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STATIC CLOCK PULSE GENERATOR AND 
DISPLAY 

BACKGROUND OF THE INVENTION 

0001) 1. Field of the Invention 
0002 The present invention relates to a static clock pulse 
generator. Such a generator may be used in high Speed low 
power controller circuits, for instance in complex very large 
Scale integrated (VLSI) designs including digital signal 
processing (DSP). The clock pulse generator may advanta 
geously be used in addressing for driver circuits of Spatial 
light modulators and displays, for example of the pixelated 
matrix type in which a sequence of well-defined pulses must 
be Supplied to circuits which Sample high Speed Video data. 
0003 2. Description of the Related Art 
0004. A known type of clock pulse generator is based on 
a shift register. The shift register comprises a cascaded chain 
of D-type flip-flops which respond to clock pulses to pass a 
Single Stored logic State from one flip-flop to the next in the 
chain, for example as disclosed in Horowitz and Hill, “The 
Art of Electronics", Cambridge University Press, 2" Edi 
tion, 1989. For a typical clock pulse generation application, 
all but one of the states of the flip-flops are initialised to a 
logic low (0) state whereas the remaining flip-flop is initia 
lised to a logic high (1) State. The shift register is clocked at 
a known frequency and the circulating 1 State within the shift 
register is used to generate Sequential pulses at the outputs 
of the flip-flops. Applications and embodiments of this 
well-known technique are disclosed, for example, in U.S. 
Pat. No. 4,542,301 and U.S. Pat. No. 4,612,659. An 
improvement to this technique is disclosed in U.S. Pat. No. 
4,785,297. In this case, the “master” and “slave” outputs of 
the edge-triggered flip-flops are used in conjunction with 
combinational logic gates, Such as AND or NAND gates, to 
reduce the clocking Speed of the Shift register for a given 
number of output pulses. 
0005 FIG. 1 of the accompanying drawings illustrates 
part of a typical CMOS circuit comprising D-type latches 1 
and 2. The construction and operation of Such an arrange 
ment is well-known and will not be described in detail. 
Consecutive latches Such as 1 and 2 are transparent on 
opposite clock phases of a two phase clock represented by 
CK and CK. The input and output of each latch are 
“NANDed” together in order to produce the clock pulses Nn 
and Np. 
0006 Various techniques have been disclosed for reduc 
ing the capacitive loading of the clock line or lines So as to 
increase the maximum frequency of operation and reduce 
clock power consumption. For example, State-controlled 
clocking techniques have been Suggested for use in clock 
pulse generating circuits. An example of this is disclosed in 
U.S. Pat. No. 4,746,915, in which the shift register is divided 
into Several Sub-registers of flip-flops or latches and another 
shift register operating at a lower frequency is used Selec 
tively to apply the clock Signal to each Sub-register. 
0007 For applications in which the requirement is for a 
Single circulating 1 State, only those flip-flops or latches 
containing a 1 State or having a 1 State at their input require 
clocking. AS Shown in FIG. 2, for Such applications, the 
Signal generated by “ORing the input and output of each 
flip-flop can be used to gate the clock signals Supplied to the 
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clock input of the flip-flop. Such an arrangement is disclosed 
in U.S. Pat. No. 5,128,974. However, such an arrangement 
requires Several further transistors per Stage. Also, the flip 
flop outputs have to drive a relatively large load and this 
limits the maximum Speed of operation. 

SUMMARY OF THE INVENTION 

0008. The term “D-type latch” as used herein refers to a 
circuit which has a clock input, a data input and a direct or 
inverted output and which operates Such that, when the clock 
Signal Supplied to the clock input is active, the output 
Suppleis a direct or inverted version of the Signal at the input 
(the latch is “transparent’) whereas, when the clock signal is 
inactive, the output is held or “latched” at its current value 
irrespective of the state of the input signal. The term “D-type 
flip-flop” as used herein refers to an edge-triggered device 
which is generally formed of two cascaded D-type latches, 
possibly including additional circuitry. D-type latches and 
D-type flip-flops are referred to collectively herein as 
“D-type circuits' so that a D-type circuit may be a D-type 
latch or a D-type flip-flop. 
0009. According to a first aspect of the invention, there is 
provided a Static clock pulse generator comprising a main 
clock input and N Stages, each ith one of which comprises: 
a D-type circuit having a reset input for receiving a reset 
Signal from an (i+a)th Stage, where a is greater than or equal 
to one, and a data input, and a gating circuit having an output 
for Supplying a pulse to the data input in response to a 
D-type circuit output signal of an (i-1)th stage and a clock 
pulse at the main clock input, where l-is (N-a). 
0010 Each D-type circuit may be a D-type latch. 
0011 Each of at least one of the stages may have an 
output for Supplying the D-type circuit output Signal and 
constituting an output of the generator. 

0012. The reset input of the D-type circuit of each ith 
Stage may be arranged to receive the reset Signal from the 
output of the gating circuit of the (i+a)th stage. 
0013 The reset input of the D-type circuit of each ith 
Stage may be arranged to receive the D-type circuit output 
Signal of the (i+a)th Stage as the reset signal. 
0014 Each stage may comprise a delay circuit disposed 
between the gating circuit output and the D-type circuit data 
input of each Stage. Each delay circuit may comprise a 
plurality of cascade-connected inverters. 
0015 Each stage may comprise 4 Switching arrangement 
for Selectively-connecting the D-type circuit reset input to 
receive the reset signal from the (i-a)th Stage and causing 
the gating circuit to Supply the pulse to the data input in 
response to the D-type circuit output signal of the (i+1)th 
Stage and the clock pulse at the main clock input, where 
(1+a)si-N. Each Switching arrangement may comprise a 
plurality of transmission gates. 
0016. The D-type circuit of each ith stage may comprise 
a clock input for receiving the D-type circuit output signal 
of the (i-1)th Stage. 
0017. The Switching arrangement may be arranged selec 
tively to connect the D-type circuit clock input of each ith 
Stage to receive the D-type circuit output Signal of the 
(i+1)th stage. 
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0.018. The first stage may comprise: a D-type circuit 
having a reset input, for receiving a reset Signal from a 
(1+a)th Stage, and a data input; and a gating circuit for 
Supplying a pulse to the D-type circuit data input in response 
to a start pulse and a clock pulse at the main clock input. 
0019. The Switching arrangement may be arranged selec 
tively to connect the reset Signal from the first Stage to the 
D-type circuit reset input of the first Stage. 
0020. The Nth stage may comprise: a D-type circuit 
having a data input, an output and a reset input for receiving 
a reset Signal from the D-type circuit output; and a gating 
circuit having an output for Supplying a pulse to the data 
input in response to the D-type circuit output Signal of the 
(N-1)th stage and a clock pulse at the main clock input. 
0021. The main clock input may comprise a complemen 
tary clock input and the gating circuits of consecutive pairs 
of Stages may be arranged to respond to complementary 
clock pulses at the complementary inputs. Each gating 
circuit may comprise a first transistor whose common elec 
trode is connected to the main clock input, whose output 
electrode forms an enabled data input of the D-type circuit 
and whose control electrode is responsive to the D-type 
circuit output Signal of the preceding Stage. Each gating 
circuit may comprise a Second transistor whose common 
electrode is connected to a first Supply line and whose output 
electrode is connected to the output electrode of the first 
transistor. The control electrode of the Second transistor may 
be arranged to receive the D-type circuit output signal of the 
preceding Stage. 
0022. The control electrode of the first transistor may be 
connected to a bias Voltage Source which is arranged to be 
controlled by the D-type circuit output Signal of the preced 
ing Stage. The bias Voltage Source may comprise a third 
transistor whose common electrode is connected to an 
inverted main clock input and whose control and output 
electrodes are connected to the control electrode of the first 
transistor. The control electrode of the first transistor may be 
connected to the output electrode of a fourth transistor 
whose common electrode is connected to a or the first Supply 
line. The control electrode of the fourth transistor may be 
arranged to receive the D-type circuit output Signal of the 
preceding Stage. 
0023 The control electrode of the first transistor may be 
connected to the output electrode of a fifth transistor whose 
common electrode is connected to a Second Supply line and 
whose control electrode is arranged to receive the D-type 
circuit output signal of the preceding Stage. 
0024. Each D-type latch may comprise a first inverter and 
a Second feedback inverter. The Second inverter may be a 
gated inverter having a gate input arranged to be controlled 
by the D-type latch output signal of the preceding Stage. 
0.025 The first inverter may be connected to a pull-up or 
pull-down transistor whose control terminal comprises the 
reset input. 
0026. The generator may be formed as a CMOS inte 
grated circuit. 
0027. The generator may be formed of poly-silicon tran 
Sistors. 

0028. According to a second aspect of the invention, 
there is provided a Spatial light modulator comprising a 
generator according to the first aspect of the invention. 
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0029. The modulator may comprise a liquid crystal 
device. 

0030 The liquid crystal device may be of passive matrix 
type. 

0031. The liquid crystal device may be of active matrix 
type. The generator and the active matrix may be formed of 
thin film transistors of the same type. 

0032. According to a third aspect of the invention, there 
is provided a display comprising a modulator according to 
the Second aspect of the invention. 

0033 According to a fourth aspect of the invention there 
is provided a light-emissive display comprising a generator 
according to the first aspect of the invention. 

0034. The display may be of the passive or active matrix 
type. 

0035) It is thus possible to provide a clock pulse genera 
tor which is capable of high Speed operation and low power 
consumption. Such a generator provides Static operation 
with no momentarily-floating circuit nodes and imposes a 
low load on input clock Signals. The generator may easily be 
arranged to operate in a bi-direction mode and may be 
constructed with a relatively low number of transistors. The 
generator may also operate with low voltage input clock 
Signals and is able to provide level Shifting from, for 
example, clock signals having an amplitude of two volts or 
less to output signals which Switch between the power 
Supply lines, typically carrying a Supply Voltage of ten to 
twenty volts. Such performance may be achieved using 
poly-Silicon thin film transistor technology. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0036) The invention will be further described, by way of 
example, with reference to the accompanying drawings, in 
which: 

0037 FIG. 1 is a circuit diagram of two stages of a 
known type of Shift register; 

0038 FIG. 2 is a block circuit diagram of a known type 
of clock pulse generator; 

0039 FIG. 3 is a circuit diagram of two stages of a static 
clock pulse generator constituting an embodiment of the 
invention; 

0040 FIG. 4 is a block diagram of the clock pulse 
generator whose Stages are shown in FIG. 3; 

0041 FIG. 5 is a timing diagram illustrating waveforms 
occurring in the clock pulse generator shown in FIGS. 3 and 
4; 

0042 FIG. 6 is a circuit diagram of two stages of a static 
clock pulse generator constituting an embodiment of the 
invention: 

0043 FIG. 7 is a block diagram of the clock pulse 
generator whose Stages are shown in FIG. 6; 

0044 FIG. 8 is a timing diagram illustrating waveforms 
occurring in the clock pulse generator shown in FIGS. 6 and 
7; 



US 2001/0043496 A1 

004.5 FIG. 9 is a circuit diagram of two stages of a static 
clock pulse generator constituting an embodiment of the 
invention; 
0.046 FIG. 10 is a block diagram of the clock pulse 
generator whose stages are shown in FIG. 9: 
0047 FIG. 11 is a timing diagram illustrating waveforms 
occurring in the clock pulse generator shown in FIGS. 8 and 
9; 
0.048 FIG. 12 is a circuit diagram of two stages of a static 
clock pulse generator constituting an embodiment of the 
invention; 
0049 FIG. 13 is a block diagram of the clock pulse 
generator whose Stages are shown in FIG. 12; 
0050 FIG. 14 is a timing diagram illustrating waveforms 
occurring in the clock pulse generator shown in FIGS. 12 
and 13; 
0051 FIG. 15 is a circuit diagram of two stages of a static 
clock pulse generator constituting an embodiment of the 
invention; 
0.052 FIG. 16 is a timing diagram illustrating waveforms 
occurring in the clock pulse generator shown in FIG. 15; 
0.053 FIG. 17 is a circuit diagram of one stage of a 
bi-directional Static clock pulse generator constituting an 
embodiment of the invention and illustrates operation in 
both directions; 
0054 FIG. 18 is a circuit diagram of one stage of a state 
clock pulse generator constituting an embodiment of the 
invention; 
0055 FIG. 19 is a waveform diagram illustrating wave 
forms occurring in a simulation of the clock pulse generator 
shown in FIG. 18; 
0056 FIG. 20 is a circuit diagram of one stage of a static 
clock pulse generator constituting an embodiment of the 
invention; 

0057 FIG. 21 is a circuit diagram of one stage of a static 
clock pulse generator constituting an embodiment of the 
invention; 
0.058 FIG. 22 is a circuit diagram of one stage of a 
bi-directional Static clock pulse generator constituting an 
embodiment of the invention; and 
0059 FIG. 23 is a block schematic diagram of a display 
comprising a liquid crystal spatial light modulator consti 
tuting an embodiment of the invention. 
0060. Like reference numerals refer to like parts of 
throughout the drawings. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

0061 FIG. 3 shows two stages 1 and 2 of a static clock 
pulse generator. The Stage 1 comprises a D-type latch 3 and 
a gating circuit 4. The latch 3 has direct and inverted outputs 
Q and Q which are connected to the following Stage, the 
output Q constituting the output of the Stage and an output 
of the clock pulse generator. The latch has an asynchronous 
reset input R which receives a reset Signal from the follow 
ing Stage. 
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0062) The gating circuit 4 has complementary clock 
inputs CK and CK which are connected to a main clock 
input via clock lines which are common to all of the Stages. 
The clock input CK of the gating circuit 4 of the Stage 1 is 
connected to the clock line CK. The inverted clock input 
!CK is shown connected to the corresponding clock line by 
a broken line in FIG. 3 because this connection may not be 
required in Some embodiments. 
0063. The gating circuit 4 has complementary gating 
inputS G and G which receive gating Signals from the 
preceding Stage. In Some embodiments, only the direct or 
inverted gating Signal may be passed from Stage to Stage. 
The gating input G is also connected to a clock input CK of 
the latch 3. The gating circuit 4 has an output O which 
Supplies a reset Signal to the preceding Stage and which IS 
also connected to a data input D of the latch 3. 
0064. The stage 1 is activated by the direct clock pulses 
CK whereas the stage 2 is activated by the inverted clock 
pulses ->CK (for convenience, the signals appearing on the 
various circuit lines and nodes are referred to by the same 
reference numerals as the circuit lines and nodes). Thus, the 
input CK of the gating circuit 4 is connected to the inverted 
clock line whereas the direct clock input CK may or may not 
be connected to the corresponding direct clock line depend 
ing on the requirements of the particular embodiment. 
0065 FIG. 4 shows part of a static clock pulse generator 
which comprises N Stages 1.2 connected in cascade. The 
Stages 1 alternate with the Stages 2. The complementary 
gating inputS G and G of the first Stage 1 are arranged to 
receive complementary start pulses SP and SP whereas the 
clock inputs receive complementary clock signals CK and 
!CK from a two phase clock input. The reset input R of each 
Stage 12 is connected to the gating circuit output O of the 
following Stage with the exception of the last or Nth Stage, 
whose reset input R is connected to the output Q of the same 
Stage. 

0066 Operation of the static clock pulse generator is 
illustrated by the timing diagram of FIG. 5, which illustrates 
various waveforms occurring in the first four stages of the 
generator of FIG. 4. Initially, the latches 3 of all of the stages 
1 and 2 are in a reset State So that all of the outputs Q are low. 
The gating circuits 4 of all of the Stages 1,2 are disabled and 
the gating circuit outputs O are all low. 

0067 Prior to time t, a start pulse SP is supplied to the 
gating circuit input of the first Stage. The gating circuit 4 is 
thus enabled and the output O of the gating circuit 4 is able 
to follow the logic state of the clock signal CK, possibly with 
level shifting of the actual logic level. 
0068. At time t, the output O of the gating circuit 4 
follows the rising edge of the clock signal CK and goes high. 
The direct output O of the latch 3 thus goes high and enables 
the gating circuit 4 of the following Stage 2. 

0069. Just after time t, the start pulse SP goes low so that 
the gating circuit 1 of the first Stage is disabled. The clock 
input CK of the latch also goes low So that the latch remains 
in its State with the output Q high until a reset Signal is 
received. 

0070. At time t-1, the output O of the gating circuit 4 of 
the Second Stage 2 follows the rising edge of the inverted 
clock signal CK and goes high. The output Q of the latch 
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3 of the Second Stage also goes high and enables the gating 
circuit 4 of the third Stage. Simultaneously, the output O of 
the gating circuit 4 of the Second Stage Supplies a reset Signal 
to the reset input R of the latch of the first stage, whose 
output Q thus goes low. The falling and rising edges of the 
outputS Q of consecutive Stages are thus coincident or 
synchronised as illustrated in FIG. 5. 
0071 At time t-2, the output O of the gating circuit 4 of 
the third Stage follows the rising edge of the clock Signal CK 
and goes high. The output Q of the third Stage thus goes high 
and enables the gating circuit 4 of the fourth Stage. Simul 
taneously, the latch 3 of the Second Stage is reset. Operation 
then continues as described hereinbefore with each latch 3 
being Set once by a gated clock pulse input and reset once 
by a feedback signal from the next or following Stage of the 
generator. 

0072 The stages 1 and 2 shown in FIG. 6 differ from 
those shown in FIG. 3 in that the reset signal for each 
preceding Stage is Supplied by the output Q of the latch 3 
instead of by the output o of the gating circuit 4. The 
generator shown in FIG. 7 and comprising the Stages 1 and 
2 differs from the generator shown in FIG. 4 only in the 
labelling of the Stage outputs for the reset Signals. 
0073 FIG. 8 illustrates the resulting waveforms. 
Because each latch 3 is not reset until the latch 3 of the 
following Stage in Set, all of the Stage outputs Q are 
guaranteed to overlap as illustrated in FIG. 8. Such an 
arrangement is therefore Suitable for clock pulse generators 
which are required to provide consecutive overlapping Sig 
nals. 

0074 The stages 1 and 2 shown in FIG. 9 differ from 
those shown in FIG. 3 in that the latch reset signal for each 
Stage is derived from the next-but-one following Stage i.e. 
for each nth Stage, the reset signal is fedback from the 
(n+2)th Stage. In addition, each stage 12 has an input F 
connected by a feed-through line to an output F for passing 
reset signals from the following Stage to the preceding Stage. 
The interconnections of the stages are illustrated in FIG. 10. 
The output Q of the Nth stage is connected to the feedback 
input F and to the reset input R of the Same Stage. 
0075). As illustrated in FIG. 11, the consecutive outputs Q 
are active or high for an entire clock period of the clock 
Signals CK, CKSO that the falling and rising edges of every 
other output Q are coincident. Consecutive pairs of output 
Signals Q overlap by Substantially half the clock period. 

0076) The stages 1 and 2 shown in FIG. 12 differ from 
those shown in FIG. 9 in that, as in the case of the 
arrangement of FIG. 6, the reset signals are derived from the 
output Q of the latch of each Stage. The interconnections 
between the stages of the generator are illustrated in FIG. 13 
and differ from those illustrated in FIG. 10 only in the 
labelling of the reset pulse feedback output of each Stage. AS 
illustrated in FIG. 14, because each latch 3 in not reset until 
the latch 3 of the next-but-one Stage is Set, the outputS Q of 
every other Stage are guaranteed to overlap. 

0077. The stages 1 and 2 of FIG. 15 differ from those of 
FIG. 3 in that each comprises a delay element or circuit 5 
connected between the output O of the gating circuit 4 and 
the data input D of the latch 3 with the reset signal for the 
preceding Stage being derived directly from the output O of 
the gating circuit 4. The interconnections of the Stages are as 
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illustrated in FIG. 4. Each delay circuit 5 may, for example, 
comprise a plurality of cascade-connected inverters. Unless 
an inverted Signal is required by the latch 3, there should be 
an even number of inverters connected in cascade. 

0078. As illustrated in FIG.16, the delay provided by the 
delay circuit 5 of each stage ensures that the latch 3 of the 
preceding Stage is reset before the latch 3 of the current Stage 
is Set. This in turn ensures that the outputs Q of consecutive 
Stages are non-overlapping, as may be required for Some 
applications of the clock pulse generator. 

007.9 FIG. 17 illustrates a stage 1 of the type shown in 
FIG. 6 arranged for bidirectional operation i.e. for generat 
ing pulses in Sequence from left to right or from right to left. 
The upper part of FIG. 17 illustrates operation from left to 
right whereas the lower part illustrates operation from right 
to left. The stages 2 which are active for the inverted clock 
!CK may be arranged in the same way. 
0080. The stage 1 comprises first and second electronic 
changeover Switches 6 and 7. The Switches 6 and 7 are 
controlled by Suitable Single phase, or complementary con 
trol signals (not shown in FIG. 17 for the sake of clarity). 
0081. As shown in the upper part of FIG. 17, when the 
generator configured for left to right operation, the Switch 6 
connects the gating input G of the gating circuit and the 
clock input CK of the latch 3 to a terminal GR which 
receives the output Signal Q of the preceding Stage. The 
Switch 7 connects the reset input R of the latch 3 to a 
terminal RG for receiving the output Q of the latch of the 
following Stage as a reset Signal. The Stage thus operates as 
described hereinbefore. 

0082) When the generator is configured for right to left 
operation, the Switches 6 and 7 are connected as shown in 
the lower part of FIG. 17. The gating input G of the gating 
circuit 4 and the clock input CK of the latch 3 are connected 
to the terminal RG and receive the output Q of the latch of 
the following stage. The reset input R of the latch 3 is 
connected to the terminal GR for receiving the output Q of 
the latch 3 of the preceding Stage as a reset Signal. Pulses at 
the outputS Q of the Stages thus appear consecutively from 
right to left. For this mode of operation, the end connections 
of the first and Nth stages are exchanged so that the Nth 
Stage receives the Start pulse and the first Stage resets itself. 
0083) The switches 6 and 7 may be embodied by trans 
mission gates of the two transistor or Single transistor type. 
A two transistor arrangement with complementary control 
inputS is described hereinafter. 
0084 FIG. 18 illustrates in detail an example of the stage 
1 embodied by CMOS field effect transistors, for example in 
the form of poly-silicon thin film transistors. The alternate 
Stages 2 may be embodied in the same way except that the 
connections to the complementary clock lines CK and CK 
are exchanged. This arrangement is able to operate with 
input clock Voltages which are Substantially lower than the 
Supply Voltage because the gating circuit 4 provides a level 
shifting function for the higher input clock signal level. In 
this arrangement, the gating circuit output 10 and the latch 
reset input R are “active low”. 
0085. The gating circuit 4 comprises N-type transistors 
M1, M3 and M7 and P-type transistors M2 and M4. The 
Sources of the transistors M1 and M3 are connected to the 
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inverted and direct clock inputs CK and CK, respectively. 
The drain of the transistor M1 provides the output 10 of the 
gating circuit 4 and is connected to the drain of the transistor 
M2 whose Source is connected to a first Supply line Vdd and 
whose gate is connected to the inverted gating input G. The 
gate and drain of the transistor M3 are connected together 
and to the drains of the transistors M4 and M7. The Source 
and gate of the transistor M4 are connected to the first Supply 
line Vdd and the inverted gating input G, respectively. The 
Source and gate of the transistor M7 are connected to a 
Second Supply line VSS and the inverted input G, respec 
tively. 
0.086 The D-type latch 3 comprises an N-type transistor 
MS, P-type transistors M6 and M13, a triple gate N-type 
transistor acting as Series-connected Single gate transistors 
M8, M10 and M12, and a dual gate P-type transistor acting 
as two series-connected single gate transistors M9 and M11. 
The transistors M5 and M6 form an inverter whose input is 
connected to the output 10 of the gating circuit 4 and whose 
output constitutes the direct output Q of the Stage 1. The 
transistors M8-M12 form a gated feedback inverter whose 
input and output are connected to the output and input, 
respectively, of the inverter M5, M6. 
0087. The gate of the transistor M11 is connected to the 
direct gating input G whereas the gate of the transistor M10 
is connected to the inverted input G. thus, when the gating 
Signal is active, the gated inverter is disabled whereas, when 
the gating input is inactive, the gated inverter is enabled and 
latches the output of the latch. 
0088. The transistor M13 comprises a pull-up transistor 
whose Source and drain are connected to the first Supply line 
Vdd and the output 10 of the gating circuit 4, respectively. 
The gates of the transistor M13 and M12 are connected to 
the active low reset input R of the latch 3. 
0089 Operation of the stage 1 shown in FIG. 18 is as 
follows. When the gating input is inactive So that the 
complementary gating Signals G and G are low and high, 
respectively, the transistors M2 and M4 are turned off and 
the pull-down transistor M7 ensures that the transistors M1 
and M3 are turned off. The output O of the gating circuit 4 
is therefore in a high impedance State and is not affected by 
the clock signals CK and CK. The output O is thus held at 
the logic high level by the output of the gated inverter, which 
latches the state of the latch 3. 

0090 When the gating signal is active so that the signals 
G and G are at high and low levels, respectively, the 
diode-connected transistor M3 acts as a bias Voltage Source 
with its load being provided by the transistor M4. The bias 
Voltage is Supplied to the gate of the transistor M1, which 
functions as a common gate amplifier with a load provided 
by the transistor M2 to provide a level-shifted version of the 
clock signal CK at the gating circuit output O. When the 
clock signal CK is low and the inverted clock signal CK is 
high, the gate-Source Voltage of the transistor M1 is Small 
and the transistor M2 holds the output 10 close to the 
positive Supply Voltage on the Supply line Vdd. Conversely, 
when the clock Signals CK and CK are high and low, 
respectively, the bias generated by the transistorS M3 and 
M4 and supplied to the gate of the transistors M1 is larger. 
The gate-Source Voltage of the transistor M1 is increased 
sufficiently to allow the transistor M1 to pull the output O 
close to ground potential on the Supply line VSS. For this 
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purpose, the drive capability of the transistor M1 is substan 
tially larger than that of the transistor M2. 
0091. The D-type latch 3 with asynchronous reset is 
Similar to a conventional clocked D-type latch as shown in 
FIG. 1 but with a first stage clocked inverter constituting 
part of the gating circuit 4 So that the output O of the gating 
circuit is the same node as the complementary output Q of 
the latch 3. The transistor M13 provides the asynchronous 
reset by pulling the node Q high, So that the output Q goes 
low, and the transistor M12 prevents any transistor conflicts 
from occurring when resetting is taking place. 
0092. As described hereinbefore, when the gating input G 
is low, the latch mechanism of the latch 3 is activated so that 
the outputS Q and Q remain latched at their current logic 
values. The latch thus determines the Voltage at the gating 
circuit output 10 because the gating circuit 4 is deactivated. 
However, the pull-up transistor M13 is still able to reset the 
latch. 

0093 Conversely, when the gating input G is high, the 
latch mechanism of the latch 3 is deactivated and the gating 
circuit 4 is activated. The gating circuit 4 thus determines the 
logic State of the output 10 and hence the logic Stage of the 
output Q of the latch 3. 
0094) The voltage waveforms illustrated in FIG. 19 are 
from a transient analysis Simulation of a clock pulse gen 
erator comprising stages of the type shown in FIG. 18 with 
a Supply Voltage of 15 volts. The transistors were Simulated 
with the performance of typical low-temperature poly-sili 
con thin film transistors i.e. with threshold voltages of two 
volts and mutual conductances of 1.25 uA/V for square 
devices. The clock inputs are complementary Signals of two 
volt amplitude and 5 MHz frequency. 
0.095 The lower waveform diagram of FIG. 19 illustrates 
the clock and Start pulses whereas the upper diagram illus 
trates the output Signals of consecutive Stages of the clock 
pulse generator. Thus, following the Start pulse, the clock 
pulse generator produces Satisfactory output pulses whose 
amplitudes are Substantially equal to the Supply Voltage. 
This is achieved with level shifting from the two volt clock 
pulses to the 15 volt output pulses. 
0096 FIG. 20 shows a clock pulse generator stage 1 
which differs from that shown in FIG. 18 in that the 
feedback inverter is of the non-gated type i.e. the “transis 
tors' M10, M11 and M12 are omitted. In order for this 
arrangement to function correctly, the transistors M8 and M9 
must have a low drive capability in comparison with the 
transistors M1 and M13. However, this provides a simpler 
circuit arrangement and the direct gating input G may be 
omitted. Similarly, if not required to provide the Stage 
output, the direct output Q may also be omitted. 
0097 FIG. 21 illustrates a simpler circuit arrangement in 
which the transistor M2 of the stage of FIG. 20 is omitted. 
During normal operation, the output 10 of the gating circuit 
4 is held high by the translator M9. However, when the 
gating circuit 4 is activated, the transistor M9 acts as the load 
for the transistor M1 and holds the output Ohigh until the 
rising edge of the direct clock pulse CK. The transistor M1 
then pulls the output 10 low and the transistor M13 pulls the 
output Ohigh approximately half a clock period later. 
0.098 FIG. 22 illustrates a bi-directional embodiment of 
the stage illustrated in FIG. 18 with Switching arrangements 
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provided by transmission gates comprising transistorS M14 
M21. The control inputs of the transmission gates are 
connected to complementary left/right control lines LR and 
LR So that, when left to right operation is required, the 
control Signals LR and LR are high and low, respectively, 
whereas, when right to left operation is required, the control 
Signals LR and LR are low and high, respectively. In order 
to avoid the need for Separately Switching a direct gating 
Signal G for bi-directional operation, an inverter I1 generates 
the direct gating Signal G from the inverted gating Signal G. 
0099 FIG. 23 illustrates a display comprising a display 
matrix 40 of N rows by M columns of pixels, for instance in 
the form of a Spatial light modulator comprising a liquid 
crystal device. The display further comprises an address 
Signal generator 41 comprising a clock pulse generating 
circuit 42 and a set of data line drivers 43. The clock pulse 
generating circuit 42 comprises a generator of any of the 
types described hereinbefore and illustrated in FIGS. 3 to 22. 
A Scan Signal generator 44 Supplies Scan Signals to the rows 
of pixels and comprises a clock pulse generating circuit 45 
and a set of line driverS 46. The clock pulse generating 
circuit 45 comprises a generator of any of the types 
described hereinbefore and illustrated in FIGS. 3 to 22. The 
clock pulse generating circuits generate clock pulses at pixel 
data rate for the circuit 42 and at line data rate for the circuit 
45. 

What is claimed is: 
1. A Static clock pulse generator comprising a main clock 

input and N Stages, each ith one of which comprises: a 
D-type circuit having a reset input for receiving a reset 
Signal from an (i+a)th Stage, where a is greater than or equal 
to one, and a data input, and a gating circuit having an output 
for Supplying a pulse to the data input in response to a 
D-type circuit output signal of an (i-1)th Stage and a clock 
pulse at the main clock input, where 1.<is (N-a). 

2. A generator as claimed in claim 1, in which each D-type 
circuit is a D-type latch. 

3. A generator as claimed in claim 1, in which each of at 
least one of the Stages has an output for Supplying the D-type 
circuit output Signal and constituting an output of the 
generator. 

4. A generator as claimed in claim 1, in which the reset 
input of the D-type circuit of each ith Stages is arranged to 
receive the reset Signal from the output of the gating circuit 
of the (i+a)th stage. 

5. A generator as claimed in claim 1, in which the reset 
input of the D-type circuit of each ith Stage is arranged to 
receive the D-type circuit output signal of the (i+a)th Stage 
as the reset Signal. 

6. A generator as claimed in claim 1, in which each Stage 
comprises a delay circuit disposed between the gating circuit 
output and the D-type circuit data input of each Stage. 

7. A generator as claimed in claim 6, in which each delay 
circuit comprises a plurality of cascade-connected inverters. 

8. A generator as claimed in claim 1, in which each Stage 
comprises a Switching arrangement for Selectively connect 
ing the D-type circuit reset input to receive the reset Signal 
from the (i-a)th Stage and causing the gating circuit to 
Supply the pulse to the data input in response to the D-type 
circuit output signal of the (i+1)th Stage and the clock pulse 
at the main clock input, where (1+a)s 1.<N. 
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9. A generator as claimed in claim 8, in which each 
Switching arrangement comprises a plurality of transmission 
gateS. 

10. A generator as claimed in claim 1, in which the D-type 
circuit of each ith Stage comprises a clock input for receiving 
the D-type circuit output signal of the (i-1)th stage. 

11. A generator as claimed in claim 8, in which the 
Switching arrangement is arranged Selectively to connect the 
D-type circuit clock input of each ith Stage to receive the 
D-type circuit output signal of the (i+1)th Stage. 

12. A generator as claimed in claim 1, in which the first 
Stage comprises: a D-type circuit having a reset input, for 
receiving a reset Signal from a (1+a)th stage, and a data 
input; and a gating circuit for Supplying a pulse to the D-type 
circuit data input in response to a start pulse and a clock 
pulse at the main clock input. 

13. A generator as claimed in claim 8, in which the 
Switching arrangement is arranged Selectively to connect the 
reset Signal from the first Stage to the D-type circuit reset 
input of the first Stage. 

14. A generator as claimed in claim 1, in which the Nth 
Stage comprises: a D-type circuit having a data input, an 
output and a reset input for receiving a reset Signal from the 
D-type circuit output; and a gating circuit having an output 
for Supplying a pulse to the data input in response to the 
D-type circuit output signal of the (N-1)th Stage and a clock 
pulse at the main clock input. 

15. A generator as claimed in claim 1, in which the main 
clock input comprises a complementary clock input and the 
gating circuits of consecutive pairs of Stages are arranged to 
respond to complementary clock pulses at the complemen 
tary inputs. 

16. A generator as claimed in claim 1 in which each gating 
circuit comprises a first transistor whose common electrode 
is connected to the main clock input, whose output electrode 
forms an enabled data input of the D-type circuit and whose 
control electrode is responsive to the D-type circuit output 
Signal of the preceding Stage. 

17. A generator as claimed in claim 16, in which each 
gating circuit comprises a Second transistor whose common 
electrode is connected to a first Supply line and whose output 
electrode is connected to the output electrode of the first 
transistor. 

18. A generator as claimed in claim 17, in which the 
control electrode of the Second transistor is arranged to 
receive the D-type circuit output Signal of the preceding 
Stage. 

19. A generator as claimed in claim 16, in which the 
control electrode of the first transistor is connected to a bias 
Voltage Source which is arranged to be controlled by the 
D-type circuit output Signal of the preceding Stage. 

20. A generator as claimed in claim 19, in which the bias 
Voltage Source comprises a third transistor whose common 
electrode to connected to an inverted main clock input and 
whose control and output electrodes are connected to the 
control electrode of the first transistor. 

21. A generator as claimed in claim 20, in which the 
control electrode of the first transistor is connected to the 
output electrode of a fourth transistor whose common elec 
trode is connected to a or the first Supply line. 

22. A generator as claimed in claim 21, in which the 
control electrode of the fourth transistor is arranged to 
receive the D-type circuit output Signal of the preceding 
Stage. 
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23. A generator as claimed in claim 16, in which the 
control electrode of the first transistor is connected to the 
output electrode of a fifth transistor whose common elec 
trode is connected to a Second Supply line and whose control 
electrode is arranged to receive the D-type circuit output 
Signal of the preceding Stage. 

24. A generator as claimed in claim 2, in which each 
D-type latch comprises a first inverter and a Second feedback 
inverter. 

25. A generator as claimed in claim 24, in which the 
Second inverter is a gated inverter having a gate input 
arranged to be controlled by the D-type latch output signal 
of the preceding Stage. 

26. A generator as claimed in claim 24, in which the first 
inverter is connected to a pull-up or pull-down transistor 
whose control terminal comprises the reset input. 

27. A generator as claimed in claim 1, formed as CMOS 
integrated circuit. 

28. A generator as claimed in claim 1, formed of poly 
Silicon thin film transistors. 
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29. A Spatial light modulator comprising a generator as 
claimed in claim 1. 

30. A modulator as claimed in claim 29, comprising a 
liquid crystal device. 

31. A modulator as claimed in claim 30, in which the 
liquid crystal device is of passive matrix type. 

32. A modulator as claimed in claim 30, in which the 
liquid crystal device is of active matrix type. 

33. A modulator as claimed in claim 32, in which the 
generator and the active matrix are formed of thin film 
transistors of the same type. 

34. A display comprising a modulator as claimed in claim 
29. 

35. A light-emissive display comprising a generator as 
claimed in claim 1. 

36. A display as claimed in claim 35 of passive matrix 
type. 

37. A display as claimed in claim 35 of active matrix type. 
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