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- Second Interim Report (Dec.1984-March 1985 b L

AD-A 1S9 42

Scope of Project: Theoretical prediction of the speed of Gallium-
Arsenide submicron-devices by considering for the first time
possible effects of phonon disturbances on the electron-mobility.

- Research Progress: time-dependent FORTRAN-code and preliminary
results

. . - . .- - — -

\\The displaced maxwellian model for hot electrons in the cen-

tral valley of polar semiconductors was extended to include
. the detailed time-dependﬁnce of longitudinal optical (LO) phonon
¥ amplification in n-GaAs at room-temperature in the velocity-
overshoot regime. Assuming a practically instantaneous adaption
of the electrons to th& LO-phonon built-up, which in turn is
calculated from the tfme-dependent Phonon-Boltzmann-equation,
the FORTRAN-code for spTgially homogeneous transport was deve-
loped,iseo—hppeﬂdiije;;d‘put to a first use. ‘d{i L

Noticeable modifications of the mobility we;e found during - %
the first few picoseconds after the onset of a high field pulse. ;i-:;
This effect results from mutual drag and heating between the R
coupled systems of carriers and LO-phonons. The additional cor-

; 85 04 15 073 lm@ E“l

k .' e .. -iq.- ’: ..' .'..' 'l! -l"-l. .‘. .'-:.- -!’ .

Cetutetet e

UIK FILE Copy

rd

FN RN P I A I A N T, A N SN

5. 2% %Y
*




B P R TR T TR T e A N R o P e Wi WY

relation of the strongly energy-dependent momentum-losses of

the electrons to ionized donors and of the reduced cooling
efficiency of the amplified LO-phonons for the carriers seems
to play a secondary role. To get a better insight into these
different mechanisms, the possibility of setting up a simple,
(hopefully) analytical model of the carrier-phonon-impurity
dynamics is being explored.

For the case of dominant drag of carriers by the nonequilibrium
phonons the full numerical analysis predicts pronounced increases
i of the intravalley mobility within a few picoseconds. For fields
" higher than typically 2000V/cm, the carrier-phonon system .77.#3

evolves towards an instability: after a few picoseconds a cri- IJ“'“'7
tical mean-carrier drift-velocity of typically 4.107cm/s is
' reached, beyond which no solution of the instantaneous energy-
S momentum balance of the carriers exists. This critical behaviour
indicates the breakdown of the spatial homogeneity underlying
the model, similar to the usual interpretation of S- or N-shaped
current-voltage characteristics. These nonequilibrium phonon
effects will interfere with and will most probably be overridden
- by the Gunn-effect, because both mechanisms are effectuated
on a picosecond time scale. This possibility is presently in-

vestigated through an extension of the model to the many-valley

case.

The results reported above are still preliminary, as the nu-
merical stability of the procedure will have to be closely
analysed. But a strong indication of their physical relevance

seems to come from the similar finding of nonequilibrium-acoustic-
Wt
phonon-induced increases of steady state mobilities for low- Y

: temperature transport in previous theoretical models of acousto-
> electric phenomena, beoees

For the next phase of the research project we foresee a de-
tailed exchange of ideas with Dr.H.Grubin about his preferred
choices of material parameters, about the influence of external
circuits to the time-dependent current-voltage characteristics,
and about the most efficient way to implement the Graz-code
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) into Dr.Grubin's code for spatial inhomogeneity, most probably
: by way of using appropriate slab configurations.
For this reason a visit of Dr.Grubin to Graz within the
next few months would be of great importance for the present

. project.
" The following appendix shows the flow charts for the
v numerical code and preliminary results for the mean electron-

drift velocity vy as function of time for field pulses of
1000 and 2000 V/cm with an exponential rise-time of ips.

i CRYTRSN

.....

AY

»
: Acccsslt.. ior B
: "!3 m&l T 5
DPIC TAB
g . Unangounced
% {;
-. ” - )
- | Distribution/
¥ L_Availability codes
) . Avail and/or
y "ls‘- Special {anmpeiod o
h ' | I 'yn';vfbp v
, !
- |
>
Ca
’ ‘
v
-
’ .
J - ‘(
: .
8 [
|

2 - e
:,-.;.'-.J,si R AN -. _,. e .J_. YIRS YRy ,,._. -r-._'-'«.'\ ST AT TR PR S g

o i W iy *-1." \.s.;i\‘.sis.ut\A;w.'..':iJ




R ik VAT~ P =2 b 2, 38 R A B e it T el TS 2 S, B M o, e AL Sl O alBY i W Rt ™ g K AT W & IS e W e e N L T e B g i i mE
& .

sy WL mA e s

)
F
\

¥

: | 3
e — ) "
13 i ‘P 4
. ’ | )
" | -S
» | I
| l {
EY

| 18
. -~ ]
X - ( >

| I»
) ! £ 1~

Y )

N > J.
N 8 i
' o
. N
. 91
- s
- )
i o
. (VI
.
-\
-
N
.

COX e,
S. 80

] ]
> o

~N

-
=

|
‘[ S/wd ‘Q;] L
|

[ DR e Jp SRS

DOLY

P R S R Y et e e A . ey '.,.. . . - e ,.:.;‘_.'..
suasa Sl Dalatnleta Tty B SRR KA R AL ¢ RS



&, 5%
| ]

o

a5, 0. 0,0 4

"\'.‘l\.'

S

S
T

s

[ e Y S I |

D

B0, % 54, % ]

P eI

>
4
.l

T_—_. ———4 Azl

FLOW-CHART
MAIN PROGRAM

il TR 0 L S K S R T S e £ e Ma A B R e N e e A e W T O Wt U 8 S BTt (e T B St Cnbrtnd B bl SR T Al S e Sarh b il a h  a S

uwoduc from

PAG-ES

'THE FoWOW\Ne T

NT:NT.?

T T s”

.

.f"—*

A1z TCA fTCB Al KLA L B1aCB
CORRsSTEPTC SORR 2 STTANS
ALOW s TCLOW ALOW = XCLON
BUP = TCLP BUP = AOLP

T —

o0 A=A (1.CORR]  BlaB) {1.CORR} §—

’__,_ A=A (1-CORR) 81281 (1-CORR) |
I

;————-—q TaTMIOT{NT-1) j

A=TC (3-STEPTL) AcX3 (% STEMO) L
B:TC (1.STEPTC) 83 )0 [ 1STEPXD) h
AW L TCLOW AW » XOLOW
BUP s TCUP BUP * XOUP ..
— . T R

|

|oFaBS0sABS(F-FE )+ ABS(F-FM) |

Vt‘os )

loFaBso . assiF-Feloamts.Fmy ] "J

[ rceck o F epsF |

M o
OTNT-1) » OT(NT- 1}/2 .
| 2! L
{ - 1
.t DT{NT) s OT(NT- 1
TCNNT) + TC
YON{NT) « X0

e
T

~

. "'\ KOS -y
d;';-;f;&)f;!"l-l‘.f? :.f:‘ Lo



Vi -9* \ !
vea /13140

e ' ( nnis ) NOTIL-MOW
lo- D1d31S-M02
_ ::._ x....q..&«:?avai« S T -‘ -mH« ..ﬁ.w..u Z:0n

N (DA LS - LNINDL <18

(01d3iS 04" INKOL v
kraassev ..&.ﬂs&u 13)

aaeqmmo hAmmw .
| —¥—

{ s ) C s )

”.. .
e N
o
;
1
|
“* -3« SN
;
[}
w (W00 1) 8+0
4 (UM0D - 1) Y=V
: NN 3y
1 * a3 )
VNI . (W00 -1} 9=
1wl >8-ane (84001} wew [
! 3
7 e (8M00*1) 1@ =8 ~ —
] g {2001} t¥e LY g>M0Tv-Y Azizb..d
4' - - -
H | ( HanLM
* .
2 v Tauy k: . Ivaad 7o ani~
¥ . ~¢ . . “UY ) . )
H — LR
: _ : !
! .

m——
n

b4

<

<
-

\—ls.<_ NI NOES o I*’

40 TONWD ON [ e
.-: ANDL - e

e

DX 1S4t ININOX 8
S - ANINDX v

o e s e, P M R

TR

A

ZIv49Y a13140

rel

. LYVHI - MO

O A N

N
R

..

SN

A AN

TS

2222,



“.2»"‘& AL AN o BRI G At w5 A P, e, el e Ve 8l © e Ban W Aor o ¥ oae U R B Sta R s A L ke b e e e taid . el £ s A e " S

FLOW -CHART
e SUMBAL

‘ -— e p— =ty

" -

y N

: 3

L e A F*:_‘T‘-*_‘

- /._.-;“v>.._v - ToTL M AN )

. . o -

¥ ~r 3 v 3 TE 2
PR o o — et

h] - - - ———- o ——— e - -

-

Fa ity

e e r———— e e } _ i ~
.\/" : .

Y]
B

L]

s
RPN

\ 8

.
O R Ra S SR ]

PR

.
.

L1/

2L A
R I

4

IR
]

s>

3

H

2

5.

2$
i+
u".

% .
"~ e e e v oY e e ORI AR AT TR Ry . NN,




PRGN

1’“"‘-’&2{?&&‘:;-11;1'-' X



