ~m. 

To invest igate  the C1 red i s t r ibu t ion  of the film, the  
samples  were  oxidized in d ry  Oe ambien t  or annealed  
in N2 ambient .  Since the samples  were  oxidized or  an-  
nealed in the  furnace  different  f rom that  used in depo-  
sition, the possibi l i t ies  of C1 in these ambients  were  
e l iminated.  
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The different  flow rates  of SiH~C12 in our growth  
condit ion did not influence the  chlor ine concentrat ion 
and dis tr ibut ion.  

The depth  profile was analyzed as follows. The sur-  
face of the  sample  was coated by  Au evapora t ion  to 
reduce charge accumulat ion  and spu t t e r - e t ched  with  
a focused p r ima ry  ion beam (,~18.5 keV, O2 +, 20 ~m~). 
In  o rder  to get  a uni form sput te r ing  y ie ld  the beam 
was ras t e r - scanned  over  a small  a rea  on the sample  
surface  (400 • 320 ~m). The electronic ape r tu re  sys-  
tem was used to e l iminate  the c r a t e r -wa l l  effect. In te-  
g ra ted  85C1+ secondary  ion in tens i ty  was measured  
dur ing  a 40 sec period. A t  the same time, 28Si+ signals 
in the ma t r i x  were  counted to normal ize  the C1 ion in-  
tensity.  The depth  of the  c ra te r  was measured  by  Ta ly -  
step wi th  a mechanical  stylus. The sput te r ing  rates  
were  approx ima te ly  constant  i.e., Rs = 4 A/sec.  A l -  
though previous  researchers  have exper ienced  insula tor  
sample  charging problems which  have caused the re-  
d is t r ibut ion  of mobile  ions, we did not exper ience  this 
phenomenon,  and  we were  able to confirm that  the C1 
ions had  not been  red i s t r ibu ted  by  the a s - implan ted  
profile of C1 in SiO2 film about  1000A thick. The ins t ru -  
ment  used in this s tudy was an Appl ied  Research Lab -  
orator ies  ion microprobe  mass analyzer .  

Results 
Characteristics o~ Cl distribution.--Figure l a  shows 

C1 dis t r ibut ion  in an LPCVD SiO2 film of 2400A. F igure  
l b  shows the C1 d is t r ibut ion  af ter  the N~ annea l  at  
l l00~ for 1 hr. The two films were  chemical ly  p re -  
etched to p reven t  accumulat ion  of an electr ical  charge 
on the film. We found that  C1 ions are  not  un i fo rmly  
d is t r ibu ted  at  all  depths  and the peak  concentra t ion is 
about  1019 ions /cm 3. 

The m a x i m u m  C1 ion in tens i ty  in the  LPCVD SiO~ 
film appeared  to be at  about  500A f rom the SiO2-Si 
interface.  This is subjec ted  to an e r ror  of about  100A, 
however ,  because the in terface  cannot  be prec ise ly  
moni tored  by  Si ion intensi ty.  Si ion in tens i ty  g radu-  
a l ly  changes near  the SiO2-Si in ter face  because of 
the  difference of the sput te r ing  ra te  and the yie ld  of 
SiO2 and Si. 

To ver i fy  the IMMA measurement ,  we measured  the 
C1 ion intensi ty  of C1 ion - implan ted  SiO2 ( implan ta t ion  
conditions:  60 keV, 5 X 1015 ions /cm 2) film deposi ted 
by Sill4 and 02 at  420~ The measur ing  conditions 
were  the same as Fig. 1. F igure  2 shows the resul t ing  
C1 distr ibut ion.  This profile agrees wi th  the Gaussian 
profile which is based on the LSS theory.  M a x imum 
ion intensi ty  is near  the theore t ica l ly  p red ic ted  depth  
of 515A. This resul t  confirms tha t  the ion intensi ty  of 
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Fig. 1. CI distribution of o chemically pre-etched LPCVD SIO2 

film (a) as deposited (b) after N2 anneal at  1100~ for 1 hr. 

secondary ion 35CI + has a l inear  relat ion to the Cl con- 
centration. 

To verify the accuracy of the CV 5 in -dep th  profile 
in thick SiO2 film, eight points (Q21 to Q28) on the 
sample surface were analyzed at different depths. The 
results are shown in Fig. 3a. In  this figure, N repre-  
sents the number  of sampling times. Figure 3b shows 
the in -depth  profile of the same sample, but  the areas 
analyzed were ion etched prior to depth-profile anal -  
ysis to determine the influence of ion etching on these 
points. The resul tant  profile of C1 dis tr ibut ion is repro- 
ducible. Dis t r ibut ion in nonetched sample is the same 
as that in etched samples. The number  of C1 ions 
escaping from the side walls of craters is negligible 
and the knock-on C1 ions or electrical fields induced by  
sput ter ing do not affect Cl distribution. Figures 3a and 
b show that C1 has a flat dis t r ibut ion near the SiO2 
surface and piles up near  the interface. 
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Fig. 2. Cl ion intensity of CI ion-implanted CVD SiO2 as de- 
posited. 

The Cl dis t r ibut ion in  samples of three different 
thickness, 1500, 2600, and 6000A, before and after ther -  
mal oxidation is shown in Fig. 4. The characteristics of 
the C1 distr ibution are as follows: (i) C1 ions are dis- 
t r ibuted broadly near  the interface as the film is de- 
posited. C1 dis tr ibut ion is fiat near  the surface. ({0 Be- 
fore anneal ing the magni tude  and profile of C1 distri-  
but ion near  the interface are independent  of the film 
thickness. (ii{) C1 ions move toward the newly formed 
interface as the thermal ly  oxidized layer  grows. (iv) In  
the 6000A film, C1 concentrat ion near  the interface in-  
creases and its profile becomes sharp after oxidation. 
The addit ional  C1 ions come from outside the pi le-up 
region. In the 1500 and 2600A films, the C1 profile re-  
mains unchanged after oxidation, although, of course, 
distr ibution shifts to the new interface. (v) C1 distri-  
but ion remains unchanged after the N2 anneal  at 
l l00~ for 1 hr. 

Surface roughness is observed only in the 6000A 
film. This can be at t r ibuted to the remarkable  pi l ing-  
up of C1 at the interface. The surface roughness in-  
duced by oxidation is accompanied by the redis t r ibu-  
tion of C1. (In thin films surface roughness is not  ob- 
served after a 1 hr oxidation.) Pancake shapes in thick 
LPCVD SiO2 films, as shown in Fig. 5a, are observed 
after oxidation. Their  diameter  is from 5 to 10 ;~m, 
measured by Talystep. The center of the risen area is 
about 3000A high. Many etch pits are observed on the 
silicon surface after removal  of SiO2 by diluted HF, as 
shown in Fig. 5b. The approximately 300A deep pits 
are square or rectangular  because of the anisotropic 
etching to the Si(100) wafer. A schematic drawing of 
a section of the SiO2-Si s tructure is shown in Fig. 6. 
We can assume that SiO2 thickness is constant over 
the convex and concave regions because the oxygen in-  
tensi ty in these regions, measured by EPMA, is con- 
stant. 
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After N~ annealing of the film surface roughness is 
not observed. Oxidation following N2 annealing, how- 
ever, induces surface roughness. The fact that C1 distri- 
bution remains unchanged after N2 annealing suggests 
that no surface roughness would be produced after 
the annealing, but that surface roughness would be in- 
duced after oxidation. 

The influence o~ CI distribution.--The influence of 
C1 ions in SiO2 on the etching rate and on flatband 
voltage VFB was investigated. The rate of etching to 
LPCVD SiO2 and to conventional CVD SiO2 is shown 
in Fig. 7. The rate of etching to CVD SiC% (deposited 

Fig. 5. (a) Surface of a thick LPCVD Si02 film after 1000~ 
anneal. 

6 

4 

2 

"E 0 

,4 
6 

v 

4 
>,, 

"5 

c 2 

E 
c 0 
O 

+ 6 

35Cl + In-depth Profiles 
I F 

-SiO 2 

t oc 

>_ 
F 

- S i O 2  ~ 

t :  26oo i 

I 

(a) 

Si 

f I I 

( b )  

5i 

c[ 

%...',..4-- I I 

4 

2 

0 
0 

SiO2 

t = 60oo~, 

I I 

2 4 

t F (c) Cl~ Si 

I 

6 8 10x10 3 

Depth f r o m  SiOz S u r f a c e ,  X ( ~ )  

Fig. 4. CI in-depth profile for three different thickness as de- 
posited. I indicates the interface as deposited. F indicates the 
interface after oxidation at 1000~ for I hr. 

Fig. 5. (b) Surface of Si after removal of Si02 layer of the same 
sample as (a). 
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Fig. 6. Schematic illustration of the section of Si02-Si when 
surface roughness is observed. 

by Sill4 and 02 at 420~ at atmospheric pressure) is 
constant, since this film does not include C1 ions. The 
rate of etching to LPCVD SiO2 film decreases when 
the film becomes less than 1500A thick. This tendency 
is also observed in another etchant, NH4F:HF = 60:1. 

Figure 8 shows the thickness dependence of VFB on 
MOS structures In-type (100) 2-3 ~-cm Si] obtained 
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from the step etching film about 6000A thick. These 
data show that negat ive charges accumulate near  the 
interface. To estimate the magni tude  of these charges, 
we assumed that the charges were dis tr ibuted as in  
Fig. 9. The negative charge density p is defined as 

= - - b p 0  ( b > 0 )  [1] 

where  po is the densi ty of un i formly  distr ibuted posi- 
tive charge and b is a constant. The flatband voltage 
shift, hVFB, caused by fixed charges in  SiO2 is given 

Si 

?o 

0 

)o 

5iO2 AI 

x=d x=d-o ~) 
X = 0  

Fig, 9. Assumed charge distribution in LPCVD SiO~ film 

1 
~'.~o a x p ( x )  d x  [2]  ~VFB = - C--j --q-- 

where  Co is the oxide capacitance and d is the oxide 
thickness, hVFB has a m i n i m u m  value at  d -- ab. The 
difference of ~VFB between d -- 0 and d = ab is 

6 V F B =  p_~0 b ( 1 - - b )  a2 [3] 
2e0 

The results show that  6VFS = --0.SV and ab = 2500A. 
If a = 1000A, then  b = 2.5, p = 1.4 X 101~ qcm -z and 
p0 = 0.56 X 1016 qcm -8. Since the order of magni tude  
of C1 concentrat ion is 10~9 cm -s,  the small  portion of 
C1 has a negative charge. 

Both the etching result  and VFB resul t  do not bear 
directly on the profile of C1 dis tr ibut ion but  do indicate 
that the film is not uniform. 

Discussion 
C1 ions are dis tr ibuted broadly near  the SiO2-Si 

interface as the LPCVD SiO2 film is deposited. It  is 
well known that C1 ions distr ibute at the interface in  
HC1/O2 oxidation. In  thermal  oxidation, SiO2 films 
grow by the reaction of Si and 02 and the growth rates 
depend on the film thickness. However, since the 
growth of SiO2 at the interface by HC1/O2 oxidation is 
s imultaneous with the pil ing up of Ct, it is not  clear 
in the case of thermal ly  grown film whether  the cause 
of the C1 pi le-up is oxidation or the existence of the 
interface. On the contrary, CVD films grown by the 
chemical reaction of gases without  consuming Si sub-  
strate and the growth rates are constant. The differ- 
ence between the growth mechanism of the rmal ly  
grown film and CVD film leads us to conclude that, in 
the case of CVD film, C1 distr ibution is determined not 
by the mechanism of Si oxidation but  by the existence 
of the SiO2-Si interface. If the cause of the C1 pi le-up is 
existence of the interface, then  it is clear that  the 
profile of C1 concentrat ion is independent  of the thick- 
ness of unannea led  LPCVD film. If the cause of C1 
pi le-up were the oxidation, C1 in LPCVD film would 
pile up at the SlOe surface or distr ibute uni formly  
because the oxidation of SiH2C12 in gas phase occurs at 
the surface. 

The effect of the interface on C1 distr ibution can also 
be seen in the redis t r ibut ion of C1 after the N2 anneal -  
ing of Cl- implanted  SiO2 film as is shown in Fig. 10. 
The dis tr ibut ion of C1 in convent ional  CVD films be-  
fore anneal ing is shown in Fig. 2. C1 redistr ibutes 
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at the interface after N.2 annealing,  al though the extra 
implanted C1 ions are diffused out. The peak concen- 
trat ion of C1 after N22 anneal ing of the Cl- implanted 
SiO2 film is 10 TM ions cm -3. This value is equal to that  
of C1 in unannea led  LPCVD SiO2 film. Although we 
cannot explain the mechanism for C1 peak formation 
near  the SiO.2-Si interface, we believe that C1 ions in  
SiO~ are at tracted to the interface by the existence 
of the interface. 

Cl profile aster heat-treatment--Because thermal  
oxidation in some way causes the movement  of the 
SiO2-Si interface, C1 ions move toward the interface 
as the thermal ly  oxidized layer  grows. The velocity of 
C1 ions moving toward the interface is higher than the 
velocity of .the interface movement  caused by oxida- 
tion, as shown in Fig. 4. In  this sense C1 ions are mobile 
in SiO2 film. 

Because the C1 profile is unchanged in th in  films and 
the total number  of C1 ions is preserved after oxidation 
and N22 annealing,  C1 ions do not diffuse out by thermal  
treatment.  C1 ions are stably incorporated in SiOa film. 

Cause of surface roughness.--After the oxidation of 
thick LPCVD SIO22 film, the C1 profile near  the in ter -  
face changes remarkably .  This behavior is explained 
as follows: In thermal  oxidation oxygen diffuses 
through oxide and reacts on silicon. The concentrat ion 
of diffused oxygen ions at the interface depends on the 
thickness of the film, but  the concentrat ion of C1 ions 
near the interface is independent  of the thickness of 
unannea led  film. Oxygen competes with C1 in reaction 
on Si. Since the oxygen concentrat ion at the interface 
is sufficiently large in thin films, the reaction of Si-O 
is dominant  and SiO2 is formed even though C1 reacts 
on Si. In a thick film, because of the insufficient supply 
of oxygen to the interface, the Si-C1 formed by the 
reaction of Si and C1 cannot be completely t ransformed 
into SiO2 and remains as a gas phase of Si-O-C1. 
Pancake shapes are then formed. The gas of Si-O-C1 
lifts the SiO2 layer. C1 induces etch pits on the Si 
wafer. It is for this reason that surface roughness is 
observed only in thick films. 

The following experiment  shows clearly the thick- 
ness dependence of surface roughness. After the depo- 
sition of LPCVD SiO2 film 2600A thick, conventional  
CVD SiO2 8000A thick is deposited by the reaction of 
Sill4 and 02 at 420~ The C1 dis tr ibut ion of LPCVD 
SiO2 is unaffected by the low tempera ture  deposition of 
CVD SiO2. Wafers without the CVD SiO2 deposition 
and wafers with the deposition were oxidized in dry 
O2 for 1 hr at 1000~ Though the integrated C1 con- 
centrat ions are the same in both samples, the surface 
roughness is observed only in the film with addition 
of CVD SiO2. Thus we can conclude that  the surface 
roughness does not depend on the total amount  of C1, 
but  does depend on the oxygen concentrat ion at the 
interface. 

Though we do not identify the gas at the SiO2-Si 
interface, it seems to be the same as that produced by 
HC1/O2 oxidation. Monkowski et aL (2) have sug- 
gested that the gas formed by HCI/O.2 oxidation is oxy- 
gen-r ich chlorosiloxane. Lin (5) has discussed this 
oxygen-r ich  chlorosiloxane, SinO.2,-8C16- (n = 2-11), 
which is formed in reduced oxygen pressure and ap-  
propriate chlorine atmosphere. 

Surface roughness is not observed after N2 anneal ing 
in spite of there being no 02 concentrat ion at the in-  
terface. This can be explained in the following man-  
ner:  Silicon is etched by HCI 

Si (solid) + HC1 (gas) ~ SIC14 (gas), SiHCI8 (gas) 

This reaction is reversible. Etching by C1 will not cause 
surface roughness. When oxygen is present, however, 
the formation of Si-O-C1 continues irreversibly.  

Comparison between o~idation rate and etching rate. 
- -Le t  us now consider the oxidation rate of Si under  

LPCVD SiO2 film xA thick. Oxygen flow F1 in SiO~ can 
be expressed as 

Co -- Ci 
F1 = D - -  [4] 

x 

where D is the diffusion constant  of oxygen, Co and Ci 
are the oxygen concentrat ions at the oxide surface and 
at the SiO2-Si interface, respectively. Oxygen flow at 
interface F~ is 

F2 = K,Ci [5] 

where Ks is the chemical surface-react ion rate con- 
s tant  for oxidation. In a steady state, that  is where 
F1 ---- F2 

DCo 
C~ _ [6] 

Ksx + D 

The growth rate of SiO2 is given by 

dx B 
= - -  [7] 

dt A + 2x 

where A ~ 2D/Ks, B --- 2DCo/N1, and N1 is the 0.2 
concentrat ion in SiO.2. We can determine the values 
of A and B from oxidation. After  dry  0.2 oxidation for 
1 hr at 1000~ of 2630A thick LPCVD film, oxide thick- 
ness increased to 3370A. Average oxidation rate and 
average thickness are 12.3 A/ ra in  and 3000A, respec- 
tively. The oxidation rates of films with three different 
init ial  thickness are plotted in Fig. 11. We can obtain 
A _-- 3O00A and B = 11.3 >~ 104 A2/min. In  HC1/O2 
oxidation of (100) Si, using the data of Deal et al. (6, 
7) A and B are given as follows: A = 2530A, B -- 2.6 
• 104 A2/min at 1% HC1 and A = 4300A, B ---- 4.4 • 
109 A'2/min at 4.5% HC1. Linear  rate of oxidation B/A 
= (Co/N1)ks is 10 A / m i n  in HC1 oxidation both at 1% 
and 4.5%, whereas it is 37 A / m i n  in LPCVD SIO22. If Co 
is the same in  both these films, the values of ks and D 
of LPCVD SiO2 are large compared wi th  those of 
HC1/O2 oxidized SiO.2. 

The rate of Si consumption, Ro, is derived from the 
oxidation rate 

N,B B 
Ro - -- [8] 

N(A + 2x) 2(A + 2x) 

where N is the density of Si, 5 • 102.2 cm -8. 
We concluded that  the C1 etching rate, Re, was 

R~ = 5 A / m i n  

because Si was etched to a 300A depth by C1 at 1000~ 
for 1 hr. From the above estimation, we can approxi-  
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Fig. 11. Oxidation rate B/A -1- 2x and its reciprocal rate of three 
different LPCVD Si02 thicknesses. 
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mate  the point  at  which the film becomes too th ick to 
be wi thout  surface roughness.  The C1 etching ra te  is 
smal le r  than  the oxida t ion  ra te  

B 
Re < [9] 

2 (A + 2x) 

By subst i tu t ing  the  expe r imen ta l  values  for A, B, and 
Re 

x < 410OA [10] 

This va lue  agrees  wi th  the  expe r imen ta l  results.  I t  is 
reasonable  to assume that  the existence of surface 
roughness  depends  on whe the r  the C1 etching ra te  or 
the oxida t ion  ra te  is higher.  

By measur ing  surface s tate  density,  we confirmed 
tha t  the micros t ruc ture  of surface roughness  does not 
vppear  a f te r  oxidat ion  in thin LPCVD SiO2 film on Si. 
Surface  s ta te  dens i ty  of the film as deposi ted and a f t e r  
N2 anneal ing  at  llO0~ for 1 hr  is comparab le  to tha t  
of t he rma l ly  g rown SIO2. 

Comparison o] Cl profiIes.--The C1 dis t r ibut ion  in 
LPCVD SiO2 film is b roade r  than  that  in HC1/O2 oxi-  
dized film. In HC1/O2 oxidized film, C1 piles up wi th in  
200A from the SiO2-Si in terface  (6). In C12/O~ oxid ized  
film, however ,  C1 ions d is t r ibute  b road ly  wi th in  1000A 
(7). The difference be tween  the C1 d is t r ibut ion  in HC1/ 
O2 and Cle/O2 oxidized films may  be caused by  HeO 
produced by  HC1/O2 oxida t ion  (8). In  LPCVD SiO2 
films, judg ing  f rom the react ion of SiH2C12 and N20 
and f rom the deposi t ion pressure,  H20 is not produced.  
The Cl d is t r ibut ion  in LPCVD SiO2 is almost  the same 
as that  in C12/O2 oxidized film. 

Summary 
Cl d i s t r ibu t ion  in  LPCVD SiO2 film deposi ted by  

SiH2C2 and N~20 was measured  by  IMMA. We found 
tha t  C1 ions are  d i s t r ibu ted  app rox ima te ly  1000A from 
the SiO2-Si in te r face .  The ra te  of etching to SiO2 and 
the f la tband vol tage  are  affected by  C1 dis tr ibut ion.  
The C1 d is t r ibu t ion  is independen t  of the thickness of 
unannea led  film. Af te r  the oxida t ion  C1 ions move to-  
w a r d  the newly  formed interface.  In  films th inner  than 
4000A, the C1 profile remains  unchanged af ter  the oxi-  
dation, but  in th ick films C1 concentra t ion near  the 
in ter face  is increased and surface roughness  is ob-  
served.  C1 d is t r ibut ion  remains  unchanged  af ter  N2 
anneal ing  at  l l00~ F r o m  these results ,  i t  is a p p a r -  
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ent  that  the phenomenon of C1 p i l e -up  is not  caused by  
the mechanism of oxidat ion  but  by  the exis tence of the  
in terface  itself. Surface  roughness  a f te r  oxida t ion  de-  
pends on whe the r  the C1 etching ra te  of the oxidat ion  
ra te  is higher.  In  a high oxygen  concentra t ion at  the 
interface,  the oxida t ion  ra te  is l a rge r  than  the C1 
etching ra te  and surface roughness is not observed.  
In  a low oxygen  concentrat ion,  Si is etched b y  C1 and 
Si-O-C1 is formed. The surface of SiO2 films is l i f ted  
by  the gases and etching pits are  observed.  In this  case 
C1 ions m a r k e d l y  pile up at  the interface.  When  there  
is no 02 (such as in N2 annea l ing) ,  even if Si  is e tched 
by  C1, Si-O-C1 is not  formed and surface roughness  
is not  observed.  

Taking  into account our  es t imat ion of the  C1 etching 
ra te  and the oxida t ion  rate,  we can conclude tha t  oxi-  
dat ion at  1000~ for 1 hr  does not  induce surface rough-  
ness when  LPCVD film is less t h a n  4000A thick. We 
bel ieve  that  LPCVD SiO2 wil l  be useful  as the  gate 
oxide of  Si devices. 
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ABSTRACT 

The A u / N i / S n N i / G a A s  interface  has been s tudied in o rde r  to understand 
ohmic contact  formation.  Depth  profi l ing in conjunct ion wi th  Auger  e lec t ron  
spect roscopy has been used to de te rmine  impur i t y  d i s t r ibu t ion  in a s - d e -  
posi ted and a l loyed  films and were  cor re la ted  to e lect r ica l  parameters .  We 
find tha t  ohmici ty  can be achieved wi thout  Sn due to Au- induced  Ga vacan-  
cies and Ni - induced  b r eakup  of background  Si covalent  bonds. However ,  
addi t ion  of Sn to the sys tem lowers  the specific contact  resis tances grea t ly .  

Various  studies have been conducted on m e t a l - G a A s  
ohmic contact  systems. Most of these are  concerned 

~Present address: Department os Physics, Kansas State Uni- 
versity, Manhattan, Kansas 66506. 

Key words: interfaces, bonding, ohmicity. 

with e lect r ica l  and meta l lu rg ica l  p roper t ies  of the 
contacts as wel l  as thei r  l ong - t e rm re l iabi l i ty .  The 
ma jo r i ty  of the systems s tudied include A u - b a s e d  
meta l  contacts. Among them N i / A u - G e / G a A s  is 
favored in m a n y  appl icat ions  and have been ex ten-  
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