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Abstract : A series of slow drain cur rent recovery t ransients at diff e rent gate biases af te r a short2term st ress are

observed in an Al GaN/ GaN H EM T. As t he variation of t he time constants of t he t ransients is small , t he working

t rap is dete rmined t o be elect ronic . A numerical simulation verif ies t his conclusion and rep roduces t he measured

t ransients . The elect ron t raps at diff erent sp atial p ositions in t he device2on t he ungated surf ace of t he Al GaN lay2
er ,in t he Al GaN barrie r , and in t he GaN layer are considered ; cor resp onding behaviors in t he st ress and t he t ransi2
ents are discussed ; and f or t he simulated t ransients , agreement wit h and deviation f rom t he measured t ransients are

explained. Based on t his discussion ,we suggest t hat t he measured t ransients a re caused by t he combined eff ects of a

deep surf ace t rap and a bulk t rap in t he GaN layer .
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1 　Introduction

Curre nt collapse ( CC) p he nome na li mit t he

app lica tion of Al GaN/ GaN high elect ron mobilit y

t ra nsist ors ( H EM T) . It has bee n s how n t hat t hei r

slow t ra nsie nts a re di rectly relate d t o CC

eff ects [ 1 ,2 ] . The t heoretical exp la nation of such

slow t ra nsie nts is ge ne rally based on t he t rap

ef f ects in t he access region of t he device surf aces .

The supp ression or eve n elimi nation of CC eff ects

a nd slow t ra nsie nts by p assiva tion have bee n

widely obse rved a nd st rongly supp ort t he surf ace

t rap model . Klei n et al . [ 3 ] suggeste d t hat t he bul k

t rap i n t he GaN buff e r laye r may also cause CC

eff ects i n GaN M ES F E Ts . Thus t he slow ness of

t he t ra nsie nts may be t he result of bul k t raps .

I n t his p ap e r , accordi ng t o a se ries of slow

drai n cur re nt recove ry t ra nsie nts measured af te r a

s hort2te r m st ress i n a n Al GaN/ GaN H EM T , we

dete r mi ne t ha t t he w or ki ng t rap is elect ronic .

Based on t his f i ndi ng , a n ef f ort is ma de t o rep ro2
duce t he measure d t ra nsie nts by nume rical si mula2

t ion . The elect ron t raps at t he ungate d surf ace of

t he Al GaN laye r , i n t he Al GaN ba r rie r , a nd i n t he

GaN laye r a re conside re d ,a nd cor resp ondi ng si m2
ula ted t ra nsie nts a nd be haviors a re discussed.

2 　Principles for judging the trap
properties

　　The ra te equation f or t rap c ha rgi ng is ex2
p ressed i n Shockley2Rea d2Hall st atistics as f ollows
(i n t he f or m of elect ron t raps) [ 4 ] .

d F n

d t
= - n1 C n F n + nC n (1 - F n ) +

p 1 C p (1 - F n ) - p C p F n (1)

　　The f our te r ms on t he right cor resp ond t o e2
lect ron e mission , elect ron cap t ure , hole e mission ,

a nd hole cap t ure , resp ectively. F n is t he t rap occu2
p a ncy f act or , a nd C n is t he elect ron cap t ure coef2
f icie nt . C n =σn v n , w hereσn is a cap t ure cross sec2
t ion a nd v n is t he elect ron t he rmal velocit y. n is

t he f ree elect ron de nsit y , a nd n1 is a consta nt de2
f i ned by t he t rap e ne rgy level . The qua ntities f or

t he hole te rms ca r ry a nalogous mea ni ngs .



第 2 期 Zhang J inf eng et al . : 　Numerical Explanation of Slow Transients in an Al GaN/ GaN H EM T

Accordi ng t o t he a bove t rap rate equation ,

t he cap ture rate f or a t rap ( C n n) is p rop ortional

t o t he f ree ca r rie r de nsit y , a nd t he e mission rate
( C n n1 ) is always consta nt . This mea ns t hat w he n

t he ove rall be havior of a t rap is cap t uri ng ( relea2
si ng) ca r rie rs , t he ti me consta nts of t he resulti ng

t ra nsie nts a re va ria ble (consta nt) . The ref ore ,si m2
ila r t ra nsie nts wit h dif f e re nt biases a re good i ndi2
ca t ors of t rap be havior . The t ra nsie nt si mulations

of a n Al GaAs2GaAs HJ F E T wit h elect ron t raps il2
lust rate t his f act i n Ref . [ 5 ] .

I n t he drai n cur re nt recove ry (collapse) t ra n2
sie nts of a n Al GaN/ GaN H EM T , t he elect ron

t raps release ( cap t ure ) elect rons , w hile t he hole

t raps cap t ure ( release) holes . So t he t rap p rop e rt y

ca n be dete rmi ne d f rom t he dep e nde nce of t he

ti me consta nts of drai n cur re nt t ra nsie nts on t he

bias conditions .

3 　Measured transients

The st ruct ure of t he measured device is

s how n i n Fig. 1 . The hete rost ruct ure is grow n i n

our la bora t ory , a nd t he room2te mp e rat ure Hall

ef f ect shows t ha t its tw o2di me nsional elect ron gas
(2D EG) de nsit y a nd mobilit y a re 11 1 ×1013 cm - 2

a nd 949cm2 / (V ·s) , resp ectively . The device was

p rocessed i n t he N o. 13 Resea rch I nstit ute of t he

Chi na Elect ronics Tec h nology Group Corp ora2
t ion .

Fig. 1 　Device st ructure 　The gray regions are taken

t o be GaN in t he simulation.

The measured drai n cur re nt t ra nsie nts at V d

= 1V unde r dif f e re nt Vg a re show n i n Fig. 2 . The

t ra nsie nts a re obtained i m media tely af te r a 10s

st ress of V d = 10V a nd Vg = - 4V . Accomp a nied
by a ve ry la rge gate cur re nt , t he curve at Vg = 1V

is quite dif f e re nt f rom t he ot he r curves ,w hich a re

al most p a rallel t o eac h ot he r . The ave rage dis2
t a nce betwee n tw o a djace nt curves i ncreases as Vg

decreases .

Fig. 2 　Measured drain cur rent t ransients at Vd = 1V

under diff e rent Vg 　The gate cur rent at Vg = 1V is al2
so show n.

We ta ke a f it ti ng p rocedure f or t hese t ra nsi2
e nts si mila r t o t hat describe d i n Ref . [ 6 ] , or

I d ( t ) = Δ I d ,f ast +Δ I d ,slow ( t)

Δ I d ,slow ( t ) = Ion (1 - exp ( - ( t /τon )β) )
(2)

　　The ti me consta nt τon a nd st retchi ng p a ra me2
te rβa re listed i n Ta ble 1 . For V d = 1V , t he f it ti ng

p a ra mete r values f or t he source cur re nt t ra nsie nt

a re also s how n in Ta ble 1 t o account f or t he i nf lu2
e nce of t he gate cur re nt . I t ca n be see n t ha t t he

ti me consta nts s how a very wea k re duction wit h

t he increase of gate bias . Mea nw hile t he ti me con2
sta nts of t he drai n2on t ra nsie nts of t he sa me de2
vice c ha nge signif ica ntly wit h V d . The ref ore t he

t raps causing t he a bove t ra nsie nts a re elect ron

t raps .

Table 1 　Time constantτon and st retching p arameterβ
of drain cur rent t ransients 　For Vg = 1V , t he source

cur rent t ransient is also f it ted , and t he f it ting p arame2
te r values are show n in p arent heses .

Vg/ V 1 0 . 5 0 - 0 . 5 - 1

τon/ s 94 . 03 (82 . 65) 861 56 100. 71 117 . 24 171 . 19

β 0 . 47 (0 . 43) 0 . 52 0 . 52 0 . 56 0 . 67

4 　Numerical simulation

To verif y our f i ndi ng , tw o2di me nsional drif t2
dif f usion si mulations of t he Al GaN/ GaN H EM T

were ca r rie d out usi ng t he code A TL AS2SIL V A2
CO [ 7 ] . We use d t he nomi nal values of t hic kness

a nd dop i ng f or all laye rs (see Fig. 1) . To avoid t he

contact resista nce p roble m at t he hete rost ruct ure ,

we exte nd t he GaN laye r t o t he source a nd drai n

elect rodes t h rough t he Al GaN laye r ( s how n i n

772



半 　导 　体 　学 　报 第 27 卷

Fig. 1 as t he gray regions) . The t he rmionic model

is used f or t he gate . The mate rial p a ra mete rs used

f or t he nit rides i nvolved a re ta ke n f rom t he built2
i n libra ries of A TL AS [ 7 ] . A 5n m t hic k c ha n nel

laye r wit h a low f ield mobilit y of 1100cm2 / ( V ·
s) is def i ned under t he Al GaN/ GaN hete ro2i nte r2
f ace t o account f or t he 2D EG p rop e rties . Trap2
p i ng ef f ects a re modele d i n t he si mulat or by sup2
p le me nti ng t he se miconduct or t ra nsp ort equations

wit h t he Shockley2Rea d2Hall t rap ra te equation

a nd by i ncluding t he cont ribution of t raps t o t he

sp ace2c ha rge de nsit y a nd t o t he ti me c ha nge of e2
lect ron a nd hole de nsities i nt o t he Poisson a nd

ca r rie r2conti nuit y equations , resp ectively. Si mula2
t ions were ca r ried out assumi ng T = 300 K.

Si nce t he p ositions of t he t raps i n t he device

a re unknow n , t h ree p ossibilities a re conside red :on

t he ungated surf ace of t he Al GaN laye r (surf ace

t rap ) , i n t he Al GaN ba r rie r ( Al GaN bulk t rap ) ,

a nd i n t he GaN laye r ( GaN bul k t rap ) . All t raps

a re def i ne d t o be accep t or t raps . The p ola r cha rge

def i nition f or each sit uation is ma de combini ng

t he t ra nsf e r c ha racte ristics as f ollows .

Figure 3 shows t he measure d t ra nsf e r cha rac2
te ristic curves ( t hic k solid li nes ) . The a bsolute

value of t he t h reshold voltage | V t h | is small . I n a n

Al GaN/ GaN H EM T ,| V t h | dep e nds on t he Schot2
t ky ba r rie r height of t he gate , t he mate rial , t he

dop i ng a nd t hic kness of t he ba r rie r laye r , t he con2
duction ba nd of fset , a nd t he p ola r cha rge at t he

Al GaN/ GaN hete roi nte rf ace . All t hese f act ors a re

easily dete r mined excep t f or t he p ola r c ha rge ,

w hich dep e nds on t he st rai n relaxa tion . So i n t he

si mulation t he p ola r cha rge at t he Al GaN/ GaN

hete roi nte rf ace (σpol2 ) is a djusted t o give a reason2
a ble | V t h | , a nd t he p ola r c ha rge at t he Al GaN

surf ace (σpol1 ) is a djuste d t o give a reasona ble sur2
f ace p ote ntial . The p ola r cha rge def i nition a nd t he

calculate d t ra nsf e r c ha racte ristics f or eac h t rap

model a re also show n in Fig. 3 .

4. 1 　Surface trap

I t is assumed t ha t t he surf ace t raps a re uni2
f ormly dist ribute d wit hin 1 nm under t he surf ace

ove r t he ungate d gate2source a nd gate2drai n re2
gions . The t rap de nsit y is N T = 41 8 ×1012 c m - 2 , a nd

t he cap ture cross section is σn = 1 ×10 - 14 c m2 . We

f i rst investigate how t he t rap e ne rgy i nf lue nces

t he t ra nsie nts ; t he simula tion results of t he t ra nsi2

Fig. 3 　Measured and simulated t ransf e r characteris2
tics 　The t hick solid lines are measured curves , and t he

ot her curves are simulated ones . Traps are only added

in t he device f or simulation of curves 2 a ( surf ace

t rap) ; 2 b (Al GaN bulk t rap ) and 2 c ( GaN bulk t rap ) .

The p olar charges at t he Al GaN surf ace (σpol1 ) and at

t he Al GaN/ GaN heterointerf ace (σpol2 ) a re def ined f or

t he simulations as 1 a :σpol1 = 0 ,σpol2 = 81 86 ×1012 cm - 2 ;

1 b ,2 a :σpol1 = 0 ,σpol2 = 418 ×1012 cm - 2 ; 1 c :σpol1 =σpol2 =

8186 ×1012 cm - 2 ; 2 b :σpol1 = 310 ×1012 cm - 2 ,σpol2 = 418

×1012 cm - 2 ; 2 c :σp ol1 = 3175 ×1012 cm - 2 ,σpol2 = 710 ×
1012 cm - 2

e nt at Vg = 0V a re s how n i n Fig. 4 . W he n Ec2 ET is

la rge r , t he t ra nsie nt is slower . Fit ti ng t he simula2
t ion curves i n Fig. 4 by Eq. (2) , a nd let ti ng Ec -

ET = 01 835e V , we f i nd τon = 981 34s , w hich agrees

well wit h t he measured value . So t he t rap e ne rgy

is set at 01 835e V below t he conduction ba nd f or

t he surf ace t rap model .

Fig. 4 　Simulated I d ,slow ( t ) wavef orms at diff erent

t rap energy levels

To show t he t rap be havior i n t he t ra nsie nts ,

t he t ra nsie nt si mulations a re ca r ried out f or t he

w hole measure me nt p rocess , w hich i ncludes t h ree

stages . The f i rst is a 10s st ress of V d = 10V a nd

Vg = - 4V , t he second is a t ra nsition i nte rval f rom

st ress t o t ra nsie nt measure me nt , a ze ro bias state

a bout 2s long , a nd t he t hi rd is a 1000s t ra nsie nt a t
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V d = 1V .

D uri ng t he st ress , t he cha nge of t he t rap oc2
cup a ncy f act or F n wit h time at t he surf ace is

s how n i n Fig. 5 (a) . I n t his stage t he re is no signif2
ica nt cur re nt i n t he cha nnel , a nd t he t rap cap t ures

elect rons . Si nce t he Sc hot t ky ba r rie r height of t he

gate is not high ( a bout 01 3eV , dete rmi ned f rom

t he I2V curve of ga te2drai n diode ) , t he elect ron

de nsit y n is highe r unde r t he gate t ha n t ha t at t he

ungate d surf ace ( less t ha n 105 c m - 3 ) . We f i nd i n

t he si mulation t ha t f or t he Al GaN/ GaN hete ro2
st ruct ure under t he gate w he n t he gate is negative2
ly biased , t he elect ronic quasi2Fer mi level is not

level , but is be nt wit h t he conduction ba nd i n t he

Al GaN laye r . I n t he deep dep letion sta te of Vg =

- 4V , t hough t he p ea k elect ron de nsit y in t he

cha nnel is grea tly re duced t o a bout 1016 cm - 3 , t he

elect ron de nsit y i n t he w hole Al GaN laye r unde r

t he gate is al most consta nt a nd not ve ry low ( a2
bout 1014 c m - 3 ) . As a result , n is highe r unde r t he

gate t ha n t hat a t t he ungate d surf ace . Thus t he

t rap cap t ures more elect rons nea r t he gate , t he re2
by cha ngi ng F n more .

Fig. 5 　Change of t he t rap occup ancy f act or F n wit h

time at t he surf ace in t he st ress ( a ) and in t he slow

t ransient ( b) 　The time ref erence is t he moment im2
mediately af te r t he resp ective rise edge , and zero bias

means t he stable state .

I n t he i nte rval , t he t rap sta te te nds t o recove r

t o t hat bef ore t he st ress , but t he ti me is t oo short

a nd t he re is al most no c ha nge .

I n t he slow t ra nsie nt , t he t rap state t ra nsits t o

t he sta ble state of V d = 1V , a nd t he t rapp ed elec2
t rons a re release d stea dily. Figure 5 ( b) s hows t he

cha nge of F n . I n t his cur re nt t ra nsie nt t he app lied

bias is consta nt so t he recove ry of t he cur re nt is

mai nly cause d by t he cha nge of t he c ha nnel elec2

t ron de nsit y , w hic h results f rom not only t he re2
lease of elect rons f rom t he t rap but also t he recov2
e ry of t he drif t regions dep leted by t he vi rt ual

ga tes f or med by t he negatively cha rged t rap . The

vi rt ual gate eff ect is show n more clea rly i n t he

t ra nsie nts a t dif f e re nt Vg ,f or w hic h t he si mula ted

curves a re show n i n Fig. 6 .

Fig. 6 　Simulated t ransient curves at diff e rent Vg

Comp a ring Fig. 6 . a nd Fig. 2 , a n obvious

dif f e re nce is t hat t he si mulated curves a re not p a r2
allel but close r at t he sta rt of t he t ra nsie nts . As f or

t he c ha nge of t he ave rage dista nce betwee n two

a djace nt curves wit h Vg a nd t he sp ecif ic curve a t

Vg = 1V wit h its gate cur re nt , t he si mula te d curves

rep roduce t he m well .

Si nce t he elect ron e mission rate ( C n n1 ) of

t he t rap is i ndep e nde nt of Vg , t he nonp a rallel

p rop e rt y could only be related t o t he vi rt ual gate

eff ect . Figure 7 shows t he surf ace conduction ba nd

edge at dif f e re nt times f or Vg = 01 5V a nd Vg =

- 11 0V . The diff e re nce betwee n t he tw o bias

states is small at 0s but i ncreases ove r ti me . The

negatively c ha rged surf ace t rap is i n al most t he

sa me sta te im me dia tely af te r t he rise edge ( t = 0 s )

Fig. 7 　Surf ace conduction band edge at diff erent

times f or Vg = 0. 5V and Vg = - 1. 0V
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f or eac h t ra nsie nt ,si nce t he rise e dge is t oo short
(1 ms use d i n si mulation ) comp a red t o t he time

consta nt of t he t rap (～100s ) . The small dif f e r2
e nce of t he drai n cur re nts at t = 0s i n Fig. 6 re2
f lects t he wea k cont rol of t he gate bias . I n t he

t ra nsie nt , elect rons a re release d consta ntly f rom

t he t rap , t he dep letion of t he vi rt ual gates is wea2
ke r a nd t he cont rol of t he gate bias is st ronge r . At

t he e nd of t he t ra nsie nts , t he vi rt ual gates have al2
most disapp ea red a nd t he f i nal sta tes at dif f e re nt

ga te biases a re reac hed . So t he nonp a rallel p rop e r2
t y of t he t ra nsie nts results f rom a comp etition be2
twee n t he vi rt ual ga tes a nd t he real ga te .

The drai n cur re nt t ra nsie nt at Vg = 1V wit h

its gate cur re nt is also wort h bei ng me ntioned . At

t he ot he r ga te bias t he gate cur re nt is small . B ut a t

Vg = 1V , t he gate is op e ned , t he cur re nt is la rge

a nd shows a f alli ng t ra nsie nt . W he n t he t rap is re2
leasi ng elect rons , some of t he m go i nt o t he gate

cur re nt , a nd t he ot he rs go i nt o t he cha nnel . As t he

vi rt ual gate ef f ect gets wea ke r , t he late ral elect ric

f ield drivi ng t he released elect rons i nt o t he gate

gets smalle r , a nd t hus t he gate cur re nt is wea ke ned

a nd t he c ha nnel cur re nt is recove re d.

4. 2 　Al Ga N bulk trap

The t raps a re assumed t o be unif ormly dis2
t ributed wit hi n t he Al GaN ba r rie r laye r wit h N T

= 41 0 ×1017 cm - 3 ,σn = 1 ×10 - 14 c m2 , a nd Ec - ET

= 01 835eV . A surf ace p ola r cha rge of 31 0 ×1012

cm - 2 is def i ned t o keep t he t rap p a rtially e mp t y at

ze ro bias . Figure 8 s hows t he simula ted t ra nsie nts ,

w hich show si mila r cha racte ristics t o t hose of t he

Fig. 8 　Simulated t ransient curves at diff e rent Vg

surf ace t rap model , but t he relative cha nge of t he

cur re nt magnit ude is s malle r . The smalle r c ha nge

is ascribe d t o t he smalle r t rap de nsit y. At 5nm be2
low t he surf ace , t he cha nge of F n during t he st ress

a nd t he t ra nsie nt at Vg = 0V is s how n i n Fig. 9 .

The t raps cap ture ( release) elect rons in a way is

si mila r t o t he surf ace t rap model , a nd c ha nges

mai nly ta ke p lace in t he region unde r t he source

a nd drai n e dges of t he gate .

Fig. 9 　Change of t he t rap occup ancy f act or F n wit h

time at 5nm below t he surf ace in t he st ress ( a) and in

t he slow t ransient (b)

4. 3 　Ga N bulk trap

The t raps a re assumed t o be unif ormly dis2
t ribute d wit hi n t he GaN laye r , N T = 51 0 ×1017

cm - 3 ,σn = 1 ×10 - 14 c m2 . The t rap e ne rgy is set a t

01 625eV below t he conduction ba nd a nd is also

obtai ne d by a djusti ng ET t o s how a τon ( 1231 97s )

close t o t he measured value . Si nce t he t rap de nsit y

i nf lue nces t he t h res hold voltage | V t h | , t he p ola r

cha rge def i nition is quite dif f e re nt f rom t he a bove

models . A surf ace p ola r cha rge of 31 75 ×1012 cm - 2

is def ined so t hat Ec - EF = 11 53eV at t he surf ace .

A light p t yp e dop i ng of 11 0 ×1015 cm - 3 (sa me as

t he U ID de nsit y) is a dded unde r t he c ha n nel laye r

t o keep t he t rap p a rtially e mp t y at ze ro bias .

Figure 10 s hows t he si mula ted t ra nsie nts . U n2
li ke t he surf ace t rap model a nd t he Al GaN bul k

Fig. 10 　Simulated t ransient curves at diff e rent Vg

t rap , t he curves a re al most p a rallel , a nd t he gate

cur re nt at Vg = 1V shows a n i ncreasi ng t ra nsie nt ,

so t he gap betwee n t he drai n cur re nt t ra nsie nt
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curves a t Vg = 1V a nd Vg = 01 5V wide ns ove r

ti me .

It is necessa ry t o show t he t rap be havior i n a

si ngle t ra nsie nt , f or exa mp le a t Vg = 0V . As t he

t rap is i n t he GaN c ha n nel a nd buff e r laye rs , t he

sp atial complexit y of t he t rap be havior s hould be

note d . At t he drai n edge of t he gate i n t he longi2
t udinal di rection , t he c ha nge of F n i n t he st ress

a nd i n t he t ra nsie nt a t Vg = 0V is show n i n Fig.

11 . D uri ng t he st ress , t he t rap cap tures elect rons .

In t he slow t ra nsie nt , t he t rap be havior is dif f e r2
e nt at dif f e re nt dep t hs . From t he Al GaN/ GaN

hete roi nte rf ace t o 10n m below it (34nm) , t he t rap

state s hows no c ha nge as t he elect ron de nsit y is

ve ry high a nd sta ble . From 34 t o 48nm , t he t raps

wea kly release f rom t = 0s t o t = 1s , a nd t he n cap2
t ure f or t he rest of t he t ra nsie nt . From 48 t o

160nm , t he t raps release elect rons t he w hole ti me .

Below 160nm , t he t raps cap t ure elect rons f rom t

= 0s t o t = 100s , a nd t he n release t he m f or t he rest

t ra nsie nt . N o obvious c ha nge is obse rved below

220nm . I n all t hese cha nges , t he t rap release

p rocess is relatively st rong i n magnit ude a nd sp a2
t ial ra nge ,so t he ove rall t rap be havior is release .

A si mila r sp atial complexity of t he t rap be havior

is also obse rved at t he ot he r longit udinal p rof iles

i n t he device , a nd t he t rap sta te c ha nge ta kes

p lace mai nly i n t he region under t he drai n edge of

t he gate .

Fig. 11 　Change of t he t rap occup ancy f act or F n wit h

time at drain edge of t he gate in t he st ress ( a) and in

t he slow t ransient (b)

The simula ted t ra nsie nts at dif f e re nt Vg a re

al most p a rallel si nce t he t raps i nf lue nce t he c ha n2
nel elect ron de nsit y f rom below t he c ha nnel , a nd

t he gate cont rol is not af f ecte d . The gate cur re nt

at Vg = 1V is a p ure comp one nt of t he c ha n nel

cur re nt f or med by t he r mionic e mission , so its

t ra nsie nt t a kes on a s hap e simila r t o t hat of t he

drai n cur re nt t ra nsie nt .

5 　Summary

A series of drai n cur re nt recove ry t ra nsie nts

at dif f e re nt ga te biases af te r a 10s high voltage

st ress a re obse rve d i n a n Al GaN/ GaN H EM T. The

w orki ng t rap is dete r mined t o be elect ronic , a nd

a n ef f ort is ma de t o exp lai n t he measure d t ra nsi2
e nts by nume rical simula tion . The elect ron t raps a t

dif f e re nt p ositions i n t he device a re conside re d ,

cor resp ondi ng be haviors a re discusse d , a nd none

of t he m ca n rep roduce all t he cha racte ristics of

t he measured t ra nsie nts .

As t he most signif ica nt deviation of t he si mu2
la te d t ra nsie nts f rom t he measure d one , t he non2
p a rallel p rop e rt y of t he surf ace t rap model is de2
te r mined t o be caused by comp etition of t he vi rtu2
al gates a nd t he real gate , a nd t he i ncreasi ng t ra n2
sie nt of t he gate cur re nt a t Vg = 1V f or t he GaN

t rap model is si mila r t o t he drai n cur re nt t ra nsi2
e nt . Though it is not clea r w het he r t he nonp a rallel

p rop e rt y is i nhe re nt i n t he surf ace t rap model , it is

obse rved i n si mulation t ha t w he n Ec2 ET is quite

low so as t o give a ti me consta nt comp a ra ble t o

t he le ngt h of t he rise edge , or is quite high so as t o

give a ti me consta nt muc h la rge r t ha n 1000s , t he

1000s t ra nsie nt would be almost p a rallel . It is also

note d t hat t he si mulated t ra nsie nts of t he GaN

t rap model s how muc h smalle r sp a ns i n t he cur2
re nt magnit ude t ha n t he measure d ones i n sp ite of

quite a high t rap de nsity . So t he re is a p ossibilit y

t hat t he measured t ra nsie nts a re cause d by t he

combined ef f ects of a deep surf ace t rap a nd a bul k

t rap i n t he GaN laye r wit h t he lat te r’s ti me con2
sta nt s how n i n t he measured t ra nsie nts . To ve rif y

t his p rediction , bot h longe r t ra nsie nt measure2
me nts a nd t rap c ha racte rization exp e ri me nts

s hould be done i n f ut ure wor k .

There a re still two p roble ms t o be solved. The

f i rst is t hat t he time consta nts of t he measured

t ra nsie nts show a very wea k reduction wit h t he in2
crease of ga te bias . This see ms a bnor mal . I n t he

t h ree t rap models conside red he re , t he ti me con2
sta nts of t he si mula te d t ra nsie nts show a wea k in2
crease as Vg i ncreases . This ca n be exp lai ned as

f ollows . The elect ron de nsit y is highe r unde r t he

gate (t he f i rst tw o t rap models) or i n t he c ha n nel
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( GaN bul k t rap model) w he n Vg i nc reases ,so t he

t raps cap t ure more elect rons , t he ove rall elect ron

e mission ra tes a re reduce d , a nd t he t ra nsie nt is

slower . The second is t ha t t he re a re tw o vi rt ual

ga tes t hat app ea r a t t he source a nd drai n edge of

t he gate resp ectively i n t he si mula tion , a nd t hey

a re al most equally i mp orta nt . I n t he st ress w he n

t he vi rt ual gates a re f or med , Vgs = - 4V but Vgd =

14V , so t he vi rt ual ga te ef f ect should be much

more se rious betwee n t he gate a nd t he drain . B ot h

p roble ms may result f rom some unknow n mecha2
nis ms a nd need f urt he r conside ration .
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Al Ga N/ Ga N HEMT中慢瞬态的数值解释 3

张金风 　郝 　跃

(西安电子科技大学微电子学院 宽禁带半导体材料与器件教育部重点实验室 , 西安　710071)

摘要 : 观察了 Al GaN/ GaN H EM T 器件在短期应力后不同栅偏置下的一组漏极电流瞬态 ,发现瞬态的时间常数随
栅偏压变化很小 ,据此判断这组瞬态由电子陷阱的释放引起. 为了验证这个判断 ,采用数值仿真手段计算了上述瞬
态. 分别考虑了在器件中不同空间位置的电子陷阱 ,分析了应力和瞬态中相应的陷阱行为 ,对比和解释了仿真曲线
与测量结果的异同. 基于上述讨论 ,提出测量的瞬态可能是表面深陷阱和 GaN 层体陷阱的综合作用的结果.

关键词 : Al GaN/ GaN H EM T ; 慢瞬态 ; 虚栅 ; 表面陷阱 ; 体陷阱
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