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(54) VOLTAGE CLAMP

(57)  Avoltage clamp circuit (200) which operates us-
ing a voltage controlled current source (I0) where the
change of the polarity of the voltage controlled current
source controls whether it is clamping or not. While
clamping, the stability of the control loop uses the capac-
itance of the output (C1) to create and single pole roll-off
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of the loop gain and while not clamping, uses the capac-
itance (C2) of the circuit which sets the clamping voltage
to produce the roll-off. The circuit operates in a linear
fashion both while clamping and not clamping, which al-
lows for a faster response when clamping is needed.
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Description

Technical Field

[0001] This disclosure relates generally to voltage
clamps and, more particularly, to voltage clamps de-

signed for dry circuit ohms clamping.

Brief Description of the Drawings

[0002]

FIGURE 1 illustrates an example of a loop concept
circuit on which certain voltage clamp design em-
bodiments in accordance with the disclosed technol-
ogy are based.

FIGURE 2 is a block diagram illustrating an example
of avoltage clamp circuit coupled with a device under
test (DUT) in accordance with certain embodiments
of the disclosed technology.

FIGURE 3 is a block diagram illustrating an alterna-
tive example of a voltage clamp circuit coupled with
a DUT in accordance with certain embodiments of
the disclosed technology.

Detailed Description

[0003] Dry circuit resistance generally requires a
sourcing circuit that limits the maximum applied voltage
across the device under test (DUT) to less than a few
tens of millivolts (e.g., 20mV to 30mV). This is typically
needed to prevent the breaking down of a thin oxide that
can form on electrical contacts within the DUT, such as
a relay contact or a contact within a connector pair.
[0004] Embodiments of the disclosed technology are
generally directed to a circuit having a maximum voltage
limit and a maximum current limit. The circuit may include
a first current source configured to drive the output of the
circuit (i.e., by setting the maximum current) and a second
current source having a polarity that is opposite the po-
larity of the first current source, and is coupled with a
resistance.

[0005] A voltage-controlled current source may be
configured to, when its current has a polarity opposite
that of the first current source, remove current from the
outputand, when its current has a polarity that is opposite
that of the second current source, remove current from
the node common to the second current source and the
resistance, thus reducing the current through the resist-
ance.

[0006] The circuitmayinclude a componentconfigured
to compare the output voltage to the voltage across the
resistance and drive the voltage controlled current
source’s input such that there is a negative feedback.
[0007] The circuit may include a first capacitance add-
ed to the output of the circuit to provide a single pole roll
off of the output voltage from the input to the voltage
controlled current source. The circuit may also include a
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second capacitance added across the resistance to pro-
vide a single pole roll off of the voltage across the resist-
ance from the input to the voltage controlled current
source.

[0008] FIGURE 1 illustrates an example of a loop con-
cept circuit 100 on which certain voltage clamp design
embodiments in accordance with the disclosed technol-
ogy are based. In the example 100, a capacitor C causes

a20dB/decroll-offwhere 97 represents the gain-band-
c

width of the circuit. The current source g, should have

aconstant gain for frequencies less than or equal to ng
[0009] FIGURE 2is a block diagram illustrating an ex-
ample of a voltage clamp circuit 200 coupled with a DUT
in accordance with certain embodiments of the disclosed
technology. In the example, a current source |, is steered
by the two diodes D4 and D, to regulate the voltage on
one of two capacitors C4 or C,. When the |y current is
negative, the Ohm’s current source |, is diverted through
the first diode D4, thus reducing the current flowing to the
HI connection.

[0010] When the Iy current is positive, however, the Ig
current source is supplied through the second diode D,

thus reducing the current flowing through a source resis-
tor Rg. The loop circuit 200 generally either regulates
1

to be equal to _—VZ (i.e., with the first diode D4
Ry R

V- -
conducting) or regulates -2 to be equal to —h (i.e.,
Ry R4

with the second diode D, conducting).
[0011] In the example 200, a voltage V; may be

clamped to B R.l.. Thus,
Ry S5
needs to be set between 20mV and 30mV to meet the

R
=] Rgls generally
Rz

9m

needs for dry circuit testing. The loop bandwidth is pa
1

when D4 is conducting and switches to i—m when D, is
2

conducting.

[0012] The ohm’s current source protection will gener-
ally drop voltage when currentis flowing throughit. There-
fore, the capacitor C, and source resistor Rs may be
bootstrapped to follow the ohm’s current source’s volt-
age. This advantageously prevents both of the diodes
D, and D, from turning on at the same time. A differential
stage, Diff, may be used to translate the voltage across
the source resistor Rs to ground to be mixed against the
voltage V.

[0013] Intheexample 200, the first capacitor C is used
to limit the rate that the voltage V rises when a conduc-
tion path (e.g., the DUT) between the Hl and LO connec-
tions is suddenly removed, e.g., to minimize the over-
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shoot. Using the capacitance-g,, interaction to control
stability generally avoids problems that the capacitance
may present in situations where a normal voltage source
loop is used.

[0014] FIGURE 3 is a block diagram illustrating an al-
ternative example of a voltage clamp circuit 300 coupled
with a DUT in accordance with certain embodiments of
the disclosed technology. In the example 300, the clamp
voltage for V4 is Ig * Rg.

[0015] Examples provide a voltage clamp circuit, com-
prising a first current source configured to drive an output
of the circuit, the first current source having a polarity, a
second current source coupled with aresistance, the sec-
ond current source having a polarity that is opposite the
polarity of the first current source, a voltage-controlled
current source having a polarity and configured to, when
its polarity is opposite that of the first current source, re-
move current from the output and, when its polarity is
opposite that of the second current source, remove cur-
rent from a node common to the second current source
and the resistance, a first capacitance coupled with the
output, and a second capacitance coupled across the
resistance.

[0016] Some examples further comprise a component
configured to compare the output voltage to the voltage
across the resistance.

[0017] Insomeexamplesthe componentisfurthercon-
figured to drive an input of the voltage-controlled current
source such than there is a negative feedback.

[0018] In some examples the first current source is
configured to drive the output of the circuit by setting a
maximum current.

[0019] In some examples the first capacitance is con-
figured to provide a single pole roll off of the output voltage
from the input to the voltage-controlled current source.
[0020] In some examples the second capacitance is
configured to provide a single pole roll off of the voltage
across the resistance from input to the voltage controlled
current source.

[0021] Having described and illustrated the principles
of the invention with reference to illustrated embodi-
ments, it will be recognized that the illustrated embodi-
ments may be modified in arrangement and detail without
departing from such principles, and may be combined in
any desired manner. And although the foregoing discus-
sion has focused on particular embodiments, other con-
figurations are contemplated.

[0022] In particular, even though expressions such as
"according to an embodiment of the invention" or the like
are used herein, these phrases are meant to generally
reference embodiment possibilities, and are not intended
to limit the invention to particular embodiment configura-
tions. As used herein, these terms may reference the
same or different embodiments that are combinable into
other embodiments.
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Claims

1.

A voltage clamp circuit, comprising:

a first current source configured to drive an out-
put of the circuit, the first current source having
a polarity;

a second current source coupled with a resist-
ance, the second current source having a polar-
ity that is opposite the polarity of the first current
source;

a voltage-controlled current source having a po-
larity and configured to:

when its polarity is opposite that of the first
current source, remove current from the
output; and

when its polarity is opposite that of the sec-
ond current source, remove current from a
node common to the second current source
and the resistance;

a first capacitance coupled with the output; and
asecond capacitance coupled across the resist-
ance.

The circuit of claim 1, further comprising a compo-
nent configured to compare the output voltage to the
voltage across the resistance.

The circuit of claim 2, wherein the component is fur-
ther configured to drive an input of the voltage-con-
trolled current source such than there is a negative
feedback.

The circuit of any previous claim, wherein the first
current source is configured to drive the output of
the circuit by setting a maximum current.

The circuit of any previous claim, wherein the first
capacitance is configured to provide a single pole
roll off of the output voltage from the input to the
voltage-controlled current source.

The circuit of any of claims 1 to 4, wherein the second
capacitance is configured to provide a single pole
roll off of the voltage across the resistance from input
to the voltage controlled current source.
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