
General Descri~tion

General Description
(1) Operating principles of the Hall device

The Hall device is an electro-magnetic conversion device

which converts magnetic flux density into voltage, and is used

as a magnetic sensor. When an electric current Ic is passed

(hrouRh a semiconductor chip and a perpendicular magnetic

field (magnetic flux density B) is introduced, vnltage Vi] is
generated perpendicular tu both electric current Ic and

magnetic flux density B. ‘Ilis phen[lmenon  is called the Hall

effect. after the American researcher E.H. Hall, who discovered

it in 1879.
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Fig. 1 Principles and structure of the Hall device

Vultage VH is called the Hall voltage, and is derived from the

fullowing  equation :
\71{nfi{.  ]C. B (1) (for constant-current operation)

EK*.\,C.~ (2) (fur constant-vultage operation)

Here Ks is called the Hall sensitivity, which is cfetermiund
according the semiconductor material used. It is usually

expressed in units of mV/mA 100 mT. based on an input

current of 1 mA and a magnetic tlux density of 100 mT
(milliteslas).  K* is derived from the equation K* =Kti/Rd
(where Rd is the internal resistance uf the device).

(2) Comparison of Hall device materials

“Me characteristics uf Hall devices are determined by their

material and shape, and vary according to two material

constants: electron mobility ~, and the energy band gdp Eg.

The larger the electron mubility  ~, is, the higher the sensitivity

becomes. The larger the energy band gap is, the better the

temperature characteristics of the Hall device are. Values for
~i and Eg fur the main materials used are shown in Table 1

belrrw.

Table 1: Comparison of materials used in Hall devices

~ lElecfron mobili~(cm’fl sec)[ Energy band gap(Eg)

(Estimated values)

The characteristics of Hall devices made with each of the above

materials is as follows.

Si:Although  temperature characteristics are excellent,
sensitivity is It)w  and imbalance vollage VHO  (vo]lage

generated without application of a magnetic field) is large.

Presently, silicon Hall devices are used mainly as Si Hall

ICS with an amplifier ur other devices iuiegrated  on a single,

chip, rather than as simple Hall devices.

InSb

lnAs

GaAs

This material features high sensitivity due to high electron

mobility, but the small band gap causes considerable

temperature drift.

Whh less electron mobility than InSb, this material has

lower sensitivity, but because the band gap is greater

than that of lnSb, temperature drift is smaller. This

material is used in Hall probes for measuring magnetic

fields due to its good linearity with respect to magnetic

fields.

(;aAsls large band gap produces the least temperature

drift among all the materials shown in Table 1. While

its electron  mubility is smaller than that of InSb,

lowering its sensitivity. (;aAs’s  guod  control

characteristics allow high sensitivity to be obtained

through the same fine processing used in (;xAs  lCS.

(3) Chip structure and the features of Sharp Hall

devices

In Sharp Hall devices, the active layer is formed by direct

ion injection into a semi-insulated GaAs substrate. This process

has the same excellent control properties as the GaAs lC

fabrication prucess, mahing  fine processing tasy.  Sharp Hall

devices therefore feature low dispersion of characteristics as

well as high sensitivity
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Fig. 2 Chip structure

(4) Features of Sharp Hall devices

Temperature coefficient of the Hall vultage is small.

(see Table 2-1)

finearity  of the Hall voltage is good. (see ‘Iable 2-2)
. Temperature cuefflcient of the input resistance is small.

(see Table 2-3)

[dispersion of characteristics is low. (see ‘~able 2-4).

<Features nf the high-sensitivity 1.T135A  >

The Sharp high-sensitivity 1.T135A Hall device incorporates
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General Description

ferrite for magnetic flux convergence and optimizes active layer

carrier density to achieve a Hall device with especially high

sensitivity and precision even for a (;aAs  device(for  details see

data pages 16 and 17).

. No-load Hall voltage TYP. 240 mV (6 V, 100 m’~

. Controls tem~rature  drift of the imbalance vol~e  VHO over

a wide range.

Max. tempemture  drift +/–5 mV

(–~O”C to +~5°C, +25°C to +125*C)
[It is not specified for commercially available GaAs  Hall
devices. ]

Linearity range (recommended operating temperature

range) is increased for easier use.

Within the ranges of –20’C to +25°C and +25°C to +125

‘C (compared titi the range for previous Sharp products of

o to 8o”c)
Temperature coefficient of Hall voltage TYP, –0.03’%/ C.

Temperature coefficient of input resistance TYP. 0.2%/”c.

[The temperature range for commercially available GaAs
Hall devices is unknown.]

(5) Hall ICS

In addition to the GaAs Hall devices described above, Sharp

manufactures two types of llHall IC,ll which combine a GaAs

Hall device and a silicon IC within a single device.

One of these devices can convert amplifier output to a digital

signal via a Schmidt circuit and connects directly to a ‘ITL or

CMOS IC. It is therefore used in noncontact  switches
(LT230A/253A/251A/260A/261A/262A), The other device,

the fan motor Hall IC (1.T202A), is commonly used to drive

the brushless  L)C fan motors of cooling systems for office

automation equipment such as personal computers, and

consumer electronics products,

There are two types of Hall ICS for noncnntact  switch,

classified according to their method of utilizing the magnetic

field :

(a) Those which utilize changes in the strength of a

unidirectional magnetic field (south pole) to drive the IC
(unidirectional field type)

(b) Those  which create an alternating magnetic field by
rotating a disc magnet with alternating contacts between

north and south poles (alternating field type)

c [Unidirectional field type)

Hall lC

4:V
lit

L

(N) [3,,  () 1%(), -11(s)

Magnetic flux density

( Alternatin~ field type)

Fig. 3 Contactless switch Hall ICS
(BRP : release point, BOP : operating point)

Electrical output is as shown in fig.  3. Output is produced in

response to variations in magnetic flux density. The

unidirectional field type and the alternating field type are each

available in an open corrector type and a direct-coupled (built-

in pull-up resistance) type ~1..

Using its prrrprietary process and assembly technolo~,  Sharp

manufactures compact-size Hall ICS c2.9  x 1.56 x 1,1 mm), with

high sensitivity (operating point: 30 u)T max.) and wide

temperature characteristics (-2t.’C  to +125-C), In particular,

to conform to Electrical Indust~  Association of Japan (F;MI)
standards for chip component dimensions, the chip has a

compact design and can be mounted automatically.

< Open-corrector type> < Direct-coupled type TTL>

I T m.- @ 1 ,–~ 1

1: supply voltage W(() 1: Supply  voltage (V{{)
2. Ulltpllt  voltage (Y< II 1) 2. Uulput  Vvlhg?  (VO1 ))
3 Test  pi,, (T P) 3 Test pi. m  P)
4: Ground ((; ND) 4. Ground (GND)

Fig. 4 Block diagram of Hall ICS for contactless switches

Table 2: Comparison of SharD GaAs Hall devices and commercially available lnSb Hall devices

Sharp GaAs Hall device (model No. LT120A) Commercially available InSb Hall devices

1 Temperature coefficient
of Hall voltage MAX–O.04%/  ‘C Mm. –2%/”c

2 Hall voltage linearity MAX.O.3% MAX.5(k
1 11 1

3 Temperature coefficient
of input resistance MAX, O.2%/”C MAX–2[&/’C’

I 4 I Input resistance II 650 (0 950 Q I 240–550~
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General Descri~tion

(6) Application fields for Hall devices

Because of their excellent tempemture chamct~ristics and

Hall voltage linearity, these GaAs Hall devices can be applied

not only  in brushless  I)C motors using pulse output, but also

in high-precision, low-1-{}  (ation-speecl brushless  DC motors

using linear (sine wave) output, and in ammeters and

displacement gages.

Table 3: The Hall device market

Field  0[ .4r)Dliration Equipment Application 1

~

VC~.  Canlco~ders,  Fhushless I)C lnotors,

OA equipment drives, printers, index detections, paper-
laser scanners feed quantify detections
Water  sunol{, mctrrs, Rotation detections,

1 Measuring

I

anlnlctcr?,  wattnLetcrs, electric currenl
equipment n[!xnlrters,displacclnent  detectors, magni’tic  flux

zages densitv detections

I Consumer

1

Inverter  air- Rotation detections
electronics conditioners

Engine  rotation

otht,r
Automobiles, [Ietectinns,  position
sewing machines detecd(nrs,displacetnent

detections

1 Brushless  I)C motors

Brushless [)C motors require no contact point because they

use a Hall device tu detect the rotor position. “Ibis reduces
noise and extends the operating life of the equipment. Also,

by synchronizing with an external control signal, the rotation
speed can be accurately controlled.

Brushless  I)C motors are available in two types: axial [Fig. 5

(b) ] and radial [fig.  5(a) 1. The Hall device i]] the axiai  fYPe

can be placerf  insicfe  the magnetic circuit, enabling the use of

low-sensitivity Hall devices. In the radial type, however. the

Hall device is placed outside  the magnetic circuit, requiring :i

(d) Radial  lypr (b)&ial  type
(Hall device  (IC) is Iplace(l (Hall drti.e  (1[) i. pliic?cl
otnsiclc>  the  stat{]r  coil) within 01?  <tal<lr  V<lil)

Fig. 5 Structure of brushless  DC motors

Muter drive circuit L’, L

I * I’hdse
~ ,“,11

—— .——  —.
?.i
.

z 1’ _
L.— —.— ——. I Phase detector coil

This coil detects the phase of the magnetic pule and cuts
any electric current which is not contributing to rotation
This increases tbe efficiency of motor rotation.

Fig 6 High-efficiency motor drive method
(the area within  the dotted line represents the Sharp LT202A)

2 Rutation detection

The Hall device detects rutation  by detecting the changes

in magnetic ilux occurring during rotation of a muhipolar

magnet. [Jsing  the f,’~2S3A, magnets polarized to as little as
(),5 mm can be detected

I?<)[ati<]rl  dc,tvcti<l!l

. . k ‘FI !–_ Ivw ,

——
~ Digital outputcircuit I

I

\
H ;dl dc,vic? ,+ —

Fig. 7 Method of detecting rotation (the area within
the dotted line represents the Sharp
contactless  switch Hall IC)
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General Description

I I)isplacemenl  [ietdrtinn

;1s Rg, 8 sho-ws,  when a Hall device is placed on a har magnet,

the shift in [he magnet causes the nutput voltage shown in

Fig. 9 [u uccrrr in the Hall device. The displacement can be

de[ected  by using magnet displacement and the linear area of

Hall vultage.

Fig, 8 Fig. 9
Displacement detection Example of output of

displacement detection

(7) Application circuit for the Hall device

\’1)1 I = ~ VII (VII = Hall vu](age)

Resistors  k’, and R,)’are  used tu adjust the impressed current or-

vt)l~age  t}i the Hall devic(~. [f the impressed ccrrr(:nt ur voltage

is belnw the rated voltage, they are nut required,

Fig 10 Diagram of circuit with linear-amplified Hall device

: LT120A’\, Comparator (IR%393)
Hall  devic~s I 1.T135A

“ LT140A ~
..T __T . . ...+ ~,,

1, I j.
<<. R,) ‘.<, Rr

.-

,..
.1

! ‘ “ - ’ ,

i ‘.
.— J

‘*+
1 /f

‘ i  A < . , . ;

~ ~,,,

$ h
RI :Pcdl-up  resistor
Vr”=  ‘R,)l~;~~”  V
V) tr:Hysteresis width
RI : Resistance between terminals 3 and 4 uf the Hall devices
Resistors R{) and Ru’ are used tu adjust the impressed current nr
impressed voltage nf the Hall devic~.  If the impressed current
or voltage is below the rated voltage, they are not necessary.

Fig. 11 Diagram of circuit receiving switching

out~ut  from the Hall device

Hatl devices X:3
( Parallel typ{,

H:III

{Serial type ~

Fig. 12 Examples of Hall motor circuit applications

—
6



General Description

(8) Measurement circuits

(a) Imbalance vultage  VH().  no-load Hall voltage Vi
Tvrrninal  .<,r,r,vctions

1: Input + 3: Input –

m

2 (hltp,lt  t  4 [hltput

C [Instant
voltage

[~
1 VH =v\f –VII()

.ource ~\42 VM : Output voltag?  (Il,,astlrv!n.r)l

V<dt”l?l?r ,,
vah].  trom  spvvdi,,  cl  tllagnt, tic
Geld

~) Input resistance RIY=v\l/ lb!
Arnmrtrr VLI : VoltaRe  measurclnt,tl[  v;dlxt,

(b I)t  Specified cllrr?nt

1 1 i

(c) Power supply current

(d) Coil

Hall IC fur fan mutur  (LT2(12A)

(a) output saturation vultage

m

~
Ionl’1’(spole) <.

250
IS impressed s ; ~ ~ mA
Irom thr Y’ ~
prirltitlg P2 :! 4 =$
.[,rfact,

&
= 11 1(1’,/, ,,{

duty Ilr 1(1%?1

l(lml(N-Polv)
IS impressed
trorll (IIV
prirlt  ir]g
SI!tiacl,

s 10
(1

N .-10m 10’’,/  [1!
CIlllv  ()!  l(>w?l-

input sensitivity

F

A

876,5

1
p~:]~ $

Isrllv$ I

‘rI]?  H:dl  device  tn?a?ur?.  coil  ir]put  s<tlsitiv!ly  by
irllpre..ing  ttl? CCIII  ,[lput  ct!rrvn(  and vc.ritilng  th[
ot]tptll  rl]rr.rit  c(,t]dbli<],,

(e) Alarm output satu]-ation  voltage

m

-~. .
4mA

876,5
(~.,  ~

Q2 :34 g$

*
2 11

(b) output  cutoff current
I / c. I I (f) Alarm output  leak current

lom’1’(Spole)
r. in]pressed

Q

8765

fruu] tile
printing P234

Sulfart,
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General Description

j; Noncontact  switch Hall ICS

< Unidirectional magnetic field-type: LT230A/253A/251A/

280A >

(a) Operating magnetic flux densities B,jt> and BRP and

hysteresis breadth BH

~ B(]P

Minimum magnetic flux density when measurement

circuit (c) sweeps the magnetic flux density from 10

mT to 30 mT and VOIrI becomes low level

0 BR,,
Maximum magnetic flux density when measurement

circuit (c) sweeps the magnetic flux density from 30

mT to 10 mT and Vc]rT becomes high level.

o 131f

Bu = Bf)l, – BR P

(b) Supply current Icc (Vcc= 16V* 1. B= 10mT)

16V

(c) L-1evel  output voltage Vo[.  (Vc(  = 16V* 1, B= 30mT)

4’TW”

(d)

LA AA
output leak current IoIi (Vcc= 16V* 1. B= 10mT)

v

A

1

~ 1 tiv

3 4

I

Notice:  For all  of (he above  circuits, the  dirrction  of the  magnetic
field is indicated as follows;Wen  B is plus (+) value, the
south pole (S) is impressed on thr mark[ng  pnntrd surface
~%en  B IS minus (–) value,  the north p<dr  (N) is imprrssrd
<>n tbe  marking printed surface

< Alternating magnetic field-type: LT260A/261A/262A >

(a) Operating magnetic flux densities BOII and BRII  and

hysteresis breadth BIJ

0 B())
Minimum magnetic flux density when measurement

circuit (c) sweeps magnetic flux density frum — 10 mT

to 10 mT and VI)tJ[ becomes low level.

0 BRP
Maximum magnetic flux density when measurement

circuit (c) sweeps magnetic flux densi~ from 10 mT 10

– 10 mT and V[)[rr  becomes high level,
{~ ~,,

BH = B()[ — BI{I

(b) Supply current kc  (Vcc= 16V*~,  B= – 10mT)

WI

QI
2 1 1: 16V

3 4

(c) 1.-level output voltage V,. (V.,  = 16V*’,  B= 10mT)

m:~~~qly

(d) Output leak current IOH (Vcc= 16V* ~, B> – 10mT)

*J V,,  = 5V for L’1’2  62A

Notice For  all of the above circuits, the  direction of the ma~etic
field  is indicated as f(dlows~~n  13  is plus (+) valur,  the
s<]uth pole (s) is ir”pr?ssed  on thv marking printed surface.
W’hen  R is [ninlls  (–) value, the  nofih  pole (N) is impressed
on the marking printed surface.
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