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" - Semiclassical approximation
" Eftective mass

* - Group velocity

194



oo 1 55y S o o3l Khag 5. el g, 65 FR) 5] 0 45 eyl (o oy

E_V‘P(r) =nhk¥(r) v-V)
i

S > 0 3l Gl S e a5 )3 58 se 9 Sl 65k Sy oIl Tk G o S
IV 0gs o o3 eI &S o ol pl
095 B Lagi 516 (sLad o 19 2SIl el Ey(R) 5l (555 s it ol L
H(r) mloliie e j5a> 50 00,5 o et Ml sl 5 ok (30 zge Hloy
S 5550 Jles el 5 mae o B 5 ilgh 4 az g LE(F) (o aSU plase
Bl oo Cams a syl 15 T s g aSUI
Jlaiot 3 (Sl o gy )0 iy el 5 o 2l S 1 655 g esls ]
35 oo Sh e (98l by 5 )lg e sl )OS
g 1 a3 ls U 65,50 g5 5o o8l 09,580 s o 5 Samge Dlinds e I
P3gd g0 attine ) OYolaa

r':V”(k):%VkEn(k) (A-))

hk :—e[E(r,z‘)+an(k)><H(r,z‘)] (a-1)
c

50 e8I HLE ) gz gl 0y90 S0 by g Tk ke mls @dls o byl

ogd 0 a8 S

SIS dod s i sla Cudgaons Y-
s a7 g 50 &Bly e 58Ul gl (SeMS dos SVolae K (glas 5l ateie abais T o
LFlasS o p; dailg) 10 pmebline 5 (SO aST) lae o atels 45 Cel oo

7i <<E“ (V--V)
ha,. ({(—=— .
[¢ E/



5

. E B
eFa((—— (-1
J

_eH

mc

(Y-1)

D¢
sl agly lSp pe @ 5 (0 i Er g )le S Ep s cba T e o8
Lok I8 28 L (o 1n) Sl 55 0)ls0 pgo Loyl Clls 5550 50l 597518
2 9790 (SuiSI Glae Dol Ve Qom0 b (S S Ceglia V' Aent &3
S Er ez 09 anles V- el as e sleba cplpls il o Ve TV em as e 5l I3l
2 asb Eg (VT el a8 sgi o i byt 4 pgs alal, . ol i Lo\ eVas e
P Ly Rt Gleblujes 950 0 SN ey ade ol gl BE Sl
L (S sle Glave el sgzg Sl 105 ¢ 95 (a5 Wil o pgo alay o S 2sF (g0
Ol So a9 IS el Wilgs (o (698 (So Sl Glae 0)l0 3529 Slge ol o obj

Dg 50

0375 a3 @l $-

SN 2l 552U @595 05on s a5 b (plo)F Jobs Sl o la 5280 oS ol
Loyl oo aseie ST - ey 1365 b alewgy (g0l slo a3l olas N) 35290 (55,
syl e Sy bl SIE 6550 515 Jlest Jlexst g5 @b cnl ebad

1
JERD=——— (Y-1)

1+ex _
p( T )

B

b yio 5 il Mooyl cli Kp g | sard o35 By ¢ Jobs el sles T alal, ol o
SYL 65,0 b sl el ales aSle el oot JUesl Er 5l 5 sl 6550 b sls s ples

Ef Y6 sl 550 lp s o b pln Er s sle (6550 sl b ol o i JU B

' - Distribution function

" - Fermi-Dirac distribution function
:r - Fermi energy

* - Boltzmann constant
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" . Crystal structure

" - zinc-blende

" Wurtzite

* - Face- centered cubic
* - hexagonal
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" - hexagonal close- packed
" - band structure

f - Conduction band

- Valley



= = {00 X= {100}
L={111) A I'= {000} A {

B I |
v ' -
A
1
(=4
2
5]
a
§ \/ %
[ I o
[ =4
]
Er T
:EL i ’
' ]
T Wave vector
A
k=
(=
<
Eel
2
<
=
2
\>‘O

. [ﬁ] L, X‘ro)ou‘_}nhﬁ, Im-v s oj)f 6\:5)3 LSLEUL‘;).Q.:J)& U’“"L‘“’) )ljj )Ll_iL..;:\cf\ JS_..J

&3l sk sl aibare 5 50 5 Lol ety o cod a5la aw Jols e bl Y

o aspewasl s gocine (Kool aha oleasls ]3I0 g0 .ol

Lol jo 4 olallo pou ol suds o K00 a3l 95 5l o ~ ol [2iSan

L sloblyo c ayls J, 8 alai 5 50 o8 )b ly anion 5 iile) g aneS

MV 6la 09,5 S 5 slabls jaus (odny ;5 Xigd (oo 0ol | s S

Lesl an a8 el 18 adais SO 50 d)b Jlos diiin 5 il Jlg atieS
1210 JSs) 058 T s i S5 L slables yous

5 e o L aaS s sl iy s S e o o el

C o el sl e ojas g b g8l byt Cad b Jlgs (ola s

]

- Valence band
Al . -

- Direct-gap semiconductors
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- Indirect-gap semiconductors
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' - Scattering processes
- Time -dependent perturbation method
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- Crystal impertections
- Crystal defects

- lonized impurities

" - Crystal vibrations

- Point defects

"~ Vacancies

- Line defects

- Dislocations

- Surface defects
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' - Acoustic mode

" - Optical mode

" - Dispersion relation

* - Longitudinal acoustic mode
* - Transverse acoustic mode
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- Transverse optical mode
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" - Fourier expansion
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- Static permittivity
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' - Intravalley

" Intervalley

f - Deformation potential scattering
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PROGRAM LOWFIL

IMPLICIT DOUBLE PRECISION (A-H,0-Z)

IMPLICIT INTEGER (I-N)

COMMON/EMPR/TEMPR

COMMON/OBLTY/MOBLTY

DO TEMPR=100, 500, 10 Dl g0 yaTie Gpdy S0 deule gl oled o3l lax
CALL PARAMS ool INASLrs! 1o o bl yosi sobs (slo ol 4 bogyye asliy 5 Lilssl,5
CALL FERMIL b 65 e dlone aslig 5 Sy
CALL APEZO s iS5 (SSTy Kinl arlons asliyy ) ls31
CALL ADEFO S S8 i oy 5 2 LSS, San] danloe asliyy i Sy
CALL AIONIZ o3 o Bl A6 SasSly, Sial alone asliyy ) lsS

CALLPOUTE (50 0y, o) orksd Sl sl 9998 51 (o36 SaisTyy Kool oo asliy o Sly18
CALLPOUTA (5o 5y = wida) ohd Sonyl sl (ygish 5 ool SouSTyy Konl aclons asliyy 5 Sls3
CALL PINE (3o 395 = Jeed)snkid Sl slo o985 (o56 (FaiSTy Kool alons sy 5 s
CALLPINA (5o 05,0~ wida) ok Syl sl osish 5l ol (FouSTyy Kool aplons aslipy i) (oly>19
CALLPERTUB g 280l (5535 5 205 5 pdy <utF g, a@(K) DL mis8 ol dslove asliy 35 (lg>13
OPEN (UNIT=21, FILE=21")
WRITE (21,*) TEMPR, MOBLTY
END DO

STOP
END

SUBROUTINE INIT a5 b g ey e el 1 0ol 50 Calsi &) by o asliys 15

IMPLICIT DOUBLE PRECISION (A-H,0-Z)
IMPLICIT INTEGER (I-N)

PI=4*DATAN (ID0)

CHARGE=1.602D-19

EMASS=9.1095D-31

HBAR=1.0546D-34

AONPOB=2.73

BOLTZ=1.38D-23*SCALEQ

EPSLON=8.8542D-12*SCALEQ/SCALEX

ELEC=1D4/SCALEX

RETURN

END

SUBROUTINE PARAMS Blos yous oobo slo el b 40 bogs o asliyy

IMPLICIT DOUBLE PRECISION (A-H,0-7)

V4



IMPLICIT INTEGER (I-N)
DOUBLE PRECISION AOWDI,GKT,GMKT
DEFAC=11.5
DOSMAS=0.023
AOWDI=15.15
HIGHDI=12.3
OPPE=0.030
GKT=BOLTZ*TEMPR
GMKT=DOSMAS*GKT
PIZ0=0.017*SCALEQ/DOUBLE
VSOUND=4300*SCALEX/SCALET
RHO=5710*SCALEM/TRIPLE
PFACT=1.3D21
RETURN
END

SUBROUTINE FERMIL 2 S5 s aulows aslin g

IMPLICIT DOUBLE PRECISION (A-H,0-Z)
IMPLICIT INTEGER (I-N)

DOUBLE PRECISION GKT
FDI=PFACT/TRIPLE
FCI=2*DSQRT((DOSMA S*GK T/2*PI)**3)
ENFD=-GK T*DLOG(FCI/FDI)

RETURN

END

SUBROUTINE FDIRAC Slpo— (oo mjs5 b avulons sl 13

IMPLICIT DOUBLE PRECISION (A-H,0-Z)

IMPLICIT INTEGER (I-N)

DOUBLE PRECISION DFBYDK(0:10000)

DOUBLE PRECISION FD(0:10000)

DOUBLE PRECISION BULK,SSTEP,AONPOB,TMAX,GKT.GMKT
MKSTEP=1000

EMAX=0.8
TMAX=DSQRT(2*DOSMAS*EMAX)*DSQRT(1+AONPOB*EMAX)
SSTEP=TMAX/MKSTE

ROUND=1D-8

DO K=0,MKSTEP

BULK=K*SSTE

ADDI=1+(4*AONPOB*BULK*BULK )/(2*DOSMAS)
ASSD=DSQRT(ADDI)

ENERGY=(ASSD-1)/(2*AONPOB)
FACTOR=(ENERGY-ENFD)/GKT

POWER=DEXP(FACTOR)

DFBYDK(K)=0

FD(K)=1/(1+POWER)

IF(FD(K).LT.ROUND) FD(K)=0
IF(FD(K).GT.ROUND)DFBYDK (K )=-BULK*FD(K)*FD(K )*POWER/(ASSD*GMKT)
END DO

RETURN
END

SUBROUTINE APEZO Sy Sy S5y Sial acloms aaliyy o
IMPLICIT DOUBLE PRECISION (A-H,0-2)
IMPLICIT INTEGER (I-N)

DOUBLE PRECISION RAPEZE(0:10000)
DOUBLE PRECISION FD(0:10000)



DOUBLE PRECISION GKT,SSTEP,BULK.RHO,VSOUND,AONPOB
ZFDI=PFACT/TRIPLE ’ :
SAC=GKT*DSQRT(DOSMAS)

SOC=30*PI*EPSLON

AVEL=SAC/SOC

DO K=0,MKSTEP

BULK=K*SSTEP

RAPEZE(K)=0

AHHI=1+(4* AONPOB*BULK*BULK )/(2*DOSMAS)
ASSD=DSQRT(AHHI)

ENERGY=(ASSD-1)/(2* AONPOB)

VOVLI=(142*AONPOB*ENERGY)

VOVL2=ENERGY *(1+AONPOB*ENERGY)
VOVL3=AONPOB*ENERGY

VQZERO=ZFDI/(10*EPSLON*GKT)
VKAV=0.096*PIZO*PIZO/(EPSLON*VSOUND*VSOUND*RHO)
FFACT1=DLOG((1+8*DOSMAS*VOVL2)/VQZERO*VQZERO)
[F(VOVL2.GT.0) FFACT2=14VQZERO*VQZERO/§*DOSMAS*VOVL2
IF(VOVL1.GT.0) FFACT3=2%(VOVL3/VOVLI1)**2

IF(VOVL2.GT.0) FFACT4=-AVEL*VKAV*VOVL1*VOVLI/DSQRT(VOVL2)
IF(VOVL2.GT.0) RAPEZE(K)=FFACT4*(FFACT1+FFACT3-1/FFACT2)

OPEN(UNIT=22,FILE=22")

WRITE(22,*)ENERGY,RAPEZE(K)*SCALET

END DO
RETURN
END

SUBROUTINE ADEFO s S s oy 5] 3l FS], Sral sl asliy 5

IMPLICIT DOUBLE PRECISION (A-H,0-Z)

IMPLICIT INTEGER (I-N)

DOUBLE PRECISION RADEFO(0:10000)

DOUBLE PRECISION FD(0:10000)

DOUBLE PRECISION GKT,SSTEP,BULK.ENERGY,DOSMAS,AONPOB

ZAR=DSQRT(2*(DOSMAS)**3*GK T*DEFAC*DEFAC

ZOR=RHO*VSOUND*VSOUND*PI

DO K=0,MKSTEP

RADEFO(K)=0

BULK=K*SSTEP

ADDI=1+(4* AONPOB*BULK *BULK)/(2*DOSMAS)

ASSD=DSQRT(ADDI)

ENERGY=(ASSD-1)/(2*AONPOB)

ZOMM=DSQRT(ENERGY)*DSQRT(1+AONPOB*ENERGY)

WAM=[+AONPOB*ENERGY

EAD=1+2* AONPOB*ENERGY

YAR=(WAM)**2

QAP=(AONPOB*ENERGY)**2

RADEFO(K)=ZAR*ZOMM*(Y AR+QAP/3)/(EAD*ZOR)
OPEN(UNIT=23,FILE=23")

WRITE(23,*)ENERGY,RADEFO(K * SCALET

END DO

RETURN

END

SUBROUTINE AIONIZ opis sle callBlyl 56 FauST, Kool il el )
IMPLICIT DOUBLE PRECISION (A-H,0-7)

IMPLICIT INTEGER (I-N)
DOUBLE PRECISION RAION(0:10000)

AN



DOUBLE PRECISION AONPOB.ENERGY,SSTEP,BULK,GKT
ZFDI=PFACT/TRIPLE
ZAR=-ZFDI/(16*186.345*PI*EPSLON*EPSLON*DSQRT(2*DOSMAS))
DO K=0,MKSTEP
RAION(K)=0
BULK=K*SSTEP
ADDI=1+(4* AONPOB*BULK*BULK)/(2*DOSMAS)
ASSD=DSQRT(ADDI)
ENERGY=(ASSD-1)/(2*AONPOB)
VOVLI=(1+2*AONPOB*ENERGY)
VOVL2=ENERGY *(1+AONPOB*ENERGY)
CI=AONPOB*ENERGY/VOVLI
FACT=2*DOSMAS*VOVL2
FACTI=(VOVL2)**1.5D0
VQZERO=ZFDI/(13*EPSLON*GKT)
VQRT=VQZERO*VQZERO*VQZERO*VQZERO
FFACT1=DLOG(I+8*DOSMAS*VOVL2/VQZERO*VQZERO)
IF(ENERGY.NE.0) FACT2=1+2*VQZERO*VQZERO*CI/FACT
IF(ENERGY.NE.0) FACT3=3*VQRT*CI*CI/4*FACT**2
FACTD=FACT2+FACT3
FACT4=4*FACT+8*(VQZERO*VQZERO+2*FACT)*CI
FACT5=3*VQRT-8*FACT*FACT+6*FACT*DSQRT(VQRT)
IF(ENERGY.NE.0) FACT6=FACT5*CI*CI/FACT
IF(ENERGY .NE.0) FACTB=(FACT4+FACT6)/(VQZERO*VQZERO+4*FACT)
FFACT=FACTD*FFACTI-FACTB
IF(ENERGY .NE.0) RAION(K)=ZAR*VOVLI*FFACT/FACT1
OPEN(UNIT=24,FILE="24")
WRITE(24,*)JENERGY,RAION(K)*SCALET
END DO
RETURN
END

SUBROUTINE POUTE gs 19 — o) rkt® 5ol slo (903 5 ol SosSTy Sl dlono anliy o
IMPLICIT DOUBLE PRECISION (A-H,0-2)

IMPLICIT INTEGER (I-N)

DOUBLE PRECISION FD(0:10000)

DOUBLE PRECISION POUTEM(0: 10000)

DOUBLE PRECISION POLO(0:10000)

DOUBLE PRECISION OPPE,NPHON,BULK,AOWDI,SSTEP,AONPOB,0OPON.
* GKT,ENERGY

ROUND=1D-8
AVEL=DSQRT(2*DOSMAS)*OPPE*(1/HIGHDI-1/AOWDI)
CHAROM=DEXP(OPPE/GKT)

OPON=1/(CHAROM-1)

CEVOM=8*PT*EPSLON

DO K=0,MKSTEP

POLO(K)=0

BULK=K*SSTEP

AHHI=1+(4* AONPOB*BULK*BULK)/(2*DOSMAS)
ASSD=DSQRT(AHHI)

ENERGY=(ASSD-1)/(2* AONPOB)
DAVO=(1+AONPOB*ENERGY)

E=ENERGY-OPPE

VOVOM=(1+2*AONPOB*E)
WQW=(1+2*AONPOB*ENERGY)

VAVO=(1+AONPOB*E)

AY



IF (E.GT.0) THEN
HOS=ENERGY*DAVO
HOOS=E*VAVO
THOS=DSQRT(HOS)
THOOS=DSQRT(HOOS)
PSDF=THOS+THOOS
PSAE=THOS-THOOS
IF(PSAE.GT.0) ALI=DABS(DLOG(PSDF/PSAE))
ESM=(2*DAVO*VAVO+AONPOB*(HOS+HOOS))**2
RWS=2*AONPOB*THOS*THOOS* (4 *DAVO*VAVO+AONPOB*(HOS+HOO0S))
TAG=4*DAVO*VAVO*WQW*THOS*CEVOM
POLO(K)=AVEL*(ESM*ALI-RWS)/TAG
ENDIF
CONST=0
E=ENERGY-OPPE
NPHON=1+OPON
FACTOR=(E-ENFD)/GKT
VACANT=1/(1+DEXP(FACTOR))
POUTEM(K)=POLO(K)*(NPHON-VACANT)
OPEN(UNIT=25,FILE="25")
WRITE(25,*)ENERGY,POLO(K)*NPHON*SCALET
END DO
RETURN
END
SUBROUTINE POUTA (5 (35— i) orbsd oSyl sl 5isd 51 o6 (FusTy Kinl aclos anliyy i3
IMPLICIT DOUBLE PRECISION (A-H,0-2)
IMPLICIT INTEGER (I-N)
DOUBLE PRECISION FD(0:10000)
DOUBLE PRECISION POUTAB(0:10000)
DOUBLE PRECISION SPOLO(0:10000)
DOUBLE PRECISION OPPE,NPHON,BULK,AOWDI,SSTEP,AONPOB,OPON,
* GKT,ENERGY
ROUND=1D-8
AVEL=DSQRT(2*DOSMAS)*OPPE*(1/HIGHDI-1/AOWDI)
CHAROM=DEXP(OPPE/GKT)
OPON=1/(CHAROM-1)
CEVOM=8*PT*EPSLON
DO K=0,MKSTEP
SPOLO(K)=0
BULK=K*SSTEP
AHHI=1+(4*AONPOB*BULK*BULK)/(2*DOSMAS)
ASSD=DSQRT(AHHI)
ENERGY=(ASSD-1)/(2* AONPOB)
DAVO=(1+AONPOB*ENERGY)
E=ENERGY+OPPE
VOVOM=(1+2*AONPOB*E)
WQW=(1+2*AONPOB*ENERGY)
VAVO=(1+AONPOB*E)
IF (E.GT.0) THEN
HOS=ENERGY*DAVO
HOOS=E*VAVO
THOS=DSQRT(HOS)
THOOS=DSQRT(HOOS)
PSDF=THOS+THOOS
PSAE=THOOS-THOS
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IF(PSAE.GT.0) ALI=DABS(DLOG(PSDF/PSAE))
ESM=(2*DAVO*VAVO+AONPOB*(HOS+HOOS))**2
RWS=2*A0ONPOB*THOS*THOOS*(4*DAVO*VAVO+AONPOB*(HOS+HOO0S))
TAG=4*DAVO*VAVO*WQW*THOS*CEVOM
IF(TAG.NE.0) SPOLO(K)=AVEL*(ESM*ALI-RWS)/TAG
ENDIF
CONST=0
NPHON=OPON
E=ENERGY+OPPE
FACTOR=(E-ENFD)/GKT
VACANT=1/(1+DEXP(FACTOR))
POUTAB(K)=SPOLO(K)*(NPHON+VACANT)
OPEN(UNIT=26,FILE="26")
WRITE(26,*)ENERGY,SPOLO(K)y*NPHON*SCALET
END DO
RETURN
END

SUBROUTINE PINE (g 3,5 = o) sk sl (5o (9893 51 o8U FausTyy Kial aculons aaliyy 5
IMPLICIT DOUBLE PRECISION (A-H,0-2)
IMPLICIT INTEGER (I-N)

DOUBLE PRECISION FD(0:10000)

DOUBLE PRECISION PINEM (0:10000)

DOUBLE PRECISION BULK,ENERGY,OPPE,NPHON,SSTEP.AOWDI,
* AONPOB,HIGHDI

DOUBLE PRECISION SELEC(0:10000)

ROUND=1D-$

CHAROM=DEXP(OPPE/GKT)

IF(CHAROM.NE.1) OPON=1/(CHAROM-1)
AVEL=DSQRT(2*DOSMA $)*OPPE*(1/HIGHDI-1/AOWDI)
CEVOM=8*PI*EPSLON

DO K=0,MKSTEP

SELEC(K)=0

BULK=K*SSTEP
ADDI=1+(4*AONPOB*BULK*BULK)/(2*DOSMAS)
ASSD=DSQRT(ADDI)

ENERGY=(ASSD-1)/(2* AONPOB)

EI=ENERGY-OPPE

SMTI1=1+AONPOB*ENERGY

SMT2=1+AONPOB*E]

GAMA=ENERGY*SMT1

GAMAP=EI*SMT2

ZIT1=142*AONPOB*ENERGY

ZIT2=1+2*AONPOB*EI

IF(GAMAP.GT.0) YAG=DSQRT(GAMA }+DSQRT(GAMAP)
IF(GAMAP.GT.0) YOG=DSQRT(GAMA }-DSQRT(GAMAP)
IF(YOG.GT.0) ORT=DLOG(YAG/YOG)
IF(ELGT.0)TIO1=DSQRT(SMT1*SMT2/ZIT1*ZIT2)
IF(EL.GT.0)TIO2=DSQRT(AONPOB*AONPOB*ENERGY *EV/ZIT1*ZIT2)
IF(EL.GT.0)TIO3=DSQRT(ENERGY*EI*SMT1*SMT2)
IF(TIO3.NE.0) TIO4=(GAMA+GAMAP)/2*TIO3
FACTI=TIOI+TIO4*TIO2

FFACT=FACTI*FACT!
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FACT2=((ORT*TIO4)-1)*FFACT
FACT3=-AONPOB* AONPOB*ENERGY*EI/3*ZIT1*ZIT2
FACT4=FACT2+FACT3
IF(GAMA.NE.0) FACT5=ZIT2/DSQRT(GAMA)
IF(ENERGY.NE.0) SELEC(K)=AVEL*FACT4*FACT5/CEVOM
NPHON=OPON
PINEM(K)=SELEC(K)*(NPHON+FD(K))
OPEN(UNIT=27,FILE="27")
WRITE(27,*)ENERGY,SELEC(K )*NPHON*SCALET
END DO
RETURN
END
SUBROUTINE PINA (a0 (35,5 - i) sk Sl (61 9999 3 o3l (Fis]y Kinl dnslons asliyy 5
IMPLICIT DOUBLE PRECISION (A-H,0-Z)
IMPLICIT INTEGER (I-N)
DOUBLE PRECISION FD(0:10000)
DOUBLE PRECISION PINAB (0:10000)
DOUBLE PRECISION BULK,ENERGY,OPPE,NPHON, SSTEP.AOWDI,
* AONPOB,HIGHDI
DOUBLE PRECISION WELEC(0:10000)
ROUND=1D-8
CHAROM=DEXP(OPPE/GKT)
IF(CHAROM.NE.1) OPON=1/(CHAROM-1)
AVEL=DSQRT(2*DOSMAS)*OPPE*(1/HIGHDI-1/AOWDI)
CEVOM=8*PT*EPSLON
DO K=0,MKSTEP
WELEC(K)=0
BULK=K*SSTEP
ATTI=1+(4* AONPOB*BULK*BULK )/(2*DOSMAS)
ASSD=DSQRT(ATTI)
ENERGY=(ASSD-1)/(2* AONPOB)
EI=ENERGY+OPPE
SMT1=1+AONPOB*ENERGY
SMT2=1+AONPOB*EI
GAMA=ENERGY*SMT 1
GAMAP=EI*SMT2
ZIT1=142*AONPOB*ENERGY
ZIT2=1+2*AONPOB*EI
IF(GAMAP.GT.0) YAG=DSQRT(GAMA )+DSQRT(GAMAP)
IF(GAMAP.GT.0) YOG=DSQRT(GAMAP)-DSQRT(GAMA)
IF(YOG.GT.0) ORT=DLOG(YAG/YOG)
IF(ELGT.0)TIO1=DSQRT(SMT1*SMT2/ZIT1*ZIT2)
IF(ELGT.0)TIO2=DSQRT(AONPOB* AONPOB*ENERGY *EI/ZIT1*ZIT2)
IF(ELGT.0)TIO3=DSQRT(ENERGY*EI*SMT1*SMT2)
IF(TIO3.NE.0) TIO4=(GAMA+GAMAP)/2*TIO3
FACTI=TIOI+TIO4*TIO2
FFACT=FACTI*FACT1
FACT2=((ORT*TIO4)-1)*FFACT
FACT3=-AONPOB* AONPOB*ENERGY*EI/3*ZIT[*ZIT2
FACT4=FACT2+FACT3
IF(GAMA NE.0) FACT5=ZIT2/DSQRT(GAMA)
IF(ENERGY.NE.0) WELEC(K)=A VEL*FACT4*FACT5/CEVOM
NPHON=1+OPON
PINAB(K)=WELEC(K)*(NPHON-FD(K))
OPEN(UNIT=28,FILE="28')



WRITE(28,*)ENERGY, WELEC(K)*NPHON*SCALET
END DO

RETURN

END

SUBROUTINE PERTUB 23y <uiF by, & (59,550 6y 5,56 9 S aujs8 s dvlonn anliyy 5

IMPLICIT DOUBLE PRECISION (A-H,0-Z)
IMPLICIT INTEGER (I-N)
LOGICAL LIMIT
COMMON/GGKT/GKT
COMMON/PPE/OPPE
COMMON/OBLTY/MOBLTY
ROUND=1D-8
BLTY=-SSTEP*DSQRT(2D0)/(3*ELEC*DSQRT(DOSMAS))
SUMI1=0
SUM2=0
TOP1=0
TOP2=0
LOOP=0
DIFF=1D-8
LIMIT=TRUE.
LOOP=LOOP+1
DO K=0,MKSTEP
BULK=K*SSTEP
ATTI=1+(4*AONPOB*BULK *BULK)/(2*DOSMAS)
ASSD=DSQRT(ATTI)
ENERGY=(ASSD-1)/(2*AONPOB)
EI=ENERGY+OPPE
SDR1=1+2*AONPOB*ENERGY
SDR2=1+2*AONPOB*EI
SDRT1=DSQRT(ENERGY*(1+AONPOB*ENERGY))
SDRT2=DSQRT(EI*(1+AONPOB*EI))
EDFH(K)=-ELEC*DFBYDK(K)
IF(ENERGY.LE.OPPE) THEN
SABET(K)=RADEFO(K)+RAPEZE(K )+*RAION(K)+POUTAB(K)
IF(SABET(K).EQ.0) THEN
OOD(K)=0
UUD(K)=0
ELSE
OOD(K)=EDFH(K /SABET(K)
UUD(K)=(PINAB(K))/SABET(K)*6D4
END IF
RFYEK(K)=00D(K)+00D(K)*UUD(K)
IF(DABS(OOD(K)-RFYEK(K)).GT.DIFF.AND.LIMIT) LIMIT=FALSE.
IF(NOT.LIMIT) ZXZ1(K)=RFYEK(K)
SUM1=SUMI+SDR1*SDRT1*FD(K)

G1(K)=0
IF(DABS(ZXZ1(K)).GT.ROUND) THEN
GI(K)=ZXZ1(K)
TOP1=TOP1+(SDRTI*SDRT1*G1(K))
ENDIF
ELSE

SABET(K)=RADEFO(K)+RAPEZE(K )+RAION(K)+POUTAB(K)+POUTEM(K)
IF(SABET(K).EQ.0) THEN

00DK)=0

UUD(K)=0

AT



ELSE
OO0D(K)=EDFH(K)/SABET(K)
UUD(K)=(PINAB(K +PINEM(K))/SABET(K)*6D4
END IF
RFYEK(K)=00D(K)+00D(K)*UUD(K)
IF(DABS(OOD(K)-RFYEK(K)).GT.DIFF.AND.LIMIT) LIMIT=FALSE.
IF(NOT.LIMIT) ZXZ2(K)=RFYEK(K)
SUM2=SUM2+SDR2*SDRT2*FD(K)
G2(K)=0
IF(DABS(ZXZ2(K)).GT.ROUND) THEN
G2(K)=ZXZ2(K)
TOP2=TOP2-+(SDRT2*SDRT2*G2(K))
ENDIF
ENDIF
END DO
IF(LOOP.GT.20) LIMIT=.TRUE.
F(.NOT.LIMIT) GO TO 33

IF((SUM1.NE.0).AND.(SUM2.NE.0))
*  MOBLT=BLTY*(TOP1+TOP2)/(SUM1+SUM2)
SCALE=5D3*SCALET/DOUBLE
MOBLTY=SCALE*MOBLT

RETURN

END
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The poster session abstracts presented here will be on display in this order in the Winnipeg Convention Centre in Winnipeg, Manitoba from
19h00 - 22h00 on Monday, June 14th. Les résumés présentés en affiches publiés ci-aprés seront en montre de 19h00 a 22h00, le lundj,
14 juin dans le Centre de congrés a Winnipeg, Manitoba.

MO-POS-1

The impact of Canadian Astronomy as Measured by Citations, Dennis R. Crabtree NRC-HIA — The impact of scientific research is often measured by citation counts. Citations
do not measure the quality of the scientific research but are more a measure of the relevance of the research 1o other researchers. Citation counts are frequently used as once
piece of information in tenure decisions and also used to measure the strength of a whole research community (as in the Astronomy Long Range Pian). In this poster | will com-
pare the publication and citation record of Canadian astronomy groups from 1990 onward.

MO-POS-2

Lets Talk Scie rnership Progra romotes Science anadian Schools, Vesna Milosevic-Zdjelar, University of Winnipeg — Canadian universities participate in initia-
tive developed to promote science in schools and community. At seventeen universities, graduate students (as well as undergraduate students at the University of Winnipeg), vol-
unteer fo share their knowledge, expertise and enthusiasm with elementary and high school students, teachers and wide community. Through partnerships with schools, science
and children museums and scout organizations, our program successfully reaches 25 000 chiidren every year. We will describe here our program at the University of Winnipeg
and its place in the nationa! picture

MOQ-POS-3

MM%MMM&MQ&EMI& P. Barmby, S. Laine, M. Lacy, Spitzer/iRAC Team, Harvard-Smithsonian Center for Astrophysics, Spitzer Science Center —

The Spitzer Space Telescope, launch in August 2003, is well into normal science operations. Here we give an overview of the capabilities of the three science instruments, sci-
ence operations, and the lono%-term schedule. Science projects from the Early Release Observations, l-glrst Look Survey, and IRAC instrument team's Guaranteed Time will be

used to illustrate the power of Spitzer observations for the study of Galactic and extragalactic star formation, high-redshift galaxies, and steliar populations.

MOQ-POS-4

HIFL: The High Resolution Spectrometer for Herschel®, Michel Fich, Universify of Waterioo (on behalf of the HIFt Team) — The Herschel Space Observatory will be a facility-
class space observatory operaling at wavelengths between 60 and 670 microns. !t will be launched, with the Planck satellite, in 2007 to the second Lagrangian point with a mini-
mum fifetime of three years. The Herschel felescope will be 3.5 m in diameter and passively cooled to 80K. HIFI (the Heterodyne instrument for the Far-Infrared) is a high reso-
lution spectrometer and one of three focal plane science instruments for Herschel. One of the primary purposes of Herschel is to study astrochemistry and HIF! is the main instry-
ment for stud{ing atomic and molecular spectral lines. Together with the Canadian Space Agency, a consortium of approximately 25 Canadian astronomers are contributing a
central part of the HiF! instrument (the Local Oscillator Source Unit, or LSU)and, in return, are full partners in the HIFl Science Team. This poster outlines the current status of the
instrument development and presents an overview of the science to be carried out with HIFI. it will also describe how interested Canadian scientists can join the Canadian
Herschel/HIF! Consortium and become involved in the mission.

* This wark Is being supported by CSA.
MO-POS-5

Recent Resulls from the Qdin Satellile*, Michel Fich ' and K.A. Woodley 2, ! University of Waterioo and 2 McMaster University — Qdin is a mm and submm heterodyne 1.1m
radiotelescope mounted on a spacecraft launched on 20 February 2001. it has been developed in a partnership between Sweden, Canada, Finland and France. In this poster we
report on recent results from Odin, including a sensitive search for molecutar oxygen in interstellar clouds, a survey of the Galactic Plane, and a detailed study of molecular
processes in several star forming regions.

* This work is being supported by NSERC and CSA.

MO-POS6

- He iflimetr n ter*, David Naylor !, P. Davis , J. DiFrancesco 2, M. Halpem 3, P. Martin 4, D. Scott 3 and C. Wilson 5, ' University of
Lethbridge, < HIA, ~ Universily of British Columbia, * University of Toronto and ® McMaster University -— The Herschel Space Observatory is an ESA comerstone mission due for
taunch in 2007, which will conduct astronomical chservations across the far-infrared and submillimetre waveband. It will carry a passively cooled, low-emissivity, 3.5-m telescope
and will operate at the Sun-Earth L2 point for three years, providing a large amount of observing time at wavelengths unrestricted by the temresirial atmosﬁhere. The instrument
payload will be coofed with an on-board su, gly of fiquid hefium, which determines the lifetime of the mission. Canada is involved in both the SPIRE and HIF! instruments on
Herschel. The main scientific goals of SPlE are deep exiragalactic and galactic imaging surveys and spectroscopy of star-forming refgions in our own and nearby galaxies. The
SPIRE instrument comprises a 3 and imaging photometer at spectral channels at 250, 350, and 500 um, and an imaging Fourier transform spectrometer (FTS) covering the range
200-670um. The FTS employs a dual-beam configuration with broad-band intensity beam dividers. The SPIRE detectors are feedhom-coupled neutron transmutation doped
(NTD) Germanium spider-web bolometers. The Canadian contributions to the SPIRE instrument are (a) a mid-resolution (R » 1000) broadband FTS fo test and qualify instrument
models, (b) software packages to deglitch the signal siream, correct for the spectral response of the instrument, and process the spectrometer data, and (c) staff effort for the
Instrument Test Team and Control Centre. Five Canadian researchers participate in the SPIRE Specialist Astronomy Groups as Associate Scienfists. The Canadian invoivement
in the SPIRE project will be described.

* This work is being supported by CSA, NSERC.

MO-POS-7

Protoplanetary Dust Disk Dynamics®, Robin Humble !, S.T. Maddison 2 and J.R. Murray 2 |, 1 Capadian Institute for Theorstical Astrophysics and 2 Swinbume Centre for Astro and
Supercomputing — With a view 1o investigating planet formation processes we have developed a code for simulating astrophysical dusty-gas fiows in protoplanetary disks. Our

paraliel three dimensional code incorporates gas hydrodynamics, self-gravity and several gas drag Brescriptions to follow the dynamical evolution of a two-?hase dusty-gas medi-

um. We pr;sem geezults of some calculations with submillimetre, centimetre and metre sized dust Dust disk lifetimes and possible gas giant and terrestrial planet formation sce-

narios are discussed.

MO-POS8

Neptune’s Migration info a Dynamically Hot Kuiper Belf*, Joseph Hahn ! and R. Maihotra 2, ' Saint Mary's University and 2 University of Arizona — The effects of Neptune's
orbifal expansion info a dynamically hot Kuiper Belt is examined numerically. in the model, a torque is applied to Neptune’s orbit causing it to expand 9 AU outwards and into a
stirred up Kuiper Belt composed of 104 massless particles having initial eccentricities e~0.1. This system is integrated over the age of the Solar System, and our results confirm
Chiang et al.’s (2003) finding that migration into hot Kuiper Belt allows particles to get frapped at weak mean motion resonances like the 5:2. Indeed, our higher-resolution study
of this scenario shows particles getting trapped at many of Neptune’s weak resonances, including the 13:6, 9:4, 7:3, 12:5, 8:3, 11:4, 3:1, 7:2, 4:1, all of which reside in the
50<a<80 AU zone. Many of these trapped particies have such high eccentricities that they also inhabit the domain usually identified as the Scattered Disk. Of course, gravitation-
al scattering by Neptune aiso produces a Scattered Disk of particles, but most of these particles are removed over the age of the Sofar System during subsequent encounters with
the planets. Indeed, inspection of all particles with semimajor axes 50<a<80 AU and e >0.25 shows that about 90% were tratpged at Neptune's migrating resonances, with only
10% actually being scattered by Neptune. These results may also provide an explanation for the ‘extended’ scattered disk of Gladman et. al. (2002), namely, that some of these
KBOs were trapped at an exotic resonance with Neptune rather than scattered.

* This work is being supported by CFl.
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These observations suggest that increasing levels of chain unsaturation may reduce the sensitivity of bilayer order to variations in pressure.

* Supported by NSERC (MRM) and CIHR (KMWK).

MO-POS-82

Characterization Of Anisotropy In Foams: An Ultrasonic Approach*, Hussein Elmehdi, JH. Page AND M.G. Scanlon, University of Maitoba -— We use low frequency ultrasonic
waves (50 kHz) to investigate the mechanical properties of anisotropic freeze-dried bread foams that were prepared by applying uniaxial stress to fresh breadcrumb. Longitudinal
uitrasonic velocity and amplitude measurements were taken in directions parallel and perpendicular to the compression direction. The velacity was found to decrease as the
amount of compression is increased, with the decrease being greater in the parallel direction. The velocity data were interpreted using two theoretical models, one based on the
static compression of a simplified strut model of foams and the other including the effects of tortuosity on wave propagation through anisotropic media. Both models allowed the
velocity anisotropy to be directly related to the anisotropy of the foam structure, and give predictions in good overall agreement with the data. The resuits also allowed us to con-
clude that there must be a weakening of the cell walls caused by the uniaxial compression in addition to the effects resulting from the anisotropy alone.

* This work is being supported by NSERC.

MO-POS-83

Structure of a Homologue Series of Banana Mesogens Studied By C13 NMR _Spectrum*, J. Xu and R.Y. Dong, University of Manitoba — C13 NMR spectroscopy was used to

obtain the geometrical information in three members of a homologue series of banana molecules, SCIPBBC, 8DCIPBBC and 9DCIPBBC. The orientational order parameter S,
bending angles and tilt angles between the biphenyl rings were determined from the temperature dependent chemical shifts in the nematic phases. Although the temperature
dependence of S was found to be different for these molecules, the $ values at Tc were almost identical. It was also found that tilt angles depend linearly on temperature, and the
bending angle in the mono-substituted molecule is about 14 degree smaller than the di-substituted molecular. A SUPER (Separation of Undistored Chemical-Shift Anisotropy
Powder Patterns) technique was used to determine the chemical shift tensors of carbons of model compounds (e.g. 4-Chlororesorcinol). These tensorial components are required
for fitting the temperature dependent chemicatl shifts in aligned samples.

" Research is supported by NSERC and Brandon University

MO-POS-34

On_the Physical Mechanism of Vortex Stirring in MHD-Driven Two-Flyid Molten Metal Flows, David Munger and A. Vincent, Université de Montréal — Magnetohydrodynamic

(MHD) instabilities such as those observed in aluminum reduction cells have been thoroughly studied, for instance by means of linear analysis by Sneyd (1892) and numerical
simulation by Potocnik (1989) using industrial codes, as well as by Gerbeau (2001) using finite elements. Though its understanding is critical for efficient aluminium production,
the physical mechanism is still unknown. We focus on the stability of vortex stirring that naturally occurs in MHD-driven systems of two fluids with a large electrical conductivity
ratio, traversed by an intense vertical electric current and under a strong background magnetic field. We perform three-dimensional nonstationnary numencal simulations of the
conservative equations, using a levelset technique to track the position of the interface between the two fluids. Perodic transport of large eddies occurs, in which we observe an
oscillation of vortex energy arising from a balance between the dissipation forces and the supply from the imposed electric current. The corresponding frequencies are orders of
magnitude smaller than those observed in typical metal pad roll, so that long-lasting simulations are necessary to track slowly growing instabilities. We are able to find a stability
threshold in terms of the electrical conductivity of the fluids, and we are currently trying to correlate it with the cell's dimensions. We conjecture that an increase of the latter will
compensate a decrease of conductivity in the triggering of instabilities. Simulations are underway and resuits will be presented at the conference.

MO-POS-85
Spin Wave Dispersion of the 2D Hubbard Model at Intermediate Coupling*, Walter Stephan, Bishop’s University — The spin wave dispersion relation for the 2D square |attice

Hubbard model at half-filling is calculated using an “exact” linked cluster expansion method. The approach used is most reliable at strong coupling, but still converges reasonably
well when the Coulomb repulsion is of the same order of magnitude as the band width. Results are compared to those of other approximate calculations as well as neutron scat-

tering measurements of undoped cuprates.

* This work is being supported by NSERC.

MO-POS-86

The Giant Magnetocaloric Effect (GMCE) in Ni-Mn-Ga, Wei Li, Xuezhi Zhou, H P Kunkel and Gwyn Williams, Univeristy of Manitoba — Several previous investigations have
demonstrated that a giant magnetocaloric effect (GMCE) — a large isothermal entropy / adiabatic temperature change associated with the application of an external magnetic field
to a system — is most often linked to the substantial entropy change accompanying a first-order phase change. However, it appeared plausibie that in systems exhibiting sequen-
tial magnetic transitions — specifically a continuous paramagnetic to ferromagnetic transition followed by a first-order / discontinuous (order-order) transition - this effect might be
enhanced if these two transitions could be brought into close proximity, or better still, merged. The veracity of this suggestion has been demonstrated in the Ni-Mn-Ga system
where such a coincidence can be achieved through careful compositional tuning, thus for Ni 55, Mn (3 5 Ga ,5 , an entropy change of ASy, = 204Jkg K is observed at 317K
in a field of 5T, one of the larger values measured at or above room temperature. ' ’ ’ !

MO-POS-87
Comparison of Electron Mobility in Zincblende and wurtzite GalnN, A. Somaee 2, M. Sadeghi 2, H. Arabshahi *, M. Ghazi 2, ! Tarbiat Moallem University and 2 Shahrod University,
Shahrod, Iran — GaN has received much attention in recent years because of its potential for a wide range of applications in high power and optoelectronic devices. The

demands of device designs have encouraged numerical studies of electron transport in the material. In this research a numerical iteration method has been developed and used
to model electron transport in zincblende and wurtzite GalnN at low efectric fields. Our results show that the electron drift mobility of wurtzite GalnN is lower than that for the
zincblende structure at alf temperatures. This is largely due to the higher G valley effective mass and a higher electron scattering rate in the wuntzite phase.

MO-POS-88

Low-Field Electron Transport Calculations in Bulk Wurtzite GaN Lising lterative Technique, Hadi Arabshahi, Tarbiat Moallem University — Temperature and electric field-depend-

ent electron transport in bulk wurtzite GaN structure have been calculated using an iterative technique. The following scattering mechanisims, i.e, impurity, polar optical phonon,
acoustic phonon, piezoelectric and electron plasmon are inculded in the calculation. lonized imurity scattering has been treated beyound the Born approximation using the phase-
shift analysis. The low electron drift mobility is calculated for temperatures in the range of 300-600K and for ionized impurity concentrations between 108 and 108 Cm. The low
temperature value of electron mobilty increases significantly with increasing doping concentration. The iterative results are in fair agreement with other recent calculations
obtained using the relaxation-time approximation and experimental methods. Compensation effects on the mobility are also examined. Due to the freezout of deep donor levels
the role of ionized impurity scattering in bulk wurtzite GaN is suppressed and the role of phonon scattering is enhanced, compared to zincbiende sfructure. Electron transport
properties have been modelled with an electric field applied both parallel and perpendicular to the (0001)c-axis. The exiracted model parameters can be used for electron trans-
port simulations in GaN-based transistors.

MO-POS-89

Design and Modelling of Inductively Heated Substrate Hoiders for Advanced Plasma Materials Processing Applications®, Ajay K. Singh and Michaei P. Bradley. University of
Saskatchewan — Plasma processing of materials will be one of the key enablers for advances in electronics and photonics technology in the 215t century. Effective plasma
materials processing requires careful control of process parameters, including the temperature of the target material. For example, a minimum target temperature ~ 800 Celsius is
required for plasma deposition of diamond films. Unfortunately, in high pressure (~ 10 Torr) microwave plasma systems (such as the diamond film growth system at the University
of Saskatchewan) the uitimate target temperature may be limited to ~ 500 Celsius because ion-neutral collisions limit the amount of heat delivered to the target, and because of
relatively high convective cooling rates. Thus it is necessary to directly heat the target to achieve the high temperatures required. Direct heating via heating wire may be difficult
to implement because in most cases the substrate must be biased with respect to the grounded chamber walls to achieve good film growth. inductive eddy current heating pro-
vides a solution. Heating energy is efficiently coupled into the substrate via induced eddy currents, providing rapid and potentially highly uniform heating. The purely inductive
coupling means that the substrate can be biased to arbitrary voltages as required. This presentation will discuss our design efforts on heated substrate holders. We will present
resuits of thermal modelling calculations (i.e. heating curves, mean temperature. temperature uniformity) and will discuss their implications for advanced target holder design.

* This work is being supported by NSERC.

MO-POS-80

Elastic Fields from Reconstructed Terraces of a Semi-Infinite Solid*. R. Arief Budiman. University of Calgary — Two-dimensional problem of a semi-infinite solid with surface
reconstruction boundary condition is considered. Surface reconstruction produces sinusoidal displacement fields on a terrace and attractive interaction due to the reconstruction is
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Low field electron transpot in InAs

Sadeghi , Amir Masoud' ; Ghazi, Mohammad E. ' ;Arabshahi , Hadi’
! Physics Department, Shahrood University of technology.Shahrood
? Physics Department, Tarbiat moallem, sabzevar University. sabzevar

Abstract

In this paper we report temperature and doping dependence of electron mobility in both IndAs and GaAs
compounds which have been calculated using an iterative technigue. The following scattering mechanisms, i.e,
impurity, polar optical phonon, acoustic phonon, piezoelectric are included in the calculation. It is found that
the electron mobility decreases monotonically as the temperature increases from 50K to J00K. The low
temperature value of electron mobility decreases significantly with increasing doping concentration. The
iterative results are in fair agreement with other recent calculations obtained using the relaxation-time
approximation and experimental method.
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Abstract

Temperature and doping dependence of the electron mobility in InAs structure has
been calculated using an iterative technique. The following scattering mechanismé,
l.e. impurity, polar optical phonon, acoustic phonon and piezoelectric are included in
the calculation. lonized impurity scattering has been treated beyond the Bomn
approximation using the time-dependence perturbation theory.

In this project we have used Kane's theory (k.p method) for band structure calculation
and its effect on the electron transport. This assumption leads to nonparabolic
conduction band.

Electron wave function has been considered as admixture of s-type and p-type basis
wave functions.

It is found that the electron mobility decreases monotonically as the temperature
increases from 100 K to 500K.The low temperature value of electron mobility
increases significantly with increasing doping concentration. The iterative results are
in fair agreement with other recent calculations obtained using the relaxation-time

approximation and experimental data.
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