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Abstract By using Monte Carlo simulation and oscillation performance measurement, the dependence of
d. c¢. tunneling characteristics and oscillation performance of heterostructure intervalley transferred elec—
tron devices on structure parameters is investigated. The theoretical results agree with the experimental
data very well. From this investigation we propose a new electrical measuring method to control the de-
vices structure. The doping profile of active layer is measured by the €4 measurement. The quantum well

width may be determined from the electric resistance measurement under low electric field. At last the dop-
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ing concentration of the doping notch is inferred from the comparison between the oscillation performance
and the Monte Carlo simulation curve. All of these measurements constitute a set of methods to control
the devices structure parameters, by the help of which the high efficiency and high power oscillating de-

vices have been fabricated.
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FIG.1 Structure of Gunn Device with
Quantum Well Controller

T A G 25 bR, B 2 P T BTN A 0% . 2 3
B Ao A . WIE 2 A KT, 250 0. dum TS o

W2, B A R IR 1.2X10%~ 1.4 X10%/em”, &

HIT I B n® -Gads WA Aol 2. 3¢ M2 REEWELC ZEMHh

AT AT, 1 T b2 K o 1 2 B0 BRI GE

NN IR T BB Ak 10 2, ST 1.5 FIG.2 Doping Profile Determined by

X 10" fem® (1045 35 J2 7 1148 38 50 Al 35X — 1B Je 40 A Progressively Etching C-¥ M easurement



2 44 BERITING: oK AR AL 45 4 2 B0 sy i 123

0 DT 3 Skt A 92 PR 4B A R (LI T 0k (RS PSS I T oK UL, AR £ k- BIE 45 2 e 1 9
HeHE B AE 2 B () TE 4B L2, ASRE N € R o 5 e Mg i 2 4

3 MHHRIRIZEEPRNEE FHOEE

R R Bk~ MR e i 1 Vs A7 Y52 T I Sl FRATT A i 2 e MN[0 ik 1 R AN el O R
AR P AT 5T b Rt ATV 2 80 S AT T Sk O 5 TR 5 % o I e B [ A 9 b ol A Y
M onte Carlo BE3LT5 V5 45 £ K 4 i ) 8501119 Monte Carlo BERLECPE. 328 FY I B0 5 AS [ &5 0 25 1 6 75
Fobfhd B S A1 I 0 T RN S A0 A P AT AL o B

AT Cv MR P A B 7, 2 FATT O i e e =4 (i) e g S22 010 32 9 B 2 B By, A 75 il A g 1 Al el
Ty A Jog LTk B e, AT 7 b v B R R e 2 Sk S R ATT A A ] P O s T ORF 2 e iy e g 4y
A AT T BRI B 3 R se gk T A 4. 76V
i L 2 A AT 328 b ) 3 g AL v a0 A AR
fRRE T p, JEAEfh ik 10° B . bk DL i o 3 A
L Ae i R g ik 100V Jem, (R A 0 A ) i
ff (A R, I AR N B S 10°V /em 224 #EAN

AT A WEAE, (60 W 0. BOE
T AR, AT ML AR R, LT -
BT T T T RSB RT

LA LT MR, e R AN, T T
HLATEE X AL AR, AR E AT AT SR AR I v R R
WA, I 5 22 ) fhL 7 X, 08 Ly v g DR
B, 75 0. 6um B IT L7 B AR 5] 10°V /em FE . 2 A7)
FEAZ AL FE LA () DX IR DAy s 37 X 1€ 1 A i v 3 :
BT R 10°V /em, BENIK GRS 10 I W5 1, 1 +/pm

P AR K R X 3K HL 3 90 Al 5 A R T 28 A L

189 B8 Jis Bk 7 B v 00 vt 3 58 EE 455 21 B 1 11 3R BE A AT B3 SRR R T A b d s 4 A

WP PR BE 2 A T i B A D R FIG.3 Electric Filed in Active Layer
S22 o 0 0, 0 4 2 inder Different Biases

TP BE o R, B e T A n) e B el
JT the s AR T B A A SR ) S ST AR () B e R B o R, B BIE BTN 0. 45V
BLE o e e % He ks 7 1 B b RS A e 102 A il SR b, i B B 0% 9 GO, BIF e Y g i
R W, 2 i SR g PR, 1 b g o A i 2T B, AR R () i gy X E AR AL Y 4B A B VIR BRAC, 4B
FefE OV el R LR, P T 45 AR OV AT IR RS AL R g 0, g g Al i 2 RS, AT g XA K.
K] skt 3 e PR % 2 A — it o DA 43 000 5 9 A ) 5 e 2 B

ILAEFATT 2% 18 D s B A i g 20 A1 284K, P 3 (e £k i 1 2. 56V T dg it 2. el T DR B,
b B B e Bl R A, A i v A I PR 45 2 1 (% i) W A £ DR RIS B I D0k EC X, AN T 1 Sl 2 1 9k 3
B2 2 R 2 BT K A 1. 49V DM I35 43 Al Sk A il B s k20 R B, AT Y R R A I, fE~ 0. 3um
A0 S8 T B ) BT T, I K PG X S T 2 2 IR IRAT I 25 B AL, ARG IR W L, i R Sy o
AR, 545 ez 11 oot ) e A (R 4 T AR PSRRI B O . A4 el 3 A e o 7 Bk Bk b AR 22 PEANAR
MU T iy BF 2l dy . R S BRI T b B [ 45 % 100 100 Ry R 5, 08 50 b oy 00 £ k- B 10 5 R 2 8

Vel 4 v ) iz 28l 2 R J) 2 40 il L T R E A dnm Snm B 6nm i1 AR A v R IR AR e
B 25 o, G B AT B 9 08 D R A BT e ol 2 R A el ) N A S R BEL A3 S Ol 0. 480 1,22 A



8 Koy 21 %

124
8
6_
-
= af
£ )
/I
- e
-
5 L P L~
= -~
-7
- -
~ -
o -
Pt
o = 1 1 1
0 i 2 3 1 5
V/mV

Pl 4 ARG e R AS [ 0k 5 BIF 56 15 2%
PR SR R 2k

2.18Q. B HT I S5 T BN 107 “em?®, 25 18 3] 52 b5 1) 2% 1 &5
A0 5K H BEL DA, 3% v BEL A ) 52 00 ) 8% 411 LK 7 oo B ) 5
(1. FEATTFE FLAR G 200 b 4 A gy vl BIL I 95 2 0 7E 3~ 50
P SR BEL A A, B £ R A, A 1 o 1 F
JEE s BEL D /) Bk 38 o 00 5 ik BF. SRR AT R TR S R i 3
R BEL 00 Ak e A A B O R A L A T BT BEE R T,
FE B 9 4 ) 2 B T TR A

4 BREORERNE

FEBA 3 T AT W2 0045 % O3 A R -1 B 00 96 5 LS, 2810
TAEPE L T 45 258 DV B T AL 45 2 B 11 1 2 Bl mT A
M AR PR R HEST. S b T H Monte Carlo 13
SBAE S AT 45 e e VIR B SR A AE 1V SR R B Y
9 5 e M AR ST R 2 L AR R A R R EE R 15nm

FIG.4 Calculated V4 Curves of Device BRI EE N 1,54 X 10", 1.52X 10", 1. 5 X 10" H1 1.48 X

with Different Quantum Well Widths

at Ultralow Biases

10%/cm® [13F$E45 . 1 T 3025 Monte Carlo BEUL 2S5 4> Gf
A0 MR AT AL, T FLE i 280 -1 LGB AR A e Ik B s, v 5T
R, AT RS M 2 AR I T 5 b AT RS ST BT ARG %

FMBARAN S BN BER N ELS T
HH A 45 2 B 100 0 P 1T B, e 3 v s ) S T A o O
[ o T T L 3 BR A 4B A 0 VR B R PR, 5%
B e () HL g B AR A, i g X S R R AT R ) 28 pF
$he 57 0 T R T v, LA ARG TR 1 98 B 6 b ] ss gk
F 25 R S R £ 4 B T SRS 4B A 4 1 R T 48
P 1R 4 37 Bt D 38 S 2R 6 1 T d i 1R 48 e VIR IE,
CAEARIE FHUR R, 75 4~ 6V WK F 3% % 4t oh = i
KL AE SV A AT E H 200mW IR S5 K S Y e Tk
w1 6.2V LLJS 38 PRk (5 4R, He £ i Y b A5 45 Qe i ik
FE T 1 4 T 2 e e s vl s 9 AR e SV R, A
6~ 8V HL 0 [l N 30 A O IR b T 2R, E 8V i J R
A 120mW . X 4 2 1) 45 IR S s IR o ST
WA AP ARAT . s RIZROR H4B A B IR E AR AR R 1
6 3% A 0 Th o, S AR TR R AN, B A N T
7V LUJG AR, 76 8V M 4 i 160m W . fE BRI
CENEE N PSS TN = R E SUDN1F <4 SRR AL
DN BI AT AN K TR 40 9% 2802 i & M e i) e, TR
eI 2 QLA S (] P 5 45 AR S, M S R 6 1Y
GE ST, NN AB 2 B O B B b A B 1 T
AT AL A 4R R 5 A AR I S R P TR L et

L]

¢ 6 8 10 12
VIV
€5 1v S R sl R AN e 0

WRPE BT ok SR 5 0%

FIG.5 Calculated Oscilation Efficiency Versus

Bias at Different Doping Notch

(IR W] T 3k B4 40 11 T 4 o ol i Gk 3 B O B AUURN S B F ST AT T LA 38 1 5 A4 3 v s
S0 FBL 00 v S STARE (48 e R BE. FRATTIT I B8 1 o 4 3% WU S R A0 7 3~ 6V N, R AR U
4TI 0 TH S T DUE 2 H 94B e TV B S 2 5 v T e I I, s N 1% BRI 4B e s L



2 44 RERTIN . ARG SRR 45 H 2 B s ik 125

250

200

P/mW

1o

6 —=FARB A LR
B4R 5 i A s A A G R

FIG. 6 Oscilation Power Qutput Versus

Bais at Different Doping Notch
5 itig

FEATTAE A7 I 5 k7 B AIE 7 of R 8L T3 0 e A4 () e A W 7 2 1, AR O — B s B T & B 1 4
W Zh i, Be vk IR R ACH i i BE S IR, 1S AP 6 1 45 A ek uE W] T B R T R ) TR R R T gL s
JH IRl k7 BER AR AT R 2 B T Tk AT 9822 0 AT, R T i 2O T S M e AR ) B T A X —
B 10 2 AR AIE I U 94 K 45 B 110 k- O T 0 I O RPEE R A 900 2 ke, R B — AR R i R
8 1 3 AP SR AN DR 5 R R ROK A7 U502 2 () P A A AR A, N £ 1 00 5 o g e 200 <3 4t £ 23 R
fiff 2 I HH O PR 5 K B B AT RO HROR R R F T

AR S 8 b ¢ AR T ik vl RUAR 7 400 3 00 502 A7 502 (045 2 2 A . 40K 4 2 ) ) s i DA
Ry v AT A E 1 Monte Carlo BB BL, 75 [F) (25 P8 b s 1 47 BF 48 2 4 10 AT 5
J2 22 1) PR R L ORI AT 1 4 PR, 3 42 o s W L9/ 4 2 3 £ SR I, 01 st 2 7 0 Rk O 445 6 0
BRIAEE. & HTIXFIORT S8, FRATT A (MK 7 vy BEL FR0 900 522 o 3R A T S et et B 5 18 0 B k. AR T
AL 1 30 25 TV (1 R UL R 2 6 5 R (1 ] LR AIT T oh 3O3R 390 52 45 2 B2 R L (R 5 ik, i it S
— AR WA AN LA AT RO L AR RX — A ok i AR E A, AT MBE A MOCVD T2 7l
18T YEREALLS (8% 1F. 8mm BB AR 485 1 dg KK 4 HH DI #aK 2. 55W, o i e i 280 I 189% .

kT BB e B RS A S 3 R RS IE ST R LV 2T K& AR AR P 48 DK S R ke 4 R MOK M BCOK
PR D& TAE, e — P00 8 1R (047 808 4%, B T 8805 B0 LAk, SR A7 20 12 M 48y vk v B
43 LR FRATAE AR AT b A T B G 1) S A R LA K BT R
FAOPPRE A DR BRATTAN DU B34 (¥ 4% 8 2 MO AT A7 AR G BT, (3] B i a6 200 4 13 M 48 3K 0 2 5



126 SN L N 4 21 4

PR 20 %, A I RO AL R e XL I 78 1 0 o 9 3. 83 LR AT I3 S of 8 P A A ) RS R AR
P (FPASESELRIT 72 FE AN HL 2 B0 G v o SR 7 110 45 R 5 L, )l Sl A ) L A Uik,

2 % x

[ 1] XueF S, Semicon. Sci. Technol., 1989, 4: 150.

[ 2] BEAGE, $ELER, 1990, 39(6): 984] Xue Fangshi, Acta Physica Sinica, 1990, 39( 6): 984(in Chinese) |.

[ 31 GEARE, AT L, S, R oEuF i R ke, 1993, 13: 1] Xue Fangshi et al. . Research & Progress of Solid
State Electronics, 1993, 13: 1 (in Chinese) | .

[ 4] GEARE, Sk, 1997, 22(4) 1 1] Xue Fangshi, Semiconductor M agazine, 1997,22(4): 1{ in Chinese) |.

[ 5] XueF S, Chinese Phys. Lett. (to be published)

[ 6] XueF S.Deng Y.Zhang C, Chinese J. Electronics, 1995, 4: 15.

[ 71 GEAGRF, HF27dR, 1998, 26(8): 51 Xue Fengshi. Acta Electronic Sinica. 1998, 26( 8): 51 (in Chinese) | .

[ 8] HEATES, S, 1998, 19(1): 1] Xue Fangshi, Chinese Journal of Semiconductors, 1998, 19(1): 1 (in Chi-

nese) | .





