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"INTEGRATED CIRCUIT ARRANGEMENT COMPRISING
MEANS POR GENERATING a CURRENT" .,

The invention relates to an integrated circuit arrangement
comprising means for generating a current which produces a voltage
drop across a reference resistor, which voltage drop is determined
by an input voltage. Such means are generally referred to as a
voltage-current converter.

In an integrated circuit the accuracy of a voltage-current
conversion obtained by means of a reference resistor of predetermined
value depends on the spread in the resistance of this reference
resistor. The spread in this resistance mainly depends on the
resistance per unit area of the layer of material forming the resistor
and on the spread in width of the resistance track.

In a monolithic integrated semiconcuctor circuit the resistance
Fer unit area depends on the quotient of the specific resistance
of the doped zone forming the resistor and the thickness of this
doped zone. The spread in width of the resistance track depends
on the tolerances in the process which determines the structure of
the doped zone (photolithography, etching for example). Therefore,
unless special measures are taken it is well-nigh impossible to
effect a voltage current conversion with a small spread within
an integrated circuit.

It is an object of the invention to construct an integrated
circuit arrangement of the type set forth in the opening paragraph
which operates as a voltage~current converter in such a way that
the accuracy of the voltage current conversion can be substantially
indepencent of the spread in width of the resistance track and
thus need be significantly influenced only by the (tomparatively
small) spread of the resistance per unit area.

according to the invention a second current is generated in
2 circuit branch which is arranged in parallel with the reference

resistor, which second current produces a voltage drop, determined
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by the same input voltage, across a second reference resistor which

is arranged in the said branch, which second resistor has, compared

with the first-mentioned said reference resistor, the same resistance per
unit area, the same length and a different width, thé differenqe '_
between the currents flowing through said reference resisto} forming

the output current of the arrangement.

In a circuit thus constructed comprising two resistors to each
of which the input voltage or a voltage derived therefrom
is applied, the current components resulting from the spread in
width will, provided the resistors are jointly manufactured, i.e.
manufactured during the same processing steps, normally be equal
and cancel each other when the difference between the currents
is formed because the absolute spread in width of the two resistors
will normally be the same. : _

Preferably, the difference between the currents flowing through
the resistors is formed by means of a current mirror.

In order to isolate the currents flowing through the two
resistors from each other it is advantageous to arrange the resistors
in the emitter lines of respective transistors whose bases are
driven by the input voltage, ‘ |

If in such a circuit the bases are dfiven'by the input voltage
directly the difference between the input voltage and the base-
emitter voltage of the transistors will appear across the resistors.
It is therefore effective to drive the bases of the said transistors
via respective operational amplifiers, which compensate for the
base-emitter voltages of these transistors.

In order to minimize the base currents, and consequently the
difference between the collector and emitter currents of the said
transistors these transistors are preferably Darlington transistors
or replaced by field-effect transistors,

Preferably, the said resistors are formed by doped zones in the
semiconductor body in which the arrangement is formed,

Embodiments of the invention will noQ be deséribed, by way of
example, with reference to the drawing. In the drawing:

Figure 1 ig the circuit diagram of a first embodiment of the
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invention and

Figure 2 is the cireuit diagram of a second embodiment of the
invention.

In Figure 1 an integrated circuit in the form of a voltage-currant
converter for generating an output cuprent I includes means for
generating currents I1 and 12 which produce voltage drops across
reference resistors Rl and R respectively, these voltage drops both
being determined by an input voltage U The reference resistors
Rl and R2 are jointly manufactured and have the same resistance
per unit area, the same length, but different widths. The resistor
Rl has a width b + Ab, whilst the resistor R2 has a widthn . b + Ab,
ADb being the same for both resistors because of the joint manufacture,
Both resistors are formed by doped zones in the semiconductor body of
the integrated current. The two resistors receive the input voltage
U via the transistors T1 and Tz, the resistors being arranged in the
emltter lines and the input voltage being applied to the bases of
these transistors. The collector currents of the transistors
T1 and T2 are supplied by a current mirror 1. The complexity of this
current mirror depends on the required accuracy of the conversion
ratic. The difference between the two currents I1 and I2 forms
the output current IA, these currents I1 and 12 Producing the
same voltage drop, i.e. the input voltage U less the base-emitter
voltages of transistors '1‘1 and T2 respectively, across the
resistors Rl and R2 respectively. Since the absolute spread
in width of the two resistors is the same, the current components
therein resulting from the spread in width (actual width minus
nominal width of the resistors) for the same input voltage U
coupled to each are themselves equal and cancel each other when

the difference of the currents is formed.,

If RS = the layer resistance of Rl and R2
1 = the resistor length of Rl and R2
b = the width of the resistor Rl
n . b = the width of the resistor R2
8b = the spread in resistor width,
the following relationships are valid:
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1

R=R,... R‘—'n- L)
and Tebeab

1
1 3 b +4b 2 S5

This means that the input voltage UE produces a current

I, U, . R228b in the resistor R, and a current I_ = U_ . Deb+ Ab
l = Rsol 1 2 = Rsol

in the resistor R2 {assuming for simplicity that all of the voltage
UE occurs across each resistance). The current difference, which
forms the output current IA =I -I =1U_, iﬂ:ilg sy No longer

2 1 E Rs.l

contains the spread in width Ab, but only the nominal width b, i.e.
the ocutput current IA no longer depends on the spread in width of the
resistors Rl and R2.

As in the circuit shown in Figure 1 instead of the input
voltage UE the difference between this voltage and the base-emitter
voltage of the respective transistor 'I‘1 or T2 appears across the
resistors Rl and Rz, it may be necessary to compensate for these
base-emitter voltages if this is required in view of the desired
accuracy of the circuit. Figure 2 is the circuit diagram of a
second embodiment of the invention in which this is done.

For this purpose the bases of the two transistors T1 and T2 are
driven in the circuit of Figure 2 by the input voltage Uﬁ{xig
operational amplifiers 2 and 3 respectively. The output of each
operational amplifier is connected to the base of the associated
transistor. The input voltage UE is applied to the non-inverting
input of each operational amplifier, whilst the inverting input
of each operational amplifier is connected to the emitter of the
associated transistor. In this way the full input voltage UE
appears across the resistors Rl and RZ; the base-emitter voltages
are thus compensated for.

The principle of operation of the circuit shown in Figure
2 is identical to that of the circuit shown in Figure 1., However,
the current mirror is more complex, so that the accuracy of the
conversion ratio is higher. Moreover the output current IA is
taker frem the junction point of the current mirror 1 and the transistor

T2 by means of a transistor T3, which is a Darlington transistor.
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The transistors Tl and 'I'2 are also Darlington transistors in order to
minimise the base currerts of these twe transistors, and consequently
the difference between the collector current and the emitter current of

each transistor. For this purpose the two transistors T, and T

1 may

2
alternatively be fisld-effect transistors.
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CLATIMS:

l. An integrated circuit arrangement comprising means for
generating a current which produces a voltage drop across a reference
resistor, which voltage drop is determined by an input voltage
characterised in that a second current is generated in a circuit
branch which is arranged in parallel with the reference.fesistor,
which second current produces a voltage drop, determined by the
same input voltage, across a second resistor which is arranged in
the said branch, which second resistor has, compared with the
first-mentioned said reference resistor, the same resistance per
unit area, the same length and a different width, the difference
betweer the currents flowing through said reference resistors
forming the output content of the arrangement.

2« An arrangement as claimed in Claim 1, characterised in
that the difference between the currents flowing through the
resistors is formed by means of a current mirror.

3« An arrangement as claimed in Claim 1 or 2, charaqterised
in that the resistors are arranged in the emitter lines of
respective transistors whose bases are driven by the input
voltage,

4. An arrangement as claimed in Claim 3, characterised in
that the bases of the said transistors are driven via respective
operational amplifiers which compensate for the base-emitter
voltages of these transistors.

3« An arrangement as claimed in Claim 3 or 4, charaéterised
in that the said transistors are Darlington transistors.

6. A modification of an arrangement as claimed in Claim 4,
characterised in that the said transistors are replaced by field-

effect transistors.
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7. An arrangement as claimed in any of the preceding Claims,

characterised in that the said resistors are formed by doped zones

in the semiconductor body in which the arrangement is formed.

8. An integrated circuit arrangement substantially as described
herein with reference to Figure 1 or Figure 2 of the drawing.
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