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(54) Title: FREQUENCY-INDEPENDENT VOLTAGE DIVIDER

(57) Abstract

A frequency-independent voltage divider com-
prises a series arrangement of resistors (R1-Rm+1) con-
nected between an input terminal (2) and a reference
terminal (1) for receiving an input signal (Vi). An
output terminal (3) for supplying an output signal is
coupled to a tap of the series arrangement. The infiu-
ence of parasitic capacitances (CP1-CPum.)) is elimi-
nated by means of compensation capacitors (CCMP-
CCMPw).
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FREQUENCY-INDEPENDENT VOLTAGE DIVIDER

The invention relates to a frequency-independent voltage divider
comprising a reference terminal; an input terminal for receiving an input signal with respect
to the reference terminal; an output terminal for supplying an output signal with respect to
the reference terminal; and a series arrangement of resistors coupled between the input
terminal and the reference terminal, which resistors are connected to one another in nodes,
of which nodes at least node is loaded by at least one respective parasitic capacitor coupled
between the reference terminal and the at least one node, and of which nodes the at least one
node is coupled to the input terminal via a respective compensation capacitor.

Such a frequency-independent voltage divider is known from the general
state of the art. An example of this is an oscilloscope probe comprising a series arrangement
of two resistors coupled between the input terminal and the reference terminal. The two
series-connected resistors have their common node connected to the output terminal. The
output terminal and the reference terminal are connected to an input of an oscilloscope. The
input of the oscilloscope behaves substantially as a parasitic capacitance with respect to the
oscilloscope probe. As a result of this, the oscilloscope probe in conjunction with the
parasitic capacitance would behave not only as a voltage divider but also as a low-pass filter,
if the oscilloscope had not been provided with a compensation capacitor coupled between the
input terminal and the node common to the two series-connected resistors. Thus, a
frequency-independent voltage divider is obtained when the oscilloscope probe is suitably
dimensioned.

It is an object of the invention to provide an improved frequency-
independent voltage divider.

To this end, according to the invention, a frequency-independent voltage
divider of the type defined in the opening paragraph is characterized in that the series
arrangement of resistors comprises at least three resistors, and the number of compensation
capacitors is at least two. The series arrangement of resistors now has a plurality of nodes.
At option, the output terminal can be connected to one of the nodes. It is also possible to
take off a plurality of output signals at the same time by coupling different output terminals
to different nodes. Thus, it is pbssible that a plurality of these different nodes are loaded by
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a parasitic capacitor. It may be desirable that all the nodes provide output signals which are
frequency-independent. The invention meets this requirement by the provision of a plurality
of compensation capacitors.

The invention further relates to a frequency-independent voltage divider
comprising a reference terminal; an input terminal for receiving an input signal with respect
to the reference terminal; an output terminal for supplying an output signal with respect to
the reference terminal; and a conductor track having a first end and a second end coupled to
the reference terminal and the input terminal, respectively, which conductor track has a tap
coupled to the output terminal, and which conductor track is loaded by a distributed parasitic
capacitor constituted by the conductor track, a conductive substrate, which is coupled to the
reference terminal, and an insulator, which isolates the conductor track electrically from the
conductive substrate.

The invention is further characterized in that the frequency-independent
voltage divider comprises a distributed compensation capacitor having one side coupled to the
input terminal and having another side coupled to the conductor track in a distributed
fashion. The conductor track, the distributed parasitic capacitance, and the distributed
compensation capacitance respectively correspond to the series arrangement of resistors, the
parasitic capacitor, and the compensation capacitor. This correspondence can be understood
when the conductor track is regarded as an infinite number of infinitesimal series-connected
resistors.

German Patent Specification DE 42 17 408 C1 describes a frequency-
independent voltage divider which also comprises a conductor track and a distributed
parasitic capacitance. However, it does not include a (distributed) compensation capacitor.
The frequency-independent voltage divider shown therein operates in accordance with a
different principle. Figure 1 of said Patent Specification shows that not all the parasitic
capacitors are coupled to the reference terminal. However, the parasitic capacitors coupled to
the input terminal cannot be regarded as compensation capacitors in accordance with the
present invention because they are not coupled to the nodes which are also coupled to
parasitic capacitors.

The invention is further characterized in that the distributed compensation
capacitor is constituted by the conductor track, a further conductor track, which covers the
conductor track at least partly and is coupled to the input terminal, and a further insulator,
which isolates the conductor track electrically from the further conductor track.

The inventioh is still further characterized in that the width of the further
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conductor track is dependent upon the relative position of the conductor track with respect to
the first end and the second end. Thus, it is achieved that by a suitable choice of the
variation of the width of the further conductor track the output signal or output signals (in the
case of a plurality of output terminals) is or are frequency-independent (only, of course, if
the input signal is frequency-independent), regardless of the relative position of the tap or
taps on the conductor track with respect to the first end and the second end.

The invention will be described in more detail with reference to the
accompanying drawings, in which:

Figure 1 shows a frequency-independent voltage divider as known from
the general state of the art;

Figure 2 shows a first embodiment of a frequency-independent voltage
divider in accordance with the invention;

Figure 3 is a simplified cross-sectional view of an integrated resistor-as
known from the general state of the art;

Figure 4 is a plan view of a folded integrated resistor;

Figure 5 is a simplified cross-sectional view of an integrated frequency-
independent voltage divider in accordance with the invention;

Figure 6 is a plan view of a second embodiment of a frequency-
independent voltage divider in accordance with the invention; and

Figure 7 is a plan view of a third embodiment of a frequency-independent
voltage divider in accordance with the invention.

In these Figures like parts or elements bear the same reference symbols.

Figure 1 shows a frequency-independent voltage divider as known from
the general state of the art. The frequency-independent voltage divider has a reference
terminal 1, an input terminal 2, and an output terminal 3. The frequency-independent voltage
divider further comprises a series arrangement of resistors R, R, coupled between the input
terminal 2 and the reference terminal 1. The resistors R,, R, are interconnected in a node,
which is also connected to the output terminal 3. An input signal V, is applied between the
input terminal 2 and the reference terminal 1. An output signal is available between the
output terminal 3 and the reference terminal 1. However, it is also possible to take off the
output signal between the input terminal 2 and the output terminal 3. Owing to a parasitic
capacitor CP; coupled between the output terminal 3 and the reference terminal 1 the signal
transfer, i.e. the ratio between the output signal and the input signal V;, is dependent on the

frequency of the input signal Vi; In order to prevent this, a compensation capacitor CCMP,
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is coupled between the input terminal 2 and the output terminal 3. The signal transfer is
independent of the frequency of the input signal V, if the mathematical relationship [1] is

satisfied:

Figure 2 shows a first embodiment of a frequency-independent voltage
divider in accordance with the invention. The scries arrangement of resistors comprises more
than two resistors R;-Ry,, ;. An arbitrary node of the series arrangement can be loaded by a
parasitic capacitor CP,. A compensation capacitor CCMP, is coupled between the relevant
arbitrary node and the input terminal 2. For the following explanation it is assumed that each
node is loaded exclusively with one of the parasitic capacitors CP;-CPy; and that each node
is coupled exclusively to one of the compensation capacitors CCMP-CCMP),. The
capacitance value of the relevant parasitic capacitor CP, and that of the relevant
compensation capacitor CCMP, is said to be zero in the case of a node which, in actual fact,
is not loaded by a parasitic capacitor CPy and which, as a consequence, does not require a
compensation capacitor CCMP,. The signal transfer to an arbitrary node is frequency-
independent if for each sequence number k (k = 1, 2, 3, ... M) the mathematical

relationship [2] is satisfied:

In order to clarify the mathematical relationship [2], it is assumed, by way of example, that
the number of resistors is three, i.e. M = 2 and k= 1, 2. From the mathematical
relationship [2] it follows that relationships
Ry/(R,+R;) = CP;/CCMP, (k = 1) and
(R;+R,)/R3 = CP,/CCMP, (k = 2) should be satisfied.
If the above criteria are met all the signal transfers from the input terminal to the nodes are
frequency-independent of the input signal V;. Therefore, it is possible to couple a plurality of
output terminals to a plurality of nodes in order to take off a plurality of (different) output
signals which are all frequency-independent.

A frequency-independent voltage divider based on the inventive principle
can be realized by means of an integrated resistor. This is because an integrated resistor may

be regarded as an infinite number of infinitesimal series-connected resistors R|-Ry,,; (M
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approximating to infinite).

Figure 3 is a simplified cross-sectional view of an integrated resistor as
known from the general state of the art. The integrated resistor comprises a conductor track
PS having a first end and a second end coupled to the reference terminal 1 and the input
terminal 2, respectively. The conductor track PS has a tap coupled to the output terminal 3.
The conductor track PS is isolated from a conductive substrate SBSTR by means of an
isolator I, the substrate being coupled to the reference terminal 1. The conductor track PS,
the insulator I, and the conductive substrate SBSTR can be formed by, for example,
polysilicon, silicon dioxide, and doped silicon. The conductor track PS, the insulator I and
the conductive substrate SBSTR form a distributed parasitic capacitor CP|-CP),, which loads
the integrated resistor with respect to the reference terminal 1. The distributed parasitic
éapacitor CP,-CPy can be regarded as an infinite number of infinitesimal parasitic capacitors
CP,-CPy; (M approximating to infinite).

Figure 4 is a plan view of a folded integrated resistor.

Figure 5 is a simplified cross-sectional view of an integrated frequency-
independent voltage divider in accordance with the invention. The conductor track PS can be
a folded resistor as shown in Figure 4. The conductor track may also be constructed in
another manner. In addition to the elements already shown in Figure 3, Figure 5 shows a
further conductor track AL, coupled to the input terminal 2, and a further insulator FI,
which isolates the conductor track PS electrically from the further conductor track AL. The
further conductor track AL and the further insulator FI can be made of, for example,
aluminum and silicon dioxide, respectively. The further conductor track AL, the further
insulator FI, and the conductor track PS form a distributed compensation capacitor CCMP, -
CCMP), having one side coupled to the input terminal 2 and having its other side coupled to
the conductor track PS in a distributed fashion.

Figure 6 is a plan view showing a second embodiment of a frequency-
independent voltage divider in accordance with the invention. By way of example, it is
assumed that the conductor track PS has a constant width d, as indicated in Figure 4, and
that the insulator is of a homogeneous composition. This means that the sheet capacitance,
i.e. the capacitance value per unit area, of the distributed parasitic compensation capacitor
CCMP-CCMPy, is the same anywhere between the conductor track PS and the conductive

substrate SBSTR. Referring to Figure 2, this implies that the following holds:

CP; = CP, = .. = CP,, | [3]
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From Figure 2 and the mathematical relationship [2] it will be apparent that for a frequency-

independent signal transfer the following requirement is to be met:

CCMP,; > CCMP, > .. > .. > CCMPy, [4]

For this purpose, it is required that (in the ideal case) the width D of the further conductor
track AL increases from zero to infinite, viewed from right to left (in Figure 6). However,
there is no point in making the width D so large that the further conductor track AL extends
into an area underneath which the conductor track PS does not extend.

In an integrated circuit the available thin oxide and the available thick
oxide can be used for the further insulator FI. Since a maximal capacitance value of the
distributed compensation capacitor CCMP-CCMP,, is required at the left in Figure 6, the
choice for a thin oxide seems to be most obvious. However, as can be understood by means
of Figure 2, the voltage drop across the part of the distributed compensation capacitor
CCMP-CCMP), is largest at the right-hand side of Figure 6 (close to the reference terminal
1). This justifies the choice of a thick oxide in view of the risk of breakdown of the thin
oxide.

Figure 7 is a plan view of a third embodiment of a frequency-independent
voltage divider in accordance with the invention. The above dilemma as regards the choice
for the use of thin or thick oxide is solved by the use of thin oxide in the area A, and thick
oxide in the area A,. The adapted variation in the thickness D of the further conductor track
is a logical consequence of this.

A voltage divider in accordance with the invention can be used inter alia
in conjunction with an amplifier circuit such as an operational amplifier. In the case of an
integrated circuit a possible voltage dependence of the distributed parasitic capacitor CP;-
CPy can be reduced by means of the so-termed double-sided resurf effect by creating a

buried layer underneath the conductor track PS.
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CLAIMS

1. A frequency-independent voltage divider comprising a reference terminal
(1); an input terminal (2) for receiving an input signal (V,) with respect to the reference
terminal (1); an output terminal (3) for supplying an output signal with respect to the
reference terminal (1); and a series arrangement of resistors (R}, R,) coupled between the
input terminal (2) and the reference terminal (1), which resistors are connected to one
another in nodes, of which nodes at least node is loaded by at least one respective parasitic
capacitor (CP,) coupled between the reference terminal (1) and the at least one node, and of
which nodes the at least one node is coupled to the input terminal (2) via a respecti{'e '
compensation capacitor (CCMP)), characterized in that the series arrangement of resistors
comprises at least three resistors (R1-Rp41), and the number of compensation capacitors
(CCMP-CCMPy) is at least two.

2. A frequency-independent voltage divider comprising a reference terminal
(1); an input terminal (2) for receiving an input signal (V,) with respect to the reference
terminal (1); an output terminal (3) for supplying an output signal with respect to the
reference terminal (1); and a conductor track (PS) having a first end and a second end
coupled to the reference terminal (1) and the input terminal (2), respectively, which
conductor track (PS) has a tap coupled to the output terminal (3), and which conductor track
(PS) is loaded by a distributed parasitic capacitor (CP,-CPy,) constituted by the conductor
track (PS), a conductive substrate (SBSTR), which is coupled to the reference terminal (1),
and an insulator (I), which isolates the conductor track (PS) electrically from the conductive
substrate (SBSTR), characterized in that the frequency-independent voltage divider comprises
a distributed compensation capacitor (CCMP;-CCMP),) having one side coupled to the input
terminal (2) and having another side coupled to the conductor track (PS) in a distributed
fashion.

3. A frequency-independent voltage divider as claimed in Claim 2,
characterized in that the distributed compensation capacitor (CCMP,-CCMP)) is constituted
by the conductor track (PS), a further conductor track (AL), which covers the conductor
track (PS) at least partly and is coupled to the input terminal (2), and a further insulator (FI),

which isolates the conductor track (PS) electrically from the further conductor track (AL).
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4, A frequency-independent voltage divider as claimed in Claim 3,
characterized in that the width of the further conductor track (AL) is dependent upon the

relative position of the conductor track (PS) with respect to the first end and the second end.
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