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BS,CS bands from satellite to the earth
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pin diode Rectification-demodulation
(alternate curr. AC—direct curr. DC)
pn diode
Storage of minority carrier limits RF operation

NE! Majority carrier in p-type: hole
minority carrier:electron

Majority carrier in n-type:electron
minority carrier:hole

pin diode Carrier recombination in i-layer
= NZ Fast operation

Insertion of high purity i-layer

= &

=i High breakdown voltage

Photo detector application  pmms) Fast light detection



Lateral pin photo detector application
APL 1998, J. N. Haralson I, J. W. Parks, Jr., and K. F. Brennan
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F1G. 2. Calculated frequency response in dB for the p-m-n LPIN and MSM
photodetectors shown in Fig. 1. The inset shows the temporal response of
the photodetectors showing the higher responsivities of the p--n structure
X compared to the MSM device.
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HEMT( High Electron Mobility Transistor)
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HBT(Hetero Bipolar Tr.)

Mobile phone base
RF high power
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tunnel junction

n*-GaAs: Te&S

Ti/Au
non-alloyed
contact

n*-GaAs:Te&S layer
(50nm)

S| GaAs substrate 1 um



current density (A/ cm?)

4%x10"
peak current density (J,))
peak-to-valley current ratio
2x10% | 2.1
. previous 1800 A/ cm?
1107 at 300K RECORD J,
17 times higher
or—— reference:
Y. Oyama et al.,
0 0.1 OVZOltaOgge b(l)ai (\(/))5 0.6 0.7 Appl. Phys. Lett., 81(14),
Sidewall Tunnel Jun@fits PP- 2963-2565
100 pm / metal contact
GaAs:Te&S 50 nm I GaAs:Be
360°CH & A aac '8GrOWN | 200°CEAE
n*=1.5x10° cm=| n *- GaAs > p*- GaAs p* =8x10%° cm3
Substrate
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Si/SiGe RITD (Jin, 2003)

itr
< 100k JdEsaki Diode *
(Dash|ell 2000)

RITD (Duschl, 2000)

|
(RommelglEDM, 1998)

Peak Current Density { Alcmz)

FOK aoo N
SiGe RITD . GaAs tunnel diode (PVCR=28)
(Rommeldﬂ\PL (Ahmed, 1997)

1998) .SI only RITD (Rommel-EDL, 1999)
1k (] RITD {Duschl, 2001)
Esaki Diode
(Jin-Eastman,
® Our results 2002)
100 = " . : . Y ' T . 1 v '
1 2 3 4 5 6

Peak-to-Valley Ratioc (PVCR)




PRINCIPLE OF TUNNETT DIODE

TUNNETT:tunnel injection transit time effect diode

For THz oscillation solid source (invented by J.Nishizawa Tohoku Univ.)

Tunnel injection under reverse bias
1 | low operating voltage
L}

++ ++ | i
p N i Iayer nt low noise

(a)

@
D
2 . .
=
= drift region
.-_:,h \ = TUNNETT - transit time diode with tunnel type injection of electrons
S ; ; 1o
- - - 100 4
emitter ( b ) F
80 1
Ec [ ot \
g R E : 7
H L et R IR LE LI ®
tunnel injection Vin —
L aan structure and electric field profile 100 500 1000

transit distance [A]

expected performance with
‘ballistic mode transport in
transit region

p*n* tunnel injection layer requires ( C )
Very thin (nm) n* layer with atomic accuracy
with very steep impurity profile

Application of MLE



®Performance in brief
<TUNNETT

TUNNETT oscillation measured with FTIR

FTIR ! .
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®Performance in brief

<TUNNETT
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TUNNETT oscillator tuning

rectangular metal waveguide resonator:
waveguide resonater  \WR-03 (220-325 GHz, 0.86x0.43 mm)

E/H tuner

short g

i& 1

TUNNETT SBD

0.826mm (251.0GHz)

0 ﬁ?mm (289 dgHz)

tuning:
—— forward

—#— back

pulse oscillation, duty 5.0%, 10KHz

0
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< r >

> >
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P [dBm]
20

pulse oscillation, duty 5.0%, 10KHz
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detector short position (mm)

One TUNNETT structure

in different resonator cavities

- max. frequency limited by cavity Q
not by GaAs structure

00

CW oscillation

Output power (dBm)
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AWR-04 resonator
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Frequency (GHz)

oscillation in WR-04 cavity

WR-04 (170-260 GHz) rectangular waveguide cavity
TUNNETT CW operation, 160 mA, 1.47e4 A/lcm2, 105 V bias
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TUNNETT Oscillator (with and without PLL)
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430 - 510 GHz CW, fundamental mode
WR-1.5 cavity (0.381 X 0.191 mm)
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Application of sub-THz osc devices for imaging
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Ref. [1]J). Nishizawa, P. Plotka, H. Makabe, and T. Kurabayashi, “GaAs TUNNETT Diodes Oscillating at 430-
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[2] Federal Communications Commission Office of Engineering and Technology New Technology
Development Division, Millimeter Wave Propagation: Spectrum Management Implications, No. 70, July,1997
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Pattern layout of ISIT for DC evaluation

Implemented with molecular layer
epitaxy

L

Gate

n++
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operation principle of ISIT

___—extrinsle gate « induced potential barrier
goufc® Intrinslc gate « gate: homojunction or
heterojunction or MIS

ballistic electrons

» potential barrier modulated with
tunneling electrons gate potential but also with

drain potential

scattered electrons
dra\®

Ballistic electron transport

thermionic Injection
© Cod

Theoretical operation frequency: up to 800GHz

Improved performance by tunnel conduction

< ISIT(Ideal Static Induction Transistor)
invented in 1979 by J.Nishizawa

(J. Nishizawa, Proc. 1979 IEEE Int. Conf.
Solid State Devices, 1979.)Washington DC



|SIT DEVICE PERFORMANCE (S/D 10nm Tr.)

E/D(enhancement/depletion) mode operation by MIS gate

DC output characteristics of S/D 10nm ISIT with regrown-AlGaAs MIS gate

operated with E/D mode g,,>300mS/mm
B>20

oE-3 r
Viogma = T1.0V

I [A] | step=02V /A///”/ @

ud
Bal

| |
3E-3 [~ solid: 31 C 7
/4

u ud
I' ba.

N
normal mesa ISIT

L
. ¥
dashed. 77 K e
£
g VoS .
LA P #
v “d i S
* ¥, 7
¢ E rd (I
4 A7
i’ FARpS '/ /’

-

P
4 e S
’ + e S
Ly - P
’ R
- ’ -
1E-3 NI ol
o /"‘Ji‘:’f
= e
o i
I’ ’l .l_l
(I PN AT X
ETLIlie
H.

0.0 02 04 06 08
Vps V]

1.0

1.2

100 pm wide channel

eeeeeeeeeee




True S/D 10nm ?

Y.Oyama, P.Plotka and J.Nishizawa, Applied Surface Science,

82/83 (1994) 41-45.

P.Plotka, T.Kurabayashi, Y.Oyama and J.Nishizawa, Applied

Surface Science, 82/83 (1994) 91-96

Output characteristics of 170 A (30 &) ISIT

intraband source-drain electron tunneling mode;
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Quiz

Band gap of active region of LD is 1.0eV. Give the emission wave length in micron unit.
1 micron [mm] = 1x10[m].

Where electron charge q is 1.602x10-° [C], Plank constant h is 6.626 X 10-3*[J+s], light
velocity in vacuum c is 3 X 108[m/s].
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