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Abstract : A novel mesa ult ra2thin base Al GaAs/ GaAs HB T is designed and fabricated with wet chemical selective

etch technique and monitor elect rode technique. It has a particular and obvious voltage2controlled NDR whose PVCR

is larger than 120. By use of device simulation ,the cause of NDR is that increasing collector voltage makes the ult ra2
thin base reach through and the device t ransforms f rom a bipolar state to a bulk barrier state. In addition ,the simula2
ted cutoff f requency is about 60～80 GHz.
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1 　Introduction

In t he last ten years , several types of novel

high speed and high f requency negative differential

resistance (NDR) devices ,such as resonant t unnel2
ling diode ( R TD) [1～3 ] and real space t ransfer t ran2
sistor ( RST T) [ 4 ,5 ] ,have been fabricated and widely

used as multiple value logic circuit s , t rigger , f re2
quency amplifier ,A/ D converter ,and so on[6 ] . Ap2
plication of NDR devices not only evidently im2
proves circuit performance ,but also greatly simpli2
fies t he device quantity needed in circuit s and en2
hances integration degree. A heterojunction bipolar

t ransistor ( HB T) is a high speed and high f requen2
cy bipolar device. Because of having resolved the

conflict between emission efficiency and base re2
sistance on base doping concent ration , HB T influ2
ences the develop ment of bipolar devices greatly. If

a device realizes t he integration of NDR device and

HB T ,it will have high speed ,high f requency mer2
it s derived f rom HB T as well as int rinsic bistability

and self2latching characters f rom NDR. Such a de2
vice will be a new type of device of wide applica2
tion.

In t his paper , t hrough special material st ruc2
t ure and fabrication process design , a novel 8nm

base Al GaAs/ GaAs NDR HB T which has distinct

voltage2cont rolled negative differential resistance

character and t he PVCR ( peak2to2valley current

rate) is bigger t han 120 was fabricated successf ul2
ly. The simulation result s wit h A TL AS simulator

are consistent with the experiment ones. The cause

of NDR is explained to t ransformation f rom bipolar

state to bulk barrier state.

2 　Material structure and fabrication

process

　　The device is designed to be a double hetero2
junction HB T st ruct ure and material is p repared

with molecular beam eptaxial ( MB E) technique in

t he Instit ute of Physics , CAS , which is shown in

Fig. 1. On t he semi2insulated GaAs subst rate , n +
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GaAs subcollector layer , n - Al GaAs collector lay2
er , undoped spacer , p + GaAs base layer , undoped

spacer ,n - Al GaAs emit ter layer ,and n + GaAs cap

layer are grown in t urn. The n2type dopant is Si4 +

and t he p2type dopant is Be2 + . During t he fabrica2
tion ,conventional contact p hotolit hograp hy , metal

lif t2off , and mesa isolation are used. Firstly , t he

GaAs cap layer and t he part of Al GaAs emit ter

layer are etched by a low concent ration H2 SO4 /

H2 O2 / H2 O solution. Then , t he remainder Al GaAs

emit ter layer is etched by a high concent ration H F/

H2 O solution ,which etches GaAs lit tle. The emit2
ter and collector metal are magnet ron2sp uttering

Au GeNi/ Au and t he base metal is vacuum evapora2
tion ZnAu/ Au. They are alloyed together f rom

100 ℃ to 360 ℃ for 5min. The device is passivated

using SiO2 t hrough PECVD. The cross2sectional

view of the device is shown in Fig. 2. All t he elec2
t rodes are t he same size of 10μm ×20μm. The area

of t he base mesa is 50μm ×40μm and t he area of

t he collector mesa is 90μm ×60μm. The key of the

p rocess is how to ensure base metal evaporating

exactly on the top cap layer . In former report s ,t he

base of t he t hin base HB T (10～30nm base) was

commonly educed t hrough V2type groove[7 ] or ion

implantation[8 ] ,which are complicated and difficult

to cont rol . In t his paper , monitor elect rode tech2

nique is adopted ,except for wet selective etch tech2
nique. Monitor elect rodes are fabricated along wit h

various elect rode metals. Etching depth and quality

of contact metal can be estimated t hrough testing

t he elect ric characteristics between monitor elec2
t rodes at any moment . The detailed fabrication

process is shown in Fig. 3.

n + GaAs 2 ×1018cm - 3 200nm

n - Al GaAs 5 ×1017cm - 3 200nm

Undoped GaAs 5nm

p + GaAs 5 ×1018cm - 3 8nm

Undopd GaAs 5nm

n - Al GaAs 5 ×1016cm - 3 300nm

n + GaAs 2 ×1018cm - 3 500nm

(100) SI GaAs subst rate

Fig. 1 　Material st ructure of ult ra2thin base HB T

Fig. 2 　Cross2section view of ult ra2thin base HB T

Fig. 3 　Fabrication process of ult ra2thin base HB T

3 　ND R characteristics of device

　　Several batches of devices based on t he same

process have been fabricated successively and simi2
lar result s are received. The novel ult ra2t hin base

device exhibit s special and obvious voltage2con2
t rolled NDR characteristic.
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Figure 4 shows the device’s common2emit ter

Ic2V c characteristic curves corresponding to differ2
ent base voltages V b , which are tested wit h an

XJ 2810 semiconductor curve t racer at 300 K. Figure

4 (a) shows the stat us of higher constant V b and

Figure 4 ( b) shows t he stat us of lower constant

V b . Every curve can be divided into four regions :

negative current region ,po sitive resistance region ,

negative resistance region ,and second positive re2
sistance region (shown in Fig. 4 (a) ) . The peak col2
lector current Ip rises markedly and moves to right

slowly with base voltage V b increasing. When V b is

smaller , t he valley collector current Iv is almost

down to 0 and the peak2to2valley current rate

( PVCR) is very high. When V b is bigger , Iv increa2
ses and PVCR decreases gradually. As an example ,

Ip = 120μA , Iv < 1μA and PVCR > 120 when V b =

5V. So a high PVCR is very suitable for applica2
tion.

Fig. 4 　Common2emitter DC characteristic of ult ra2thin

base HB T 　( a) X : 2V/ div ; Y : 015mA/ div ; V b step :

1V ; (b) X :2V/ div ; Y :20μA/ div ;V b step :015V

4 　Device simulation and mechanism

discussion

　　In order to explain the NDR mechanism , we

simulate t he constant voltage common2emit ter DC

characteristics of ult ra2t hin base HB T using an

A TL AS st ruct ure simulator p roduced by t he Silva2
co Company on t he SUN workstation of Tsinghua

University. During the simulation , material st ruc2
t ure is designed according to act ual condition. Ava2
lanche breakdown ,interface and surface recombina2
tion are ignored ,in order to search t he main reason

for causing NDR and reduce the consumed time. I2
sot hermal simulation is adopted to exclude any

self2heating effect . Hydrodynamic t ransport model ,

t hermionic emission model ,and high field mobility

degradation are used for abrupt hetero2interfaces

existing. The simulation result s are shown in Fig.

5 ,which approximates t he testing result . Figure 6

shows t he change of space charge in t he base along

with the collector voltage (V c ) when V b = 2V. The

valley voltage (V c = 6V) corresponds to t he t rans2
formation point f rom partial depletion base to f ull

depletion base. Through synt hetical analysis of ev2

Fig. 5 　Simulated common2emitter DC characteristics

of ult ra2thin base HB T at 300 K

ery elect rode’s elect ron and hole current , space

charge dist ributions , carrier dist ributions , elect ric

field and potential dist ribution , we explain t he

cause of NDR of ult ra2t hin base HB T. It is well

known t hat t he depletion region of t he collector
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Fig. 6 　Changes of space charge in base with V c (V b =

2V)

junction will extend towards the base region and

collector region and t he effective base t hickness

will be thinned when t he collector biased voltage of

HB T increases , namely early effect . For t he base

t hickness of conventional HB T is above 40nm and

base is heavy doped ,t he influence of early effect on

characteristics is correspondingly t rivial . When

base thickness is designed under 10nm , t he deple2
tion region of t he collector junction may joint the

depletion region of emit ter junction , and t he base

region may reach t hrough. The device will t rans2
form f rom a bipolar t ransistor to a bulk barrier

t ransistor [9 ] . The latter’s elect ric characteristics

have relation to material selection and doping con2
cent ration design. When base doping concent ration

is heavier ( ≥5 ×1018 cm - 3 ) ,t he turn2on voltage of

a bulk barrier t ransistor may be higher ( > 5V) and

t he current before t urn2on is very low (≈0A) . The

t ransformation f rom bipolar state to bulk barrier

state along wit h t he collector voltage increasing is

t he reason for t he NDR p henomenon of ult ra2t hin

base Al GaAs/ GaAs HB T. Base voltage causes the

neut ral base region to extend towards bot h sides

and plays a reverse role wit h collector voltage. The

higher t he base voltage is , t he bigger t he negative

collector current and t he collector peak current be2
comes. The site where the positive collector current

occurs moves right along wit h t he base voltage in2
creasing. Finally ,all curves connect wit h t he curve

whose base voltage is 0V and which remains in a

bulk barrier state all t he time. Through analysis ,

we also know t hat t his kind of device can show two

types of NDR curve shapes. When t he t ransform

point appears in t he sat uration region of t he bipolar

state ,t he NDR curve will be a peak shape ; when

t he t ransform point appears in the linear magnifica2
tion region of t he bipolar state ,t he NDR curve will

be a desk shape.

Frequency characteristic is one of t he key fac2
tors that rest rict s application of novel devices. Sim2
ulation shows t hat t he cutoff f requency of t he a2
bove device is about 60～80 GHz in t he usual cur2
rent range ( Ic = 10 - 5 ～10 - 3 A/μm) ,which is near

t he value of common HB Ts.

5 　Summary

In this paper ,a novel mesa ult ra2t hin base Al2
GaAs/ GaAs HB T has been designed and fabrica2
ted. It has particular and obvious voltage2cont rolled

NDR and t he PVCR is larger t han 120. Both device

fabrication and device characteristics are reported

for t he first time. By way of device simulation ,t he

cause of NDR is considered to be t hat increasing

collector voltage makes t he ult ra2t hin base reach

t hrough and the device t ransforms f rom a bipolar

state to a bulk barrier state. In addition ,t he simu2
lated cutoff f requency is about 60 ～ 80 GHz. For

having high speed and high f requency characteris2
tics derived f rom HB T and int rinsic bistability and

self2latching characters f rom NDR , the ult ra2t hin

base NDR HB T is believed to have broad applica2
tion in fields of high performance multiple value

logic circuit and ot her f unction devices.
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Al GaAs/ GaAs 超薄基区负阻 HBT的研制与模拟 3

齐海涛 　张世林 　郭维廉 　梁惠来 　毛陆虹

(天津大学电子信息工程学院 , 天津　300072)

摘要 : 利用化学湿法选择技术和监控电极技术设计并研制了一种新型台面结构超薄基区 Al GaAs/ GaAs 负阻异质

结双极晶体管 ,该器件具有独特且显著的电压控制型负阻特性 ,其峰谷比可高于 120. 通过器件模拟分析 ,解释了该

器件产生负阻的原因 ,即不断增加的集电极电压致使超薄基区穿通 ,器件由双极管工作状态向体势垒管工作状态

转化造成的 .另外 ,模拟结果表明器件可能具有较高频率特性 ( f T 约为 60～80 GHz) .
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