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Abstract: Phosphorus implanted washed emitters, annealed at low temperatures, are 
produced in a washed emitter-base scheme with a self-aligned pedestal collector. The 
strong interaction between the preamorphization, emitter and intrinsic base doping is 
studied to determine the conditions under which efficient, shallow emitters together with 
a narrow, highly doped base can be formed. 

1. Introduction 

Phosphorus implanted washed emitters, thermally annealed at temperatures from 
750-850 ° C, are presented. They have been produced in a washed emitter-base (WEB) 
configuration, which, with arsenic emitters annealed from 900-950°C [1], has recently 
been demonstrated to give considerable improvements on the conventional processing 
scheme where the base is implanted before the formation of the emitter window. The 
decoupling of the base link-up and intrinsic base implantations in the WEB scheme 
provides low sidewall capacitances and insignificant sidewall suppression of the current 
gain, making scaling below the micron feasible, and a much more abrupt and well- 
controlled base profile is achievable. Moreover, perfect low-voltage characteristics are 
obtained, which generally ensures improved reliability since high leakage currents 
eventually lead to current gain degradation. 

At anneal temperatures below 900 ° C, the arsenic diffusivity is so low that the e-b 
junction is formed in the region of residual implantation damage, resulting in a serious 
degradation of the emitter performance. With the low energy (15 keV), high dose 
(5x1015/cm 2) phosphorus implantations used here the existence of a fast diffusing tail [2] 
supplies an e-b junction which is both far enough removed from the damage region, and 
deep enough to adequately suppress the base current recombination at the metal 
interface. To achieve a sufficiently abrupt emitter doping profile, a preamorphization 
implantation is applied to both eliminate the channeling tail and to control the 
enhanced phosphorus diffusion [3]. The phosphorus emitter and base implantations 
influence each others diffusion patterns, making the optimization of the e-b doping 
profiles far less straightforward than in the case of arsenic emitters. In most of the e-b 
combinations studied here, extremely good low voltage behavior is displayed, facilitating 
an accurate evaluation and optimization of the emitter performance. 
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2. Process description 

The phosphorus  washed emitters have 
been studied in a process with an Sb 
implanted buried layer, an 1.5 izm n-type 
epitaxial layer doped to 2xl0aS/cm 3, and an 
implanted p+ isolation and n + collector plug. 
The  formation of the WEB structure is 
shown in Fig.1. The  extrinsic base and the 
base link-up are B + implanted through the 
final 3300 A thermal oxide (a). The  emitter  
windows are then defined and opened by 
plasma etching. The  self-aligned pedestal 
collector (P+ 360 keV) (b) and the emit ter  
(preamorphizat ion plus P+) and the B + 
intrinsic base (c) are implanted through this 
opening. The base contact windows are then 
opened  before A1/I%Si  sputtering (d). 
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3. Emitter characteristics d) 

It was shown in [1] that for As washed 
emitters implanted at 40 keV and annealed 
from 900-950 ° C, a linear relationship can be 
established between the inverse base current 
density and the emit ter  depth, We: 

Figure 1. Schematical presentation of the 
fabrication of the WEB structure. 

(iB)-I v = 2.03x10-W e withVB~ = 0 . 5 V  and 0.121~m < We < 0.25 I~m (1) 

For W e = 0.2 I~m this corresponds to an intrinsic base resistance at [~ = 100 of 
Pro00 = 7000 £lrq. Equat ion (1) is used to evaluate the effective depth, Wn, of the 
phosphorus  emitters, for which similar performance is aspired. Fig.2 is a SUPREM-3 
simulation [4] of the as-implanted and annealed phosphorus profile, showing the 
characteristic kink and the enhanced diffusion tail. The influence of the 
preamorphiza t ion  implantation is not modeled  by SUPREM-3,  and has been  studied 
here experimentally with samples where the intrinsic base was formed solely by giving 
the base link-up implantat ion a high temperature  drive-in step, yielding a very wide base 
with a peak doping of about 5x1016/cm 3. The intrinsic base resistance then monitors the 
depth of the emit ter  and I B monitors W u. The results for several arsenic and antimony 
preamorphizat ions  are shown in Fig.3 where also the corresponding values of PBa00 are  
indicated. The  outcome is quite disperse, and the desired result of an emit ter  which is 
both shallow and has a W n - 0.2 i~m, appears to have been achieved only with the 
40 keV As preamorphizat ion.  The as-implanted profile is included in Fig.2, where it 
appears to extend just past the as-implanted phosphorus profile. The  very good 
performance of this emit ter  even after a 750°C anneal is noteworthy. In all other cases 
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either the existence of an extended lightly doped phosphorus tail at the e-b junction or 
a highly damaged region at the surface could account for the poor emitter performance. 

The emitter contact resistance was controlled in all cases and was found to always 
be below the measurable level of 10 -7 ff l /cm 2, which together with the low sheet 
resistance of the emitter implantation assures a very low and reproducible emitter 
resistance. 

g 
I .  
e-  

t -  

O 

1022 / 
1o 21 / . - . I p  - -  - = , 7 2 ; %  .,,,,,~ ........ 

1020 -" \ 

1019 

1018 

1017 

1016 ~ - ' ,~  I'+ 15keVS.1015/cm 2 

1015 [ I I"~ I I 
0 0.05 0.10 0.15 0.20 0.25 

Distance ( B m  ) 

L" 4 
E 
::1. 

3 

E 2 

d 

> 
r "  

• 8 5 0 ° c  J ~ e ~ l  
~, (5 ,  15) • 800Oc ,~,j  _ 

• ~ .~.(5.40) x 75~0c .,,,,~.~ 
- -  - nopre~o lph iza l ion  

5.40)., ' . \ ~ . . .  ~ . ,  ...... r, ......... , 
'. \ \ 

" \ 

' ~ \ - 1 4  
'. x Z 16 

( 5 ~  \ x - 20 

. . . . .  I : . , o  
0 

0 I 2 3 4 

Intrinsic Base Transconductance (mA / V ) 

8 
9 -t9 
10 -~  

O 

12 

Figure 2. S U P R E M - 3  simulation of the 
phosphorus emitter doping profile shown 
relative to the 40 keV As preamorphization 
implantation (the As and P are simulated 
separately). 

Figure 3. The inverse base current density versus 
intrinsic base transconductance for samples with 
different As and Sb preamorphizations. 

4. Base formation 

The base-link up implantation is performed at two implantation energies (100 and 
150 keV) to achieve a uniform doping level and thus give the best trade-off between 
sidewall capacitance, base resistance and sidewall suppression of the current gain, which 
is more or less eliminated. This implantation extends past the planar e-b junction to 
prevent base thinning at the emitter edges, and any implantation tail in the intrinsic base 
region is eliminated by the self-aligned pedestal collector implantation. 

With an intrinsic base implantation energy of 15-25 keV, the base is formed by a 
fast diffusing tail and/or the emitter push effect [2], and the high dose necessary to give 
the required current gain effectively reduces W H below 0.1 I~m. In the lateral direction 
the boron does not appear to diffuse past the e-b junction but non-reproducible small 
base leakage currents related to the perimeter are observed. At 40 keV the low anneal 
temperature still assures a narrow, highly-doped base, and with an 850°C anneal W H 
is only reduced from 0.20 to 0.17 Ism. This gives the desired device characteristics, 
including a perfect low voltage behavior. In Fig.4 and Table I, respectively, a Gummel 
plot and some device parameters are given for a device of this type. 
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Figure 4. Gummel  plot of the device characterized in 
Table I with VBC = 0 V. 
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5. Conclusions 
Given the correct preamorphization implantation, phosphorus implanted washed 

emitters, which are both shallow and efficient, can be produced at anneal temperatures 
from 750-850 ° C. In the WEB processing scheme the emitter, intrinsic base and pedestal 
collector are self-aligned and implanted directly into the silicon surface, with the only 
subsequent 'high' temperature step being the associated anneal cycle. This simplicity 
assures high reproducibility and a very narrow distribution of device parameters. The 
overall device characteristics make the devices well-suited for high-frequency analog 
applications, and the fact that the most important implantations are processed after the 
last oxidation step, make the WEB structure an attractive candidate for the bipolar part 
of a BiCMOS process. 

The washed emitter performance achieved here is comparable to that of recently 
reported phosphorus-doped polysilicon emitters [5], which were processed at similar 
temperatures and also extended about 0.2 Ism into the silicon surface. These were 
produced with an epitaxially grown boron-doped SiGe base, which does not tolerate 
temperatures above 900 ° C. The phosphorus washed emitters would also be applicable 
in combination with such an intrinsic base. 
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