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The mass spectrometric study of the evaporation of As and P, respectively, during 
contacting of GaAs and GaP diodes was reported at the 7th International Vacuum Congress 
(u 1977). ~ow new results obtained on various contact-erystal systems ate presente& 

A laboratory SIMS system was built using a Riber QML 51 quadrupole mass speetro- 
meter. The study of contacting processes was followed by SIMS in depth profiling of the con- 
tact-GaAs layer structures. Some SIMS studies of SiO 2 layers prepared by various methods ate 
described. 

I. Introduct ion 

This pape r  is devo ted  to mass spec t romet r i c  studies on some semicon- 
duc tor  A m B v layer  s t ruc tures  and Si-SiO2 sys tems,  using the  methods  and 
equ ipmen t  developed in our  l abora to ry .  The mass  spec t romet r i c  s t udy  of the 
evapora t ion  of volat i le  componen t s  dur ing he at  t r e a t m e n t  of  metal l ized A]IIBV 

semiconduc tor  layer  s t ruc tures  was pe r fo rmed  and described b y  SEB~ST'Z•162 
and coworkers [1, 2]. KIr~SnRON gave new da ta  on the dissociat ion of GaAs and 
G a M A s  covered wi th  gold contac t  f i lms [3]. Now some new results  are presented  
on sys tems conta in ing  gold and silver. 

II. Exper imenta l  results and discussion 

The decomposi t ion ,  outdiffusion and evapora t ion  of componen t s  f rom 
metal l ized semiconduc tor  surfaces were s tudied b y  a Riber  QML 51 quadrupole  

mass  spec t rometer .  
The con tac t ing  processes of  diodes p repa red  f rom A m B  v (GaAs of GaP)  

crys ta ls  using var ious  contac t  s t ruc tures  were s tudied in detail .  Thin  (100--  
400 nm) f i lm of  Au, AuGe,  AuGeNi,  AuNi,  AuCr, Ag, AgSn, AgNi  and  InGeAg  
have  been deposi ted on bo th  faces on GaAs (100) wafers (3X 3 m m  2) of on 

G a P  (111) surfaces.  
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During the alloying process in the  range of 300--600 ~ As~ or P2 losses 
were detected by  the mass spectrometer .  The loss of the volati le componen t  
(Y) originates f rom the  decomposit ion of  the contac t -crys ta l  interface layers 
[1, 2]. A steep rise character is t ic  of the  contac t  composit ion and subst ra te  
occurs at  the onset of alloying. 

The t empera tu re  var ia t ion  of the resistance of the metal  - -  semiconductor  
s t ruc ture  was recorded during the  annealing s imultaneously with the arsenic 
evapora t ion  rates.  According to the me thod  described in [4] a low measuring 
cur rent  was applied to the  specimen and the potent ia l  drop was recorded during 
the  annealing. This vohage  is propor t ional  to the m o m e n t a r y  resistance of the  
sample in the 20- -200  ~ t empera tu re  range as it  was shown in [5]. Some 
character is t ic  R(T) and Y(T)  curves are presented  in the Figures. The s tudy  of  
con tac t  system AuGeNi  --  GaAs has a l ready been described in [2, 4]. The  
Y(T) and R(T) characteris t ics  ate s t rongly affected b y  the composi t ion of the  
layer  structures.  Fig. 1 represents  the R-Y-T curves for the A u - - G a A s - - A u  
sys tem during the alloying cycle. 
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Fig. 1. Variation of R and Y (arbitrary units) with T for Au-GaAs-Au during the first 
annealing cycle. Heating and cooling rate 150~ 

Applying a second hea t  t r e a tmen t  a drast ic  change occurs in the R-Y-T curves 
due to fur ther  As 2 losses as shown in Fig. 2. 

Fig. 3. represents  the case of A g - - G a A s - - A g  layer  s t ructures .  
An in teract ion of ah As 2 molecular beato  with GaAs --  meta l  sys tem and 

same metal  s t ructures  deposited on mo lybd en u m  plates was described in our  
recent  paper  [6]. 

Recently,  mass spectrometr ic  studies of semiconductor  layer  s t ructures  
have  been completed  by  SIMS studies [7, 8]. A labora tory  SIMS sys tem has 
been buil t  using a Riber  QML 51 mass spec t rometer  moun ted  on ah U H V  
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sys t em built  wi th  T u n g s r a m  componen ts ,  working a t  10 -7 Pa  pressure range. 
The sys t em ope ra t ed  with  a P H I  04- -191  ion gun, at  1 0 - 3  10-5 Pa  Ar pressure 
using 3- -300  #Alcm 2 ion current  and  0 ,5 - -5  keV. More detai ls  of the  SIMS 

sys t em are given in [9]. 
The interference microscope p ic ture  af ter  in -depth  profi l ing with  a scan- 

ning ion b e a m  a n d a  copper  d i aph ragm of 2,5 m m  d iamete r  hole, producing a 

s teep and un i fo rm cra te r  is shown in Fig. 4. 
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Fig. 2. Variation of R and Y (arbitrary units) with T for Au-GaAs-Au during the second 
annealing cycle. Heating and cooling tate 150 ~ 
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Fig. 3. Variation of R and Y (arbitrary units) with T for Ag-GaAs-Ag. Heating and cooling rate 
150 ~ Alloying cycle 
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Fig. 4. In te r fe rence  microscopic  p ic tu re  of  a spu t t e r ed  cra ter  

Ag Ge In GaAs 
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Fig. 5. I n - d e p t h  profile o f  an Ag-Ge-In  con tac t  s y s t e m  e v a p o r a t e d  on GaAs, exh ib i t ing  diffusion 
of  the  componen t s .  Ioe  etc. SIMS peaks  in a rb i t r a ry  un i t s  
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Analyzing the fringes the depth of sputtering in Fig. 4 was determined as 
270 nm. Sputtering rates can be determined using this method. 

Some preliminary results obtained on contacted GaAs and Si--SiO 2 
layer structures are presented in Figs. 5 - -7  and Tables I - - I I I .  

5 kV 

1 j u A / c m  2 

Cu + Sin" SiOH + Ar + 

63 56 45 

SiH* 

40 29 

Si + 

a) 

N Q +  ~ 

Si 2+ 
P 

[ 
i 

23 1/. 

Si* 

5 kV 

1 ,eA/cm2 

Cu + 

63 56 

s i i  ~ 

45 

SiOH + Ar  + SiH 

LO 29 

b) 

Na+ 

23 14 

Fig. 6. SIMS spectra of two SiO~ layer structures, prepared by different technological processes 
by M. N~METa-SALLAY. Sample a) oxidized in dry 02; b) the same ether-treated [8] 
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Table I 

Relative SIMS intensities of the most commonly used elements 

Al + Si" Ga ~ Ge+ In + Ag + 

1 0 0 0  ] 1 0 - - 2 4 0  1 0 0 0  1 10  30  1 0 0 - - 5 0 0  5 

Table II 

Characteristic peaks referred to Si + 

oxidized in 

~ass ~on - -  ~~o~ number d i wet 0 2 dry 0 2 i wet O z 

- -  I - -  ethr 
i 

14 Si z+ 0.0068 0.0079 0.0093 0.013 

29 SiH + 0.14 0.12 0.11 0.122 

44 SiO + 0.030 0.020 0.047 0.023 

45 SiOH + 0.093 0.038 0.049 0.040 

56 Si + 0.036 0.038 0.038 0.055 

Table HI 

Characteristic peaks referred to Cu + 

~a$s 
number ion 

14 Si z+ 

28 Si + 

29 SiH + 

44 SiO + 

45 SiOH+ 

56 si+ 

dry 02 

0.20 

29.6 

4.0 

0.88 

2.74 

1.1 

oxidized in 

] wet 02 

I - 

0.19 

24.5 

2.9 

0.5 

0.92 

0.7 

dry 02 I wet 02 

ether-tteated 

0.39 0.30 

36.7 22.9 

4.2 2.9 

1.7 0.53 

1.8 0.93 

1.4 1.3 

Fig.  5 r ep re sen t s  t he  i n - d e p t h  prof i le  of  an  A g G e I n  c o n t a c t  s y s t e m  evapor -  

a t ed  on GaAs e x h i b i t i n g  d i f fus ion  of the  c o m p o n e n t s  [10]. IGe etc  S IMS peaks  

are p r e s e n t e d  in  a r b i t r a r y  un i t s .  As is well  k n o w n ,  the  s p u t t e r i n g  a n d  ion  y i e ld  

in  SIMS s tud ies  a te  s t r o n g l y  affected b y  t h e  c o m p o s i t i o n  of t he  t a r g e t ,  condi -  

t i ons  of  s p u t t e r i n g  on  t he  mass  s p e c t r o m e t e r  s y s t e m  a n d  m a t c h i n g .  The  re- 

corded  in t ens i t i e s  i n  Fig .  5 are n o t  cor rec ted  for s p u t t e r i n g  yie ld  a n d  s e n s i t i v i t y  
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factors of the secondary  ionization. To make a rough es t imat ion of  relative 

concentrat ions,  relative secondary ion yield data  taken from the l i terature and 

averaged from several au thors '  results [7] are given in Table I. 
The Si--SiO 2 system was invest igated by  several authors.  Here MAuL 

[10] and B�93 [11] ate quoted, report ing on the var ia t ion of SIMS 

spectra with methods of preparat ion of the oxide layer. In a recent paper 

BAaNA and coworkers [12] have dealt with e ther- t reated SiO 2 layers. I n  our 
paper,  some addit ional  results are presente& In  Figs. 6A and B SIMS spectra 

of two SiO 2 layer s t ructures  prepared by  different technological  processes, 

described in [12] are presented. 
As found by  BARr~X and coworkers [12] the main effects manifest 

themselves in the var ia t ion of hydroxi l  content  (observed as SiOH + ions) 
on SiO layers prepared by  different methods.  E ther - t rea t ing  appreciably 

reduces the hydroxi l  eontent .  
The copper d iaphragm used for in-depth  profiling supplies some kind 

of  reference s tandard  for the SIMS spectra,  obtained on various samples. 
This paper  is confined to some mass spectrometr ic  studies, i l lustrating 

their applications on semiconductor  problems, associated with technology,  

bu t  omit t ing the technological aspects. More details are given in the references 

quoted and will be published in other  papers. 

The authors express their sincere thanks to Mrs. 1VI. N• for preparing and 
kindly subrnitting the Si--SiO2 samples. 
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