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DIFFERENTIAL COMl'ARATOR CIRC.UIT 
This invention relates to a differential comparator circuit and, in 

particular, to a differential comparator circuit which includes . 
compensation for differences in the electrical characteristics of transistors 

S forming the' differential comparator. 
Differential amplifiers are widely used as comparators. For 

example, the input stage of a standard differential amplifier comparator 
formed using insulated-gate fi_eld-effect transistors (IGFETs) normally 
includes first and second IGFETs having their soµrce electrodes connected 

. l 0 in common to a common current source-and with an input signal applied 
to the gate of the first IGFET an~ ~ reference signal applied to the gate· of 
the second IGFET. A problem arises in the use of the differential amplifier 
as ~ comparator if the responses of the first and second IGFETS are not 
equal and symmetrical. This is the case, for example, where the threshold 

1 S voltages (i.e. the. gate-~urce voltages, VGS, at low source-to-drain 
current) of the first and second IGFETs are. different for the same bias 
conditions. Depending on which transistor has the larger.threshold 
voltage, the input signal will ~ppear to be greater or smaller than it 
actually is, r~ulting in an error. · 

2 0 This problem is very pronounced when· the IGFETs ·used to form 
the comparator are thin film transistors qFI's) made of amorphous 
silicon. The threshold voltages of TF:rs or IGFETs made of amorphous 
silicon tend to ~ non-uniform due to processing and other factors and to 
shift or drift during operation when subjected to different stress potentials. 

2 S · As a result of these characteristics, amorphous silicon transistors would 
normally not~ used to form a differential ci>~paratQr.· However, there 
are certain system applications where it is highly desirable and/ or 
necessary to use such transistors. One of these applications relates to 
circuitry for drivirig liquid.~~ displays. Amo~hous silioon is a 

3 0 desirable technology for fabncating liquid crystal displays because thiS 
material can be fabricated at low temperatures which permits the use of 
standard, readily available, and inexpensive substrate materials. 

· The liquid crystal displays are norm~y Composed of a m~bix of . 
pixels arranged in rows and columns~ These pixels ~ve to be ·driven· by 

3 5 row ~d column drivers which are in tum··drlven by switching and 
control circuits. ~or purpose of economy of space and. to reduce fabrication 
cost, it is preferable to simultaneously fabricate the control and switching 
-circuitry driVing the rows and columns of the liquid crystal display 
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elements ·using the same technology used to form the liquid ·crystal 
display. Furthermore, it is desirable to form the control and switching 
circuitry ·around the periphery of the liquid crystal display at the same time 
as the liquid crystal display is for.med· Therefore, there are compelling 

· 5 econonµc reasons (among others) for employing amorphous silicon 
transistors in the design of the control and switching circuitry including 
any comparator d~cuits. 

As detailed below, .applicant's inventio~ is directed to a comparator 
circuit which includes compensation for differences and shifts in the 

1 0 · threshold levels of the uansistors forming the comparator. The 
compensation scheme of the invention enables an accurate comparator to 
be formed using transistors having non-uniform and/ or varying 
characteristics, and may be formed using any known technology and may 
include IGFETs and/ or bipolar transistors. 

1 5 A comparator circuit embodying the invention includes a first . 
transistor adapted to receive an input signal ·at its gate electrode, a second 
transistor adapted to receive a reference signal at its gate electrode, a third 
transistor ha~g its conduction· path connected between the source 

. electrodes of the first and second transistors, and a current source means . 
2 0 arranged to be selectively cross «>upled across the third transistor to 

provide and autobalance bias C1,U'l'el\t conducted by said first and second 
transistors. 

In the accompanying FIGURES, like reference characteristics denote 
like components; and· 

. . 

2 5 . · FIGURE 1 is a block diagram of a system in which a comparator . 
embodying the invention may be used; 

FIGURE 2 is a schematic: diagram of a comparator circuit embodying 
the invention; 

FIGURE 3 is diaiP"am of waveforms associated with the cil'.cuit of 
3 0 • FIGURE 2; and · 

FIGURE 4 is a simplified idealized representation of a portion of a 
comparator circuit embodying the invention. 

Cir~ts and systems embodying the invention may be formed 
using transistors made of amorphous silicon which have low mobility, 

3 5 low gain and non-uniform threshold voltages. which drift with time and 
voltage stress. The use of such transistors is dictated by the need to 
fabricate cost effe~ve scannhig circuits using the same material as the 
components of a liquid crystal display panel of the type shown as 160 in 
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FIGURE 1 with which they are intended to operate. This feature enables 
the components of the system to be more easily integrated and . 
manufactured more inexpensively. 

For purpose of illustration, a comparator embodying the invention 
may be used in a system of the type shown in FIG. 1. In FIGURE 1, analog 
circuitry 110 receives an analog information signal representative of the 
data to be displayed from an antenna 120. When the incoming signal is a 
television video signal, the analog circuitry 110 is similar to that of a 
standard televisfon receiver of known type. However, the tube is replaced 
by a liquid crystal display device as described herein. The analog circuitry 
110 provides an analog data bearing signal on a line 130 as an input signal 
to an anal0g-to-digital converter (A/D) 140. The television signal from 
the analog circuitry 110 is to be displayed on a liquid crystal o!UTay 160 

. whi~ is composed of a large number of pixel. elements, such as the liquid 
crystal cell 1.60a, ~anged horizontally in m rows and vertically in n 
columns. The liquid crystal array 160 includes n columns of data lines 38, 
one for each of the vertical columns of liquid crystal cells, and m select 
lines 180, one for ea~ of the horizontal rows of liquid crystal cells. 

The A/D converter 140 includes an output bus 190 to provide 
brightness levels or gray scale codes, to a digital storage means 210 having 
a plurality of output lines 220. The output lines 220 of the digital storage 
means 210 control the voltages applied to the data lines 38 for the columns 
of liquid crystal cells 160a through digital-to-analog converters (DI A) 230, 
comparators 240 and tr~ion gates NS. Each of the output lines 220 
therefore controls the voltage applied· to the liquid crystal cell in a 
particular column when an "associated transmission· gate NS is ronducting 
and in accordance with the scanning of the select lines 180. A display 
device using counters and a· preferred embodiment of the digital storage 
means 210, in the· form of a shift register, are described in U.S. Patent Nos. · 
4,766,430 and 4,742,346 the teachings of which are incorporated herein by 
reference. A reference ramp generator 330 provides a reference ramp 
voltage signal on an output line 270 which is coupled to the respective 
comparators 240 in each of the columns of liquid crystal cells via a ~e 26. 
A data ramp generator 340 provides a data ramp to the columns of pixel,. 
elements by the connection of an ~utput line 37 to each of the 
tr~smission gates NS. In FIG.I, the transmissi~n gates NS are thin film 
transistors :which ai:e coupled to the outputs of the comparators 240 by 
lines 31~ 
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In operation, digitized bri~tness signals from the digitat storage 
means 210 are applied to the digital-to-analpg converters 230, the output 
lines 310 of which are connected to one input of a comparator 240 by an 
outi>ut line 310. The reference ramp generator 330 supplies a reference 

5 ramp potential to th~ other input of eacll of the comparators 240 via lines 
26. The reference ramp may be nonlinear to compensate for any 
nonlinearity generat~d in any part of the TV transmi$sion; receiving 
system, or of the comparators 240.. ·When the teference ramp voltage is 
lower (higher) than the brightness signal applied from the D/ As 230, the 

1 0 potential on the output lines 31 of the comparators 240 are high(low) and 
the transmission gates NS are conditioned to conduct(not-conduct). The 
voltages on the output lines 31 serve as the control signals fot the 
transmission gates NS. The data ramp on the line 37 from the data ramp 
generator 340 is applied to every pixel element whieh is within the 

1 5 actuated row, and which is associated with a turned on transmission gate 
NS. When the level of the reference ramp voltage reaches the level of ~e 
brightness signal from the D/ A 230, the output µne 31 of the comparator 
240 goes low turning the associated transmission gate NS off. The pixel 
element associated with the turned off transmission gate is therefore 

2 0 charged to the level established_ by the analog brightness signal from the 
D/A230. 

It is important that the comp~ators 240 respond accurately to the 
input signals. A comparator capable of accurate comparison even when 
the characteristics of the transistors forming the comparator are non-

2 5 uniform and subject to shift is ·shown in FIGURE 2. 
Referring to Fig. 2, co~parator 240 is shown to include an analog 

· input signal sample and transfer stage 10, a differential 
comparator stage 20, and an output stage 30 for driving the column · 
conductors of a liquid aystal displayi such as the array t6o shown in 

3 0 FIGURE-1. 

Stage 10 functic:»ns to s~ple analog input signals (INP) present at 
an input terminal 11 and to selectively apply a sampled signal to input 
node 21 of the comparator stage 20. 
The amplitude of the analog input signals (INP) may range in 

3 5 value between zero volts and 10 volts as shown in waveform INP of 
· FIGURE 3. The INP signal may be a TV signal derived via line 310 from a 
DI A converter 230 as shown in FIGURE 1 or any one of a number of . . 
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known signal sources. A dummy resistor, Rd, which may, for example, 
have a value of lOOk ohms is connected between terminal 11 and ground~ 

The conduction path of a sampling switching transistor Nl 1 is 
connected between terminal 11 and a node 12. A sampling capacitor Cl 

5 having a capacitance of, for example, 1 picofarad (pf) is eonnected be~een 

node 12 and a terminal 15 to which is applied a fixed direct current ~d.c.) 

voltage VA. In a particular design VA was set at 6 volts for reasons 

discusSed below. A sampling signal (SAMP) of the type shown in 

waveform SAMP of FIG. 3 is applied to the gate of Nl 1 to selectively 

1 0 . sample the analog input signal (INP) and to charge Cl to the value of the 
INP signal. In a· particular embodiment the SAMP signal includes a 

positive going pulse which goes frOm 0 volts to 20 volts during a sampling 

interval (e.g. tO - t1 in FIGURE 3) and which may extend for a one (1) 

microsecond period. 

1 5 The ON resistance of sampling switching transistor Nl 1 is a 
function of the difference between the sampling voltage pulse (i.e., 20 

volts) and the analog INP voltage ( 0to10 volts) applied to terminal 11. 

The sampling. transistor Nl 1 is overdriven with a sampling pulse of 20 

volts to ensure that it is turned-on hard whereby its conduction path is 

2 0. driven to a relatively low imj>edance condition during each sampling 
interval. The time constant of the resistance of Nl 1 and the capacitor Cl is 
designed to be sufficiently short to enable the capacitor Cl to be fully 

charged to the value of the INP input signal during eadt sampling 

. interval (e.g., 1 microsecond). 

2 5 The sampled signal stored on Cl is subsequently coupled to an 

input node _21 of differential comparator 20 via the conduction path of a 

transfer transistor N12 connected between node 12 and node 21. A transfer . . 
signal which includes a positive going transfer pulse (XFER) of 20 volts 

amplitude and having a pulse width of 1 to 2 microseconds, as shown in 

3 0 waveform XFER of FIG. 3, ~ applied to the gate electrode of N12 to 

selectively turn-it~ and to transfer the charge on Ci to the iitput node 21 

of stage 20. The XFER pulse undesirably couples switching charge onto the 

gate capacitance associated with the· input node 21 of the differential 

comparator. The ~asitic capacitance of the inp11t node is veiy low (e.g., 

3 5 0.15 pf). The effect of the XFER pulse~ be compeJtSated by means of an 

oµt-of-phase COMP pulse of.the type shown in waveform COMP of 
FIGURE 3 which is applied to the gate of a device N13. Device N13 is a 

. transistor whose somce to drain path is shorted to node 21 to form a 
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capacitor between node 21 and a terminal 1~ to wi:uch is applied the 
compensating pulse~ The conduction path of a transistor N14 is connected 
between node 21 and terminal 15. A Z-cot;ltrol signal which includes a 
positive going pulse as shown in waveform Z of FIG. 3 is applied to the 

5 gate of N14. When the Z-pulse is applied to the gate of transistor N14, it 
turns-on transistor N14 and causes a potential of VA volts to be applied_ to 
input node 21. The con4uction of transistor N14 allows the initial 
precha:i;ging of Cl tr ·ards VA volts which speeds up the worst case analog 
input signal settling time. 

1 0 The differential comparator stage 20 includes input terminal 21 to 
which is applied a sampled input.signal (IN), a reference input terminal 26 

to which is applied a reference input ramp signal (REFRAMP) of the type 
shown in waveform REFRAMP of FIG. 3 and an output terminal 25. 
Comparator 20 includes a first transistor Nl connected at its gate electrode 

1 5 to the input ~ode 21, at its drain electrode to a power terminal 17 to which 
is applied VCC ~olts, which may for example, be equal to 20 volts, and at 
its source electrode to a node 23. A second transistor N2 is connected at its . 
source electrode to node 24, at its drain electrode to output node 25 and at 
its gate electrode to terminal 26 to which is applied the REFRAMP signal. 

2 0 A feedback transistor NFB has its conduction path connected between ·. 
nodes 23 and 24. A transistor N4 is connected at its source electrode to 
node 25, at its drain electrode to terminal 17, and at its gate electrode to a 
terminal 27 to which is .applied a control signal (CONTROL) which 
includes _a positive going pulse as shown in waveform CONTROL of 

2 5 FIG.3. When the control signal (CONTROL) goes from zero volts to 20 

~olts it conditions the transistor N4 to charge the drain electrode of 
transistor N2 to a voltage which is close to VCC volts. _This is done just 
prior to and coincident with the _onset of each XFER pulse. 

Transistors Nl and N2 are interconnected to form a differential 
. 3 0 amplifier which is modified to include means. for substantially 

equilibrating the currents through Nl and N2 wheil substantially equal 
potentials are applied to their gate electrodes. Current balance in 
transistors Nl and N2 is established and maintained by circuitry which 

- . 
_ provides threshold correction and drift compensation to stage 20. The 

3 · 5 circuitry includes transistor NIA haVing its conduction path connected 

between node 23 and a power ~rminal 29 to which is applied a direct 
cmrent (de) operating voltage of, for example, -10 volts, and a transistor 
NIB having its conduction path co.nnected between node 24 and terminal 
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29. The conduction path of a transistor N2A is connected betw~n node 24 

and the gate of NlA and the conduction path of a transistor N2B is 

connected betw~ node 23 and the gate of NlB. A capacitor CA is shown 

connected between the gate of NIA and terminal 29 and a· capacitor CB is 

5 shown connected between the gate of NIB and terminal 29. Capacitors CA 

and CB may be discrete capacitors.or the integrated gate capacitances of 

NIA and NIB, respectively, and may for example have a value of O.I 

picofarad (pf). A control signal, Z, (see FIG.3) is applied to the gate 

electrodes of transistors N2A and N2B, whereby they are concurrently 

1 0 placed in and out of conduction. A control signal ZB, which is the 

complement of the Z signal, (waveform ~ of FIG. 3), is applied to the gate 

electrode of transistor NFB. Consequently, when NFB is conducting N2A 

and N2B are non-conducting and vice-versa. 

The differential amplifier 20. is alternately operated in an auto- . 

1 5 balancing mode during an. autobalandng time interval or phase, and in a 

signal comparing mode during a subsequent time interval or phase also 

denoted as the comparator phase. 

During auto balancing, the Z pulse goes high and the ZB pulse is 

driven low. When ·zs is "low", transistor NFB is turned-off and 

2 0 transisrors NI and N2 are isolated from each other.· Concurrently, when Z 

is "high," the transistors N2A and N2B are conditioned to conduct and to 

couple the potentiaIS V24 and V23 to the storage capacitors CA and CB. · 

.respectively, thereby rontrolling the conduction of transistors NIA and 

NIB. In this condition the gates of NIA and NIB are cross-coupled to the 

2 5 sources of N2 and NI, respectively .. Also during this perlod, like reference 

voltages (VF) are applied to the gates of N1 and N2. Since the input signal 

ranges from 0 to 10 volts it is desirable to auto-balance the differential 

amplifier 20 for a voltage which is close to, or slightly above, mid-range. 

By way of example, a reference voltage VF equal to 6 volts may be applied 

3 0 to the.gates ofNl and N2_during autobalance. VA volts, which is equal to 

6 volts in this example, is applied to the gate of tr~istor Nl via transistor 

NI4 which is turned-on by the Z pulse going high. Concurrently the 

REFRAMP signal applied to the gate of N2 is driven to 6 volts. Poi: this 

· bias condition, the voltage V23 at the source of Nl is equal to VF. (the 

3 5 potential applied to the gates of Nl and N2) minus VGSl, where· VGSl is 

the gate-to-source voltage drop. of Nl, and the potential V24 _at the source 

of N2 is equal to ~ minus VGS2; where VGS2 is equal to the gate-to­

source voltage drop of N2. At low drain-to-source current the VGS of the 
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respective transistors may be assumed to be approximately equai to their 
threshold voltage drop (VT). Although the VGS of the transistors changes 
With source-drain current (i.e., VGS increases with increas~g current), for 
ease of discussion, reference will be had to the threshold voltage (VTl) of 

5 transistor Nl and the threshold voltage (VT2) of transistor N2 rather than 
the VGS of Nl and. N2. 

Thus, during the auto-balance interval the bias voltage applied to 
the gate of transistor NIA is VF - VT2 while the bias voltage applied to the . 
gate of transistor NIB is VF - VTI. Ass~e, for example, that VTI 1s 

10 greater than VT2 whereby, for example, VT1 is equal to 3 volts while VT2 
is equal to 2 volts. Then, assuming VF to be equal to 6 volts,· V23 is equal 
to 3 volts while V24 is equal to 4 volts. For Z liigh, the 3 volts at node 23 
are applied to the gate of transistor NIB and stored on capacitor CB and the 

. 4 volts at node 24 are applied to the gate of transistor NIA and stored on 
1 5 capacitor CA Thus a voltage of +4 volts is applied to the gate of transistor 

NIA and a voltage of +3 volts is applied to the gate of transistor ~I B. 
Transistors NIA and NIB function· as current sources tending to pass a 
current which is a function of th~ amplitude of their gate voltages. For 
the threshold condition VT1 = 3v and VT2 = 2v, and in the absence of the 

2 0 cross coupled connection via transistors N2A and N2B, the current 
through transistor Ni woUld be les5 than the current through transistor 
N2 for equal gate voltages applied to transistors NI and N2 Thus, a 
significant feature of the differential circuit 20 is that the voltage at the 

-source of transistor NI is cross-applied to the gate of transistor NIB while 
2 5 the voltage at the sou:rce of transistor N2 is cross- applied to the gate of 

transistor. NIA. The current through transistors NIA and NI is controlled 
• 

by the source voltage of transistor N2 while the current ~ugh current 
source transistors NIB an~ N2 is controlled by the source voltage of 
transistor NI. For the assumed example where V23 is 3 volts and V24 is 4 

3 0 volts, the current sourced by transistor NIA will be greater than the 
current sourced by transistor NIB. As a result, the current through 
transistor NI will tend to be greater than the current through transistor 
N2. That is, the circuit is overoompensated or overcorrected in that 
transistor NI is caused to have greater ~nduction than transistor N2 

3 5 although transistor NI has a higher threshold voltage than tr~istor N2 
and would normally conduct less than transistor N2. ~ence, controlling 
the current source i:n the source leg of transistor NI by sampling the · 
voltage_at the source of tran5istor N2, and controlling the ctirrent source 
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in the source leg of transistor N2 by sampling the voltage at the sourc.-e of 

transistor Nl, results in an overcompensation for the differences in the 

threshold voltages of transistors Nl and N2 whether due to a p~ametric 

shift during operation or any other non-uniformity. The· 

5 overcompensation is reduced by turning-on transistor NFB and inserting . 

its conduction path·between the soi.trees of transist:Ors Nl and N2. . 

At the end of the auto-balancing cycle the Z pulse goes low and the 

~B signal goes high (e.g., see time t5 in FIGURE 3). This causes transistors 

N2A and N2B to be turned-off and transistor NFB to be turned-on. 

1 0 However capacitors CA and CB remain charged to the respective voltage 

conditions (VF- VT2) and (VF- VTl) existing at nodes 24 and 23, during 

auto-balancing. 
When the auto-balancing interval terminates, pulse signal ZB goes 

high and the feedback transistor NFB is turned-on, providing· a 

1 5 conduction path be~een nodes 23 and.24. The impedance of the 

conduction path of the ·transistor NFB tends to reduce the 

overcompensation by tending to equilabrate the currents conducted by 

transistors Nl and N2, for the same applied gate voltage. This can be 

demonstrated empirically by noting the following and by reference to 
. . 

2 0 FIGURE. 4 in which the impedance of transistor NFB is represented by a 

resistor RFB. If the impedance (RFB) of the conduction path of transistor 

NFB were to be made negligibly small (e.g., a short circuit) then the 

sources of transistors Nl and N2 would be held at the same voltage and 

there would be no compensation. That is, the transistor Nl or N2 having 

2 5 . the lower threshold voltage would determine the voltage at the common 

source connection. On the·other ~d, if the imped81l;ce of the conduction 

path of transi~tor NFB is made very high (e.g., NFB is turned-off) then for 

different threshold voltages the conduction through Nl and N2 is 

overcorrected during auto-balancing as described above. Assume , by way 

3 0 of example, that vn = 3v and VT2 = 2v and VF = 6v, resulting in 4 volts 

being applied to the g~te of transistor NlA and 3 volts being applied to the 

gate of transistor NIB. Consequently the current 11 through transistor 

NlA iS greater than the current 12 through transistor NIB. The 

conduction path of transistor NFB provides a current path between the 

3 5 sources of transistors NI and ~ with conventional current flowing from 

the source whiCh is at the higher potential (i.e., the one having the lower 

VT) to the source which is at the lower potential (i.e., the one having the 

higher VT). The potential drop across trClllSistor NFB support:s the ' . -=--=--~~~~~~ 
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difference in the source potentials of the difierential transistors N1 anci N2 

commenstirate with their threshold differences. Thus if the threshold 

potential of transistor Nl is x volts greater than the threshold potential of 

transistor N2, the voltage at the source of t:r~istor Nl is established at x 

5 volts less than the potential at the source of transistor N2. Application of 

like potentials to the gate electrodes of the transistors Nl and l':J2 will 

therefore result in substantially equal C:urrerits being conducted by 

transistors Nl and N2. The ~pedance of the conduction path of NFB is a 

function of its applied gate voltage, the voltage at nodes 23 and 24 and the 

10 size of NFB. The physical dimensions (or the conductivity) of transistor 

NFB will nominally be· selected to be similar to the dimensions· of 

transistors Nl and N2. 

The output terminal 25 of the differential comparator stage 20 is 

coupled· via an AC coupling capacitor C30 to output stage · 

1 5 30 which functions, for example, to drive the column conductors of a 

liquid crystal display. Capacitor C30 connected between output node 25 of 

the differential amplifier 20 and the input node 31 of the output stage 

enables the bias levels of the output stage to be changed (shifted) without 

significantly altering_ the level bias and drive capability of the differential 

2 0 amplifier 20. A transistor ~6 is connected at its source to node 31, at its 

drain to VCC volts, and at its gate to a terminal 33 to which is applied an 

OFFSET control signal~ The OFFSET signal includes a positive going pulse 

(waveform OFFSET of Fig. 3) which causes transistor N6 to be turned-on 

·momentarily concurrent with transistor N4 being conditioned to couple 

2 5 voltage VCC to node 25. An output drive transistor NS, which performs 

the same function as· transmission gate NS of FIGURE 1, has its gate 

electrode connected to node or line 31, its drain _electrode connected to a 

terminal 37, to which is applied a DATARAMP signal (waveform 

DATARAMP of FIG.3), and at its source to a column conductor 38 and on~ 

3 0 side of a capacitor C31 ~hich represents the column bus capacitance. The · 

other side of capacitor C31 is connected to a terminal 39 which represents. 

the back plane of the liquid crystal displi.y and to which is applied a fixed 

·ground potential, VBP. A transistor N7 has its drain electrode connected 

to terminal 31, its gate electrode connected to terminal 35, and its source 

3 5 electrode connected to a terminal 41 to which is applied a potential VE. 

N7 is a small high impedance device designed to discharge the potential at 

the gate of.trarisistor NS when the potential on the drain of transistor NS 
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exceeds a desired range, thereby limiting the output potential providec:i by 
transistor NS. 

The output stage 30 is operated in two modes, one mode being 
denoted as the positive mode and the other mode being·denoted as the 

5 negative mode. Operation of the output stage is alternated between these 
two modes to cause cyclical reversal of the current through the liquid 
crystal display elements to extend their lifetime. During the positive 
mode: (a) VCC is equal to 20 volts; (b) the OFFSET signal is norinally at, 
Qr close to zero volts and when pulsed goes to 20 volts; (c) the 

1 ·o DATARAMP signal ramps up from zero v'?lts to 15 volts; and (d) VE volts 
is set at zero volts. During the negative mode the bias signals and voltages 
noted above are shifted down by -8 volts. Thus: (a) VCC is set to 12 volts; 
(b) the QFFSET signal is normally.at-8 volts and when pulsed goes to +12 
volts; (c) the DATARAMP signal ramps up from -8 volts to +7 volts; and 

1 5 (d) VE volts "is set at -8 volts. Furthermore during the negative mode the 
value of the input signal (INP) is inverted. 

As noted above, AC coupling the output 25 of the differenti~ 
amplifier 20 via C30 to the output stage 30 enables the output stage to the 
operated in the positive or the negative mode without upsetting the bias 

2 0 level at node 25 and to drive current in the liquid crystal display 
bidirectionally. 

In the operation of the circuit of FIGURE 2, during each auto­
balancing phase the same voltage (e.g., 6. volts) is applied to the gates of 
transistor Nl and ·transistor N2~ transistor NFB is turned-off and capacitors 

2 5 CA and CB are charged to the voltages at the sources of transistor N2 and 
tr~sistor Nl, respectively. Just prior to the termination of auto-balan~g 
and the onset of a comparator phase a 20 volt CONTROL pulse is applied 
to the gate of transistor N4 and a 20 volt OFFSET pulse is applied to the 
gate of transistor N6. The CONTROL and OFFSET pulses cause node 25 to 

3· 0 l>e charged to· VCC minus the VT of N4 and node 31 to be charged to VCC 
minus the VT of transistor N6, respe~vely. With node 31 charged.to · 
(VCC-VT) volts, transistor NS is conditioned to conduct coupling the 
DATARAMP signal at the drain of transistor NS onto the column 
conductor at the source of transistor NS. . 

3 5 With the onset of a comparison phase, an input signal which may 
range in value between 0 and 10 volts is applied to the gate of transiStor 
Nl under the control of a XFER pulse, and. a REFRAMP signal which 
ramps ~p from 0 volts to 10 volts is applied to the gate of transistor N2. 
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Assume, for example, that the input signal is equal to 5 volts. For values 
of the REFRAMP signal below 5 volts, transistor Nl conducts a current 21 
and transistor·N2 conducts little if any current. As the REFRAMP signal 
increases to ·a value close to the signal voltage at the gate of transistor Nl 

5 conduction through transistor N2 begins to increase. When the 
amplitude of the signal REFRAMP is equal to the signal voltage at the gate 
of transistor Nl the current, 12, through transistor N2 is then equal to the 
current, 11, through transistor Nl for the compensated condition. As the 
signal REFRAMP increases above the signal at the gate of transistor Nl, . 

1 0 conduction through transistor N2 increases. As transistor N2 conducts 
more heavily it quickly discharges capacitor C30 and node 31 fowering the 
potential on the gate of transistor NS, until transistor NS is turned-off. 
Although transistor NS is turned-off, the column conductor remains 
charged. · · 

1 5 The circuit 30 responds in a similar fashion whether operated in the 
posi~ve mode or the negative mode and need not be further detailed. 

The invention .has been illustrated with transistor Nl and transistor 
N2 being IGFETs. However it should be appreciate~ that the invention is 
also applicable to transistor Nl and transistor N2 being bipolar transistors. 
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CLAIMS: 

1. A comparator comprising: 
first and second transistors, each transistor having first and second 

electrodes defining the end$ of a conduction path and a control electrode 
and wherein a voltage applied between the control and first electrodes 
.controls the conductivity of-the conduction path; and current source 
means for providing current to said first and second transistors, including 
first and second current sourees arranged ~ provide current to the 
conduction paths_ of said first and second transistors respectively, said first 
and second current sources having respective control electrodes; 

· characterized by: 

means for altem~tely coupling and decoupling the control 
electrodes of the first and second current s<>urces to the first electrodes of 
the second and first transistors, respectively and 
a selectively enabled impedance means connected between the first 
electrodes of the the first and second transistors. 

2. The compar~tor set forth. in claim 1 characterized in that said · 
selectively enabled impedance means is an IGFET having its conduction 

· path connected between the first electrodes of the first and second 
transistors for providing feedback therebetween; and 

in that said IGFET is disabled when the control electrodes of said 
first and second current sources are coupled to the first electrodes of said 
second and first transistors, and said IGFET is enabled when· the control 
electrodes of the first and &econd current sources are not coupled to the 
first electrodes of said second and first transistors. 
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