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A Study on the Effects of Hot Phonon in Electron Transport at
Millimeter—-wave Frequencies
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Abstract

A density of phonon is increased by application of electric field. At this time the phonon which
has higher energy than around is called hot phonon, and hot phonon is disappeared after 7
picosecond by scattering with electron and loss energy. Since the lifetime of phonon is very short,
the effects of hot phonon can be neglected in the low speed semiconductor device, but it must be
considered in high speed devices. DC and AC electric fields are applied to bulk GaAs, and the
density of phonon is obtained and analyzed for its effects on electron velocity and electron
distribution using Monte Carlo simulation method. Under high electric field the density of hot
phonon increased and energy of hot phonon is decreased by scattering with electron on the other
hand the energy of electron is increased. Therefore electron move from central valley of conduntion
band to satellite vallies and the valocity of electron decrease since the mass of electron in satellite
vally is heavier than central vally. In millimeter wave frequencies, the effects of hot phonon

increased at higher frequencies.
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322 LA(ongitudinal acoustic), TA(Transeverse
acoustic), TO(Transverse optical) 5 T2 phonon
& T A gY. Hot phonond WA F < 7picosecond
B 4FS n F T FHPA4YE soltrh Hot
phonon®} AFF7|7t ¢ Fongd FASEI =
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F 37} phonon®] AWF719 v A EE millimeter
wave 35 ddo s Fa% F%8 vk
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482 A7 AC 9 DC AYgE FAd e
F dYe ZAENY. AHgE Ede Y
conduction band¢} 370%] valence band& 7}XH
7} band¥ nonparabolicol&t 7FA st A A
AdAle Az &5 2 HAASF Alojd MY
A7t A™¥EHA gomz Axe £% WA
Boltzmann ¥4 4& Al&3tojop gth,  Boltzmann
wAA e P 43 W (analytical technique),
HhE22 W (iterative technique), Monte  Carlo
technique %°] SUedl £ =F9AE Monte
Carlro simulation ¥ & ©]£3 <9 hot phonono]
Az Fe YA 9FE ATFEHHYL. Monte
Carlo ¥ FH37I7t viudy 1 Axy &%
o] W3 wA Y @37A Boltzmann WA e &
g #HA4L AFTY. Monte Carlo WL A
R FHESV 41 AFs AEsez
ol AR g 53 a%de HFYH A4ARLe
HolAd ¥ HAFHE ALt Yoy, FHd
2YAFHY ALzt welx f4A AL F
2t Monte Carlo W& #Hzape] EXo g A}
A ZHHel Baglny HAAe MPL£L, impact
ionization &= & A4¥ & U3, o Ad
T2E X¥35l22 polar £ nonpolar BHEA 2
o} 28% 4 gtk Hot phonon® phonond %
A Zx7]oE hot phonond] W7l yomz ofgfo]
Aoy FYdeol A= hot phonon?l ¥WE7)F =
ol A Hate] £x & Wolmgln L % X valleydl
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2. Hot Phonon

GaAs9t & 4 BxAoA & AqUXE 7}
A ¥kt LO-phonon® &) A& aHg-o o A
Aoz A Y. Conwell ¥ Vassel® o]&
Q) Aoz #HAS phonond AHE £x7F GaAs
A 10%/sec olFYL dZHA}. GaAsolA
Azte] % A9 A7F LO-phonondl duix®th &
A wg A AF EF AUAy F8 BF =2
£ LO-phononol 9]& FoRAt} o]aigt Fx&
AQA B Age datd FHIAAN. o
£59 Shah”t A& o2& oA E o] &3t
o GaAslAM £33 LO-phonong& TAA7
Raman &g ZASIAY. ol Zzle L£x&
400Ko| 2 ##% LO-phonond &%& 800K Qe
B2 hot phononolgt B#th Von Der Linde®:=
GaAsol Al £# 3 LO-phonong AHF7|E8 A3
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Fedl 77K9IM 7 picosecond F . GaAsolA
LO-phonon® <lYA & 0037 eVolund &% oy
27} 2 AAE LO-phonong d4A4 oz &3
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3. Hot Phonone Monte Carlo Simulation
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iii) phonono] #zt2} phonon 7re} e wlA o
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uY (rejection technique)& o] £ FcpoY,

ol Wlez Z7¥E phonon ¥Xo 2% A
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l X X} ensemble Monte Carlo I

Ensembie ® ¢ A &t
’ Non-equilibrium [.O-phonon 8lA & 184 I

Alfiagold #B7?

Yes

3% 1. hot-phonon 3 E $3 ensemble Monte
Carlo Z2132 3%

Fig. 1. Flow chart of the ensemble Monte Carlo
program for hot phonon effect.

4. Ensemble Monte Carlo Method
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EMC(Ensemble Monte Carlo) W< % ¢
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H o] ensemble FOIER T E M2 ergodicity
o gAgel HLT F Yoer HolgHdAM A}
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ZEAZE F3AY7) A8 BHUE Fo+9 9
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HAe 29 244 mEo] AL MY B A
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Sketch for the synchronous-ensemble
method. subscripts I (1,2,3.N) label the
time axis of the ith particle; (o)
indicate scattering events; t is the
of steady-state
condition. The time coordinate for each

Fig. 2.

generic  time a
electiron must be maintained through
the simulation, while ensemble average

times may be on a different scale.
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Fig. 4. The details of the acceleration-scatterinng
loop for an ensemble Monte Carlo process.
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Mote Carlo %€ GaAsol H&8o Dang
F 3494 hot-phonond] AHE AT A
DC, 25GHz, 50GHz, 100GHz, 200GHzo 4 DC A<t
o] ¢ el 312 = 2 hot-phonond EFAIAS
H ® 2SR GHE AFE NEdlA sa
AC HA9 AEL 10KV/cm?l sine B¥eo)x, DC
AAE 3KV/em, AAe dxE 3x 107/cm?,
LEE 200K, 448 A7E 500008 Aol 7
7to] 7§-o] AA9 &%=, hot-phonond ¥, A=}
9] BY¥XE F3tud.

39 5 t=0dlA DC H¢E AW E A%
hot-phonon¥] s B FE, 27 =
Hot-phonon®] ¥ X7} o <g3o| FHAM 05
picosecond ¥l hot-phonond] d#oZ iz
7} F7t8tn %7|olE  Hot-phonond] &o =z
phonon® Wx7} ¥t} Phonond RE7} o}
X phonon ¥4 AFE£TE EolX A% phonon
BEL AR 98 deojynz 3@ AdSEE
W3tz =tk Phonon &F4AdE Azl odyA
b Frsta WwEAdE duAs FAFEE,
hot-phonon®] FFo2 Mo Huixrzt F7stxn
d2te] EXE AFe] FAL L 2 X ¥ F5}
oz HAY £t #Zado a9 59 (a)dA
0.5 Picosecond7tX] &= hot-phonone] ‘Aol 3o
Azre) &me] gao] XU o]Fol= AR &
E7t #AAEdo. 19 5(b)9F ()8 H2EH hot
phonon®] FFo & Az oWR|7}t Frletd L F
X W3 MAAYES} FohsAct? 29 5 2 29
< 242t DC Ay 2 AC AYE LA 299
Azl &=xolty 71 200GHzol F719 5
picosecond® hot-phonon®] A7) 7 picosecond
Hoh goeog AR £x7F AC ALY HIE
otz ¥k 2 BE hot-phonond] 9L
Z3te] F7]7} hot-phonon® ¥ 371 7picosecond
By & Aol 93%E mesordic 2y 7 2
3% 8& hot-phonond YWEE HdFEcl g 99
Al 39 128 AXe £XE 295 Hot-phonon
o dgor Hzre] AquA st Frste] L 2 X ¥
gle] Az BE7 Frrsged AC HAAY Fo5
7t Eoleuel HAEEs AAY e wig
HeA] Rszz & FH5A hot-phonond
Fol FrHghe & 4 QU
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a8 6 AAY £Xx (a) 25GHz, (b) 50 GHz,
hot-phonon ¥ EHNEP), hot-phonon ¥ DC
A7 ZI(NEPD), hot phonon 2 DC A&
(EP), hot-phonon $1& DC #HA X%
(EPD)

Electron velocity for (a) 25GHz, (b)
50GHz, with hot phonon(NEP), with hot
phonon and DC field(NEPD), without hot
phonon(EP), and without hot phonon and
with DC field(EPD)

Fig. 6.
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Fig. 7. Electron velocity for (a) 25GHz, (b)
50GHz, with hot phonon{NEP), with hot
phonon and DC field(INEPD), without hot
phonon(EP), and without hot phonon and
with DC field(EPD)
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s ) a3 9. 100 2 200GHzol 49 phonon X (a)
100GHz DC AA TR &g, (b)100
GHz DC AA %%, (c) 200GHz DC A
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N
) Fig. 9. Phonon distribution for 100 and 200 GHz
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~ field, () 200 without DC field, (d) 200
T v y with DC field.
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without DC field and without hot
phonon (b) with DC field and without
hot phonon (c) without DC field and
with hot phonon (d) with DC field and
with hot phonon.

1 y T T T T
0.0 5.0 10.0 0.0 5.0 10.0
Time (ps) Time (ps)

©) (d)

1076



Electron number

RARR

;

Time (ps)
(c)

Timae (pe)

ag 11, 100 GHzol A HAe] £X (a) DC AA
2 hot phonon §1&, (b) DC HA =¥
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Electron distribution for 100 GHz (a)
without DC field and without hot
phonon, (b) with DC field and without
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Fig, 11.
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Monte Carlo Wd& o} &3t GaAselA hot-
phonond] ¥ ATIHIAH. Z7]4 &  hot
phonone] RE7} ol AL #XY fxo I
gro] Mot A4 Aol E hot phonond| W=
b mobdA AR E¥ 9IS UA
Hot-phonong AAtel oWxg§ H@dz FFHE
2 hot-phonong] RE7t FobA @ AAE ofA 7}
zZ7tsted L 2 X 9ale] Az A7 FIAEAS
L 2 X @z Axts AFo] FrtstEz Ay
&%yt wWojAth. Hot-phonond 24 F 7
picosecond 7F AU AtgtAEE W = ap 4ol A
= Azt BEo] @] HAR 2 FAFAT
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Electron distribution for 200GHz (a)
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Fig, 12.
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