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Low 1/f Noise Characteristics of AlGaAs/GaAs
Heterojunction Bipolar Transistor with
Electrically Abrupt Emitter—Base Junction

Jin-Hi Shin, Joonwoo Lee, Yujin Chung, Byoung-Uk Ihn, and Bumman Kim

Abstract—It is shown that the use of an electrically abrupt sources become increasingly important for small size HBT's.
emitter—base junction considerably reduces the /f noise of self- Since the abrupt AlGaAs/GaAs E—B heterojunction has the
aligned AlGaAs/GaAs heterojunction bipolar transistor (HBT). ; ; ;

Although this device does not have depleted AlGaAs ledge pas_Iaunchlng effect [3] and the_large potential barrier to the base
sivation layer, the low-frequency noise spectra show a very surface [10]_, the strgcture is. expected to reduce the surface
low 1/f noise corner frequency of less than 10 kHz, which current and itsl/ f noise. In this letter, we have demonstrated

is much lower than previously reported value of about 100 experimentally the effectiveness of using an electrically abrupt

kHz from conventional passivated or unpassivated AlGaAs/GaAs E—B junction for reducing the/ f noise of small size HBT’s.
HBT's. Except for a residual generation—recombination (g-r)

noise component, the noise power is comparable to that of Si
BJT. It is also found that the low-frequency noise power of the Il. DEVICE STRUCTURES

AlGaAs/GaAs HBT is proportional to the extrinsic GaAs base R .
surface recombination current square. Unlike the other HBT's To compare the effect of abrupt and graded E-B junction

reported, the noise sources associated with interface state andStrUCtUres on the /f noise, we used two kinds of MOCVD-
emitter-base (E-B) space charge region recombination are not grown HBT's: HBT A (abrupt E-B junction) and HBT B
significant for our device. (graded). The epitaxial structure of HBT A has a A@hick
30% Al mole fraction emitter layer and 10G0thick carbon-
doped base layer. The emitter, base, and collector dopant
concentrations ar@ x 107, 2 x 10, and 2 x 10%¢ cm—3,

HE LOW 1/f noise characteristics of AlGaAs/GaAsrespectively. HBT B is identical to HBT A except 14@0-

HBT's are very important for low-phase noise oscillatothick base. The typical collector current ideality factors were
applications [1], [2]. The dominant/f noise source of 1.12 and 1.01 for HBT A and B, respectively. The collector
AlGaAs/GaAs Heterojunction Bipolar Transistor (HBT) is thewurrent ideality factor of 1.12 for HBT A means that the
recombination at the extrinsic GaAs base surface [3]. Usigiectron transport mechanism of HBT A is affected by the
a thin depleted AlGaAs surface passivation ledge over th@terojunction discontinuity of E-B junction [11]. But, the
entrinsic GaAs base region, N. Hayaetzal. showed thatl/f  almost unity ideality factor for HBT B means that it has
noise of AlGaAs/GaAs HBT's can be reduced considerably graded E-B junction and the electron transport is limited
[4]. However, there have been large deviations more thag diffusion, not by an E-B heterojunction discontinuity
10 dBin1/f noise data among the surface-passivated HBT[$1]. The grading of E-B junction for HBT B was further
[3]-[5]. This fact indicates thatl/f noise is significantly ascertained by the almost identicAl — Vsg (in forward
influenced by the transport of carriers across the vertical HEjEtive mode atVz- = 0 V) and Iy — Ve characteristics
structure. To find optimized HBT structure, we demonstratggh reverse active mode &fzz = 0 V) [11]. Several different
that a large emitter size AlGaAs/GaAs HBT20 x 120 um?)  size HBT’s were fabricated by conventional MESA-type self-
with an abrupt emitter—base (E-B) junction has a very1gW  aligned base metal HBT process without surface passivation
noise corner frequency of about 100 Hz [6]. This very b  [12]. To estimate the magnitudes of extrinsic base surface
noise characteristic comes from the reduced recombinationr@éombination currents of the above two HBT structures, we
abrupt E-B junction as well as the reduced surface recomhbpictHﬁ:é versusPyg (emitter periphery)Ar (emitter area)
nation due to small emitter periphery/area ratio of the HBEharacteristics in Fig. 1. The emitter-edge base current density
Compared to other large emitter size AIGaAS/GaAs [7] andi, .4,. = Ip, cage/Pr) can be extracted from the slope of
GalnP/GaAs [8] HBT's, the HBT demonstrated at least 20 dﬁe fitted line in F|g 1 [13], where the aréﬁB7 area) and edge

lower bulk1/f noise level. Since both the bulk [9] and surfacgurrems(_rB edge) are related to dc current galiy i by
1/f noise increase with the decrease of emitter area, both noise

I. INTRODUCTION
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characteristics can be attributed to the launcher effect of
than 7.78uA/um for HBT B. HBT A has very low surface the E-B heterojunction discontinuity. Since the base surface
recombination current and, within our knowledge, this value oégion is laterally connected to the E-B interface region, the
JB, eage Of HBT Ais the lowest value among the unpassivatedccelerated electrons by the heterojunction launcher of the
AlGaAs/GaAs HBT's [13], [14]. Here, the base widths ofbrupt E-B junction can transverse the very thinb0Q A)
HBT A and B are different and its effect should be examine&—B interface region without recombination, and the portion
Generally, the thin base can reduce the surface recombinaffrelectrons diffused to base surface is significantly reduced
current [15]. According 10 [3]/5, cge = Jo s Wp La/ Dy o [3], [10]. In addition, the abrupt E-B J.unctlon can reducg the
Je W2, wheres is surface recombination velocity/ is base E-B interface and space charge region (SCR) recombination

width, L, (oc W5') is electron lateral diffusion length, angcurrents [16]

D,, is the electron diffusivity. From the relation, thi; cqge
reduction factor is estimated to be about 2, which is much lll. L ow-FREQUENCY NOISE CHARACTERISTICS

less than the actual measured factor of 6.1. Consequentlygince thel/f noise of HBT is generated mainly from the
the thin base of HBT A does not play a major role irbase surface and E-B junction recombination currents, we
reducing the surface current. Since our HBT has no surfagave measured the base current noise spedig.). The
passivating structure, this very low surface recombinatianeasurement method can be found elsewhere [6]. Fig. 2 shows
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the Sy, spectra of HBT A, HBT B, and Si BJT (MRF572). IV. CONCLUSION

Two finger 3 x 20 pm? 3'264 emltteQr HBT's were used for \ye have achieved a very low/f noise corner frequency
HBT A and B. A,t Jo = 10° Alem” and f = 10 Hz, the ot |egq than 10 kHz for a practically featured small size
Sipe Of HBT A is about 20 dB lower than that of HBT a|Gaas/GaAs HBT by using the electrically abrupt E-B
B, proving the effectiveness of the electrically abrupt E-Bnction. Unlike the other low-noise AlGaAs/GaAs HBT's,
junction in reducing the/f noise. HBT A exhibits a comer o, HBT does not incorporate a complicated passivation ledge

frequency of about 8 kHz, WhiCh, is much lower than that afirciure. Nevertheless, the low-frequency noise characteristics
conventional AlGaAs/GaAs HBT'sX100 kHz) [3]-[5] and ot our unpassivated AlGaAs/GaAs HBT surpass those of

is comparable to that of Si BJT. Since the measurement g hassivated or unpassivated AlGaAs/GaAs HBT, and are
Si BJT has been done at. = 3213 Alcm? (typical bias comparable to that of Si BIT. Considering its high linearity
point) lower thanJ, = 10* A/cm? for HBT's, the magnitude characteristics as well as excellent microwave performances.
of the spectra for Si BJT will increase by about 7 dB fopiGaas/GaAs HBT with an electrically abrupt E-B junction
J. = 10* Alcm®. Based on the relation of1. (10 HZ) s expected to be a main vehicle for low-phase noise oscillator
< I} cage [3] and the magnitudes o, cage for HBT A gpjications.

and B, the relativel/f noise reduction in HBT A can be

estimated as 16 dB, which is roughly agreeing with the actual
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