2808 IEEE TRANSACTIONS ON ELECTRON DEVICES, VOL. 48, NO. 12, DECEMBER 2001

The Influence of BE and F Implants on thé/ f
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Abstract—A study is made of1/ f noise in SiGe heterojunction  gitter depletion region
bipolar transistors (HBTs) fabricated using selective growth (SEG) f
of the Si collector and nonselective growth (NSEG) of the SiGe base ~ n+ polysilicon F

and Si emitter cap. The transistors incorporate a self-aligned link F F

Extrinsic base

base formed by BF; implantation into the field oxide below the p* Si

polysilicon extrinsic base. The influence of this BE implant on the -t

1/f noise is compared with that of a F implant into the polysil- 5
p+ SiGe

icon emitter. Increased base current nois& s and base current are
seen in transistors annealed at 978C, compared with transistors
annealed at 950 or 900 C. At a constant collector current, both the selective n-Si collector
BF. and F implants reduce S1g, whereas at a constant base cur-
rent, only the BF; implant reducesSig. This result indicates that
the BF, implant decreases the intensity of the base current noise
source whereas the F implant decreases the base current. The pro- Fig. 1. Sche_matic illu_stration of the link base formation and the locations of
posed explanation for the increasedt / f noise is degradation of the Fand BE implants in the transistors.

the surface oxide by viscous flow at 978C under the influence of
stress introduced during selective Si epitaxy. The influence of the
BF, implant on the noise is explained by the relief of the stress and
hence the prevention of viscous oxide flow.

of the active area where the single-crystal base intersects the
polycrystalline extrinsic base over the field oxide. In SiGe tech-
Index Terms—1/f noise, heterojunction bipolar transistors Eolog!es employing selective growth (SEG) .[8]_[11]’ t_he link
(HBTS), SiGe, stress. ase is formed by thg growth o_f_polycrys_tall_lne material on a
predefined, overhanging'ppolysilicon extrinsic base. In both
approaches, the collector is typically larger than the emitter area
[. INTRODUCTION by at least an alignment tolerance and some process leeway to

PTIMIZATION of Si bipolar technologies is achieved by2llow good linkage of the intrinsic and extrinsic base.

O a combination of vertical profile design and minimization While 1/ noise is generally very low in SiGe heterojunction
of parasitic capacitance and resistance, particularly C/B capR#olar transistors (HBTs), there is some evidence to suggestthat
itance and base resistance. Minimization of C/B capacitancé'}§ link base canbe asourcelgff noise ifitis not correctly opti-
generally achieved by using a self-aligned double polysilicdRized [12], [13]. Tangtal.[12] showed thatrecombination cen-
bipolar process [1]. Base resistance is optimized by minimizifgFS at the interface between the SiGe intrinsic base and the ex-
the distance between the polysilicon extrinsic base and thelfinsic polysilicon base were a sourcelgff noise and could be
polysilicon emitter, and by silicidating thetppolysilicon [2], Passivated by boron. Sandgtral.[13] also showed that the domi-
[3]. More recently, a metallic extrinsic base has been reportdntnoise sourceyaned strongly_thh the extrinsicbase desilgn. In
which has delivered an ECL gate delay of just 12 ps in a dis paper,astqu|s made ofthelpflugncg of anovel self-aligned
bipolar technology [4]. BF_Q implanted link base o_t‘h/f noise in SiGe HBTs produced

SiGe adds a new degree of freedom to the vertical profi§ing SEG ofthepollectorlnth_esame growth stepas NSEG_ofthe
design through bandgap engineering, but minimization of C/Ge base and Sicap. Dramatically increalsgthoise is seen in
capacitance and base resistance is equally important. HereltfBSistors annealed at 976 compared with similar transistors
critical issue is the fabrication of the link base region betwedtinealed at 950 and 90C. The BF, link base implantis shown
the intrinsic SiGe base and thé pextrinsic polysilicon base. t0 éliminate this increasexf f noise. Mechanisms are proposed
The size of the link base determines the difference in collect@explain this behavior.
and emitter areas and hence impacts both the C/B capacitance
and the base resistance. In SiGe technologies employing differ- [l. EXPERIMENTAL

ential epitaxy [5]-[7], the link base is formed at the perimeter g 1 shows a schematic cross-sectional view of the structure
Mar_]uscript received March 28, 2001. The review of this paper was arranggflthe SiGe HBT. The self-aligned link base was fabricated by
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using SEG Si epitaxy [14] in the active area at a pressure
72 mTorr and a temperature of 80C using SiH and PH.

F,

i / BF,
The growth conditions were then changed to NSEG epitaxy 1|:"_// 4
changing the pressure and a p-type SiGe base layer (with 7. 10° =
Ge and~10' cm—2 B ) and an n-type Si low-doped emitter
grown. The NSEG gives single-crystal material in the active ar 0.3 0.4 0.5 0.6 0.7 0.8 0.9
and polycrystalline material over the field oxide, as illustrate Base-Emitter Voltage, V. (V)
in Fig. 1. The link base was completed by out-diffusion of boron _ _ o

. . . . . Fﬁ;. 3. Base current as a function of base-emitter voltage in SiGe HBTs
from the field oxide during later high temperature annealing ajfealed at 975C. Results are shown for transistors 1) without F and BF
was self-aligned to the edge of the active area. implants; 2) with a F implant into the polysilicon emitter only; 3) with a-BF
A ; i _~amplant into the buried field oxide only; and 4) with both F and:Bmplants;
A pqusnmon emitter was prqduce_d by depo?[t|ng a2200 n = 16 x 16 ame. 3

polysilicon layer at 610 C. At this point, a5 x 10*° cm™=, 30
keV fluorine implant was made into the polysilicon emitter over ) ) ) .
half the wafer, orthogonal to the earlier Bifplant. As aresult, ductancels is the emitter current aniip: is the base-emitter
four different types oftransistor were created, namely: 1) no F, §gltage It follows from Fig. 2 that
BF»; 2) F,noBk; 3) BF;, no F; and 4) B-BF». Fluorine has been 0 9 ) 2
shown to give passivation of trapping states at the polysilicon/sil- Svr = IpSn, + [gSre + S (1) +1e)”. (1)
icon interface and promoteg interfacial OX|d§ breakup [15] and+g find the values 0815 andSys,
hence would be expected to influenceii¢ noise. The polysil-
icon emitter contact was then implanted witkx 10'¢ cm?, 70

2
IEsre
—_—

Fig. 2. Small signal equivalent circuit of the bipolar transistor used fgf
noise analysis.

Base Current, |, (A)

2

the spectral density of the
collector current nois8; under conditions of an open-circuited
it cn input (SH ) and a short-circuited input$- ) as well as the
keV As and patterned, as slbown n Fig. 1. The extrinsic base Wag,istor current gaihyy and the collector transconductance
doped by implanting x 10°* cm™*, 80 keV B into the polysil- , "\ ere measured and then the following formulae were used
icon over the field oxide, using the pQIyS|I|con emitter contact 326]: S5 = (S{I -~ SW/RQB)/ 2, andSy; = SE/e2_ where
amask. A heattreatment of 60 s ateither 900, 950, of@ABas g is the value of the input load resistor that was used vijen
used to diffuse th_e As_ to the_ polysilicon/silicon interface and the_ ¢ measured.
BF; from the buried field oxide.

The noise measurements were carried out on-wafer in the fre-
quency rangé = 1 Hz to 100 KHz in a common emitter config-
uration. The C/B voltage was 1.3 V. The base and collector cdy- Base Current and/ f Base Current Noise
rents were varied frofs = 0.01 zAto 25 pAandlg = 0.1 pA Fig. 3 shows the base current as a function of base/emitter
t02.5 mA. Measurements were made on devices with an emitigsitage for the four types of transistor given an anneal aP@75
polysilicon areaApp = 14 x 14 um?, an emitter window area Both the F and BF implants decrease the base current at low
Agpw = 6 x 6 um? and an active are 4 = 14 x 14 um?to  base/emitter voltage, but the biggest decrease is obtained when
22 X 22 pm?. both the F and Bfimplants are present. The F andBmplants

The noise results were analyzed using the equivalent low-fiafect the slope of the exponential portion of the base character-
guency noise circuit of a bipolar transistor shown in Fig. 2stic, changing it from 247! in the case of no implants or only
where the noise observed is described by the equivalent inghit F implant to 27.3V ! in the case of the BFimplant and
noise current generator and the equivalent input noise voltaige33.7V ! in the case of both F and BRmplants. The corre-
generator. Thé/f noise of the base current as well as tfg¢  sponding ideality factorag change from 1.65 to 1.18, as sum-
fluctuations of the internal series emitter resistancand of marized in Table |. Such values of; point to recombination in
the internal series base resistangeare taken into account in the emitter/base depletion region as a significant contribution to
Fig. 2, where the following notations are us8g; andSg are the base current. Table | also summarizes the values of collector
spectral densities of the inptif f noise voltage generator andcurrent at base/emitter voltages of 0.6 and 0.84 V. The collector
the inputl/ f noise current generator (corresponding to the baserrent is not affected by the F and Bfnplants in the expo-
currentl/f noise), respectively3,;, andS,. are spectral densi- nential portion of the characteristi¥ g = 0.6 V), but the F
ties of1/f noise forr;, andr., respectivelyt, = dVpg/dlgis implant increases the value &f at high base/emitter voltage
the input resistance,,. = dI./dVpg is the collector transcon- (Vgg = 0.84 V) where the characteristics are determined by

Ill. RESULTS
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TABLE | 107
BASE AND COLLECTOR CURRENTS ANDBASE CURRENT IDEALITY FACTORS
ng MEASURED ATVgg = 0.6 V AND Vg = 0.84 V IN SIGE HBTS: 1)
WITHOUT F AND BF; IMPLANTS; 2) WITH A F IMPLANT ONLY; 3) WITH A BF;

IMPLANT ONLY; AND 4) WITH BOTH F AND BF; IMPLANTS 10" I =460ﬁ
Implant
no F, no BF; F BF, F and BF» .
Io, pA 0.6 04 0.24 0.1 10™
Vee=06V | Ic,pA 15 1.5 1.5 1.5
o~ 165 1.65 148 18 \
Vpe=0.84V{ In mA 0.025 0.05 0.023 0.03
Ic, mA 1.3 2.5 1.0 2.2 3 g

107 3 W
107 v\;

Z

the effects of internal series emitter resistance and/or base resis-
tance, as shown in Table I. A small increase in the valuk;of
due to the F implant is also observed in this region.

Fig. 4(a) shows the spectra of the base currentndjgét), ata
constant collector currei, = 460 1A for the four types of tran-
sistor given an anneal at 97&. The four spectra are all af f
type. At a given frequency, both the F andBmplants signifi- 10
cantly decrease the base current noise, but the biggest decreasei
obtained when both the F and Bifplants are present. Fig. 4(b)
shows the base current nofsg (f) measured at a frequency of 2 10°
Hz asafunctionofcollector current. Thisfigure demonstratesthat
the decreaseinbase currentnoise takes place overthe wholerang
of I values investigated. Atfirst sight, acomparison of Fig. 3and 10
Fig. 4(b) suggests that the reason for this effect could be the de- -
crease in base current due to F and/og BRplants, because the
base currentnoisefollowsasimilartrend asthe base current. How- @)
ever, the results below show that this is not the case. 10"

Fig. 5(a) shows the spectra of the base current itaisé) ata
constant base curreht = 7 1.A for the four types of transistors
given an anneal at 97%. Under these conditions, the Fimplant
does not change the base current nBiseat a given value df.

This means that, in spite of the fact that the F implant affects the
value of the base current, it does not change the intensity of the
base current noise source. At the same time, theiBplant de-
creaseSg ata given value ofg by a factor of 7, irrespective of
whetherornotaFimplantis made. Therefore, itcan be concluded
that only the Bk implantinfluences the base curréif noise at

a constant base currenti.e., gives rise to the decrease of the noise

Input Noise Current Generator, S, (A’s)

10° 10' 10? 10° 10°* 10°
Frequency, f (Hz)

/D

o A P

o=
107 || roFnoBF, | /] /.;/3/ b

7

D

Input Noise Current Generator, S (Azs)

source intensity. The intensity of the noise source is therefore dif- 10% BF,

ferent in the devices implanted with F and BIFig. 5(b) shows b
that this conclusion is valid over the whole range of base currents 107 L :
investigated. In addition, it follows from Fig. 5(b) that the base 10° 107 10® 10° 10* 10° 107
current noise follows a dependenceSpf ~ I . Collector Current, |, (A)

Similar measurements of base current agigd base current ®)
noiseS;g have been made on transistors annealed at 900 and

o ; ; ; ; ig. 4. Base current noise at different collector currents in SiGe HBTs
950°C and are summarized in Fig. 6, anng with the resuI.tS f(ghgnealed at 975C 1) without F and BE implants; 2) with a F implant into the
the transistors annealed at 976. Thel/ f base current noise polysilicon emitter only; 3) with a BEimplant into the buried field oxide only;

is summarized in Fig. 6(a) and shows that the F and B and 4) with both F and BFimplants. (a) Dependences of input noise cur_rent
plants have no effect o8 in transistors annealed at 900 ange"eratoSis on frequency alq = 460 uA. (b) Dependences of input noise

. . " Current generato®;g on collector current af = 2 Hz. Measurements were
950°C. For transistors annealed at 98D, the level of noise iS made on transistors with active arefis . of 22 x 22 um? (circles), 16x 16
similar to that in the transistors annealed at 9Zmfter implant xm? (squares) and 14 14 um? (diamonds).
with both F and BE. For transistors annealed at 900, Sty is
slightly lower than that seen for any of the other anneal tempdrest of the transistors annealed at 9¢5i.e., those implanted
atures. Values of base current ideality factor are summarizednith both F and BE. These results show that the 945 anneal
Fig. 6(b). The ideality factors for transistors annealed at 900 addgrades the noise and base current and that the combination of

950°C are comparable or significantly better than those in tteeF and a BE implant can remove much of this degradation.
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3 102 ’f (b)
.g Fig. 6. Effect of anneal temperature on (a) the input noise current generator
=4 }r \ S measured atgr = 0.65 V andf = 2 Hz and (b) the values of the base
5 107 BF,; current ideality factong . Results are shown for transistors annealed at*@75
2 L 4 BE.+F 1) 950°C; 2) and 900 C; and 3) and for transistors without F andBmplants,
- 2 with a F implant into the polysilicon emitter only, with a BFmplant into the
102 L & I buried field oxide only, and with both F and Bmplants. Measurements were
l made on transistors with active arefg. of 16 x 16 um?=.
10°® 107 10° 10°
Base Current, i, (A)

) the F and Bk implants (curve 4) fall on a single line. The tran-
sistors implanted with F (curve 2) show lower valueS¢f, and
Fig. 5. Base current noise at different base currents in SiGe HBTs annealethe transistors implanted with both F andBEurve 1) showdra-

975°C 1) without F and BE implants; 2) with a F implant into the polysilicon matically lower values dfy . For the transistors without the Fim-
emitter only; 3) with a BE implant into the buried field oxide only; and 4) with

both F and BE implants. (a) Dependences of input noise current geneagor Plant (curves 3 and 43y follows an emitter current dependence
on frequency ats = 7 ;iA. (b) Dependences of input noise current generatadf Sy, o [2, and for the transistors with the F implant (curves 1
e TS 73 e, e St ey B 25, Tollows a dependence ot o L whereu < 2 The
um? (diamonds). base currentdependencégf for the transistors implanted with
F is shown by curve 2 in Fig. 8(b) and follows a dependence of
n ~
B. Input Noise Voltage Sve x [y, wheren ~ 1.7
Fig. 7 shows the input noise voltage specira(f), measured V. DISCUSSION
atlg ~ 2 mA for transistors annealed at 976. As seen, these
spectra are also df/ f type and a F implant decreasgs by a
factorof16, whileanimplantofboth Fand BEecrease$y, by a Considering the input noise voltage results for transistors
factorof600. Inaddition, the value 8¢, isfoundtobe unchanged without the F implant in Fig. 8(a), the emitter current depen-
when only the B implantis made. This can be seenin Fig. 8(ajlence ofSv, o I3 is typically observed when the/ f noise is
which shows a graph 6f,, asafunction of emitter currert;, for due to internal series emitter resistance, as can be seen from
the four types of transistors. It can be seen that the data for transli® second term on the right-hand side of (1). This observation
torsimplanted with BE-only (curve 3) and for transistors withoutallows us to conclude th&ty, = IQESre in the devices without

A. Input Noise Voltage
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o 1 - 1642 (o 1O BF), |, = 18563 Considering the input noise voltage of the devices with the
z 10 oyl vl | F implant, Fig. 8(a) gives an emitter current dependence of
</>f " Svr < [ wherem < 2. Hence, it is unlikely that the value
% 10 M[ of I2,S,. in (1) is the main contribution t8y, in this case. On
:%3 10" "% the other hand, the results in Fig. 8(b) give a base current de-
5} pendence 08y, o I57. Then, bearing in mind thatp o 157
:'g’v 10 \E\ ] from Fig. 5(b), the conclusion could be drawn tlSat = Sig.
§ u\\ \ This suggests that in transistors implanted with F, the input
8 4ot M’\w Feer, noise voltage generator is given B, = Sig(ry, +1.)? in
2 which case, the lower values 8f; seen in Fig. 8(b) in the
‘éﬁ 107 dgvic_es with both F and BgFa_s compared to devices implanted
= with just F could be explained by the lower values Sf;

10° 10' 10% in these former devices. This conclusion is supported by

Frequency, f (Hz)

the fact that the experimental values of the raig /Sip in

. . . h ransistor r I he val 2
Fig. 7. Dependences of input noise voltage generatgron frequency at these t.a sistors ‘."‘ppea to be close to the va l'(eboﬂ— re)
Ie &~ 2 MA in SiGe HBTs annealed at 97% 1) without F and BF implants; determlne(_j e)fpe”menta”y from measurements Qf the t_hermal
2) with a F implant into the polysilicon emitter only; and 3) with both F andsoltage noise in the base and emitter internal series resistances
BF, implants. Measurements were made on transistors with active Areas [16]. Therefore, the effect of the F implant in decreastig
of 22x 22 um?. ’ ' .

! appears to be so strong that théf noise of the base current

becomes responsible not only for the valuesgf but also for
the value ofS+;.

2 g = o € el 84

T g o -3 ,é s

o 10 O -¢ "3 .

5 7§ < / B. Base Current Noise

B s

g 1™ Vet g 10" e When developing a model to describe the behavior of the base

3 (o 3 . : X :

O Q, current and its noise, the following results have to be taken into

g 10 e g , 7 account:

=) o

= j » ; 10" 1) For transistors annealed at 975 the base current is de-

S 10" S /‘ creased by the F implant and also by the,BRplant

H / a 3 ./ b (Fig. 3).

=0 = g 2) For transistors annealed at 975, the base characteris-
10° 0% 10° 107 10° 10° 10*

tics of transistors without F and BFwith F only and with

i B C t, Iy (A .
Emitter Current, | (4) ase Current, s () BF, only are nonideal{ = 1.65—1.48), whereas those of
@ (b) transistors with both F and BRre near-ideal{ = 1.18).
Fig.8. Input noise voltage generafby, as a function of (a) emitter curreht 3) For transistors annealed at 95, the base current noise
and (b) base currefig in SiGe HBTs annealed at 97&. Results are shown for is not influenced by the F implant under conditions of

transistors with 1) both F and BEmplants; 2), a F implant into the polysilicon .
emitter only; 3) a Bk implant into the buried field oxide only; and 4) no F and constant _base current (Fig. 5). .
BF. implants. Measurements were madé at 2 Hz on transistors with active ~ 4) FoOr transistors annealed at 945, the base current noise

areasA s 0f 22x 22 um? circles), 16x 16 um? (squares) and 14 14 um? is dramatically decreased by the Bifplant (Fig. 5).

(diamonds). 5) For transistors annealed at 950 and 9G0the base cur-
rent noise is not affected by the F and Bfplant under

the F implant. This means that the fluctuations of the emitter ~ conditions of constant base/emitter voltage and is compa-

series resistance manifest themselves in the input noise voltage rable with or lower than that in the transistors implanted

of such devices. The most probable source of these fluctuations ~ with both F and BE and annealed at 97 (Fig. 6).

is the resistance., of the interfacial oxide layer [17]-[20]. The above results clearly indicate that the 9Z5anneal in-

That is, we can writeS,. = S,.x, Where S, is the spectral troduces additional base current and noise that is not seen in the

density of1/f fluctuations of this resistance. The significantransistors annealed at 950 and 9@ It is also clear that the

reduction in the value d¥+, observed in the devices implanted= and BR implants influence the base current and its noise in

with F [Fig. 8(a), curves 1 and 2] indicates that F implantatiodifferent ways.

significantly decreases the value Bf... Since S,qx o 12, In order to interpret the different effects of the F and;Bf-

[20], this decrease i1%,.x indicates that the F decreases thplants on the noise, let us suppose that the base current noise can

resistance of the interfacial oxide. Hence, these noise resutiéswritten asSig = IQBSX, whereSx is the noise source present

can be regarded as evidence that F promotes interfacial oxidé¢he transistors annealed at 976. Point 4 suggests that the

breakup [15] and hence reduce& noise, as has been reportechoise sourcé&x is strongly influenced by the BRmplant and

previously [17]. It should also be noted that the decrease pdint 3 thatSx is not influenced by the F implant. Considering

rox €xplains the increase of both the collector current arte effect of the F implant on the base currésitpoint 1 indi-

the base current observed in the F implanted devices at higies that both the F and Binplants influencdg. In addition,

base-emitter voltages (Table ). point 2 implies that the base current is due to recombination in
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the E/B depletion region in transistors without F and,Bkith  fluorine bubbles introduced into the buried field oxide during
F only and with Bk only. the BF, implant might provide such a stress relief mechanism.
Recombination in the E/B depletion region can occur at d&everal researchers [29], [30] have shown the presence of in-
fects, such as misfit dislocations, or at interface states where thesions when BF or F is implanted into polycrystalline sil-
E/B depletion region intersects the oxide at the perimeter of tlomn. These inclusions are related to the presence of the fluorine
emitter. TEM studies have been made on these transistors and it is postulated that they could contain gaseous [29], liquid,
no evidence of misfit dislocations found [14], which implies thadr solid material [30]. To the authors’ knowledge, no work has
the most likely explanation is recombination at interface statdseen reported on the properties of fluorine implanted into silicon
The best candidate for the noise soutgein the case whergs  dioxide. However, it is highly likely that analogous bubbles or
is due to recombination at the oxide/silicon interface is surfageids would be created. Such defects in the buried field oxide
noise. Amodel of such a noise has been proposed by McWhorteuld provide a possible mechanism for strain relief during the
[21]. The source of th&/ f noise in this model is considered t0975°C anneal. There is some evidence in the literature to sug-
be charge fluctuations at slow oxide traps within the oxide thgést that stress relief can occur as a result of the implant of a gas.
can modulate the recombination velocity at the interface.  For example, an argon implant into the back of a silicon wafer
The effect of the F implant on the base current could then bas been found to reduce the stress at the front surface of the
explained by passivation of the interface states by the F, as afer and reducé/ f noise [27], [28] .
been reported previously [15]. This passivation is likely to have Finally, it is necessary to consider why an anneal at 925
occurred by F diffusion through the polysilicon and depositegives increased/ f noise, whereas anneals of 950 and 900
oxide where the polysilicon overlaps onto the deposited oxide not. The temperature of 97& is coincidentally very close
[22]. This is possible because F readily diffuses through polysib the temperature at which viscous flow of oxide would be ex-
icon [23] and silicon dioxide [24]. The absence of any effect gfected to occur. Eer Nisse [31] showed that viscous flow of ox-
the F implant orbx suggests that the F implant has no effect oldes occurred at a temperature of 360 Based on this informa-
the concentration of slow traps. This would then explain whyon, we would expect viscous oxide flow to occur in the tran-
the F implant has no effect on the base current noise when msiators annealed at 97&, but not in the transistors anealed at
surements are made under conditions of constant base curB&tt and 900 C. The stress due to the selective collector epi-
(Fig. 5). taxy might provide the driving force for the viscous flow in the
To explain the effect of the BFimplant on the base currenttransistors annealed at 976. In addition, the reduction of the
and its noise, we need to find a mechanism that enables the BEess by the BFimplant into the buried field oxide might be ex-
implant into the buried field oxide to influence the oxide/silpected to reduce the viscous flow. Based on these arguments we
icon interface at the perimeter of the emitter. In the transistgosopose that viscous flow of the deposited surface oxide during
measured, this distance is several micrometers, and hencetkt®e975°C anneal could have degraded the oxide quality, intro-
mechanism has to involve action-at-distance. Boron diffusiaucing interface states and slow oxide states that give rise to the
from the buried field oxide can be discounted because of the Ibigh values oflzp andSx, respectively.
anneal temperatures and the low diffusion coefficient of boron
in silicon. Diffusion of fluorine from the buried field oxide to
the emitter/base junction might be possible because of the high V. CONCLUSIONS
diffusivity of fluorine in oxide and polysilicon [23], [24] . How-
ever, this explanation is not consistent with the results in Fig. 5,A study has been made df f noise and base currentin SiGe
which shows that F has no effect on the base current noise whBTs fabricated using selective epitaxy for the silicon collector
the measurements are made under conditions of constant EEENSEG epitaxy for the SiGe base and the n-Si cap. Two noise
current. sources have been identified in transistors annealed at®@75
One mechanism that does satisfy the criterion of action-athe first is an intense noise source due to recombination base
distance is stress. There is some evidence of the presenceufent at the oxide/silicon interface where the emitter/base de-
stress in our devices resulting from the selective silicon epitagjetion region intersects a deposited oxide. This source is ab-
used to grow the collector. TEM micrographs show fringes origent in transistors annealed at 98D and 900°C. The second
inating from the buried field oxide [25], indicating that the thiris due to the resistance of the polysilicon emitter interfacial
TEM foil is distorted due to the presence of stress between theide layer. The intensity of the first source is decreased signifi-
buried field oxide and the silicon collector. There is considecantly when a BEimplant is made into the buried field oxide to
able evidence in the literature that stress gives rise to increaseehte alink-base. The intensity of the second noise source is de-
1/ f noise. For example, early work by Brophy [26] showed thareased significantly when a F implant is made into the polysil-
the deformation of germanium led to incread¢d noise. More icon emitter. In addition, both implants decrease the recombina-
recently, work on nitrided MOSFETSs [27], [28] has shown thaton base current.
high surfacel/ f noise is measured due to stress created by theThe influence of the BFimplant on the noise is attributed to
nitrided gate oxides and that stress relief decreases this noike.relief of stress created by the selective epitaxial growth of
These results would be consistent with the results in this worthe silicon collector. It is proposed that the stress induces vis-
To explain the reduction of noise in the Binplanted tran- cous flow of the deposited surface oxide during the 9Z5an-
sistors annealed at 97%, the Bk, implant would have to re- neal, and hence increases the density of fast interface traps and
duce the stress at the oxide/silicon interface. It is possible tisdw oxide traps. The relief of the stress by the,Bfplant
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into the buried field oxide removes the driving force for the vis-[17] N. Siabi-Shahrivar, W. Redman-White, P. Ashburn, and H. A. Kemhad-
cous oxide flow and hence reduces the oxide degradation and jian, “Reduction ofl / f noise in polysilicon emitter bipolar transistors,”

the resultingl/ f noise. Viscous oxide flow does not occur at [1g

Solid-State Electronvol. 38, pp. 389—-400, 1995.
R. Gabl, K. Aufinger, J. Bdck, and T. F. Meister, “Low-frequency noise

temperatures of 900 and 93Q and hence increaséd f noise characteristics of advanced Si and SiGe bipolar transistorsPrda.
is not seen for these anneal temperatures. The influence of the ESSDERC1997, pp. 536-539.

F implant on the noise is attributed to the decrease of the resigl-gl

H. A. W. Markus, Ph. Roche, and T. G. M. Kleinpenning, “Dfif noise
in polysilicon emitter bipolar transistors: coherence between base cur-

tance of the emitter interfacial oxide layer by the breakup of the  rentnoise and emitter series resistance noBelid-State Electropvol.
interfacial layer, induced by the F. 41, pp. 441-445, 1997.

[20] H. A. W. Markus and T. G. M. Kleinpenning, “Low-frequency noise in
polysilicon emitter bipolar transistorslEEE Trans. Electron Devices
vol. 42, pp. 720-727, 1995.
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