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(57) ABSTRACT 

A number of Voltage-controlled resistance cells, each 
formed by a transistor With a biasing capacitor connected 
between the gate and source and an associated controller 
coupled to the capacitor to maintain a steady charge on the 
biasing capacitor and keep the gate-source Voltage at a con 
trol Voltage corresponding to a desired resistance, are 
employed to form a Voltage-controlled resistance structure. 
The gate Voltage applied to each transistor is able to “?oat” 
together With the source Voltage in order to keep the gate 
source Voltage constant, and the resistance structure exhibits 
improved Voltage-dependent resistance linearity together 
With a larger range of biasing While lowering needed refresh 
frequencies to avoid noise injection. 

SCil9, No. 4, Aug. 1984.* 20 Claims, 2 Drawing Sheets 
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HIGH LINEARITY, LOW POWER VOLTAGE 
CONTROLLED RESISTOR 

Matter enclosed in heavy brackets [ ] appears in the 
original patent but forms no part of this reissue speci?ca 
tion; matter printed in italics indicates the additions 
made by reissue. 

TECHNICAL FIELD OF THE INVENTION 

The present invention is directed, in general, to voltage 
controlled resistors and, more speci?cally, to voltage con 
trolled resistors with high resistance-to-voltage linearity for 
use in tuning circuits and the like. 

BACKGROUND OF THE INVENTION 

Voltage controlled resistors, having a resistance which 
varies with an applied voltage, have use in a wide variety of 
applications, including, for example, tuning circuits. Metal 
oxide semiconductor (MOS) transistors may function as 
voltage controlled resistors if operated in the ohmic region, 
with the gate-source voltage controlling the resistance. 

Within the signal path of a signal processing circuit, 
however, the resistance of an MOS transistor employed to 
provide voltage controlled resistance also changes with the 
source-drain voltage. If the gate voltage is held constant, the 
resistance of the transistor changes with the source voltage, 
introducing high non-linearity in the resistive behavior of the 
transistor. This non-linearity becomes higher as the over 
drive voltage applied to the transistorithe gate-source volt 
age minus the threshold voltage (V gs—Vt)4decreases. As 
the voltage supply becomes lower, providing a good over 
drive of the transistor becomes increasingly di?'lcult, par 
ticularly if the source (assuming an n-channel transistor) 
cannot be connected to ground. 

There is, therefore, a need in the art for a voltage con 
trolled resistor having a high linearity of resistance per unit 
change in applied voltage. 

SUMMARY OF THE INVENTION 

To address the above-discussed de?ciencies of the prior 
art, it is a primary object of the present invention to provide, 
for use in an integrated circuit, a voltage-controlled resis 
tance structure formed from a number of voltage-controlled 
resistance cells, each including a transistor with a biasing 
capacitor connected between the gate and source and an 
associated controller coupled to the capacitor to maintain a 
steady charge on the biasing capacitor and keep the gate 
source voltage at a control voltage corresponding to a 
desired resistance. The gate voltage applied to each transis 
tor is able to “?oat” together with the source voltage in order 
to keep the gate-source voltage constant, and the resistance 
structure exhibits improved voltage-dependent resistance 
linearity together with a larger range of biasing while lower 
ing needed refresh frequencies to avoid noise injection. 

The foregoing has outlined rather broadly the features and 
technical advantages of the present invention so that those 
skilled in the art may better understand the detailed descrip 
tion of the invention that follows. Additional features and 
advantages of the invention will be described hereinafter that 
form the subject ofthe claims of the invention. Those skilled 
in the art will appreciate that they may readily use the con 
ception and the speci?c embodiment disclosed as a basis for 
modifying or designing other structures for carrying out the 
same purposes of the present invention. Those skilled in the 
art will also realize that such equivalent constructions do not 
depart from the spirit and scope of the invention in its broad 
est form. 
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2 
Before undertaking the DETAILED DESCRIPTION OF 

THE INVENTION below, it may be advantageous to set 
forth de?nitions of certain words or phrases used throughout 
this patent document: the terms “include” and “comprise,” as 
well as derivatives thereof, mean inclusion without limita 
tion; the term “or” is inclusive, meaning and/or; the phrases 
“associated wit ” and “associated therewith,” as well as 

derivatives thereof, may mean to include, be included 
within, interconnect with, contain, be contained within, con 
nect to or with, couple to or with, be communicable with, 
cooperate with, interleave, juxtapose, be proximate to, be 
bound to or with, have, have a property of, or the like; and 
the term “controller” means any device, system or part 
thereof that controls at least one operation, whether such a 
device is implemented in hardware, ?rmware, software or 
some combination of at least two of the same. It should be 
noted that the functionality associated with any particular 
controller may be centralized or distributed, whether locally 
or remotely. De?nitions for certain words and phrases are 
provided throughout this patent document, and those of ordi 
nary skill in the art will understand that such de?nitions 
apply in many, if not most, instances to prior as well as 
future uses of such de?ned words and phrases. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present 
invention, and the advantages thereof, reference is now made 
to the following descriptions taken in conjunction with the 
accompanying drawings, wherein like numbers designate 
like objects, and in which: 

FIG. 1 depicts a voltage controlled resistance structure 
according to one embodiment of the present invention; 

FIG. 2 illustrates in greater detail a voltage controlled 
resistor portion of a resistance cell according to one embodi 
ment of the present invention; 

FIG. 3 illustrates a voltage controlled resistor and associ 
ated controller for a resistance cell according to one embodi 
ment of the present invention; 

FIG. 4 illustrates a timing diagram for driving the control 
inputs to voltage controlled resistor and associated controller 
for each resistance cell according to one embodiment of the 
present invention; 

FIG. 5 depicts a plot of the voltage-dependent resistance 
of a resistance structure having 10 resistance cells according 
to one embodiment of the present invention connected in 
series; and 

FIG. 6 depicts a plot of the voltage-dependent resistance 
of a resistance structure having only one resistance cell 
according to one embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

FIGS. 1 through 6, discussed below, and the various 
embodiments used to describe the principles of the present 
invention in this patent document are by way of illustration 
only and should not be construed in any way to limit the 
scope of the invention. Those skilled in the art will under 
stand that the principles of the present invention may be 
implemented in any suitably arranged device. 

FIG. 1 depicts a voltage controlled resistance structure 
according to one embodiment of the present invention. Volt 
age controlled resistance structure 100 includes a set of n 
(where n is any positive integer) voltage controlled resis 
tance cells 101a*101n connected in series. In the exemplary 
embodiment, each voltage controlled resistance cell 
101a*101n receives three control signals WS, WC and WG2 
in addition to a control voltage Vg, as described in further 
detail below. 
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FIG. 2 illustrates in greater detail a voltage controlled 
resistor portion of each resistance cell according to one 
embodiment of the present invention. Each resistance cell 
101n includes voltage controller resistor 200 formed by a 
metal oxide semiconductor (MOS) ?eld effect transistor M0 
(an n-channel transistor in the exemplary embodiment) With 
a capacitor cgate connecting the gate to the source. If the 
charge of capacitor agate is kept constant, then the gate 
source voltage Vgsiand the channel resistance, as Well4of 
transistor M0 Will also remain constant. In this 
con?guration, because no direct current (DC) path exists 
Which can discharge the capacitor cgate, any variation in the 
source voltage Vs Will automatically result in the same varia 
tion of the gate voltage Vg, keeping the gate-source voltage 
Vgs constant in this manner. The resistance structure of FIG. 
1 is formed by connected the source of transistor M0 in one 
resistance cell to the drain of transistor M0 in another tran 
sistor cell. 

FIG. 3 illustrates a voltage controlled resistor and associ 
ated controller for each resistance cell according to one 
embodiment of the present invention. As With the circuit of 
FIG. 2, the resistance structure of FIG. 1 is formed by con 
nected the source of transistor M0 in one resistance cell to 
the drain of transistor M0 in another transistor cell. The asso 
ciated controller 300 for each resistance cell is not intercon 
nected With controllers for other resistance cells, although 
each receives the same control inputs WC, WS and WG2. 

Controller 300 is employed With each resistance cell 101n 
in order to maintain a constant charge on capacitor cgate 
Within voltage controlled resistor 200. Controller 300 
includes tWo transistors MWGl and MWG2 connected in 
series betWeen the gate (node g) of transistor M0 and the 
input for control voltage Vg. Transistors MWGl and MWG2 
are an n-channel transistor and a p-channel transistor, 
respectively, in the exemplary embodiment, having their 
sources connected together With the drain of transistor 
MWGl connected to the control voltage input Vg and the 
drain of transistor MWG2 connected to the gate of transistor 
MO. The gate-source voltage Vgs Which is to be “translated” 
into a resistance is applied to the control voltage input Vg. 

Controller 300 also includes a capacitor cvreg connected 
in parallel With the capacitor cgate by transistor MWG2, 
Which connects one terminal of capacitor cvreg to a terminal 
(node n1) of capacitor cgate and to the gate of transistor M0 
(node g), and by transistor MSWS, an n-channel transistor in 
the exemplary embodiment Which connects the other termi 
nal (node n2) of capacitor cvreg to both the second terminal 
of capacitor cgate and the source of transistor M0 (node s). 
The gate of transistor MWG2 is connected to the control 
input WG2 While the gate of transistor MSWS is connected 
to the control input WS. 

Transistor MSWS is connected at the source to capacitor 
cgate and the source of transistor M0 (node s) and at the 
drain to capacitor cvreg and the drain of transistor MWC 
(node n2). Transistor MWC, an n-channel transistor in the 
exemplary embodiment, is connected at the source to a 
ground voltage level gnd and a the gate to both the gate of 
transistor MWGl and the control input WC. 

In operation, When control input WS is high and control 
inputs WG2 and WC are both loW, transistors MWG2 and 
MSWS are on, shorting capacitors cvreg and cgate together, 
While transistors MWGl and MWc are both off. Both 
capacitors cvreg and cgate are therefore alloWed to “folloW” 
the voltage at the source of transistor M0 (node s). When 
control input WS goes loW and control input WG2 goes high 
(While control input WC remains loW), transistors MWG2 
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4 
and MSWS are off, thus disconnecting capacitor cvreg from 
capacitor cgate, although capacitor cgate is still alloWed to 
“?oat” and folloW the voltage at the source of transistor M0 
(node s). Once disconnected from capacitor cgate, capacitor 
cvreg is ready to be recharged by the input voltage Vg, 
Which is enabled by control input WC going high and turn 
ing on transistors MWGl and MWC. 

FIG. 4 illustrates a timing diagram for driving the control 
inputs to voltage controlled resistor and associated controller 
for each resistance cell according to one embodiment of the 
present invention. The control signals shoWn are applied to 
the control inputs WC, WS and WG2 of the circuits in FIGS. 
1 and 3. As shoWn, control inputs WG2 and WS are inversely 
related, and control input WC is driven high only While con 
trol input WS is loW and control input WG2 is high, discon 
necting capacitor cvreg from capacitor cgate. 
The voltage controlled resistance structure of the present 

invention has several advantages over other voltage con 
trolled resistance structures: PoWer dissipation is very small, 
since only a small amount of charge is needed to compensate 
the losses on the capacitors (leakage currents) once the cir 
cuit has reached rest biasing. By connecting a number of 
resistance cells of the type disclosed in series, the variation 
of each source-drain voltage (V ds) is smaller, so that the 
resistance is much more linear over the Vds variation, Which 
is noW reduced. 

FIGS. 5 and 6 illustrate the improvement of resistance 
linearity as the number of resistance cells connected in series 
to form a voltage controlled resistance structure increases. In 
both plots, the horiZontal axis represents the voltage drop 
across the entire resistance structure, While the vertical axis 
represents resistance. In the ideal case, the lines should be 
horiZontal (no resistance variation When the applied voltage 
changes). The different steps correlate to the differing values 
of gate-source voltage (V gs) applied to the resistance struc 
ture (Where the same Vgs is applied to each transistor). FIG. 
5 depicts the voltage-dependent resistance of a resistance 
structure having 10 resistance cells according to the present 
invention connected in series; FIG. 6 depicts the voltage 
dependent resistance of a resistance structure having only 
one resistance cell according to the present invention. 
The improved voltage-dependent resistance linearity of 

the voltage-controlled resistance structure of the present 
invention is possible because the gate-source voltage Vgs 
applied to each transistor is able to “?oat”, together With the 
source voltage, Which also alloWs a larger range of biasing 
since if the voltage at the sources (node s) of each transistor 
M0 groWs, the voltage at the gate (node g) also groWs and 
may even become higher than the supply voltage if neces 
sary (and not harmful to the circuit). The improved voltage 
dependent resistance linearity Within the voltage-controlled 
resistance structure of the present invention also alloWs the 
frequency of the refreshing signals (control inputs WC, WS 
and WG2) to be relatively loW, limiting problems due to 
noise injection on nodes sensitive to such problems. 

Although the present invention has been described in 
detail, those skilled in the art Will understand that various 
changes, substitutions, and alterations herein may be made 
Without departing from the spirit and scope of the invention 
in its broadest form. 
What is claimed is: 
[1. For use in an integrated circuit, a voltage controlled 

resistance cell for provided a voltage-controlled variable 
resistance having improved voltage-dependent resistance 
linearity comprising: 

a transistor providing a voltage-controlled resistance 
betWeen a drain and a source of the transistor in 
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response to a control voltage applied across a gate and 
the source of the transistor; 

a biasing capacitor connected betWeen the gate and the 
source, the biasing capacitor maintaining a gate-source 
voltage on the voltage-controlled resistance transistor 
to produce a corresponding resistance betWeen the 
drain and the source of the voltage-controlled resis 
tance transistor; and 

a controller coupled to the capacitor and maintaining a 
steady charge on the capacitor.] 

2. [The] For use in an integrated circuit, a voltage con 
trolled resistance cell [as set forth in claim 1] for providing a 
voltage-controlled variable resistance having improved 
voltage-dependent resistance linearity, the voltage 
controlled resistance cell comprising: 

a transistor providing a voltage-controlled resistance 
between a drain and a source of the transistor in 
response to a control voltage applied across a gate and 
the source of the transistor; 

a biasing capacitor connected between the gate and the 
source, the biasing capacitor maintaining a gate 
source voltage on the voltage-controlled resistance 
transistor to produce a corresponding resistance 
between the drain and the source of the voltage 
controlled resistance transistor; and 

a controller coupled to the biasing capacitor and main 
taining a steady charge on the capacitor, Wherein the 
controller further comprises: 

a regulating capacitor capable of being selectively 
coupled in parallel With the biasing capacitor, the regu 
lating capacitor receiving the control voltage and pass 
ing the control voltage to the biasing capacitor When 
coupled to the biasing capacitor. 

3. The voltage controlled resistance cell as set forth in 
claim 2 Wherein the controller further comprises: 

a ?rst transistor coupling a ?rst terminal of the regulating 
capacitor to a ?rst terminal of the biasing capacitor; and 

a second transistor coupling a second terminal of the regu 
lating capacitor to a second terminal of the biasing 
capacitor, 

Wherein the regulating capacitor is coupled to the biasing 
capacitor When the ?rst and second transistors are on. 

4. The voltage controlled resistance cell as set forth in 
claim 3 Wherein the controller further comprises: 

a third transistor coupling the ?rst terminal of the regulat 
ing capacitor to a control voltage input; and 

a fourth transistor coupling the second terminal of the 
regulating capacitor to a ground voltage. 

5. The voltage controlled resistance cell as set forth in 
claim [1] 2 Wherein the controller sets the gate-source volt 
age on the voltage-controlled resistance transistor to the con 
trol voltage. 

6. The voltage controlled resistance cell as set forth in 
claim [1] 2 Wherein the voltage-controlled resistance transis 
tor forms a portion of a voltage controlled resistance struc 
ture When the drain of the voltage-controlled resistance tran 
sistor is connected to a source of a voltage-controlled 
resistance transistor Within another resistance cell. 

[7. A voltage controlled resistance structure comprising: 
a plurality of voltage controlled resistance cells connected 

in series for provided a voltage-controlled variable 
resistance having improved voltage-dependent resis 
tance linearity, each resistance cell comprising: 
a transistor providing a voltage-controlled resistance 
betWeen a drain and a source of the transistor in 
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6 
response to a control voltage applied across a gate 
and the source of the transistor; 

a biasing capacitor connected betWeen the gate and the 
source, the biasing capacitor maintaining a gate 
source voltage on the voltage-controlled resistance 
transistor to produce a corresponding resistance 
betWeen the drain and the source of the voltage 
controlled resistance transistor; and 

a controller coupled to the capacitor and maintaining a 
steady charge on the capacitor.] 

8. [The] A voltage controlled resistance structure [as set 
forth in claim 7] comprising: 

a plurality of voltage controlled resistance cells connected 
in series for provided a voltage-controlled variable 
resistance having improved voltage-dependent resis 
tance linearity, each resistance cell comprising: 

a transistor providing a voltage-controlled resistance 
between a drain and a source of the transistor in 
response to a control voltage applied across a gate and 
the source of the transistor; 

a biasing capacitor connected between the gate and the 
source, the biasing capacitor maintaining a gate 
source voltage on the voltage-controlled resistance 
transistor to produce a corresponding resistance 
between the drain and the source of the voltage 
controlled resistance transistor; and 

a controller coupled to the biasing capacitor and main 
taining a steady charge on the capacitor, Wherein the 
controller for each resistance cell further comprises: 

a regulating capacitor capable of being selectively 
coupled in parallel With the biasing capacitor, the regu 
lating capacitor receiving the control voltage and pass 
ing the control voltage to the biasing capacitor When 
coupled to the biasing capacitor. 

9. The voltage controlled resistance structure as set forth 
in claim 8 Wherein the controller for each resistance cell 
further comprises: 

a ?rst transistor coupling a ?rst terminal of the regulating 
capacitor to a ?rst terminal of the biasing capacitor; and 

a second transistor coupling a second terminal of the regu 
lating capacitor to a second terminal of the biasing 
capacitor, 

Wherein the regulating capacitor is coupled to the biasing 
capacitor When the ?rst and second transistors are on. 

10. The voltage controlled resistance structure as set forth 
in claim 9 Wherein the controller for each resistance cell 
further comprises: 

a third transistor coupling the ?rst terminal of the regulat 
ing capacitor to a control voltage [input]; and 

a fourth transistor coupling the second terminal of the 
regulating capacitor to a ground voltage. 

11. The voltage controlled resistance structure as set forth 
in claim 10 Wherein the controller for each resistance cell 
sets the gate-source voltage on the voltage-controlled resis 
tance transistor Within the corresponding resistance cell to 
the control voltage. 

12. The voltage controlled resistance structure as set forth 
in claim 10 Wherein the controller for each resistance cell 
further comprises: 

a ?rst input for receiving the control voltage; 
a second input for receiving a ?rst control signal control 

ling the ?rst transistor; 
a third input for receiving a second control signal control 

ling the second transistor; and 
a fourth input for receiving a third control signal control 

ling the third and fourth transistors. 
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13. For use in an integrated circuit, a method of control 
ling a voltage controlled resistance comprising: 

applying a control voltage across a gate and a source of at 
least one voltage-controlled resistance transistor and 
across at least one biasing capacitor connected betWeen 
the gate and the source, the at least one voltage 
controlled resistance transistor producing a resistance 
corresponding to the control voltage betWeen a drain 
and the source of the at least one voltage-controlled 
resistance transistor; and 

maintaining a steady charge on the at least one biasing 
capacitor by selectively coupling a regulating capacitor 
to the at least one biasing capacitor, wherein the regu 
lating capacitor is capable ofbeing selectively coupled 
to the control voltage. 

14. The method as set forth in claim 13 Wherein the step of 
applying a control voltage across a gate and a source of at 
least one voltage-controlled resistance transistor and across 
at least one biasing capacitor connected betWeen the gate 
and the source further comprises: 

applying the control voltage across a gate and a source of 
each of a plurality of voltage-controlled resistance tran 
sistors connected in series and across a plurality of 
biasing capacitors each connected betWeen the gate and 
source of one of the plurality of voltage-controlled 
resistance transistors. 

15. The method as set forth in claim 14 Wherein the step of 
maintaining a steady charge on the at least one biasing 
capacitor further comprises: 

maintaining a steady charge on each of the plurality of 
biasing capacitors. 

[16. The method as set forth in claim 13 Wherein the step 
of maintaining a steady charge on the at least one biasing 
capacitor further comprises: 

selectively coupling a regulating capacitor to the at least 
one biasing capacitor, Wherein the regulating capacitor 
is capable of being selectively coupled to the control 
voltage.] 

17. The method as set forth in claim [16] 13 further com 
prising: 

selectively coupling one terminal of the regulating capaci 
tor to the control voltage and a second terminal of the 
regulating capacitor to a ground voltage. 

18. The method as set forth in claim 17 further compris 
ing: 

disconnecting the regulating capacitor from the biasing 
capacitor before coupling the regulating capacitor to 
the control voltage and disconnecting the regulating 
capacitor from the control voltage before recoupling 
the regulating capacitor to the biasing capacitor. 

19. The method as set forth in claim 17 further compris 
ing: 

periodically connecting the regulating capacitor to the 
control voltage and to the biasing capacitor in 
sequence. 

20. The method as set forth in claim 17 further compris 
ing: 

driving a common set of control signals to periodically 
refresh or alter the control voltage applied to across the 
gate and source of each of the plurality of voltage 
controlled resistance transistors. 

21. For use in an integrated circuit, a voltage controlled 
resistance cell for providing a voltage-controlled variable 
resistance having improved voltage-dependent resistance 
linearity, the voltage controlled resistance cell comprising: 

a transistor providing a voltage-controlled resistance 
between a drain and a source of the transistor in 
response to a control voltage applied across a gate and 
the source of the transistor; 
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8 
a biasing capacitor connected between the gate and the 

source, the biasing capacitor providing a gate-source 
voltage on the voltage-controlled resistance transistor 
to produce a corresponding resistance between the 
drain and the source of the voltage-controlled resis 
tance transistor; and 

a controller coupled to the biasing capacitor to selectively 
charge the biasing capacitor and allow the voltage at 
the gate of the transistor to follow the voltage at the 
source of the transistor when there is a variation in 
voltage at the source and thereby maintain the gate 
source voltage constant, 

wherein the transistor provides a voltage-controlled resis 
tance to a circuit connected across the drain and the 
source of the transistor, and 

wherein the controller is connected only to the gate and 
the source of the transistor, and not to the drain of the 
transistor. 

22. A voltage controlled resistance structure comprising: 
a plurality of voltage-controlled resistance cells con 

nected in series for providing a voltage-controlled vari 
able resistance having improved voltage-dependent 
resistance linearity, each resistance cell comprising: 
a transistor providing a voltage-controlled resistance 

between a drain and a source of the transistor in 
response to a control voltage applied across a gate 
and the source of the transistor; 

a biasing capacitor connected between the gate and the 
source, the biasing capacitor providing a gate 
source voltage on the voltage-controlled resistance 
transistor to produce a corresponding resistance 
between the drain and the source of the voltage 
controlled resistance transistor; and 

a controller coupled to the capacitor and charging the 
capacitor and allow the voltage at the gate of the 
transistor to follow the voltage at the source of the 
transistor when there is a variation in voltage at the 
source and thereby maintain the gate-source voltage 
constant, 

wherein each transistor provides a voltage-controlled 
resistance to a circuit connected across the series of 
voltage controlled resistance cells, and 

wherein each controller is connected only to the gate 
and the source of the respective transistor within the 
same voltage-controlled resistance cell, and not to 
the drain of the respective transistor 

23. For use in an integrated circuit, a method ofcontrol 
ling a voltage controlled resistance comprising: 

applying a control voltage across a gate and a source ofat 
least one voltage-controlled resistance transistor and 
across at least one biasing capacitor connected 
between the gate and the source, the at least one 
voltage-controlled resistance transistor producing a 
resistance corresponding to the control voltage 
between a drain and the source of the at least one 
voltage-controlled resistance transistor, wherein the 
transistor provides a voltage-controlled resistance to a 
circuit connected across the drain and the source of the 
transistor; and 

using a controller connected only to the gate and the 
source of the transistor, and not to the drain of the 
transistor, charging the at least one biasing capacitor 
and allowing the voltage at the gate ofthe transistor to 
follow the voltage at the source ofthe transistor when 
there is a variation in voltage at the source and thereby 
maintaining the gate-source voltage constant. 

* * * * * 


