A LIQUID CRYSTAL DI SPLAY DRIVER W TH THRESHOLD VOLTAGE DRI FT COVPENSATI ON
“This invention rel ates generally to drive circuits for display 5 devices
and particularly to a shift register for applying row select |line signals
to rowselect lines in aliquid crystal display (LCD). Display devices,
such as liquid crystal displays, are conposed of a matrix of pixels
arranged horizontally in rows and vertiktally in colums. The video
information to be displayed is 1 O applied as brightness (gray scal e)
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of an LCD.  fapricating liquid crystal displays because this material can be
fabricated -at low temperatures.' Low fabrication temperature is
- 20 impdrtant. because it permits the use of standard, readily
available and inexpensive substrate materials. However, the use
of amorphous silicon thin film transistors (a-'Si TFTs) in integrated
peripheral pixel drivers causes design difficulties because of low
mobility, threshold voltage drift and the availability of only N-
25 type metal oxide semiconductor (N-MOS) enhancement transistors.
In an active matrix display each pixel element includes a
switching device which applies the video signal to the pixel.
Typically, the switching device is a TFT which receives the
brightness information from solid state circuitry. Because both
30 the TFT's and the circuitry are.composed of solid state devices it is
preferable to simultaneously fabricate the TFT's and the drive
circuitry utilizing either amorphous silicon or polysilicon .
technology. U.S. Patent No. 5,170,155 in the names of Plus et al.,
entitled "System for Applying Brightness Signals To A Display
35 Device And Comparator Therefore”, describes an example of data
line or column drivers of an LCD.



2 Because of parasitic coupllng bet ween the col unmm data I|nes and row

*sel ect lines, the data ranping voltage devel oped in the data lines is
capacitively coupled to each of the row select |ines and produces therein a
parasitic disturbance signal. It is desirable 5 to prevent such parasitic
signal fromdeveloping in the row select lines to prevent the fal se
selection of a row. Select line drive c2rcuitry is desirably fabricated
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illustrates aaﬂmlromcndil(umdarpaxasm% rsignalr dgi shented or prevented from
developing at a significant magnitude at the row line conductor.
| Each row line conductor is de-selected during the majority
20 of an updating cycle or a frame time. Consequently, the pulldown
TFT's are conductive most of the time and are susceptible to over-
- stress. Consequently, an increase in the threshold voltage of the
pulldown TFT occurs over the operational lifetime. It is desirable
to reduce the drive voltage applied to the pulldown TFT to reduce
25 the potential for over-stress in a manner that takes into account
the increase in the threshold voltage.
A display select line shift register, embodying an aspect of
the invention, includes a transistor which may exhibit substantial
threshold drift due to operational voltages. A control voltage is
30 applied to the transistor. The control voltage is produced in a
sensor. that senses the threshold drift. The control voltage is
automatically changed to maintain-a current conducting
parameter of the transistor substantially constant with threshold
drift. ' :
35 FIGURE 1 illustrates a block diagram of a shift register
including a plurality of cascaded stages;



including a plurality of cascaded stages; 3 FIGURE 2 illustrates a
*schematic diagramof a shift register stage, enbodying an aspect of the

i nvention, that can be used in the shift register of FIGURE 1; FIGURES
3a-3d are diagrans of the relative timng of the 5 output signals and the
respective clock signals occurring at respective nodes of the FIGURE 1
shift register utilizing stages illustrated in FIGURE 2; FIGURE 4
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frame time. with a noise cancellation arrangement for reducing a current in an
i 15 output stage of the:shift register of FIGURE 2; and
- FIGURE 7 illustrates in detail an amplifier of the circuit of -
FIGURE 6.
DETAILED DESCRIPTION _
. FIGURE 2 illustrates an exemplary stage n, of a shift register
20 100 of FIGURE 1. Shift register 100 of FIGURE 1 drives row select
lines 118 of a liquid crystal display matrix, not shown in FIGURE
1. In shift register 100, stages n-1, n, n+1 and n+2 are coupled to
one another in a cascade configuration. An output signal of a
given stage is coupled to an input of the immediately follovs)ing
25 stage in the chain. For example, an output pulse OUTn-1 of
preceding stage n-1 in the chain of register 100 is coupled to an
input terminal 12 of stage n of FIGURE 2. Illustratively, only four
stages, n-1, n, n+1 and n+2 are shown. However, the total number
of stages n in the chain of register 100 is substantially larger.
30 Shift register 100 may be referred to as a "walking one" shift
register. This is so because a TRUE state propagates through
register 100 during a video frame time.
A clock generator 101 of FIGURE 1 produces a three-phase
clock signal, (clock signals C1, C2 and C3) having waveforms that
35 are shown in FIGURES 3d, 3c.and 3b, respectively. The pulse of
signal OUTn-1 of FIGURE 3a is produced when the pulse of clock



A cl ock generator .101 of FIGURE 1 produces a three-phase clock signal,
‘(clock signals C1, C2 and C3) having waveforns that 3 5 are shown in

FI GURES 3d, 3c and 3b, respectively. The pul se of signal OUTn-1 of FIGURE
3a i s produced when the pulse of clock . 4 signal C3 is applied to stage
n-1 of FIGURE 1. Simlar synbols and nunerals in FIGURES 1, 2 and 3a-3d
indicate simlar items or functions. Signal OUTn-1 of FIGURE 1 is devel oped
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The HIGH level of signal Pl is temporarily stored. in an
inter-electrode capacitance, not shown, and in a capacitor 30.
Signal P1 that is developed at the gate of an output transistor 16
20 conditions output transistor 16 for conduction. Clock signal C1 of
FIGURE 3d is coupled via transistor 16 to the output terminal 13
when terminal 18a is high. Interelectrode parasitic capacitances
CP tend to bootstrap the potential at terminal 18a, providing extra
drive to transistor 16. Consequently, an output pulse signal OUTn
25 is developed at the output terminal 13 of register n. During' this
interval, pull-down transistor 17 is rendered non-conductive by
the operation of transistor 21 and has no effect then on signal
- OUTn. :
Signal OUTn. of stage n is applied to an input terminal of
30 subsequent stage n+l1 of FIGURE 1. Stage n+l operates similarly to
stage n except for utilizing clock signal C2, instead of clock signal
C1 in stage n, for turning on the corresponding transistor. When
clock signal C1 attains the inactive LOW level, transistor 16 _
remains turned on until signal P1 goes low. Signal OUTn of stage n
- 35 goes low by virtue of discharge through transistor 16 when clock
- signal Cl is low. |



3 0 subsequent stage n+l of FIGURE 1. Stage n+l operates simlarly to stage
‘n except for utilizing clock signal C2, instead of clock signal ClL in stage
n, for turning on the correspondi ng transistor. Wen clock signal Cl
attains the inactive LOWVIevel, transistor 16 remains turned on until

signal "P1 goes |low. Signal OUTn of stage n 3 5 goes |ow by virtue of
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transistors 17 andInlgactcgr achré w1th an inventive feature, the pulse of signal
OUTn+2 is also coupled to a gate of a transistor 20 for turning on
transistor 20. Transistor 20 applies a voltage VDD, embodying
another inventive feature, to terminal 21a for turning on
20 transistors. 17 and 19. Following the pulse of signal OUTn+2,
transistor 20 is turned off. However, a capacitor 32 that is
coupled to the gate of transistors 17 and 19 stores a charge by the
operation of tramsistor 20. The stored charge in capacitor 32
maintains transistors 17 and 19 conductive until the next
25 scanning cycle, when the signal at terminal 12 causes transistor
21 to turn on and, thereby, transistors 17 and 19 to turn off.

Capacitor 32 also provides noise filtering for the 31gnal at terminal
12. '

As long as transistor 17 is conductive, it operates as a pull-
30 down transistor for applying a suitable impedance at terminal 13.
Thus, transistor 17 sinks a current i17. Advantageously, the
drain-source impedance of transistor 17 is sufficiently low to
discharge the high level on the row select line and in addition it.
should be sufficiently low to sink any parasitic currents coupled to
35 the row select line from the column lines of the LCD matrix. If
parasitic currents are not dissipated by transistor 17, they may



Capacitor 32 al so provides noise filtering for the signal at terminal 12.
As long as transistor 17 is conductive, it operates as a pull- 30 down
transi stor for applying a suitable inpedance at term nal 13. Thus,
transistor 17 sinks a current i17. Advantageously, the drain-source

| npedance of transistor 17 is sufficiently low to discharge the high |evel
on the row select line and in addition iG6 should be sufficiently low to
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voltage VTH oot @fgisShpplidd (' UERNEDrES17 and 19 which may cause the
threshold voltages of transistors 17 and 19 to increase and their
current sinking capabilities to decrease.
To reduce stress in transistors 17 and 19, signal P2 at the
20 gate of transistor 17 is established at a voltage level that is
greater than the threshold voltage of transistor 17 by no more
than, for example, 2V at the start of the opérational lifetime.
Because a threshold voltage VTH of transistor 17 increases as a
result of stress, it is desirable to compensate for such 1ncrease in
25 threshold voltage VTH in a manner which keeps current
conduction capability of transistors 17 and 19 substantlally
constant over the operation lifetime. :
In accordance with an aspect of the invention, variable
voltage VDD that controls the conductivity of transistors. 17 and
30 19 is increased in a manner to track threshold voltage drift in
transistors 17 and 19, during the operation lifetime. The variation
in voltage VDD prevents a decrease in the conductivity of
transistor 17, for example, that could result from threshold
voltage drift of voltage VTH of transistor 17.
35 FIGURE 4 illustrates a threshold voltage drift compensations
circuit 40, embodying a further inventive feature, that produces



result of stress, it is desirable to conpensate for such increase in 25
‘threshold voltage VITH in a manner whi ch keeps current conduction capability
of transistors 17 and 19 substantially constant over the operation
lifetime. In accordance with an aspect of the invention, variable voltage
VDD that controls the conductivity of transistors. 17 and 3 0 19 is

I ncreased in a manner to track threshol @ VOItage drift in transistors 17
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the “series arrangement
A gate electrode of TFT 199 is coupled to its drain electrode.
Therefore, a source-drain voltage V199 across TFT 199 is equal to
" a source-gate voltage of TFT 199. Gate-source voltage V199
20 across TFT 199 provides a first portion of voltage 46a. Voltage
V199 is indicative of the threshold voltage of transistor 199.
Because TFT 199 has a similar threshold voltage variation
) characteristics as transistor 17 of FIGURE 2, voltage V199 .is also
. indicative of threshold voltage VTH of transistor 17. For design
25 convenience, TFT 199 is a larger transistor. Therefore, a relatively
larger magnitude of current i43 than that flowing in transistor 17
is used for developing voltage V199. When, as a result of stress,
an increase in threshold voltage VTH occurs in transistor 17. of
FIGURE 2, a corresponding increase in voltage V199 of FIGURE 4
30 occurs because of the similaﬂy of characteristics and stress.
Each of transistors 44 and 45 that are coupled in series with
TFT 199 has its gate coupled to its drain and has a substrate
terminal that is coupled via a conductor 48 to a reference level G.
A portion of voltage 46a that is developed in transistors 44 and
35 45 is summed up with voltage V199 to produce voltage 46a. In

this way, voltage 46a is made larger by approximately 2V than



V199 is indicative of the threshold voltage of transistor 199. Because TFT
+199 has a simlar threshold vol tage variation characteristics as transistor
17 of FIGURE 2, voltage V199 is also indicative of threshold voltage VTH of
transistor 17. For design 25 convenience, TFT 199 is a |larger transistor.
Therefore, a-relatively larger magnitude of current i43 than that flow ng
in transistor 17 is used for devel opi ng8vol tage V199. Wen, as a result of
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44 and 45 t haiolaige 0.0’1]1:—[1 eflcteaseeri es vmth TFT 199 has its gate coupled to

its drain and has ubsti e term n that is, COUﬁ ed vi.g}éa conduct or 48
to a reference |eveP %)I‘FI ?1“1?#’ (A OIHYTHEE: | V&' 8ped in
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vol t age V199. ap{)rox eq a res d voI tage VTH
of transistorvarying thecypdtage dgye \ﬁbmsaij,@rvlrh |ncr eases.
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deswableto Olfea e h t R | t age
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5 | n accBAYHAOE -onal inventive feature, the substrate | S
bi ased at ps5level Irhadcdo?déﬁ@é lc@itht Aan adds@ondle moéﬁtag@ ffaters heigd

transistors 4s4ubasrtllgatg'5i’s fased (t;a 9% vcg:]le Racis Aérr]na!ll ' $Ran a source voltage
of each of transistors 44 and 45, as indicated before. An increase
in voltage V199 produces a channel modulation in each of
transistors 44 and 45. The channel modulation is attained by the
20 source-substrate voltage increase. As a result, the resistivity of
- each of transistors 44 and 45 ingreases along with the increase of.
voltage V199. In this way, advantageously, voltage 46a is
increased in a non-linear manner. The increase in voltage 46a is
proportionally larger than if transistors 44 and 45 operated as
25 linear resistors, or simple level shifters. Advantageously, in this
way, the conductivity of transistor 17 may be maintained
relatively constant even when threshold voltage VTH of transistor
17 increases. _
FIGURE 5 shows an example of the magnitude of current i17
30 that transistor 17 can sink for a source-drain voltage maintained
no greater than 50 mV. As shown in FIGURE 5, current i17
changes by less than 5% for a correspondmg change in threshold
voltage VTH of about 10V.
In order to reduce the stress in transistor 17 it is desirable
35 to maintain the current il7 low, such as within the current range,
for example, shown in FIGURE 5. Condilcting current i17 at a
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in voltage V199 produces a channel nodul ation in each of transistors 44 and
-45. The channel nodul ation is attained by the 20 source-substrate voltage
increase. As a result, the resistivity of each of transistors 44 and 45
increases along with the increase of voltage V199. In this way,

advant ageously, voltage 46a is increased in a non-linear manner. The
increase in voltage 46a is proportionalPy larger than if tranS|stors 44 and

45 oper at ed &ﬁgﬂéﬂmﬂgﬁﬂuﬂésﬂhﬁhoﬂﬁe r@ﬂg@ldrpHGltﬁml 5shiigherrequire a
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ramp amplifiers. Each data line 177 of FIGURE 6. is driven by a '
corresponding transistor 126. A given transistor 126 of a
corresponding data line driver couples a data ramp voltage 128,
20 produced in a data ramp generator 234 to a corresponding data
line 177 of the matrix for developing a ramp signal in pixels 16a
of the selected row. Transistor switch 126 is controlled- by a
comparator, not shown. "Transistor switch 126 is turned on for
coupling the data ramp voltage 128 to the data line 177 and is
25 turned off at a controllable instant that is determined by the
magnitude of the picture information containing video signal, not
shown. _
In addition to the conventional data lines 177, array 16'
includes a pair of column lines 177a and 177b that do not provide
30 picture information and are referred to herein as dummy column
lines 177a and 177b. Column lines 177a and 177b are placed in
parallel to -data lines 177 at two ends, respectively, of array 1_6';
Thus, data lines 177 are interposed between the dummy column
lines 177a and 177b. For displaying a typical picture content, a
35 substantial number of transmission gates 126 simultaneously
apply corresponding portions of the data ramp voltage 128 to the



1 5 Applying Brightness Signals To A Display Device And Conpar at or
‘Therefore". The data line drivers of Plus et al., operate as chopped ranp
amplifiers. Each data line 177 of FIGURE 6 is driven by a corresponding
transi stor 126. A given transistor 126 of a corresponding data line driver
couples a data ranp voltage 128, 20 produced in a data ranp generator 234
to a corresponding data line 177 of tHeDmatrix for devel oping a ranp signal

in pixels 16%%@8& Rt Ldinaw.1 7% ?Bﬁiéé\ié'lo@w tgh &2@@ aqp rlpf}é ed by a
conmparator, not s (gwn. ransi stor switch 126 I fgurned n tor coupling the
data ranp vollddgé 4318 famph¥olags ‘?%TQHN dis 25 turned off at a
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16'. Thus, d&happedesamp7signals applisdstal thet datenlings, donthe ¢ePusaladtnes
177a and 177hipds0or displaying a typical picture content, a 3 5 substanti al
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is used fqr5 dgdeliori 197a. SiAhalssiinplonSE\Bade thas & igd ROWIRGISEal s
in respective row select lines 118 that are de-selected has similar
amplitude and waveform.
_ The signal NOISE-SENSE is coupled to an input terminal 201
of a noise cancellation amplifier 202. Amplifier 202 is a relatively
20 high gain inverting amplifier which inverts the instantaneous
level of signal NOISE-SENSE to produce a signal NOISE-CANCEL.
Signal NOISE-CANCEL is an A/C signal that is coupled to- the
dummy column line 177b. Signal NOISE-CANCEL is capacitively
coupled from line 177b via capacitances CRD to row select lines
25 118. Because signal NOISE-CANCEL is antiphase to signal NOISE-
SENSE, signal NOISE-CANCEL tends to significantly reduce signals
ROW-NOISE in each row select line 118.
It may be desirable to augment the parasitic capacitive
coupling between row select lines 118 and dummy column lines
30 177a and 177b, shown schematically by capacitances CRD, to
attain sufficient sensitivity and stability. Therefore, a width
dimension W of each of lines 177a and 177b is made substantially
greater than that of data line 177. For example, the total
capacitance between lines 177a and row select lines 118 may be
35 in the range of 2000 pf - 3000 pf.



ROWM NO SE devel oped in the row select lines 118. Signals ROM NO SE are A/C
‘coupled to line 177a via capacitances CRD. Capacitances CRD are inter-line
capaci tances between lines 118 15 and line 177a. An assunption is made that
the signal ROMNO SE in respective row select Iines 118 that are

de-sel ected has simlar anplitude and waveform The signal NO SE- SENSE is
coupled to an input termnal 201 of a ddise cancellation anplifier 202.

Ampli fier 202 is apIGURE Vﬁliuu&%t@'g@&?nﬂﬁfier e bl GIBRIE 6 if'depdil ch
i nverts the ipstantaneoqus | evel of sigha ggl - SENSE t 0 pr.oduce a signal
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a unity gai n nbriransistors Paapdi MN; reqativelynalThig sEvoBa@ENSE fos coupl ed
via a resisto d e pEg ak j d :
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oxi de seni ¢gn@gcamd dffMdp) cﬁ%gﬁg Taphcitdt €& ¢hOoheavicthity corca Mfld gae o0 REF

of 10V acr Ossthcea%a?\}éfgltmcgf ra‘mp vgltggle SGD%’PRE&N?%%C?&&@ 6, prior to a
ramping portion 66 of voltage VDATALINE.
Voltage REF of FIGURE 7 is also coupled to a non-inverting
input terminal of a high gain inverting amplifier 202b via an R-C
20 filter formed by a resistor Rx and a capacitor C4. An output signal
OUT of amplifier 202a is coupled via a resistor R3 to an inverting
input terminal of amplifier 202b. A feedback resistor R4 is
coupled from an output terminal of amplifier 202b, where signal
NOISE-CANCEL is developed, to the inverting input terminal of
25 amplifier 202b. The A/C voltage gain of amplifier 202b with a
feedback is approximately equal to 2000. '
As long as the voltage at terminal 201 is zero such as at time
T1 when no signal disturbance occurs, the DC level shifting that is
provided by the voltage across capacitor C2 produces an output
30 signal 202c from amplifier 202a of 10V. As a result of the voltage
of 10V developed at the non-inverting input terminal of amplifier
202b, the voltage at the output terminal of amplifier 202b where
signal NOISE-CANCEL is developed is equal to 10V. Thus, a
voltage range of signal NOISE-CANCEL of FIGURE 7 has an upper
35 range limit level in the vicinity of a supply voltage VS of 422V
and a lower range limit level in the vicinity of OV.



conpl enent ary pul se signal PRECHAG | NV are devel oped at gates of
‘transistors MP and MN, respectively. Thus, a voltage of, for exanple, 10V
is sunmed with the instantaneous voltage of signal NO SE-SI GNAL at term nal
in+. Transistors MP and MN are turned 1 5 on and off for chargi ng capacitor
C2 in the vicinity of a time Tl of the waveform of ranp voltage VDATALI NE
of FIGURE 6, prior to a ranping portioh266 of voltage VDATALINE. Voltage

REF of Fl GURR dvintagé1¢ 4] NOBEWANCHL kNt b@sedngal of a high
gain inverting anp] fl?l‘ 0Z2b via an R C 20 flliﬂ/ for c\éb a resistor Rx
and a capaci 2PPTesImale }Suﬁ}cﬁ.utméé‘dﬁﬁge §ehy i éndy ¥1Ber§BMpl ed via a
resi stor R3 tallowingnusy isigitali NOISB-©@ANGEL ofoleuge! swing wehiond freedback
.resistor R4 is _cok Ie(glr%é@gban out put termnal of anplifier 202b, where

i

signal NO SESERY %‘ped, to the inverting input term nal of 25
anplifier 302b. This Axplaimedabefarai rsignalaOISE-€ANCHEL wubstantialbdback i s

appr oxi mat el : I a r (e lis zero
sggh as at t%ﬁggq?:isl vt\hgn‘%%gﬂxst}léﬁa{)f)g?%ﬁr ancsggoszzggﬂgg tht{?g &fgﬁ{e‘\‘/’é? shifting
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signal 202c fteafimPR0f iwiriet0dackfthad¥igil NOBESENSEL 6£ aV§i¢eige of 10V

devel oped at the.non-iLnverting jnput L nal lifier 2b, e
vol tage at t r?é“ﬁ’a{]‘iﬁ 1% -e:lﬁé)ectfﬁg%i ﬁﬁ@ggz%%’m e s‘i‘r&Héleﬁl&@& CANCEL
i s devel ofdedl tendegpoalsupstantinllyTheducea thol amphtudengd sifgnal INGQISECSENSEANCEL
of FIGURE 7 u 3 i 17 ln [:6L N a. supply
vol'tage VS o:"ﬁ‘l éﬁ%eaﬁgetgel BF\/@; ag%gfgg(léf %1#6{;2\/2&2%' &iﬂ?h%dl\gl% Eeﬁl}if“ QBBf Sov.
12 Advant ageauighificasitgndlheNoapaciGaRCERUpEngofnem | ingi BE- tat selppt ditiesat el y
the nid-range; fetosRess Re \bigha ROWKNGIBE Gh! S4 JohSeRLENfle NPRSEe CANCEL
vol tage swi ng vari at I({)ggiit:; ogi'%ggﬁte Irecfl oas. ,‘ii As e_xgl ai ned
before, si gnaidvantage s AR I_SF(’M?& cesIPeeCWHEA! tidde 1Bf si gnal
NO SE- SENSFS wighsistor 17pof FIGURE 2tist alse advag@peoisly, @ebcédvaries. Wen
the signal atConsequently, transistor 17 need not be driven by a large gate-to-

source voltage. Therefore, transistor 17 is not significantly

stressed. The result is that transistor 17 has a longer operation

- life than if it were stressed.



term nal 201 varies such that signal NO SE-SENSE of a given anplitude is
"devel oped, signal NO SE- CANCEL of anplifier 202b 1 O tends to substantially
reduce the anplitude of signal NO SE- SENSE. Because of the high gain of
anplifier 202b the noise reduction is significant. The.capacitive-coupling

fromline 177b to select Iines 118 causes the signal ROFH | w
select line 118 to advantageously be significantly reduc m&mnﬂmmﬂl?
in 15 transi W?fA’f‘?SQfELKII@ﬁE 13. is also advantageously, WS

: stor n

Consequent |y Fansi ) eed not be driven by a | arge gate-to- source
vol tage. Thereford, tpapRiftiregister,iOmprisHignificantly stressed. The result

is that transistor $guftRs of A%awi@p_equha%e Shifeed kdscy fsigfialﬁ‘?r e stressed.
13 WHAT IS CLAIMED IS. 1. A shift r.egl steﬁ, gow;rl ila?g% .a source of
plurality of phas@ SRRFQLJOE| BeheraligRafs thigshalds oltage dadicativengignal;
threshol d ol t age a pliradity vef siagoaded Stages, a Fipénrone tof edidcaascudrd
stages, a givSFep one.lﬁ1 ﬁﬂ'}»d cascaded stages, including: a first transistor
of a push- pul %ﬁ’?plf. 8 %sponsive to a first clock signal of said clock
signal s for gener a ifingt stmamsistout ofua spushi-pull amplifiemfresponsiyeven st age; 10

an i nput sects ' ; e a put of a
second of saifgggaéslgg g%lég?%g%fgsfvﬁﬁgo:g}sl liffggag@ﬂ%ﬁgtﬁﬁﬁsaﬂﬁg'é tsthifted

with respect RWS&Atqan; Quput) ofisa $0 X8&Es for generating a control
signal at 120 contrgin qhgﬁt readeion| réspchsive sfo tanaitpiiopulsei developed! asi gnal

cai d gi ven Sl @UREn O & EEP0A PE.sa spScil Phes ik b FIpRT Sl <
and a second thatrisi phase shifted dvithstespett tenpdidf first cbogk esighal secdrsout put
out put pul s rob feesaiigqa PRAEd SREuCE R bohftof LeBdtle B I Gl 3o
vol t age i ndi dsensistosi edd contzoheigeal conditipringatsaid diird traasiséon rtoa
threshol d vl geiagadl saftl buitpaPAlse of said given stage when an active
level of said first clock signal occurs; and
a second transistor of said push-pull amplifier coupled to
said output of said given stage for clamping said output to an
inactive level of said output pulse, said second tranmsistor being
20 responsive to said threshold voltage indicative signal in a manner
to compensate for a change in a.threshold voltage of said second

transistor.

2. A shift register according to Claim 1 wherein said
25 threshold voltage indicative signal is coupled in common to each
of said plurality of said cascaded stages.

3. A shift register according to Claim 1 wherein said
push-pull amplifier is. coupled to a row select line of a liquid
30 crystal display.

4. A shift register according to Claim 1 wherein said
threshold voltage indicative signal is coupled to acontrol terminal

of said second transistor.
35



transistor. 2. A shift register according to Caim1l wherein saird25—————
fhreshol d voltage indicative signal is coupled in comopn to ﬁ,ﬂl '

plurality of said cascaded stages. 3. A shift register acc mem‘mm“"l
-1 wherein said push-pull anplifier is coupled to a row select*lifie of ¥a s '«
liquid 30 crystal display. 4. A shifit4 regi ster according to Claim 1

wherein said threshol dav Endi ' i Is o] to a control
term nal of sai deg'_econé girlgfggﬁ%g%rgi ?%%b}’(ﬁn%ﬁ(g‘:’éldﬁlp\q. gﬁ%tﬁgrregi ster
accordi ng t cca@npriging, Auswitchiagnghitt fEansiston fesPORgive Hor Nt PRIt or

responsive tguidl @it Wagd!|divRStréarfit 0 Sai®iveh eavgef f@aiagpgjmgnsﬁifdage for
appl yi ng Sal&l t m.&%holos vol ta&.e i.ndi catiye m@n@ to [%{’il d Secon

transi stor. BIEShAIdspoltages dndicafive, SEEnalnlp 1 F1e $¢GRN RRYF T sai d sensor
conprises & third transistor having a threshold voltage variation that

tracks said threshol d vgl-kage . sal. 14S | o vary
said threshol d vo_&t ag\e sl(ﬂr%{crfl g’gﬁl%"é %&ﬁgﬁfgo% @Iﬁﬁﬁs%merrhg}bi%sa@%%gé%%r di ng
to Claim6 fcempeisesonpthisdnirangiston-haviagr actireshold ovpltage i yardations wit h
said third tapRSUAERE da UikeXhoR SdlthelnbE ST sdricP Wfarisistof ofrl ve ST gnal
in non-linear multiplicative, ner. Cﬁ’l th esgect .to.said thieshol d vol tage
1 5 vari ati oftagMeEalQYy Y3hyr §at eshald vgltage sindicatiyg; sigdalaccording to

Caim?7 wherein said non- I i near el enent conprises a netal oxide _ _
Chird 20 transi stdr Prorodteeky SSRRAR forCMir { JARReP LihBfStha = ¢
transi stor 9ncA-limeédn elemient ecoupledr in nspries ®vidh nsaidwiibirdi transistor i fant
transistor igaaindl laftP refdIat YolaRe $AdiafiveCSthddl2Ns f6R Tincard
~ multiplicative manner with respect to said threshold voltage
15 variation of said third transistor.

8. A shift register according to Claim 7 wherein said non-
linear element comprises a metal oxide semiconductor, fourth
transistor responsive to a voltage developed in said third

20 transistor for producing a channel modulation in said fourth
transistor:

9. A shift register according to Claim'1 wherein said first
transistor is a pull-up transistor and said second transistor is a
25 pull-down transistor of said amplifier.

10. A liquid crystal display select line shift register
integrated on a liquid crystal display substrate, including a
transistor which may exhibit substantial threshold drift due to

30 operational voltages, said shift register comprising:
means for sensing a corresponding threshold drift; and
- means responsive to the sensed threshold drift for
automatically changing  a control voltage applied to said transistor
to maintain a current conducting parameter of said transistor
35 substantially constant with threshold drift.



2 5 pul I -down transistor of sai d arrpl ifier. 10. Aliquid crystal displ ay
select line shift register integrated on a liquid crystal

substrate, including a transistor which may exhi bit Bﬂl'ﬂu lﬁll“ ﬂ“ﬁol d
drift due to 30 operational voltages, said shift regi means
for sensing a corresponding threshold drift; and means respon5| ve to the

sensed threshold drift for automaticalfy changl ng a control voltage appl i ed

to said transistor i |nta|nacu$h nt &9 tmglbaoaraneter l(l)f ?q
transistor 3 5 subbt-antMh FRPOYSd: Sht vﬁetgﬁs F’Hr e8I P dPer &, PUS-PRIY - An
i mproved shi fautpagi stidr stwopmaldyi ngneondsictivel pudluputrasisiston and nal |y

duct t
o conduct v By UbokAgRRAL SRR SN, EORRAE PRl
vol tage in ex@é@silodd délfbl and; heinghariverolbyage VO\Wﬂéﬂelrh exeess rafr seidhent

conpri ses: §et'h?€sﬁfﬁﬂ”5vdliag% mvh?éreﬁ?”ﬂier Q%pMehibrﬁa'c@n@p&llbeéjo"m transi stor
located to operate in a simlar environnent tao track thres d voltage

ol
changes in said puiSnSGomMeansaed similar Lonstruchion, &9 said; pu eog/;;q d sense
means for appirgnsigter ¢oattedl td Ooperaterdid o siraildr pedvirdoment ransiratkor whi ch

same current eEHRIS"He c&q%”ﬁ‘? B N
: -means responsive to said sense means for applying a control
10 voltage to said pull-down transistor which varies to condition said
pull-down transistor to conduct substantially the same current
despite threshold voltage variations therein.



