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First Fabrication of GalnAs/InP Buried Metal Heterojunction Bipolar Transistor
and Reduction of Base-Collector Capacitance
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We report a novel approach for improving the performance of InP-based heterojunction bipolar transistors (HBTs). A
buried-metal heterojunction bipolar transistor (BM-HBT), in which tungsten stripes of the same area as the emitter metal were
buried in an i-InP collector layer, was fabricated for the first time. The aim in fabricating this structure is to realize a reduction
in the total base-collector capacitan€y¢r). In the measurement of microwa@eparametersCgcr of 10.3 fF was evaluated.

The effective base-collector junction area of the BM-HBT was estimated to be 22% that of conventional-HBT considering the
difference in collector thickness.
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_ firmed that tungsten fulfilled this requiremér®. Thus, we

1. Introduction selected tungsten for the buried metal. When a metal embed-

In heterojunction bipolar transistors (HBTSs), reduction ofled in semiconductor is used for the electron devices, no void
the total base-collector capacitand@gér) is very impor- formation around the buried metal and a flat top surface are
tant for high-speed operation, because it increases the ctequired. Buried growth by an InP layer over tungsten stripes
rent gain cutoff frequencyf¢) and enhances maximum sta-using OMVPE has been previously reporféds a result, we
ble/available gain (MSG/MAG) at frequencies below theobtained the growth conditions for satisfying these require-
maximum oscillation frequencyffa).? Cact comprises the ments and the stripes ofydm width and 2um period were
internal base-collector capacitan€€in) and external base- buried by a 1um-thick InP layer. In the calculation of the RF
collector capacitanceCgcex)- Cacex IS defined by the area characteristics of BM-HBT, the estimated collector thickness
of the extrinsic base region. In the conventional HBEci»  for the highestfyay is about 300 nn®) Thus the width of the
decreases in proportion to decreasing emitter sizeChdtx  buried wires must be less than 300 nm. In the case of fab-
does not decrease. Therefore, the improvement of RF charaication using a Zzm-wide emitter applying a conventional
teristics reaches a ceiling even if the emitter width is furthgorocess, many tungsten wires of fine width must be buried
reduced. To reduc€gct of HBTS, implanted base extrinsic under the emitter.
regions? undercutting collector and subcollector layérs, We fabricated the devices with emitter widths qgi @ and
buried subcollector using selective grofithnd a transferred- 3 m. We initiated the fabrication process by forming tung-
substrate proce¥shave been previously demonstrated. In adsten stripes on the semi-insulating InP substrate. The tungsten
dition, we proposed the buried metal heterojunction bipolastripes were formed by the metal-stencil liftoff process using
transistor (BM-HBT)®) We selected an InP-based system foelectron beam lithograpty. The total widths of the stripes
fabricating BM-HBT since the electric properties of GalnAswvere 2um and 3um. The width, thickness and length of the
that is lattice-matched to InP are superior to those of GaAswires were 100 nm, 40 nm and 46n, respectively. The wires

In this paper, we report the first-time fabrication ofwere setwith a period of 200 nm. The stripes were oriented at
GalnAs/InP BM-HBT. In the observation of the cross sectioran angle of 45from (011). Atthe same time, a tungsten mark
the absence of void formation around the buried tungsten afat alignment of the emitter with the buried tungsten stripes
the exact alignment of the emitter mesa with the buried colwas formed. Next, the crystal layers were grown on the sam-
lector electrode were confirmedCgct was calculated from ple by OMVPE where the subcollector was removed from
the measurement @&-parameters. An effective reduction of

Cgct Was confirmed by comparison with conventional HBT.
BCT y P Base electrode

2. Experiments
Figure 1 shows the schematic view of BM-HBT. Active Emitter electrode —
layers of BM-HBT consist of a double hetero-structure. Metal '4/
wires with an area equal to that of the emitter mesa are formed .
. . . Emitter _n-InP
on the semi-insulating InP substrate. These are buried by an 2|

i-InP layer upon the growth of the HBT layers. The buried
metal wires are in contact with the i-InP collector layer and Base p-GalnAs__|
operate as a Schottky collector electrode. There is no con-/CoIIector i-InP
ductive layer under the extrinsic base region. Therefore, the %
reduction ofCgct is achieved.

The embedded metal should not form an alloy with / Buried collector

the compound semiconductor at the growth temperature g COllector electrode electrode
organometallic vapor phase epitaxy (OMVPE). It was con- g | |nP substrate

N\

*E-mail address: miya@pe.titech.ac.jp Fig. 1. Schematic view of the fabricated BM-HBT.
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Table |. Layer structure parameters of the BM-HBT.

RA etal.

SEM view of the fabricated device with emitter width ofi&h
is shown in Fig. 3. It was confirmed that the emitter mesa

Layer Material Doping Thickness . : . . .
[cm3] [nm] was aligned with the bgrled tungsten stripes and no void was
Contact P 2 1019 20 fo_rmed around the buried tungster_m The measured _colleptor
thickness was 290 nm. The effective base-collector junction
Emitter n-InP 2x 10'° 70 area Gscy) was calculated fronCgcr considering the differ-
n-InP 5x 10" 100 ence in the collector layer thickness. A two parallel plate
Base p-GalnAs % 10%° 50 model was used. We assumed that the intrinsic layer of the
Collector i-GalnAs _ 40 collector was completely deplete@sc; values of BM-HBT
i-GalnAsP _ 20 and conventional-HBT were 26m? and 119um?, respec-
n-InP 5x 107 5 tively. Thus, we achieved a BM-HBT in which the effec-
i-InP — 230 tive base-collector junction area was 22% that of conventional

HBT.
The emitter resistanceREg) of 15Q was measured us-
ing the open collector method. However, the collector resis-

typical DHBTs. The layer structures are shown in Table tance Rcc) could not be measured using the open emitter
Trimethylindium and triethylgallium as group Il materials,method, because the interface between the collector layer and
and phosphine and arsine as group V materials were usélae collector metal formed a Schottky junction and the base-
The growth temperatures were 80 500C and 565C for

collector junction did not operate as a p-n diode. The value of

the collector layers, base layer and emitter layer, respectively.
The growth conditions optimized for the buried growth of
the InP collector layer were a growth temperature of° @0
V/IIl ratio of 460 and growth rate of 28 nm/mif.Next, the o L ' I ' I ' I ' I
mesa structure was formed by wet chemical etching and pat- lg = 0-25 pA

terned by photolithography. The InP layers were etched by a | B
HCI:HzPO;=1: 1 solution, while the GalnAs layers and the
GalnAsP layer were etched by a citric acig®=5:1so- £ 15| -
lution. An emitter electrode was formed in alignment with |
the buried tungsten stripes. A base electrode was formed by 5 4
a self-alignment technique. The areas of the emitter and bage
electrode were 2 10.m? and 6x 16,um?, respectively. The g 1 —
emitter and base metals were Ti/Pt/Au. The device was isog
lated by the formation of a base mesa. At the same time, & - .
part of the buried tungsten stripes was exposed for conned&
tion. A collector electrode was formed on the stripes. The2 0.5 |- —
device was embedded by polyimide for planarization and pa58
sivation. After opening of the contact windows using reactive B ]
ion etching, Cr and Au were evaporated for the interconnec-

tion. O N N

3. Results and Discussions 0 1 2 3 4

Figure 2 shows the common-emitter collecte®V char- Collector-emitter voltage Vce [V]
acteristics of a device with a 2m-wide emitter. The cur- rig 2. common-emitter collectdr-V characteristics of BM-HBT with an
rent gain was about 70 at the collector voltaye)(of 4 V. emitter area of & 10um?.

Microwave S-parameters were measured from 50 MHz to

30 GHz using an HP8722 network analyzer. Extrapolations

of fr and f.,ax were carried out from the-20 dB/decade re-

gions of current gain|k1|?) and Mason’s unilateral gain (U),

respectively. In the measurement of the dependencg of ; « ;

;»
t

and fax On collector currentl), the values offt and frax
reached peak pointsff = 335GHz, f.x = 47.3GHz) at
lc=4mAandVc =6V.

TheCgct 0f 10.3 fF was calculated from the imaginary part
of Y1, parameters in a low-frequency region. We also fabri
cated a conventional HBT with almost the same planar d
mensions as a reference. The meas@iger was 53 fF when
the collector thickness was 260 nf@gct values of BM-HBT e
and conventional HBT could not be compared with each oth@EEEAAEAAE Buried tungsten g
directly, becaus€gct depends on collector layer thickness!
To measure the collector layer thickness of fabricated devicggy 3. A SEM view of a cross section cut by a focused ion beam. Mea-
BM-HBT was cut by a focused ion beam. A cross-sectional sured collector thickness was 290 nm.
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Reg + Rec estimated from the linear region of the common-
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