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Impact of Polysilicon Emitter Interfacial Layer
Engineering on thé& / f Noise of Bipolar Transistors
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Abstract—To optimize the electrical characteristics of polysili- the spectral purity of the circuit. While the impact of the
con emitter bipolar transistors, the poly emitter interface needs interfacial oxide thickness and the amount of oxide break-
careful engineering. In this paper, bipolar transistors of @ 0.5\, o the dc characteristics is well established, the impact on
um BICMOS process have been fabricated with intentionally . . ) .
grown oxides in an LPCVD cluster for precise control over thel/f noise behavior is not well charac_terlzed and the noise
the interfacial oxide thickness and uniformity. The trade off Mechanisms are not fully understood. First results point at an
between current gain enhancement and increased/f noise increased/f noise level when the interfacial oxide thickness
will be discussed for various interfacial oxide thicknesses and increases [3]-[10]. There is also some evidence thatl e

emitter annealing conditions. It will be demonstrated that for 456 spectral density in the low and in the high current region
sufficiently large base currents, both for large 20 um x 20 zm) h diff t hvsical origin I8 d 110

and _smaII 0.5 pm x 5;/,m) emitter areas the interfacial oxide N&Ve a. ifrerent p y_8|0a origin [ ]_an [ _]' ) .
dominates the 1/f noise spectrum of the base current. Hence, In this paper, the impact of the interfacial oxide thickness

the polysilicon emitter interface engineering will not only set the on thel/f noise will be investigated using samples processed
current gain at a predefined value, but at the same time the jn an LPCVD cluster tool. Thé/f noise in the low and high
associated oxide-tunnelling noise is fixed, within the constraint base currenf region will be investigated as a function of the
that the emitter-base junction depth is constant. Finally, it will . terfacial ]'3d thick d th it L f
be shown that the current gain enhancement and increasetl/ f Interiaclal oxide thickness an e emitter an_nea, in c,ase_o
noise have compensating effects on the output noise of practical RTA or furnace anneal. For reasons of comparison, BJT's with
circuits. the polysilicon emitter deposited in a conventional horizontal
tube will also be included. For the latter samples, it will be
I. INTRODUCTION shown that thg RTA temperature aIIovys precise contrpl over
'S high ; binol hnolodi Ithe current gain, and the corresponding impact of different
I ODAY'S igh per orlmafncr? 1po ?r _telc n(_)doglss FeRTA temperature on th&/ f noise will be discussed. It will be
upon precise control of the Interfacial oxide betweef,,qirated that irrespective of the deposition technique or

the polysilicon emitter contact and the underlying substratg, o jing conditions, for transistors with comparable emitter
Using a conventional horizontal LPCVD deposition tube, t nction depths, a one to one correlation exists between the

pre-cleaning and deposition processes must be carefully e Se current suppression and increasgfl noise
neered in order to give reproducible electrical characteristics.-l-he paper starts with a description of the processing of the

Since the pre-c]eanlng and. pleposmon processes ane BF‘“ bipolar transistors with special emphasis on the poly emitter
some re—o>_<|dat|on of_the silicon surface can oceur during tg‘scessing (Section 1I). The poly emitter interface and the
wafer loading operation due to bagk streammg of oxygen. itter/base impurity profiles will be characterized in Section
order to ensure good control of the interfacial layer the fumage e jmpact on the current gain and emitter resistance will
temperature and flow rates must be carefully optimized _[]ﬂe summarized in Section IV. In Section V, théf noise

The atljvefnthof _LPC}/D_C:USt_e(; t0|0| techr?ologr)]/ arl]lows p,re?'sgharacteristics will be discussed in detail for different process
control of the interfacial oxide layer through the useiot ., 4iions and the consequences of the interface engineering

situ HF vapor cleaning and subsequent re-oxidation prior 8r low noise amplifier design will be commented.
polysilicon deposition [2]. This gives a more flexible process

for optimization of the transistor parameters toward high
emitter efficiency and low emitter resistance. This optimization I
is essential for realizing transistors with good mixed analog ] )
and digital performance. As_ the basis for our study we have used the plpolar
For high frequency analog applications the transistof transstors_ of a_O.Eum hlgh_ performance (15 GHz) mlxe(_j
noise is also an important parameter since it can degrad@log/digital, single poly BICMOS process [2]. The transis-
tors have a quasiself-aligned emitter/base architecture in which
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TABLE | 102!
DETAILS OF THE VARIOUS POLYSILICON INTERFACE ENGINEERING APPROACHES AS A Oxygen:
USED IN THIS WORK AND INTEGRATED OXYGEN DOSE, MEASURED BY SIMS m’g 102 \,,\— L6 m”/c;n: ,
N\ 2.1 10" Yem’
N o S N, 2.7 10%em®
Deposition Pre-clean Dox Dox Oxidation Time g 10 % < ‘é%
Equipment RTA 11009C | Furnace 9009C g & N, o o
g 10 SR =
(x1015 cm2) | (x1015 cm2) 2 N
_ . S 07
Horizontal HF-dip 1.9 --
; . 10 ' )
Furnace HF-dip 1.9 - 030 035 040 045 050
Depth (itm)
Cluster HF-dip 1.0 1o reoxid. Fig. 1. Arsenic and boron profiles in the vicinity of the polysilicon emitter
interface, for different oxygen doses. Furnace anneal.
HF-vapour 0.9 no reoxid.
When using a conventional horizontal polysilicon furnace, the
Cluster HF-vapour 1.6 3 min. amount of oxygen at the interface can not be so readily con-
HF-vapour 16 3 min. trolled. With our present procedure, we obtained an integrated
_ oxygen dose of.9x 10'3/cm?. Using low temperature thermall
HF-vapour 2.2 30 min. . . . .
reoxidation for 3, 30, and 180 min, the integrated oxygen
HF-vapour 2.1 30 min. dose can be increased from th® x 10*°/cm? level obtained
HF-vapour 2.6 180 min. without any reoxidation (polysilicon deposition immediately
. 1? 1?
HF-vapour 27 180 min. after the HF-\{apor clean) to respectively x 102, 2.2x 10 °,_
and 2.6 x 10'%/cm?. Remark that the dose that was obtained

using the horizontal poly furnace is within this range.

In Fig. 1, the arsenic and boron emitter/base SIMS profiles
silicide is used to reduce the external base resistance andiththe vicinity of the interface are shown for different oxygen
emitter resistance. doses, for samples with furnace anneal (FA). The higher the

Wafers were processed at emitter polysilicon depositi@xygen dose, the more the emitter outdiffusion from the poly
either in an ASM Advance/600 LPCVD cluster tool or in &mitter to the monocrystalline substrate is suppressed, although
conventional horizontal LPCVD system. Wafers processed time total difference in outdiffusion is smaller than 10 nm. The
the cluster system were first given amsitu HF vapor clean boron profiles are also slightly affected because of the emitter
and were then transferred under 1 Torr nitrogen to a vertiqalsh effect, as is evidenced by the shift in the location of the
LPCVD poly tube. Thermal re-oxidation of the wafers wasotch in the base profile. The relatively high concentration of
then performed for several oxidation times prior to 350 niporon in the emitter poly is a feature of the CMOS compatible
poly deposition at 626C, as summarized in Table I. The RTAemitter-base structure and is due to the PMOS HDD implant.
emitter drive was carried out at 1100 for 10 s to break-up For the RTA annealed samples (Fig. 2), a similar suppression
the interfacial layer, or at 90U for 20 min. in a furnace tube of the emitter outdiffusion with increasing oxygen dose is
to leave it continuous. observed. The exception to this is the sample with the lowest

Wafers processed in the conventional LPCVD tube wemxygen dose where epitaxial realignment has affected the
first given an 0.5% 120 s aqueous HF-dip before loading inbmpurity profiles. This was confirmed by Rutherford Back
the poly deposition system at 500. The furnace was then Scattering channeling spectra which indicated that the polysil-
pumped down and ramped to the deposition temperatureiedn layer had epitaxially re-aligned over approximately one
620°C. This procedure is necessary in order to avoid excessiifgh of its thickness.
or uncontrolled regrowth of oxide. For these wafers the RTA
emitter anneal was carried out at either 1075, 1100, or 1€25 IV. DC CHARACTERISTICS

for 10 s. In addition, some wafers were also given an RTA Pre-The quasi-self aligned emitter base structure provides an

anneal at 1025C for 10 s, before As implantation, since the, ce|ient vehicle for analyzing base current suppression and
interfacial oxide breaks up more easily in absence of the higlise hehavior due to the ideal behavior of the dc character-

arsenic concentration. istics. From the characteristics reported earlier [2], we deduce
that the current gain is constant over more than five decades
of the collector current. The base current suppression with
In order to give a quantitative measure of the thicknesscreasing oxygen dose is clearly observed while from the
of the interfacial oxide layer, the oxygen profile at the polyeollector characteristics we conclude that is only weakly
mono interface has been measured using SIMS [2]. Tableldpending on the oxygen dose. This is in agreement with
summarizes the oxygen doge,, measured for the different the SIMS doping profiles which showed minor differences in
splits. From the first two entries in this table, we observe thatnitter outdiffusion. Because the collector current is only a
thein situ HF-vapor clean is as efficient in removing the nativeveak and indirect function of the oxygen dose, effects on the
oxide from the wafers as the HF-dip in aqueous HF solutionollector current will be further neglected, especially in view

I1l. D OPING PROFILE AND INTERFACIAL LAYER EVALUATION
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Fig. 2. Arsenic and boron profiles in the vicinity of the polysilicon emitter_. . . .
interface, for different oxygen doses. RTA anneal. Fig. 4. Base current versus emitter resistance for different oxygen doses.
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Fig. 3. Base current versus emitter resistance for different oxygen doses. ) ] ]
RTA and furnace anneadp, = 1 pum x 20 um. Fig. 5. Base current versus emitter resistance for different RTA temperatures.

Ap = 1pum x 20 um.

of the strong dependence of the base current on the interfacjal . . .
oxide thickness and anneal conditions. %e threshold temperature for oxide break-up will result in a

In Fig. 3, the base current atlé; ; bias of 0.6 V is plotted deviation from the RTA anneal curve toward the higher values

versus the emitter resistance, for transistors with dif“fere(r’aikt(mt"tec.j for the FA devices. . . .
oxygen doses at the interface. Two separate sets of data ar%omblmng thel/p—R, data for all dewce; which re_celved
found. For the RTA annealed transistors, the strong suppress?@qRTA anneal, we conclupl_e tha_\t despite the differences
of the base current for increasing oxygen doses is cleal'\}ﬁ)I he poly deposition con(_jmon_s in the two systems they
observed. This strong suppression is traded off against gre a commoidis—fig relationship. In other words for both

increase of the emitter resistanBg;. For the furnace annealed gppsﬂmqs, engineering O.f the b_ase current suppression for
migimum impact on the emitter resistance is possible but in the

transistors, a similar base current versus emitter resistanc f the clust ddit 1 f freed ‘< afforded
trade off is obtained, but the whole curve is shifted towar, S€ O. ?C us_er qn additiona egree_ offree om_ '.S attorde
Itheln situ oxidation. In the conventional deposition case

higher values of the emitter resistance, because the interfa%% RTA temperature can be ontimized toward maximum base
layer remained intact during the furnace anneal, while it P P

broken up for the RTA current suppression but the range may be limited by threshold
The data of Fig. 3 are shown on a double logarithmic Scafg,mpe.rature fOI’.OXIde break-up.. : . :
Having established the polysilicon interface engineering for

in order to demonstrate that the base current versus emi% Y dc characteristics, it will be investigated in the next section
resistance trade off exists over the full range of oxygen dos other this has an i'm act on thg r?oise behavior of the
that was used. However, from a practical point of view, th ) P ¢

r%nsustors.

data replotted on a linear scale (Fig. 4) show that there exist
a region for the RTA annealed transistors where the base
current can be suppressed with minimal impact on the emitter
resistance, because tlig—Rg curve is very steep. . )
When transistors are fabricated using a conventional hét: The Low Frequency Noise Spectral Density
izontal poly furnace, the amount of oxygen at the interface In this work low frequency noise measurements have been
cannot be so readily controlled. However, it is still possiblperformed in the common emitter configuration using source
to engineer thelp—Rp operating point by changing theresistanceRs corresponding to both high impedance (HI) and
temperature of the RTA or by including a pre-implant polyow impedance (LI) modes of operation (i.e., with source
anneal, as shown by Fig. 5. The range over which the bassistances?s which are either much larger (HI) or lower
current can be engineered for a given oxygen dose at tthé) than the input impedance of the transistor). The collector
interface is limited, since lowering the RTA temperature belowoltage in all cases is fixed adtcg = 3 V. Two device

V. 1/f NOISE CHARACTERIZATION
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T . . . whereby the first term corresponds to the diffusion noise (or
Nﬁ 1010 S e ] mobility fluctuations component), which is proportional to the
< 102 N ] ideal part o_f the_base currgnt. The second term corresponds_to
z 102} ‘“\,n\u ] the_fluctuatl_ons in the nonlde_al p_art of the base current and_ is
E’ 102k %\:; =601 mainly dominated by recombination at the surface of the emit-
T 0%t -\\\\’*‘ 1 -15uA] ter/base depletion regio_n [15]. This _term is proportional to the
:;,_' e °\ ] square of the base/emitter recombination current component,
g 02 oe 1,=0.6uA] having an emission cogfﬂm_erit <m < 2.'The .thll’d term.
2 e . o corresponds to fluctuations in the interfacial oxide tunnelling
a1 10 & 16 barrier, for which different expressions can be found in the
Frequency (Hz) literature [5]-[8]. However, in all cases it is found that the

associated noise term varies wiffy. The latter component
Fig. 6. HI (solid symbols) and LI (open symbols) spectra obtained for

20 pum x 20 um transistor. Standard furnace deposition and 10 s 1@75 ﬁas bee_r! shown t'(_) be the dommant source of & .; RI0ISE
RTA has been used. in polysilicon BJT's [5]-[8] and is strongly determined by the

applied interface engineering, which will be demonstrated in

. o : _ _ the next section.
geometries have been studied in detail having emitter atgas

(= WE x Lg) of 2_0“m>< 20 pm and0.5 umx 5 um. In Fig. 6 . B. Influence of the Oxygen Dose at the
typical HI and LI input-referred spectra are shown for a dev'clr"lterface on thel/f Noise
with a 20 um emitter width processed in the conventiona ) ) )
deposition furnace. The spectra exhibit 4™ type behavior In ord_er to evaluate t_he influence of t_he |nterfaC|aI_Iayer
with ~ close to unity over the range of base currents afjocessing on the/J noise we now restrict our analysis to
frequencies studied (between 1 Hz and 1 kHz). Similar resulf¥ noise spectral density at 10 Hz which is well into the
have been obtained for the devices processed in the LPCVY noise region for the HI measurements. In Fig. 7, the base
cluster. In general, over the range of devices considered in ffrent noise spectral density is shown as a function of the dc
present work, we have found that the frequency exporyentbf_ise (_:urrent, for transistors proce_ssed in the LPC\/_D cluster
varies between a maximum value of 1.1 at high base currem@h different oxygen dose at the _mterfa_\ce. The emitter area
to a minimum value of 0.85 for the lowest base current 4z = 20um x 20 um. Two regimes in the base current
Such a variation with current level has also been observ@gPendence can be distinguished for the base current range
in Si MOSFET’s [12]. In contradiction to other reports [3]investigated €5uA < Ip < 50pA), in agreement with
and [9], so far, little Lorentzian-like noise components ha/&cent reports [8] and [10]. In the high current region, a
been observed in the spectra. strong increase of th&é/f noise is observed with increasing
Several noise sources can potentially contribute tolthe ©Xygen dose at the interface. For the same oxygen dose, the
output noise spectral density [9], [13], [14]. To identify thd'0iS€ is significantly higher in the case of furnace anneal
dominant1/f noise mechanisms, measurements at high aff®) compared to RTA. In this region, the noise spectral
low source impedanc&s have been compared, as in Fig. 69€Nsity is in good approximation proportional . We
Rs = 100 for the low impedance measurements, while fgronclude from th|§ that the d_omlnf'i_nt noise mechanlsm for
the high impedance measurement; is chosen asRg = both types of device can be |de_nt|f|ed as tunnelling barrier
(V. — Vgg)/Is with Vs the supply voltage, which guaranteeé'uc".uat'ons- In the low current region, t_he_ curves converge qnd
Rs > r. = Vr/Ip. Hereby isVr the thermal voltage and the impact of the process conditions diminishes. In this region
7 is the base-emitter junction dynamic resistance. Comparifif noise spectral density tends toward a proportionalityzof
the common-emitter HI with the LI results, a clear reductiof’ 75 " With m the emission coefficient of the emitter/base
in the 1/f noise is observed, from which it is concludedlepletion region recombination current component. In this
according to [4] that the dominant noise current source fé#gime the noise cannot be measured accurately enough and
high impedance measurements is the bBsg noise current OVer a sufficient/g range to distinguish between the two
amplified by32 to the output, with3 the current amplification. dependencies. Measurements on small area devices from the
Hence, the base curreht f noise spectral densit§;,(f) can Same wafers are shown in Fig. 8. The same tendencies can be
in good approximation be obtained from measurements wipserved as for the large area devices. However, for a given
high source impedance of the output noise spectral spectr@@s€ current the noise is much higher for small area devices.
Syo(s) across the load resistandg, by [8] and [14] We have found this increase to be in agreement with this
dependence which has been reported in other work [7]-[9].

g _ Syo(f) 1 The observed experimental trends can be summarized as
n(f) = RI 2" (1) follows:
. . . Kool
The 1/f base noise current spectral density for a polysilicon Sn(f) = 7 (3a)
emitter BJT consists of several contributions, which can be
represented as follows [6] and [9] with K, a semi-empirical, dimensionless ¢f = 1) factor

depending on the device arelg; and on the oxide thickness
Si(f) = Stvdiss + Stvrec + Stvs (2) t, (in nm), or the integrated oxygen dosB,, (/cm?).
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Fig. 7. Influence of the oxygen dose at the interface on the HI comm@ig. 9. Influence of the RTA temperature on the noise spectral density
emitter-base current noise spectral density, for = 20pum x 20pm gt f = 10 Hz, for Az = 20pum x 20 zm. Oxygen dose at interface is
(deposition in an LPCVD cluster). The curves correspond, respectivelyg x 1015 /cm?. The curves correspond to: 1190 (full squares); 1075C

to: RTA 1.6 x 10'5 cm™2 (squares); FA1.6 x 10'® cm~2 (diamonds); (diamonds); 1128C (+).

RTA 2.2 x 10%cm=2 (x); FA 2.1 x 10 cm? (full circles) and RTA

2.6 x 10 cm™2 (open squares).
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Fig. 10. Influence of the RTA temperature on the noise spectral density, for
Fig. 8. Influence of the oxygen dose at the interface on the HI commehz = 0.5 um x 5.0pm. Oxygen dose at interface 1s9 x 1015 /cm?. The
emitter base current noise spectral density, forr = 0.5um x 5um  curves correspond to: 116C (full squares); 1073C (diamonds); 1128C
(deposition in LPCVD cluster). The curves correspond, respectively, tor).
RTA 1.6 x 10'>cm~2 (squares); FA1.6 x 10'>cm—2 (diamonds);
RTA 2.2 x 105 cm™2 (x); FA 2.1 x 10 cm—2 (full circles) and RTA

2.6 x 105 cm™? (open squares). C. Influence of the Oxide Break Up On
the Noise Spectral Density
Equation (3a) is valid for sufficiently highz. However, In the previous section, it has already been shown that a

when the transistor enters high injection, the empirical noisgrnace anneal resulted in significantly higher noise spectral
behavior starts to deviate. The analysis of the noise behavifgnsities than an RTA, for transistors with the same oxygen
there is out of the scope of the present work. For the RTdose at the interface. This thermal oxide break-up is now
annealed20 m x 20 um transistors processed in the LPCVQurther explored by inspecting the noise spectral density for
cluster, K, equals samples processed in the horizontal furnace with an oxygen
dose of1.9x 10'3/cm? and different RTA conditions. In Fig. 9,

~ —13 15 X X . )
Kow ~ 34 X 107 exp (2.02 x 107 Doe.) (3b)  for transistors with an emitter area 200 pmx 20 um, the noise

or. equivalentl spectral density is plotted as a function of the base current.
» €4 y Again, two regions in the bias dependence are observed. In the
Kop ~ 4 x 1071 exp (5.36t,,) (3c) high current region, the noise spectral density is proportional to

I% and the noise increases with decreasing RTA temperature.
with D,, expressed in at/ctmand t,, in nm. These values In the low current region, again a convergence of the curves is
are derived from a least-squares fit to the experimental dafeserved and the influence of the RTA temperature vanishes.
points. For the FA annealed devices, similar values can ber transistors with smaller area this trend is less clear in
obtained, with a larger pre-factor value in (3b) and (3c)ig. 10 due to the larger sample-to-sample noise variation.
This pre-factor can be considered as a theoretical lower limitlt is clear from Figs. 7-10, that the amount of oxide break-
for the normalized noise performance of these transistotf has a large impact on th¢ f noise, as is evidenced by the
corresponding toD,, or t,, = 0. In practice, this will influence of the RTA temperature and the difference between
result in strong epitaxial realignment, which is known to yiel®TA and furnace anneal. For the same oxygen dose at the
the lowest noise performance [7], but which also affects tliterface the noise behavior can change dramatically depend-
impurity profiles. ing on the annealing conditions. Hence, similar as for the
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base current versus emitter resistance trade off (Figs. 3-5), we 2107 rra :
. . . . . . L

conclude that engineering of the characteristics using a fixed ? \ -

. . . -y . . . -19L — 4
oxygen dose and optimising RTA conditions, or optimising 10 . ey
the oxygen dose for a constant RTA temperature lead to an pol_ Km0 m 1o=05 ma
equivalent influence on the/ f noise spectral density. Hence, 0 ! 2 3
. . . . 15 -
in addition to the base current suppression versus increased Oxygen Dose (10°cm )

emitter resistance trade off, a trade off base current SUppreSS#BUIS. Measured output current noise spectral density of amplifier circuit

versus increasetl/ f noise spectral density exists (Fig. 11). as a function of oxygen dose, at a fixég = 0.5 mA. f = 10 Hz. High
From Fig. 11, follows that there exists a one-to-one corréopedance signal source.

lation between the base current suppression (represented by

the base current at fixellsr = 0.6V : Ipoe) and the LF voltage, this implies a constant collector current. A transistor

excessl/f noise normalized by its base current dependenayith high current gain results then in a lowks, and the lower

For sufficiently high/, this relationship can be described by; compensates for a highey f noise per unit base current.

Si(f) ., 9.5% 10719 For a high impedance signa_l source, which is the worst case
fI_2 =-202x 107"+ T Inos for transfer of base current noise toward the output, the output
B 19 1/f noise current spectral densify,(f) equals
_12 . 95x107193
=-2.02x 10 + — (4) 12 K. 2 ]2
leos S1o(f) =B2Sn(f) = 35 x =58 = 5 x Ko (8)
(for Ig = 10 pA, f = 10 Hz, andy = 1), whereby the B

constant prefactor represents the partfof, that can not and hence the output spectrum is only linear proportional to
be controlled by the interface engineering approach. In oth&t,,.. This is experimentally confirmed by the output noise
words, by the polysilicon interface engineering, not only thepectral density for a voltage amplifier withdy| = 20
current amplification is selected, but at the same time tire Fig. 13, where indeed the proportionality with,, is
associated normalized oxide-tunnelling noise is fixed, withisbserved, for different process conditions and emitter sizes.
the constraints of a constant emitter-base junction depth, whiclFor a low impedance signal source, on the other hand, we
is necessary to keefy- approximately constant. Applying afind:

larger junction depth has been shown to reduce the noise [7] (Rs+m)% ,

and [9], because more holes can recombine in the crystalline S1o(f) =Sn(f) W /

emitter part. This would result in a parallel shift to the left of "

2
the straight line in Fig. 11. Reducing the junction depth gives = KO’UWIB (Rs +13)%g2,
rise to the opposite. f
L (Rs 42w Ko ©)
= —— r —
D. Impact of the Interfacial Layer Engineering TRZ A 32
on thel/f Noise in Practical Circuits and hence the increase I, is compensated by the increase

The final question to be answered, is whether the improvie- 32. Also this is experimentally confirmed by the output
ment in dc characteristics is not jeopardised by the increasaise spectral density of the amplifier circuit, as shown in
of the 1/f noise. In many practical circuits, the increaseffig. 14, where indeed the LI noise for the5pm x 5pm
1/f noise per unit of base current can be compensated BYT’s shows a slight reduction with,,,, both for the RTA
having a lower dc base current, due to the increased currant FA devices, with the exception of the device with thickest
gain. The simplified voltage amplifier of Fig. 12 illustratesnterface oxide. The latter increase is not understood at the
this issue. The voltage amplification of the transistodis = moment. For the large area devices, negligible exde'ss
—gm X Rp. For identical voltage amplification, theg,, must noise is observed at 10 Hz (Fig. 6) in the LI configuration, so
remain constant, and singg, = I«/Vr with V- the thermal that this parameter is of no practical concern in that case.
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40 T T [5] W. S. Lau, E. F. Chor, C. S. Foo, and W. C. Khoong, “Strong low-

{):51(:1:;11?(5 . . frequency noise in polysilicon emitter bipolar transistors with interfacial

].C:O'S A oxide due to fluctuations in tunneling probabilitiedgn. J. Appl. Phys.,

I vol. 31, pp. L1021-L1023, 1992.

[6] D. S. Quon, G. J. Sonek, and G. P. Li, “l/f noise characterization of

| base current and emitter interfacial oxide breakup in n-p-n polyemitter

LT o o bipolar transistors,1EEE Elec. Dev. Lettyol. 15, pp. 430-432, 1994.
[7] N. Siabi-Shahrivar, W. Redman-White, P. Ashburn, and H. A. Kemhad-
jian, “Reduction ofl / f noise in polysilicon emitter bipolar transistors,”
Solid-State Electronyol. 38, pp. 389-400, 1995.

= u [8] H. A. W. Markus and T. G. M. Kleinpenning, “Low-frequency noise in

0 . . polysilicon emitter bipolar transistorsJEEE Trans. Electron Devices,

s a0 vol. 42, pp. 720-727, 1995.

Oxygen Dose (10 /em™) [9] M. J. Deen, J. llowski, and P. Yang, “Low frequency noise in

polysilicon-emitter bipolar junction transistorsJ. Appl. Phys.,vol.
Fig. 14. Measured output current noise spectral density in the LI mode 77, pp. 6278-6288, 1995.

(Rs =100Q), atIc = 0.5 mA for the 0.5 um x 5 um polysilicon emitter [10] A. Mounib, F. Balestra, N. Mathieu, J. Brini, G. Ghibaudo, A. Chovet,

BJT's. A. Chantre, and A. Nouailhat, “Low-frequency noise sources in
polysilicon emitter BJT’s: Influence of hot-electron-induced degradation
and post-stress recoverylEEE Trans. Electron Devicesjol. 42, pp.

1647-1652, 1995.
V1.  CONCLUSIONS [11] S. Decoutere, S. Vanhaelemeersch, L. Deferm, F. Vleugels, and G.

The polysilicon emitter interface can be engineered for Vancuyck, “Post-etch cleaning after dry etching the emitter windows to
: e e : : : improve the bipolar characteristics in a Q@& BiCMOS technology,”
bas_e current suppression, but th_|s is inevitably associated Wlth in Proc. ESSDERC'941994, pp. 137-140.
an increase of thd/f base noise current spectral densityi2] C. Surya and T.Y. Hsiang, “Theory and experiment ontji¢” noise
in the high current region. In this respect, engineering the in p-channel metal-oxide-semiconductor field-effect transistor at low
. . . drain bias,”Phys. Rev. Byol. 33, pp. 4898-4905, 1986.

amount. of O_Xygen at thef interface for a glven emitter anneﬂB] A. van der Ziel, X. Zhang, and A. H. Pawlikiewicz, “Location df f
or engineering the emitter anneal for a fixed amount of noise sources in BJT's and HBIT's—I: TheoryEEE Trans. Electron
oxygen at the interface are equivalent. Furthermore, this trage Devices,vol. ED-33, pp. 1371-1377, 1986. . .

. . . . ] T. G. M. Kleinpenning, “Location of low-frequency noise sources in
off can not be shifted by using more precise equipment 10 sypmicrometer bipolar transistordEEE Trans. Electron Devicesiol.
control the interface: the trade off is inherent to the tunnelling 39, pp. 1501-1506, 1992. o o
barrier. Derived from this trade off we can summarize that® A Van der Ziel, *Formulation of surfack/ f noise processes in bipolar

. ) . . junction transistors and in p-n diodes in Hooge-type for8glid-State
the 1/ f base current noise spectral density will increase with  Ejectron., vol. 32, pp. 91-93, 1989.
increasing oxygen dose and with reduced oxide break-up. The
above conclusions were valid in our experiments for large area
(400 zm?) and small area (2.xm?) transistors.

In the low current region, the dependence of théf
base noise current spectral density on interfacial propert
vanishes, while the current gain enhancement remains.
a consequence, the interface engineering of transistors
amplifier circuits results in increased or decreasg¢d noise
depending on the dc bias and the impedance of the sig
source: for the thick or unbroken interfacial oxides, the outp LTSy
noise will be h|gher at high dc bias currents and high sour In 1986, he joined the Interuniversity Micro-
impedance, but it will be lower at low currents or at low SourCglectronics Center (IMEC), Leuven, Belgium, working in the field of

impedance. low-temperature electronics. Later, he became involved in the ESPRIT BRA
Noise project, to study low-frequency noise in submicron Si MOSFETS and

in MOSFETS operating at low temperatures. His current interests are in the
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