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Abstract 
A method to isolate the base pad from the intrinsic device structure for reducing the extrinsic 

base-collector capacitance of InP/InGaAs single heterojunction bipolar transistors(SHBTs) is 
reported, which uses a new base pad layout. The new layout is designed based on the lateral etching 
characteristics of an InGaAs collector layer with different crystal orientations. The new layout 
allows more effective and easier base pad isolation for InP-based HBTs, which have the emitter 
aligned to [O 1 13 or [O I i] directions, without excessive lateral or additional etching. The 
maximum fT and f,, of the fabricated device with a 2 X 10 pm2 emitter size using the new layout 
were found to be 72 and 242 GHz, respectively. 

I. Introduction 

InP-based HBTs have demonstrated ultra-high 
frequency performance due to their inherent 
material properties[l-21. It is well-known that the 
base-collector capacitance(Cb,) is a key element 
determining the maximum oscillation frequency 
(f-) of HBTs. For this reason, many attempts to 
minimize Ch have been made and they are briefly 
summarized elsewhere[2]. Among various Ch 
reduction techniques, Cbc reduction by minimizing 
the parasitic base pad-capacitance is found to be 
very effective especially for small size devices, 
since the portion of base pad does not usually scale 
down with the emitter size[3]. Several methods 
have been reported to minimize the base-pad 
capacitance portion using techniques such as a 
plated micro air-bridge interconnect[4], or a double 
polyimide planarization process[5]. However, the 
first method is not suitable for small size devices 
since it should utilize the electro-plating process 
and the second technique can cause plasma damage 
by the reactive ion etching of the base pad region. 

Recently, J. Godin et al. reported a base pad 
isolation process using lateral etching of the base 
and the collector layers[3], which almost eliminates 
the parasitic base-pad capacitance using simple wet 
etching. The Double HBTs(DHBTs) were 
fabricated with the base pad isolation method 
utilizing selective wet etching of an InP collector. In 
their approach, the emitter finger and the whole 

base mesa pattern were aligned to the [011] 
direction for efficient lateral etching of the InP 
collector. However, in order to utilize their method 
in SHBTs with an InGaAs collector, the lateral 
etching should be carefully controlled to produce an 
optimal undercut profile of InGaAs base and 
collector layers, since in the case of SHBTs both the 
InGaAs base and collector layers are etched at the 
same time during the lateral etching of the collector, 
while in the case of DHBTs the InGaAs base is not 
etched with selective etching of the InP collector. 

In this work, an efficient method to isolate the 
base pad from the intrinsic device structure for 
reducing the extrinsic base-collector capacitance of 
InP/InGaAs SHBTs is reported, which uses a new 
base pad layout. The new layout allows more 
effective and easier base pad isolation for InP-based 
HBTs, which have the emitter aligned to [0 1 13 or 
[ O  1 TI directions, without excessive lateral or 
additional etching. 

11. Device Structure and Fabrication 

The epitaxial layer of the InP/InGaAs SHBT 
used in this work was grown by MBE and the layer 
structure is summarized in Table I. The dopants 
were Si for n-type and C for p-type. The devices 
were fabricated using a conventional wet etching 
mesa process[6]. The emitter was aligned to [O 1 11 
direction for better device reliability[7]. Ti/Pt/Au 
was evaporated for the emitter and collector metal. 



PtJTi/PtlAu was used for self-aligned base metal. 
For passivation of the device, polyimide was used. 
The detailed fabrication sequence is described 
elsewhereC61. 

Layer Material D~ping(cm'~) Thickness(nm) 
Emitter cap InGaAs n+ = 2 x IOl9  80 
Emitter cap InP n+ = 2 x loi9 40 
Emitter InP n = 4 x  1017 1 50 
Spacer InGaAs Undoped 5 
Base InGaAs pt = 4  x 10'' 55 

Etch-stop InP n+ = 2 x 1019 10 

Buffer InP Undoped 100 

Collector InGaAs n' = 2 x lot6 600 

Subcollector InGaAs n+ = 2 x lot9 400 

Substrate InP S.I. 
Table 1. Epitaxial layer structure of the SHBT 

The proposed method of base pad isolation is 
based on the different etch rates of InGaAs 
collector with the crystal orientations. In order to 
investigate the etch rates depending on the crystal 
orientations, the lateral etching of the InGaAs base 
and collector layers was performed with a wet 
etching solution. First, Ti metal was evaporated on 
the InGaAs base layer as an etch mask, which is 
aligned to [Oll] and [ O O l ]  directions on the 
(100) wafer, respectively. Then the InGaAs 
collector layer was etched with an 
H3P04:H202:H20( 1 : 1 : 10) mixture. Fig. 1 shows 
lateral etch length of the InGaAs collector 
depending on the crystal orientations with etching 
time. It is observed that the etch rates of the InGaAs 
in the [ O  1 01 (or [ O  0 11 ) directions are much 
higher than that in the [O 1 1 3  and [ O  I i] 
directions. The etch rates were measured to be 
around 55.2&sec, 33.5 AJsec and 24.6 &sec in the 
[O I 01 , [o 1 I] and [O 1 i] directions, respectively. 
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Fig. 1. Lateral etch length of the InGaAs base and 
collector vs. etching time depending on crystal 
orientations(Etchant = HjP04 : H20, : H20). 
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Fig. 2. Layout and schematic cross-section for 
(a)Proposed structure for Chc reduction using the 
isolation technique (I-HBT), @)Conventional 
structure(C-HBT). 

The proposed base pad layout and base pad 
isolation technique are illustrated in Fig. 2. The new 
base pad is designed to be connected to the base 
with a bridge-like narrow feeding[Fig. 2(a)] for the 
pad isolation, while the base pad of the 
conventional structure[Fig. 2(b)] is simply extended 
from the base of the intrinsic device region. In 
addition, the base feeding and the base pad are 
designed to be rotated by an angle of 45 with 
respect to the emitter finger, which is aligned to 
[Ol Ill or [ O l  i] directions. The size of the base 
pad is set by the minimum size of the interconnect 
via hole. In order to avoid reliability problems 
related to the narrow width of the feeding, a larger 
width of the feeding is desirable. However, for the 
pad isolation, the feeding width should be shorter 
than twice of the lateral etch length during the mesa 
etching of the collector. Otherwise, excessive 
lateral or additional etching may be required. It 
means that the feeding, which is aligned to the 
crystal orientations with higher etch rates, provides 
more effective pad isolation even with a larger 
feecling width. From the above consideration, the 
base feeding and the base pad are designed to be 
rotated by 45 (aligned to the [ O  101 or [Ooi]  
directions). This new base pad design utilizes 
previously mentioned high etch rates of the InCaAs 
layer in the [ O  101 or [ O O l ]  directions. This 
results in not only efficient base pad isolation but 
also significant lateral etching of the base pad 
portion of the extrinsic InGaAs B-C junction during 
collector mesa etching without excessive lateral or 
additional etching. 

Fig. 3 shows the SEM picture of the isolated 
stnicture using the proposed technique before 
device mesa etching and poly imide passivation. 

* 



Fig 3. SEM picture of the fabricated I-HBT using the 
proposed isolation technique with a 2 x5pm2 
emitter size before device passivation. 

111. Measurement and Discussions 

The devices were fabricated simultaneously on 
the same wafer using the proposed base pad 
isolation technique(1-HBT) and the conventional 
method(C-HBT). The two devices showed similar 
overall DC characteristics. The common-emitter 
characteristics of the I-HBT are shown in Fig. 4. 
The offset voltage VCE,omfset was 0.15V and the 
collector-emitter breakdown voltage BVcEo was 
5.7V. The DC current gain hFE of 19 was obtained 
with the ideality factors of nc = 1.05 and ng = 1.34. 
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Fig. 4. Common-emitter DC-IV characteristics of the 
fabricated I- HBT with a 2 X5pm2 emitter size. 

The frequency response of the I-HBT was 
measured on-wafer from O.5GHz to 20GHz using 
8720C Network Analyzer. The S-parameter fitting 
and parameter extraction were performed to 
estimate the accurate frequency characteristics of 
the fabricated device at higher frequencies using a 
small signal model based on the measured data[8-91. 
The results of the S-parameter fitting are shown in 

Fig. 5, which show excellent agreement between 
measured and calculated data. Fig. 6 shows 
measured and calculated unilateral power gainw), 
current gain(h2,) and maximum available 
gain(MSG/MAG) for the fabricated I-HBT with a 
2x10 pm2 emitter size. The maximum fT and f,,, 
estimated from -20dB/decade extrapolation, were 
found to be 72 and 242 GHz, respectively. 

Fig. 5. Modeled (-) and measured (0) S-parameters of 
the fabricated I-HBT.(VCE=I. 75&=9.85 mA) 
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Fig. 6. Measured and calculated gain characteristics 
of the fabricated I-HBT with a 2 XI0 pm2 emitter 
size. 

Table U. Extracted values of small signal parameters of 
the fabricated I-HBT with a 2 X 10 pm’ emitter 
size (VCE = 1.75 V and IC = 9.85 mA). 



From the measured S-parameters of the I-HBT, 
the small-signal parameter values were extracted 
based on an HBT equivalent circuit model[8]. The 
extracted values of the key parameters are listed in 
Table 11. The extracted values of the base resistance 
(I&,) and base-collector capacitance (Cbc) were 
found to be 6.9 : and 7.2fF, respectively. The 
effective RbCb, time delay, calculated fiom the 
extracted values, agrees with the measured value of 
f,, = 242GHz. 
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Fig. 7. f T  and fmm vs. collector current of the 
fabricated SHBTs with a 2 XI0 pmZ emitter size, 
biased at Vc-=l.7.5K ( ti Proposed structure 
HBT(1-HBT), (): Conventional structure HBT(C- 
HBT). 

The high frequency characteristics of the 
fabricated I-HBT and C-HBT, were compared to 
investigate the effects of the base pad isolation. 
Both devices have almost the same layout designs 
except for the shape of base pad as shown in Fig.2. 
The measured fT and f,, of the devices as a 
h c t i o n  of the collector current are shown and 
compared in Fig. 7. The I-HBT shows 20% 
improvement of the peak fm,( 198GHz+242GHz). 
The effective RbC,, products for the I-HBT and 
C-HBT, estimated from the relationship of 
fm,=[fT/(8 &Cbc)]1’2, were found to be 49fs and 
67fs, respectively. A 27% decrease in 
%C&(67fs+49fs) is directly attributed to the 
associated decrease in the parasitic component of 
c b c  with the new base pad design. 

1V. Conclusions 

A new base pad layout for reducing the 
extrinsic base-collector capacitance was proposed 
and demonstrated. The new layout allows more 
effective and easier base pad isolation for the InP 

SHBTs, which have the emitter aligned to [ O  1 I] 
or [O 1 i] directions, without excessive lateral or 
additional etching. This technique is also believed 
to be very effective for the base pad isolation in 
fabricating double HBTs with an InP collector. The 
maximum fT and f,, of the fabricated device with a 
2X 10 pm2 emitter size using the new layout were 
found to be 72 and 242 GHz, respectively. The new 
layout method is expected to be very useh1 for 
improving the high frequency performance of both 
the single and double I4BTs with scaled-down 
small layout dimensions. 
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