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Abgract : A novel mesa ultrarthin base Al GaAs GaAs HBT is designed and fabricated with wet chemical selective
etch technique and monitor electrode technique. It has a particular and obvious voltage-controlled NDR whose PVCR

islarger than 120.By use of device smulation ,the cause of NDR is that increasing collector voltage makes the ultra

thin base reach through and the device trandormsfrom a bipolar state to a bulk barrier state. In addition ,the s mula

ted cutoff frequency is about 60 80GHz.
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1 Introduction

In the last ten years, several types of novel
high speed and high frequency negative differential
resstance (NDR) devices,such as resonant tunnel-
ling diode(RTD)"™ * and real space tranger tran-
sstor (RSTT) ™! have been fabricated and widely
used as multiple value logic circuits, trigger ,fre-
quency amplifier ,A/ D converter ,and 0 on'® . Ap-
plication of NDR devices not only evidently im-
proves circuit performance ,but also greatly smpli-
fies the device quantity needed in circuits and en-
hances integration degree. A heterojunction bipolar
transstor (HBT) isa high speed and high frequen-
cy bipolar device. Because of having resolved the
conflict between emisson efficiency and base re-
dstance on base doping concentration, HB T influ-
ences the development of bipolar devices greatly. If
a device realizes the integration of NDR device and
HBT ,it will have high speed,high frequency mer-
itsderivedfrom HBT as well asintringc bistability
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and self-latching characters from NDR. Such a de-
vice will be a new type of device of wide applicar
tion.

In this paper ,through special material struc
ture and fabrication process desgn,a novel 8nm
base Al GaAs GaAs NDR HBT which has distinct
voltage-controlled negative differential resstance
character and the PVCR (peak-to-valley current
rate) is bigger than 120 was fabricated success ul-
ly. The smulation results with ATLAS smulator
are consistent with the experiment ones. The cause
of NDRisexplained to tranformation from bipolar
state to bulk barrier state.

2 Material structure and fabrication
pr ocess

The device is desgned to be a double hetero-
junction HBT structure and material is prepared
with molecular beam eptaxial (MBE) technique in
the Institute of Physics, CAS,which is shown in
Fig. 1. On the semi-insulated GaAs substrate,n”
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GaA s subcollector layer ,n” Al GaAs collector lay-
er ,undoped spacer ,p* GaAs base layer , undoped
spacer ,n~ Al GaAs emitter layer ,and n* GaAs cap
layer are grown in turn. The n-type dopant is S**
and the p-type dopant is Be** . During the fabrica
tion ,conventional contact photolithography , metal
lift-off ,and mesa isolation are used. Firstly, the
GaAs cap layer and the part of AlGaAs emitter
layer are etched by a low concentration H2SO./
H202/ H.O solution. Then ,the remainder Al GaAs
emitter layer is etched by a high concentration HF/
H>O solution ,which etches GaAs little. The emit-
ter and collector metal are magnetron sputtering
AuCeNi/ Au and the base metal is vacuum evapora
tion ZnAu/ Au. They are alloyed together from
100 to 360 for 5min. The device is pasdvated
usng SO: through PECVD. The cross sectional
view of the device is shown in Fig. 2. All the elec
trodes are the same sze of 1 m x 2 m. The area
of the base mesa is 5 m x 4 m and the area of
the collector mesais 9 m x 6Qu m. The key of the
process is how to ensure base metal evaporating
exactly on the top cap layer. In former reports,the
base of the thin base HBT (10 30nm base) was
commonly educed through V-type groove!”! or ion
implantation™® ,which are complicated and difficult
to control. In this paper, monitor electrode tech

nique i s adopted ,except for wet selective etch tech-
nique. Monitor electrodes are fabricated along with
various electrode metals. Etching depth and quality
of contact metal can be estimated through testing
the electric characteristics between monitor elec
trodes at any moment. The detailed fabrication
processis shownin Fig. 3.

n* GaAs 2x10%cm- 3 200nm
n- Al GaAs 5x10%cm- 3 200nm
U ndoped GaAs 5nm
p* GaAs 5x10%8cm-3 8nm
U ndopd GaAs 5nm
n- Al GaAs 5x10%cm- 3 300nm
n* GaAs 2x10%cm- 3 500nm

(100) S| GaAs substrate

Fig.1 Materia structure of ultrathin base HBT

Fig.2 Cross section view of ultrathin base HBT

Iﬂaterial and mask preparationJ—’LPhotol ithography for emitter window l—-l Emitter matal sputter and liﬁ-otﬂ

I Base metal evaporation and lift-off l‘—[ Photolithography for base window r—‘lﬂhing to base with metal sheltej

I Photolithography for base mesa I—tl?tching to subcollector 1—o,—l’hotolithography for collector window l

!

I Etching to substrate H Photolithography for isolation mesa 1-—{7Collctor metal sputtering and liﬂ-ole

i

LAlloying togather l—-[SiOz PECVD l——o] Photolithography for contact hole '—-liEtching contact holﬂ

¥
L[‘esting J‘—uonnect line metal sputtering and lift-off H Photolithography for connect line windowJ

Fg.3 Fabrication process of ultrathin base HBT

3 NDRcharacteristics of device

Several batches of devices based on the same

process have been fabricated successvely and smi-
lar results are received. The novel ultrathin base
device exhibits special and obvious voltage-con-
trolled NDR characteristic.
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Figure 4 shows the device’ s common-emitter
l.-V.c characteristic curves corresponding to differ-
ent base voltages Vv, which are tested with an
XJ2810 semiconductor curve tracer at 300K. Figure
4(a) shows the status of higher constant V, and
Figure 4 (b) shows the status of lower constant
V. Every curve can be divided into four regions:
negative current region ,postive res stance region,
negative res stance region ,and second positive re-
sistance region (shownin Fig.4(a)) . The peak col-
lector current I, rises markedly and moves to right
slowly with base voltage Vb increasng. When Ve is
smaller , the valley collector current I, is amost
down to O and the peak-to-valley current rate
(PVCR) isvery high. When V, is bigger , v increa
ses and PV CR decreases gradually. As an example,
lb =120 A ,Iv <M A and PVYCR > 120 when V, =
5V. S a high PVCR is very suitable for applica
tion.

Fig.4 Commonremitter DC characteristic of ultrathin
base HBT (a) X:2V/div; Y:0 5mA/div; Vs step:
1V ;(b) X:2V/div;Y:2Q A/ div;Vy step:0 5V

4 Device simulation and mechanism
discussion

In order to explain the NDR mechanism,we
smulate the constant voltage commorremitter DC
characteristics of ultrathin base HBT usng an
A TLAS structure smulator produced by the Slva
co Company on the SUN workstation of Tsnghua
Univerdgty. During the smulation, material struc
ture is designed according to actual condition. Avar
lanche breakdown ,interface and surface recombina
tion are ignored ,in order to search the main reason
for causng NDR and reduce the consumed time. I-
sothermal smulation is adopted to exclude any
self-heating effect. Hydrodynamic transport model ,
thermionic emisson model ,and high field mobility
degradation are used for abrupt hetero-interfaces
existing. The smulation results are shown in Fig.
5,which approximates the testing result. Figure 6
shows the change of space chargein the base along
with the collector voltage (Vc) when Vy, =2V. The
valley voltage (V. =6V) corresponds to the trans
formation point from partial depletion base to full
depletion base. Through synthetical analysis of ev-
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Fig.5 Smulated common-emitter DC characteristics

of ultrathin base HBT at 300K

ery electrode’ s electron and hole current , space
charge distributions, carrier distributions, electric
field and potential distribution, we explain the
cause of NDR of ultrathin base HBT. It is well
known that the depletion region of the collector
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Fig.6 Changesof space charge in base with V¢ (Vy, =
2V)

junction will extend towards the base region and
collector region and the effective base thickness
will be thinned when the collector biased voltage of
HBT increases, namely early effect. For the base
thickness of conventional HBT is above 40nm and
base is heavy doped ,the influence of early effect on
characteristics is correspondingly trivial. When
base thickness is desgned under 10nm ,the deple-
tion region of the collector junction may joint the
depletion region of emitter junction,and the base
region may reach through. The device will trans
form from a bipolar transstor to a bulk barrier
transstor’® . The latter’ s electric characteristics
have relation to material selection and doping con-
centration desgn. When base doping concentration
is heavier (=5 x10%cm’?) ,the turn-on voltage of
a bulk barrier transi stor may be higher (>5V) and
the current before turmonis very low (= 0A). The
trandormation from bipolar state to bulk barrier
state along with the collector voltage increasng is
the reason for the NDR phenomenon of ultrathin
base Al GaAs/ GaAs HBT. Base voltage causes the
neutral base region to extend towards both sides
and plays a reverse role with collector voltage. The
higher the base voltage is,the bigger the negative
collector current and the collector peak current be-
comes. The site where the positive collector current
occurs moves right along with the base voltage in-
creasng. Finally ,all curves connect with the curve
whose base voltage is OV and which remainsin a

bulk barrier state all the time. Through analyss,
we a0 know that this kind of device can show two
types of NDR curve shapes. When the transform
point appearsin the saturation region of the bipolar
state ,the NDR curve will be a peak shape;when
the transform point appearsin the linear magnifica
tion region of the bipolar state ,the NDR curve will
be a desk shape.

Frequency characteristic is one of the key fac
torsthat restricts application of novel devices. Sm-
ulation shows that the cutoff frequency of the a
bove deviceis about 60 80GHz in the usua cur-
rent range (lc =10°° 10 *A/J4 m) ,which is near
the value of common HBTs.

5 Summary

In this paper ,a novel mesa ultrathin base Al-
GaAd GaAs HBT has been desgned and fabricar
ted. It hasparticular and obvious voltage-controlled
NDR and the PVCR islarger than 120.Both device
fabrication and device characteristics are reported
for thefirst time. By way of device smulation ,the
cause of NDR is consdered to be that increasing
collector voltage makes the ultrathin base reach
through and the device trandorms from a bipolar
state to a bulk barrier state. In addition ,the smu-
lated cutoff frequency is about 60 80GHz. For
having high speed and high frequency characteris
tics derived from HBT and intringc bistability and
self-latching characters from NDR,the ultrathin
base NDR HBT is believed to have broad applica
tion in fields of high performance multiple value
logic circuit and other function devices.
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