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DEPTH RESOLUTION OF SECONDARY ION MASS SPECTROMETERS 

application. Such studies may then indicate 
neccessary improvements both to instruments and 
experimental procedures. 

Recently we (McPhail et al, 1986) reported the 
result of SIMS depth profiling of a boron-in
silicon modulateJ dopant structure, grown by 
silicon Molecular Beam Epitaxy (MBE), containing 
thirty-one dopant 'spikes' rv 50nm apart. The boron 
rich layers were believed to be less than 10nm 
thick. This is clearly a demanding structure to 
analyse and as such is suitable for evaluating 
instrumental problems associated with the primary 
beam optics (non-uniform scanning, variations in 
beam current) and errors in the depth calibration 
~rocedures employed in different laboratories. 
Such information is transferable to other 
dopant-matrix combinations. 

In the series of experiments reported here, 
we first conducted thermal cycling/ SIMS depth 
profiling tests to check whether diffusion could 
have broadened the dopant peaks during the MBE 
growth. The sample was then analysed on five 
different instruments using a primary beam energy 
close to 4keV. One laboratory (A) also 
investigated the variation in the shape of the 
near -su rface peaks as a function of primary beam 
energy. 

Experimental 

MBE growth of the test structure. 
The si licon epilayer was grown in our V80 

si licon MBE kit (VG Semicon). Thi s instrument 
includes a s ilicon cell and four doping cells 
(bo ron , phosphorus, arsenic and antimony) (Kubiak 
et al 1985). The s ilicon was deposited on a 7.5cm 

diamet~ 1 silicon substrate (<100> n- 0.8 - 1.2 
ohm cm ). The s ubstrate was held at 750 + 30 
0 c during the growth, which lasted 70 minutes, 
and boron-rich layers were produced by 
co-evaporation, manually ramping the output from 
the boron cell power supply up and down thir ty 
times. (This operation can lead to impreci se 
doping and we now use a computer controlled power 
supply and shuttering). The mark to space ratio 
(boron cell on/off) was 1 to 3. It should be noted 
that variations in the substrate temperature 
across the wafer can be 30°C and that variations 
in the silicon and boron flux across the solid 
angle defined by the source-wafer geometry can be 
several percent. This has implications for the 
SIMS analysis of samples taken from different 
parts of the wafer. 

Thermal cycling of the grown wafer. 
Four 5mm square samples were sectioned from 

the wafer and placed in silica ampoules, which 
were then evacuated and sealed. Three of the 
ampoules were introduced into the hot-zone of a 
furnace, which was at the original sample growth 
temperature, and left there for 2 minutes (the 
time the sample requires to warm up and cool down), 
60 minutes and 240 minutes, respectively. The 
fourth was a control. The ampoules were carefully 
fractured and the samples removed for SIMS depth 
profiling of the near- s urface peaks (pk2 and pk3) . 

SIMS analyses of the test structure . 
5mm squares were sectioned from the wafer and 

distributed to five SIMS laboratorie s throughout 
England. The in str uments/ laboratorie s involved 
were designated A to E. The analysts were invited 
to depth profile the samples for the major boron 
isotope (llB) and to select the optimal 

Table l 

Lab/ 
Inst. 

Al 
AZ 

B 

C 

01 
02 

E 

Instrumental designations and experimental conditions 
used for the SIMS analyses of the test structure 

Primary Beam Secondary Ion Collection Profile rate 

E I Crater gate 
kV µA µm µm 

3.5 0.5 400 8 (O) 
3.5 0.5 400 60 (0) 

5.5 0.443 500 62 (0) 

4.0 0.3 500 35 (0) 

4.0 0.083 400 175 (E) 
4.0 0.083 400 175 (E) 

4.0 0.3 600 160 (E) 

Vext 
kV 

4.5 
4.5 

4.5 

4.5 

0.2 
0.2 

0.2 

Depth 
µm 

1. 770 
1. 638 

1.646 

1. 901 

1. 670 
0. 768 

0. 777 

Time 
min 

87.4 
89.0 

89.2 

100.0 

651.3 
224. 7 

240.0 

frames 

499 
487 

487 

2000 

1303 
450 

377 

dz 
nm 

3.55 
3.36 

3. 38 

0.95 

1. 28 
1. 70 

2.06 

SR 
nm/sec 

0.338 
0.307 

0.308 

0.316 

0.043 
0.057 

0.052 

Al & AZ= Cameca IMS3F; B = Cameca IMS 4F; C = Came~a IMS 3F; 01 & 02 = EVA 2000; E = Atomika 
DIDA ion microprobe. The primary ion species was o2 (32 a.m.u.) in all cases. Crater= 
length of square crater side. Gate= linear dimension of the area in the centre of the crater 
from which secondaries are collected, either optically (O) with a circular gate or 
electronically (E) with a square gate. In the latter case one must take account of the finite 
beam width. Vext = secondary ion extraction voltage. Depth= total crater depth. Time= duration 
of experiment. Frame= number of times the boron channel was selected during the experiment. dZ 
= the depth increment between boron data points. SR= the sputter rate in the experiment. 
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experimental conditions for the analysis. That is, 
to choose conditions of beam energy, beam current, 
gated area and data collection period/frame time 
that produced a reasonably high count-rate and 
rapid profiling speed (thus minimising statistical 
fluctuations and instrumental drift) whilst 
retaining an acceptable data density. In 
particular the analysts were asked to work at a 
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primary beam energy close to 4keV ( 16o +) 
and to gate the secondaries from a smail area of 
the crater. Detail s of the instruments and of the 
analysis conditions used are given in (Table 1). 
Two laboratorie s (A and D) repeated the analysis 
having modified their experimental conditions, 
thus yielding seven analyses in all. 
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The combined results of seven depth profiles of the MBE boron-in-silicon test 
sample. Five different instruments (A, B, C, D, E) were used. The experimental 
conditions are ' given in Table 1. We also plot the peak interface widths as a 
function of sputtered depth in this Figure. 
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