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SHIFT REGISTER USEFUL AS A SELECT LINE SCANNER 
FORA LIQUID CRYSTAL DISPLAY 

Background 

5 This invention relates generally to shift registers and 

particularly to a shift register stage useful as· a select line scanner 

for liqui~ crysta~ displays. 
Liquid crystal television and computer displays (LCDs) 

are known in the art. For example,. see U.S. patents 4,742,346 and 

l 0 4,766,430, both issued to G.G. Gillette et al. Displays of the type 

oescribed in the Gillette patents include a matrix of liquid crystal 

cells which are arranged at the crossovers of data lines and select 

lines. The select lines ·are sequentially sel~cted by a select line 

scanner to produce the horizontal lines of the display. The data 

I 5 lines apply the brightness (gray scale) signals to the columns of 

liquid crystal cells as the select lines are sequentially selected. . 

Preferably. the drive circuitry, which drives the select 

line scanner, which selects the horizontal ·lines to be displayed, is 

fabricated directly onto the: same substrate and at· the same time 

2 0 as the liquio crystal cells are fabricated. Also, because a large 

number ~f data lines and select lines are required for a television 

or computer display, and because the small pixel pitch limits the 

space available for laying out the driver circuitry, it is essential to 

keep the circuitry as simple as possible. 

2 5 FIGURE ·I illustrates an example of a known .scan 

register described in U.S. Patent" No·. 5,222.082, which may be 

integrated with a liquid crystal display device. This fegister is 

driven with multiphase clocking signals CI, C2, C3, with different 

ones of the clock phases applied to different ones of the scan 

3 0 register stages 11. 

Figure. 2 illustrates one of the scan register stages rn 
detail. The scan register stage includes an input section including 

transistors 18 and 19 • an in·termediate section including 

transistors 20 and 21 and an output section including transistors 

3 5 16 and 17. 

The output section is artanged ·as a push-pull 

amplifier, with ~ clocked supply potentiai · connected to its supply 

connection 14. An output is accessed at the interconnection of the 

transistors 16 and 17. 
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The inpuc section is arranged as a switched amplifier · 

to exhibit a predetermined potential during the clock phase 

applied to the supply terminal of the output section. The output 

signal. Pl, of the input stage. is coupled to drive the output 

5 transistor 16. More particularly the output. PI. follows the input 

signal applied to the gate electrode of transistor 18. The output of 

the input section wi II be high when the clock phase . applied to 

terminal 14 .goe_s high. and a high level is translated to the output 

terminal 13. The high level at- node Pl· is retained at node Pl 

I 0 until the occurrence of a clock phase C3 when the input signal is 

low. Thus. the gate of the o~tput transistor 16 will be at a high· 

level when the clock Cl goes high providing a: charging path to 

output 13 and when clock C 1 gQes low, providing a path to 

discharge the output node 13. 

1 5 The intermediate section is arranged as a clocked 

inverting amplifier responsive to the input signal. The output of 

the intermediate stage is coupled t<? the gate electrode of the pull 

down transistor 17 of the output stage. T~e intermediate stage 

includes pull up and pull down transistors ·20 and 21 respectively. 

2 0 The conductance of transistor 21 is greater than that of transistor 

20 so that if bqth transistors 20 and 21 are conducting 

concurrently, the output potential at node P2 will remain low. 

Thus if the clock applied to transistor 20 is high when the Input 

signal is hi"gh. the output transistor 17 will be maintained in a 

2 5 non-conducting state. However since the application ·of the stage 

is as a scan register. input signal pulses. occur relatively 

infrequently. As a result node P2 will normally be charged high 

for every clock pulse of clock phase C3 and output tran_~istor 17 

will normally_ be conducting. 

3 0 The drains of transistors 18 and 20 receive a 

relatively positive _biasing· voltage Voo of about 16 volts. Thus 

node. P2 is normally bias~d at about 16 volts. This places 

excessive stress on the gate electrodes of· transistors 19 and 17 

which tends to cause a considerable rise in their respective 

3 5 threshold voltages over time. As the threshold of transistor 19 

increases, its ability to discharge node Pl decreases,. and. more 

time is required to turn off transistor 16: The result is that some 

of the clock Cl ·voltage may .Jeak onto the output node · 13 and 
~~~~~~~~-;--
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undesirably affect subsequent register stages as well as 

erroneously addressing an LCD row of pixels. 

The p·resent invention addresses these problems and 

provides a shift register stage which not only precludes false 
. . . 

5 output values, but also consu.mes less power. 

SUMMARY OF THE INVENTION 

The present invention is a shift register stage for 

inclusion in a cascade connection of like stages and to be energized 

by plural phase clock signals, Adjacent stages of such cascade 

1 0 connection are energ.ized by different combinations of the plural 

phase clock signals. ~he shift register stage includes an input 

circuit and an output stage. The output stage includes an 

amplifier comprising serially connected pull· up ·and pull down 

transistors, each having respective control electrodes. The 

1 5 junction of the serially connected transistor is the output te·rminal 

for the shift register stage. The input circuit is . responsive to a 

scan pulse applied .to its input terminal for generating a control 

signal which is coupled to the control electrode of the pull-up . :, 

transistor· for conditioning the output stage to provide output· scan 

2 0 pulses. The principal ,conduction path of a clamp transistor is 

coupled between the control electrode of the pull up transistor 

and a source of potential of value sufficient to turn off the pull up 

. transistor. The control elec.trode of the clamp transistor is 

connected to an output terminal of a subsequent stage of said 

2 5 cascade connection, or. afrernatlvely to a source of clock signals. of 

a phase differing ·rrom the· ·clock pulse phase energizing said 

output stage .. 

BRIEF DESCRIPTION OF THE ORA WINGS 

FIGURE 1 is a block diagram of a prior art shift register 

3 0 including a plurality of cascaded stages. 

FIGURE 2 is a schematic diagram of a known shift 

register· stage which may be utilized in the F.IGURE 1 shift register. 

FIGURE 3 is a schematic diagram of a shift register 

stage embodying the present invention. 

3 5 FIGURE 4 is a block diagram of a shift register 

including a cascade connection of a number of stages illustrated in 

FIGURE3. 
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FIGURE 5 is a diagram of the relative timing of the 

output signals and the respective clock signals occurring at 

respective nodes of the FIGURES 4 shift register utilizing stages 

illustrated in FIGURE 3. 

FIGURES 6 and 7 are schematic diagrams of alterantive 

shift register stages embodying the invention . 

DETAILED DESCRIPTION 

FIGURE 3 illustrates. a shift register· stage in· accordance 

with a first embodiment. of the present invention. This stage is 

similar to the FIGURE ·2 stage but with sever~l ·significant 

differences. First an additional transistor 25 is included in the 

improved stag.e. Transistor 25· has its drain.-source conduction 

path coupled between node Pl and a point of reference potential 

sufficient to turn pull-up transistor .16 off. The gate of transistor 

1 5 25 is connected to the output terminal of a subsequent stage. If 

the present stage is n·umbered n in a cascade connect1on of 
ordinally numbered stages. the gate of transistor 25 is preferably 

'coupled to the ·output of stage n+2. However, the gate of transistor 

25 may be coupled to an other stage. such as stage n+3, with 

2 0 beneficial results. Transistor 25 will aid in the pull down of node 

Pl allowing transistor 19 to be ·smaller in design. In fact the· pull 

down of node PI ·may be almost totally under the control· of 

transistor 25 such that the function of transistor i 9 may be 

simply to hold node Pl low once it has been pulled do.wn. 

2 5 Transistor 19. being relegated to a hold· down function 

can be operated with a lower gate voltage. The supply potential 

applied to the intermediate stage can therefore be reduced, from 

for example 16 volts in the FIGURE 2 register stage, to· about 2 

volts in the ·FIGURE 3 register stage. This reduction in supply 

3 0 voltage and consequent reduction in gate voltage applied to 

transistors 19 and 17 tends to beneficially lessen the amount of 

drift in the threshold voltage in transjstors 19 and 17. This 

35 

results in the stage becoming significantly more reliable as well as 
. . 

extending its usable lifetime. 

The size of transistor· 17. can ·also be reduced because 

with the inclusion of transistor 25. it can be assured that a) node 

Pl will be held low precluding tmnsistor 16 from competing with . 

transistor 17. and b) the -safety factor for proper operation is 

4 
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increased due to che stabilizing of. the threshold voltage of 

transistor 17. Noce chat since transistors 19 and 17 may be 

reduced in size. transistor 25 may be included without increasing 

the ·stage area (in integrated form). 

5 An additional change is the elim.ination of the power 

supply coupled to the drain electrode of transistor J 8 in the 

FIGURE 2 stage. This supply has been r~placed by connecting the 

drain electrode of transistor 18 to the input terminal. Since. the 

transistor 18 draws substantially no source dr~in current, this . 

1 0 connec~ion does not significantly load the output of the preceding 

cascade connected ~cage. In addition t<;> eliminating the supply, 

this change has the further beneficial effect of tending to make 

the input stage more immune to noise on the input. 

Having the gate and drain electrodes of transistor 18 

1 5 interconnected conditions transistor 18 to operate as a diode. 

Thus. in fact transistor· 18 may be replaced with a diode. Di~de 

connected transistor 18 charges node. Pl to the input pulse 

amplitude (minus a threshold value) and transistors 25 and 19 

subsequently discharge node Pl. Since a diode· connected 

2 0 iransistor conducts unidirectionally. the ·potential at node Pl may 

beneficially be boosted to higher potentials when the clock signai 

applied to the supply terminal of the output amplifier goes high. 

That is the gate to drai·n and gat~ to. source capacitances' of pull­

up transistor 16 will couple a substantial portion of the. clock 

2 5 voltage at terminals I 4 and 13 to node P 1, thereby enhancing the -

drive capability of transistor 16. 

FIGURE 4 illustrates a cascade connection of a 

plurality of stages of the type shown in FIGURE 3. In the 

arrangement shown successive register stages ·are driven by 

3 0 different' clock phases of a three phase· clock Cl. C2·, C3. The 

output terminal of each successive register stage is coup·led to the 

input terminal of the next register stage. The gate electrode of 

respective transistors 25 of. stage n is ~onnected to the output 

terminal of stage n+2. Recall however, tha~ the gate electrode of 

3 5 the respective transistors 25 may be coupled to the output 
' .. . . 

terminals of other .stages i.e. rhe gate electrode of transistor 25 of 

stage n may be connected to the ourput terminal of stage n+3 ·etc. 
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FIGURE 5 ilrusmnes voltage-time waveforms for the 

. respective clock phases :.tnd selected register stage output 

terminals. Recall th~c the out.put signal of one stage is the input 

signal for the next stage. hence no unique input signal need be 

5 shown. The illustrated shift register of FIGURE 4 is shown 

utilizing 3-phase clocks. hence 3-phase clocks are included in 

FIGURE S. · It can· be seen that after each output terminal outputs 

the scan pulse, there is a small bui_ld up in the output potential 

only immediately following the scan pulse. This occurs because 

1 0 the transistor 19. havi_ng been made smaller, has not completely 

pulled down node Pl, and a portion of the clock. phase coupled to 

the supply terminal of the output stage has leaked through 

transistor 16. Once. transistor 25 has been conditioned to conduct, 

node Pl is pulled completely down, precluding further leakage of 

1 5 clock pulses through respective transistor 16. Note the· FIGURE 5 

waveforms are genernted for the gare electrodes of the respective 

transistors 25 of respective stages n being connected to the output 

terminals of respective stages n+3 .. 

The output pulses are shown as overlapping. The 

2 0. amount of overlap is a fUnction of the amount by which the clock 

phases overlap. Thus the desired output pulse overlap is 

adjustable for a part_icular ~lpplication by adjusting the clock phase 

overlap. 

FIGURE 6 illustrates an alternative shift register stage 

2 5 where the control electrode of the clamping transistor 25 is 

connected to a different one of ·the clock phases than the one 

connected to ·the drain electrode of. transistor 16. In a:. three phase 

non-overlapping clocking system, the transistor 2? may .. be 

connected to the clock· phase not connected to tnmsistors 20 and 

3 0 16. ·In· ·a. ·.greater than three phase clocking system the control 

electrode of transistor 25 may be connected to one of the 

alternative clock phases not connected to transistors 20 and 16. 

The constraint on the clock phase which is connected· to the 

co~trol electrode of the· clamping transistor 25 is that. its pulses 

3 5 occur after both the input signal pulse phase an"d the dock phase 

· connected to the drain of tr~msistor 16." Connecting the transistor 

25 to a clock phase rather than the output· connection of a 
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subsequent register stage provides the circuit designer with 

layout alternatives with respect to integrated circuit topology. 

FIGURE 7 illustrates a further alternative register 

stage. In this embodiment the source-drain path of ·the clamping 

5 transistor 255 is connected between 11ode PI and the input 

terminal 12. and its control electrode is· connected to clock phase 

C3. The input terminal 12 of an N stage register is held ~t a low 

potential (substantially VSS) at least (N-1)/NLh of the time the 

register is operated, hence the clamping transistor 255 will, when 

l 0 turned on, clamp node Pl low to cut off transistor 16. The gate of 

transistor 255 is pulsed every clock cycle insuring that the riod"e 

Pl is regularly and frequently clamped low. 

Consider a multiphase clock system where the clocks 

applied to transistors 21 imd 20 are .successive phases; for 

1 5 example phases Cl and C3 as shown in FIGURE 5.. The input pulse 

to terminal 12 will occur concurrently with a C3 clock phase. In 

this instance transistor 255 will be pulsed on when the input 

signal on terminal 12 is high. Transistor ·255 will therefore aid in 

pulling node PI high. allowing transistor 18 to be of smaller 

2 0 dimensions. During the· clock cycle that an input pulse is applied 

to terminal 12. the node Pl will be high for the entire clock cycle. 

However this has no effect on the desired operation of the shift 

register. Node Pl will be clamped low by the clock C~ during the 

next clock cycle. 

2 5 The drain elect.rode o_f transistor 18 may either be 

connected to a source of constant supply potential, such as VDD,' or 

·alternatively it may be connected· to the foput terminal 12 as 

shown in FIGURE 3. 
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CLAIMS: 

I. A shift register compnsmg a plurality- of substantially 

identical cascaded stages, each of said stages having ari input 

5 terminal and an output terminal, said shift register including 

means for providing a plurality of phase shifted clock signals and 

means for providing an input signal; said register stages 

comprising: . 

an output stage comprising a push-pull amplifier including 

1 0 pull-up and. pull-down transistors (16, 17) havin·g respective 

principal conduction paths connected in series with an 

interconnection of the pull-up and pull-down transistors ·forming 

sai~ register s_tage ·output· terminal·. said push-pull amplifier 

having a supply terminal ( 14) for applying one of said plurality of 

l 5· phase shifted clock signals. and said pull-up and pul~-down . 

transistors having res pee ti ve control electrodes; 

input circuitry ( 18-21 ), responsive co a scan pulse applied to· 

said input terminal ( 12) for gener~ting first and second control 

signals which are coupled to the control electrodes of said pull-up. 

2 0 and pull-down fransistors for conditioning said push-pull 

amplifier to provide output scan pulses; characterized by: 

a clampin.g transistor (25) having a conduction path coupled 

between the control electrode of the pull up transistor and a 

source of potential (VSS) of value sufficient to turn off the pull up 

.2 5 transistor- ( 16). said clamping transistor havi.ng a control electrode 

coupled to the output terminal of a subsequenr one of said 

cascaded stages. 

2. The· shift register stage· set forth in claim 1 wherein said 

3 0 input circuitry includes first ( 18) and· second ( 19) transistors 

havirig ·their conduction paths coupled in series with an output 

terminal (Pl) formed at an interconnection of said first and 

second transistors and coupled to the con.trot electrode of the pull 

up transistor, said first transistor having a co·ntrol and first 

3 5 electrode coupled to said input terminal (12) of said input stage, 

for receiving an input scan pulse. 
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3. The shift register stage set forth tn claim l wherein .said 

input circuit f_urther includes third (20) and fourth (21) 

transistors having. their conduction paths coupled in series 

between supply potentials. with an output terminal (P2) formed 

5 at an interconnection of said third (20) and fourth (21) transistors 

and which is coupled to .the control electrode of said pull down 

transistor and to a control electrode. of said second transistor, said 

third transistor having .a control electrode coupled to on~ of said 

plurality of phase shifted clock signals, and said fourth transistor 

1 0 having an input terminal coupled to the input terminal (12) . of 

said input stage. 

4: The shift register stage set forth in claim 1 wherein said 

input circuitry includes a diode and a transistor having their 

15 conduction paths coupled in series with an output terminal (Pl) 

formed at an interconnection of said diode and transistor and 

coupled to the control electrode of said pull up transistor, said 

diode having an electrode coupled to said input terminal of said 

stage for receiving . a scan pulse. 

20 

5. A . shift register comprising a plurality of substantially 

identical cascaded stages, each of said stages having an input 

cermi~al and· an outp~t terminal. said shift registe~ including 

means for providi~g a plurality of phase shifted clock signals and 

2 5 . means for providing an inpui signal; said register stages 

comprising: 

an output stage comprising a push-pull amplifier including 

pull-up (16) and pull-.down ( 17) transistors having respective 

principal conduction paths conne·cted in series with an 

3 0 interconnection of the pull-up and pull-down transistors forming· 

said register stage output terminal .. said" push-pull amplifier 

having a supply terminal (CI) for applying one of said plurality. of 

phase shifted clock signals. and said pull-up and pull:-down 

transistors having respective control electrodes; 

3 5 an input stage ( 18, 19) having an output terminal (Pl) 

coupled co the control electrode. of. said pull-up transistor, an~ 

having an input ·terminal ( 12) for receiving an input signal, saiq 

input stage output terminal following potential changes applied to 

9 
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said input terminal at least for input signal transitions in one 

direction; 

an intermediate scage (20, 21) ·including a clocked inverting 

amplifier, having an output terminal (P2) coupled to the control 

5 electrode of said pull-down transistor, an input terminal coupled 

to the input terminal of said register stage. a supply terminal 

(VDD) for applying supply potential. and a clock input terminal 

(C3) for applying another of .said plurality of phase shifted clock 

signals. said ~mother of said plunility o( phase shifted clock signals 

l 0 selectively activating· _said inverting amplifier; characterized by: 

a clamping tninsistor (25) having a conduction path. coupled 

between the control electrode· _of the pull up transistor and a 

source (VS.S) of potential of value· sufficient to turn off the pull up 

transistor, said clamping transistor havirig a control electrode 

l 5 coupled to the output terminal of a subsequent one of said 

cascaded stages. 

6. The shift register stage set forth in claim 5 wherein said 

input stage includes first and second transistor having th_eir 

2 0 conduction paths coupled in series with said output terminal of . 

said· input stage formed at an inte·rconnection of said first and 

second transistors, said first trar:isistor having a control and · fi.rst 

electrode coupled co said inpuc terminal of said input stage. and 

said s~cond transistor having a control electrode coupled to the · 

2 5 output terminal of said intermediate stage. 

7. The shift register stage set forth in- claim 5 wherein said 

intermediate . stage includes first and second transistor -having 

their conduction . paths coupled in series between supply 

3 0 potentials. with said output terminal of said intermediate stage 

formed at an interconnection of· said first and second transistors, 

said first transistor having a control' electrode coupled to said 

another of said plurality of phase shifted clock signals,· and said 

second transistor having an input terminal coupled to the input 

3 5 terminal of said input stage. 

8 The shift register stage _set forth m claim 7 wherein said 

input stage includes· third and fourth transistors having ·respective 
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conduction paths coupled in series with said output terminal of 

·said input stage formed at an interconnection of said third and 

fourth transisto.rs. said third transistor having a control and first 

electrode ·coupled to said input terminal of said. input stage, and 

5 said fourth transistor having a ~ontrol electrode coupled to the 

output terminal of said intermediate stage. 

9. The shift register stage ~et forth in claim 5 wherein said 

input stage includes a diode and a trans.istor having their 

l 0 conduction paths coupled in ser.ies with.· said output terminal of 

said input stage formed at an interconnection of said diode and 

transistor. said. diode having an electrode coupled to said input 

terminal of said input stage. and said transistor having a control 

electrode coupled to the output · terminal of said intermediate 

1 5 stage. 

I 0. A shift register comprising a plurality of 

substantially identical cascaded stages, each of said stages having 

an input· terminal and an output terminal, said .shift register 

2 0 including means ro·r providi~g a plurality of phase. shifted clock 

signals and means for providing an input signal; said register 

stages· comprising: 

an output stage compnsrng a push-pull amplifier 

inclu~ing pull-up and pull-down transistors having respective 

· 2 5 principal conduction paths connected in series. with an 

interconnection of the pull-up and pull-down transistors forming 

said register. stage output terminal. said push-pull amplifier 

having a supply terminal for applying one of said plurality of 

phase shifted clock signals. and said ·pull-up and pull-down 

3 0 transistors h;iving respective ·control elec;:trodes;· · .. ·, .. · 

input circuitry. responsive to a scan pulse applied to 

said input terminal for generating first and second control signals 

which are coupled to the control electrodes of said pull-up ·and 

pull-down transistors for conditioning said push-puil amplifier t.o 

3 5 provide output scan pulses: characterized by: 

a clamping transistor having a control electrode and 
' ' 

having a conduction path coupled between. the control electrode of 

said pull up transistor and a source of potential. said potential 
~~~~~~~~~-
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having a value, at least fifty percent of the time during which said 

register is energized, sufficient to turn off the pull up transistor; 

and 
means for applying a control signal to the control 

· 5 electrode of said clamping transistor, said control .signal being 

substantially out .of phase with said one of said plurality of phase 

shifted clock· signals.· 

11. ·The· shift register set forth is claim 10 wherein 

1 0 said means for applying a control signal to the c~ntrol electrode of 

said clamping transistor comprises a connection to another of said 

plurality of phase shit'ted clock signals different from said one of 

said plurality of phase shifted clock signals. 

I 5 12. The shift register set forth in claim 11 wherein 

said source of potential comprises a connection to said stage input 

terminal. 

13. The shfft register stage set forth in claim 10 

2 0 wherein said input circuitry includes first .and se~ond transistors 

having . their conduction paths coupled in series with an output 

terminal formed at an interconnection of said first and second 

transistors and coupled to che control electrode of the pull up 

· transistor, said first transistor having a control and first electrode 

2 5 coupled to said input terminal of said input stage. for receiving an 

input scan pulse. 

14. The shift re gist er stage set forth m claim l 0 

· wherein said input circuit further includes third and fourth 

3 0 transistors having their c·onduction paths coupled iQ series 

between supply potentials. with an output terminal. formed at an 
r . . 

interconnection of said third and fourth transistors and which is 

coupled to the control electrode of said· pull down transistor and to 

a control electrode of said second transistor. said third transistor 

3 5 having a cuntrol electrode coupled to one of said plurality of phase 

shifted. clock signals. and said fourth transistor having an input 

terminal coupled to the input terminal of said input ~tage. 
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15. The shift- r~gister stage set forth in claim 10 

wherein said input circuitry includes a diode and a transistor 

having their conduction paths coupled in series with an output 

terminal (Pl) formed at an interconnection of said diode and 

5 transistor and coupled to the control electrode of said pull up 

transistor. said diode having an electrode coupled to said input 

terminal of said stage for_ receiving a scan pulse. 

16. A shift register· comprisin.g a plurality ·or 

l 0 substantially identical cascaded. stages, each of said stages having 

an input terminal and an output termii:ial, said shift register 

including means for provi'ding a plurality of phase shifted clock 

signals and means for providing an input signal; said register 

stages comprising: 

15 an output section comprising a pull-up transistor 

having a principal conducti_on path connected in series with a puH­

down .transistor, and wherein an interconnection of the pull-up 

and pull-down transistors constitutes. said register stage output 

terminal. said output section having a supply terminal for 

_2 0 applying one of said plurality of phase shifted ~lock signals to the 

principal conduction path of said pull-up tra~sistor, and said pull­

up transistor having a control electrode; characterized by: 

input circuitry including a clamping transistor, said 

input circuitry responsive to a s'Can pulse applied to said input 

2 5 terminal of said stage for generating a control. signal which is 
. . 

coupled to the control electrode of said -pull-up transistor for 

conditioning said output section to provide output scan pulses, and 

said clamping transistor having a principal. c_onduction ·.path 

coupled between the control e.lectrode of said pull up transistor· 

3 0 and a source of potential sufficient to turn off said pull up 

- transistor and having a conrrol electrode· coupled to an output 

terminal of a subsequent ·stage of said cascaded stages. 

17. The shift register st~ge set forth in claim 16 i~cluding: 

3 5 _circuitry for applying to a control electrode of said pull-· 

down transistor, for at least ·a portion of at least one period of said 

phase shifted clock signals. a potential of sufficient magnitude to 

condition said transistor into conduction. 

I 3 
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