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Abstract : A light2activated Darlingt on hete rojunction t ransist or based on a SiC Ge/ 3C2SiC hetero2st ructure is p ro2
p osed f or anti2EMI (elect romagnetic inte rf erence) applications . The p erf ormance of t he novel p ower switch is sim2
ulated using IS E. In comp arison wit h t he switches based on ot her p olytyp es of SiC , t he design benef its f rom having

fewer lat tice mismatches between t he SiC Ge and 3C2SiC. A maximum common emit ter cur rent gain of about 890

and sup erb light2activation characte ristics may be achievable . The p erf ormance simulation demonst rates t hat t he

device has a good I2V characteristic wit h a turn2on voltage knee of about 4V .
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1　Introduction

Conve ntional elect ronic cont rol syste ms a re

suscep tible t o elect romagnetic i nte rf e re nce ( EMI)

t hat ca n re duce t he cla rit y of cont rol signals .

L ight cont rol syste ms t ha t use op tical signals t o

act uate t he cont rolle d inte rf aces have bee n sug2
gested as a solution t o t he EMI p roble m . I n orde r

t o develop a n a nti2EMI p owe r switch f or high

te mp erat ure , high f reque ncy , a nd high p owe r ap2
p lications ,we p rop osed a light2activa te d Si C D a r2
li ngt on t ra nsist or i n a n ea rlie r work [ 1 ] . Because

Si C is not op tically active i n t he wavele ngt h ra nge

i n w hic h light sources a re rea dily availa ble f or

p rese nt op tical com munica tion , t he te r na ry alloy

Si C Ge wit h app rop riate comp osition was sugges2
ted as a light2a bsorp tion medium f or t he base lay2
e r t o achieve its di rect light2activa tion . However ,

t hat design is dif f icult t o realize i n p ractice be2
cause a second hete ro2ep it axial growt h of Si C e2
mit te r on Si C Ge is necessa ry.

I n comp a rison wit h Si Ge/ Si a nd Si C Ge/ Si

hete rojunctions , t he Si C Ge/ Si C hete rojunction

st ruct ure has bee n less studie d up t o now ,alt hough

a group f rom t he U nive rsit y of Delawa re has p ub2

lis he d a n app lication of Si2C2Ge alloy i n Si C het2
e ro2st ruct ure bip ola r t ra nsist ors ( HB T ) [ 2 ] . This

see ms t o be t he only w or k cur re ntly on t he Si2C2
Ge te r na ry alloys used f or f a brication of Si C

HB T. Howeve r , t he Ge conte nt i n t hei r Si2C2Ge

te r na ry alloy is only a f ew p erce nt ,w hic h may not

be e nough t o re duce t he ba nd2gap t o meet t he

need of app lications i n t he visible a nd i nf ra red

ra nge . However , t he f easibilit y of growi ng Si C Ge

alloys wit h highe r Ge conte nt on Si C subst rates

has bee n i nitially conf i r me d by our rece nt

w ork [ 3 ] .

We p rese nt he re a new design of a Si C light2
activa ted Da rlingt on p owe r t ra nsist or f or w hich

only one hete ro2ep it axy is neede d t o ma ke a

monolit hically i ntegrate d Si C Ge/ Si C hete rojunc2
t ion p hot odiode f or p rovidi ng a p ri ma ry base cur2
re nt t o t he D a rli ngt on t ra nsist or . Also , t he host

mate rial is c ha nged t o 3C2Si C i n t his new p rop osal

because of tw o conside rations . Fi rst , a mong Si C

p olyt yp es , 3C2Si C has t he least la t tice mis match

wit h t he te r na ry alloy Si C Ge ; Second ,3C2Si C sub2
st ra tes a re becoming more rea dily availa ble [ 4 ] .

Si C Ge grow n on 3C2Si C subst rate is consid2
e re d t o have a cubic syste matic la t tice . Accordi ng

t o V ega rd’s law , t he lat tice mismatc h betwee n
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Si C1 - x Ge x a nd 3C2Si C is only a bout one t hi rd of

t hat betwee n Si C1 - x Ge x a nd 4 H2 or 6 H2Si C f or

t he sa me Ge conte nt in t he ra nge high e nough t o

meet t he need of app lications i n t he visible a nd

t he i nf ra re d regions .

By mea ns of t he multi2di me nsional device

si mulat or IS E , t he f easibilit y of t he new design is

successf ully tested . The si mula tion results show

t hat t he p rop osed p owe r switch ca n be t rigge red

by a nea r i nf ra red lase r bea m . In comp a rison wit h

devices base d on t he ot he r p olyt yp es of Si C [ 5 ] , t his

device be nef its f rom havi ng f ewe r lat tice mis mat2
ches betwee n t he Si C Ge a nd 3C2Si C.

2 　Structure design and l ight2activa2
tion principle

　　Figure 1 shows a cross section a nd t he dop i ng

p rof iles of t he light2activated Da rli ngt on t ra n2
sist or based on 3C2Si C. The device is act ually a

monolit hic i ntegra tion of t he 3C2Si C Da rli ngt on

Fig. 1　Cross2section and doping p rof iles of t he SiC Ge/ 3C2SiC light2activated Darlingt on t ransist or

t ra nsist or wit h a f loati ng auxilia ry e mit te r a nd a

Si C Ge/ 3C2Si C hete rojunction p hot odiode t ha t

p rovides a p rima ry base cur re nt induced by ir ra di2
ation t o t rigge r t he Da rlingt on t ra nsist or . A n I TO

elect rode is e mployed as a n inte rcon nection be2
twee n t he p hot odiode a nd t he auxilia ry t ra nsist or ,

w hich a re isolated f rom each ot he r by a SiO 2

t re nc h . The t re nch ca n be ma de usi ng reactive ion

etc hi ng ( RI E) [ 6 ] . Sha ring t he sa me subst rate as t he

Da rlingt on t ra nsist or , t he Si C Ge/ 3 C2Si C p hot odi2
ode is f or med by a hete ro2ep i2growt h of t he

Si C Ge laye r di rectly on t he n t yp e 3 C2Si C drif t af2
te r t he p base ep i2growt h a nd t he n + e mit te r ion

i mp la nta tion p rocesses have bee n complete d . As

a n a bsorp tion laye r , t he Si C Ge laye r should be

dop ed wit h a low conce nt ra tion , however i n orde r

t o get a good oh mic contact , its t op laye r must be

heavily dop ed. A p2i2n t yp e p hot odiode is designed

t o meet bot h of t hese require me nts .

The most i mp orta nt p a ra mete rs t o t he design

a nd si mulation of t he hete rojunction p hot odiode

a re t he ba nd gap a nd t he op tical a bsorp tion coef2
f icie nt of t he te rna ry alloy. Si nce t he st udy of t he

growt h of Si C Ge on SiC is i n its i nitial stage , t he

p a ra mete rs requi red f or accura te design a nd si mu2
la tion a re mostly unavaila ble at p rese nt . The re2
f ore , we use d O r ne r’s calcula tion met hod [ 7 ] a nd

t he Mc Fa rla ne2Roberts equation [ 8 ] t o esti mate t he

ba nd gap a nd t he a bsorp tion coef f icie nt of t he

Si C Ge wit h va rie d comp osition ra tios . The details

have bee n p ublished elsew here [ 9 ] . Accordi ngly ,we

choose a Si C Ge wit h a ba nd gap of 11 52e V t o

f or m t he p hot odiode , w hic h cor resp onds t o a n i2
deal comp osition of 30 % Ge a nd 70 % SiC.

In orde r t o ma ke t he p hot odiode have a high

e nough op tical resp onsivity ,we choose a com mon2
ly use d 01 63μm lase r as t he t rigge ri ng light

source . W he n t he t rigge ri ng light is int roduced in2
t o t he p hot odiode t h rough t he I TO , t he light2ge n2
e ra ted elect rons a nd holes i n t he Si C Ge will be

swep t by t he elect ric f ield in t he sp ace region , i n

w hich t he light2ge ne rated holes a re draw n i nt o

t he p2base t h rough t he I TO , resulti ng i n a p hot o2
cur re nt i n t he base . The auxilia ry t ra nsist or is de2
signed t o be longe r t ha n t he mai n t ra nsist or .

W he n t he p hot ocur re nt f lows t h rough t he base ,

t he base2e mit te r junction of t he auxilia ry t ra n2
sist or must be p ut i nt o a f orwa rd biase d stat us be2
cause of a la rge voltage ac ross t he auxilia ry base

region . The n t he auxilia ry t ra nsist or t ur ns on , a nd

its e mit te r cur re nt is int roduced t h rough t he f loat2
i ng e mit te r contact i nt o t he base of t he mai n t ra n2
sist or . The D a rli ngt on t ra nsist or is t he n t ur ne d on
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di rectly by light activa tion .

3　Simulation and analysis

Using the multi2dimensional simulation sof tware

ISE ,we optimized the st ructure and parameters of the

newly designed light2activated Darlington transistor.

Lacking data f or the SiCGe alloy , we have to assume

that the SiCGe alloy with the p roper Ge content has

SiC2like p roperties except f or its band gap and optical

absorption. Models used in the simulation are con2
cerned with mobility , saturation of drif t velocity , ef2
fective int rinsic carrier density , band gap narrowing ,

Fermi2Dirac statistics , incomplete ionization , Auger

and Shockley2Read2Hall recombination ,and impact i2
onization. The temperature chosen f or all the simula2
tions is 300 K.

A si mulation p lot of t he p hot ocur re nt de nsit y

ve rsus i ncide nt light p ower de nsit y under a bias of

40V is s how n i n Fig. 2 f or t he Si C Ge/ 3C2Si C het2
e ro2junction p hot odiode of t he D a rli ngt on t ra n2
sist or . The p hot ocur re nt is a linea r f unction of t he

i ncide nt light p ower , w hic h is nea rly indep e nde nt

of t he bias . The slop e of t he p lot , i . e . t he op t oe2
lect ronic ef f icie ncy is a bout 881 9mA/ W.

Fig. 2　Phot ocur rent density of t he SiC Ge/ SiC p hot o2
diode versus incident light p ower

Figure 3 s hows t he light2activation cha racte r2
istics of t he Da rli ngt on t ra nsist or biased by 20 a nd

40V , resp ectively. We ca n see clea rly t hat t he

light2activated device has a good switching cha r2
acte ristic de monst rated by a t h res hold i ncide nt

light p ower simila r t o a normal D a rli ngt on switc2
hi ng t ra nsist or . The t h reshold t rigge ri ng light

p ower va ries slightly wit h t he collect or volt age .

For t he de monst ration design and simulation , the

threshold light p ower changes f rom 13 to 12W/ cm2

when the collector voltage changes f rom 20 to 40V.

Fig. 3 　L ight2t riggering characte ristics of t he SiC

light2activated device

Figure 4 s hows a p lot of t he com mon e mit te r

cur re nt gai n ve rsus collect or cur re nt de nsit y f or

t he D a rli ngt on t ra nsist or at a collect or voltage of

10V . Accordi ng t o t he si mulation result , a maxi2
mum cur re nt gai n of a bout 890 may be achieva2
ble ,w hich is high e nough t o a mplif y t he p hot ocur2
re nt f or light t rigge ri ng.

Fig. 4　Simulated common emit te r cur rent gain of t he

3C2SiC Darlingt on t ransist or

The f orwa rd I2V cha racte ristics of t he Si C

light2activated Da rlingt on t ra nsist or a re s how n i n

Fig. 5 f or dif f e re nt de nsities of t he t rigge ri ng light

p owe r . I t ca n be see n t hat t he t ur n2on voltage

knee is a round 4V a nd t he outp ut cur re nt cap a bili2
t y dep e nds on t he incide nt light p ower , esp ecially

i n t he low p ower ra nge . Howeve r , i n t he case of

low outp ut cur re nt , t he sa me collect or cur re nt ca n

be obtai ne d by t rigge ri ng wit h a relatively low

light p ower , as long as t he collect or2e mit te r volt2
age is high e nough .
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Fig. 5　I2V characteristics of t he SiC Ge/ 3C2SiC light2
activated Darlingt on t ransist or

4　Summary

A new design f or a Si C light2activa ted D a r2
li ngt on p owe r t ra nsist or is p rop osed f or easie r

f a brication . The new design needs only one hete r2
o2ep it axial growt h of Si C Ge on 3C2Si C ,a nd only a

lit tle lat tice mis match is a dde d int o t he f a brica2
t ion p rocess comp a red t o t ha t of a nor mal SiC

Da rlingt on t ra nsist or . The f easibilit y of t he new

design is conf i rmed by t he IS E si mulation p rese n2
ted i n t his w or k . I n comp a rison wit h si mila r de2
signs based on t he ot he r p olyt yp es of Si C , t he new

device be nef its f rom having f ew lat tice mis mat2
ches betwee n t he Si C Ge a nd 3C2Si C. A maxi mum

com mon e mit te r cur re nt gai n of a bout 890 a nd su2
p e rb light2activa tion c ha racte ristics may be a2
chieva ble . The p e rf or ma nce simula tion de mon2
st ra tes t hat t he device has a good I2V cha racte ris2
t ic wit h a turn2on voltage knee of a bout 4V .
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SiCGe/ 3C2SiC异质结光控达林顿晶体管的设计与仿真 3

陈治明­　任　萍　蒲红斌

(西安理工大学电子工程系 , 西安　710048)

摘要 : 针对抗电磁干扰的需要提出了一种由 SiC Ge/ 3C2SiC异质结构成的光控达林顿晶体管设计.用多维器件模
拟软件 IS E对这种新型功率开关进行了特性仿真 .结果表明 ,与采用其他结晶类型的碳化硅衬底相比 ,SiC Ge 与
3C2SiC间较小的晶格失配有利于提高器件性能 ,可使其最大共射极电流增益达到 890 ,获得最好的光触发特性和
较好的 I2V特性 ,饱和压降大约为 4V .
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