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Inventor: WILSON DAVID PACE (54) HALL-EFFECT INTEGRATED CIRCUIT (71) We,
MOTOROLA, INC., a cor-    [err] = [err], where K1 = device con- poration
organised and existing under the  stant; IH = Hall current; and [err] =
magnetic laws of the State of Delaware, 'United States  flux density. of
America, of 1303 East Algonquin Road,   5 -Schaumburg, Illinois 60196,
United States    Since the Hall-Effect device is made of  50 of America,'
do hereby declare the inven-  semiconductor material, a constant voltage
tion, for which we pray that a patent may be  applied across the device
will produce .a granted to us, and the method by which it is  current
through the Hall-Effect device to be performed, to be particularly de-
which varies inversely with temperature. As 10  scribed in and by the
following statement:-  a . result the accuracy of the Hail-Effect  55 The
present invention relates to a Hall-  transducer is impaired,. effect
integrated circuit which compensates    In the past one solution attempted
to for changes in Hall-effect current due to  avoid this problem by
employing a constant temperature variations.                 current
generator. However, certain prob- 15    An integrated circuit in which. the
Hall-  lems arose with this approach. Firstly, an  60 Effect device and the
sensing circuit can be ideal constant current source is difficult to
incorporated on a single 'monolithic chip  build with integrated circuit
devices' since inludes a Hall-effect generator responsive they contain
nonlinear monolithic resistors. to a magnetic flux change for, enerating a
A further problem is that there is a tempera- 20  Hall-effect voltage. A
differential amplifier  ture dependence associated with the epita-  65 and
current mirror circuit are coupled to the  xial silicon Hall resistance
despite the use of Hall-effect device in order to vary or track constant
current regulation. A detailed dis- the threshold voltage of the
differential  cussion of this latter phenomen is described amplifier
circuit in accordance with the  in the article entitled "Modular Hall Mas-
25  output voltage from the Hall-effect device  terslice Transducer" by
R.J. Braun appear-  70 irrespesctive of current changes in the Hall-  ing
in IBM Journal Research and Develop- effect device due to temperature
variations.  ment, July, 1975, A Hall-Effect device is a'block of semi-
The present invention takes a different conductor material which acts as a
transduc-  approach for Hall-Effect devices in applica- 30  er to
c6nvert'magnetic flux density into an  tions where a threshold voltage is
to be  .75 electrical potential. When a current is pas-  detected. No
constant current sources are sed from one end of the semiconductor
required, but' rather a differential sensing material to the other.
hole-electron pairs are  device is coupled' to the. Hall-Effect device
formed inside the semiconductor material.  and it samples the current
flowing through 35  A magnetic field perpefidicular to the flow  the device
and adjusts the threshold voltage  80 of the current will cause the holes
and  of the sensing circuit to compensate for any electrons to separate
producing a voltage  changes in Hall-Effect current due to tem- potential
which can be measured between  perature variations. Thus, the Hall-Effect
'the opposite sides of the semiconductor  device and the sensing circuit
are referenced 40  material. This voltage is proportional to the  together
so that both the voltage produced  85 flux density of the niagnetic field
and the  by the Hall-Effect device and the voltage magnitude of the current
flowing through  threshold of the comparator or sensing the Hall-Effect
device and is mathematically  circuit are both a function of current
flowing represented by:                       through the Hall-Effect
device. 45                                             Thus, according' to
the present invention  90    there is provided a Hall-Effect circuit com-
[err] of the sensing circuit 12 will not be prising a Hall-Effect
semiconductor device reached by the Hall voltage [err][ while flux 



responsive to a magnetic flux for providing a densities of greater than 400
gauss will Hall-Effect output signal in response to the generate a Hall
voltage [err] greater than the  magnetic flux and having a Hall-Effect
threshold, voltage [err] curent flowing therethrough sensitive to  Figure 3
illustrates a body of semiconduc- temperature variations, sensing means
cou-  tor material 30having a Hall-Effect  device pled said Hall-Effect
device said sensing 32 and an integrated circuit $tdto sad Hall-Effect
device, said sensing  32 and an integrated cir-cuit 34. formed in the means
having an operating current and a body.In actual implemention Hall-Effect
10  threshould voltage responsive to said operat-    device 32 would
correspond to the device 10  75 ing current, said sensing means being
effec-   of Figure 1 and integrated circuit 34 would    tive to generate an
output voltage at a time  correspond to the ve to generate an output
voltage at a time  correspond to the remainder of the circuitry  -  when
said Hall-Effect output signal reaches  with the exception of external
resistor R1. said threshold voltage, said sensing means    The current
mirror circuit 14 causes the 15   comprising a differential amplifier
circuit  value of current [err] flowing in line 28 to   80 having a pair of
differentially coupled tran-  equal the Hall-Effect current [err] generated
sistors, and means coupled to said Hall- in line 26 connected to the
Hall-Effect Effect device and to said sensing means for device 10. Thus
despite temperature varia-Thus despite temperature varia- maintaining said
operating current at a   tions the current  in lines 26 and 28 will 20
value which has a  predetermined relation-  remain essentially the same
ship to said Hall-Effect current during tem-   At the threshold point of
the comparator. perature  variations for causing said  identical collector
and emitter currents are           threshold voltage to track with said
Hall- flowing in both of teh  differential transistors Effect current such
that the generating  of 20 and 22, ie. [err] 25  the output voltage
effected by said sensing   across  resistor R1 equals [err] .  As a  means
is substantially independent of tem-  result, at the threshold point of the
compa- perature variation.                     rator, the  base of
transistor 22 is more  The invention will now be described by positive than
the base of   transistor 20 by the way of example only with, particular
refer-   voltage offet or threshold voltage [err] 30   ence to the
accompanying drawing wherein [err] Figure 1 illustrates an electrical
schematic  As peviously se forth the Hall voltage of the present invention:
[err] existing across terminals 36 and 38 is Figure 2 is a series of curves
illustrating represented by [err].  Accordingly  the Hall-Effect voltage
and the threshold     the point at which the sensing circuit 12 35
voltage of the comparator plotted against generates an output asignal [err]
is substantial-  100 the Hall-Effect current: and                ly
independent of Hall current [err] since K1 Figure 3 illustrates the present
invention   and K2 are constants.  Temperature induced being incorporated
on a single monolithic   current  variations in the Hall device 10 do
semiconductor chip.                        not affect the not affect the
accuracy of a Hall sensing                      40     Now referring to
Figure 1. it illustrates a device at erroneous Hall voltage levels as  105
Hall-Effect generator device 10 coupled to a  the threshold voltage of the
sensing circuit differential sensing or comparator circuit 12.  12 tracks
with Hall cuirrent changes. A  conventional current mirror circuit 14
WHAT WE CLAIM IS:- comprising a semiconductor diode 16 in one  1 A
Hall-Effect circuit comprising a  45  leg and an NPN transistor 18 in the
other leg  Hall-Effect semiconductor device respon-  110 is  coupled
between the Hall generator 10  sive to a magnetic flux  for providing a and
the comparator or sensing circuit 12.   Hall-Effect output signal in
response to the  The  sensing cicuit 12 comprises a pair of  magnetic flux
and having a Hall-Effect  differentially connected  transistors 20 and
current flowing there-through sensitive to 50   22 coupled to supply
voltage [err] byline 24 temperature variations. sensing means cou-   and
load resistor [err] respectively A resis-  pled to said Hall-Effect device
said sensing                  tor R1 is commonly connected between the
means having an operating currtent and a   emitter terminals of transistors
20 and 22.   threshold voltage responsive to said operat- Variable resistor
R1 is external to the  ing current. said sensing means being effec- 55
Hall-Effect integrated circuit such that its  tive to  generate an output
voltage at a time 120 resistance value is not subject to tempera-  when
said Hall-Effect output signal reaches ture variations and such that its
resistance  said threshold voltage said sensing means value can be adjusted
to select the desired  comprising  a differential amplifier circuit
threshold voltage Diode 16 is coupled to having a pair of differential
coupled tran- 60   the Hall generator by line 26 and line 28 sistors, and
means coupled to said Hall- 125 couples the collector terminal of
transistor Effect device and to said sensing means for 18 to the emitter
terminal of transistor 20.   maintaining said operating current at a 



In the preferred embodiment, the plot of value which has a predetermined
relation- of value which has a predetermined relation- Figure 2 illustrates
that at flux densities of  ship to said Hall-Effect current during tem- 65.
less than 300 gauss the threshold voltage  perature  variations for causing
said 130     *   C   L   M   S   * 1 587 870
2 there is provided a Hall-Effect circuit com-  VTH of the sensing circuit
12 will not be prising a Hall-Effect semiconductor device  reached by the
Hall voltage VH while flux responsive to a magnetic flux for providing a
densities of greater than 400 gauss will Hall-Effect output signal in
response to the  generate a Hall voltage VH greater than the 5   magnetic
flux and having a Hall-Effect  threshold voltage [err].
70 current flowing therethrough sensitive to    Figure 3 illustrates a body
of semiconduc- temperature variations sensing means cou-  tor material 30
having a Hall-Effect device pled to said Hall-Effect device, said sensing
32 and an integrated circuit 34 formed in the means having an operating
current and a  body. In actual implementation Hall-Effect 10 threshold
voltage responsive to said operat-  device 32 would correspond to the
device 10  75 ing current, said sensing means being effec-  of Figure 1 and
integrated circuit 34 would tive to generate an output voltage at a time
correspond to the remainder of the circuitry when said Hall-Effect output
signal reaches  with the exception of external resistor R1. said threshold
voltage, said sensing means    The current mirror circuit 14 causes the 15
comprising a differential amplifier circuit  value of current IH flowing in
line 28 to  80 having a pair of differentially coupled tran-  equal the
Hall-Effect current IH generated sistors and means coupled to said Hall-
in line 26 connected to the Hall-Effect Effect device and to said sensing
means for  device 10. Thus despite temperature varia- maintaining said
operating current at a  tions the current in lines 26 and' 28 will 20
value which has a predetermined relation-  remain essentially the same.
85 ship to said Hall-Effect current during term-   'At the threshold point
of the comparator. perature  variations for causing  said  identical
collector and emittercurrents are threshold voltage to track with said
Hall-  flowing in both of the differential'transistors Effect current such
that the generating of  20 and 22. i.e.. [err]. Thus, the. voltage 25  the
output voltage effected by said sensing  across resistor R1 equals [err].
As a  90 means is substantially independent of term-  result. at the
threshold point of the compa- perature variation.
rator, the base of transistor 22 is more The invention will now be
described by  positive than the base of transistor 20 by the way of example
only with particular refer-  voltage offset or threshold voltage [err] = 30
ence to the accompanying drawing wherein  1/2 IHR1 = K2IH.
95 Figure 1 illustrates an electrical schematic    As previously set forth.
the Hall voltage of the present invention:                  VH existing
across terminals 36 and 38 is Figure 2 is a series of curves illustrating
represented by: [err] = [err]. Accordingly. the Hall-Effect voltage and the
threshold  the point at which the sensing circuit 12 35   voltage of the
comparator plotted against  generates an output signal [err] is
substantial- 100 the Hall-Effect current: and             ly independent of
Hall current [err] since K1 Figure 3 illustrates the present invention  and
K2 are constants. Tem erature induced being incorporated on a single
monolithic  current variations in the  all device 10 do semiconductor chip.
not affect the accuracv of a Hall sensing 40     Now referring to Figure 1.
it illustrates a device at erroneous Hall voltage levels as 105 Hall-Effect
generator device 10 coupled to a  the threshold voltage of the sensing
circuit differential sensing or comparator circuit 12.  12 tracks with Hall
current changes. A  conventional current mirror circuit 14    WHAT WE CLAIM
IS:- comprising a semiconductor diode 16 in one    1. A  Hall-Effect
circuit comprising a 45  leg and an NPN transistor 18 in the other leg
Hall-Effect semiconductor device respon- 110 is coupled between the Hall
generator 10  sive to. a magnetic flux for providing .a and the comparator
or sensing circuit 12.  Hall-Effect output signal in response to the -The
sensing circuit 12 comprises a pair of  magnetic' flux and having a
Hall-Effect differentiallv connected transistors 20 and  current flowing
there-through sensitive to 50  '22 coupled to supply voltage Vcc by line 24
temperature variations. sensing means cou- 115 and load resistor RL.
respectively. A resis-  pled to said Hall-Effect device. said sensing 



tor R1 is commonly connected between the  means having an operating current
and a emitter terminals of transistors 20 and 22.  threshold voltage
responsive to said operat- Variable resistor RI is external to the  ing
current said sensing means being effec- 55   Hall-Effect integrated circuit
such that its  tive to generate an output voltage at a time  120 resistance
value is not subject to tempera-  when said Hall-Effect output signal
reaches ture variations and such that its resistance  said threshold
voltage..said sensing means value can. be adjusted to select the desired
comprising a differential amplifier circuit threshold voltage. Diode 16 is
coupled to  having a pair of differentially coupled tran- 60  the Hall
generator bv line 26 and line 28  sistors. and means coupled to. said Hall-
125 couples the collector terminal of transistor  Effect device and to said
sensing means for 18 to the emitter terminal of- transistor 20.
maintaining said operating current at a In the preferred embodiment. the
plot of  value which has a predetermined relation- Figure 2 illustrates
that at flux densities of  ship to said Hall-Effect current during tem- 65
less than 300 gauss the threshold voltage  perature  variations for causing
said  130    *  C   L   M   S  * 1 587 870 threshold voltage to track with
said Hall- Effect current such that the generating of the output voltage
effected by said sensing means is substantially independent of tem- 5
perature variation. 3. A Hall-Effect circuit as claimed in Claim 2 wherein
said means coupled to said Hall-Effect device and to said sensing means
comprises a first terminal and a second 10  terminal, said first terminal
being coupled to said Hall-Effect device for conducting said Hall-Effect
current, and said second termin- al being coupled to said sensing means for
providing said operating current. 15     4. A  Hall-Effect circuit as
claimed in Claim 3 wherein said means coupled to said Hall-Effect device
and to said sensing means comprises a current mirror circuit for main-
taining said operating current at a value 20   which has a predetermined
relationship to said Hall-Effect current. 5. A Hall-Effect circuit as
claimed in Claim 1 wherein said Hall-Effect current flowing through said
Hall-Effect semicon- 25   ductor device is a d.c. current. 6. A Hall-Effect
circuit substantially as hereinbefore described with reference to the
accompanying drawings. 30              For the Applicants: F.H. CLEVELAND &
COMPANY, Chartered Patent Agents, 40-43 Chancery Lane, London, WC2. Printed
for Her Majesty's Stationery Office, by Croydon Printing Company Limited,
Croydon, Surrey 1981. Published by The Patent Office. 25 Soutampton
Buildings, London, WC2A IAY, from which COPeS may be obtained.    


