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ABSTRACT Table 1. HBT's Used For This Work
HBT E-B Al Mole Base Collector
Junction | Fraction | Thickness | Current Ideality
We have investigated the surface recombination [%] [A] Factor
and its 1/f noise properties of AlGaAs/GaAs | HBTA | Abrupt 30 1000 1.180
HBT’s as a function of the emitter-base structure | -HBTB | Graded 30 1400 1.002
HBT C | Abrupt 20 1000 1.067

and the surface passwat!on _Condltlon' _lt is found (HBT A’, B’, and C’ are the passivated counterparts of HBT
that_t_he surface recombination 1/f noise can be A, B, and C, respectively.)

significantly reduced by the heterojunction

launcher of the abrupt junction with 30 % Al Table 2. MOCVD Layer Structure For HBT A and A’

mole fraction emitter. The depleted AlGaAs Layer Thickness ~ Doping
ledge surface passivation further suppresses the - [A] [em |_
surface recombination currents. Consequently, ©2P M INo.sGao.sAS 400 1x10
. . n" InxGay-xAs 400 1x 10
we have achieved a very low 1/f noise corner (x:0-0.5)
frequency of 2.8 kHz at the collector current n* GaAs 500 5% 108
density of 10 kA/crh. The dominant noise source n GaAs 700 5% 10t7
of the HBT is not a surface recombination ~Emitter n AkGay-xAs 300 2% 10%7
current, but a bulk current noise. This is the (x:0.3-0)
. 17
lowest 1/f noise corner frequency among thie N Alo sGao.7As 700 2X10
Base g GaAs 1000 2Xx 10

Vcompound semiconductor devices, and

comparable to those of low-noise Si BJT’s. gggig:l‘:ﬂor ”ﬁ g::: 64000000 éiigiz
INTRODUCTION DEVICE STRUCTURE

Recently, the use of electrically abrupt emitter-base Table 1 shows the device structures studied. To
(E-B) junction HBT was suggested for the reduced investigate the E-B junction effects on the surface
1/f noise [1]. The unpassivated HBT demonstrated arecombination current and its related 1/f noise, we
very low 1/f noise corner frequency of about 8 kHz, used the unpassivated ,&a As/GaAs HBT's with
comparable to those of low-noise Si BJT's. three different E-B structures: HBT A (abrupt/
Nevertheless, the dominant noise source for the HBTx=0.3), HBT B (graded/ x=0.3), and HBT C (abrupt/
was still the residual surface recombination [1]. This X=0.2). HBT A’, B’, and C' are the surface-
suggests that the noise can be further reduced bypassivated counterparts of HBT A, B, and C,
applying the depleted AlGaAs ledge passivation respectively. Table 2 describes the MOCVD-grown
technique [2]-[4]. To find the optimized HBT layer structure for HBT A and A’. HBT B is
structure for the reduced 1/f noise, the surfaceidentical to HBT A except 140\ thick base. HBT
recombination characteristics of HBT’s have been C is identical to HBT A except 20 % Al mole
investigated as a function of the grading of E-B fraction emitter. The typical collector current
junction, the Al composition in the emitter, and the ideality factors were 1.180, 1.002, and 1.067 for
surface passivation condition. HBT A, B, and C, respectively. The nearly unity
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20 - knowledge, the lowest value among the unpassivated
wh S A AlGaAs/GaAs HBT’s. At & = 10 KA/CHT, the & cage
— “HBT B reduction factors by surface passivation are 2.22,
BEG. 2.71, and 2.73 for HBT A and A’ pair, HBT B and
_ 14 B’ pair, and HBT C and C’' pair, respectively.
g 2 Amongst the HBT structures, HBT A’ has the lowest
23 10 surface recombination current.
[
[=))
©
2 8F LOW-FREQUENCY NOISE
6 CHARACTERISTICS
4 —
2 b Since the 1/f noise of HBT is generated mainly from
0 E & - | L ‘ the base surface and E-B junction recombination
0 10000 20000 30000 40000 50000 currents, we have measured the base current noise
Jc [Aem 2] spectra (®¢). Fig. 2 shows the spectra for HBT A,

Fig. 1. Edge-emitter base current density &g .vs. collector current
density (&) characteristics of HBT's

B, and C with different E-B structures. At J= 7
kA/cm?, and f = 10 Hz, we can observe that the
magnitude of g, for HBT A is the lowest, as can be

ideality factor of HBT B means that it has a graded deduced from the surface current characteristics
E-B junction [5]. But, the ideality factors more than given by Fig. 1. This indicates that the 1/f noise of
unity for HBT A and C mean that they have Sy, can be determined by the magnitudes of surface
electrically abrupt E-B junctions and that the recombination currents. In addition, we can also
heterojunction launchers are effective for HBT A observe that the magnitudes of the g-r noise plateaus

and C. Since the value of conduction band
discontinuity QEc) for HBT A with 30 % Al mole
fraction emitter is much larger than that for HBT C,
HBT A is expected to have the strongest launching
effect and therefore the smallest surface
recombination current amongst the unpassivated
HBT structures.

Fig. 1 shows the emitter-edge base current density

(Js, edgd .vs. collector current density dJ
characteristics for the various HBT's, confirming our

for abrupt HBT's (HBT A and C) are much lower

-170

HBT B
(Graded E-B/ x = 0.3)
:JC = 7.22 kAlcm 2,

/ Ig =726 pA
uw%w

i 4 .
! W"MW\’ v vl,-;'fw‘V'm;'»i‘.rp\MA‘Mm o Aen

ViAWA

-190

Sibe [dB(A 2/Hz)]

expectation. At d = 10 kA/cnf, the value of o edge -200 |-
for HBT B is 7.78uA/um, which is much larger than
1.24 pA/pm for HBT A. Here, HBT A and B have -210 | .
30 % Al emitters, but different base widths, and its r HBTC B HBT A

. . | (Abrupt E-B/ x=0.2)
effect should be examined. Generally, the thin base -220 |- 3¢ = 7.03 kalem 2, (Abrupt E-B/x=0-23)
can reduce the surface recombination current. | 15 =437 pA -IJBC:;;SiXA’C"’ '
According to reference [3],gJedge = & S Wg Lo/ Dy oo bt P

10 100 1000 10000 100000

o Jo Wg?, where s is the surface recombination
velocity, Wz the base width, § (< Wpg) the electron
lateral diffusion length, and /[ the electron
diffusivity in the base. From the relation, thg dige
reduction factor is estimated to be about 2, which is
much less than the measured factor of 6.3.

Frequency [Hz]

Fig. 2. Low-frequency base current noisepibspectra for the
unpassivated HBT's with three different E-B structures: HBT A
(abrupt E-B/ x = 0.3), HBT B (graded E-B/ x = 0.3), and HBT C
(abrupt E-B/ x = 0.2)

Consequently, the thin base of HBT A does not play Table 3. Corner Frequencies(Fc) At & = 10 kA/cn?

a major role in reducing the surface current. It isf HBT's | HBT HBT HBT HBT HBT HBT
noteworthy that the pJ eqqe value of 1.24uA/pum for A A B B’ C c
the unpassivated HBT (HBT A) is, within our [kFHCZ] 6.5 2.8 55 [ 11 55
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than that of the graded HBT (HBT B). While the g-r -160 A
noise plateaus of HBT A and C are about 5 dB larger L lagium?) (aga) B&B) (C&C) //{'
than the shot noise floor of 2 @,Ithat of HBT B is ol e h o e
at least 20 dB larger than the noise floor. This very YL k0 e—ee——eGh >

low g-r noise for the abrupt HBT's may be attributed = : —

to the suppression of E-B space charge region I _ig0 [ e

recombination current of the abrupt E-B junction[6]. < I :

To estimate the surface passivation effect on the 1/f 8 e earx=0a| 0

noise and to evaluate the 1/f noise corner frequencies & 190 [] passivated

for various HBT structures, the S spectra have o

been measured. Table 3 summarizes the measured o9 [ Y

corner frequencies for the HBT's. By passivating Loy

HBT's, the noise levels have been reduced by more i

than 5 dB. The passivated HBT with abrupt E-B 210 @ “1‘(‘)‘.05 “1‘(‘)‘.04‘ = “1‘(‘)‘.03 T
junction and 30 % Al mole fraction emitter layer

(HBT A’) has a very low noise corner frequency of 1B, edge [Al

2.8 kHz at the practical bias point of 3 10 kA/cnf.

Fig. 3. Se(10 Hz)

To our knowledge, this is the lowest noise corner characteristics for HBT's

frequency among thél-V compound semiconductor

transistors at the practical bias point, and is

.vs. total emitter-edge base currengeddd

comparable to that of low-noise microwave Si BJT. -170 o
Fig. 3 shows the &(10 Hz) .vs. § eqqe fOr HBT’s | |[HBT A" 7Y
with various emitter sizes. Except for HBT A’, the i iﬁfjg{aé‘_ag/jjn‘c&i/ / / f=10Hz
values of §,(10 Hz) vary as proportional to only | 180 | LY. N
edgez, independent of the emitter area gfA the = | Ag=4x10 pm2, Y f““‘dB)
emitter perimeter/ emitter area f{Rg), the grading = - Sipe ~ 18289 \;/ / <—(~6.4dB)
of E-B junction, the Al mole fraction of the emitter < 490k o é |

. . . . m /
layer, and the surface passivation condition. This 3 Vi
clearly supports that the dominant 1/f noise source 3 #/ v AE=4x30 pm2,
for all the HBT's except for HBT A’ is the extrinsic @ I a3 Sibe ~ 18309
GaAs base surface recombination velocity 7 )
fluctuation. Although all the HBT’s except HBT A’ v gE:f:‘é(_’Ogm '
have larger 1/f noise levels than HBT A’, the noise - o be =877
corner frequencies are much lower than the '2180-05 10% 10 10
previously reported values of about 100 kHz for
AlGaAs/GaAs HBT's. In addition, our HBT's show B [A]

very clear bias dependency ofe$10 Hz) «< Ig edgez,

Fig. 4. Sve (10 Hz) .vs. base current)Icharacteristics for HBT A’ with

unlike the other HBT's. This indicates that the different§Titt6fsi2651>410um2. 3x20um’, and 4><3goum2- Se (10
recombination-related 1/f noise sources other thanHh?) > Iz ™" Atthe same base current;$10 Hz)oc Ag ™.

the base surface recombination 1/f noise source are
not significant for our HBT's. Therefore, the low

uniformly  distributed

under the

emitter,

corner frequencies for our HBT's can be attributed proportional to § Ac* [7]. To clarify that the

partly to their low recombination-related bulk noise Sie(10 Hz) of HBT A’ satisfies the aforementioned

sources such as the hetero-interface and E-B surfac%mk noise property, Fig. 4 shows thg&L0 Hz) .vs.
recombination noise sources. Meanwhile, for the ls characteristics ;‘or the HBT A’ with different

HB.T A, Sine(10 Hz) is F‘Ot proportional tog! 9?9.92' emitter sizes. As shown in the figurep 510 Hz) o<
This means that the noise source for HBT A’ is not 153 and $,0(10 Hz) o A:20 for a fixed &, clearly

located at the emitter periphery, but at the bulk areaSuggesting that the HBT A’ is in the fundamental

under the = emitter. Generally, the spatially bulk noise limit. However, the base current
ncorrelated bulk 1/f noise source , which is : ) :
u . ! urce(Sux), which i dependency of §(10 Hz)x 153 is still unclear. For

the comparison purpose, the,$10 Hz) .vs. d
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Fig. 5. Sbe (10 Hz) .vs. dfor HBT A’ and other AlGaAs/ GaAs HBT's.

characteristics for our optimized AlGaAs /GaAs
HBT's (HBT A’) and previously reported
AlGaAs/GaAs HBT’s are shown in Fig. 5. The noise
level of our optimized AlGaAs/GaAs HBT is at least
10 dB lower than that of any other AlGaAs/GaAs
HBT’s.

CONCLUSION

In conclusion, the surface recombination and its 1/f
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