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Ion irnplantation has been used to fabricate base and emitter regj-ons of silicon bipolar
transistors. However, low-frequency noise performance of these devices has tended to degrade with-
out optimizing the annealing process after ion inplantatio.t*) arl attempt to improve noise perform-

ance has been carried out on implantation to poly-Si method for base forrnation?)

In this paper, two-stage annealing processes, i.€. low-temperature wet-oxygen oxidation and

hlgh-temperature dry-nitrogen drive in, for double-implanted trangj-stors are proposed to obtain

improved device characteristics. The first low-temperature wet-oxygen oxidation process was

considered to be effective to remove off the amorphous layers formed by ion implantation and

surface contamination without inducing secondary defects. This surface removal might be considered

as a possible cause of noise performance improvement. However, the impurity re-distribution after
l-ow-temperature hret-oxygen oxidation was found to be a serious problem especially in high dose P-

implanted emitter regi-ons. Present experiments show that a large amount of phosphorus atoms found

to segregate in the growing SiO, films under certain conditions of implantation and oxidaEion, and

hr' controllability of the devices is discussed

Ttre B+ ions with a dose of 3-5x1014 iontl"rJ and P* ions with a dose of r-3x1016 iorr"/"*2 t"..
irnplanted at 30-40 keV for base and emitter regions, respectively. These implanted specimen were

oxidized in a wet-oxygen ambient between 700oC and 1OOOoC. They were then annealed in a dry-nitrogen
anbient at high temperature (typically 120OoC for base and l100oC for emitter drive in). For

cornparison, conventional single-stage annealing in a dry-nitrogen at temperature above 1000oC was

carri-ed out.
Secondary defects after conventional dry-nitrogen annealing or Ltto-stage annealing process

were observed by TEM. Typical results are shown in Fig.I for double-implanted (3xf0f4 B* iorr"/"t2
an.i 3x1016 P* ions/cur2 for base and emitter formation, respectively) specimens. Emitter edge

dislocations were not observed in both specimens. Furthermore, surface contaminations which were

considered t.o be SiC particles3) disappeared in specimen put through the two-stage annealing

process, although a large amount of SiC particles were detected in dry-nitrogen drive in specimen

as shown in Fig.1. These results indicate that the lo\r-temperature wet-oxygen oxidation process

has the effect of cleaning implanted surface.
!r. R' innlanrqd 1ggi6ns, good uniformity in sheet resistivity (a<L%) was performed with the

oxidation for 50 min at a temperature below 80OoC and high-temperature dry-nitrogen drive in process.

However with high dose P- implanted layers, a large number of phosphorus atoms were found to

segregate in t.he growing SiO, films under certain implantation and oxj-dation conditions. Typical

results of carrj.er concentration reduction are shovm i-n Fig.2, along with the grown oxide thickness

andp" data for different oxidation temperaEures. Carr:ier concentration andp for low-temperature

wet-oxygen oxidized specimen were measured after annealing in dry-nitrogen for 40 rnin at l100oC,

Minimum carrier concentrat.ion was about 1/2 the impJ-anted concentration for 3x1016 ions/c*2 P*

implanted layers at an oxidation temperature of 75OoC. This carrier concentration variation
corresponds to one order magnitude difference in mean value of hFE, when the base formation process

and emitter drive in process are fixed. Fine control and achievement of uniformity in hr' should

not be performed without considering this carrier reduction phenomenon. It \{as confirmed by electron
probe micro-analysis (EPMA) measurement. this total carrier concentration reduction correspond to

the phosphorus atom inclusion into gro\,tine SiO, fil-ms. This phenomenon should be discussed taking

into account of phosphorus diffusion and oxidation rate enhancu*.nt4)in high dose P+implanted layers.

- 21-



The two-stage anneal-lng process was applled to base and emitter inpJ-anted low-frequency 1ow-
nolse transistors with final emLtter Junction depths of typical-ly around 2 pn. The equivalent noise
voltage at 10 Hz as a function of hrr ls sholrn in Flg.3 for a number of the same structure devices
fabricated with different processes. These curves show that the double-Lmplanted devices have the
best perfolrance. Furthernore, the linearity of colLector cutrent dependence of hr, (hru at 0.02 nA
/ hpg at 2 nA) for the doubl-e-lmplanted devices lmproved to 0.9-0.95 comparing with conventional-
thermal diffusion transistors (around 0.75). Surface contamination reduction by wet-oxygen oxldatlon
as mentioned above and the gettering effect of certain lmpuritles might be considered as possible
causes of improvement ln nolse performance.

Uniforoity of hr,E of the doubLe-irnplanted devlces within *52 around a wafer was obtained by
opti-utlzing the low-temperature wet-oxygen oxidation treatment and by aehieving uniformity of
implanted dose in a wafer wtth high current ion inplantation machlne.

Ttre authors wish to express thelr thanks to Drs. I. Kanomata, N. Sakudo and K. Tokiguchi for
helpful discussion and supporting of high current lon implantatl-on experlment.
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Fig.1 TEM mLcrographs of defects observed ln the
double-lnplanted speclmens for dry N2 anneal-lng
and two-stage anneallng (wet O2 and dry N2).
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Fig.3 Egul,valent noLae voltage at l0 Hz vs. huofor a nunber of the sae struJt"r. a."i."r-' 
"no

fabrlcated wlth dtfferent procesaes.

FLg.Z Varlation of oxLde thickness, sheet
reslstivlty (y's) an{_total carrier conceotration
(N") for 1- and-3x1015 lons/cn2 p* implanted
layers as a frmctlon of wet-oxygen oxLdation
temperatures (oxidation tine = 60 min).

22-

（理
性
菫
５
　
　
　
Ｎ
〓

ｏ
一
一
ｏ

製̈
ツ
邑
コ
（
Ｙ
″
Ш
∽
一〇
２

卜
Ｚ
Ш
コ
く
≧
⊃
Ｏ
Ш

（
口
ヽ
Ｃ
）

∽
ヽ

ｄ

（
め
Ｌ
ヒ
ｏ
）
　

Ｏ
Ｚ

1

1。
17

l=rtrool

(繕

dry Nz wet Oz +dry Nz

300         9oo         1000
Wet-02 0X:DAT:ON TEMP(° c)


