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4.1

4. EXPERIMENTAL WORK

A number of new addiessing techniques for multiplexing matrix LCDs
with wms 1esponse have been proposed in the previous chapter, along with
the theotetical analysis in each case. The hardware realization of some
of these techniques, viz., BAT, HAT, IHAT, IHAT-S4, RPAT-NC and RPAT-PC
is taken up in  this chapter, in view of the importance of the same. The
block diagrams of the display systems using these addiessing techniques
and the approach to their 1ealization ate discussed ginst. This is followed
by the details of the implementation and discussion of the results obtained

by using these techniques.

4.1 APPROACH TO REALIZATION

4.1.1. BAT

The BAT iy suitable fo1 single 1ow alphanumeric displays, where

the number of linesto be multiplexed (N) i small (Appendix 6.al.

a)  Bloch diagram

The block diagiam of a display system using BAT is shown in Fig.4.1.
The chatacter information {5 stored (n the memory. The standard ASCII
code {5 used for storng the alphanumeric characters to be displayed. This
information in the memory ¢ updated through the inie’zﬁace, which connects
the display to an input equipment (computer, keyboard, etc.] depending
on the application. The Character Generator (CG) converts the ASCIl code
to pixel information. A cotumn-wise output is requited for the BAT. The

N

27 row-select pattemns required for BAT aze obtained from the Sequence
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4.3

Generator (SG). The Column Signal Generator [CSG) compares the data
gtom the CG and the tow-select pattewn from SG bit-by-bit and generates
the data fo1 the Column Drivers (CD). This 1equi1u a majority decision
as discussed in section 3.1.2. The Row Drivers (RD) obtain the zow-select
pattewn from SG. The 1ow-select pattern and the column data should be
simultaneously applied to the matuvix display. This i3 ensured by providing
a buffer and fatch in both the 1ow and column drivers. The Control Logic
(CL) synchionizes the display refresh, by generating the appiopriate address

and control signals using a clock.

b) Approach to Realization

The possible realization of the vatrious blocks along with altewmatives,

i any, are discussed below.

- Character Generator (CG)

The segment o1 pixel information of the alphanumerc characters
i stored in the CG. An UVU-EPROM, EEPROM 01 ROM could be used here

depending on the application.

- Sequence Genetatot (SG)

An N-bit binary counter genemte& at the 2V combinations of 10w~
sefect pattewms requized o1 the BAT. However, the §requency of the counter
outputs (1ow waveforms) increases grom MSB to LSB by a factor of two
for each bit. This large vatation in the frequency of the row addressing
wavegorms will fead to brightness non-uniformity of the pixels (contrast
variation) as discussed in section 2.4.3. While the use of Gray-code will

be helpful to reduce f§requency vatation in the row waveforms, the Pseudo



4.4

Random Binary Sequence [PRBS) & a better altemative for the SG. The
PRBS and its delayed versions have identical wave shape and hence identical
Meqdenéy components. But, these sequences have only (ZN-H states and
they do not include the state with all zeros. A sequence generator with

all the ZN

states can be obtained by inserting the state with N zetos
in the PRBS generator [79]. Such a sequence generator for two values

of N, viz., N = 3 and 5 aze shown in Fig.4.2 as examjolu.

- Column Signal Genetator (CSG)

The row-sefect and the data pattewns ate compared bit-by-bit using Exclu-
sive-OR gates. The column voltage s decided using a majority decision
as discussed in section 3.1.2. The majority decision can be implemented
using gates, multiplexers o1 adders. Programmable Logic Arway (PLA] and
UV-EPROM are the other possible altewmatives for the CSG. Here, both
the bit-by-bit comparison and the majority decision can be absorbed into

a single block.

- Altetnatives for CG and CSG

The CG and CSG can be combined into a single block and can be
realized using a single ROM, UV-EPROM o1 EEPROM. The column signal
can be directly stored for all the combinations of 1ow-select pattens,

column data and the chazracters.

- Duvers

Driver 1Cs commonly used for ditectly duven displays aze suitable

g0t BAT. The schematic of a typical duiver IC is shown in Fig.4.3. The
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Exclusive-OR gates ate provided to enable phabe-'zeueual; in order to ensure
a dc-free operation. But, as the BAT has a natural de-free ojoemtion las
discussed in section 3.1) the phase control input of the EX-OR gates can
be permanently tied to logic 0 o1 1. Altewatively, the drivers can be imple-
mented using shift registers and latches. The length of the shift registex
and the number of latches 1equited in the tow and column duvers 4 equal

to the number of 10w and column address lines respectively.

4.1.2. Hybud Addressing Techniques (HAT3)

The HAT lsee Appendix 6.b) IHAT, IHAT-S3 and IHAT-S4 discussed
in chapter 3 have many common features, since they aze based on the
same puinciple. The basic difference between these techniques i3 the number
o4 voltage fevels in the column waveforms as shown in Table 3.1'9. Hence
the block diagram and the appzoaéh to zealization of the diggerent versions

of HAT aie discussed heze.

a) Block Diagiam

The block diagram of the display system using HATS i85 shown in Fig.
4.4. The information to be displayed s stored in the memory and this
can be updated thiough the interface. The data to be displayed in the
sefected sub-group of 1ows (I 1ows) (8 loaded into the Re-Circulating Regi-
ster {RCR) temporazily, §or comparing & with the row-sefect pattern.
Hence the size of this register is IxM bits. The Sequence Generator {SG),
generates 21, I-bit row-select patteins, o1 selecting { address lines in the
sedected sub-group. The Column Signal Generator (CSG) compazes the

column data pattewmn in the selected sub-group of rows bit-by-bit with the
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row-select pattewn and generates the data for1 the column drivers. The
Sub-Group Sequencer (SGS) determines the { addiess lines to be selected
with voltages cortesponding to the I-bit row-sefect pattewn. The data in
the RCR coresponds to these selected address lines. The Uoltage Level
Genewator (ULG) s used to generate the various voltage fevels in the row
and column addiessing wavefotms. The Row Drivers (RD) ate connected
to the 1ow address lines of the display and the 1ow voltages aze controlled
by the row-select pattern obtained §rom SG and SGS. The Column Diivers
(CD) aze connected to the column address lines and the cofumn voltages
ate controlled by the column signal §1om the CSG. The control logic goveins
the operation of the vatious sub-blocks described above and synchionizes

the glow of information fo1 tefreshing the display.

This block diagram s common for the hybuid addiessing techniques,
viz., HAT, IHAT, IHAT-S3 and IHAT-S4 discussed in chapter 3. The primary
difference between these techniques 5 the numbéz of voltage levels in
the column waveform.This gives zise to different values of relative V{/U o
go1 these techniques. The differences in the implementation of the gollowing

blocks depend. on the particular version of HAT as discussed below:-

- ULG. The number of voltage fevels genewated fo1 the column drivers
depends on the grouping of erio1s in the addiessing technique. The
number of voltage levels is 2, {{+1), 3 and 4 for the HAT, IHAT,
IHAT-S3 and 1HAT-S4 1espectively. The relative amplitudes of the
column voltages with 1espect to that of V,» abso depends on the tech- '

nique as discussed in chapter 3.
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- CSG. The number of bits transmitted as signal to the column drivers
depends on the ddd'cebbing technique. The number of bits 4 1 for
HAT and 2 for IHAT-S3 and IHAT-S4. This value depends on L in
the case of IHAT and is logz {£+1), 1ounded off to the next higher

integer when fractions are encountered.

- CD. Analog multiplexers are used in the column drivers to switch
the column voltaga depending on the signal f1om CSG. The type
of multiplexer requited f§o1 the addiessing techniques aze 2 : 1, (i+1)
:1,3:1and 4:1 for the HAT, IHAT, IHAT-S3 and 1HAT-S4 1espec-
tively. ‘

The 71est of the blocks, viz., Memowy, Interface, RCR, SG, RD and
the control logic are common to afl the addressing techniques discu-

ssed above.

b} Approach to Realization

The possible 1ealization of the various citcuit blocks along with alter-

natives, i any, ate discussed below.

- Re-Circulating Register (RCR).

The hybrid addressing techniques 1equite a bit-by-bit comparison
o4 the data to be displayed with the row-select patten. The RCR 6acili;
tates this by storing the data tempozarily for 1epeated comparison with
the different 1ow-sefect pattewns. The RCR 1equires I (= the number of
add1ess fineé m the sefected sub-group) shift mgibted, each of length M
(= the number of columns in the displayl. Altewnatively FIFO (First-ln-First-

Out) memories can be used along with a feed back fo1 1e-circulating the



data. The RCR i provided only fo1 the ease of accessing the same data
repeatedly and 5 optional. An l-bit buffer {8 adequate, if 'zepeated memoty -

access can be accommodated to fetch the data from the memony.

- Sequence Geneator (SG)

l, I-bit 1ow-select patterns 1equited fo1

The SG »genemtu all the 2
selecting a sub-group. The SG can be an [-bit binawy counter, Giay code
generator o1 PRBS generator with 28 states as discussed eatlier for BAT.
Here again, a Gray code generator o1 PRBS genewator i85 preferied to

achieve the biightness uniformity of the pixels.

- Column Signal Geneator (CSG)

The 1-bit data from the RCR and the [l-bit row-sefect pattern from
the SG are compated bit-by-bit to determine the number of errors. The
column voltage depends directly on the number of ertons in IHAT. Thib
value i transmitted to the column drivers for a proper choice of the column
voftage. The number of column voltages s restricted to 2, 3 and 4 in HAT,
 IHAT-S3 and IHAT-S4 respectively by grouping of eriors in CSG and an

appropuiate signal s transmitted to the column duvers.

- Uoltage Level Generator (VLG)

The vatious voltage levels zrequired for the chosen addiessing tech-
nique aze generated by potential division using a 1esistor network as shown
in Fig.4.5 fo1 1HAT-S4. The ratio between the amplitudes of the tow and
column voltages as demanded by the addressing technique i ensured by
a poper choice of the value of the 1esistors. The potentiometer ablows

fo1 changing the absolute value of the 7row and column voltages without
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 alteting their ratios. Optional buffer amplifiers can be used for the 1ow
and column voltages to 1reduce the soutce impedance and is especially

useful in farge-azrea displays.

- Column Duvers (CD)

Analog wmultiplexers aze used in the column duivers to switch the
different voltages depending on the signal from the CSG. The schematic
of a typical CD fo1 HATS {4 shown in Fig. 4.6. The column signal grom
the CSG i3 setally shifted into the shift zegister. The number of bits (n,)
g§or1 each column driver depends on the addiessing technique. The value
of n, 1 go1 HAT, logz (1+1) rounded off to the next higher integer fox
IHAT and 2 for IHAT-S3 and 1HAT-S4. The length of these 1egisters is
equal to the number of columns in the display, i.e., M. The row-select
pattewn applied to the selected subgroup and the column voltages are syn-
chronized uu’hg a} bufer 1egister. The size of the buffer register is the
same as that of the shift register. Analog multiplexer of the types 2:1,
U+1)s 1, 3:1 and 4:1 ate 71equired for HAT, IHAT, IHAT-S3 and IHAT-S4
1espectively to ‘duve each column in the display. The column voltages

azre derived f1om the VLG.

-  Row Diivers

The HATS require one of the thiee vottages, viz., -U,, 0 and +UT’
lox 0, U, and 2V, for unipolar addressing wavefowms.) These voltages are
switched using a 3:1 analog multiplexer. The tows in the unselected sub-
groups get a voltage 0 and .fhib 8 controlled by a single bit from the SGS.

The voltages Y, to be applied to the 1ows in the selected subgroup aze
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controlled by an additional bit fo1 each tow from the Sequence Generator.
Altewatively the 1ow-select pattern grom the SG can be level shifted
to £V,. Only a 2:1 multiplexer controlled by SGS is 1equited hete as compa-
red to a 3:1 multiplexer in the previous case. The total number of multi-
plexers requited s equal .to the number of 71ows in the display, i.e., N.

The thiee voltage levels 1equited here aze derived f1om the VLG.

- Sub-Group Sequencer {SGS)

The SGS detewmines the sequence in which the subgroups are selec-
ted. This in its simplest form i3 a 1ing counter of length (N/ll. The SGS
can be hardwited fo01 a successive o1 random selection of the subgroups.
However, the control logic should be designed to place the data corre-
sponding to the selected subgroup in the column diiverws. A digital dg-multi-

plexer can be used as an altewative to the ing counter.

- Cont1ol Logic (CL)

The conttol logic govewns the flow of information and synchionizes
the vatous blocks in the display system. They can be implemented using

gates, §lip-glops and counters.

4.1.3. RPATs

As already discussed in section 3.6, the sefection 1atio of RPATS
is independent of the matiix size. This enhances the usefulness of LCDs
for diaplaying multiple waveforms in oscilloscopes, Logic Analyzers and
other display applications Qithout sactificing the high resolution 1required

in such displays.
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a) Block Diagiam

The block diagriam of a digital oscilloscope 8 shown in Fig.4.7 as
a typical example of. RPAT applications. The wavegorms are acquited
through the Wavegorm Acquisition Module (WAM), which consists of Ampli-
§ie1rs with Programmable gain,, Analog Muftiplexers, Sample and Hold Circudt
and ADC. These waveforms are stored n Waveform Memories (WM-1 to
WM-w). The ASCIl code of the alphanumeric information §orming the legends
to be displayed s 5toied in a separate memony, called Legend Memoty
(LM). The Charactenr Cenemto'z (CG) cénuutb the ASCIl code f§1om this
memory to the pixel information. The display is 7efreshed from a Bit-
Mapped Frame Memorwy (BFM). The Display Data Formatter (DDF) loads
the pixel data of the waveforms and fegends into the BFM. The Row Diivers
(RD) and the Column Drivers (CD) genetate the addiessing waveforms,
that ate applied to the 1ow and column address lines. The vatious voltage
levels requited o1 the row and column drivers ate obtained from the Vol-

tage Level Geneator (VLG).

b) Approach to Realization

The possible 1ealization of the various blocks along with aftewnatives,

i any, are discussed below:-

- Waveform Membty ({wM)

The WM consists of a RAM o1 Shift 1egisters organized as 1ecircu-
lating memoty. The size of the memory depends on the zesolution of the
ADC and the number of sample points to be displayed. It should be at

feast MxR bits, where M is the number of columns in the matuix display
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and R i ?};excebo!ution of the ADC. A memowy of size ZMx R per waveform,

enables pre-trigger display of the acquited wavegoim.

- Legend Memoy (LM)

The alphanumeric chatacters and special symbols that aze to be dis-
played as fegends are stored hete. A RAM s useful fo1 the implementa-
tion of the LM.

-  Character Generator (CG)

The pixel information coresponding to all thé alphanumeric chazac-
ters and special symbols are stored in the CG. An UW-EPROM, EEPROM

01 ROM could be used here, depending on the application.

- Display Data Formatter (DDF)

The pixel ingormation of the waveforms and fegends to be displayed
& loaded into the BFM using the DDF. The scaling of the amplitude and
shifting of the waveforms (required to avoid any ovedapping among them)
are performed in the DDF. The data loaded into the BFM should be in
the fowmat as that 1equired on the display. A microprocessor-based DDF
& preferted here as Compa'zed to a hard-wired logic, since various steps
1equiting ntelligence aze involved in this block. Apart §rom this, a number
of usequl measurements on the waveform data can be pergormed, if a micro-

processor (6 used here.

- Bit-mapped Frame Memoty (BFM]

The BFM i3 a RAM and each bit here cortesponds to a pixel in the
matvix display. The size of this RAM should be (N+d)xM. The additional
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d-1ows corespond to the dummy tows which are included to keep the num-
ber of selected pixels in a column constant, when two o1 more wavegoms

intersect as discussed in section 3.6.

- VUoltage Level Genetator (VLG)

The VLG consists of a 1esistor netwotk and the various voltage levels
ate genewated thiough potential division by using appropriate values of

1e408t01s. This &5 similar to the VLG discussed o1 the HATS.

-  Row Drivers (RD) and Column Drivers (CD)

The same type of RD and CD as used in multiplexed displays, using
IAPT are adequate here. Fig.4.8 gives the 5c‘hematic of HD44100 (Hitachi),
LCD driver with 40-channel output as an example. 1t consists of two sets
of 20-stage biditectional shift registers to convert the serial data at the
input into parallel form. Two sets of 20-bit latches are provided to synchro-
nize the 1ow and column waveforms, applied to the matiix display. The
two sets of 20 LCD duvers consist of analog mulliplexers to generate
the addressing waveforms by switching the voltage levels grom the VLG.
The §irst set of 20 drivers can switch the output voltage to any one of
the dour levels, viz., U1, U2, U3 and V4 while the second set of 20 duvers
can switch the output voftage to any one of the 5ou1 levels, viz., V1, V2,
U5 and Vé. The §irst set of 20-drivers are pumarily designed as column
.(wgment signal) drivers. The second set of 20-drivers can either be uzfed
as column drivers o1 as 10w lcommon signal) drivers and i preselectable
using the FCS input. The M input is provided to zeverse the polarily of

the addressing waveforms (for the 1APT discussed in chapter 2) in ordex
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to ensute a de-free operation. Al the 40-LCD duvers can also be used
as tow drivers instead of column drwivers, i the voltages VU3, U4, U5 and
V6 corespond to those of 1ow duvers and i the appropriate control u’gnaﬁ,
viz., CL1, CL2 and M ate generated externally. The twuth-table in Fig.4.8

gives the LCD duver outputs o1 all the combinations of FCS, Data and
"

- Cont1ol Logic (CL)

Although the control logic can be hatd-wired using SSI and MSI ICs,
a micioprocessor-based CL i85 approptiate here since both the contiol func-
tions and data formatting can be performed by using the same mictoproce-

45071,

4.2 IMPLEMENTATION

The implementation of BAT, HAT, IHAT, IHAT-S4, RPAT-NC and
RPAT-PC in the laboratory are discussed in this section. This 5 followed

by the experimental results.

4.2.1 BAT

The BAT i3 demonstiated using a four character, 16-segment TNLCD

(Appendix 6.a).

al Display

A 16-segment font i3 used here to display alphabets (upper casel,
numerals and some special symbols. The identical segment pattewns on
each of the top and bottom glass »plateb are interconnected to form a matuix.

Here the interconnection in each glass plate should be in one plane without
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~any crossings and s similar to the layout on a single sided PC board without
any jumpers. This restricts the choice of the matrix o1gam’$ation. An inter-
connection scheme f§o1 a four character ariay which 1esults in a 4x16
matiix ¢4 il!u$t1ated in Fig.4.9. The number of extewnal connections hete
4 20 {4 tow and 16 column connections) as compated to 65 (1 back-plane
and 16x4 segment connections) in the case of a directly duven display.

The specifications of the display are as given befow:-

- Character size : 18§x12 mm
- Active Area : 70 x 20 mm
-  Connector p('téh : 5.06 mm

- Threshold Uoliage : 2.03 Y

- Sharpenss parameter : 12.8 %

1

The majority decision in BAT demands the number of tines (tows) multi-
plexed to be odd as discussed in section 3.1.4. Hence, N is chosen to be
5 here. The selection. 1atio as caleulated using eqn. (3.15) is R=1.483.
1t i3 evident from the specifications that the value of the sharpness para-
meter of the NLC mixture (RO-TN-619, a commercial mixtu;ze g1om F.Ho“'-
mann La Roche & Co., Switzedand) is quite adequate §or the present applica-

tion. The No_q §or BAT when N =5 is 7.111 lusing egn. 3.19).

b} Hardwazre

The schematic diagriam of the display system (s given n Fig.4.10.
The display i interfaced to a keyboard (RCA UP-601). The §-bit patalle!
ASCIl codes f§1om the heyboard are stored in CD 4036A, a 4x8 bit CMOS

RAM.
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The Sequence Generwtor (SG) of length 32 is implemented using
CD4015B (Dual 4-stage shift 1egister with sevial input and patallel outputs),
CD 4030 (Quad Exclusive-OR gate) and CD 4002 (Dual 4-Input NOR Gate).

The Character Genewator (CG) and the Column Signal Geneiator
(CSG), shown in Fig.4.1 ate combined into a single block as discussed in
section 4.1.1 and the same i {:mplemented using a ROM. The 6-bit ASCIlI
code from the RAM (CD4036) together with th-e’ 5-bits from the SG (row-
select patten) gorm the addiess input to this ROM. The four co{umn ségnals
coresponding to a single chatacter and a row-select pattern ate stored
l6+5)x

in one location of the ROM. The total memory mquiwmént hete

4-bits, ie. §-K bits. 27C32, a 4K x §-bits CMOS UV-EPROM is used hezre.

The column signats from the EPROM are foaded into CD4035, a
4-stage pam!fel—in/pazallel—out shift 1.egi3te1. They vaze sevially shifted
out of CD 4035 into a 16-bit serial-in/parallel-out shift 'cegiate’c. This i
implemented using two CD 4015, a dual 4-stage serial-in/parallel-out shift
1egister. Four CD 40545 (4-segment display driver commc-mfyv used in ditectly
driven LCDs) ate used hete, as column drivers. Each one of these duivers
i connected to the cortesponding 4-bit column signal loaded ihto the CD
40155. An additional CD4054 is used as the 7tow d;ivu with a 4-bit input
(RSO to RS3) from the Sequence Genewtor (SG).The RS4 output of the
SG [cowtesponding to the dummy 1ow} {3 used for the generation of the
column signals only and is not connected to the display. The row and column
signals are loaded simultaneously into the latch provided in each of the
CD 4054 drivers. The amplitudes of the addzessing waveﬂoimb-can 'bg varied

using the level shifts in the CD 4054 duiver. The supply voltage required
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go1 BAT, when N =5 as determined using egn. (3.23) is 1.789 Vype Hence
the amplitude of the addiessing waveform should be 3.637 V since the
. Ven of the NLC mixture used in the display 4 2.03 U, as given in the speci-
fications. The supply voltage for the display system here i3 not constiained
by amplitude of the addiessing waveforms since this value i lower as
compared to 5V, 1equired §or1 the keyboard, EPROM and the’ logic circudts.
The potential difference between UDD and VEE tewminal 4 maintained
at 1.789 Vyp in order to achieve the requited amplitude §or the addressing

wavegoims.

Some. émportant signals generated in the Control Logic (CL) to synchuo-

nize the. operation of the display system aze given below:-

2-bit multiplexed addiess for 7ead/write operation of the CD 4036,

- P/S control to the CD 4035, requited for parallel-loading and sexial

shigting of information,
- CLK1 §or the CD 4035,
- CLKZ §o1 shifting the data in CD 4035,
- L o1 loading the Zatcheb in CD 4054,
- CL to control thejdupfag 1ef1esh 1ate.
The cont1ol logic i3 implemented using CD 4047 la Monostable/Astable
Muttivibator), CD 4013 (Dual D Flip-Flop with Set/Reset), CD 4520 (Dual
Binawy Up Counter) and CD 4053 (Tuiple 2-Channel Muttiplexer/Demulti-

plexer). The display i wﬁzeshed at a 1ate of about 50 Hz, theh  adequate

to ensute both the wms 7esponse and flicker-§ree operation of the display.
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c) Results

The photogiaphs of the 4 charactex ié-Aegment alphanumeric display
aze Ahowﬁ in Fig.4.11. Both the positive and negative contrast modes in
TNLCDs are demonstwated here. Fiom these photographs it is evident
that the contiast in the display is good in spite of the lower selection
1atio of BAT, this {5 possible because of a proper choice of the NLC mix-
tute. Typical addressing waveforms as well as the typical wavefoims across
the ON and OFF pixels in the display given in Fig.4.12. The selection 1atio,
which {5 the most important parameler of an addiessing technigue can
be determined by measuring the 1ms voltage actoss the ON and OFF pixels.
HP 3467A Logging Multimeter, capable of measuring true-1ms voltage
was used for this purpose. The U, (tms] and VorE (1ms) were measured
go1 vauous supply voltages lamplitude of the drive waveforims). Fig.4.13
shows the experimental values of these 1ms voltages vs. the supply voltage
along with the theotetical curves gor the same (using eqns. 3.18 and 3.22),
§or comparison. The value of the selection ratio oEtained from the measure-

ments agree with the theoretical caleulations within +1%.

4.2.2. HAT

The HAT is demonstiated using a 32x 32 matuix TNLCD.

al Display

The specifications of the 32x37 matux TNLCD are given below:-

- Pixel size : 2 x 2 mm

- Active area : 772 x 72 mm
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Fig. 4.i1. Photogtaphs of a display addressed with BAT (N = 5).
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Fig. 4.3: Experimental 1esults of BAT, with N = 5.
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- Connector Pitch : 2.54 mm
- Threshold voltage : 1.76 U
- Sharpness parameter : 12.5 %
- Rise time : 66 ms
- Fall time o 50 ms.

The HAT demands the value of ! to be odd as discussed in section
3.2, The value of { is chosen to be 3 here, since Neq 4 minimum in this
case (Table 3.6). The value of N {4 chosen to be 33, since N should be
an integual multiple of ! as discussed in section 3.2. The additional dummy
1ow {4 not connected to the display and i used only for the generation
of the addressing wavegorms. The value of Neq gor HAT, when N =33 and
=3 is 44 (using eqn. 3.41). The sefection 1atio as calculated using either
the value of Neq and eqn, (2.20) ot eqn. (3.37) is R=1.164. 1t i5 evident
from the specifications given above, that the value of the Aha{pné&b para-

meter (s adequate §or this application.

b} Hardwazre

A detailed block diagiam of the display system using HAT is given
in Fig.4.14. The inﬂo'zmat{on to be displayed s stored in 2716, a 2K x §-bit
UV-EPROM. Pixel information cortesponding to a single 10w of the matuix
display 5 stored in 4 successive bytes of this memory. Hence, the §i1st
two address inputs aze d&ed to acquire the pixel information cortesponding
to a tow. The next five address inputs correspond to the 32 zows of the
mattix displays. The 1emaining 4 addiess inputs are used to select one
of the 16 frames stored in the memory. An EPROM i used here, since

the display system is designed to demonstiate the HAT. A RAM and suitable
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Anterface must be provided in case the display system has to be used as

a peripheral device.

The §-bit patrallel output from the 2716 is connected to serial data
using CD 4014, an.g—btage’Synchwnoub Shift Register with Paiatlel o1
Seual Input/Serial Output. The seral data from the CD 4014 i3 loaded
into a Re-Citculating Register |RCR). This & implemented using CD 40100,
a 32-stage static Legt/Right Shift Register. The Re—cifccul’até Controt (RC)
requitzed for the CD 401005 ¢85 generated using CD 4555, Dual Binary to
1 of 4 Decoder/Demultiplexer. The data in the CD 401005 cowvesponds

to the subgroup of 1ows to be selected next.

The outputs §rom the RCR aze compated with the row-sefect patten
(RS0 to RS?) bit-by-bit by using CD 4070, Quad Exclusive-OR gate. A
fult-adder can be used as a majority decision citcuit, with the output oﬂv
the three Exclusive-O1 gates as the input to the adder and the carty-output
of the full adder give the majority decision. This s implemented using
CD 4008, a 4-bit Full Addexr. The bit-by-bit compatison along with the
mafouity decision forms the Column Signal Generator for HAT as discussed

in section 4.1.

HD 44100, an LCD Driver with 40-channel output is used as the column
duver. Fig. 4.8 gives the schematic diagram of HD 44100. The data grom |
the CSG is shifted setially into the shift 1egister. The voltage teveds -V o
and +U, from the Uoltage Level Genewator (ULGJ ate connected to the

44100 and the outputs are switched to one of these two voltage levels.

The 3-bit 7ow-select pattewns (RSO to RSZ) are generated using a
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counter and a binay to gay code converter uu’hg CD 4520 and CD 4070.
The row-select patterns aze level shifted to form the row-select waveforms
(RWO -RW?2) using a CD 4054, a 4-segment LCD duiver. The VEE tewminal
of§ CD 4054 is connected to —U{ of VLG 30 that the outputs of CD 4054

swing from VU, to -V, as required for the selected tows in HAT.

The Sub-Group Sequencer (SGS) i implemented using CD 4017, Decade
Counter/Divider with 10 Decoded Decimal Outputs (Ring Counter). The
lengvth of this counter i» extended to 11 (toiaf number of subgroups) by
using two CD 4017 along with Clock Inhibit (CI) .and Reset (R) as shown
in Fig.4.14. The outputs of this SGS select 1- of the 11- subgroup of 1ows.
The SGS i3 synchionized with the addiess input of 2716, s0 that the data

in the column duvers cortesponds to the selected subgroup.

The 10w duivers consist of one CD-4053, Tiiple Z-channel Multiplexer/
Demuftiplexer per subgroup. The 1ows in the selected subgroups are connec-
ted to one 06 ‘the 1ow-select waveforms (RWO to RW2Z), while the 1ows
in the unselected subgroups are connected to voftage fevel '0' from VLG
las discussed in section 3.2). The subgroups ate sefected using CD 401"?
as discussed above. The VEE teiminal 5 connected to the negative supply
1ail VEE, 30 that it can switch the 1ow-sefect wavegorms with an ampli-

tude swing +, to -V, .

The value of U{/Uc for N=33 i3 3.317, as calculated using egn. 3.36.
The values of the 1esistors used in the VLG are given in Fig.4.14. Trimmed
1esistors with their values accurate to the 31d decimal position are used

here.

Some important signals geneiated in the Control Logic’ (CL) for
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synchionizing the vatious blocks in the display system aze given below:-

11-bit address §o1 1eading the pixel information §rom 2716.

- P/S control of CD 4014 for the paraflel load and sevial shift of the .

information from 2716.
- CL, the clock for CD 4014.

- 2-bit control signal to CD 4555 to select the load/Re-circulate mode
of CD 40100s.

= 3-bit 1ow-sefect pattern (RSO to RS?) with output sequence in Gray

code.
- CLK? to seually shigt the data grom CSG into the cofumn driver.
- CLK1 to fatch the 1ow-sefect CD 4054 and column data in HD 44100.
The conttol logic @ implemented using astable multivibrator lusing

CD 4047 as the basic clock), counters, flip-flops and gates. The control

logic is hard-wited for the following 1ow-select sequence.

- The &le_fected subgroups aze subjected to addressing with all the § (=23)

tow-select pattemns successively before selecting the next mbgzoupa.

- The subgroups azre selected sequentially in the same o1der as they

- a1e n the matux display.

The display s 1efreshed at about 50 Hz, which is quite adequate
to ensute the 1ms 1esponse as well as the flicker-free operation of

the display.

c) Results

‘The photographs of the 32x32 mattix TNLCD, addressed with HAT
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aze shown in Fig.4.15. The SG based on Giay code and the sequential scann-
ing of subgroups were found adequate to give a good pixel brightness unifor-
mity (without any contiast variation) as it is evident from the phbtogmphé :
of Fig.4.15. The photographs of a 32x 32 matrix display lhaving the same
specification of the display addressed with HAT) addiessed wiih IAPT aze
shown in Fig.4.16 o1 a comparison. The brightness non-uniformity boﬁ pixels
addressed with IAPT depends on the image being displayed and this is illustra-
ted in Fig.4.16. This non-unifoimity can easily be identigied by observing
the grey level of the background pixels. The brightness uniformity of the
pixels in the display addiessed with HAT is superior as compazed to that
of 1APT although the contrast is fower as compated to that of 1APT as
shown in Fig.4.15 and Fig.4.16. Typical addressing waveforms applied to
the 10w “and column of the matiix display as well as the typicd waveéozm
actoss the ON and OFF pixelA are shown in Fig.4.17. The 1ms voltage actoss
the ON and OFF pixels were measuted using HP 346%A, Logging multi-
meter capable of measuring twe-ims voltages. Fig.4.18 gives the plot
of 1ms voltage (actoss ON and OFF pixels) vs. Auhply voltage. The theoteti-
cal cuwes in this plot are obtained using eqns. (3.46) and (3.37). These
curves are pww’déd for a comparison with the experimental results. The
value of the selection ratio obtained grom ihe measurements agree with

the theoretical value within +1%.

4.2.3 1HAT

The IHAT i3 demonstiated using a 64x 64 matiix TNLCD.
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HAT with N = 33,1=3
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a) Display

The specigications of the 64x64 matux TNLCD ate given below:-

- Pixel size : Ix1 mm

- Active area : 50 x 80 mm
-~ Connector pitch : 2.54 mm

- Threshold voltage : 1.76 V

- Sharpness parameter : 12.5 %

- Rise time : 66 ms

- Fall time : 50 ms.

The value of £ is chosen to be 7 hexe, since it feads to a good reduc-
tion in the supply voltage tequirement as shown in Fig.3.6. The value of
N, the number of lines multiplexed should be an integral multiple "o( L as
discussed in section 3.3. Hence, N i chosen to be 63, a number close to
‘the number of 1ows in the matiix display. The selection natio of IHAT
i the same as that of APT o1 1APT and hence Neq of IHAT (s N, as discu-
ssed in section 3.3. The selection ratio s 1.135, for N=63. It {8 evident
ﬁiorﬁ the specifications given above, that the value of the 5ha'zpne5$ paxa-
meter of the NLC mixture & fust ;Ldequate §o1 this application. The supply
voltage 1equitement oﬂ»llHAT when N=63 as caleulated using egn. (3.99)
{5 4.538 Vepe This value & only 67.13% of the supply voltage wqai'zement

of 1APT.

b} Hardware

A detailed block diagam of the display system using IHAT & given

in Fig.4.19. The information to be displayed is stored in HN 462532, a
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4Kx 8-bit UV-EPROM. An EPROM i used here, since the display system
{5 designed only to demonstiate the IHAT. A RAM and suitable intergace
must be ,pwuided in case the display s to be used as a peripheral device.
A 7-bit data in a byte of this memoty cortesponds to the pixel information
of a column in a subgroup. This data format eliminates the need for a
pawllel to serial conversion, which s 1equited if the pixel information
(5 stored row-wise. The first 6-bits of the addiess input to the memory
coresponds to the é64-columns in the matuix display. The next 4-bits corre-
spond to the nine subgroups of 1ows in the matuix diép!ay; The remaining

2-bits are used to select one of the four frames stored in this memo1y.

Thé 7-bit paml!él data from the memory i3 loaded into the Re-citcu-
lating Register (RCR]. This i implemented using seven CD 4031, p4-stage
Static Shift Ré_gibteu. The data in this RCR conesponds to the subgroups
of 1ows to be 5elécted next. The modé—contwl and the clock 60.1:the CD

40314 are genetated in the contzol logic.

The Sequence Generator is implemented using CD 4040, 12-stage
Ripple-Cary Binary Counter/Divider and CD 4070, Quad Exclusive-OR
Gate as shown in Fig.4.19. The output sequence cowesponds to a 7-bit

Gray code.

The Cofumn Signal Genewator (CSG) i implemented using CD 4070
and CD 4003, 4-Bit Full Adder. The 7-bit output from the RCR is compa-
1ed bit-by-bit with the row-select pattewn (RSO-RS6) using the Exclusive-OR
gates. The number of erors logic 1 at the output of the Exclusive-OR

gate) i counted using two CD 4008 as shown in Fig.4.19. The unused input
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0§ the adders are connected to fogic 0 and i 5 important to note that
all the inputs to these adders have equal weightage. The 3-bit output, viz.,
Xlnl, Yin) ‘and Zln} of the adder gives the number of ertors |which ranges

ptom 0-7 depending on the 1ow-select pattein and the data to be displayed

n a column of the sefected sub-group).

The Column Driver consists of sixty-gour CD 4051, Triple 2-Channel
Analog Multiplexer/Demultiplexer and six HD 44.100, LCD Driver with
40-channel outputs. 1t @ impottant to note that the HD 441008 are used
here only to serially shift in the data from the CSG and to latch them
in parallel, using the shift register and the latch available in the HD 441003,
They are not used as LCD duvers since HD 44100 can switch only two
voltage fevels cowtesponding to the 1-bit data in the latch while the IHAT
requites §-voltage levels to be switched in this application as discussed
eatbier. The CD 4051 i used to switch one of theleight voltage levels

(UO—V7) from the VLG.

The row-select pattewn i3 level-shifted using CD 4054 to fowm the
Row wavegforms (RWé-RWO). These waveforms are applied to the 5elected
subgroup of 1ows and their amplitude 5 either v, ot +U, depending on
the tow-sefect pattern. The 1ow waveforms ate synchionized with the column
waveforms by latching the row-sefect pattewm coresponding to the data

in the column drivers into the CD-4054 simultaneously as the column data.

Twenty-one CD 4053, Tuiple 2-channel Multiplexer/Demultiplexer
are used as Row Duivers (RD). The CD 4053 either connects one of the

10w waveforms (RWO-RW6E) o1 the voltage level 'O' from the VLG depend-



ing on the control .from the Sub-Group  Sequencer (SGS). The .tows in the
selected , subgroup ate connected to the r1ow waveforms, whie the 1ows
in the unselected subgroups are connected to the voltage fevel 0 as discussed

in section 3.3.

The Sub-Group Sequencer (SGS) s implemented using CD 4017, Decade
Counter/Divider with 10 Decoded Decimal Outputs. The SGS sefects 1 of
the 9- subgroup of rows. The SGS {8 synchionized with the addzress input
of the memory, so that the data in the column drivers corresponds to the

selected subgroup.

The 1atio U{/Ub for N =63 s caleulated §rom egn. (3.84). The zelative
magnitudes of the column voltage ate as per eqn. (3.85) and are shown
in Table 3.9. The VLG implemented using tuimmed 1esistors, with their

values accurate to +1 ohm & shown in Fig.4.19.

Some important signals generated in the Control Logic (CL) for a

proper gunction of the vatrious blocks in the display system aze given below:-

t

12-bit addiess to the HN 4625327 fox reading the pixel information

from the memouy.
- CL, the clock to CD 4031s.

- MC, the mode control to the CD 40315 to load the data: from HN
462532 o1 to 1ecircwlate the data in the CD 4031s.

- CL2, to HD 44100 to serially shift in the data §rom the CSG.
- CL1 to foad the data into the latch of HD 44100.
- Clock to the CD4040.

- CLK, the clock to CD 4017 .

4.45
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The CL is hard-wired §or the following row-select sequence:-

- Each sub-group i85 selected with four row-sefect patteins before the

next Aub-g’zbup 4 selected.

- The subgroups are selected sequentially one after the othe'z.'
The CL has flexibility (switch selectable) to change the four 1ow-
sefect pattewn either when a new subgroup is selected o7 at the end
of selecting all the nine-subgroups. The subgroups ate selected each
time got a dutration of approximately .1 ms. Although the time 1equi-
1ed to complete a cycle 5 approximately 120 ms, no glicker is obAu-'

ved since the subgroups are selected after every 3.6 ms.

c) Results

The photograph of the 64xé4 matiix TNLCD, addressed using IHAT
are shown in Fig.4.20. The upper photograph in the {igure dlustiates the
contrast vauation in TNLCDs with the viewing angfé as well as the intensity
of light falling on it. The lower photograph in the same gigute i!lu.bt’zateb.
the biightness uniformity of the pixels in the display addiessed with THAT.
Both the 5cahm‘ng sequences discussed above have 1esufted in a good pixel
bu’ghtne&a uniformily. Typical addiessing wavegorms applied to the row and
column of the matiix LCD as well as the waveforms acioss the ON and
- OFF pixels are shown in Fig.4.21. The 1ms voltage actoss the ON and OFF
pixels were measured using HP3467A, a Logging multimeter capable of
measuting true-tms voltage. Fig.4.22 gives the plot of wms voltage across
the ON and OFF pixels vs. supply voltage. The theotetical curves of this

plot are obtained by using eqns. (3.99) and (3.91). These curves are shown

v
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Fig. 4.20. Photographs of a display addressed with
IHAT (N = 63 and L = 7).
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b) Typical column waveform of IHAT .

Fig. 4.21. Waveforms of IHAT when N = 63 and £ = 7 .
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gor compaiison with the experimental tesults. The measured values of the
1ms voltage across the pixels are lower than the theoretical values. This
may be attubuted to the limited bandwidth of the meawu'ng instwument.
The value of the selection 1atio obtained f§rom the measurements agree
with the theoretical value within +1%, although the wms voltage actoss

the ON and OFF pixels aze lower than the theoretical vafues as - shown

in Fig.4.22.

4.2.4. IHAT-S4

The IHAT-S4 i3 demonstrated using a 64 x 64 matiix TNLCD.

a) Display

The 5peciﬁic‘1ation5 of the 64xé4 matux TNLCD azre the same as
that of the display used for the demonstiation of IHAT. The value of !
is chosen to be 7 .s0 that the 1esults of IHAT and IHAT-S4 can be compa-
ted. The value of N 4‘; again 63. The best possible value o1 Neq, when
{=7 {8 (232N/215) as shown in Table 3.16. The selection 1atio gor N=63
& 1,130, which i 99.5% of the maximum value possible lusing 1APT o1
IHAT). However the supply voltage 7equitement of IHAT-S4 & 5.13 Veps
which is only 75.9% of that of 1APT (Table 3.18).

b) Hardware

The hardware 1ealization of 1HAT-S4 is the same as that of IHAT

except for the following blocks:-

- Column Signal Genezator (CSG)
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Apatt grom determining the number of erwors as in IHAT, they ate
gzédped as shown in Tdble 3.16. Fig.4.23.a gives the additional ha1d-
u)a"Le to modify the CSG of IHAT gor IHAT-S4 along with the twuth
table §or the CSG. |

- Column Duivers (CD)

The IHAT-S4 1equites a 4-1 analog multiplexer as column diiver

while IHAT 1equétes a §-1 analog multiplexer.

- UVoltage Level Generator (VLG

The number of voltage levels tequited ot the column diivers. in IHAT-
S4 s 4 as compared to § in the case of IHAT. The number of voltage levels
in the 1ow waueﬁo'z}n is the same fo1 both 1HAT-S4 and IHAT. The 1atio
of the tow to column voltage fo1 optimum selection 1atio s different for
IHAT-S4 -and. is as given by eqns. 3.146) and (3.151). The ULG used for
IHAT-S4 isigiven in Fig.4.23b.

The 1HAT-S4‘(A'A implemented by duplicating the hardware used §or
IHAT (Fig.4.18). The ULG @ imptemented extewnally as shown in Fig.4.23b.
" The connections to the § inputs of the sixty-four CD 4051 (column drivers)
as 1equited gor the simulation of ‘IHAT-S4 uu’ng.tho_ PCB go1 IHAT i shown
in Fig.4.23c. fhué,’ the same cizc&it can be used §or both 1HAT and IHAT-S4

by mezrely changing the VLG.

c) Results

Fig.4.24 gives a photogtaph of the 64x 64 matruix TNLCD addiessed
with IHAT-S4. It was found that there i no appreciable change in the con-

trast ratio of the display compated to the display addiessed with 1HAT,
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Fig. 4.24. Photographs of a display addressed with IHAT -S4
(N = 63 and l = 7).
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this s (n agreement with the analysis of section 3.4. Although the supply
voftage of IHAT-S4 is slightly higher than that of IHAT, the IHAT-S4 zetains
the lower power supply voltage requizement as compared to IAPT (75.9%

of 1APT). The U of IHAT-S4 s 5.13 U,, [Table 3.15) as compared

supply
to 4.53§ Uth legn. 3.99) of 1HAT, i.e., 13% higher than that of IHAT. The
vauation of contwast in TNLCD with viewing angle and the intensity of
light incident on it {8 shown in upper photograph of Fig.4.24. The brightness
uniformity of pixels addressed with 1HAT-S4 & Hustrated in the fower
photogiaph of the same {igure. The brightness uniformity of the pixels
i the display addressed with IHAT-S4 s good, as can be seen from the
photograph at the bottom of Fig.4.24. Thus, neady a 50% 1eduction in
the hardware in IHAT-S4 by using 4:1 multiplexers (instead of 8:1 in the
case of IHAT) does not significantly alter the performance of the display
dystem as compared to IHAT. Typical addiessing waveforms as well as
the wavegorms actoss the ON and OFF pixels of this display addressed
with 1HAT-S4 are shown in Fig.4.25. The wms voltage acioss the ON and
OFF pixels were measured using HP3467A logging multimeter. Fig.4.26
gives the plot of the Von {zms) and Vorr (1m3) 601 vartious values of the
supply voltage. The theoretical cutves of the same arvved at by using
eqns. (3.153) and (3.161) are also presented §o1 a comparison. Thé measured
value of the 1ms voltage across the pixels is lower than the theoretical
value as in the case of IHAT. This may be attributed to the limited band-
width of the measutring instwument. The sefection 1atio obtained from the
measurement agrees within +1% of the theoretical value of 1.130, although
the 1ms voltage actoss the ON and OFF pixels aze fower than the theoretical

values as shown in Fig.4.26.
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Fig. 4.25. Waveforms of IHAT-S4 when N = 63 and £ = 7 .
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4.2.5 RPAT-NC

The RPAT-NC s demonstrated by displaying multiple waveforms
using a 64 x 64 matvix TNLCD. ;

a) Display

The physical specifications of the 64 x 64 matuix display are the same
as that of the display used to demonstiate IHAT. The specifications  of
the P23+N23 (50:50), a commercial NLC mixture |(Chisso Corpn., Japan)

used <n the display ate given below:-

- Thieshold vo!tdge (Uth) : 1.5V
- Saturation voltage : 2.0V
- Sharpness parameter : 13%

- Rise time s 75 ms
- Fall time : 60 ms.

The technique i demom‘t'tated by displaying 4-waveforms (Neq =
9 from eqn.3.169) and a single waveform along with legends (Neq = 21.69
g1om eqn. 3.169). The sefection 1atios for these two cases are obtawned
using eqn. (3.16%) and are 1.414 and 1.244 1espectively. 1t s evident grom
the Apeciﬁidationb. of the NLC mixture that the value of the sharpness

parameter 5 adequate §or1 the present applications.

b} Hardware

A detailed block diagram of the Display system using RPAT-NC i
shown in Fig.4.27. The Bit-Mapped Memory (BMM) s implemented using
HN 462532, a 4K x§-bit UV-EPROM. The pixel information is stored 1ow-wise

in the successive bytes of this memory. An EPROM is used here since the
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Fig. 4.2%. Schematic of a display system using RPAT -NC.
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ditplay system & designed to demonstrate the usefutness of the RPAT for
displaying the waveforms lrestricted pattewn) in an osciblloscope. However,
the BMM should be implemented using RAM along with the f§ront-end §o1
acquiting the signals as discussed in section 4.1. The data in each byte
of HN 462532 ‘couebponda to & columns in a 1ow. Hence, the §i1st 3-bits
of the address input are used §o1 accessing the pixel information cortespon-
ding to a single tow. The next 6-bits of the addiess input correspond to
the 64-1ows in the wmatrix display. The 7est of the 3-bits in the address
input are used to select one of the &-frames stored in the EPROM. The
data stored in the §i1st 4-frames have four traces and the 1est of the

4-grames have a single wavegorm aiong with legends.

The §-bit patallel data from the HD 462532 axre converted to 521@1
form using CD 4014, an §-stage synchionous shift zegister with parallel
o1 Seual Input/Serial Output. The row and column duvers ate implemented
ubi;;zg HD 44100, an LCD duver with 40 channel outputs. The schematic
diagram of the HD 44100 is shown in Fig.4.6.

The display system s designed o1 displaying 4-wavegorms o1 a single
waveform along with legends as shown in Fig.4.28. Afthough the ubuppfy
i independent of the number of waveforms displayed as given by eqn.
(3.175), the value of the zatio -U{/Uc depends on the value bﬁ W (number
o4 waveforms displayed) as given by eqn. (3.163). The legends in the display
are equivalent to ?- additional wavegoims since additional 7-pixels are
selected in each column as discussed in chapter 3. The optimum values

1 for displaying 4-waveforms and a single

for the 1atio .U{/UC ate 2 and §
wavegorm with legends respectively as given by eqn. (3.163). The VLG shown

in Fig.4.27% generates all the voltage fevels required for displaying the wave-
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gorms without any dc across thg pixels. A common VLG 5. possible here
601: dibplaging 4-wavegorms and a single waveform with legends w;ce the
supply uoliage 1equited (s the same fo1 both in RPAT-NC. vThe appropriate
voltage levels are connected tb the display drivets, depending on the number
of waveforms to be displayed by using CD 4053, a Tu'pk 2-channel Multi-

plexer/Demultiplexer.

The display s 1efreshed at a 1ate of 25 Hz which is quite adequate
to ensute an wms 1esponse and a flicker-free operation. The brightness
uniformity of the pixels was found to be poor when a single waveform along
with legends was di&pl@yed. However a good improvement in the brightness
unifoumity of the pixels was observed when the {ollowing ‘mddiéication
was incorporated in the scanning circudt. The tow address lines grom the
‘counter CD 4520 aze scrambled 50 that the tows in the display aze selected
in the following sequence 1, 33, 17, 49, 2, 34, 18, 50, .... ete., inbiead o
the natural sequence 1,2,3,4,5,6,7.... ete. The improvement in the brightness

uniformity of the pixel i due to the following 1eason:-

- Thej’ column voltage across the“ pixeds (coresponding to the selected
pixéu in the column) are distributed more uniformly with the new
sequence a4 compared to the natural sequence of row selection.
Two CD 4063, 4-bit magnitude comparators aze uw_cAl‘ to generate

the tow-select signal to the 1ow duvers.

The Cont1ol Logic is implemented using CD 4047 (Low-Power Mono-
stable/Astable Multivibiator), CD 4516 (Dual BCD up counter) and CD 4081

{(Quad 2-lnput AND Gates).
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c)] Results .

The photographs of the é4x 64 matrix TNLCD, addressed using RPAT-
NC and the typical addressing waveforms lwhen W =4)are shown in Figs.4.28
and 4.29 1espectively. The wms voltages actoss the pixeds were measured
using HP 3467A, a Logging multimeter capable of measuting twe-1ms vol-
tages. Fig. 4.30 and Fig.4.31 gives the wms voltages actoss the ON and
OFF pixels. The theoretical cutves shown ate obtained by using eqns. (3.164)

and 13.165). The selection 1atio obtained f1om the measurements agree

with the theoretical value within +1%.

.4.2.6 RPAT-PC

The RPAT-PC i3 demonstrated by displaying multiple waveforims
using a 64x 64 matuix TNLCD.

al Display

A display with the same specifications as that of the display addre-
ssed with RPAT-NC is used here f§o1 a comparison. The Neq o obtained
using eqn. {3.178) and the values ate 1espectively 25 and 44.3 when 4-wave-
goums and a single waveform with fegends ate displayed. The selection
1atios for these two ca#eb ate 1.225 and 1.163 'cébpecitively. It iy evident
grom the specifications of the NLC mixture that the value of the sharp-

ness parameter & adequate for the present application.

b} Hardware

The RPAT-PC differs from the RPAT-NC only in the phase of the

column voltage applied to a selected pixel, with 1eference to the row-select
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Fig. 4.28. Photographs of a display addiessed with RPAT-NC.
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Fig. 4.29. Waveforms of RPAT-NC when W = 4.
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voltage. Hence RPAT-PC i implemented by duplicating the hardwate used
o1 RPAT-NC except §o1 the Voltage Level Generator (VLG). The two VLGS
requited ot displaying the 4-wave forms and a single waveform with fegends
~are shown in Fig.4.32. A CD 4053, Tuple 2-Channel Multiplexer/Demulti-
plexer 4 used here for sefecting the appropriate voltage fevel depending

on the number of waveforms to be displayed.

The display s ieﬁwahed at 25 Hz which 5 quite adequate o1 ensu-
" 1ing an 1ms 1esponse and flicker §ree operation. The 10w scanning sequence

used hete 45 the same as that of the display addressed with RPAT-NC.

c) Results

The photographs of the 64x 64 matiix TNLCD, addiessed using RPAT-
PC ate shown in Fig;4.33. The phoiogwp@b of the typical addressing wave-
forms when W =4 aze shown in Fig.4.34. The uoftagéb acziozsa the pixels
were measured using ‘HP 3467A, a Logging multimeter capablé of measuting
twe-1ms voltage. Fig.4.35 and Fig.4.36 shows the plot of the wms voltages
actoss the ON ahdfC:)FF pixets Us. supply voltage. The theoretical curwes
.a’ze obtained using eqns. (3.182) and (3.177) and are shown §o1 a comparison
“with the experimental resufts. The values of the selection 1atio obtained
§rom the measurement agree with the theoietical values within +1%. Photo-
graphs of tho_ d(bplayb with similar Apeuﬁ(catwnb and add'lebb?.d with RPAT-PC

and RPAT- NC 'Lebpo_ctwely ate shown in Fig. 4.37 601 a compaison.

In summary, the implementation of the addressing techniques have been
discussed in this chapter. The experimental results oblained using these
t-échhiéau agree well with those of the theotetical analysis given in Chaptexr 3.
In the 6oﬂowing chapter, a critical analysis of the techniques proposed

in this thesis and their impact ate discussed.
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Fig. 4.34. Waveforms of RPAT-PC when W = 4 .
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