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Lich sur cua Hiéu wng Hall

Nam 1879, moét sinh vién tré
nguoi My - Edwin H. Hall-
da kham pha ra hién tuong:
khi cho dong dién mot chiéu,
cuong do I, chay qua mot
ban mong 1am biang vang va
dugc dat trong tu truong
vudng gdc véi bé mit cua ban
thi nguoi ta nhan dugc mot
hiéu dién thé gitra hai mat
bén cua ban. Hién tuong nay
sau do duoc goi la hiéu ung
Hall.
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Hiéu ung Hall sau nay da tré thanh
mot cong cu hét stic quan trong
trong linh vuc nghién ctu cac chat
ban dan trong Vat 1y, cong nghiép
nham x4c dinh dién tich cua hat tai,
nong do hat tai cua cic chat ban
dan, do linh dong cua hat tai,v.v...
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Co ché hiéu trng Hall trén mot thanh Hall kim loai

1. Electron

2. Thanh Hall.

3. Nam cham.

4. Tu truong.

5. Nguon dién.
Trén cac hinh B, C, D, chiéu cua
nguén dién va/hoic tu truong duoc
doi nguoc.
Mau dé trén thanh Hall thé hién sy tip trung cua dién tich
duong, con mau xanh, nguoc lai, 1a noi tap trung dién tich am.

Khi chay qua tir truong, cac dién tich chiu lwc Lorentz bj ddy vé
mot trong hai phia cua thanh Hall, tuy theo dién tich chuyén dong
do am hay dirong.

lanCong.com https://fb.com/tailieudientucntt
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e —

Co ché hiéu &rng Hall trén mot thanh Hall kim loai
a) Khi vira cho tir trudong tac
V'V dung, cac electron bi don sang
canh phai. Pudng cham cham la
" quy dao moi cua electron.

O b) Mot dién trudng hudng tir trai
i sang phai dan dugc hinh thanh
va tac dung luc dién Ién electron.
Khi su can bang gilta luc
Y'Y Lorentz va Iyc dién duoc hinh
thanh, electron s& tiép tuc
chuyén dong thang.

Sw tip trung cace dién tich vé mét phia tgo nén su tich dién
trai diu ¢ 2 mat cia thanh Hall, gay ra hiéu dién thé Hall.

m/taili eudientucntt
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I EEEEEEE————-—
TINH TOAN DUA TREN HAT TAI ELECTRON

Xet mat do dong electron:
j, =—Nev, @

Néu ¢ tUr truong ngoai tac dung, B =0 va trang thai can bang da
duoc thiét 1ap thi van tdc trung binh cta cac electron la:

—_

Ve — _:ueE — Hey (\?e N\ é) (2)

— |, = —ne(—yeE — 10, (\?e A I§))

= = 3)
_neyeE+neyeH V. B)
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V&1 tan xa dan hoi trong mo1 co ché tan xa, ta co:

r = Hen _ Hon _ r "
ﬂe ll’lh
Nghia la:
I =15 =T DJIon cuar phy thudc vao co ché tan xa

Xet truong hopr=1

—— Te — neye[ﬁ +(\?e A\ g)} (5)
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R,

Do tir truong ngoai hudng theo truc z,nén B, =B, B = By =0

=y V4n toc trung binh ciia cac electron duoc khai trién :

Va:

< (7)
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Khai trién phuong trinh mét do6 dong theo van toc trung binh
va bo qua cac so hang chtra B? vi gia thiét 1a tir truong yeu :

jox = e, (E, +7,,.B) =neg, [EX + 1, (~E, +vex.B)B]

= NeL, (EX —,ueEyB) (8)

je, = nex, (E, —V,,.B) =neg, [Ey - u,(-E, —vey.B)B]

= Nney, (Ey -+ ,ueEXB) (9)
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TINH TOAN DUA TREN HAT TAI LA LO TRONG

Xét mat do dong cua céc 16 tréng:

—_

Ih = pe\?h (10)
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S
Khi r, =5 =7¥r

n h
J. = peu [E +(T, A é)] (12)
Do tur truong ngoail huéng theo truc z, nén BZ =B, BX = By =0

Tinh toan tuong tu treong hop hat tai la electron, ta ¢o :

Vo = iy (E, +V,,.B) i

(14)
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Trong ban dan, khi cé electron va 16 trong cung tham gia vao su
dan di€n, thi mat d6 dong toan phan:

—_— —

Ta c6; i=1.+ 1 (17)

Jx = Jex T Jix (18)
= ney, (E, — 4,E,B)+ peu, (E, + 14,E,B)
= (e, + peus, ) E, +(—new? + pew: |E B

Jy = Joy + iy (19)
=ney, (E, + 1,E,B)+ peu, (E, — 4,E,B)
= (ne, + pew, ) E, +(neu? — peu? )E,B
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2

Khi su can bang gitra lyc Lorentz va luc dién truong dugc thiét
lap thi l0c nay dong dién s€ khong con bi 1éch nira, cac hat tai dién
chi di chuyén theo truc X va j, =0

2 2
E — peluh nelue EXB (20)

==> Tu(19), ta c6

"’ neu, + peu,
2 2

. eus —ne
j, = (e, + pes, )E, +(pen? —nes? )| e | g2

Neu, + Pe,
& jx - (ne:ue T pe/uh)Ex

Jy

< E, (21)

ey, + peu,
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e —

Thay (21) vao (20), ta dugc:
2 2
E . peﬂh B neﬂe

J,-B
(ness, + pe, )’ 22

2 2
PN & _ P4, —NEL, |
- 2

a  (ney, + pew,)’ ad
Hiéu dién the theo truc y, U, , chinh 1a hi¢u dién thé Hall, U,

peu —newu’ |1.B

> d
(new, + pes, )

<U, :RH.I(':I—B

S>> UH:

(23)

ongThanCong.com
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S —

Ta c6 biéu thtrc cta hang s6 Hall:
R, = pes, —Nes, _ Py — N 2
(new, + pew, )" e(nu, + pu,)
Trong trudng hop dan dién do electron ( kim loai hodc ban dan
loain) thip=0: 1

= —~ Re =——<0 (25)
ne

(24)

O ban dan loai p thin =0, do do:

= = Rh:i>0 (26)

PE
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O nhiét do du cao thi su dan dién tap chat 1a khong dang ké so

voi su dan dién riéng. Khi do, N ~ P vatu (24), ta tinh duge:

2 2
RH — luh _lue - (27)
ne (lue T zuh )

Diu ciia hang so6 Hall phu thudc vao sw chénh léch vé
do linh dong cua lo trong va electron.


http://cuuduongthancong.com?src=pdf
https://fb.com/tailieudientucntt

16

PHEP PO HIEU UNG HALL VOI CACH BO
TRI THEO PHUONG PHAP van der Pauw

Do dién tro suat
Po nong do va do

linh dong cua hat tai
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R,

Do dién tré suit cia mang: p = Ryxd

Mobi quan hé gitra cac dién tro dic
: ; trung voi dién tré mat Rg ciia mang
duogc van der Pauw ching minh va
goi la phuong trinh van der Pauw:

exp(-tR,/R;) + exp(-ntRL/R,) = 1

So d6 bb tri cach do cac dién tro dic
trung dé tinh dién tré mat

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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Po nong do va do linh dong hat tai:

kil T n, = nd,
]L n,=1B/q|Vy|.
m | 1 = [ Vyl/RsIB
[l - 1/(qn<Ry).

So d6 b6 tri phép do Hall bang cau
hinh van der Pauw
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Van der Pauw

Ecopia HMS-3000 Hall Measurement System

Sample kit with 0.55 Tesla
magnet supplied standard
with the system.

PCB Sample Holder
(Bmmx6mm, 20mmx20mm)

CuuDuongThanCong.com
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Thong so ki thuit cia Hé

RRRRRRRRRRRRRRRRRRREA:

Kich thwéc hé (dai x rong x
cao):

320 X 300 X 105 mm

Trong luong:

7.7 kg

Kich thuwéc mau:

6mm x 6mm
20mm X 20mm

Nhiét d¢ do:

300K, 77K (nito long) — gitt nhiét d6 trong 15 phut

Vit liéu do:

Téat ca cac chat ban dan gom Si, ZnO, SiGe, SiC, GaAs,
InGaAs, GaN (c6 thé do duoc ca loai P va loai N)

Kich thuwéc nam cham vinh

S

cuu:

Puong kinh 5o0mm

Tall

Mat d9 tir théng: 0.31T, 0.37T, 0.51Dan® hinh hoc cua mau do F
Cuwong d¢ dong vao: 1nA-20mA, hiéu dién thé: 13V

Tinh di dong (ecm2/Volt-|1~107 (bao gom ca nhiét do thap)

sec):

Mit dé (cm3): 107~102!

Po dién ap Tro khang dau vao: 2x107

Dai dién 4p dau vao: +/- 12V

Dii dién tré suat

104~107 Ohms-cm

CuuDuongThanCong.com
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Chuan bi mau

Cloverleaf
1 4
2 3
(a)
Preferred

CuuDuongThanCong.com

Square or
rectangle:

contacts at
the corners

(b)
Acceptable

Square or rectangle:

contacts at the edges
or inside the
perimeter

(©

Not Recommended

https://fb.com/tailieudientucntt
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Chuian bi mau

_szar nas tc prepars for
aft cutting «nifa,
twaszsr, tamparaturas
control soldering iron,
Sample bocard and InSn
compound,

M

A

B D (2

Wnen scigering, oos sat
up soldaring iron on
350 — 4007C, It is bast
tamp to solgar.

Too high and too low
tampsaraturs is not =o
good to solder.

R cmm n%n
1teluly

Soldering in four
points, using iron,

Cutting InSn compound
rni'uta Y.

InSn can oe ysualy
Jsac for slectrica
conductivity matarial,
Howavar, for socms
ctnar sampas, siver
pasts, carcon pasts ars
recommandagd tc
mprova ohmic contact.

Scidering in four points ,
using soldering iron

{t has to ba agcna in

four points adgs.

Ang, if it was not
annaalac samo's,
annealing accut 1min
might ta helpful

Cutting coppar wire or
gold wire with proper
size to connect , using
sharg «nifa.

CuuDuongThanCong.com

Du-hlng an faur
1 sabdeiii

.

After scidering in four
points adgs, four points
should be fiat |, using
transparant papsaranag
twaazar.

It might halp to connact
wira to s garing.

Just push slightty
atova , seaing through
transparant cacar.

https://fb.com/tailieudientucntt
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B D (4

Four points scidaring
was finisnag as Iaft
picturas.

Put tha wira on
scgering 2ggs ana
then push it

sligntly ,using twaszar,

Cutting coppar wira or
gold wire with propar
siza to connact | using
snarg «nifs,

Connecling finished
on four points,

Connactes succassfully.
Pull tha wira slightly to
cnacx if it isrealy

connacted.

Connact wira to
scidaring 4pcint each.
It was successfuly
connactac as aft,

Put the InSn compouna
cn tha sampls not usaa.
Ang, put the scigaring
iron ontc InSn.

It iz maitsg as snown
laft.

CuuDuongThanCong.com

https://fb.com/tailieudientucntt
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M I MPLE

BOARD

Put tha scidaring iron
tnat has matag InSn

compeound cnto four
goint as shown Jaft.
it'soc.Kto b
procsagsc in the first
slap In agvanca.

Mouvnling samplo
“on haara

Put tha connactaa
sampa on the canter of
tha PCB peoard.

Thnarzs s doure sticay
taps on the cantar of
tna sampe.

t was finishag tc
connect wire to
scldering on 4points
ang mounting sampla

~ -
cn PCB board.

CuuDuongThanCong.com
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Above all, put the "double
sticky tape” on tha center
of PCB board, with using
tweazer,

It will help the PCB hold
sample.

And, then put the sample
onto tha center of PCB
board.

At this time, soldering on
four point edge must be
done in advanca,
Howaver, for some sampla,
it is possible to measure

without soldering.

Sampls was corractly on
board on the center of PCB
board ms shown,

CuuDuongThanCong.com
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| Lift clip and move onto the

soldered point.

And, at this tima, pogo pin
will soften the impact on
sample.

As axplained above, pls go
ahead 4 point adge at all.

At this time, clip is freely
movad up& down, lafta
right, forward & backward.

It was finished as shown,
It is all ready to measura.
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RRRRRRRRRRRRRRRRRREA:

Tién hanh do cac gia tri V:

- bat dong dién I,, vao va do I, Vi

hléu dlén the V3 4. Ry=Viy /Iy

- Do chiéu dong dién (I,,) va

do hiéu dién thé V..

« Tién hanh tuong tu véi cac

glé tri con 131 (V419 V149 V129
V21) V23, V32) *
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R,

Tinh toan cac sé liéu:
V&i 8 gid tri hiéu dién thé ghi nhan dworc, ta sé cé 8 gia tri dién tro
twong ng (tat cé déu la gia tri duong):

. R21,34 = 34/121 ¢ R43,12 = 12/I43
g R12, a3 = 43/ I, ¢ R34,21 = 21/ I34
J R32’41 = 41/132 ¢ R14,23 = 23/114
* R,y 1= Vi /15, * Ryiza = Via/ly

l,,= dong dién mot chiéu duong | di vao tai diem 1 va ra tai diém 2.
Tuong tw d6i v6i lyg, lag, gy Loy, L, Laas 1s, (tinh bang Ampe, A).
V,,= hiéu dién thé mot chiéu do giita hai diém 1 va 2 (V1-V2) khi
khong c6 tir truong (B=0). Tuong tu d6i v6i Vs, Vs, Var, Vor, Vau,
V3, Vs, (tinh bang Volts, V).

ongThanCong.com https://fb.com/tailieudientucntt
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ARz,

Cac diéu kién tién quyét:

Sw nhat quan:

° R21,34 - R12,43 ° R43,12 - I:334,21

° I:\)32,41 - R23,14 ° R14,23 - R41,32

Dinh |y thuin nghich:

Ry134tRp43 = Ry 10T Rap0g

R34 T Ro314 = Ryg03 Ry 30
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il
Dién tr& mat cda manag:

Theo Van der Pauw, dién tréd mat R ctia mang duogc xac dinh theo

cong thirc sau:
R R
exp (—n R_;l> + exp (—n R_l:> =1

RA=(Ry13s ¥ Rioaz ¥ Ryz 1 + Ray00)/4

Trong do:

Rg = (Raz41 * Ryg 14 + Rig3 TR 41 30)/4
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-
Tién hanh do hiéu dién thé Hall:

Coordinate
System

Vi =V
e Pat mot tu truong B duong .
l
B
Il

Pit dong dién 1,5, vao hai diém

|
1 va 3 va do hidu dién thé V,p

|

il M,

- bit dong dién I, vao hai diém
3 va 1 va do hiéu dién thé V.,

Tuong ty, do hiéu dién thé V4 VA Va4 v6i dOng dién 1, va I,
twong ung.

Pao chiéu tir truong (B am)

Tuong tu, do hiéu dién thé Vs, Vi, Viay V& Vayy V6i dONg dién
115, 131, 1o V@A |, trong ng.

CuuDuongThanCong.com
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e —

Xac dinh loai va mat dé hat tai mat ciia mau
Vi 8 gia tri dién thé do & trén, tinh cac gia tri Vi, Vi, Ve, Ve

V13P - V13N
V31P o V31N

¢ VC = V24P - V24N * Vg
¢ VD = V42P - V42N ¢ VF

Néu tong V. + Vp + Vg + Ve dwong mau la loai p, néu tong am thi

mau la loai n.
Mat dd hat dan dién mat (theo don vi cm2) dwoc tinh toan theo:
8x10-8IB 8x10-8IB

= , = | |
Ps Q(VC + VD + VE + VF) s CI(VC + VD + VE + VF)

B 1a tor truong ap vao (G) va l la dong dién DC (A).
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e —:
Tinh ndng dd va doé linh déng cua hat tai dién:

- Nong do hat tai dién (cm3) dugc xac dinh theo cdng thire sau
ncu bict dugc do day cua 16p mang trong thi nghiém:

n=ﬁ' hoac =&
da’ P Ty

. Do linh dong Hall (cm?\/1s1) dugce tinh bang cong thuc:
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R —:

Mot sb van dé chinh trong phép do Hall

v/ Nhan dién mau: loai vat liéu mang, loai vat liéu dé, dang hinh hoc
ctia mau, nhiét do do mau, do day, data, van hanh do.

v' Gia tri dong dién | va tur truong B.

v Do dién tré mat Rg; do dién dién trd suat p néu biét do day d cua
mau.

v Do mat do hat tai mat n_ or p; do n@)ng do hattainor p néu biét
do day d cua mau.

v Po d0 linh dong Hall p
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e —: L1

Két qua do hiéu rng Hall

DATE User_Name Sample_Name
06-23-2008 Ecopia G 50 tp 300 ck
I(mA) B D DT MN  T(K)

1.000 0.550 0.100 0.100 0 300

Nb u rho RH RHA RHB NS SIGMA DELTA ALPHA
-2.395E+21 3.097E+01 8.417E-05 -2.606E-03 -3.133E-03 -2.080E-03 -2.395E+16 1.188E+04 1.761E-02 9.514E-01
Wb Vbe  Vac Vmac Vemac Vod Vda  Vbd Vmbd Vmbd
+I.—1.966 -2.054 -0.045 -0.091 -0.053 -1.962 -2.049 -0.057 -0.045 -0.070
B 1.657 1.763 -0.228 -0.192 -0.223 1660 1750 -0.248 -0.250 -0.229

DATE User Name Sample_Name
05-22-2010 Hanh E21

ImA) B D DT MN  T(K)
1.000 0.550 0.400 0.100 1000 300

Nb u tho RH RHA RHB NS SIGMA  DELTA  ALPHA
-2.449E+20 2.493E+01 1.022E-03 -2.548E-02 -2.857E-02 -2.240E-02 -9.798E+15 9.782E+02 3.504E-02  1.796E-01
Cwvab  Vbe  Vac  Vmac Vemac Ved  Vda  Vbd  Vmbd Vembd
+I'-2.194 -11.857 9.601 9578 9.658 -2.202 -11.854 9.629 9.677 9.618
! 2.034 11738 -9.747 -9730..-9.807 2044 11.738 -9.709 -9.763 -9.700_ . .

ong.com
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R —:

DATE User_Name Sample_Name
06-23-2008 Ecopia G 50 tp 300 ck
I(mA) B D DT MN  T(K)

1.000 0.550 0.100 0.100 0 300

Nb u rho RH RHA RHB NS SIGMA DELTA ALPHA
-2.395E+21 3.097E+01 8.417E-05 -2.606E-03 -3.133E-03 -2.080E-03 -2.395E+16 1.188E+04 1.761E-02 9.514E-01

Vab Vbc Vac Vmac V-mac Vcd Vda Vbd Vmbd V-mbd
+[:

-1.966 -2.054 -0.045 -0.091 -0.053 -1.962 -2.049 -0.057 -0.045 -0.070
-I:

1.657 1.763 -0.228 -0.192 -0.223 1.660 1.750 -0.248 -0.250 -0.229

CuuDuongThanCong.com https://fb.com/tailieudientucntt
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