26 6 Vol.26 No.6
2005 6 CHINESE JOURNAL OF SEMICONDUCTORS June ,2005
*
1,2 1 1 1
1 2
(1 , 300072)
(2 300160)
nriInGaP/ p- GGAY m GaAs . -V
EEACC: 2560J
: TN313 2 DA : 0253-4177(2005) 06-1218-06
1
( RGND RHBT)
MBE MOCVD
(HBT) 1 , HBT
: ( K
HBT p* GaAs
I"c hode X (or Emitter E
thode T Emitier
, HBT af (o tter E)
[1] Vax n’
[2 4] N
HBT . HBT HBT veanw
1, . . Gate G
) p (or Base B)
. , D = 0 ] ®
{ w (
(RTT). T N AR R
‘ N 11 1ok uﬁ
(NDRHBT) B R
| jei [X) . [ |
3 InGaP/p-GaAs - GaAs B R
(MBE) , NDRHBT. R IR
t LK} (RN}
.V [3] ;
N © Hole
' 1 RGNDRHBT
! Fg. 1 Device structure and operating principle of
RGNDRHBT
* ( :2002CB11905)
2004-09-04 ,2004-10-27 (2005



6 1219
, p’ GaAs ZnAu
P’ GaAs n’-GaAs : 3 RGNDRHBT
ZnAu p" GaAs . ,
(G (B) . -
HBT . ’
p* GaAs : RGNDRHBT MBE HB T
p" GaAs , 2 n* Inos-
ZnAu/p*® GaAd n GaAgp’ GaAs : GasAs  cap
- [3] s (BARITT) n InGP Al-
. ' GaAs DX InGaP/
p+ GaAs ( ) .G As ,
P GaAs . he HBT
' c P HBT RGNDRHBT
GaAs ( ) ) HBT
(reach through) ,G p* GaAs 7
\Wi , VRt )
N ) 15Q m x 15Qu m.
G p° GaAs
' Jr = Ar TPe q(®BP+V|;i)/kT (eq\/I/kT - 1) (1) n* S-1no.5 Gao.sAS 5x10%cm 3  100nm
. Graded S-InxGai- xAs(x:0.5-0) 5x10%cm 3 50nm
Ar Al n* S- GaAs 5x10%cm-3  100nm
iPar Vi Vi n S-InGaP 1x107cm-3  80nm
4k undoped GaAs 5nm
(1) G p* GaAs p* Be GaAs 5x10%cm-3  60nm
( HBT ) G undoped GaAs 5nm
Ve  Vec( (1) V1) Jp n S-GaAs 5x10%m 3 500nm
nt S-GaAs 5x10%cm-3  500nm
1 ' S| GaAs substrate(100)
RGNDRHBT : K (
) G(B) A(Q) 2 RGNDRHBT MBE
Ve Fig.2 MBE materia structure of RGNDRHBT
, Vak=0 , Ve =V Vrr (W 3.2
Vet ), G HBT
p*-GaAs ' npn HBT RGNDRHBT
., HBT ;A , HBT
(A) K : '
HBT Ic ( la) , : J
HBT IV . Vak( Vee) . P’ GaAs ! n" GaAs
, Vek (Vee) , G , n  GaAs ZnAu
A Ve =Vek - Vak . BARITT VR, ZnAu
1 , G p*-GaAs , p* GaAs w,
HBT , HBT n GaAs p* GaAs ( n
lc( 1a) : HBT GaAs ), 1 L.



1220

26

4 RGNDRHBT IV

4.1 IV

4.1.1

3(a) ,(b)
() [3]

3 RGNDRHBT () N” :X
0.5V/div,Y O 5mA/dyv, 0. 32V/ gtep; () [3t

1V/div,Y

: -V [3]
(D) [3] .
Vak (Vce) )
.(2) Ve
(3) I_V “ ” , ,
200[© 1V, =2.5V
L) 220y
L 2 3V, =15V
: 4V, =1.0V
-3
g o
N{
-200 L PR R T U T |
0 4.5 9.0
V!V
0. 5mA/ div, 0 16V/step;(b)* " :X

X 1V/div,Y 4Q A/div, 0. 5V/ step

Fig.3 NDR characteristicson RGNDRHBT for constant voltage Vee (a)“ N” type: X 1V/div,Y O 5mA/

div,0 16V/ step; (b)“
div,Y 4Q A/ div ,0. 5V/ step

4.1.2
Ve ,
Is . [3]
4 RGNDRHBT
, (1)
Is , s Iscr
, lear= 20 A ; (2)
4 RGNDRHBT X :0 5V/div,Y
:AmA/ div, :1Qu A/ step

Fig. 4 NDR characteristics of RGNDRHBT for con-
stant current mode  X:0. 5V/div,Y:1mA/ div,1Q A/

step

" type: X 0. 5V/div,Y 0. 5mA/ div ,0. 32V/ step ; (¢)

" typefrom Ref. [3]: X 1V/

, Ve
;(3) ls :
4.2 RGNDRHBT
4.2.1
3(a (b) Vee
5(a) ,(b) : 5(a) P Ve
,  Vp Vv Ve . Ve
Alp/AVee 7
17. 8ms ,PVCR 2 33 ,
0 16V ; 5(b) Vp Vv
Vae e Vee
Alp/AVee 36 5ms .
Veeer= 0 32V. Iy 0 3A,PVYCR
6000.
4.2.2
4
Is , 1 . , Ip
lc, hee ( = Ic/ 1) 166.4A Ip/A 1g

Is Ip . HBT



6 1221
5
5.1 -V [3]
RGNDRHBT I-V
[3] (D) [3]
Vee( Vak) :(2)
Veecr , 1 2V. Veecr
ViV
0. 32V ;(3) (1p) 36 bms,
5 [3] 0 156ms, Vee Ip
(b)
A e 14 [3], Al GaAs HBT
—
3f —— 13 % , S AlGaAs DX ,
Em N InGaP Al GaAs
~ o} {2 &
A B , [3]
1r 11 (200nm) . hee (= 4) '
Ve hre
0o 0 2.0 . G ,
YulV V ak , G A (

5 RGNDRHBT VBE (a¥ N"  :(b) ) C Glp") C(n") '
FHg.5 RGNDRHBT NDR parameters as a function of :
Vee (8 N” type;(b) " type Vak (' Ver) , G ct A
hre . 200, o Vax ;

150, lp Is ! !
.G
ls <204 A . G A '
) Is (lscr) 2 A. 1 ,
PVCR PVCR. Vak '
HBT hee
1 RGNDRHBT Is ' Vex '
Table 1  Constant current mode NDR parameters of J Vak
RGNDRHBT as afunction of Ig A ) )
s A [ 1o mA| W mA| verv | v v | PVCR| A 1618 18 (hee) , 3(a) (b)
0 50 . RGNDRHBT
20 200 [3] '
30 | 5.7 | 45| 1.2 2 | 1.27 150 [3] : hee
40 | 68| 49125 2 | 1.39 150
50 | 8.3 | 5.4 | 1.32 2 | 1.54 150 5.2

(Vee = )



1222 26
2 , [3] (MOBILE)
(=) : AID :
RGNDRHBT HBT
HBT , RGNDRHBT ,
RGNDRHBT , n GaAs ,
[3]
VBEcr . 7
Veee =0. 32V,  [3] Veew =1 2V.
, G RGNDRHBT,
p*-GaAs , -V [3] Y,
p'-GaAs : :
ls , s [3]. , )
, Veecr )
: 4 :
, leer = 2QU A.
, :0.32V/2u A =
16K2 , Veexr = lsar X Re (ANU)
Ve s Iscr
4 [1] Lee T W,Houston P A.New nonthermal mechanism for neg-
-V ative differential redstance in heterojunction bipolar tran-
Vee ' sstors. Appl Phys Lett ,1993,62(15) :1777
[2] LuSS,Wang YJ.A GSMBE grown GalnP/ GaAs narrow
' ' base DHB T exhibiting N-shape negative differential res stance
PVCR PVCR with variable peak-to-valley current ratio up to 1 x 107 at

6 RGNDRHBT

RGNDRHBT ,
(RTD)
(HEMT)
. RTT RTD/HEMT,
RTD/ HBT R GN-

DRHBT . -

room temperature. |EEE Electron Device Lett ,1994,15(2) :
60

[3] We HC,Wang Y H,Houng M P. N-shaped negative differ-
ential redgstancein atrangstor structure with a res stive gate.
|EEE Trans Electron Devices,1994 ,41(8) :1327

[4] LiuwC,Wang W C,ChenJ Y ,et a.A nove InP/ InAl GaAs
negative-differential-resstance heterojunction bipolar tran-
sstor (NOR-HBT) with interesting topee shaped current-
voltage characteristics. |[EEE Hectron Device Lett,1999, 20
(10) :510

[5] e S M. Physcsof semiconductor devices. 2nd edition. New
York:A Wiley- Interscience Publication ,1981:613



1223

Negative Differential Resistance Heterojunction Bipolar Transistor
with Resigtive Gate Sructure’

Guo Weilian'? , Qi Haitao', Zhang Shilin*, Zhong Ming' , Liang Huilai',
Mao Luhong' , Song Ruiliang" , and Hu Haiyang’

(1 School of Electronic Information Engineering, TianjinUniversity, Tianjin 300072, China)

(2 School of Information and Communication Engineering, Tianjin Polytechnic University, Tianjin 300160, China)

Abgract : The mInGaP/ p- GaAs - GaAs negative differentia resstance heterojunction bipolar transistor with resstive gate
structure (RGNDRHBT) is designed and fabricated success ully. The I-V characteristics of thefabricated device are better than
thosein Ref.[3]. Both modes on negative differential red stance characteristics for constant voltage and constant current are
found ,and the physica mechanism of both modeson negative differential res stance characteristics are explained. Finaly ,the ap-

plication prospect of this device is expected.
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