20024 10F EFI2E®mXEE #3988 SDHE % 10 %

F3%2002-395D-10-2

£5 QHGE FAIE o] L3le] ArAleulEst Ful ool

SASHE 20 A Tl ox

(Transit Time Diodes Using Velocity Overshoot Effects
for Submillimeter-Wave Frequency Range Operation)
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Abstract

We propose a new transit time device to extend the operating frequency to submillimeter-wave
(extreme infrared) ranges by utilizing velocity overshoot effects in the drift region. We name it a
velocity overshoot transit time (VOTT) diode. This device adopts fast heterostructure tunneling as
injection mechanism and a short drift region to optimize the velocity overshoot effects. To enhance
dc-to-RF conversion efficiency, the drift region is designed with a bandgap grading method.

Simulation results demonstrate that a VOTT diode can be operated at THz ranges.
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Fig. 1. A cross-sectional view of a design example
of the VOTT diode with the corresponding
schematic energy band diagram.
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Fig. 2. The current density versus applied E-field
across the injector showing dependence

upon doping density outside the barrier.

& olgato] qudelueg Fap godey Fatsle Fa A7) elox

(566)

KIo#

olsh e Holel® Mz 4= ewisEst Aol
4 E3E Egehs T AR ol ot o

A e Agsie] A g

[=1]
=

24

V. Algefold Zat & dE

AAE Aol dell $x ewrE axlel sle]o]
2 aE wefsie] AlEHelAd sidch o9 39 o
d 45 Audeiviest Falpdiels VOTT 4ol
A S eMgES) sleje] i a3s nojFch
AAE|8] RF #Z-2 dc wloloxe] Aulo sjgich
RF #1Zo] AXH &go] Folx|z &o| Fois=
ubdol 2\l RF Z1&-2 RF glo] #44 wjo] A
F AAA FEAlEle] A} Ao gle] #H)E of

10

llll[l!ll’TTl]l|llll|Ilﬁ'T

— (a)
- (b)
~ —©

Efficiency (%)

'
]
!
i i
! 1]
! 1}
! 1
H \
[ Y
i
{ \
) 1
i 1
i 1
¢ [}
i 4
1 [y
H )
i v
! i
i \
i
i
i
i

|Ililll1lllllll|ll|

LIlllllltll]!llll(l

i

Ollllil

Ll
10" 2x10" 3x10" 4x10" 5x10"

0

Frequency (Hz)

W=1500A4 ) &%= 2wFES) sfz]o] ik
ENE Ho P o] dig wg 54
(e $% SHHES) el Barg 1edl
Aoy, (bl £ LHEE 1#slz Jl)
2o} #ALE FAE Afolr, (o= Fx 2
WGE sjele] gikg FAF 4ol
The conversion efficiency versus frequency
showing velocity overshoot and diffusion
effects with W 1500 A. Curve (a) is
calculated by including wvelocity overshoot
and diffusion effects. Curve (b) is calculated
by neglecting diffusion effects. Curve (c) is
calculated with constant velocity and
without carrier diffusion.

a8 3

Fig. 3.



20024 108 BETIZEGHE £ 3948 SDIE £ 10 % 13
7|3} selzE o] E2- 1500 AR sisirk 1
‘j/]u 31}_ la‘:} 401]/(1 %_;':9\1—2_0] -.}1‘\—5_9‘ ‘}['[\‘E'IL—:‘E_ 10 ,_'T']fll’l [lil‘[]ll[]lll-
%, 22, dodE 2o axt ASS S THz F i W-soo k1
sprefelld] Bato] AhsaA ek eldsdelni o) 8- —W-1500 & -
el ke Al A5 A3 ZIck = .
£ gL N
o L 4
9 - i
150
[[ll][lf) !l!lI‘TITIY[I‘ g L |
L 4 g s ]
- . =] . -
— r T 2 — ' \\ \ R
“g 100 — — - [ 3
4 r of f / \ \ -1
; i ] — A‘ l’ ,/ ~ \\ =
< - . lell]uﬂllﬂ[lllx?\;1x\11
%g L ] 0 10" 2x10" 3x10" 4x10" 5x10%
[#] b -
[»%
o so L B Frequency (Hz)
=4
L b a8 6. &5 eWFES] sele] g aAE weT
I 1 A% celze ool & wish wE Fukio
Lo . g HE Zg
o Litds is’a Ll L | !1‘21 L L - Fig. 5. The conversion efficiency versus frequency
0 107 2x107 3x10™ 4x10° 5x10 showing dependence upon drift region length
Frequency (Hz) including velocity overshoot and diffusion
effects.
T8l 4. 13 39 75l dssle Fulge] g &
a':j' X‘-li’_{]' 160 R FrrT I TTTT | TTTT | TTTT
Fig. 4. The output power versus frequency = w500 A
corresponding to Fig. 3. - ---W=1000 & 7
F — W=1500 i g
N [ L -- W=2000 N
27 5 4 owlemel Aol B4 A¥E we
o 100 — i —
& 4% celze oo % sl e MaEse = § | ]
sppo] g Jehigleh 13 62 o] 799 RF % = - .
=
HE Rejfrh 2 59 ¥ 60l B 4 glRe] o} g N 7
o] | o
2 FYAIY Al rhEri R B Saldel ofs) : s0 N
B8 w FHE FulEshs selae o) Aot = i 1
gk} o8 ol W = 1500 A°li, b = 1370 A, - .
N2 = 77x10" cm™d w} 22 THzolld 52 %] 2| i ]
259 A W/Cmg 9o Hu £3§ zkech 13 72 9] o Lt | vl dlid ] L1 :\ b
7%l 9o <lae] Ak Pl MEUE (injection 0 10" 2x10" 3x10'° 4x10" 5x10"
current density), #%= AFUE (induced current Frequency (Hz)
density), R4 g HefFch
Hzta-gy 2465 ves] & o (500 Aol =y= 38 6. ¥ 59 A5l sk FIbpel dig &
£ oele) o2 Agsjrin g selme g 4 0 f
1g. O. e output OWer - versus requency
S ol ed¥o] Woldm FAFMT} Fohlt: 0 o cauenes

AAY wolck ey B AlEelAdelx] 2E 714

(867)

corresponding to Fig. 5.



14 %% SHHE B%S o8l AnUein|Els} 2ok ddola Bete 29 A7 vholen Y

e o] x| WE AN FHsks RS Assleet B

;-gg;\/ ek Apivieis anel A3 1 EHA ol

L oo} : - quasi-optical 7]&e] 275}l 4= glct
002 | —
00 l : 9’0 ' ! 1(;? I Z’IIO I ) 380
20 — Py - v.Z &

‘g 15 -

3 oF . ERZE qdelolie] 4% WHE EHE o] 4s)
. _

L e of ABeelelels} Far el ke Az
0 4] 2 360

° ’ ) ™ e A7 AR AR o] AAE £% eMsE

P I F4 Az (VOTT) lelexe} wugh o] axke

Sop Aele) 9] WAUZCE WA o]Folali o|ET

Lok Z H4dee o)gau, 4% SME Adkg Hxshst

" T 7) Hsle] e Eelme Gee Pt WBEEe

o A S e B s ey ZohA717) $l8le] oix] o] e AAIF)E w

s af - Moz Eelme ojede AR Algdold Azt

> N wpas o] ZAk= THz deld Satslelel 7|ojsicy,

T I o] Al ¥AE BAE ol8ske Axte] Be uby

Phase Ana; {degree)

J8 7. $x ewfrES} slele] Fab maE wEP
B S=Rl2E 9o Fo] 1500 Ad 9 22 T
HzellAl9] Agtst AHEE 3. (a)= A
Ask (b= 74 AFLE, O frE AFY
=, (d+= A4 Aol

The voltage and current density waveforms
at 22 THz with a drift region length of
1500 A including velocity overshoot and
diffusion effects. (a) The voltage across the
injector, (b) the injection current density, (c)
the induced current density, and (d) the
total voltage.

Fig. 7.

A A woly] Wl oleidt AES
sl =i @S Eelze oo AHS
(negative resistance) el wi-$- Zlo} Az} Aldls
A e % Q)

¥ AAI= GaAsell i3l Monte Carlo Al Edle]Ad o)
ofe]o) miekg Fq QA|Tt MAl) giFt NFe
adell gk 7)&o] 7Fed o BAACE 45

a8

A

0 5 Qlek ook e el weh AR Al o
S R Azl AHE AH A 7]l

ul

4 23 dE A7)
¥

wope] ouix] W= P

A%sloido} sz o Az
Sesjoalo} dhet EEA

¥

Aato] wusle] glomz ™ qlale] edede) ojiix] m
= A3 WA} W oohe} =elxe ojeld] ®EA mo}

(868)

T Qe BeEAe] FAIgle]l d5HoR 3=e)

7Fs3le] 4& S & 9l Aolrt

3

ot

[=]
(L

[1]1 S. M Sze, Physics of Semiconductor Devices,
2nd ed. New York: Wiley, 1981.

M E. Elta and G. . Haddad, “High-frequency
limitations of IMPATT, MITTAT, and
TUNNETT mode devices,” IEEE Trans.
Microwave Theory and Tech., vol. MTT-27,
pp. 442~449, May 1979.

D. H Chow and T. C. McGill, “Observation of
negative differential resistance from a single
barrier heterostructure,” Appl. Phys. Lett., Vol
52, pp. 54~56, Jan. 1983.

R Beresford, L. F. Luo, and W. I Wang,
“Resonant tunneling through X-vallev states in
GaAs/AlAs/GaAs single barrier heterostruc-
tures,” Appl. Phys. Lett, Vol. 55, pp. 1555~
1557, Oct. 1989

M Reddy, S. C. Martin, A. C. Molnar, R. E.
Muller, R P. Smith, P. H Siegel, M. J.
Mondry, M. J. W. Rodwell, H Kroemer, and S.

[2]

[31]

(4]

[5]



6]

7]

[8]

[9]

[10]

20024 10A BFIBEHIGE
J. Allen, Jr., “Monolithic Schottky~collector
resonant tunnel diode oscillator arrays to 630
GHz,” IEEE Electron Device Lett, Vol. 18, pp.
218~221, May 1997.

T. C. L G Soliner, W. D. Goodhue, P. E.
Tamnenwald, C. D. Parker, and D. D. Peck,
“Resonant tunneling through quantum wells at
frequencies up to 25 THz” Appl. Phys. Lett.,
Vol. 43, pp, 588~590, Sep. 1983

V. P. Kesan, D. P. Neikirk, B. G. Streetman,
and P. A. Blakey, “A new transit-time device
using quantum-well injection,” IEEE Electron
Device Lett, Vol. EDL-8 pp. 129~131, Apr.
1987.

L Song and D. S Pan, “Analysis
simulation of the quantum well injection transit
time diode,” IEEE Trans. Electron Devices, vol.
ED-35, pp. 2315~2322, Dec. 1983,

P. A Blakey, J. R. East, M. E. Elta, and G. L
Haddad, “Tmplications of velocity overshoot in
Electron.

and

heterojunction  transit-time  diodes,”
Lett,, Vol. 19, pp. 510~512, Jul. 1983.
T. H Glisson, C. K. Williams, J. R. Hauser,
and M. A. Littlejohn, “Transient response of
electron transport in GaAs using the Monte

AN XA

AL 198

A,
California,

' g

® 398 SD#E $ 10 % 15
Carlo  method”, VLSI
Microstructure Science, Vol 4, N. G. Einspruch,
Ed. New York: Academic, 1982, pp. 99~145.

J. Y. Tang and K Hess, “Investigation of

in Electronics:

{11}
transient electronic transport in GaAs following
high energy injection,” IEEE Trans. Electron
Devices, Vol. ED-29, pp. 1906~1911, Dec. 1982.

[12] L Song, “A proposed efficiency enhancement

design for the quantum well injection transit

time diode,” KITE Journal

Engineering, Vol. 5,

194,

S, Wang, Fundamentals

Theory and Device Physics, Englewood Cliffs:

Prentice Hall, 1989.

[141 L Song and D. S. Pan, “A generalized
analytical model for the quantum well injection
transit time diode,” IEEE Trans. Electron
Devices, Vol. ED-38, pp. 14~22, Jan. 1991.

[15] F. Capasso, S. Sen, A. C. Gossard, R. A. Spah,
A. L. Hutchinson, and S. N G Chy
“Observation of resonant tunneling through a

of Electronics
No. 2, pp. 19~24, Dec.

[13] of  Semiconductor

compositionally graded parabolic quantum well,”
in IEDM Tech. dig., pp. 66~69, Dec. 1987.

7H

R - ROEER)
1981 MEistar Axlgsfs) g8t

University of California,

Los Angeles, Electrical Engineering

1991 University
Los Angeles, Electrical

of

Engineering -2-8MFA} 19854 ~1992

|
W

(869)

Hughes Aircraft Company, Staff Engineer.

~&A Al A B g A

1992

H A
Tl



