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Summary

Using the general expression for the nonlinear dc conductivity
devloped by Ryu et al, the transverse and longitudinal magnetophonon
resonances in semiconductor with many-vally structure such as
n-type Ge and n-type Si are investigated for the regions in which
intracollisional field effects are not valid. Our results show that
resonance peak positions for the intervalley scattering by phonons
strongly depend on the difference in the effective mass between
the initial and final states, which are same for the longitudinal
and transverse configuration. In the case of the magnetic field
direction parallel to the <100>, <110>, and <111> direction, it
is also shown that the results of n-type Ge and n-type Si
for the transverse and longitudinal configuration are in good
agreement with the experimental values of some authors in

the literature.



A7) ¥= 39 &3 (magnetophonon resonance effect: MPR effect)s Mz}
o] o) fAJINF (F, YA 53 &AFAA), A} Tepo FI g 7]
¥ AAEE AF #HPAY (Nicholas 1985), ¥ FEREF (Barker
1978), ¥ AZIAEE AFY A7F 94 (1/B)el] A F7144 339 &= o
vzle] 24 (Eaves§ 1970053 22 WHEMS £4A41E zAsted 4438 4
o2 Afgc,

e FAVNFZE Z= EAAL n¥ AZotsEd n¥ AYZ AEe FH
B ¥ @2 77 ol84 R AYPH AN o) Fo) A} (Nicholas 1985,
Eaves % 1970, Hamaguchi % 1983, Harper ¥ 1973, Ridley 1993, Yamada
& 1992, Futagawa ¥ 1993, Portal § 1974). A7 X & 392 4% A7 23
A% A RRAA AR} N2 FHEEF) FEA4e] oHAH Ex=o euizls}
¥ Landaudlvx] 24 Aelel B4u7k 2 of Fo) dojdeh (Nicholas 1985).
n¥ A=2ehEs n¥ A AV EE T AHEYL AP FEBxje) AE
Ao ok TR7| Aolw o) vl g BAsA vebdel (Portal § 1974). Al
EvtEs A 34 2L 92 AV (valley) 72 E e WEN EAEL x
7178 el v 4 TRI|vic} ofE HAY FEAFES B ¢ TR U
Ao A7 X FREAFAE S FEAG Aol VAF FAIND AU EE T
Atgto] oy} (Hamaguchi 5 1990).

AR A7 8ol FUT Aol A&t ME A7NBES g3 A
24, Hamaguchi¥ (1983)& 7% A7 @l E X -H T= B30 o3 25
712 AN X FTREAL AVIAC) 36THA dehdz, 38 T g3
¥ RN AT FRAFL A7) 45TelA debddz AN} €3,
4% Ar)AAAE A7) 12T 23TelA AZIAEES] FrjAe] F&y =y,
o] F FNAL Z7 YR}t 1155KA TR X-H T. A. £x=3} Ax}9}o)
A2 AN F o] T Bt dY T =AY F e o] BoFe
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2% X=HA £ 23 234 7QP¥dE RS AN,

3, 2 Futagawa 5 (1993)2 zA71 AL n¥ AZobye] <100>, <110>
R <I> 43ezs dol AL AR AVEE FHILL AYHoZT B2
At A71Re] <100>2¢ez He A$E AP 2159 AJE= ERAD} §
BAF Aolo ol et TRV AV T FHZANA & Mejo] g},

AFEI A7) Agge] N2 £ 4o dgde 7t ANHER o
¥ A< Harper § (1973)°] A713& n¥ Al=utEe] <100>9 <110>43o
2 o] A¥H22 F5HHI, Eaves F (197002 A7AE n¥ Al=viye
<100>% <111>&es Ao A7|¥: FHEAL Yo A2 v} Q.
=&, 32 Ridley (Ridley 1993)% #7]%e] n¥ AlZetge) <100>9¢o 2
A9 72 AAEES 27129 F42 AFdE AL S AU x= T
248 A

TH, n¥ AT A EE FHEFA HF dFEE Yamada 5 (1990)0]
AZALE B0KAA A7 A& <100>9 <110>4322 Aol A2 A/AEEE &
At RV A7NExE FHEALAE A53Uch. 25 AYAAE Ay ¢
st J1& 271 By & 48, AAst Tie 5yl Age] AZ HY
g g-Aolgt HE FAY [-Holo] 7 o2 AP w Ao, 2 ny A
29 JIZ ANAEEe Hg AFE AR o] FolA] = o)t

€ dFdME 2 A7AM9 g £450]E (Ryu F 199D)E EQ 2 3
o, n¥ AlZobgely n¥ A2 Z3 e gL ITHRVNFZE = WA LY
T e ANEE FTH)EE 4389 o] AAE n¥ A=vtEF n¥ Y2
AL Pk 1A E Al Bd$ 71€33, TRAHE A £40] 2604
A AAZYVY olgEF} =29 7R ANAEEE Tt VRN E DRA
Fol1 A7NEx FHEAE A43d ny A=okER nd AYEel AR
<100>, <110>8} <111>%3e2 A Ao g FHELL A5 AY
At vinFERT, VAL AL YA} B



0. Ae 2dd

2R ZAdA T Az 4ss AN A ALEYL (H e

H=Hy+Hy,+H,_, (2.1)

Hp=22Xal h,| d>a; ay (2.2)

H,,,,zzqﬁ w (b, b,+1/2) (2.3)

He_,,,,=zq§ Kaly,l &> b,+ [Kal r) | a>bl] a, ay (2.4)

s} zko] FojAnt. o)| Hy % h, £ 27 A AL Etd dUAR HD
EYLE dehl2, ot BeARY i BJY FALo)n, a) (g,)E
AR A (aR)Q ARl £R, H, S H, ,+t 22 TE f2syts A
b Eeztel 3EAL AR oS HLEULe) L, v (=Clglexpliqg - 7))
E X FFe IAFE 33FE QARe)T (9t HAAY TEDe] 457
4+ etk 292 b (b)) & B EEFl hg, AUA} ho D EEY
B4 (22)ed A abe) o},

HEAE UM oA Ede) 333 FYHA 23S HelzL, 23 2 6

g AAal @713 B=B(sin 6,0,cos )3 F9E¢ R A7 o] ALY of
2 Az L EYLe

1
m, 0 0
_ 1 1
he—z(P+eA) 0 o, 0 [(P+eA) 25)
1
0 0 —mz

E FojAd. 474 A+ BEHRYAHo|L, P £5F AXA)Y, m 9% m, &



7zt AEde] UM U Ae] Qg M2} 72 FEAF QLS veicg, B

B3 W& Landau gauge® A= B(— ycos8,0, ysind)2 W&, Ay

o s AT 2L AR FARY /PSS AU ZHANE d FE
Crids> =<r |Nk,, ks>

(26)
=U(Fi(r)

s+ L n?(k-B)z
e;=(N+ 2)?7 w,+ S B 2.7

s h .
: ~ (—m,k,cos 8+ m,k,sin 6)
eBm ! ! (2.8)

ko8t ke 27 xS 23] A stedy ARl 4 (26)04 U(n)&

s¥® 7] Bloch @400, &34 (enlope function) F;( » )&

Fi( r)=TIL— O\ (y— yi)exp(ikx+ ik, z) 29

2 Fojch £, A 2.7 AE o= eB/ml)E A)FILEL WESE on)

33, mpe A7NR B FEAZFS Jdebdd olw m! g mi &

1 cos %6 sin %8

2 2 + ’
msz mf ey (2.10)
my=m,cos 6+ m,sin’6 (2.11)

2 ZoAh A (299 0yt EHAFAL THRseln, L, 9% L, = 3z
xSt z%e] FAH#Y Yololth. Bloch# el ME #7132 ARy 549
8 k% 2713 Bel Avlel RRscn AR U(He SAMER FA%ET,
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el Fi(n)e AR #A3tdd.

[ U (v (Ddr=s,, 2.12)

FiDF(Ndr=8,; Sy nSs 2.6 s+,
fg ANF(Ndr=8, ' SnnS s 104+, (2.13)

4714 Ct DHME MAHl Q(=L,L L) AT A2 MHE 9

st A 2% 4 (2.9)288 w3 o dux 297 SaxAN T A
o AEFAo0) JFYL ¥ & gk



M. o]gH&3 AV|AEE9}e] A

AZet 7t2 AZIAEES 87 A F 5 (1991)e] 7% A F way A
NAEE o (EXk [=x,y,2)9 24l Wiy FEZEAE FA%2 4 (2.6
A (2.7& o) &3t hgF o] ME JlR AVAEEE 9€ 5 A

fle; )—f(é‘x

ou= gy 22 CASF A S XA 7l AsY T A (3.1)
)R
A I = - AS,4S 5 g
) e T T T (32)

A7 M2 ANAEE dAdE [=x k=202, 712 A7AEE A=
[=k=yolct. £, 4 B.DYA j, & kA S 2E 93U A AFYE A4
Ao, Aev AMUR & & L sERINHQ Fermi-Dirac®E £ 40|,
Logv S Tic e 27 A8 A8 o) AAe} XE:e] B34 o3
Al el Aol o|$EE e

A @D FoiR gl A ARUE A4z YA = A (2.6)9 A (2.9)
& AHgste] g ol 2E 4 Utk

LIS =Nk ks | (= e )P Noko e,
t

(3.3)
= 8. <A (——mL)P_\.I Ao+ 8 4:<s (—7@)1{_ [
t t

9714 KroneckerZl & AY7a& Yehll22 4 (3.3)9 LEF A WA 2
Azt AW Aole] HE NG EE Y, T4 F2 FAI% Ao
HE AYES debdc 4 3.3)E FE57 st TSHgSE AT FE
9 Wlwste] VA3 WI¥E S AT 471N FAYL Holwt m s



Al (3.1)9] 94 AR AFYUE dAxe] YA A
CASFAN' S OCA S’ 17 dASY = Sp(s, s7) 8 (3.4)

Su(s, s) =Cslifs >(sljds> (35)

3 o] RYY 4 U MES 712 AAEEE 4 (3.1), 4 3.4) 2 4 352
el

.\ Ae) — Red)
On= % Z§ Suls, s )W T s ks (3.6)

g o] Y Y2 & & Aok A 3.6 27 A84 sTA7)2 Landau o
Uzt §'E%719 Landau U EH Apole) zjojs} Mgl Tikeo) HiFgo
2 detds AolFRAE ade sME s olfe Ade Arxe FHY
A& A AR =22 FEPo,
AdAA ) 12 Born SAZRE, |As>S} [A's D] abo)o] Ho)o] Faig
ojgE I'9] PJYLL Ytzoz
FX'S',/{S:KZG[(N"+1)M++NqM—] (37)
2 FojAchRyu ¥ 1991, Suzuki 1992). 9714 N, & oYz ho, & ZE ¥
= d¥ Bose-Einstein®X @403, M. 8} M_= ztz}
M= 2 [Ty JAisd 1P 8(el — i+ hw )
I Asily JAs> P8’ ~ ei+ hw )]
M_= 2 (1K ly s P (e, — 5= ho )
+l(/1151|70]/13>|26(55},—ei— how )] (3.8)

2 FOAL CIRAFL A7 X HEH F5AAAN W EeFol. o



7oA QAOAH F4d AAg) Tee) F3%E A4ateld. 4 (3.8)9 X

T 7, ARAEE AU AL dehd Aoz, D& sTAYY 35¢ %

AS

TITE vt £0 A 399 ol TUS) E -HE B i)

FE (4 2= 22)ARA 9 dux 2EE dehie Ao, AR ¢ A
Aol e FAFAE Holst doid el TEolux) F4 == B2 ¥
£ AE gt WAy AV TE FRE oA A4 LA Ao A
(2.6)& AHgste A 38N Foin WA} Eixjols) FEAE Adxe] B
228 F3d

ir

ICCOIKIN, N, )8 44, 40,8 kb, +4, (BRZIH AFRE)

[<Asly JA's > |*= , (3.9)
ICCOIF ;5 4( @) (Z# 7] 7H2kgh)
_N,! Nu=Nyr 1 (N,—N,) 2
K(N, N, u)= N1 exp(—wu [Ly ()] (3.10)
F (@ =I|{Aslexp(iq- )| A's'>|* (3.11)

2

u=(%)[03+( 7L )—(m,qzsinﬁ—m/q,cosﬁ)zJ
mp

(3.12)

s

2 FA. 97N N,=Min(N,N), N,=Max(N,N)elz L™= a9
Laguerre th&2jejct. 4] (2.7), 4 (3.8) 2 4] (3.9)& AL3d ZTRsuy Ad
FA7NZ @] dste] o}&} o] Bl kg FPL AL 4 gy,

M z( %);a ) 2 e 028 Po,~ w )
=1
(3.13)
M2 2N F DIFsis( QP (N +Phag—(N+ Phoxha ]

(3.14)



G714 PE A40)2, 6 -%4UY £7)EE TeddH F4AAE duiv 4
(3.13)3% 4 (3.14)8 17 44 ge3 e 24

Sx+a)= 20(—1)"(—5)"6(x)z5(x) (x>ad w) (3.15)

& AHEsgc. 28R o) (EE AVAEE)E A (3.6), A (3.7), 4 (3.13),
¥ A G128 g L A EE FHP2AL 9L 4 gl
Po,=w (FR71U 4 (3.16)

q

Iye o ema 1
(N+)hoe=(N+5)hotho, (g2 ) (317)

4 (3160 ¥ AR Wolod AEAFo) $UT A HIHE A EE
FR2AL JehiZ, 4 GIDWe EHD o= eB/m)dMd B 4 Ax AN
4,4 GINe AN Mol e Aes U4F Aegaole] fEUFo] &
A4 ANEE FHEAL depdd. A ¥ AL st2s M2 AASEAA
FU¢ FY2AL REDE AL F2saof Wb

_10_



V. A3 2 33

°of Aol A (3.16)% A (3.17)& o) &3 n¥ AzZeEd n¥ A I
W 29 7t2 A7) Ee FUAH AAE 22 A9A e} wmsgd.

n¥ AZetge] Fae $¥3F BEF duUx HEd iy THANY AdH
EA7)ZE A3 24z FAHE FEF X AHel Qe e Asasn 343
22 (Payne, 1965), 7}s® Ex& I H[LO- TO(31.TmeV)], X,3 [ TO
(34.2meV)], X ®[TA(9.93meV)], 2832 X, d[LA— LO(29.8meV)]e)x}.
(Nilsonz} Nelin, 1971, ¥ 53 #=z). o2& 715 ¢ =g N85 ng A=n
woll Wit 7tE AVEr FHEAES 29 1, 29 298 29 344 AR @4
2 vehfgdo

2¥ 12 A7) Bade) B//<100>9 W, A3} UF 2RI A HAe fi
AF m7t ¥ FUY 0.135 m22 FoAE ASo] ¥ 2 AU E= T
A H2E Jdebd gleld. YA AN 27 THAIGH Q= Az
Landaudl vz &4 50 wet ouxg A7 #4522 Jehd Aoz, A
(dashed line)# &2 AHA(dotted line)E& 2t X, A3} I'HellAe] Exo 3
Dt AL =g W& UF TAVNZ HolWE wWe) Landaud izl 4
e BE AUAE 2A71F F52 el Roloh. A} HMe) 2P 27
Ex 39l devds AH 93F Jebid. 293 W93 A2y es AP AL
Z}7z} Harper 59 A ¥ 23} (Harper 5 1973)%} Eaves 2] A¥A# (Eaves &
1970)e]c}. AFo] mApste HE ooz 75 RE ZTWUANES JYehid.
ARAM He wis} o], o]F9 UYAAE o]2HoT 5y FTUAYY YR
M detude e & & AL oJE24 AAGE FL YAE BFT Qo)

1Y 2& AVNRe @] B/<110>Y wWe] Jt2 A Ex: THAH HAE
Hetd Aol o] AN 271 RV AR FEALE m', L 0.099 m

fll_



o], }F IRZINAS AAe] FEAGZ m; 7t 0.36 mS 2 FojAch, IPA
ety AAdF FALE 239 144 AT AF FAdst, 9 Harperd A ¥
A3 (1973)8 XAt =8, A7 wgo] B//<111>2 wWe) AFE 19
3 detdiglch o)A A fdE 27] FR71AMY HAY] FEAZF m; & 0.082
mol, dF ER7|AY Hzle] FAEAY m, S 0.207 molch. 7|4 AN
2P 1eA A9 AR FAdF Heoln HAHNLE X, Hel d&sles Aoln, A7Y
< Eaves®] A YA (1970)0)t}. ZReAH R upsh Zo], A7 X 93
A A 2AFA dAA A73 Fe] wdep HFSE & & A £33 o] E
A A} Eaves (1970)%F Harper (1973)9] A@A 9} & dxPchs RS ¢
4 ot

7)ol n¥ AlZwbEe <100>, <110>8F <111>9] Wio 2 Hxe 7 ¢
W M= A7 ¥Ex FHELE 44 29 4, 29 5 2 29 60 Jehuiisd.

a¥ 4 A7R $Fe] B//<100>2 A$EH, 2 Jepd 2702 1Y 1
oMt Fds, FHAF B P22 o]Fojx A(dash-dotted line), 3‘}’:‘!.
(dashed line), 22X B2 H22 o]Fo|7 A(dotted line) 27 X; A, X, A,
2 Ao digsts Zeln 4z} Hamaguchi $9 4827 (Hamaguchi
1983)8 9u|@r}. TP B upe} o), o] A U Eix FA e
g 36T, 45T 12T9) F7]E z+= Hamaguchi 59 A¥92A3e) szt F
BE o] deojvA] 9= Futagawad A¥AIAeE dades RS ¢ § Add. F
B o]l dojuyx ¢+ Futagawaol A@AFe] dF 9402 ol 7z o &siA
ol Y= FE2Z od ¥ o B AT} o] FojAo} i AP},

¥ 5t AR wEe] B/<110>Y W] ME AV Ex FHAE AXNE U
e Aot o7]A A8® =0 29 29 FUse AL 1Y 48 FYz,
A2t & Futagawa 52 AYZ23}E, €& Yamada AYAAE XA 9T, =3
¥ 6M T A7 $3o] B/<111>%Y deo] M2 AV X FIHAE A28 4
el Fojct. 474 A9 BE 2& 3y 33 Tz, AL 19 49 F
A Aol ARY L Fudakawa 59 A¥FAFAE Yehdld. B/<110>9) @&

ofnt

iC)



A= Yamada 5 (1992)¢] ¥ A9} Futagawa 5 (1993)9] A¥ A=}
Al 8te], B//<111>¢ W A& Futagawa 5 A¥AA4e} dxgcs AL ¢
4t

n¥ AT EFF vz BEYH & g-Ho|g f-Ho)7l stssn
2, Fxo A FAJAANN UG 78 & Aot g-Aolo] Wy ol
7Hed vzl ho, € 11.62meV, 18.41meV, 62.18meV%} 62.86meVelx, f-A
ool WA 18.5meV, 23.8meV, 43.8meV, 49.61meV, 57.22meV$} 59.3meV
°] ddt. Yamada $9 A¥AF 2 o]& A} 715 ETEAUAE EQz 4
(3.16)% 4 (3.17)& A&de] AR AT FHAY HANE £ 13 24 e
Welelk. & 1914 YamadaZel o]2F =& AV|F wie] B//<100>Y o, 7)&
24718 Bry °l 82Telw, A& FRA7 M Ao} FEAF m, o) 0.425 molx 1}
T ERA7NAMN FERF m 0 02md A& Yehd ol 1Yz T 2& 2
el o) B/<110>2 W, 718 27134 Bpy & 106Told 27 ER7)e] Az}
o F&AZ m o 0.255 molx, F FRI A B FEAAR m,, 0l 0.425
me2 Fold W& yehd Aolth. 9714 B, % By, £ 22 Yamada 59
AY f o)&82#4E5 ey B, € =FdA AAY o]&AFe) FYANA
< Yebdich. Yamada § (1992)2 2713 w3ko] B//<100>$ B//<110>°] o
¥ 215 AYAAE Ay fsid NE A7 R B & S48 AYRI o
Alste AolAAgF o] &AU AE AN FelA RE uwish o], 82T}
106T14 Yamada § (1992)0] =% 718 A7 By & A3t 28 T
Uzl 2tz 47.49meVe 48.15meVAdl, o] R EABAA AN Yehhs ¥
Auze zelst ek AE FEHAok stejo} P} I A3}, Holo Vst
Landaudlv1z] &917} Yamada & (1992)c] MAF AAel $5%¢3 vz LE
HAE A&ste 78 & =89 AAYgE o Aoyt F& ¢ 4 <9t} Yamada
o AN &2 59 APAFA} & YA F g3 VAFE N 2)
e Eqel 4 Lt £5F 2 vz REPHe 8y 7L Exd

_13_



vzt 282, Yamada & (1992)0] MAY 71& A7) 3E 95 493
© Pds & =294 AAE EAJANZRY AU EE JH S 2AEE
7ol Be o eFsidz AAdd. 28z AYAAe} AAQ AApo)e <fzie)
atel7} A, I olfrt A (3.8)AH x>a¥ W, Hx+a)xd(x) SAE A}
4% 2742 #4944 29, oA HE F o BT A7} ol FelA e} o
2 gddd. A" ol2ZAANAA JtE AVEx THAEY Axs AR 2]
Ex TUHAI FUHEE JIE AU EE FPAAY AAE AFsH Ao JtE
gz ol Aol Y AHo)l AEAA o] FojxA L [AZ AHHA ]
e ¥ 5 gl Adeld 23 B2 o)A W Bk g2 dYe] 8 7HE .

_14_



e (1991)0] AN 74 A7) RN A 5088 EY
FEL EAE FAT A$, n¥ AZvtFold n¥ ANES} e g
AAC A48 5 Qe AVNEE FH)ES AN FHT Fojn)
Aol o IHXAL IR HE ANAEEAA FY
sl doldete AE ¢ & A £, o] AAE AL A7) nY A=
obE2] <100>, <110>¢ <111>%W8e 3 A A $o 93 7129 A2 A7 X
= TRAA AAE FI2, 718 AFAA) vz 2 A xE TR
Aol A< 71E€e] B1¥ Harper 52 AYA#9} Eaves 59 APA}E 4}
3t vlasdc AR AV Ex FHAM d#HME Hamaguchi 5o A¥A
¢ Futagawa®l A¥2A5E 43l wmaQxn, o)8Azs} 7|29 AYAFH}
A AdAsd. 2y A7) Ro] <100>22 HY wuk Futagawao AYAze}
tacs AE ¢ 5 dd. FHY4o] Lol 2= Futagawa?l AP Azte) o
T WAL ol Ax] BHFEA olal=HA) G REOT o) UF o B AP}
ol FolFof ek n¥ AT QoAM= A7) o] <100>% <110>Wgeoz ALY
el M2 A7 X THAY AAE F3L 7)&¢ 2P Yamada 9 o] ¥
A2z vimstgdet. 2 23, ny Al=ZoEd ny AAE $o) gL AR T
E£E e FHAA AN Ex FHAHN T o]EAFE AYAFAS} ¥ YA Y
T ¢ & Adch n¥ AYZe oA JIE AVEE THAH NS AYA
7t ¥F3e viayd & AAAY, FEAY AAE ol2AAN2ZRY d 2] A5
stejet Yz,

k15__
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S
Q N=5
& VU] LS [ S N'=0
=
> N'=0
m p
e
Qo
c B//<100>
L o:Eaves Exp. ]
‘ . ‘ ‘o:Harpgr Exp.
4 5 6 7 8 9

Magnetic Field (T)

Fig.1. Energy diagrams of n-Ge in the transverse configuration are
plotted as a function of magnetic field for B//<100>. The dashed

and dotted lines are for X,-point and r-point, respectively. The
quantum number of the Landau level for m:=0.135m is indicated for

each line. The circles and the squares represent the experimental

values of Harper et al. and Eaves et al., respectively.
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Energy (meV)
g 5

_/ B//<110>
5 6 7 8 9 10

Magnetic Field (T)

Fig.2. Energy diagrams of n-Ge in the transverse configuration are
plotted as a function of magnetic field for B//<110>. The dashed

and dotted lines are for X,-point and I -point, respectively. In the
case of B//<110>, the solid and dashed lines are for m.=0.09m and
for m;=0.36m, respectively. The circles and the squares represent the

experimental values of Harper et al. and Eaves et al., respectively.
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Fig.3. Energy diagrams of n-Ge in the transverse configuration are
plotted as a function of magnetic field for B//<111>. The dashed
and dotted lines are for Xx,-point and I -point, respectively. In the
case of B//<111>,the solid and dashed lines are for m:=0.082m and
m;=0.207m, respectively. The circles and the squares represent the

experimental values of Harper et al. and Eaves et al., respectively.
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Fig.4. Energy diagrams of n-Ge in the longitudinal configuration
are plotted as a function of magnetic field for B//<100>. The
dash-dotted, dashed, and dotted lines are for X,-point, X,-point,
and r-point, respectively. In the case of B//<100>, the quantum
number of the Landau level for m;=0.135m is indicated for each line.
The circles, squares, and triangles represent the experimental values
of Yamada et al., Futagawa et al., and Hamaguchi et al.,

respectively.
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Fig.5. Energy diagrams of n-Ge in the longitudinal configuration
are plotted as a function of magnetic field for B//<110>. The
dash-dotted, dashed, and dotted lines are for X;—-point, X,-point,
and I -point, respectively. In the case of B//<110>, the solid and
dotted lines are for m;=0.09» and the dash-dotted and dashed lines
are for m=0.36m, respectively. The circles, squares, and triangles
represent the experimental values of Yamada et al., Futagawa et al.,

and Hamaguchi et al., respectively.
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Fig.6. Energy diagrams of n-Ge in the longitudinal configuration
are plotted as a function of magnetic field for B//<111>. The
dash-dotted, dashed, and dotted lines are for X,;-point, X,-point,
and r-point, respectively. In the case of B//<111>, the solid and
dotted lines are for m;=0.082m and the dash-dotted and dashed lines
are for m;=0.207m, respectively. The circles, squares, and triangles
represent the experimental values of Yamada et al., Futagawa et al.,

and Hamaguchi et al., respectively.
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