
1
m■i I%!

P:i'i

3
•1 Liquid Crystal DisplaysS'-11 I-H m.%

ADDRESSING SCHEMES AND ELECTRO-OPTICAL EFFECTS
mi)

fj fe1"-
5
‘A

i..
S-J Ernst Lueder

University of Stuttgart, Gertmnyk.45

I;rl
v-

'4

•AJ)1;

1

i

«;

JR
y

■it

m
,IS:;.- 3

rm:-9Ris
iiS'

jffi
■i;i'

JOHN WILEY & SONS, LTD
Chichester • New York . Weinheim . Brisbane . Singapore . Toronto

i

L

IPR2023-01178 
Element Exhibit 2005 / Page 1 of 10



w.
3

Copyright © 2001 by John Wiley & Sons Ltd 
Baffins Lane, Chichester,
West Sussex, PO 19 IUD, England ■fey

National 01243 779777 
International (+44) 1243 779777 P.
e-mail (for orders and customer service enquiries): cs-books@wiley.co.uk 
Visit our Home Page on http://www.wiley.co.uk

or Ihttp://www.wiley.com

All Rights Reserved. No part of this publication may be reproduced, stored in a retrieval system, or 
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording, scanning or 
otherwise, except under the terms of the Copyright Designs and Patents Act 1988 or under the terms of a 
licence issued by the Copyright Licensing Agency, 90 Tottenham Court Road, London, W1P 9HE, UK, 
without the permission in writing of the Publisher, with the exception of any material supplied 
specifically for the purpose of being entered and executed on a computer system, for exclusive use by the 
purchaser of the publication.

Conti
Neither the authors nor John Wiley & Sons Ltd accept any responsibility or liability for loss or damage 
occasioned to any person or property through using the material, instructions, methods or ideas contained 
herein, or acting or refraining from acting as a result of such use. The authors and Publisher expressly 
disclaim all implied warranties, including merchantability of fitness for any particular purpose. There 
will be no duty on the authors of Publisher to correct any errors or defects in the software.

fc

I
Foreword

PrefaceDesignations used by companies to distinguish their products are often claimed as trademarks. In all 
instances where John Wiley & Sons is aware of a claim, the product names appear in initial capital or 
capital letters. Readers, however, should contact the appropriate companies for more complete 
information regarding trademarks and registration.

About Hie Autli

1 Introdud
Other Wiley Editorial Offices

|: 2 Liquid Cr
2.1 ProperJohn Wiley & Sons, Inc., 605 Third Avenue, 

New York, NY 10158-0012, USA
2.1.1

Wiley-VCH Verlag GmbH
Pappelallee 3, D-69469 Weinheim, Germany

2.1.2
2.2 The 0

2.2.1•r
John Wiley, Australia 33 Park Road, Milton, 
Queensland 4064, Australia

if: 2.2.2
I I

3 Electro-o
3.1 The P:
3.2 Propaj 

Untwi

I;John Wiley & Sons (Canada) Ltd, 22 Worcester Road 
Rexdale, Ontario, M9W 1L1, Canada

l
John Wiley & Sons (Asia) Pte Ltd, 2 Clementi Loop #02-01, 
Jin Xing Distripark, Singapore 129809

:•
T;

3.2.1
3.2.2Library of Congress Cataloguing in Publication Data
3.2.3

S'.- 3.2.4British Library Cataloguing in Publication Data
3.2.5

A catalogue record for this book is available from the British Library 3.2.6
3.2.7I

ISBN 0 471 49029 6 3.2.8

Typeset in 10/I2pt Times by Thomson Press (India) Ltd., Chennai
Printed and bound in Great Britain by Antony Rowe Ltd., Chipppenham, Wilts
This book is printed on acid-free paper responsibly manufactured from sustainable forestry,
in which at least two trees are planted for each one used for paper production.

f;

I'
g-
I

ii.-.if ■

IPR2023-01178 
Element Exhibit 2005 / Page 2 of 10



;V:mm.

Addressing Schemes 

for Liquid Crystal Displays
i

The addressing circuit has the task of imposing a given grey shade at a prescribed time onto 
an individual pixel without causing discernible crosstalk to other pixels. The addressing of 
the LCDs may be performed electronically, optically or by plasma columns, where each 
physical effect realizes a switch allowing it to feed in the grey shade information (Kaneko, 
1987; Lueder, 1998a, Scheffer and Nehring, 1998; Luo, 1990; Kaneko, 1998).

The grey shades are defined by the linear portion of the curve in Figure 2.13 representing 
the transmitted luminance versus the voltage Vlc across the LC cell. Assuming that the 
linear portion in Figure 2.13 belongs to a swing of 2 V, then 256 grey shades translate into a 
change of 7.8 mV per grey shade. This demonstrates how accurately the voltage across the 
LC cell has to be .maintained in order to display an unadulterated picture. The range below 
the reduced threshold voltage V^/Vq in Figure 2.13 is required to keep parasitic crosstalk 
voltages from changing the luminance, and hence the grey shades. As a consequence, the 
chosen addressing schemes have to limit the sum of all crosstalk voltages to values below V^.

The electronic addressing is subdivided into three sub-groups. The direct addressing in 
Figure 10.1 connects each portion of1 the display called a segment, which is supposed to 
exhibit various grey shades, to an external electrode carrying the voltage applied with 
respect to the ground electrode common for the entire display area. To avoid an unrealizably 
large number of connecting links, however, this approach, is limited to a small number of 
fixed segments, such as the seven segments of a digit in Figure 10.1.

A more versatile addressing is matrix addressing, which uses only the external contact 
pads in Figure 2.9 at the ends of rows and columns to reach the individual pixels. 
The Passive Matrix addressed LCD (PMLCD) in Figure 10.2 uses the row address voltages 
Vr at the row electrodes and the column address voltages Vc at the individual column 
electrodes which carry the video information to determine the individual grey shade of each 
pixel.
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162 ADDRESSING SCHEMES FOR LIQUID CRYSTAL DISPLAYS
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Figure I O.l Hie direct addressing of the seven segments of a digit
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Figurel0.2 The Passive Matrix LCD (PMLCD) with row and column electrodes

As we shall see, an even more powerful control of the grey shades is realized by Active 

Matrix addressed LCDs (AMLCDs) in Figure 10.3, where each pixel possesses an electronic 

switch allowing the video information to reach the pixel.
Optical addressing involves the transfer of optical image information of a camera or on a 

display screen directly into an LCD. As this LCD is not pixellized at all, a high resolution 

picture may be obtained.
The Plasma Addressed LC (PALC) display uses an ignited and a turned-off plasma column 

as a switch for the addressing of large area LCDs with a diagonal, at,present, up to 42".

There is a Variety of electronic switches. Most important are Thin Film Transistors (TFTs) 

with a-Si, poly-Si or CdSe as the semiconductor. T FTs are Field-Effect-Transistors (FETs). 

Their manufacture and application for LCDs is well established, especially for a-Si-TFTs. 

TFTs with CdSe as the semiconductor now play a minor role (Brody et al., 1973; Lee et ah, 

1991; Lueder, 1994b).
Somewhat more frequent is die use of Metal-Insulator-Metal (MIM) devices as a switch. 

Semiconductor diodes as switches were investigated for a long time, but have now virtually 

disappeared in the display field. Nonlinear voltage dependent resistors, called varistors.
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TFT-Si BackplaneI Switch
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Figure 10.3 The Active Matrix addressed LCD (AMLCD) with a TFT as pixel switchS;

could not withstand the onslaught of the economically fabricated a-Si-TFTs, and are hence 
not discussed here.

Waveforms and addressing circuitry are very similar for all nematic LCDs, the PDLCDs 
and the guest-host displays, whereas for bistable devices such as ferroelectric LCDs and 
chiral nematic LDCs, different waveforms and addressing circuits are mandatory. As bis­
table displays do not require a control of continuous grey shades, the expensive AM addres­
sing is not needed. Therefore, the addressing of bistable displays is done with PM schemes.
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LAYOUTS OF PIXELS WITH TFT-SWITCHES 241

14.7 layouts of Pixels with TFT Switches
m,

The performance of a display depends strongly upon the layout of the pixels. Key features 
are a large enough aperture ratio A, defined in percent for a transmissive display as

. transmissive area of a pixel
A --- ~ - y* • -I /O'

total area of a pixel

which produces high brightness and a large enough storage capacitor Cs for holding 
the information during the frame time, for reducing the effect of parasitic capacitive cou­
pling in Equation (14.18) to the pixel voltage, and for shielding the pixel against detrimental 
couplings from pulses travelling on the columns and rows. For a reflective display, the word 
‘transmissive’ in Equation (14.85) should be replaced by ‘reflective’. The increased Cs and 
the shielding, as a rule, diminish the aperture ratio, as the materials used are not transparent. 
It is up to the designer to find an ingenious,solution benefiting all criteria.

The basic pixel layout in Figure 14.22(a) (Lueder, 1998a) possesses a column made of A1 
or Cr-Al-Cr, which is insulated from the rows made of Cr or Mo-Ta. The rows are widened 
in the region of the storage capacitor Cs, which has a dielectric of SiC>2 or and an upper 
electrode of A1 or ITO. This placement of Cs leaves more space for the ITO electrode, thus 
enhancing the aperture ratio to, as a rule, 65 percent. The a-Si TFT requires only about
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242 ADDRESSING OF LCDs WITH a-Si TFTs I
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Figure 14.22 (continued)

2 percent of the area. As a rule, the black matrix is deposited on the opposite glass plate 
together with the colour filter.

The layout in Figure 14.22(b) with the cross-section in Figure 14.22(c) (Kitazawa et aL, 
1994; Suzuki, 1994; Kim, 1996) places the capacitor Cs along the edges of the ITO elec­
trode. Most importantly, it is shielded against crosstalk by a shield electrode. This 
electrode in Figure 14.22(c), from Mo-Ta, also serves as an additional black matrix layer. 
Furthermore, Cs is no longer connected to the gate-line, but has its own transparent ITO 
electrode E in Figure 14.22(b), not shown in the cut A—A' in Figure 14.22(c). Hence Cs and,
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LAYOUTS Of PIXELS WITH TFT-SWITCHES 243

as a consequence, VLC is no longer affected by the pulses on the former bottom electrode of 

Cs. There is, however, still the downward shift of VLC stemming from the gate pulse coupled 

in through the gate-source capacitance Cos- The black matrix BM on the active matrix plate 

has the beneficial effect of blocking the oblique light beam O from the backlight, shown in 

the cross-section of the pixel depicted in Figure 14.23. Without the BM on the active matrix 

plate, backlight would be transmitted in the direction shown by die dashed arrow. Further 

advantages of the additional BM are the shielding of the imperfectly controlled LC stripe 

along the edge of the ITO electrode, and die introduction of thq overlap of the two BMs in 

the range w, allowing for small misalignments of the two glass plates (Kim, 1996).
Figure 14.24 shows schematically some layers of a pixel in which the storage capacitor Cs 

is completely placed underneath the ITO. pixel electrode (Maier, 1997). For a transmissive 

pixel, all layers have to be transparent, which is satisfied by the ITO bottom and pixel 

electrodes and the Si3N4 dielectric, which is also used as gate dielectric. The electric field 

from the neighbouring column ends mostly on the extended bottom electrode, resulting in a 

shielding of the capacitor Cs. The completed pixel layout with the light shield omitted is 
shown in Figure 14.25. Cs possesses the large value of 200 fF on an area of 1300 pm2, with a 

thickness of 400 nm, which helps to diminish all effects of the parasitic couplings.
The pixel layout for a reflective cell drawn in Figure 14.26(a) (Egelhaaf et al, 2000) 

shows that the entire pixel apart from the interpixel gap is covered by an Al mirror, yielding
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244 ADDRESSING OF LCDs WITH a-SiTFTs
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Figure 14.25 A pixel with Cs underneath the ITO electrode
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a 92.6 percent aperture ratio. The TFT, the storage capacitor, the rows and columns are all 
underneath the mirror, as depicted in the cross-section in Figure 14.26(b). The column is 
shielded by a grounded electrode, preventing capacitive coupling of the video pulses onto 
the pixel voltage. i 14.8 Fabril
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Figure 14.26 (a) The top view of a pixel in a reflective display with a mirror, which also covers the 
rows and columns; (b) cross-section of the pixel in Figure 14.26(a) f.
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FABRICATION PROCESSES OF a-Si-TFTs 245
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74.S Fabrication Processes of a-Si TFTs

A criterion for the usefulness of a TFT fabrication process is a low mask count, presently in 
the range of 4 to 6. The rationale behind this is that a small number of mask alignments and a 
small number of processing steps associated with a small mask count is synonymous with an 
economic process. This is, however, only true if the low mask count does not narrow the 
process window, and still allows for a high fabrication yield. Furthermore, a small number of 
masks is only acceptable if it does not degrade the performance of the display.

Figure 14.27 depicts the sequence of fabrication steps involved in a four mask fabrication 
of bottom gate a-Si TFTs (Glueck et al, 1994; Lueder, 1994c). After a glass substrate (e.g. 
0.7 mm thick) has been chemically cleaned in an ultrasonic bath, a 200 nm Cr- or Mo/Ta 
layer is sputtered and chemically wet etched to form the rows, the gate electrodes and the 
bottom electrode of the storage capacitor. The patterning shown in Figure 14.27(a) requires 
the first mask. The next three layers in Figure 14.27a are deposited by [Plasma Enhanced 
Chemical Vapour Deposition (PECVD)]. They are Sis^ as gate dielectric and as the di­
electric for Cs, intrinsic a-Si: H (i-a-Si: H) as semiconductor and n+-a-Si as a layer providing 
an ohmic contact for drain and source. In the semiconductor, dangling bonds are neutralized 
by H, which enhances the electron mobility to values from 0.5 cm2/Vs to 1 cm2A/s. This 
mobility of the amorphous Si layer is still far below the mobility of monocrystalline Si-FETs 
reaching more than 500 cm2/Vs. Finally, a Cr/Al/Cr- or Mo/Ta layer is sputtered and 
chemically wet etched in Figure 14.27(b) to form the pattern for the drain and source 
electrode and the top electrode of Cs. For this, the second mask is required. The pattern of 
the Cr/Al/Cr serves as a mask for plasma etching of n+-a-Si in Figure 14.27(b). As plasma 
etching also attacks a-Si, an end point control is required by watching the edging time or by 
monitoring the plasma emission at 204.4 nm stemming from CF and SiF radicals. This back 
channel etch is the most subtle step, as it has to remove all n+-a-Si residues while leaving an 
a-Si-layer with a homogeneous thickness of around only 50 nm. This small thickness off 
current below 1 pA. A second plasma etch is required to reduce the using a third mask in 
Figure 14.27(c) removes i-a-Si: H, forming the i-a-Si islands for the TFTs. The sputtering and 
patterning of the ITO pixel electrode by a lift-off process, or preferably by plasma etching in 
Figure 14.27(d), requires the fourth mask. Finally, a PECVD passivation layer of SiN* 
requires a ftfth mask for opening the bond pads, whereas the deposition of a metallic light 
shield on top of die array uses a sixth mask. The two last masks do not have to be aligned as 
precisely as the others, and as a rule are not counted as yield-determining masks.
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