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Introduction

Solving the BTE with a small B-field gives:

J :Gsf—as,uH(&:xE) 0T <<1

O, =n.qu. U, =UTr, Hall mobility

Hall factor
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A question...

Solving the BTE with a B-field can get
mathematically complicated. Is there a simpler way?
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A simpler (approximate) approach

. N
F,=—qgf -quX B=—
dt

Assume that scattering makes p = 0 after a scattering time, 1

zﬁz—qf::—qﬁxé
Tm

=5
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A simpler (approximate) approach

"5 X B

YQLH& Lundstrom.)

(Can be solved exactly for the velocity. See

_ T, =
b~-Lnf
m

(Low B-fields)
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B-field dependent current equation

Average velocity of all
== RV electrons with different
(m') scattering times.
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Current equation
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Summary

The simple approach gives the same current equation
as the BTE:

— —

J, =nquf -(o,u,)E xB

n

But not a prescription for computing the averages:
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Comment

We have assumed a low B-field.
What does “low” mean?

What happens if the B-field is large?
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B-field dependent DD equation: again

— = N — d_> - — — =g * —
F;=—qz7:'-qv><B:d— pz(—q?:'—qva)Tm:mv
5
— T = T . =
5=-4 ;”E—q DX B
m m

Consider a 2D geometry. Electric field in the x-y
plane with B-field normal to the plane.
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2D solution with a z-directed B-field

_ T - gT . =
b=-Lng Lugxp
m m
_ 497, q7,,
T £, - o v,B, 2D problem

z-directed B-field
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Solution in 2D with z-directed B-field

T T
v =Lz Ly p v,=—Lng +Lny B
* m * m Vo m m
T T ? T ?
v =-Lnf (q '") EyBZ—(q m) VB’
m m m
/
2 2 -uf +uw’E B
qB ) qt qt v =—1 X Tr ¥z
(V] 1+ *Z T = — T + *m EB X 2
x[ (m j m) m X (m ) y z 1+(0)ch)
\_

gB., . '
O, = = cyclotron frequency
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Cyclotron frequency

“Low B-field” means that electrons
scatter many times before completing
an orbit.

B-field points out (B,)

0T <<l—>T>>T1 i
7( \
| \ >
. \ /] X
Iy \ /
v N~ _ | 7 ,
T
“High B-field” means that electrons ®, = —

can complete an orbit without
scattering. ot >1->T<<1
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Cyclotron frequency
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Some numbers

assume “silicon”

16 -3
n,=10" cm

J =10> A/cm’
u,B, =002 <<1

i =1000 cm?®/V-s

r, =1 For moderate mobilities and
typical B-fields, we are usually in

B, =2,000 Gauss the low B-field regime.

(10* Gauss = 1T)

W, =1um
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Solution

_ _ungy o ui f'sz

2

~uE +u,E B
1+(o,7, )2

Y,

VD =
! 1+(o,7,)
Assume T = 0 K, so there is no need to average the scattering

time.

0]
J, =— = L £ —uBE
75 s 1+(MnBz)2( A y)
o
J, =—-nqu, = 1+(‘LL:BZ)2 (?:'x +unBny)

T
uB =L"rp @z
m
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Magneto-conductivity tensor
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Comments

nqil, I -uB
G"J’(BZ):HuB uB 1

n z

1) A magnetic field affects both the diagonal and off-
diagonal components of the magneto-conductivity
tensor.

2) Small magnetic field means: u B, <<1

0.7 <<l1
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Magneto-resistivity tensor

_:unBz

o, 1
1+(u,B) | w.B. 1

£,
Ey
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J,=0,(B)E,
D = O, 1
" ol+0o. O,
p — GT ILLnBz
" ol+o. O,
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Comparison

£, 1 L wB | Y,
Ey _Gn _tunBz 1 Jy

1) Longitudinal magneto-resistance is independent of B
2) Hall voltage is proportional to B

Lundstrom ECE-656 F17

20



Strong B-fields

For strong B-fields:  4,B,>>1

Interesting quantum effects can occur.
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W.T>>1
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Hall and integer quantum Hall effect

Hall effect

V,~B

V, independent
of B

250

200 |-

(mV)

Vi

100 |-

\50 —

Quantum
Hall effect

GNETIC FIELD (T

Fig. 1. Recording of Vg and V, versus magnetic field for a GaAs
device cooled to 1.2 K. The current is 25.5 uA.

Longitudinal
magneto-
resistance
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