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INTERNATIONAL ELECTROTECHNICAL COMMISSION

SEMICONDUCTOR DEVICES -

Part 14-2: Semiconductor sensors — Hall elements
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IEC (International Electrotechnical Commission) is a worldwide organization for standardization con
hational electrotechnical committees (IEC National Committees). The object of the IECAis)to f
rnational co-operation on all questions concerning standardization in the electrical and electrenic fig
end and in addition to other activities, the IEC publishes International Standards. Their prepar

icipate in this preparatory work. International, governmental and non-governmental “organizations
the IEC also participate in this preparation. The IEC collaborates closely with theg”International Orga
Standardization (ISO) in accordance with conditions determined by agreément between t
hnizations.

formal decisions or agreements of the IEC on technical matters express, as nearly as possi
rnational consensus of opinion on the relevant subjects since each technical committee has represg
h all interested National Committees.

documents produced have the form of recommendations for international use and are published in t
tandards, technical specifications, technical reports or guides and they are accepted by the N
hmittees in that sense.

rder to promote international unification, IEC National €ommittees undertake to apply IEC Inter
hdards transparently to the maximum extent possible. in their national and regional standard
rgence between the IEC Standard and the corresponding national or regional standard shall be
Cated in the latter.

IEC provides no marking procedure to indicateits approval and cannot be rendered responsible
pment declared to be in conformity with one of its standards.

ntion is drawn to the possibility that somenof the elements of this International Standard may be the
atent rights. The IEC shall not be held-tesponsible for identifying any or all such patent rights.

ational Standard IEC 60747=14-2 has been prepared by subcommittee 47E: Di
pnductor devices, of IEGtechnical committee 47: Semiconductor devices.

xt of this standards«s,based on the following documents:
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This p

ublication has been drafted in accordance with the ISO/IEC Directives, Part 3.

The committee has decided that the contents of this publication will remain unchanged until 2005.

At this

date, the publication will be

*« reconfirmed;

¢ withdrawn;

e replaced by a revised edition, or
¢ amended.

A bilingual version of this standard may be issued at a later date.
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INTRODUCTION

This part of IEC 60747 should be read in conjunction with IEC 60747-1. It provides basic
information on semiconductor

terminology;

— letter symbols;

— essential ratings and characteristics;
— measuring methods;

— acceptance and reliability.
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1 G

1.1

SEMICONDUCTOR DEVICES -

Part 14-2: Semiconductor sensors — Hall elements

eneral

Scope

This part of IEC 60747 provides standards for packaged semiconductor Hall elements

utilize

1.2

The f

the Hall effect.

Normative references

bllowing normative documents contain provisions which, through feference in thi

constitute provisions of this part of IEC 60747. For dated references, subsequent amend

to, or
based
most

latest
regist

IEC 6
Gene

IEC 6
static

1.3

revisions of, any of these publications do not apply. Howeyer) parties to agree
on this part of IEC 60747 are encouraged to investigate the-possibility of applyi

brs of currently valid International Standards.

al

1340-5-1:1998, Electrostatics — Part 5-0:~Protection of electronic devices from e
phenomena — General requirements

Definitions

For the purpose of this International Standard, the following definitions apply.

1.3.1

semic
semic
magn

pnductor Hall element
pnductor device jthat generates the voltage upon application of a magnetic fiel

flux density

1.3.2

Hall mokiity

electr

Wa) mnhilit\ll measured with the. usage of the Hall effect

which

5 text,
ments
ments
ng the

ecent editions of the normative documents indicated below:-For undated referencgs, the
edition of the normative document referred to applies. Members of ISO and IEC maintain

D747-1:1983, Semiconductor devices — Discreté/dévices and integrated circuits — Part 1:

ectro-

H with

btic flux density, being proportional to the control voltage (see below) and the magnetic

1.3.3

control current
current to be applied continuously to the input terminals of the device when the output
terminals are not connected to external circuit

1.3.4

control voltage
voltage to be applied continuously to the input terminals of the device when the output
terminals are not connected to external circuit
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1.3.5

offset voltage (or residual voltage)

voltage to be derived between the output terminals when a specified current or voltage is
applied to the input terminals of the device without magnetic field

1.3.6

output Hall voltage

the difference between the voltage, which is derived across the output terminals when a
specified current or voltage is applied to the input terminals of the device in a specified
magnetic field, and the offset voltage

1.3.7
residual ratio
the ratio of the offset voltage to the output Hall voltage

1.3.8
input resistance
resistance between the input terminals of the device when the output terminals afe not
connelcted to external circuit

1.3.9
output resistance
resistance between the output terminals of the devicé when the input terminals afe not
connected to external circuit

1.3.1(¢
tempdrature coefficient of output Hall voltage
relative change in output Hall voltage referred'to the change in temperature

1.3.11
tempgrature coefficient of input resistance
relativie change in input resistance referred to the change in temperature

1.4 [Symbols

1.4.1 | Clauses 2,3 and4.0f IEC 60747-1, chapter V, apply.

For the field of packaged Hall elements, the following additional special subscripis are
recommended:

c ontrol

o} ffséet
all

in input

out output
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Table 1 — Letter symbols

1.4.2

The tgrminal numbers and their designation for packaged Hall elements are shown in fi
ble 2. The designation of the terminals is listed belgw. The (+) and (=) signs of the
als assume that the magnetic line of force passés through from the top to the bot

and tg
termiri

Name and designation Letter symbol Remarks
Hall mobility MH
Control current le
Control voltage Ve
Offset voltage or residual voltage V,
Output Hall voltage Vy
Residual ratio Vo/Vy
Input resistance Rin
Output resistance Rout
Temperature coefficient
of output Hall voltage OvH
Temperature coefficient
of input resistance ORin

Terminals

the Hall element.

Table 2 — Terminal numbers

Terminal number

Voltage/current

Ve(+) or lIg(+)

Vi(+)

Vc(_) or Ic(_)

1
2
3
4

Vi)

2 Epsential ratings and characteristics

2.1

2.1.1

General

Element materials

gure 1
putput
om of

Useful materials for Hall elements are semiconductor materials like GaAs, InSb, InAs, Si, etc.
Ratings of Hall elements depend on the element materials.

2.1.2

Handling precautions

Due to a rather thin layer of semiconductor sensing region, the devices may be irreversibly
damaged if an excessive voltage is allowed to build up, for example due to contact with

electrostatically charged persons, leakage currents from soldering irons, etc.

When handling the devices, the handling precautions given in IEC 60747-1, chapter IX,
clause 1, shall therefore be observed.
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2.2 Ratings (limiting values)

2.2.1 Temperatures

2.2.1.1 Minimum and maximum storage temperatures (T  gg)
2.2.1.2 Minimum and maximum operating temperatures (T gpr)
2.2.2 Bias

2.2.2.1 Maximum control current (I ¢max)

2.2.2.p  Maximum control voltage (V c¢max)
2.2.3 | Derating curve
2.2.3.L Control current derating curve

Maximum control current at each temperature shall be stated or be depictéd in the form of a
figure

2.2.3.2  Control voltage derating curve

Maximum control voltage at each temperature shall be stated“or be depicted in the forgn of a
figure

2.3 Characteristics

Chardcteristics are to be given at 25 °C, exceptiwhere otherwise stated; other temperptures
should be taken from the list in IEC 60747-1, chiapter VI, clause 5.

2.3.1 | Unloaded electrical characteristics
2.3.1.1 Output Hall voltage (V y)

Maximum and minimum values,\at a specified magnetic flux density and control voltage or
current, at an operating temperature of 25 °C.

2.3.1.2 Input resistancevR in)

Maximum and minimUm values, at a specified voltage or current without any magnet|c flux
density, at an operating temperature of 25 °C.

2.3.1.8 OQutput resistance (R oyt)

Maxinmum”and minimum values, at a specified voltage or current without any magnet|c flux
density, at an operating temperature of 25 °C.

2.3.1.4 Offset voltage (V o)

Maximum and minimum values, at a specified control voltage or current without any magnetic
flux density, at an operating temperature of 25 °C.

2.3.1.5 Temperature coefficient of output Hall voltage ( ay,,)

Average value at a specified temperature range (understood as the range given in 3.6.4), at a
specified control current under specified magnetic flux density.
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2.3.1.6 Temperature coefficient of input resistance (  aRjn)

Average value at a specified temperature range (understood as the range given in 3.7.3), at a

specif

ied control current without any magnetic flux density.

2.3.1.7 Dielectric strength

Maximum and minimum values at a specified voltage with respect to any external surface of
the device.

2.3.2

Dimensional drawing

2.3.2.

The d

2.3.2.

The p

3 M

3.1
3.1.1
The g

care g
voltag

3.1.2
Due t

dama
electr

When
clause

3.2
3.2.1

To meg

| Dimensions

rawing shall provide dimensions with specified tolerance.

P Position of terminals

psition of the four terminals shall be shown in the figure.

easuring methods

General
General precautions
eneral precautions are listed in chapter VIl clause 2, of IEC 60747-1. In addition, g

hould be taken to use low-ripple d.c. supplies and to decouple adequately all bias
es.

Handling precautions
p the rather thin layer of semiconductor sensing region, the devices may be irrev

ped if an excessive voltage' is allowed to build up, for example due to contad
pstatically charged persons, leakage currents from soldering irons, etc.

handling the devices, the handling precautions given in IEC 60747-1, chapt
1, or IEC 61340;5-1, shall, therefore, be observed.

Output Hall*voltage (V R)

Purpose

pecial
supply

prsibly
t with

er IX,

aslre output Hall voltage under specified conditions.

3.2.2

Principles of measurements

Measuring the output Hall voltage is to evaluate the sensitivity of the devices to the applied
magnetic flux density, which is in turn a measure of how well the current devices match

applic

ation circuits.
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1, 3 Input terminals B : Magnetic flux density
2, 4 : Output terminals
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VH=HHX(W/|-)XBXVC‘

Figure 1 — The principles of Hall

IEC 1871/2000

element

Measlirements are based on the principle of the Hall element desctibed here. In figure|l, the
contrdl current Ic flows through terminals 1 and 3 in an approppiate’ semiconducting material of

the w

voltage Vy

is expressed as:

Vy = (Ky/d) xJg X B

wherel Ky is termed Hall coefficient.

thicknEss d. Upon application of a magnetic field with magnetic flux density B perpendicllar to

fer, the potential difference Vy develops between tefminals 2 and 4. The outpyt Hall

Thus,|the Hall element generates the .ogtput voltage Vy proportionate to the product jof the

contral cur

3.2.3| Cir

rent I and the magnetic flux-density B.

cuit diagram

Ammeter
A
Voltmeter

“m — 1 Input{+

\Vi 2 P 2 Outphit +
Constant pa corstarnt > t

voltage _U 4 current \% e 3 Input —

source Voltmeter source 4 Output —
3 Voltmeter
VH = Vout— Vo

IEC 1872/2000

Figure 2a — Constant voltage

Figure 2 — Basic circuit for the measurement of output Hall voltage

IEC 1873/2000

Figure 2b — Constant current
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3.2.4 Circuit description and requirements

Internal impedances of the meters and/or measuring instrument shall not significantly affect the
performance and the test results of the circuit to be measured.

3.2.5 Precautions to be observed

Precautions should be taken with respect to the position of the device placed among a
magnetic field as follows:

a) the magnetic field should be even and practically perpendicular to all the magnetic sensitive

areas of tha davica-
PaS—-OH—tHe—-aeViee

b) there should not be any residual magnetic field around the measuring system;

c) copsideration should be given to the effect of terrestrial magnetism. The direction |of the
dejvice relative to terrestrial magnetism should not be changed while measuring the putput
Hall voltage so that terrestrial magnetism does not affect the results;

d) the magnetic flux density should be specified whereby the output Hall'voltage is linear with
regpect to the density.

3.2.6 | Measuring procedure
a) Place the device with the four terminals connected t0- the circuit among a spé¢cified
magnetic flux.

b) Apply a specified voltage or current to the inputderminals of the device, using the [circuit
shiown in figure 2.

c) Measure the output voltage of the device V.
d) Measure the offset voltage (V,) according.to the procedure described in 3.3.
e) Cglculate the output Hall voltage usingsequation (1).

VH = Vout = Vo (1)

3.2.7 | Specified conditions

— Ambient or reference temperature.
— Magnetic flux density!

— Input voltage oncurrent.

3.3 [Offset.woltage (V o)

3.3.1 | \Rurpose

To measure the offset voltage under specified conditions.

3.3.2 Principles of measurements

Measuring the offset voltage is to evaluate the noise level of the devices which reflects the
non-uniformity of the semiconductor layer used in the devices.

3.3.3 Circuit diagram

The same diagram as that described in 3.2.3 shall be used.
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3.3.4 Circuit description and requirements

Specifications for d.c. supply, meter and measuring instruments are the same as those
described in 3.2.4 without taking any precautions with respect to magnetic flux density.

3.3.5 Measuring procedure

a) Place the device with the four terminals connected to the circuit without magnetic flux.

b) Apply a specified voltage or current to the input terminals of the device, using the circuit
shown in figure 2.

c MeastHe tha outnut valtaaae wwhich ic i
PaStretHe-Butp ot ot g e WwHheHS

3.3.6 | Specified conditions

Specify the same conditions as those described in 3.2.7.

3.4 |nput resistance (R in)
3.4.1 | Purpose

To megasure the input resistance of a device, under specified conditions.

3.4.2 | Circuit diagram

A soufce should be a constant voltage or a constant.clrrent source.

Ammeter

Source Voltmeter

T 0 JE

IEC 1874/2000

Figure 3 — Basic circuit for the measurement of input resistance

3.4.3 Measurement procedure

a) Connect the two input terminals 1 and 3 of the device to the circuit.

b) Apply a specified voltage Vg or current Ig to the input terminals of the device, using the
circuit shown in figure 3.

c) Measure the current I, or the voltage V, through or across two terminals.
d) Calculate the input resistance using equation (2) or (3).

Rin = Vs/Im (2)

Rin = Vm/ls (3)
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