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Preface

PREFACE

This data handbook incorporates information about LCD
cells, LCD modules and driver ICs for LCD.

LCD cells are versatile displays with a large number of
superior features. These include low power consump-
tion, high legibility (even in bright sunlight), thin outline
and flexibility in pattern design, making them very
suitable for customization.

Modules are the incorporation of LCD cells and IC
drivers into one unit. The thin outline of the cells enable
the module to remain compact and easy to mount in a
variety of applications. We offer both Full dot graphic
and character display modules in twisted nematic (TN,
character) and supertwisted nematic (STN, full dot
graphic) liquid crystal technologies (see the chapter
‘User Guide’).

With the advent of STN technology, the application
areas of LCDs have expanded enormously. STN creates
the possibility of high information density displays with
far better viewing angles and contrast than those
possible in TN technology (see the section ’Derived
technologies’ of the chapter ‘User Guide’).

Driver ICs for LCD can be both dedicated or non-dedic-
ated microcontrollers or microprocessors. Full data for
the dedicated devices is contained in this handbook. For
data on the non-dedicated devices please refer to the IC
data handbook series.

As LCD's can be custom designed the handbook
contains a 'Custom Design Guide'.

For more information about the principles of LCD refer
to the chapter ‘User Guide’. Standard cell data is
contained in the chapter ‘LCD data’ and module data is
contained in the chapter ‘LCD Module Data’. Data for
the dedicated driver ICs is contained in the chapter
‘Driver ICs for LCD’.
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Type number survey - LCD cells

DIMENSIONS (mm)
BTV PE DESCRIPTION* DRIVE* WIED)'(rf-ILUDING :'Eng o PAGE
LHA142 1-character DD 50.8 80.0 80
LTA141 5 x 7 dot matrix DD 50.8 80.0 86
LTA331 16-character, 1-line 1:16 69.0 23.0 89
LTA332 16-character, 2-line 1:16 69.0 24.7 94
LTA341 20-character, 2-line 1:16 93.6 34.6 99
LTA342 24-character, 2-line 1:16 93.6 34.6 104
LTA343 40-character, 2-line 1:16 160.0 27.4 109
LTD101 3 1/2-digit DD 50.8 22.9 114
LTD132 3 1/2-digit 1:2 46.8 54.8 117
LTD133 3 1/2-digit clock LCD 1:2 38.6 20.8 121
LTD201 4-digit DD 23.9 14.0 124
LTD202 2-digit DD 27.9 30.4 126
LTD203 4-digit DD 38.0 20.3 129
LTD211 8-digit 1:2 38.0 20.3 132
LTD221 3 1/2-digit DD 50.8 30.4 135
LTD222 3 1/2-digit multimeter DD 50.7 30.4 138
LTD224 3 1/2-digit multimeter DD 50.8 30.4 141
LTD225 3 1/2-digit multimeter DD 50.8 30.4 144
LTD226 4-digit DD 50.8 30.4 147
LTD227 4 1/2-digit multimeter DD 50.8 30.4 150
LTD228 5-digit DD 50.8 30.4 153
LTD229 6-digit DD 69.8 30.4 156
LTD231 3 1/2-digit multimeter 1:3 50.8 304 159
LTD232 4 1/2-digit multimeter 1:3 50.8 30.4 162
LTD233 16-digit 1:2 69.8 20.3 165
LTD234 16-digit 1:4 69.8 20.3 169
LTD235 4-digit 1:3 50.8 30.4 173
LTD241 3 1/2-digit multimeter DD 69.8 38.0 177
LTD242 4-digit DD 69.8 38.0 180
LTD261 1-digit DD 76.2 101.6 183
LTD262 8-digit DD 93.8 30.8 186
LTD263 6-digit DD 93.8 30.8 190
LTD264 5-digit DD 114.0 26.0 193
LTD321 bargraph DD 69.8 30.4 197
LTD351 bargraph 1:2 26.0 114.0 200

* For more detailed visual description refer to optical selection guide.
** DD = direct drive
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Type number survey - LCD modules

B MBER DESCRIPTION* DRIVE PAGE
LTM233 16-digit, 1-line, segment display module 1:2 204
LTN111 5 x 7 dot, 16-character, 1-line, dot matrix module 1:16 209
LTN211 5 x 7 dot, 16-character, 2-line dot matrix module 1:16 219
LTN221 5 x 7 dot, 20-character, 2-line dot matrix module 1:16 229
LTN222 5 x 7 dot, 24-character, 2-line dot matrix module 1:16 239
LTN243 5 x 7 dot, 40-character, 2-line dot matrix module 1:16 249

* For more detailed visual description refer to optical selection guide

Type number survey-EL-backlights

TYPE NUMBER DESCRIPTION PAGE
LXL111 to be used with LTN111 module, emitted colour is green 260
LXL211 to be used with LTN211 module, emitted colour is green 262
LXL221 to be used with LTN221 and LTN222 modules, emitted colour is green 264
LXL242 to be used with LTN243 module, emitted colour is green 266

July 1990 5
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Optical selection guide
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INTRODUCTION

Liquid crystals are materials which combine the proper-
ties of both liquids and crystals. Rather than a melting
point they have a temperature range, known as a meso-
phase, within which the molecules are almost as mobile
as they would be in a liquid, but are grouped together in an
ordered form, similar to that of a solid crystal.

Around 1970 it was found that thin layers of a certain type
of liquid crystal can be switched from transparent to
opaque, or vice-versa, by the application of a voltage. This
property is the fundamental operating principle of liquid
crystal displays (LCDs).

The main features of LCDs are:

¢ flat and compact size; LCDs are lightweight and very
thin; the thickness of the display is only a few milli-
meters

* low power consumption; low power and supply
requirements mean that LCDs can easily be powered
over long periods, by batteries, whilst at the same time
be compatible with modern electronic circuits, for
example CMOS

¢ passive display; LCDs do not generate light, and as
such are comparable to printed matter; light is neces-
sary in order to read the display and it will not fade as
the ambient light increases, however, reading in dark
conditions is possible with the use of back-lighting

¢ reliable; LCDs have a wide operating temperature

range and a long life

flexible design; a change in display size or layout is

relatively simple, making LCDs ideal for customization

low cost; LCDs are the most economically produced

flat display system, including drive and supply aspects

Initially LCDs were used almost exclusively in watches,
calculators, and measuring instruments. These were
simple, usually seven segment displays, with a limited
amount of numeric data. More recently, advances in
technology have improved legibility, information content
and the temperature range, which has led to applications
in telecommunications, cars, entertainment electronics
and computers.

LCDs are now the fastest growing display technology.
They are currently replacing the CRT for the display of text
and graphics and may eventually replace the CRT in TV
applications.

July 1990

STRUCTURE OF ANLCD

An LCD consists of two glass planes which are sealed
together with a gap between them of about six to ten um
(Fig 1.). The inner surfaces of the glass plates are coated
with transparent electrodes which define the characters,
symbols, or other patterns to be displayed. The electrode
material is usually indium tin oxide (ITO).

Between the electrodes and the liquid crystal there are
polymeric layers which are treated in a way that induces
the adjacent liquid crystal molecules to maintain a defined
orientation angle. For this reason, the polymeric layers are
also known as orientation, or alignment layers.

The distance between the two plates is set within narrow
limits by means of glass fibre spacers or minute plastic
balls.

liquid crystal front polarizer front glass

segment

F /(/ electrodes

orientation

baths © — PR {—orientati
perimeter (
seal i
connection | rr————— 1 .
0 back-plane 7 '\ acﬂl :
back-plane rear glass reflector / rear polarizer

electrode transflector

7220294

Fig.1 Construction of an LCD.

Liquid crystal

The most common type of liquid crystal used in display
technology is nematic (fig. 2(a)). In nematic liquid crystal
the long rod- like molecules align themselves spontan-
eously parallel, which gives the material anisotropic
optical and electrical properties, that is, it has different
properties in different directions. Other classes of liquid
which have increasing significance in display technology
are cholesteric (Fig. 2(b)) and smectic (Fig. 2(c)).
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optical axis
—_—
EI/ Ny

7220295

(b) CHOLESTERIC (c) SMECTIC

Fig.2 Molecular structure of liquid crystals (a) nematic (b)
cholesteric (c) smectic.

THE TN LCD IN OPERATION

The operating principle of Twisted Nematic (TN) LCDs is
illustrated in Fig. 3. The nematic liquid crystal molecules
are anchored in a fixed direction at the top and bottom
plates by the orientation layer. As the orientation directions
of the top and bottom polarizers differ by an angle of 90°
the crystal molecules are twisted through a 90° helix.
Polarizing filters are aligned with the orientation directions
at the respective plates. Polarized light from the bottom
polarizer is then guided by the crystal molecules through
the helix to the top plate with its polarization direction
rotated 90°. This property is caused by the optical anisot-
ropy of the molecules. As such the polarization direction is
aligned with the top polarizer and light passes through it
to give the display a bright appearance (Fig. 3(a)). If
sufficient voltage is applied across the electrodes the
electrical anisotropy of the molecules will cause them to
align with the electric field and the 900 twist in the optic
axis will be distorted. The light will then pass through the
liquid crystal, but will maintain its polarization direction
and be absorbed by the top polarizer (Fig. 3(b)). On
switching off the initial state is restored and the cell will
again appear transparent. Under these conditions the
display will appear black when ON and bright when OFF.
This is known as a positive image display.

Julv 1990

segment
transparent opaque

emergent
light
polarizer

(P=direction
of polarisation)

cellwall_____————¢ T — -

molecular
orientation
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incident light

(a) (b)
Fig.3 Principle of operation of a Twisted Nematic (TN)
display (a) OFF state (b) On state.

7296528

If one polarizer is rotated through 90° the effect will be
reversed and the display will appear black under no
voltage field conditions and bright when a voltage is
applied. This is known as a negative image display.

If the electrodes were to cover the top and bottom plates
the LCD would act as a light shutter. A more usual
arrangement is for the electrodes to be patterned in such
a way that specific segments can be switched to form
characters, graphics or symbols. An example of this is the
basic seven segment digit shown in Fig. 4. Any number
can be displayed by switching on the appropriate elec-
trodes, that form the various segments. It should be noted
that segments are only formed where the segment elec-
trodes and the common (backplane) electrode overlap;
the remaining parts of the electrodes are required for
connections to the outside.

(a) (b)
Fig.4 A seven segment plus decimal point display (a)
segment electrodes (b) common electrode.

7220296
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ILLUMINATION MODES

LCDs can be operated in one of three modes, depending
upon the ambient light conditions:

- reflective mode; the LCD is covered by a diffuse
metallic reflector, such as brushed aluminium foil, that
reflects ambient light back through the display; this
mode is best suited for positive image displays and
applications with sufficient ambient light; reflective
mode is especially suited to battery operated displays
as no lighting power is required (Fig. 5(b))

- transmissive mode; the display is lit from behind;
negative image displays are best suited to this mode;
their appearance is similar to active displays such as
Light Emitting Diodes (LEDs), Vacuum Fluorescent
Displays (VFDs) etc; this type of display can be
projected like a slide (Fig. 5(a))

- transflective mode; a combination of transmissive and
reflective modes; the display is backed by a partly
transmissive reflector (transflector) which reflects
ambient light as well as transmitting diffused back-
lighting for night use (Fig. 5(c))

A O O

t N/ N/
[ LcD | [ LCD | [ LCD |
TRANSMISSIVE REFLECTIVE TRANSFLECTIVE
(a) (b} (c)

7291213

Fig.5 The three illumination modes (a) transmissive (b)
reflective (c) transflective

COLOURIN TN LCDs

Colour can be introduced into a TN display in one of three
ways: colour selective polarizers, coloured filters or
coloured back-lighting.

Colour selective polarizers produce coloured segments
on a bright background or bright segments on a dark
background. A two colour combination can be produced
by using two different colour selective polarizers, for
example red and green polarizers will give red segments
on a green background or vice-versa.

Julv 1990

Coloured filters may be either foil behind the display or
translucent colours printed onto the display itself. They are
best suited to transmissive mode LCDs with a negative
image, that is coloured segments on a dark background.
Coloured back-lighting produces black segments on a
dark background. It is possible to change the colour of the
display by using two different backlights, for example
between red and green, and by using both lights, white. It
should be noted that the colour effect in a transflective
display will be greatly reduced under high ambient light
conditions.

OPTICAL PROPERTIES
Contrast and brightness

The legibility of an LCD depends upon a variety of factors
such as pattern layout, technology, driving and illumina-
tion conditions, viewing direction, viewing angle, viewing
distance and operating voltage. The most important
optical characteristics when defining legibility are bright-
ness and contrast ratio.

The brightness of an LCD is expressed as the luminance
of the reflected or transmitted light compared to the
luminance of the incident light. For a reflective LCD an
MgO surface is used as a reference for testing luminance.
The brightness of a TN LCD cannot be higher than 50%,
since an ideal polarizer only transmits half the incident
light. A reflective display will, therefore, tend to appear
rather grey. A brighter display can be obtained using back-
lighting.

The contrast ratio (Cg) of an LCD is the ratio between the
brightness of the light areas (B)) and the brightness of the
dark areas (Bg) of the display.

i.e., CR = BI/Bd

For a TN display the typical maximum contrast ratio can
range between 5 and 50.

In areflective display, the maximum contrast ratio that can
be detected by the human eye is normally about 10 and
the lower limit of good legibility about 2. For comparison
the contrast ratio of this page is about 7.

A higher contrast is necessary for back illuminated
displays. This is especially true of negative image
displays, as the human eye can easily detect light leaking
through the dark background of the display. The leakage
can be reduced by matching the spectral transmission of
the background and the spectral emission of the back-
lighting system correctly (especially if a coloured filter is
used).
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Both brightness and contrast depend on the type of
polarizers used. For reflective displays with a positive
image, low efficiency polarizers produce brighter displays
with a low contrast. High efficiency polarizers produce a
high contrast but will reduce brightness considerably.

Viewing angle

A twisted nematic LCD has a preferred viewing direction
(0pref measured in the plane of the LCD), which is built-in
during the manufacturing process by treatment of the
orientation layers. For most standard applications this
direction is from below (6 o’clock) although other direc-
tions can be manufactured.

Fig. 6 shows a contrast versus voltage curve from three
different angles o, which are referenced perpendicularly to
the display. At a very low voltage the display is not visible;
as the voltage is increased the pattern first appears at low
elevation angles (high values of o) in the preferred viewing
direction (curve 2). By further increasing the voltage the
pattern becomes more visible at higher elevation angles. If
the contrast is observed at a fixed drive voltage within the
plane o, and perpendicularly to the display the viewing
angle is o and maximum contrast occurs. At higher
voltages the value of o, becomes rather small. However,
Oopt = 0 can never be reached and a basic asymmetry will
always remain.

The voltage at which a display becomes visible (10% of
maximum contrast) at a specific viewing direction and
viewing angle, is known as the threshold voltage (Vy,). The
voltage at which contrast reaches 90% of its maximum
value is known as the saturation voltage (Vgyy).

Voltage and contrast characteristics will vary for different
liquid crystal mixtures. Most mixtures will also have a
negative temperature coefficient, that is Vy, decreases as
the temperature increases.

In a plane perpendicular to ¢yyer, TN LCDs have an almost
symmetrical contrast. This is shown by an isocontrast
diagram, the method of illustrating the viewing cone of a
display. An isocontrast diagram shows the contrast in the
azimuth (¢) and elevation (o) viewing angles. Fig. 7 is a
typical isocontrast for a TN display which has a preferred
viewing direction from below (6 o’clock).

Lk, 400N

] o
[ 1 0% 0°
[ 22709 50°
|3 90° | 40° 7296529.1
100 = .
~ 1
90 yin >,
I v’ BN
[N / M
relative 1 \ L/ ~.
contrast I N / .
1 \
) 2y 1 3 1* 3/41 N
/ 0°
I g
50 4 /
i
1
1
1
[}
I
1
10 1
0 A
0 1 |2
Vihz  Veh1 Vih3 applied voltage (V r.m.s.)

Fig.6 Relative contrast as a function of applied voltage.

270° 7296556.1

contrast ratio

7220297

Fig.7 Typical isocontrast diagram for a direct drive,
reflective, TN display, showing the variation of
contrast as a function of the two components
oand ¢ of the viewing angle.

nn




Philips Components

Liquid crystal display

User guide

Response times

Typical turn-on and turn-off times for LCDs range between
50 and 100 ms at room temperature. One of the main
influences upon response times is the liquid crystal
viscosity. As the viscosity increases with a decreasing
temperature, the molecules become less free to move
resulting in longer response times.

Response times are also affected by applied voltage, drive
method and liquid crystal layer thickness.

DRIVING L.CDs

Each segment of an LCD can be considered as the
equivalent of an electrical capacitance with a very high
parallel and low series resistance (Fig. 8). The capacitance
is voltage dependent as the liquid crystal molecules have
anisotropic dielectric properties. Applying a DC voltage
will cause electro-chemical reactions which shorten the
life of the LCD. For this reason, the drive voltage must be
alternating with a maximum permissibie DC component of
100 mV. The optical effect then produced in a display
depends, approximately on the RMS value of the drive
voltage.

v %1[ C"LI R2

7291214

Fig.8 Simplified equivalent circuit of an LCD. Ry is the
series resistance of the electrodes. R, the series
resistance of the liquid crystal and C the interelec-
trode capacitance. Typical values are Ry = 10
kOhms, R, = 1 Mohm/cm?2, C = 1.5 nF/cm?2.

The frequency of the drive voltage must be at least 30 Hz
to prevent display flicker. At this frequency and a drive
voltage just above saturation voltage, typical current
consumption is approximately 1.5 A per square centi-
meter of the activated display area.The current consump-
tion increases in direct proportion to the drive frequency.
An upper frequency limit is set by coupling and relaxation
effects which cause ghosting and irregular contrast in the
display. These effects must be considered, especially in
the layout of large and complex displays. The upper
frequency limit is approximately 200 Hz.
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Possible interference effects with lighting systems should
also be considered when deciding on the drive frequency
to be used.

Direct drive

A direct (or static) drive LCD has a separate connection
and driver for each segment and one for the common
back-plane.

The back-plane of a direct drive display is usually driven
by a square wave having a peak-to-peak value (Vo) that is
above the saturation voltage (Vgay).

To select a segment the inverse of the back-plane wave-
form is applied to the appropriate electrode. This
produces an RMS voltage value between the back-plane
and segment electrodes which is equal to Vq,. The back-
plane voltage waveform is also applied to all non-selected
segments which results in a net zero voltage across them.
A symmetrical square wave voltage difference results, if
this was not the case undesirable DC components would
be applied to the liquid crystal.

Fig. 9illustrates a typical direct drive circuit with
exclusive-OR gates controlling the voltage to the different
segments. Individual segments are selected by switching
the appropriate segment control line HIGH, which will
invert the back-plane voltage applied to the segment. The
control lines of non-selected segments are LOW and no
inversion takes place.

nan || ™3
-]

7220330

back -plane

\"
LLI'LI‘U' !
0L 1

segment 1

0 t
0= OFF |

segment 2

4>

segment n

Fig.9 Phase-switching circuit for direct drive.
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The advantages of direct drive are broad temperature
ranges, wide viewing angles, fast response times and
insensitivity to driving voltage tolerance. However, the
number of connections and driving circuits needed can
become very large for complex displays.

Multiplex drive

In high information density displays, such as a dot matrix,
it is difficult or impossible to connect each dot or segment
individually to an edge contact. The large number of
contacts and drivers required could lead to low reliability
and high cost. Therefore, it is necessary to use multiplex
drive.

Multiplex drive electrodes are arranged in the form of a
matrix. Segments are connected in groups and the back-
plane is split into several commons so that every segment
in a group has a different back-plane. A segment is then
no longer identified by an individual external contact but
by a group contact and a specific back-plane. The multi-
plex ratio is defined as 1:N, where N is the number of
back-planes, or segments, per group.

Fig. 10 illustrates the segment to back-plane assignment
for a seven segment digit, using a 1:3 multiplex drive. The
number of contacts has been reduced from the nine
necessary in direct drive, to six. Fig. 10(c) shows the
equivalent circuit with each segment being represented by
a capacitor.

SG1 $G2 SG3

BP1

o =

BP3

(a)

SG1 SG2 SG3

XY
XX
XX

[

BP1

BP2

BP3

7220299

(c)

Fig.10 A single digit plus point, eight segment LCD with
a 1:3 multiplex drive (a) back-plane electrodes
(b) segment grouping (c) equivalent circuit.

The reduction in the number of contacts required by using
multiplex drive can be dramatic. A segment display having
amultiplex ratio of 1:N and a total of M segments can be
addressed using as few as M/N + N connections.

For example:

~ a40-segment display requires 41 connections in direct
drive but, by using a 1:4 multiplex drive the number of
connections is reduced to

40/4 +4 =14

— adot matrix display with 20 000 elements (pixels), that
is 100 rows and 200 columns can be controlled with
only 300 connections (number of rows + number of
columns) rather than the 20 001 connections which
would be necessary for direct drive.

An individual segment is selected by a combination of the
back-plane and segment group signals. Fig. 11 shows a
simple example of matrix waveforms. Each back-plane is
selected in sequence; whether or not a segment is
selected is determined by the level of the segment group
voltage when the corresponding back-plane is addressed.
The waveforms illustrated have net DC components which
could cause electro-mechanical degradation of the liquid
crystal. In practical addressing schemes, the net DC
component is eliminated by alternately inverting both the
back-plane and the segment group waveforms.

BACK-PLANE
SELECT
WAVEFORMS

S —

RESULTANT
SEGMENT
WAVEFORMS

LCD
MATRIX

n-1 n

BP1

0

off

BP2 E

S
BP3 T L E—F—
0 — — 0]
on -D—
SEGMENT GROUP
DATA WAVEFO?MS A 7220331
D—
sGn g [] - /
I ~E = ON level
D = OFF level

Fig.11 Row and column multiplexing waveforms for a
display showing the voltage waveforms across
individual elements.
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Fig. 11 shows that all the elements receive a voltage,
which means that the voltage at which non-selected
elements remain OFF has been raised above zero. The
ratio of the ON to OFF voltage (discrimination) decreases
as the multiplex ratio increases (see Table 1) and the non-
selected segments will become slightly visible. The
discrimination can be optimized up to a certain limit, by
increasing the number of multiplex levels.

Table 1 shows that the largest relative profit is obtained
when going from direct drive to MUX 1:2. The number of
connections is approximately halved, but a reasonably
good discrimination is maintained (2.24). For this reason
MUX 1:2 is popular for displays up to 100...150 segments
(higher MUX rates would give little or no advantage, while
reducing the contrast relatively fast).

Table 1 Discrimination and number of connections
compared to the multiplex rate.

multiplex ratio 1:1 1:2 1:3 1:4 1:8
discrimination,

VonRMS) % 224 {192 | 1.73 | 1.45
VoffRMS)

number of connec- | 121 62 43 34 23
tions required for a
display having 120
segments

ELECTRO-OPTICAL CHARACTERISTICS OF MULTI-
PLEXED LCDs

Most LCD applications require the OFF elements to
remain invisible up to a certain viewing angle (o). In order
to keep the OFF voltage below the threshold voltage (Vy;,)
the value of the operating voltage (V,,p) must not exceed a
maximum criteria (Fig. 6). However, for ON elements a
minimum contrast at a different viewing angle is required,
which calls for a value of V,, that exceeds a minimum
Criteria. Since Vy, is temperature dependent, both ON and
OFF criteria of Vo, vary with temperature (see Fig. 12 for
MUX rates 1:2 and 1:8). The area between the ON and
OFF criteria is the recommended voltage area as it
represents invisible OFF segments, and ON segments
with sufficient contrast.
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v) \
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©

2 i L L L s 1
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temperature (°C)
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Fig.12 Typical recommended voltage areas for (a) 1:2
and (b) 1:8 MUX rates. At the lower boundary
of each area the OFF segments become faintly
visible ata viewing angle o. = 400, ¢ = 2709°,
while the ON elements are visible with
a contrast better than 2 at oo = 0°.

At low multiplex ratios satisfactory operation over a wide
temperature range can be obtained with a fixed value of
Vop- However, in order to obtain a contrast viewing cone
throughout the same temperature range at higher MUX
ratios, VOp has to be temperature compensated to allow
for the negative temperature coefficient of V.

As well as its effects on the operating voltage and
temperature range, increased multiplexing also narrows
the viewing cone (Fig. 13 and Fig. 14).
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7220332

contrast ratio
B >0
Bl >s
>33
[ =25

[TT] ‘off-segments’
visible

Fig.13 Isocontrast diagrams for various MUX ratios.

The effect of OFF segments being visible depends upon
the type of display pattern. In a segment display incorrect
information can be displayed and the MUX ratios are,
therefore, normally limited to 1:8. In character or full matrix
dot displays visible OFF segments can lead to a some-
what darker background. This may be disturbing but the
information will remain correct and legible up to MUX
rates of 1:100. Satisfactory operation at higher MUX ratios
is obtained using advanced technologies such as STN.

.Inlv 19an
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(a)

= Viewing

angle

D:ED = off-segments

visible
7220335

Fig.14 Angular variations of the center liquid crystal
molecule (a) direct drive (b) MUX drive

DERIVED TECHNOLOGIES
Super Twisted Nematic (STN) displays

The main limiting factor in the use of multiplexed TN
displays is the gradual slope of the contrast as a function
of the voltage curve. It has been discovered that this curve
can be made much steeper by increasing the twist angle
of the liquid crystal beyond 90° to a value ranging
between 180 and 270°.

The larger twist angle is achieved using a special cholest-
eric doped nematic liquid crystal. The cholesteric
molecules have a helical screw structure (Fig. 2) which
helps to ensure that all the liquid crystal molecules twist in
the same direction and have the same stable state.

STN displays use birefringence effect which introduces
wavelength dependence and characteristic colour into the
display. With optimized polarizer angles the display will,
for example, appear blue on a bright background (blue
mode), or bright yellow on a yellow background (yellow
mode).

STN displays can produce images with a good contrast
over wide viewing angles, at MUX rates of 1:100 or higher.

Guest-Host displays (GHD)

Two problems associated with TN displays are the angular
dependence of the contrast and the relatively low bright-
ness. These are both caused by the use of two polarizers.
An alternative type of display is the GHD which works with
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one or no polarizers. In GHDs the molecules of a dichroic
dye (guest) are dissolved into the nematic liquid crystal
(host). The guest molecules always align themselves
parallel to the molecules of the liquid crystal.

When there is no voltage applied the molecules are
aligned parallel to the display surface (OFF-state); certain
wavelengths of the incident light are absorbed by the dye
and the display appears coloured. When sufficient voltage
is applied the molecules will align perpendicular to the
display (ON-state), the dye will no longer absorb the light
and the display will appear bright (Fig. 15). Typically GHDs
have bright segments on a coloured background, the
colour of which depends upon the dye and may include
black.

ON

TR TFTEIVRS
POLARIZER

7220337

(a) HEILMEIER TYPE

REFLECTOR

7220338

() Viauid erystal

molecule

dichroic dye

S molecule

(b) WHITE & TAYLOR TYPE

Fig.15 Operation of a GHD (a) Heilmeier (b) White and
Taylor.
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There are two main types of GHD:

- Heilmeier (Fig. 15(a)) which requires a front polarizer for
good legibility and must have good back-lighting or be
viewed in high ambient light conditions

White and Taylor (Fig. 15(b)) which is optimized for
reflective operation because it does not require
poiarizers and produces very bright segments against a
coloured or grey background.

The advantage of GHDs over TN displays is the very wide
and regular viewing cone. Disadvantages are the higher
operating voltage and poor multiplexability.

CONNECTING TECHNIQUES

The terminals of an LCD are Indium/Tin Oxide and are
situated on at least one side of the cell.

The three main methods used to electrically connect
LCDs are: fixed pins, conductive rubber (elastomer) strips
or foil.

Fixed pins are glued directly onto the LCD which can then
be soldered on to a PC-board or connected via snap-on
sockets (Fig. 16(a)). They are suitable for LCDs with a
relatively low number of connections and when the glass
length is enough to accommodate the required number of
pins. However, they provide a reliable method of contact.
Elastomer connectors consist of alternate conductive and
insulating sections which support the LCD and connect it
to the PC-board (Fig. 16(b)). The contacts of the LCD are
on the underside of the top glass and these connect to the
PC-board via the conducting sections of the elastomer
strip. Contact is maintained by mounting a bezel or clamp
which squeezes the LCD, elastomer strip and the PC-
board together. For the interconnection between PC-
board and LCD, care must be taken to ensure that a
constant pressure is maintained over all the connections;
this requires special attention in the case of long displays.
Without optical alignment a contact pitch down to about 1
mm can be used and down to about 0.5 mm with optical
alignment.

Foil connectors (Fig. 16(c)) provide a flexible method for
the connection of LCDs. They consist of parallel conduc-
tors mounted on a foil which is glued directly on to the
LCD; the contact area is thus sealed from the atmosphere.
Connection pitches at each end of the foil can vary and
the drivers can be mounted on a remote PC-board which
is advantageous when a very thin display or back-lighting
is required.
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FIXED PIN
CONNECTION

(a)

CONDUCTIVE RUBBER
CONNECTION

LCD
terminals
conductive,

section

insulating
section
PCB
contacts

DETAIL FRONT VIEW
(incl. bezel)

(b)

PCB contact paths
DETAIL FRONT VIEW '

7220341

DETAIL SIDE VIEW

7220342

FOIL CONNECTION

conductive |
strips
insulating
glue
with
conductive
particles

DETAIL SIDE VIEW
(cross section)

epoxy cover LCD glass

carrier foil |

? / l ‘“Sf;':;_iﬂgl'

LCD terminals

DETAIL FRONT VIEW
(cross section)

7220343

(c)

Fig.16 Connection techniques:

(a) fixed pin - displays with glued-on pins having a

b

contact pitch of 2.54 mm that can be soldered directly
into a PC-board

elastomer (conductive rubber) — also known as zebra
strips, clamped between LCD and PC-board at least
one conductive layer will connect matched contact
pads whilst at least one insulator will isolate adjacent
circuits

foil - removes the need for an adjacent PC-board and
allows a display to be very thin.
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MOUNTING AND ILLUMINATION TECHNIQUES

Reflective and transflective displays should be mounted
as close as possible to the front surface of the equipment
to gain maximum illumination from the ambient light.
When choosing a mounting position the viewing angle and
isocontrast diagram published in the LCD data sheet must
be considered. Auxiliary front lighting for a reflective
display should be at an angle close to the normal viewing
direction to minimize reflection and shadow effects.
Mounting pressure applied to LCDs using elastomer
connectors should be as even as possible and pressure
on the seal or the viewing areas must be avoided. Glass or
non-birefringent plastic should be used to protect the
front polarizers from scratches and humidity.

Back-lighting

Back-lighting of a transflective display is necessary to
maintain legibility under poor environmental light condi-
tions.

The main methods used for LCD back-lighting are:

- electro-luminescent light source; has the advantage
that it is very thin and emits a diffuse and evenly
distributed light; however, its luminance is low, it
requires a supply of 100 to 200 V at a few hundred Hz
and it has a limited life (Fig. 17(a))

- light guide; a point source such as an LED or a linear
source such as a fluorescent tube is distributed by a
light guide using total reflection; its construction can be
flat so little space is required behind the LCD; however;
uniform light distribution can be difficult to obtain and
light loss can be considerable (Fig. 17(b))

- light box; an LED, halogen or fluorescent light is
distributed by a light box; this light source is very
effective but needs considerable space immediately
behind the display (Fig. 17(c)).

Any form of back-lighting for LCDs requires considerably

more power than is used by an unlit display. Thisis a
limiting factor when using a battery power supply.

July 1990

diffused diffusor diffused

/ngm plate j light

light
guide

light source

light source & reflector

7220345

(a) (b) (c)

Fig.17 Back-lighting methods
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INTRODUCTION TO LCD MODULES

An LCD module is a liquid crystal display complete with
driving circuitry and, in many applications, decoding and
control circuitry, which assists interfacing.

Typical applications for LCD modules include industrial
display equipment, pocket VDUs, portable computers,
telephony equipment, typewriters and point of sales
equipment.

The internal inter-connection between driving circuitry and
display can be elastomer (zebra stripes) or flex foil. One of
the advantages of an LCD module over a loose display is
that less external connections are required, allowing a
mounting location which is remote from the control circuit.

The use of a complete LCD module in display equipment
means a great deal less time in designing the display into
the equipment, as all driving circuitry is internal and
interface to a microprocessor is the design engineers only
concern.

All of our modules are light and compact and can be easily
mounted into display equipment. They have a good
contrast over wide viewing angles.

We offer our modules in three display modes:
(i) segment display moduies
(i) character display modules

(iii) flat panels

For each mode we have standard types available which
are listed in Table 2.

Table 2 LCD module types

DESCRIPTION ILLUM. MODE CLASS TYPE NUMBER

1-line, 16-digit reflective segment LTM233R-10

1-line, 16-character reflective, 6 o’clock character LTN111R-10
transflective, 6 o’clock LTN111F-10
reflective LTN111R-50
12 o’clock
transflective, LTN111F-50
12 o’clock

2-line, 16-character reflective, 6 o’clock character LTN211R-10
transflective, 6 o’clock LTN211F-10
reflective, 12 o’clock LTN211R-50
transflective, LTN211F-50
12 o’clock

2-line, 20-character reflective character LTN221R-10
transflective LTN221F-10

2-line, 24-character reflective character LTN222R-10
transflective LTN222F-10

2-line, 40-character reflective, 6 o’clock character LTN243R-10
transflective, 6 o’clock LTN243F-10
reflective, 12 o’clock LTN243R-50

Julv 1990
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SEGMENT DISPLAY MODULES
Features

e Serial interface e.g. C-bus and 12C-bus

* Low MUX rate hence good contrast and viewing angle,
especially in high ambient light conditions

* Low drive voltage

¢ Light, compact and easy to mount

Description

Segment display modules are intended for use in numeric
applications (though the design can include some fixed
symbols). In comparison to character types the restriction
in data representation allows low MUX rates (up to 1:4),
good contrast over wide viewing angles and low driving
voltage. A typical application for segment display modules
is in telephone sets, for displaying the dialled number.

LcD

b back . 3
planes segments

MICRO-
PROCESSOR

DRIVERS CONTROLLER

SEGMENT TYPE MODULE

POWER
SUPPLY

7222256

Fig.18 Configuration of segment type LCD.

CHARACTER DISPLAY MODULES

Features

Interface with either 4-bit or 8-bit parallel data input

(ASCII)

e Built in controller that includes a character generator
and LCD driver functions

e Good legibility in bright light

¢ Light and compact and easy to mount

v 1990
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Description

Character liquid crystal display modules (also known as
alpha-numeric displays) are light and compact modules
with a controller, including a character generator, LCD
driver LSI ICs and a character type LCD cell mounted on a
single PC-board.

The built in character generator makes the design
engineers task easier when incorporating one of our
modules within his equipment. It is capable of generating
168-alphanumeric/Japanese characters and symbols (160
fixed characters and 8 user programmable characters).

CHARACTER TYPE LCD

CONTROLLER
WITH
CHAR. GEN.
AND DRIVER

1

BIAS
VOLTAGE
GENERATOR

MICRO-
PROCESSOR

POWER

SUPPLY

SLAVE
DRIVER

SLAVE
DRIVER

7222255

Fig.19 Configuration of a character type LCD.
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PCB80C39 LCD UNIT
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7222254

Fig.20 Microprocessor interface.
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Fig.21 Power supply.

Our character display modules are offered with 1 or 2-
lines of characters and a character font of 5 x 8 (5 x 7 dots
+ cursor). They can be interfaced with a 4- or 8-bit
microprocessor and have a 1:16 multiplex rate (refer to TP
238 for further details about character display modules).

i) Interface signals

RS register select
R/W read/write select
E enable read/write
DO to D7 input/output data

ii) Supply voltages

Vbbb positive supply voltage for logic
Vss logic ground
Vo contrast adjustment voltage:

operational LCD voltage, Vop equals
Vop =Vbp - Vo (Fig. 21).

FLAT PANELS
Features
* Full dot graphic display capability

* Good legibility in bright light
¢ Light and compact and easy to mount

Description

Flat panels (also known as dot matrix modules) are
capable of displaying a wide variety of data as each
individual dot can be controlled ON or OFF. The dot matrix
LCD module is ideal for displaying diagrams, graphs and
text.

July 1990

The number of horizontal (rows) and vertical (columns)
electrodes multiplied gives the number of pixels or dots,
as a pixel or dot is located at the cross point of the elec-
trodes. The MUX rate is determined by the number of
electrodes on the short side of the display, which also
determines the display technology.

To enable higher contrast when using a high MUX rate
display, the dot areas are separated into two display
halves (upper and lower). This necessitates doubling the
data bits.

Description of input data and control signals

Currently we offer our dot matrix displays with 1-bit serial
data input or 2 x 4-bit parallel data input.

On the falling edge of CP2 the input data is sequentially
transferred into the shift register in the column drivers. On
the falling edge of CP1 the data is latched and displayed.

The scan sequence is started by clocking signal FS in on
the HIGH to LOW transition of clock pulse CP1, after
which the first row is scanning and the second row
information is clocked in by CP2.

When all the data of row 2 has been entered and latched
scanning the second row.

The data input continues until the whole area of the
display is filled and then proceeds to the next display face.
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Lco
MICRO- GRAPHIC
PROCESSOR
CONTROLLER

[

control signals

data bit (1)

frame sync

COLUMN
l DRIVER

......................

]

COLUMN
DRIVER

MxN DOT MATRIX

RAM
1| mow
DRIVER
-
| Row
DRIVER
-
[ BIAS
POWER
VOLTAGE

SUPPLY I

GENERATION

7222257

Fig.22 Configuration of a graphic display module when
the MUX rate is equal to the number of rows. (1) 1-
bit serial or 4-bit parallel.

i) Control signals (Fig. 24)

CP1
CcP2
FS
M

clock pulse 1 (latch)

clock pulse 2 (shift)

frame synchronization

signal to convert the LCD drive wave-
form into AC

iy Supply voltages

Vop
Vss
Vo

Iy 1990

positive supply voltage for logic

logic ground

contrast adjustment voltage: opera-
tional LCD voltage, V,, equals Vo, = Vpp
- VO

~n

iii) Datainputs
a) module with
aMUX rate
equal to the
number of rows
(Fig. 22)

b) module with
aMUXrate
equal to half the
number of rows
(Fig. 23)

1-bit serial: used for displays with a
relatively small number of dots;

4-bit parallel: used for displays with a
larger number of dots

2 x 1-bit serial: used for displays with
a relatively small number of dots;

2 x 4-bit parallel: used for displays
with a larger number of dots.
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Fig.23 Configuration of a graphic display module when
the MUX rate is half the number of rows (1) 2 x 1-

hit garial or 2 x 4-hit narallel
Qi Seriai OF £ X 4-0it paranei.
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Fig.25 Power supply.
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Quality in design and production
Product release

Acceptance tests

Definition of defects

Reliability .

Handling aspects

Mounting aspects

SE&ERRE B

Note: for more detailed information refer to document 9398 359 30011 (General Quality Specification for Discrete
Semiconductors LCD) URV-6-3-62/611 — Part E.
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QUALITY IN DESIGN AND PRODUCTION

QUALITY IS
MEASURED IN
TERMS OF :

QUALITY IS
DETERMINED BY:

QUALITY
OF A

PRODUCT RELIABILITY

1

ENGINEERING
JUDGEMENT

7296502

Fig.26 Quality of a product.

All appropriate aspects of quality are an integral part of
our design rules for new LCD types, ensuring that quality
is designed into our products from the beginning.

The development of each new type of LCD is finalized by
a product release procedure, which reviews the quality of
the design.

Our production quality assurance programme Is based
upon internationally accepted standards. The results of
tests carried out during incoming Inspection, at the in-line
inspection and final acceptance stages are used as
feedback in order to continually Improve our process and
design rules.

Jdulv 188A

CHEMICAL
COMPONENTS

]

«— incoming inspection4—__
e =]

[ MECHANICAL l

PCB’s
FOR LCD MODULE COMPONENTS

visual inspection

cieaning + photo
lithographic processing

screen printing
of separate glass plates

assembly of
2 glass plates together

separation into single cells

filling, sealing + cleaning

adding polarizers and
reflector
100 % visual and
electrical inspection

packing

o
U

acceptance tests

 inspection and
fault registration

customer - despatch 7222267.1

Fig.27 Simplified schematic.

PRODUCT RELEASE

To ensure that every LCD type fulfills its specified
requirements, a product release procedure is carried out
throughout the development of each new type.

This procedure guarantees that each product withstands
an extensive programme of environmental tests in
accordance with IEC standards, and a number of
supplementary tests which are specific to LCDs.

The polarizers attached to the outside of the LCDs are
avallable in distinct quality classes so we have also
classified our LCDs into:

* commercial reliability grade

¢ extended reliability grade

Consequently there are differences in the product release
tests (see Table 3).

an
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Table 3 Product release tests in relation to the Quality Grade
TEST DESCRIPTION
TESTNAME IEC-68 | COMMERCIAL GRADE EXTENDED GRADE REMARKS
Change of temperature 2-14 —250C/30 min - —-40 °C/30 min-+85°C/30 | 10times
+70°C/30 min min
Low temperature storage 2-1 -250C/dry/21 days -40 °C/dry/21 days
High temperature storage 2-2 +70°C/dry/21 days +85 °C/dry/21 days depending
+60 °C/dry/10 days +90 °C/dry/21 days upon type
Damp heat steady state 2-3 +40°C/90 %RH/21 days +80 °C/90 %RH/10 days dependin
+40°C/90 %RH/10 days +60 °C/90 %RH/21 days 9
+80°C/90 %RH/21 days | UPON type
Damp heat cyclic 2-30 - 25-400C/21 days/ for fixed pin
90-95 %RH versions
only
Sulphur dioxide 2-42 - 250C/75 %RH/25 ppm/
10 days
Low air pressure 2-13 +25 °C/500 mBar/2 days
High pressure - +60°C/5 Bar/1 hr.
Leakage and seal-line - +25 oC/freon/3 hrs.
adhesive strength
Vibration 2-6 10-55 Hz/0.75 mm pp/2 hrs. per side
Bump 2-29 6 ms/40 g peak/1000 times
ACCEPTANCE TESTS Electro-optical defects

To ensure that the devices meet the electro-optical and
mechanical specifications a statistical sampling is carried
out prior to delivery, as described in ISO 2859. The
following AQL levels apply:

e forinoperatives: AQL 0.25

e for other functional defects: AQL 0.65

e combined: AQL 1.0

Statistical sampling is also used to gather reliability data.

DEFINITION OF DEFECTS

Optical defects

Optical defects are defined as visible irregularities within
the viewing area of a non-energized display. The limit of
the acceptable size of an optical defect depends on the

viewing distance and on the contrast of the optical defect.

The acceptance criteria for optical defects are defined by
means of limit samples, that represent aesthetic
borderline conditions of LCDs when mounted in the
finished product.

Limit samples for specific products can be agreed upon
between the customer and the supplier.
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Electro-optical defects are defined as visible irregularities
within the viewing area of a non-energized display. All
segments must be visible perpendicular to the display at
the specified minimum operating voltage, except for high
MUX rate LCDs with a more specific viewing direction. In
multiplex drive displays, non-selected segments must not
be visible from the viewing angle specified for OFF
conditions, except for high MUX rate LCDs with a more
specific viewing direction.

Mechanical defects

Mechanical defects are defined as mechanical
irregularities which do not influence the electrical or
optical properties, but can cause mounting problems for
the customer, if they do not meet the mechanical
specification.
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RELIABILITY

Conditions for long life operation

A lifetime of 105 hours can be expected under normal
operating conditions:

- operating voltage and frequency must be within the
specified ranges
- DC voltage must be less than 0.1V
— operating ambient temperature range;
5 to 40 °C for commercial reliability grade
-5 to +55 °C for extended reliability grade
- relative humidity must be less than;
60 % for commercial reliability grade
75 % for extended reliability grade.

End of life definition

An LCD is to be considered at the end of its life if one of
the following defects is found:

- optical or electro-optical defects

- electro-optical specifications are not met

— contrast is less than 50 % of its initial value

- total current consumption at Tamp = 25 °C exceeds
more than twice the specified maximum value

- the clearing point of the liquid crystal is less than the
specified maximum operating ambient temperature.

HANDLING ASPECTS

Unpacking

The instructions which are printed on the packaging
should be followed.

Scratching

The front and rear sides of an LCD consist of polarizer and
reflector foils; they are neither scratch nor pressure
resistant, so avoid touching and treatment with rough or
abrasive tools.

Fingerprints

Gloves should be worn when handling the displays as
fingerprints on the polarizers can reduce the optical
performance of the display, and fingerprints on the
contact sides can cause connecting problems.

Julv 1990

Protective foil

Usually the front polarizer of a display is provided with a
protective, transparent foil (also the rear polarizer in
transmissive mode LCDs). It should be kept in place as
long as possible after the display has been removed from
its original package, especially for temporary storage
during manufacture. Ideally the protective foil should only
be removed after the display is mounted in its final
assembly. The foil can be removed using round tweezers,
with which it should be lifted gently from a corner.

Cleaning

To clean a dirty LCD use a soft, clean, lint free, dry tissue.
Loose dust may be removed with a clean, soft blower
brush. If these methods are not sufficient then a tissue
moistened with lead free benzine, petrol or freon, applied
softly to the surface should be sufficient.

Other solvents, or water should be avoided as they may
attack the polarizers.

Glass breakage/safety

LCDs are made of glass. Handle with care to avoid
breakage or cracks. If a display is broken use an alcohol-
or acetone-soaked tissue to remove the escaped fluid.
This fluid may be toxic, avoid direct skin contact. Clean
contaminated areas immediately with soap and warm,
running water.

Storage precautions

LCDs should be kept in their original package and in a
dust-free environment. For long term storage temperature
should not exceed 45 °C and relative humidity should not
exceed 40-50 %.

Avoid long term storage in direct sunlight, or fluorescent
light; a yellow acryl box lends itself as a light, shock and
dust protecting storage container.

Avoid moving a display from a cold storage area to a
humid or hot storage area as it leads to condensation
which can attack the polarizers.
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MOUNTING ASPECTS
Housing

Housing and frame dimensions should be well adapted to
the size of the display to ensure proper mounting.
Mechanical pressure should be moderate and should be
applied evenly between the frame and the full length of the
display. No pressure should be exerted on the seal or on
the display areas.

Module housings and frames have to be designed in such
a way that bending of the display in the mounted position
is avoided.

LCDs should preferably be housed with a transparent
plate, e.g. glass or non-birefringent acrylic plate, mounted
in front of the display to protect it from scratches,
humidity and dirt.

Conductive rubber connections

Mounting instructions from the manufacturers of elastom-
eric connectors (conductive rubber ‘zebra’) have to be
followed. Special attention should be given to prescribed
contact pressure and its even spread over the full length of
the contacting edges.

Soldering

When soldering LCDs with fixed pins, avoid temperature
shocks. If using solder-wave equipment with preheating it
may be necessary to cover the LCD to avoid exceeding
the maximum storage temperature. As LCDs should not
be washed it is recommended that the protective foil be
left in place until after soldering as it helps to protect the
display from solder flux splashes. Additional protection
may be required.
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INTRODUCTION TO CUSTOM DESIGN

The advantage of LCD technology over many other
display technologies is the capability of supplying LCDs
to specific customer requirements.

We offer a complete custom design service for LCD cells
in which the following aspects can be customer specified:

o dimensions

o display pattern

O electro-optical characteristics
O connection methods

Customers wishing to order a custom design product or
who require more information should contact our sales
representative (see back of handbook for the address).

DEVELOPMENT PROCEDURE

Custom design projects consist of three main stages:

o product definition and quotation
o0 sample phase
O volume production

Product definition and quotation

In this phase our development department translates the
customer requirements into a product specification
(electro-optical characteristics and product drawing). This
specification will enable assessment and will be offered to
the customer as part of the final commercial quotation.

Sample phase

Once the final quotation has been accepted samples of
the product will be made according to the agreed
specification. The customer will be required to give formal
approval of the samples prior to the volume production
phase.

Table 5 Survey of optical descriptions

Volume production

Preparations for volume production will begin once the
sample approval has been gained and the deliveries will
begin after a specified lead time.

TECHNICAL ASPECTS OF CUSTOM DESIGN

Only basic aspects of custom design are outlined in this
section. For more details please contact our local sales
organization.

Mechanical data

There are three contact methods available for LCDs:
o forelastomer connection (see Fig.28 and Fig.29)
o with fixed pins (see Fig.30)

o with flexfoil (not shown)

Please see Table 7 for an outline of possible dimensions.
Please contact our local sales organization for preferred
glass sizes.

Ratings

Maximum voltage between any

two contacts Vmax 10V RMS
Storage temperature

Commercial quality grade Tstg —-25t0+70°C
Extended quality grade Tstg —40to +85°C

Electro-optical data

A range of standard specifications are available with the
following optical description (see Table 5).

Full specifications are given in the chapter "Family
Characteristics”, except for TU1, TU2 and TU3. A quick
reference survey is given in Table 6, for convenience.
Other specifications are available on special request.

FAMILY CHARACTERISTICS
RAMET!
PA ER TR1,TR2, TR3 TF1,TF2, TF3 TU1,TU2, TU3
image mode positive positive negative
illumination mode reflective transflective transmissive
antiglare surface no no no
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Table 6 Quick reference survey

FAMILY CHARACTERISTICS
PARAMETER SYMB. TR1, TF1, TU1 TR2, TF2, TU2 TR3, TF3, TU3 UNIT

drive method - DD 1:2 1:3 14 DD 1:3 1:4 1:2 -
operating voltage | Vop 2.5-6 26 28 3.2 3.5 4.0 4.3 5 Vv
ambient operating

temp. minimum Tamb -10 -10 -10 —-10 | —25 -25 —25 -25 °C
maximum Tamb 60 55 55 40 80 65 50 80 °C
quality grade - commercial extended extended -

Pattern dimensions

Minimum distance between segments without leads is
between:

- both segments relating to the same backplane 0.2 mm
- both segments relating to a different backplane 0.3 mm
- with one lead in between 0.35 mm

Minimum distance between symbols depends upon the
number of leads between the leads

Minimum distance between segments and viewing area
border 1.0 mm

Positional tolerance of graphic elements with respect to
each other +/-0.1 mm

Tolerance of graphics in relation to nominal glass edge
position +/-0.2 mm

Preferred letter types are:

Akzidenz-grotesk stnd
Eurostyle bold

Futura bold italic
Helvetica medium
Helvetica medium condensed
Helvetica medium italic
Univers 57

Univers 67

Univers 68

univers 75
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Terminal connections

If a symbol occurs more than once within a multiplexed
LCD our development department will use the same
segment-to-backplane assignment; this standard
procedure simplifies the driver software because only one
‘look-up’ table is required.

As LCD technology allows only single layer
interconnection tracks, customer requirements on
segment to backplane assignment and on terminal
connections may collide with LCD track routing
restrictions. In order to obtain optimal LCD design and
thereby, optimal optical appearance, the customer is
advised to specify only minimum requirements on these
aspects. If any additional requirements or preferences are
indicated separately, our design department will advise
accordingly.
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Table 7 Dimensions for Custom Design (see Fig.28, Fig.29 and Fig.30)
If more than one nominal value is stated the customer has a free choice of values, unless otherwise specified.

DESCRIPTION DIMENSION NOMINAL VALUE (mm) TOLERANCE +/- (mm)
length A 38 to 160 (note 2) 0.3
height B 18 to 120 (note 2) 0.3
width of contact strip L 22 (note 2) 0.3
border viewing area A-X >2 (note 2) -
glass thickness D 1.1 (note 2) 0.1
D 0.7 (note 2) 0.1
rear polarizer thickness
- reflective or transflective G 0.3 0.05
- transmissive G 0.2 0.05
pitch of contacts for N (note 1) 1.0
conductive rubber N (note 1) 1.27 -
connection N (note 1) 1.8 -
N (note 1) 2.54 -
width of contact for
conductive rubber
connection
- forN=1.0mm 0.5 -
- forN=1.27 mm 0.6 -
- forN=1.8 mm 0.9 -
- forN=2.54 mm 15 -
Notes:

1. Accumulated tolerance over the complete row of contacts = 0.1 mm
2. Not all combinations of these dimensions are allowed. Please contact our local sales organization for details.
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Fig.28 Version a, for conductive rubber connection, contacts top and bottom.
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Fig.29 Version b, for conductive rubber connection, contacts bottom only.
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Fig.30 Version c, with fixed pins,contacts top and bottom.
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INTRODUCTION

Standard range LCD cells are offered in two quality

grades: commercial (over the commercial temperature

range) and extended (over the extended temperature
range). The following chapter contains the variations in
operating characteristics for the two grades, in three
illumination modes.

Note: The test conditions for these specifications have
changed since the previous issue. The old and
new conditions for LCDs with a positive image
mode, where the ON-segments have a low
brightness and the OFF-segments and
background have a high brightness, are listed

The modified angle for specifying the ON-segments is
more in line with the optical asymmetry of TN LCDs and
with average application requirements.

In the new situation the switching speed is measured
under the recommended operating conditions, rather
than using fixed voltages.

Both changes are in line with developments in
international standardization for LCD specification
methods.

Due to these modified conditions many of the
specification values have changed. However, please note
that the products themselves have not changed.

below.

TEST CONDITION SYMBOL OLD NEW UNIT
Measuring angle for ON-segment o 0 10 °
parameters
Measuring angle for OFF-segment o 40 40 °
parameters
Relative ON-segment brightness Bon 10 10 %
Relative OFF-segment brightness Botf 50 50 %

RMS voltage at which the switching | Von 4.5 note 1 V (RMS)
speed is measured

SO Vot 0 note 1 V (RMS)
Recommended operating voltage Vop typ note 2 note 2

Notes:

1. as determined by the recommended operating voltage and drive method
2. is specified to fulfill the values of Bon and Botf over the specified operating ambient temperature range (old and new

situation)
3. all parameters are measured for ¢ = ¢pref

L. 4nnA

o
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QUICK REFERENCE DATA

ILLU::éN I;\ENON REEIQES;EITY DAMP Hsﬁ_l;\\'_l;_gTEADY LOW L!Erhg;igléTURE HIGH ;$gg;E\glé\TURE
Tamb/R.H./duration Tamp/duration Tamb/duration
TRO | reflective commercial +40 °C/90%/21 days -25°C/21 days +70°C/21 days
TFO | transflective commercial +40°C/90%/21 days -25°C/21 days +70°C/21 days
TR1 | refiective commercial +40°C/90%/21 days -25 °C/21 days +70°C/21 days
TF1 | transflective commercial +40 °C/90%/21 days -25°C/21 days +70 °C/21 days
TR2 | reflective extended +80 °C/90%/21 days -40 °C/21 days +85 °C/21 days
TF2 | transflective extended +80 °C/90%/21 days -40 °C/21 days +85 °C/21 days
TR3 | reflective extended +80 °C/90%/21 days -40 °C/21 days +85°C/21 days
TF3 | transflective extended +80 °C/90%/21 days -40 °C/21 days +85 °C/21 days
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CONSTANT DRIVE VOLTAGE

Optical description

lllumination mode: reflective
Image mode: positive
Front surface: glossy

Quality grade: commercial

Electro-optigal characteristics for constant drive voltage

Typical values at Tamb = 25 °C; Vop = Vop typ; far = 100 Hz; o. = 10 ©, unless otherwise stated.

PARAMETER SYMBOL DRIVE METHOD UNIT NOTE
DD*
operating voltage Vop min 3.5 \ 1
. typ 5.0 \
b max 6.5 \
operating ambient temperature Tamb min -10 °C
max +60 °C
turn on time
at Tamp=25°C ton 25 ms 2
at Tamb =0°C ton 100 ms
turn off time at Tamp =25 °C toff 40 ms 2
atTamp=0°C toff 120 ms
specific current consumption Is 24 nA/mm?2
frame frequency far min 30 Hz 1
max 200 Hz
viewing angles for Cr > 3
O = Opref o 60 o 3
¢ = Opref +180° o 30 °
¢ = Qpref +270° or +90° o 35 o

* DD =direct drive

Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
3. For definition see Fig. 33.
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CONSTANT DRIVE VOLTAGE

Optical description

lllumination mode: transflective
Image mode: positive
Front surface: glossy
Quality grade: commercial

Electro-optical characteristics for constant drive voltage

Typical values at Tampb = 25 °C; Vop = Vop typ; far = 100 Hz; o = 10 ©, unless otherwise stated.

PARAMETER SYMBOL DRIVE METHOD UNIT NOTE
DD*
operating voltage Vop min 3.5 \Y 1
typ 5.0 \
max 6.5 \
operating ambient temperature Tamb min -10 oC
max +60 °C
turn on time
at Tamp =25°C ton 25 ms 2
at Tamb =0°C ton 100 ms
turn off time
at Tamb =250°C tgf‘f 40 ms 2
at Tamb =0°C toff 120 ms
specific current consumption Is 24 nA/mm?2
frame frequency far min 30 Hz 1
max 200 Hz
viewing angles for Cg >3
¢ = Ppref o 55 o 3
¢ = Qpref +180° o 35 o
¢ = dpref +2700° or +90° o 40 o

* DD = direct drive

Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
3. For definition see Fig. 33.
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CONSTANT DRIVE VOLTAGE

Optical description

lllumination mode: reflective
Image mode: positive
Front surface: glossy
Quality grade: commercial

Electro-optical characteristics for constant drive voltage

Typical values at Tampb = 25 °C; Vop = Vop typ; far = 100 Hz; o = 10 ©, unless otherwise stated.

PARAMETER SYMBOL DRIVE METHOD UNIT
DD* 1:2 1:3 1:4
operating voltage Vop min 25 - - - \
typ 4.5 2.6 2.8 3.1 V (note 1)
max 6.0 - - - \Y
ambient operating Tamb min -10 -10 -10 -10 oC
temperature max +60 +55 +55 +40 °C
turn on time
at Tamp=25°C ton 35 160 240 190 ms (note 2)
atTamp=0°C ton 170 970 1480 1270 ms
turn off time
at Tamp=25°C toff 65 50 40 40 ms (note 2)
atTamp=0°C totf 260 170 130 130 ms
specific current Is 36 29 34 45 nA/mm?2
consumption
frame frequency far min 30 30 30 30 Hz (note 1)
max 200 100 100 100 Hz
viewing angle for CR >3
O = Opref o 55 35 35 35 © (note 3)
0 = ¢pref +180° o 45 20 5 0 o
¢ = dpref +90° or 42700 o 35 35 20 20 o

* DD = direct drive
Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
3. For definition see Fig. 33.
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TEMPERATURE COMPENSATED DRIVE VOLTAGE

Electro-optical characteristics for temperature compensated drive voltage

Typical values at Tamp = 25 °C; Vop = Vop typ + TC.(Tamb-25); far = 100 Hz; o = 109, unless otherwise specified.

PARAMETER SYMBOL DRIVE METHOD UNIT
1:2 1:3 14
operating voltage Vop typ 29 3.1 3.1 V (note 1)
temperature coefficient of Vop | TC -12 -13 -14 mV/°C
ambient operating temperature | Tamp min -10 -10 -10 oC
max +60 +60 +60 °C
turn on time
at Tamp =25°C ton 90 145 190 ms (note 2)
at Tamp=0°C ton 430 550 810 ms
turn off time
at Tamb =25°C toff 55 50 40 ms (note 2)
at Tamp=0°C toff 290 280 250 ms
frame frequency far min 30 30 30 Hz (note 1)
max 100 100 100 Hz
Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
Viewing angles as constant drive voltage.
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CONSTANT DRIVE VOLTAGE

Optical description

lllumination mode: transflective
Image mode: positive
Front surface: glossy
Quality grade: commercial

Electro-optical characteristics for constant drive voltage

Typical values at Tamp = 25 °C; Vop = Vop typ; far = 100 Hz; o = 10 ©, unless otherwise stated.

PARAMETER SYMBOL DRIVE METHOD UNIT
DD* 1:2 1:3 1:4
operating voltage Vop min 2.5 - - - \
typ 4.5 2.6 2.8 3.1 V (note 1)
max 6.0 - - - \
ambient operating Tamb min -10 -10 -10 -10 °oC
temperature max +60 +55 +55 +40 °oC
turn on time
at Tamp =25°C ton 35 160 240 190 ms (note 2)
at Tymp =0°C ton 170 970 1480 1270 ms
turn off time
at Tania =250C toff 65 50 40 40 ms (note 2)
atTamb =00°C toff 260 170 130 130 ms
specific current Is 36 29 34 45 nA/mm?2
~rancilimntinn
censumption
frame frequency far min 30 30 30 30 Hz (note 1)
max 200 100 100 100 Hz
viewing angle for CR > 3
q) = q)pref o 45 40 - - o (note 3)
¢ = Qpref +180° o 25 15 - - o
¢ = Ppref +90° or +270° o 35 40 - - o
O = dpref Olopt - - 20 20 o
(D = q)pref -0t - - 40 40 o

* DD = direct drive

Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
3. For definition see Fig. 33.
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TEMPERATURE COMPENSATED DRIVE VOLTAGE

Electro-optical characteristics for temperature compensated drive voltage

Typical values at Tamb = 25 °C; Vop = Vop typ + TC.(Tamb-25); far = 100 Hz; o = 109, unless otherwise specified.

PARAMETER SYMBOL DRIVE METHOD UNIT
1:2 1:3 1:4

operating voltage Vop typ 2.9 3.1 3.1 V (note 1)
temperature coefficient of Vop TC -12 -13 -14 mV/°C
ambient operating Tamb min -10 -10 -10 °C
temperature max +60 +60 +60 °C

turn on time

at Tamb=25°C ton 90 145 190 ms (note 2)
at Tamp=0°C ton 430 550 810 ms

turn off time

at Tamp=25°C toff 55 50 40 ms (note 2)
at Tamp=0°C toff 290 280 250 ms

frame frequency far min 30 30 30 Hz (note 1)

max 100 100 100 Hz

Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
Viewing angles as for constant drive voltage.
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CONSTANT DRIVE VOLTAGE

Optical description

lllumination mode: reflective
Image mode: positive
Front surface: glossy
Quality grade: extended

Electro-optical characteristics for constant drive voltage

Typical values at Tamp = 25 °C; Vop = Vop typ; far = 100 Hz; o= 10 ©, unless otherwise stated.

PARAMETER SYMBOL DRIVE METHOD UNIT
DD* 1:2 1:3 1:4
operating voltage Vop min 3.5 - - - \
typ 5.0 3.7 4.0 4.3 V (note 1)
max 6.5 - - - \'
ambient operating Tamb min 25 -25 -25 -20 °C
temperature max +80 +70 +65 +50 °C
turn on time
at Tamp=25°C ton 25 75 125 115 ms (note 2)
at Tampb=0°C ton 100 320 495 535 ms
turn off time
at Tamp=25°C toff 40 30 25 30 ms (note 2)
at Tamp=0°C tofs 120 100 75 75 ms
specific current Is 24 24 28 36 nA/mm?2
consumption
frame frequency far min 30 30 30 30 Hz (note 1)
max 200 100 100 100 Hz
viewing angle for CR > 3
0 = Opref [ 50 35 35 35 ° (note 3)
0 = Qpref +180° [ 40 25 25 25 o
¢ = Opref +90° or +270° ) 30 35 30 20 o

* DD =direct drive
Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
3. For definition see Fig. 33.
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TEMPERATURE COMPENSATED DRIVE VOLTAGE

Electro-optical characteristics for temperature compensated drive voltage

Typical values at Tamp = 25 °C; Vop = Vop typ + TC.(Tamb-25); far = 100 Hz; o = 109, unless otherwise specified.

PARAMETER SYMBOL DRIVE METHOD UNIT
1:2 13 1:4
operating voltage Vop typ 4.1 4.3 4.3 V (note 1)
temperature coefficientof Vop | TC -12 -14 -15 mV/eC
ambient operating temperature | Tamb min -25 -25 -25 °C
max +80 +80 +80 °C
turn on time
at Tamp =25°C ton 45 95 115 ms (note 2)
atTamp=0°C ton 205 365 465 ms
turn off time
atTamp=25°C toff 35 30 30 ms (note 2)
atTamp=0°C toff 100 85 70 ms
frame frequency far min 30 30 30 Hz (note 1)
max 100 100 100 Hz
Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
Viewing angles as for constant drive voltage.

July 1990 67




Philips Components

Liquid Crystal Displays Family characteristics - TF2

CONSTANT DRIVE VOLTAGE

Optical description

lllumination mode: transflective
Image mode: positive
Front surface: glossy
Quality grade: extended

Electro-optical characteristics for constant drive voltage

Typical values at Tamb = 25 °C; Vop = Vop typ; far = 100 Hz; 0. = 10 ©, unless otherwise stated.

PARAMETER SYMBOL DRIVE METHOD UNIT
DD* 1:2 1:3 1:4
operating voltage Vop min 3.5 - - - \
typ 5.0 3.7 4.0 4.3 V (note 1)
max 6.5 - - - \Y
ambient operating Tamb min -25 -25 -25 -20 °C
temperature max +80 +70 +65 +50 oC
turn on time
at Tamp=25°C ton 25 75 125 115 ms (note 2)
at Tamb =0°C ton 100 320 495 535 ms
turn off time
at Tamp=25°C toff 40 30 25 30 ms (note 2)
atTamp=0°C toff 120 100 75 75 ms
specific current Is 24 24 28 36 nA/mm?2
consumption
frame frequency far min 30 30 30 30 Hz (note 1)
max 200 100 100 100 Hz
viewing angle for CR > 3
q) = q)pref o 50 50 45 45 ° (note 3)
0 = dpref +180° o 15 10 5 5 o
O = Qpref +90° or +270° o 35 35 35 30 o

* DD =direct drive
Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
3. For definition see Fig. 33.
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TEMPERATURE COMPENSATED DRIVE VOLTAGE

Electro-optical characteristics for temperature compensated drive voltage

Typical values at Tamb = 25 °C; Vop = Vop typ + TC.(Tamb-25); far = 100 Hz; o = 109, unless otherwise specified.

PARAMETER SYMBOL DRIVE METHOD UNIT
1:2 1:3 1:4
operating voltage Vop typ 4.1 4.3 4.3 V (note 1)
temperature coefficient of Vop TC -12 -14 -15 mV/°C
ambient operating temperature | Tamp min -25 -25 -25 °C
max +80 +80 +80 °C
turn on time
at Tamb =25°C ton 45 95 115 ms (note 2)
atTamp=0°C ton 205 365 465 ms
turn off time
at Tamp =25°C toff 35 30 30 ms (note 2)
atTamp=0°C toff 100 85 70 ms
frame frequency far min 30 30 30 Hz (note 1)
max 100 100 100 Hz
Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
Viewing angles as for constant drive voltage.
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CONSTANT DRIVE VOLTAGE

Optical description

lllumination mode: reflective
Image mode: positive
Front surface: glossy
Quality grade: extended

Electro-optical characteristics for constant drive voltage

Typical values at Tamb = 25 °C; Vop = Vop typ; far = 100 Hz; o = 10 ©, unless otherwise stated.

PARAMETER SYMBOL DRIVE METHOD UNIT
1:2
operating voltage Vop min - V(DC)
typ 5.0 V(DC) (note 1)
max - V(DC)
ambient operating temperature Tamb min -25 °C
max +80 °C
turn on time
at Tamp =25°C ton 85 ms (note 2)
at Tamp =0°C ton 290 ms
turn off time
at Tamp =25°C toff 25 ms (note 2)
at Tamo =0°C toff 75 ms
specific current consumption Is 25 nA/mm?2
frame frequency far min 30 Hz (note 1)
max 100 Hz
viewing angle for CR >3
¢ = Opref o 35 © (note 3)
¢ = Opref +180° a 20 o
¢ = dpref +90° or +270° o 35 °

* DD = direct drive
Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
3. For definition see Fig. 33.
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CONSTANT DRIVE VOLTAGE

Optical description

lllumination mode: transflective
Image mode: positive
Front surface: glossy
Quality grade: extended

Electro-optical characteristics for constant drive voltage

Typical values at Tamb = 25 °C; Vop = Vop typ; far = 100 Hz; o = 10 ©, unless otherwise stated.

PARAMETER SYMBOL DRIVE METHOD UNIT
1:2
operating voltage Vop min - V(DC)
typ 5.0 V(DC) (note 1)
max - V(DC)
ambient operating temperature Tamb min -25 °C
max +80 °C
turn on time
at Tamp =25°C ton 85 ms (note 2)
at Tamb =0°C ton 290 ms
turn off time
at Tamp =25°C toff 25 ms (note 2)
at Tarp =0°C toff 75 ms
specific current consumption Is 25 nA/mm?2
frame frequency far min 30 Hz (note 1)
max 100 Hz
viewing angle for CR >3
¢ = Opref o 35 o
0 = Opref +180° o 15 °
0 = Qpref +90° or +270° o 35 o

* DD = direct drive
Notes:

1. For definition see Fig. 31.
2. For definition see Fig. 32.
3. For definition see Fig. 33.
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voltage at electrodes res?lting vo::tasge
at segme
back planes
(commons) BP 1 select !
Vop ___r
1/2 Vop [
L | | | !
J— - @-- Y, -
BP 1 0 . & O--9 op
BP 2 select \\‘\\\ 172 Vop
Vop ‘i Tt~ "on"
112 Vop j =1/2 Vop A
BP 2 0 - —@&—C o -O-- ~Vop - 1
| . i
\\\ Vop“ i
segment groups l . 2/3 Vop - i
\
Vop_, —— \\\ 1/3 Vop— !
NI " off "
-1/3 Vop
0 I -2/3 Vop -1 |
SG1"on...... ! _Vop‘
Vop —
0 i
SG 2 "off...." ‘ !
| :
I
! Von RMs = 0791 - Vop
V. H -
op 1 Vit Rms = 0354 - Vop
| v
| - g = 2236
0 [ off
SGn "on/off ." MBAOE5 - 1
T = pulse width
R |
e 1/f —

f = repetition frequency

Fig.31 (b) Typical waveforms of Vop for MUX 1:2.
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Liquid crystal displays Family characteristics
voltage at electrodes resulting voltage
at segments
back planes
(commons) BP 1 select '
2/3Vop
1/3Vop | .
BP 1 i - Vop
b 2/3 Vop-
BP 2 select ‘ I~~_ 1/3 Vop

Vg I S~ - o4 "on"
2/3Vop -1/3Vop
1/3Vop =2/3 Vop | E

BP 2 0 . —.—O\—\— -O-- “Vop- ‘
N I
BP 3 select AN i
Vop ’ AN Vop 1 !
2/3Vop | N 28Vopd |
N 1
1/3Vop \\\1/3 Vop __I
BP 3 0 T T —0--8-= 0 off
v =1/3Vop 4+
\ =2/3Vop- X
\
\ Vop- l
segment groups | !
\

v \ 1
2/3Vop | Vop !
1/3Vop \ 23Vop- |

\ 1/3Vop1— i._
SG1'"on...." Lo~ “on ™
=1/3Vop

v -2/3Vop
2/3Vop “Vop
1/3Vop

SG2"of...."
Von RMs = 0-638 - Vop
| =

Vo Vo ams = 0-333 - Vop
2/3Vop v

on
13 Vop D=y =195
off
0 ] .
SGn"on/off .." MBA063 - 1
T = pulse width
1/f ——i
f = repetition frequency
Fig.31 (c) Typical waveforms of V,, for MUX 1:3.
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Liquid crystal displays

Family characteristics

voltage at electrodes

le—— 1 /f

f = repetition frequency

back planes
(commons) BP 1 select |
Vop -
2/3 Vop E
1/3 Vop - o
BP 1 01— .—\—\{O---‘--
Vo] | h
2/3Vop7 ‘—O:—-(-—
1/3Vop \
P SO \
BP 2 0 | N
BP 4 select 1 ®e—O-- _‘\_\\_
\
V°p_ ! \\
2/3 Vop | \
1/3 Vop 1 \
BP 4 01 - ——@—0-- ‘\“ -
‘\
\
\
\\
segment groups i \
\
VOp T \‘
2/3Vop] ‘
4\
1/3 Vop -
"L LU L \
|
SG1'"on ... " I
Vop 4 |
2/3Vop
1/3 Vop
0 |
SG 2 "off..... \ !
1]
: :i
1
Vop - |
2/3Vop- ‘
1/3Vop
0 .
SGn"on/off .." MBAO64 - 1
pulse width
—

2/3 Vop-
1/3 Vop
~- oA
-1/3Vop
-2/3VopH

Voff RMS

on RMS

resulting voltage
at segments

"on

" off

=0.577 . Vop
=0.333 . Vop

Fig.31 (d) Typical waveforms of Vo, for MUX 1:4.
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Liquid crystal displays

Family characteristics

?VW—""TIMHI—I”HI_IH ﬂ"'"":zfziz_
) LI HU LIHLI UHL ___________

1

on

measured at o = 10°

Loff

Fig.32 Definition of response times.
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Liquid crystal displays Family characteristics

\4
contrast ratio
=3
4

0] pref MBAO069 - 2

Fig.33 Definition of viewing angles o and ¢.
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Liquid crystal display Type number designations

L AB12 3 C-45

Reliability grade
10 = commercial grade
11 = commercial grade, for conductive rubber
12 = commercial grade, with fixed pin
20 = extended grade
21 = extended grade, for conductive rubber
22 = extended grade, with fixed pin
50 = (or above) specials

Version letter
F =transflective positive
G =transflective negative
R =reflective positive
S =reflective negative
T =transmissive positive
U =transmissive negative

Serial number
001 to 999 no specific meaning

Display descriptions

= loose alpha-numeric display

= loose multi-functional display

=loose segment display

= PC-board module: dot matrix display

= PC-board module: segment display

= PC-board module: alpha-numeric display
= PC-board module: multi-functional display
=on glass module: segment display

=on glass module: alphanumeric display
=on glass module: dot matrix display

=on glass module: multi-functional display
= on foil module: multi-functional display
W = on foil module: dot matrix display

Z =shutter

<KCH0WIITVTZZIOOWDD>

Technical principle
A =supertwisted birefringe effect (SBE)
B = highly twisted birefringe effect (STN or HBE)
G = guest/host, White and Taylor type
H = guest/host, Heilmeyer type
T =twisted nematic
X =accessories

Liquid crystal display
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Data sheet

status Product specification

date of issue | July 1990

|

DEVICE DESCRIPTION
The LHA142 is a single character display in Heilmeyer

LHA142
Liquid crystal display

QUICK REFERENCE DATA

Viewing area dimensions 44.8 x 66.4 mm
Guest-Host technology. Typical applications include Overall glass dimensions 50.8 x 80.0 mm
information panels for air terminals, bus stations and Thickness 2.7 +/—0.2 mm
railway stations. Preferred viewing direction 6 o’clock
Driving method direct drive
DISPLAY MODE
r " ' " )
N J
7222931
Fig.1 1-character display.
TYPE DEPENDENT CHARACTERISTICS
TYPE ILLUMINATION IMAGE MODE CONNECTION RELIABILITY OPERATING
MODE METHOD GRADE VOLTAGE (V)
LHA142U-22 transmissive negative with fixed pins extended 7.5t09.5
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Product specification

Liquid crystal display

LHA142

MECHANICAL DATA

Dimensions in mm

21

80 66.4

20

7222932.1

Fig.2 Display dimensions.

81.
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72,4
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Philips Components Product specification

Liquid crystal display LHA142

PIN DESCRIPTION

PIN NO. SEGMENT PIN NO. SEGMENT
1 comm 21 b10
2 b8 22 c8
3 a4 23 c9
4 a6 24 c10
5 ab 25 b12
6 al 26 cii
7 a2,a3 27 b15,b16
8 b5 28 ci2
9 b3 29 ci13
10 b1,b2 30 b17
11 b4 31 ai3
12 b7 32 al2
13 b6 33 all
14 ci 34 b13,b14
15 c2 35 b11
16 c3 36 alo
17 c4 37 a9
18 c6 38 a8
19 c5 39 a7
20 c7 40 b9

RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vmax 15V RMS

Storage temperature range Tstg -40to +85°C

Note: maximum DC component =0.1V

OPERATING CHARACTERISTICS

All values at, Tamb = 25 °C; Vop = Vop typ; far = 100 Hz; o = 10°; ¢ = ¢ opt, unless otherwise specified

PARAMETER SYMBOL MIN TYP MAX UNIT
operating operating voltage Vop 7.5 8.5 9.5 \
operating ambient temperature range Tamb -25 - +80 oC
turn ontime at Tamp =25 °C ton - 60 120 ms
at Tamp=0°C ton - 260 520 ms
turn off time at Tamp =25 °C tofs - 35 70 ms
at Tamp=0°C toff - 125 250 ms
specific current consumption* | - 62 124 pA
frame frequency far 30 - 200 Hz

* All segments on.
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Liquid crystal display

LHA142

APPLICATION INFORMATION

T

£
K
2]
i

@@
Hl
N[O
7
&7
il
(Dl
1

e N O () M

Y
b
[2]
©
e

7222938

Fig.3 Examples of symbols that can be displayed by the LHA142. Other
symbols are possible by selection of appropriate pin numbers.

July 1990
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Philips Components

LHA142

isplay

d crystal di

iqui

L

PIN NUMBERS

9 10 11 12 13 14 15 16 17 18 19 20

8

1*

x

X X X X X X X X

< < x
< x x x
x x x
x x x
xX X x

xX X X
xX X X X
x
x x x
x x

X X X X X X X

x x
X X X
X X X
x x
xX X X x
x
x < x
x x
x x
X X X x

I -oX

-2

[+ S ]

> X >N~ -

+

N s el

S rrAN®OT OO

~

©omoo ¥

= OFF

ON: blank

*Pin 1 =common; X
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LHA142

Liquid crystal display

PIN NUMBERS (cont.)

22 23 24 25 26 27 28 29 30 31 32 33 34 35 36 37 38 39 40

21

x

x x x
x x

> x xX X

x xX X X X

>

x

>

x

x

x

0O0OQuWWOoOR=T

N s et e B -

%

=OFF

ON: blank

* Pin 1 = common; X
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DEVICE DESCRIPTION

LTA141
Liquid Crystal Display

The LTA141 is a single character display of 5 x 7 dots.

Typical applications include communications panels for air

terminals, bus stations and railway stations.

DISPLAY MODE

QUICK REFERENCE DATA

Viewing area dimensions 45.8 x 67.4 mm
Overall glass dimensions 50.8 x 80.0 mm
Thickness 2.7 +/-0.4 mm
Digit height 37.2x57.3 mm
Preferred viewing direction 12 o’clock
Driving method direct drive

scale 1:1

)

7222323

Fig.1 Universal display.
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Liquid crystal display LTA141

MECHANICAL DATA

Dimensions in mm
50.8
—= |«2.54 _.>2 7<_
—»o‘»o.eio.s 1.04 > < —»l 6.3 ||~
40 ” 21
I
B || [ &
|
I |
I |
 B8888.
| | i
1
-0 | A0008.: - - |-
! ---—-——4 i F1
]Il N
| g
1
l 4‘
N FIIS .
P D e
L|_6.8 |_ 176 B ]
M
1 i 20
45.8 1.1 1.1
- L—2.54
0.95 -1 | 48.26 7222142.1
Fig.2 Display dimensions.
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Liquid crystal display LTA141
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
1 comm 21 16
2 n.c. 22 25
3 n.c. 23 26
4 n.c. 24 35
5 1 25 24
6 10 26 27
7 12 27 34
8 2 28 23
9 9 29 28
10 8 30 33
il 3 31 18
12 13 32 19
13 7 33 32
14 4 34 29
15 14 35 22
16 17 36 31
17 5 37 30
18 6 38 21
19 15 39 20
20 n.c. 40 11
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION QUALITY FAMILY COPERATING
MODE METHOD GRADE CHARACTERISTICS (2) | VOLTAGE
LTA141R-12 reflective with fixed pins commercial TRO 3.5-6.5
LTA141F-12 transflective with fixed pins commercial TFO 3.5-6.5
LTA141R-22 reflective with fixed pins extended TR2 3.5-6.5
LTA141F-22 transflective with fixed pins extended TF2 3.5-6.5
Note: (1) drive method = direct drive for all types
(2) see chapter "Family Characteristics” for complete specfication
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vmax 15VRMS

Note: maximum DC component = 0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
T.mb/R.H./duration Tamb/duration Tamp/duration (dry)
LTA141R-12 +40 °C/90%/21 days —25 °C/21 days +70°C/21 days
LTA141F-12 +40 °C/90%/21 days —25 °C/21 days +70°C/21 days
LTA141R-22 +80 °C/90%/21 days —40 °C/21 days +85 °C/21 days
LTA141F-22 +80 °C/90%/21 days -40 °C/21 days +85 °C/21 days

July 1990
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DEVICE DESCRIPTION

LTA331

Liquid Crystal Display

The LTA331 is a 16-character, 1-line dot matrix display.
Typical applications include hand held equipment and
industrial applications. The display can be inverted to
adapt the optimal viewing direction to the application. The
symmetrical pinout allows the use of only one PC-board.

DISPLAY MODE

QUICK REFERENCE DATA

Fig.1 i-iine, i6-character, dot matrix dispiay.

MBA141

Viewing area dimensions 65x14.4 mm
Overall glass dimensions 69 x 23 mm
Character format 5x 7 dots and
cursor
Character size 6.56 x 3.07 mm
Dot size (spacing 0.08 mm) 0.83 x 0.55 mm
Drive method MUX 1:16
Operating voltage 5V
lllumination mode reflective/
transflective
Preferred viewing direction 6 o’clock

TYPE DEPENDENT DATA
TYPE ILLUMINATION CONNECTION OPERATING AMBIENT RELIABILITY GRADE
MODE METHOD TEMPERATURE RANGE
LTA331R-11 reflective for conductive -10to +60 °C commercial
rubber
LTA331F-11 transflective for conductive -10to +60°C commercial
rubber
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Liquid Crystal Display

LTA331

MECHANICAL DATA

Dimensions in mm

PIN DESCRIPTION

R =row
C =column

e 3.77 —*>

MBA140 -3

1.+el11

| oes2
(4% 0.63)
—~{ 063
—{ f— 055
L oo 0.08
0.83 075 \
1
5.81
(7 x 0.83) \
MBA145

Fig.2 Display area dimensions.
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Liquid Crystal Display LTA331

RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)

Maximum voltage between any two connections (see note) Vimax 10 VRMS
Storage temperature range Tstg -25t0 +70°C
Note: maximum DC component = 0.1V
OPERATING CONDITIONS
All values at, Tamb = 25 °C; Viop = Vop typ; far = 100 Hz, unless otherwise specified
PARAMETER SYMBOL MIN TYP MAX UNIT
operating voltage Vop - 5 - \Y
temperature compensation of Vop TC - -20 - mV/°C
operating ambient temperature Tamb -10 - +60 °C
current consumption (see note) | - 52 110 A
frame frequency far 30 - 100 Hz
Note: with all dots "ON”.
ELECTRO-OPTICAL CHARACTERISTICS
Tamb = 25 °C, Vop = Vop typ, 00 = 109, ¢ = dopt, unless otherwise specified
PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT
Response times ton Tamb= 0°C 380 760 ms
Tamb=25°C 110 220 ms
Tamb =50°C 45 90 ms
toff Tampb= 0°C 470 940 ms
Tamb =25°C 110 220 ms
Tamb =50°C 45 90 ms
Viewing Angles Oopt reflective types 30 - o
(contrast ratio CR > 3) ol2-0lq 30 - o
Olopt transflective types 30 - o
ol-0t reflective operation 25 - °
Olopt transflective types 30 - o
o2-0iq transmissive operation 20 - o

For definitions of contrast ratio, viewing angles and response times see notes 1 to 3.
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Product specification

Liquid Crystal Display LTA331
Note 1 Definition of contrast ratio (Cp). By
O
in positive image mode: CR= —
Bon
Bon
in negative image mode: CR= —
Bott
Bon is the brightness of selected segments
B, is the brightness of non-selected segments
Note 2 Definition of viewing angles a and ¢. 7222857
T $=% opt
CR
3
180°
~
0
ol o opt 0(2
o —>

\

op

\%

t

Note 3 Definition of response times.

]

7222263.2

—Vop

i

non
-
select

100

90

relative
contrast
(%)

(1)

non select

1)

measured

on

at a =10°

toff

Julv 1990
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Liquid Crystal Display LTA331

Note 4 Definition of waveforms. T ] ]
op

selected 02V

s el OO AN AL
e Hoaapaoayp o

_Vop 1L 1 L—

04V,

== 0] nnel nnr]
wow  H[fUH [ JHU

MBA067
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DEVICE DESCRIPTION

LTA332

Liquid Crystal Display

QUICK REFERENCE DATA

The LTA332 is a 16-character, 2-line dot matrix display. Viewing area dimensions 63 x 16.4 mm
Typical applications include hand held equipment and Overall glass dimensions 69 x 24.7 mm
industrial applications. The display can be inverted to Character format 5 x 7 dots and
adapt the optimal viewing direction to the application. The cursor
symmetrical pinout allows the use of only one PC-Board. Character size 5.56 x 2.96 mm
Dot size (spacing 0.06 mm) 0.66 x 0.56 mm
Drive method MUX 1:16
Operating voltage 5V
lllumination mode reflective/trans-
flective
Preferred viewing direction 6 o’clock
DISPLAY MODE
MBA148
Fig.1 2-line, 16-character, dot matrix display.
TYPE DEPENDENT DATA
TYPE ILLUMINATION CONNECTION OPERATING AMBIENT RELIABILITY GRADE
MODE METHOD TEMPERATURE RANGE
LTA332R-11 reflective for conductive -10to +60°C commercial
rubber
LTA332F-11 transflective for conductive -10to +60 °C commercial
rubber
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Liquid Crystal Dispilay LTA332

MECHANICAL DATA

69
6.25 > 4+ +26
235> == Y 27
R4_| |Ry | c21 T %®ca0 ce1 C80  Re L R12 M.
MY _A0NINNAINAI00I0NIATII0IAII00AING0000Y _B00E_ ] 1 ]
24.7 11.5 20.7
7 N\ 7 I
R5 R8 C1 C20 C41 C60 R16 “R13
1.1 —»lele1.1
56.21
-3 63
MBA147 -1
PIN DESCRIPTION ; 7
R =row
C =column
56.21
«—296 — =059
—-| |= 056
0.04 0.04
¥ B O N
v
b I 1
0.66 mm
5.56 486
U]
O
15 ' 1
' )
0.38 %= M
O]
! UL
] a0
____________________ U]
character. pattern details 7296511
Fig.2 Display area dimensions.
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Product specification

Liquid Crystal Display LTA332
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note) 10 VRMS
Storage temperature range —-25t0+70°C
Note: maximum DC component =0.1V
OPERATING CONDITIONS
All values at, Tamb = 25 °C; Vop = Vop typ; far = 100 Hz, unless otherwise specified.
PARAMETER SYMBOL MIN TYP MAX UNIT
operating voltage Vop - 5 - \Y
temperature compensation of Vop TC - -20 - mV/°C
operating ambient temperature Tamb -10 - +60 °C
current consumption (see note) | - 92 184 uA
frame frequency far 30 - 100 Hz
Note: with all dots "ON”.
ELECTRO-OPTICAL CHARACTERISTICS
Tamb =25 °C, Vop = Vop typ, o = 109, ¢ = ¢opt, Unless otherwise specified
PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT
Response times ton Tamb= 0°C 380 760 ms
Tamb =25°C 110 220 ms
Tampb=0°C 45 90 ms
toff Tamb = 0°C 470 940 ms
Tamb =25°C 110 220 ms
Tampb=50°C 45 90 ms
Viewing Angles Clopt reflective types 30 - o
(contrast ratio CR > 3) 0l2-0l 30 - o
Clopt transflective types 30 - o
0l2-01 reflective operation 25 - o
Olopt transflective types 30 - o
o2-0lq transmissive operation 20 - o

For definitions of contrast ratio, viewing angles and response times see notes 1 to 3.
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Product specification

Liquid crystal display LTA332
Note 1 Definition of contrast ratio (CR). Bott

in positive image mode: CR =

in negative image mode: CR = =

off
Bon is the brightness of selected segments
B,gt is the brightness of non-selected segments
7222857
Note 2 Definition of viewing angles « and ¢.
T $ = opt

180°
~

CR

—Vop

100

ol « opt o
o —»
Note 3 Definition of response times
Vop_ 7222263.2
v

90

relative
contrast

(%)

(1

non select ——

on

1) measured at o = 10°

toff
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Liquid Crystal Display

LTA332

Note 4 Definition of waveforms.

selected
segments

\

on (rms)
0.316 Vop

non - selected
segments

Von (rms)
0.245 Vop

0.4 Vo

0

HanA

INRARERR

!J_l ]

j_l |_[_|U

MBA067

Jdulv 1990

98



Philips Components

Data sheet

status

Product specification

date of issue | July 1990

DEVICE DESCRIPTION

LTA341
Liquid Crystal Display

QUICK REFERENCE DATA

The LTA341 is a 20-character, 2-line dot matrix display. Viewing area dimensions 83 x18.6 mm
Typical applications include hand held equipment and Overall glass dimensions 93.6 x 34.6 mm
industrial applications. The display can be inverted to Character format 5 x 7 dots and
adapt the optimal viewing direction to the application. cursor
Character size 5.55x3.2mm
Dot size (spacing 0.06 mm) 0.65 x 0.65 mm
Drive method MUX 1:16
Operating voltage 5V
lllumination mode reflective/trans-
flective
DISPLAY MODE Preferred viewing direction 6 o’clock
MBA135
Fig.1 2-line, 20-character, dot matrix display.
TYPE DEPENDENT DATA
TYPE ILLUMINATION CONNECTION OPERATING AMBIENT RELIABILITY GRADE
MODE METHOD TEMPERATURE RANGE
LTA341R-11 reflective for conductive -10to +60°C commercial
rubber
LTA341F-11 transflective for conductive -10to +60°C commercial
rubber
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Liquid Crystal Display LTA341
MECHANICAL DATA
936
- 63
0.6

—{|r—0.6 07
R8 [‘m c21 C40 C61 C80 n.c. n.c. MEN

S N— VAo e Neefmm— \/ et -

I
|
|
|
|
|
|

L e LT L e T

34.6 18.6

| S—
-
=
wn
N
©
[«

/ N\ / N\ 7\
R9 R16 C1 c20 ca c60 Cst C100 i1 11
73.5
5.45 — 83 MBA134 - 1

~

e 37 —*
- 065
— e 0.6
(B
0.7 \
b1 ]
0.65
PIN DESCRIPTION
5.95
R =row \
C =column 7
]
|
= ’l MBA138

Fig.2 Display area dimensions.
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Liquid Crystal Display LTA341

RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)

Maximum voltage between any two connections (see note) Vmax 10 VRMS
Storage temperature range Tstg -25to +70°C

Note: maximum DC component =0.1V

OPERATING CONDITIONS
All values at, Tamb = 25 °C; Vop = Vop typ; far = 100 Hz, unless otherwise specified.

PARAMETER SYMBOL MIN TYP MAX UNIT
operating voltage Vop - 5 - \%
temperature compensation of Vop TC - -13 - mV/°C
operating ambient temperature Tamb -10 ' - +60 oC
current consumption (see note) | - 175 350 uA
frame frequency far 30 - 100 Hz

Note: with all dots "ON”.

ELECTRO-OPTICAL CHARACTERISTICS

Tamb = 25 °C, Vop = Vop typ, & = 10°, ¢ = dopt, unless otherwise specified

PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT
Response times ton Tamb= 0°C 380 760 ms
Tamb=25°C 110 220 ms
Tamb =50°C 45 20 ms
toff Tamb= 0°C 470 940 ms
Tamb =25°C 110 220 ms
Tamb=50°C 45 90 ms
Viewing Angles Olopt reflective types 30 - o
(contrast ratio CR > 3) 0-0lq 25 - o
Olopt transflective types 30 - o
o= reflective operation 25 - o
Olopt transflective types 30 - o
0p-0l transmissive operation 20 - o

For definitions of contrast ratio, viewing angles and response times see notes 1 to 3.
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Liquid crystal display LTA341

Note 1 Definition of contrast ratio (Cp).
Boff

in positive image mode: CR =

on

Bon

off

in negative image mode: CR =

Bon is the brightness of selected segments
Bos is the brightness of non-selected segments

Note 2 Definition of viewing angles o and ¢. 22285
7

T $=¢ opt
CR
3
180°
—~——
@
00
7296552 0
ol o opt o
o ——>
Note 3 Definition of response times.
Vop ~ 7222263.2
i ""Hﬂl |HH| I”ﬂ N
ey ” “ “
non
~select select non select
100
90
relative m
contrast
(%)
10
0
ton toff

1) measured at o = 10°
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Liquid Crystai Dispiay LTA341

Note 4 Definition of waveforms. 4 — —

selected 02V

ceomers I O OL L AL AL
e UL UL t

p
non - selected B
segments H |—
0

IO IUH
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DEVICE DESCRIPTION
The LTA342 is a 24-character, 2-line dot matrix display.
Typical applications include hand held equipment and
industrial applications. The display may be inverted to
adapt the optimal viewing direction to the application.

DISPLAY MODE

LTA342

Liquid Crystal Display

QUICK REFERENCE DATA

Viewing area dimensions 83 x 18.6 mm
Overall glass dimensions 93.6 x 34.6 mm
Character format 5x 7 dots and
cursor
Character size 5.55x2.95 mm
Dot size (spacing 0.05 mm) 0.65 x 0.65 mm
Drive method MUX 1:16
Operating voltage 5V
lllumination mode reflective/trans-
flective
Preferred viewing direction 6 o’clock

MBA136 - 1

Fig.1 2-line, 24-character, dot matrix display.

TYPE DEPENDENT DATA
TYPE ILLUMINATION CONNECTION OPERATING AMBIENT RELIABILITY GRADE
MODE METHOD TEMPERATURE RANGE
LTA342R-11 reflective for conductive —-10to +60°C commercial
rubber
LTA342F-11 transflective for conductive -10to +60°C commercial
rubber
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Liquid Crystal Display LTA342
MECHANICAL DATA
93.6
06
—|~06 27
RS || R1 cC21 ca0 Cs1 c80 C101 c120
N Ao -
(T T T T TTTTTT T TTTTTTTTTTT T T T T ™
| » 1k n
. HRENNERRNNANRNNRRNNNENN | |
34.6 186 || | | 116 296
i |
- IIENENER NN |
[ e T T B o S e e R R | i
/ / / N\
RO| |R16 C1 c20 ca c60 C81 €100 11—l 4
76.3
5.45 —» 83 MBA137 - 1
t
j-— 3'2 —
—~| =055
PIN DESCRIPTION
— He— 0.5
R =row (R
C = column 0.7 \
P
0.65
6.05
\
[
]
= MBA139
Fig.2 Display area dimensions.
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Liquid Crystal Display LTA342
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note) 10 VRMS
Storage temperature range —25t0+70°C
Note: maximum DC component = 0.1V
OPERATING CONDITIONS
All values at, Tamp = 25 °C; Vop = Vop typ; far = 100 Hz, unless otherwise specified
PARAMETER SYMBOL MIN TYP MAX UNIT
operating voltage Vop - 5 - Vv
temperature compensation of Vop TC - -13 - mV/°C
operating ambient temperature Tamb -10 - +60 °C
current consumption (see note) | - 175 350 pA
frame frequency far 30 - 100 Hz
Note: with all dots "ON”.
ELECTRO-OPTICAL CHARACTERISTICS
Tamb =25 °C, Vo5 = Vg typ, @ = 109, ¢ = dopt, unless otherwise specified
PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT
Response times ton Tamb= 0°C 380 760 ms
Tamb=25°C 110 220 ms
Tamb =50°C 45 90 ms
toff Tamb= 0°C 470 940 ms
Tamb =25°C 110 220 ms
Tamb =50°C 45 90 ms
Viewing Angles Qopt reflective types 30 - o
(contrast ratio CR > 3) 0L~ 30 - o
Oopt transflective types 30 - o
02-01 reflective operation 25 - o
Oopt transflective types 30 - °
0-0 transmissive operation 20 - o

For definitions of contrast ratio, viewing angles and response times see notes 1 to 3.

July 1990
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Product specification

Liquid Crystal Display LTA342
Note 1 Definition of contrast ratio (Cg). Bot

in positive image mode: CR =

Bon
in negative image mode: CR = il
off

Bon is the brightness of selected segments

Byt is the brightness of non-selected segments
Note 2 Definition of viewing angles oo and ¢. 7222857

T $= opt
CR
3
180° 90°
—
3
g o0
7296552 o al o opt O‘Z
o —>
Note 3 Definition of response times.
Vop‘ 7222263.2
v becee o llme— A Arm————————— —

t

_Vop_

100
90

relative
contrast

(%)

(1)

non select

1

)

on

measured at & = 10°

toff
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Liquid Crystal Display LTA342

Note 4 Definition of waveforms.

selected 02V

o SHAHHHHAH PR

i [ppuugjuud ‘

0.4V,

== 0] nnel nned
ww o of [JHU AU

MBA067
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DEVICE DESCRIPTION

The LTA343 is a 40-character, 2-line dot matrix display.
Typical applications include hand held equipment and
industrial applications. The display can be inverted to
adapt the optimal viewing direction to the application.

DISPLAY MODE

LTA343
Liquid Crystal Display

QUICK REFERENCE DATA

Viewing area dimensions 155 x 17.5 mm

Overall glass dimensions 160 x 27.4 mm

Character format 5 x 7 dots and
cursor

Character size 4.85x 3.2 mm

Dot size (spacing 0.05 mm) 0.65 x 0.60 mm

Drive method MUX 1:16

Operating voltage 5V

lllumination mode reflective/trans-
flective

Preferred viewing direction 6 o’clock

Fig.1 2-line, 40-character, dot matrix display.

7226541

TYPE DEPENDENT DATA
TYPE ILLUMINATION CONNECTION OPERATING AMBIENT RELIABILITY GRADE
MODE METHOD TEMPERATURE RANGE
LTA343R-11 reflective for conductive -10to +60°C commercial
rubber
LTA343F-11 transflective for conductive -10to +60°C commercial
rubber
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Liquid Crystal Display LTA343

MECHANICAL DATA

160
| |+—2.05
=05 27
ro | I onf c21 c40 c61 c80 c101 c120 c1a1 c160  C181 c200 »‘ =
E e | || g | S| s || A ~;__‘_m;‘_1[ﬁn__#_jm]f__: I
s T T T T T T T T ——————— — il
e J .| NNNNEENNRENENNNNNENNNNURNNRNNNANNRNNNANE | A
|l IllIIIIIIIIIIIIIIIIIlllllllllllllllllll!L Bl 1
Y J
= ;1 ot |1 IR }mﬂ:t r::mg]] ————— ,ﬂ]]lL R | m;— === ;]]m:_—_ :::w,—,?: :_A:_Wf —‘
c20 ca1 cs0 cst c100 c121 c140 cist C180 R16| R10 l
1475 | 1.1 et
23—~ 185 7226280.1
t
PIN DESCRIPTION ~
R=row
C =column
~— 3.2 —>
— -0,6
* 0,05 —-| (<05
085 v oo {
R NI !
0.05 [] g (]
555485 'Z(
{
{ S
1156 . ‘ [ ]
' U J U
0.4 e )
] L
L0 {
) {
] !
] )
e [
7296514.1

character pattern details

Fig.2 Display area dimensions.
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Liqguid Crystal Display LTA343

RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)

Maximum voltage between any two connections (see note) Vmax 10 VRMS
Storage temperature range Tstg -25to0 +70°C

Note: maximum DC component = 0.1V

OPERATING CONDITIONS
All values at, Tamp = 25 °C; Vop = Vop typ; far = 100 Hz, unless otherwise specified
PARAMETER SYMBOL MIN TYP MAX UNIT

operating voltage Vop - 5 - \%
temperature compensation of Vop TC - —-20 - mV/°C
operating ambient temperature Tamb -10 - +60 °C
current consumption (see note) | - 287 574 HA
frame frequency far 30 - 100 Hz

Note: with all dots "ON”.

ELECTRO-OPTICAL CHARACTERISTICS

Tamb = 25 °C, Vop = Vop typ, & = 102, ¢ = dopt, Unless otherwise specified

PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT
Response times ton Tamp= 0°C 380 760 ms
Tamb=25°C 110 220 ms
toff Tamb= 0°C 470 940 ms
Tamb=250°C 110 220 ms
Viewing Angles Oopt reflective types 35 - o
(contrast ratio CR > 3) -0t 25 - o
Olopt transflective types 35 - o
Olp-0l reflective operation 25 - o
Olopt transflective types 35 - o
0l2-0l1 transmissive operation 2 - o

For definitions of contrast ratio, viewing angles and response times see notes 1 to 3.
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Product specification
Liquid Crystal Display LTA343
Note 1 Definition of contrast ratio (Cg). Bost
in positive image mode: CR = °
on
in negative image mode: CR = >
off
Bon is the brightness of selected segments
Bo#t is the brightness of non-selected segments
Note 2 Definition of viewing angles o and ¢. 7222857
T $=F opt
CR
3
180°
—~
0
a1 o opt 0(2
o —
Note 3 Definition of response times.
Vop' 7Z22263.2
v t--—-=rlar—lin—=llr-——---—--
r WUHW nLIﬂUH HHI_IU” ”LJHL
- Vop‘ H H H
’4—5;';:2( select non select
100
90
relative (1)
contrast
(%)

on toff

1) measured at o' = 10°
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Liquid Crystal Display LTA343

Note 4 Definition of waveforms. R m -
op |

selected 02V

e = OO O OO
o IRERRRARRRRRRRERE *

op__ | L

0.4 Vop B
non - selected |
segments r‘ r
0

e | ]
) j-l LFJUJ LHUULt

-V
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status
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DEVICE DESCRIPTION

LTD101
Liquid crystal display

QUICK REFERENCE DATA

The LTD101 is a 3 1/2-digit 7 segment clock display with Viewing area dimensions 46.4x 13.4 mm
AM and PM functions. It is intended for use in small alarm Overall glass dimensions 50.8 X 22.9 mm
clocks, in either 12 hr or 24 hr mode. Thickness 2.7 +/—0.4 mm
Digit height 8.9 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
yJ - N/ - ./ ./
MHHHH
PM Vonl Ve’ " VoV Vol
7222295
Fig.1 Clock display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION QUALITY FAMILY OPERATING
MODE METHOD GRADE CHARACTERISTICS (2) | VOLTAGE (V)
LTD101R-11 reflective for conductive commercial TRO 3.5-6.5
rubber

Note: (1) drive method = direct drive
(2) see chapter "Family Characteristics” for complete specification
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Liquid crystal display LTD101

MECHANICAL DATA

Dimensions in mm
50.8
| 7.5 = a
N N/
0t 27> |~
30 H 16
I 1 1 I ] I f b
F Ty e = o= = n J
OO e I w Y w i w A -
S = = = R
I Gt i e W 3 Il e c
g T 17 1 d
! 15 1.1 1.1 - .
46.4 7z22118.1 7296558.1
?
Fig.2 Display dimensions.
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Liquid crystal display LTD101
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT

1 n.c. 16 b4

2 comm 17 a4

3 PM 18 4

4 al,dil,el,gl 19 g4

5 ct 20 b3

6 e2 21 a3

7 d2 22 3

8 c2 23 g3

9 dp1 24 b2

10 e3 25 a2

1 d3 26 f2

12 c3 27 g2

13 e4 28 b1

14 d4 29 AM

15 c4 30 X
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note) Vinax 15V RMS

Note: maximum DC component = 0.1 V.

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration Tamp/duration Tamb/duration (dry)
LTD101R-11 +40 °C/90%/21 days —25 °C/21 days +70°C/21 days

July 1990
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Data sheet

LTD132

status Product specification

date of issue | July 1990

DEVICE DESCRIPTION

Liquid crystal display

QUICK REFERENCE DATA

The LTD132 is a 3 1/2-digit 7 segment clock display Viewing area dimensions 38.0x49.8 mm
intended for use in alarm clocks, combined with an Overall glass dimensions 46.8 x 54.8 mm
anologue clock display. Thickness 27 4/0.4mm
Digit height 5.6 mm
Preferred viewing direction 12 o’clock
Driving method MUX 1:2
DISPLAY MODE
scale 1:1
i )
N 7,
W=
—
=_——=
— S
2 IS
- ~
Z S
7 N
“, \
MW
=001
Y foeo P
. J
7222296
Fig.1 Analogue clock display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY OPERATING
MODE METHOD GRADE CHARACTERISTICS (2) | VOLTAGE (V)
LTD132R-11 reflective for conductive commercial TR1 typ. 5
rubber

Note: (1) drive method = 1:2
(2) see chapter "Family Characteristics” for complete

1

specification
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Philips Components
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Fig.2 Display dimensions.
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Liquid crystal display LTD132
PIN DESCRIPTION
PIN NO. SEGMENT SEGMENT PIN NO. SEGMENT SEGMENT
ASSIGNED TO | ASSIGNED TO ASSIGNED TO | ASSIGNED TO
COMMON 1 COMMON 2 COMMON 1 COMMON 2

1 f2 e2 40 n.c. comm 2

-2 comm 1 n.c. 41 x60 y60
3 a2d2 g2 42 x59 y59
4 b2 c2 43 x58 y58
5 f3 e3 44 x57 y57
6 g3 d3 45 x56 y56
7 b3 c3 46 x55 y55
8 p n.c. 47 x54 y54
9 a3 dpi1/2 48 x53 y53
10 x29 y29 49 x52 y52
11 x28 y28 50 x51 y51
12 x27 y27 51 x50 y50
13 x26 y26 52 x49 y49
14 x25 y25 53 x48 y48
15 x24 y24 54 x47 ya7
16 x23 y23 55 x46 y46
17 x22 y22 56 x45 y45
18 x21 y21 57 x44 ya44
19 x20 y20 58 x43 y43
20 x19 y19 59 x42 y42
21 x18 y18 60 x41 y41
22 x17 y17 61 x40 y40
23 x16 y16 62 x39 y39
24 x15 y15 63 x38 y38
25 x14 yl14 64 x37 y37
26 x13 y13 65 x36 y36
27 x12 y12 66 x35 y35
28 x11 yi1 67 x34 y34
29 x10 y10 68 x33 y33
30 x9 y9 69 x32 y32
31 x8 y8 70 x31 y31
32 X7 y7 71 x30 y30
33 x6 y6 72 n.c. al
34 x5 y5 73 al h
35 x4 y4 74 f1 el
36 x3 y3 75 gl d1
37 x2 y2 76 b1 cl
38 comm 1 n.c. 77 n.c. comm 2
39 x1 y1 78 n.c. n.c.

July 1990
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Product specification

Liquid crystal display LTD132
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)

Vimax 10 VRMS

Maximum voltage between any two connections (see note)

Note: maximum DC component = 0.1V

TYPE

RELIABILITY TESTS

Damp heat steady state
T.mb/R.H./21 days

Low temperature storage
Tamp/duration

High temperature storage
T.mp/duration (dry)

LTD132R-11

+40 °C/90%/21 days

25°C/21 days

+70°C/21 days

Jnlv 1990
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Data sheet LTD1 33

status Product specification

date ofieaue | Juy 190 Liquid crystal display

DEVICE DESCRIPTION QUICK REFERENCE DATA
The LTD133 is a 3 1/2-digit 7 segment clock display with Viewing area dimensions 32.5x14.1 mm
AM and PM functions. It is designed for use with the Overall glass dimensions 375 x 20.8 mm
PGF1175 clock clrcuit. Thickness 1.9 +/~0.2mm
Digit height 8.5mm
Preferred viewing direction 12 o’clock
DISPLAY MODE Driving method MUX 1:2
scale 1:1
AM - N T s’
i | B |

U R P

7222271

Fig.1 Clock display.

TYPE DEPENDENT CHARACTERISTICS (1)

TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY OPERATING
MODE METHOD GRADE CHARACTERISTICS (2) | VOLTAGE (V)
LTD133F-21 transflective for conductive extended TF3 typ. 5
rubber

Note: (1) drive method = 1:2
(2) see chapter "Family Characteristics” for complete specification
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Liquid crystal display LTD133
MECHANICAL DATA
Dimensions in mm
¥
a
37.5 19 N/
32.5 ->1 l<-
_____ | f b
IR Y T | .g
PM ot ‘e - ‘e | 8.5 183
RN [
( ____,___.___J l e [+
D o d
] - |2 1>lle 15 0.7 0.7 - .
- <« 4.25120.2 7296558.1
7222272.2
Fig.2 Display dimensions.
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Product specification

Liquid crystal display LTD133
PIN DESCRIPTION
SEGMENT SEGMENT
PIN NO. ASSIGNED TO ASSIGNED TO
COMMON 1 COMMON 2
1 comm 1 n.c.
2 n.c. comm 2
3 AM PM
4 a2 adegl
5 b1 ci
6 f2 e2
7 g2 d2
8 b2 c2
9 a4 col
10 3 e3
11 g3 ad3
12 b3 c3
13 f4 e4
14 g4 d4
15 b4 c4
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note) Vimax 10 VRMS

Note: maximum DC component = 01V

TYPE

RELIABILITY TESTS

Damp heat steady state
Tamn/R.H./21 days

Low temperature storage
Tamp/duration

High temperature storage
T.mp/duration (dry)

LTD133F-21

+80 °C/90%/21 days

40°C/21 days

+85 °C/21 days

liihys 100N
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Data sheet
status Product specification
date of issue | July 1990

DEVICE DESCRIPTION

LTD201

Liquid Crystal Display

QUICK REFERENCE DATA

The LTD201 is a 4-digit, 7-segment display. It is Viewing area dimensions 21.5x 9.4 mm
intended for use in applications which require a small Overall glass dimensions 23.9 x 14.0 mm
display. Thickness 1.6 +/- 0.4 mm
Digit height 6.8 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
1 Fl FI
h.l:l. L.
7222297
Fig.1 Universal display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY OPERATING
MODE METHOD GRADE CHARACTERISTICS (2) | VOLTAGE (V)
LTD201R-11 reflective for conductive commercial TRO 3.5-6.5
rubber

Note: (1) drive method = direct drive

(2) see chapter "Family Characteristics” for complete specfication
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Product specification

Liquid crystal display

LTD201

MECHANICAL DATA

Dimensions in mm

\

14 9.4 ||

l 0.55

0.55 d
21.5 —»| 7z22120.1 - .
f 7296558.1
; Fig.2 Display dimensions.
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
1 comm 17 b4
2 el 18 a4
3 d1 19 f4
4 c 20 g4
5 p1 21 b3
6 e2 22 a3
7 d2 23 3
8 c2 24 g3
9 p2 25 b2
10 e3 26 a2
11 d3 27 f2
12 c3 28 g2
13 p3 29 b1
14 e4 30 ail
15 d4 31 f1
16 c4 32 g1
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note) Vmax 15V RMS

Note: maximum DC component =0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
T.mb/R.H./duration Tamp/duration Tambu/duration
LTD201R-11 +40 °C/90%/21 days -25°C/21 days +70°C/21 days
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DEVICE DESCRIPTION

LTD202
Liquid crystal display

QUICK REFERENCE DATA

The LTD202 is a 2-digit, 7-segment LCD. It is intended for Viewing area dimensions 23.5x 18.4 mm
use in small counter and indicator panel applications. Overall glass dimensions 279 x30.4 mm
Thickness 2.7 +/- 0.4 mm
Digit height 12.7 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
Fig.1 Universal display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD202R-12 reflective with fixed pins commercial TRO 3.5-6.5
LTD202R-22 reflective with fixed pins extended TR2 3.5-6.5
LTD202F-22 transflective with fixed pins extended TF2 3.5-6.5

Note: (1) drive method = direct drive for all types
(2) see chapter "Family Characteristics” for complete specification
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Liquid crystal display

LTD202

MECHANICAL DATA

Dimensions in mm

27.9
> =-2.54 — 2'7"4—
3.04> A|~ 1.04 > < - 6.3 |~
; . mdy .
-
I " .?‘jf—f - f b
1
g
18.4 -y 12.7 32.3 22.8
e .0 % -
A\ JL |\ n
- " e c
™~ d
: ] ¢\ |
1111
23.5 7Z222121.1 7296558.1
f
Fig.2 Display dimensions.
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
1 comm 10 b2
2 p1 11 a2
3 el 12 f2
4 di 13 g2
5 c 14 b1
6 p2 15 al
! e2 16 1
8 a2 17 g‘]
9 c2 18 n.c.
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Product specification
Liquid crystal display LTD202
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vimax 15V RMS

Note: maximum DC component=0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration Tamp/duration Tamp/duration
LTD202R-12 +40 °C/90%/21 days -25°C/21 days +70°C/21 days
LTD202R-22 +80 °C/90%/21 days —-40 °C/21 days +85 °C/21 days
LTD202F-22 +80 °C/90%/21 days —-40 °C/21 days +85 °C/21 days
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DEVICE DESCRIPTION

LTD203
Liquid crystal display

QUICK REFERENCE DATA

The LTD203 is a 4-digit, 7-segment multi-function LCD. Viewing area dimensions 34.0x11.2mm
Typical applications include counters, multi-meters and 24 Overall glass dimensions 38.0x20.3mm
hr clocks. Thickness 2.2 +/-0.4mm
Digit height 8.0 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
N/ N/ N/ N/
o I I I |
020000
7222299
Fig.1 Universal display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD203R-11 reflective for conductive commercial TRO 3.5-6.5
rubber
LTD203R-21 reflective for conductive extended TR2 3.5-6.5
rubber
LTD203F-21 transflective for conductive extended TF2 3.5-6.5
rubber

Note: (1) drive method = direct drive for all types

(2) see chapter "Family Characteristics” for the complete specification
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Product specification

Liquid crystal display LTD203
MECHANICAL DATA
Dimensions in mm
38 a
- |=1.905 -
- -}1.35 0.905 ||~ 22> -
38 H 0
2 1 1] I f b
r ol T2 ror 3T T ¥ g
P he sy S2oid ™ i
203 11.2 ‘y-:-:}-:‘”:."c::.“ :.:l s 152 [l -
t (B tmlelaly elelel— |k . .
! e 0.85 I 0.85 .
34 7Z22122.1 ' ' - .
7296558.1
?
Fig.2 Display dimensions.
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT

1 comm 20 b4
2 B 21 a4

3 el 22 f4
4 di 23 g3
5 ci 24 b3
6 p1 25 a3

7 e2 26 3
8 d2 27 col
9 c2 28 g2
10 p2 29 b2

1 e3 30 a2

12 d3 31 f2

13 c3 32 gl

14 p4 33 b1

15 ed 34 al

16 d4 35 1

17 c4 36 y

18 g4 37 X

19 n.c. 38 X1

July 1990
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Product specification

Liquid crystal display

LTD203

RATINGS

Limiting values in accordance with Absolute Maximum System (IEC 134)

Maximum voltage between any two contacts (see note)

Note: maximum DC component = 0.1V

Vimax 15V RMS

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration Tamp/duration Tamp/duration (dry)
LTD203R-11 +40°C/90%/21 days -25°C/21 days +70 °C/21 days
LTD203R-21 +80 °C/90%/21 days -40°C/21 days +85 °C/21 days
LTD203F-21 +80 °C/90%/21 days -40°C/21 days +85 °C/21 days

July 1990
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LTD211
Liquid crystal display

date of issue | July 1990

DEVICE DESCRIPTION

The LTD211 is an 8-digit, 7-segment multi-function
display. Typical applications include cordless telephones
and industrial instruments.

DISPLAY MODE

scale 1:1

58355388

7222300

Fig.1 Telecom display.

QUICK REFERENCE DATA

Viewing area dimensions 34.0x11.2mm
Overall glass dimensions 38.0x20.3mm
Thickness 2.2 +/-0.4mm
Digit height 6.0 mm
Preferred viewing direction 6 o’clock
Driving method MUX 1:2

TYPE DEPENDENT CHARACTERISTICS (1)

TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD211R-11 reflective for conductive commercial TR1 typ. 2.6
rubber
LTD211F-11 transflective for conductive commercial TF1 typ.2.6
rubber
LTD211R-21 reflective for conductive extended TR2 typ. 4.1
rubber
LTD211F-21 transflective for conductive extended TF2 typ. 4.1
rubber

Note: (1) drive method = MUX 1:2 for all types
(2) see chapter "Family Characteristics” for complete specification
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Liquid crystal display LTD211

MECHANICAL DATA

Dimensions in mm

38
-+ [+1.905 a
- l<d-1,4 0.905 BE
38 _,H 20 2.2+ r' -
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I e —— & T I f b
S lioooooooo T . g
oave | lGHEEEEEn | ° = | -
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T ______ I e c
1 19 l
0.85-»41<0.85 d
. 34 / \ N |

7296558.1

Fig.2 Display dimensions.
MULTIPLEX DUTY FACTOR 1:2
PIN NO. COMMON 1 COMMON 2 PIN NO. COMMON 1 COMMON 2

1 n.c. comm 2 20 b8 p8
2 gl el 21 a8 8
3 ci di 22 pi0 nc
4 g2 e2 23 b7 p7
5 c2 d2 24 a7 7
6 a3 e3 25 b6 p6
7 c3 d3 26 ab 6
8 g4 e4 27 b5 p5
9 c4 d4 28 a5 5
10 g5 eb 29 b4 p4
11 c5 d5 30 a4 f4
12 g6 e6 31 b3 p3
13 c6 dé 32 a3 3
14 a7 e’ 33 b2 p2
15 c7 a7 34 a2 3
16 g8 e8 35 p9 n.c.
17 c8 ds 36 b1 p1
18 n.c. comm 2 37 al 1
19 comm 1 n.c. 38 comm 1 n.c.

Preferred drivers: PCF2111, PCF8576, PCF8577
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Product specification

Liquid crystal display LTD211
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vmax 15V RMS

Note: maximum DC component = 0.1V

TYPE

RELIABILITY TESTS

Damp heat steady state
Tamb/R.H./duration

Low temperature storage
Tamp/duration

High temperature storage
Tamp/duration

LTD211R-11
LTD211F-11
LTD211R-21
LTD211F-21

+40 °C/90%/21 days
+40 °C/90%/21 days
+80 °C/90%/21 days
+80 °C/90%/21 days

-25°C/21 days
-25°C/21 days
—40 °C/21 days
—-40 °C/21 days

+70°C/21 days
+70 °C/21 days
+85 °C/21 days
+85 °C/21 days

July 1990

134



Philips Components

date of issue | July 1990

Data sheet LTD221
status Product specification Liq u id crysta l d isp I ay

DEVICE DESCRIPTION QUICK REFERENCE DATA
The LTD221 is a 3 1/2-digit, 7-segment multi-function LCD Viewing area dimensions 46.8 x 18.4 mm
with additional indicators. Typical applications include Overall glass dimensions 50.8 X 30.4 mm
multimeters and panelmeters. Thickness 57 +/— 0.4 mm
Digit height 12.7 mm
Preferred viewing direction 6 o’clock

DISPLAY MODE Driving method direct drive

scale 1:1

~ \_/ \_/Y\_/
ATt
L]
0,00
BAT . ' .l
7222301
Fig.1 Multimeter display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE
LTD221R-11 reflective for conductive commercial TRO 3.5-6.5
rubber

LTD221R-12 reflective with fixed pins commercial TRO 3.5-6.5

LTD221F-12 transflective with fixed pins commercial TFO 3.5-6.5

LTD221R-22 reflective with fixed pins extended TR2 3.4-6.5

LTD221F-22 transflective with fixed pins extended TF2 3.5-6.5

Note: (1) drive method = direct drive for all types

(2) see chapter "Family Characteristics for complete specification
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Philips Components

Product specification

Liquid crystal display LTD221
MECHANICAL DATA
Dimensions in mm
50.8
- 2.54
—»~Fo.5 1.04 = 1= -1 6.3 |« 2.7 |~
40 H 2 - —I
- YT
T 1 2 3 T 4
|{X1 .);2, ‘ ’-‘C;L"‘ .-‘T{——T = n
30.4 18.4 | y - - ‘e ‘ 12.7 32.3 228 1] 30.4
' BA 'l'.‘l-l- o : u
\___P1___ P2 _P3___ __J
— A U__
1 20 14 1.1
FIXED PIN
46.8 | 72221241 CONDUCTIVE
RUBBER
?
7296558.1
Fig.2 Display dimensions.
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Product specification

Liquid crystal display LTD221
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
1 comm 21 a3
2 y 22 3
3 x3 23 g3
4 nc 24 b2
5 nc 25 a2
6 nc 26 f2
7 nc 27 g2
8 pi 28 col
9 el 29 b1
10 d1 30 al
11 cl 31 f1
12 p2 32 gl
13 e2 33 nc
14 dz2 34 nc
15 c2 35 nc
16 p3 36 nc
17 e3 37 x2.
18 d3 38 x1.
19 c3 39 X
20 b3 40 BAT
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vimax 15V RMS

Note: maximum DC component =0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage

Tamp/R.H./duration Tamp/duration Tamp/duration
LTD221R-11 +40°C/90%/21 days -25°C/21 days +70°C/21 days
LTD221R-12 +40 °C/90%/21 days —25°C/21 days +70°C/21 days
LTD221F-12 +40 °C/90%/21 days -25°C/21 days +70°C/21 days
LTD221R-22 +80 °C/90%/21 days -40°C/21 days +85°C/21 days
LTD221F-22 +80 °C/90%/21 days -40°C/21 days +85°C/21 days

July 1990
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Philips Components

Data sheet

status Product specification

LTD222
Liquid crystal display

date of issue

July 1990

DEVICE DESCRIPTION

QUICK REFERENCE DATA

The LTD222 is a 3 1/2-digit, 7-segment, multi-function Viewing area dimensions 46.7 x 18.4 mm
LCD. Typical applications include multimeters and Overall glass dimensions 50.7 x 30.4 mm
panelmeters. Thickness 2.7 +/-0.4mm
Digit height 12.7 mm
Preferred viewing direction 6 o’clock
Driving method direct drive
DISPLAY MODE
scale 1:1
2D 1T
-
- ) > <)
S R H
N VamV 5 "amV § "an
7222302
Fig.1 Multimeter display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD222R-11 reflective for conductive commercial TRO 3.5-6.5
rubber
LTD222R-12 reflective with fixed pins commercial TRO 3.5-6.5
LTD222F-12 transflective with fixed pins commercial TFO 3.5-6.5
LTD222R-21 reflective for conductive extended TR2 3.5-6.5
rubber
LTD222F-21 transflective for conductive extended TF2 3.5-6.5
rubber
LTD222R-22 reflective with fixed pins extended TR2 3.5-6.5
LTD222F-22 transflective with fixed pins extended TF2 3.5-6.5

Note: (1) drive method = direct drive for all types
(2) see chapter "Family Characteristics” for complete specification

138
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Product specification

Liquid crystal display LTD222
MECHANICAL DATA
Dimensions in mm
50.7
- |«2.54
0.5 1.04 - 6.3 |« 2.7+ (=
21
. | i)
T 27 T3 T4
(Ln nn‘ "‘CSL." "‘q‘“—t | n
X
30.4 18.4 ‘ Vx-.." <) . <> -, l 12.7 331 | 228 |1]| 304
[ .l ’-‘l ’-’l '-‘ | _l 1 n
| ____21__1’_2_-_P§__J|‘
1
L v A
1 20 11 1.1
FIXED PIN
46.7 72221251 CONDUCTIVE
RUBBER
?
Fig.2 Display dimensions. 7296558.1
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Philips Components Product specification

Liquid crystal display LTD222
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
1 comm 21 ad
2 y 22 f4
3 1 23 g4
4 n.c. 24 b3
5 n.c. 25 a3
6 n.c. 26 3
7 n.c. 27 g3
8 pi 28 col
9 e2 29 b2
10 d2 30 a2
11 c2 31 f2
12 p2 32 g2
13 e3 33 n.c.
14 d3 34 n.c.
15 c3 35 n.c.
16 p3 36 n.c.
17 ed 37 n.c.
18 d4 38 LOBAT
19 c4 39 X
20 b4 40 comm
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vmax 15V RMS

Note: maximum DC component = 0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage

Tamb/R.H./duration Tamp/duration Tamb/duration
LTD222R-11 +40 °C/90%/21 days —25°C/21 days +70°C/21 days
LTD222R-12 +40 °C/90%/21 days —25°C/21 days +70°C/21 days
LTD222F-12 +40 °C/90%/21 days —25°C/21 days +70°C/21 days
LTD222R-21 +80 °C/90%/21 days —40°C/21 days +85°C/21 days
LTD222F-21 +80 °C/90%/21 days —-40 °C/21 days +85 °C/21 days
LTD222R-22 +80 °C/90%/21 days —40 °C/21 days +85°C/21 days
LTD222F-22 +80 °C/90%/21 days —40 °C/21 days +85 °C/21 days

Julv 1990
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Philips Components

Data sheet

status Product specification

date of issue | July 1990

DEVICE DESCRIPTION

LTD224
Liquid crystal display

QUICK REFERENCE DATA

The LTD224 is a 3 1/2-digit, 7-segment multi-function Viewing area dimensions 45.8 x 17.8 mm
display. It is intended for use in multimeters and panel- Overall glass dimensions 50.8 x 30.4 mm
meters. Thickness 2.7 +/-0.4mm
Digit height 12.7 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
BT \__/ \_/ \_/ -mv
oc § 20 00 10
e SO A
AC VaVamVu VeV n "V MKQ
7222303
Fig.1 Multimeter display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD224R-11 reflective for conductive commercial TRO 3.5-6.5
rubber

Note: (1) drive method = direct drive

(2) see chapter "Family Characteristics” for complete specification
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Philips Components

Product specification

Liquid crystal display

LTD224

MECHANICAL DATA

1.1

Dimensions in mm
50.8
- 2.54
- 1.75 1.04 > < - e
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I3 _ |
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B3 1 I
! 19 11 l
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1
Fig.2 Display dimensions.
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Philips Components

Product specification

Liquid crystal display LTD224
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
1 AC 20 \Y,
2 y 21 m2
3 1 22 mi1
4 p1 23 T
5 e2 24 b4
6 dz2 25 a4
7 c2 26 f4
8 p2 27 g4
9 e3 28 b3
10 d3 29 a3
1 c3 30 3
12 p3 31 a3
13 ed 32 b2
14 d4 33 a2
15 c4 34 f2
16 M 35 g2
17 K 36 BT
18 Q 37 DC
19 A 38 comm
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note) Vmax 15V RMS

Note: maximum DC component =0.1V

TYPE

RELIABILITY TESTS

Damp heat steady state
Tamb/R.H./duration

Low temperature storage
Tamp/duration

High temperature storage
Tamp/duration

LTD224R-11

+40 °C/90%/21 days

—25°C/21 days

+70°C/21 days

July 1990
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Data sheet

status

Product specification

date of issue

July 1990

DEVICE DESCRIPTION

LTD225

Liquid crystal display

QUICK REFERENCE DATA

The LTD225 is a 3 1/2-digit, 7-segment multi-function Viewing area dimensions 45.8 x17.8 mm
display. It is intended for use in multimeters and panel- Overall glass dimensions 50.8 x 30.4 mm
meters. Thickness 2.7 +/-0.4mm
Digit height 12.7 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
P (|
— - . e
o O FD
H amV & "amV I "an
7222304
Fig.1 Multimeter display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD225R-11 reflective for conductive commercial TRO 3.5-6.5
rubber

Note: (1) drive method = direct drive
(2) see chapter "Family Characteristics” for complete specification
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Product specification

Liquid crystal display

LTD225

MECHANICAL DATA

Dimensions in mm

)

|

50.8

|

30.

2.7 >

FH—— - ——— |
1.1 11
45.8 7222127.1 7296558.1
?
Fig.2 Display dimensions.
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT

1 d2 16 col

2 c2 17 p2

3 b2 18 d2

4 a2 19 c2

5 f2 20 b2

6 g2 21 a2

7 e2 22 f2

8 p3 23 g2

9 d3 24 e2
10 c3 25 pi

11 b3 26 1

12 a3 27 y
13 3 28 X
14 g3 29 BT
15 e3 30 comm

July 1990
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Philips Components Product specification
Liquid crystal display LTD225

RATINGS

Limiting values in accordance with Absolute Maximum System (IEC 134)

Maximum voltage between any two connections (see note) Vmax 15V RMS

Note: maximum DC component =0.1V

TYPE

RELIABILITY TESTS

Damp heat steady state
Tamb/R.H./duration

Low temperature storage
Tamb/duration

High temperature storage
Tamp/duration

LTD225R-11

+40 °C/90%/21 days

—25 °C/21 days

+70°C/21 days

July 1990




Philips Components

Data sheet

status

Product specification

date of issue

July 1990

DEVICE DESCRIPTION

LTD226
Liquid crystal display

QUICK REFERENCE DATA

The LTD226 is a 4-digit, 7-segment, multi-function LCD. Viewing area dimensions 46.7 x 18.4 mm
Typical applications include 24 hr. clocks and industrial Overall glass dimensions 50.7 x 30.4 mm
equipment. Thickness 2.7 +/-0.4mm
Digit height 12.7 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
\_/ \__/ \__/ \__/
A -0 108
> ) ) )
L. LS
-.l ,-'l 4RV N "4R
7222305
Fig.1 Universal display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |[RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD226R-11 reflective for conductive commercial TRO 3.5-6.5
rubber
LTD226R-12 reflective with fixed pins commercial TRO 3.5-6.5
LTD226F-12 transflective with fixed pins commercial TFO 3.5-6.5
LTD226R-21 reflective for conductive extended TR2 3.5-6.5
rubber
LTD226F-21 transflective for conductive extended TF2 3.5-6.5
rubber
LTD226R-22 reflective with fixed pins extended TR2 3.5-6.5
LTD226F-22 transflective with fixed pins extended TF2 3.5-6.5

Note: (1) drive method = direct drive for all types
(2) see chapter "Family Characteristics” for complete specification
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Philips Components Product specification
Liquid crystal display LTD226
MECHANICAL DATA
Dimensions in mm
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Fig.2 Display dimensions.
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Philips Components

Product specification

Liquid crystal display LTD226
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
1 comm 21 a4
2 n.c. 22 f4
3 n.c. 23 g4
4 n.c. 24 b3
5 el 25 a3
6 d1 26 3
7 ct 27 g3
8 p1 28 col
9 e2 29 b2
10 d2 30 a2
1 c2 31 f2
12 p2 32 g2
13 e3 33 n.c.
14 d3 34 b1
15 c3 35 al
16 p3 36 f1
17 e4 37 gl
18 d4 38 x1
19 c4 39 n.c.
20 b4 40 comm
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vmax 15VRMS

Note: maximum DC component = 0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration Tamp/duration Ta.mb/duration (dry)
LTD226R-11 +40 °C/90%/21 days -25°C/21 days +70°C/21 days
LTD226R-12 +40 °C/90%/21 days —25°C/21 days +70°C/21 days
LTD226F-12 +40 °C/90%/21 days -25°C/21 days +70°C/21 days
LTD226R-21 +85 °C/90%/21 days —-40°C/21 days +85 °C/21 days
LTD226F-21 +85 °C/90%/21 days -40°C/21 days +85°C/21 days
LTD226R-22 +85 °C/90%/21 days —40°C/21 days +85°C/21 days
LTD226F-22 +85 °C/90%/21 days —-40°C/21 days +85 °C/21 days
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Philips Components

Data sheet

status Product specification

date of issue | July 1990

LTD227
Liquid crystal display

DEVICE DESCRIPTION QUICK REFERENCE DATA
The LTD227 is a 4 1/2-digit, 7-segment multi-function Viewing area dimensions 46.8x 18.8 mm
LCD: Typical applications include panelmeters and Overall glass dimensions 50.8 X 30.4 mm
multimeters. Thickness 2.7+/-0.4mm
Digit height 10.0 mm
Preferred viewing direction 6 o’clock

DISPLAY MODE Driving method direct drive

scale 1:1

L0 BAT N/ D e’ D e’ B
Poul I Y Y )
— 0% 0% 2™
.l '-'I '-'l '-'l '-'
7222306
Fig.1 Multimeter display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |[RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)

LTD227R-12 reflective with fixed pins commercial TRO 3.5-6.5

LTD227R-22 reflective with fixed pins extended TR2 3.5-6.5

LTD227F-22 transflective with fixed pins extended TF2 3.5-6.5

Note: (1) drive method = direct drive for all types
(2) see chapter "Family characteristics for complete specfication
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Philips Components Product specification
Liquid crystal display LTD227
MECHANICAL DATA
Dimensions in mm
50.8
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Fig.2 Display dimensions.
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
1 comm 21 ab
2 y 22 f5
3 1 23 g5
4 p1 24 b4
5 e2 25 a4
6 d2 26 f4
7 c2 27 g4
8 p2 28 col2
9 e3 29 b3
10 d3 30 a3
11 c3 31 3
12 p3 32 g3
13 e4 33 coll
14 d4 34 b2
15 c4 35 a2
16 p4 36 f2
17 e5 37 g2
18 d5 38 LOBAT
19 c5 39 X
20 b5 40 n.c.

Julv 1990
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Philips Components

Product specification

Liquid crystal display LTD227
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vmax 15V RMS

Note: maximum DC component = 0.1V

TYPE

RELIABILITY TESTS

Damp heat steady state
Tamu/R.H./duration

Low temperature storage
Tamp/duration

High temperature storage
Tamb/duration (dry)

LTD227R-12
LTD227R-22
LTD227F-22

+40 °C/90%/21 days
+80 °C/90%/21 days
+80 °C/90%/21 days

-25°C/21 days
—40 °C/21 days
—40°C/21 days

+70°C/21 days
+85 °C/21 days
+85 °C/21 days
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Philips Components

Data sheet

status

Product specification

date of issue

July 1990

DEVICE DESCRIPTION

The LTD228 is a 5-digit, 7-segment multi-function
display. Typical applications include counters and

instruments.

DISPLAY MODE

LTD228
Liquid crystal display

QUICK REFERENCE DATA

Viewing area dimensions 45.8 x 17.8 mm
Overall glass dimensions 50.8 x 30.4 mm
Thickness 2.7 +/- 0.4 mm
Digit height 10.0 mm
Preferred viewing direction 6 o’clock
Driving method direct drive

scale 1:1

(]
-'l '-.l ’-'I ¢\

()

Ll

Fig.1 Universal display.

7222307

TYPE DEPENDENT CHARACTERISTICS (1)

TYPE LLUMINATION CONNECTION |[RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD228R-12 reflective with fixed pins commercial TRO 3.5-6.5

Note: (1) drive method = direct drive

(2) see chapter "Family Characteristics” for complete specification
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Philips Components Product specification

Liquid crystal display LTD228

MECHANICAL DATA

Dimensions in mm
50.8
2.7
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Fig.2 Display dimensions.
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
1 comm 21 a5
2 gl 22 5
3 el 23 g5
4 d1 24 b4
5 cl 25 a4
6 e2 26 f4
7 d2 27 g4
8 c2 28 b3
9 e3 29 a3
10 d3 30 3
11 c3 31 g3
12 p3 32 p2
13 e4 33 b2
14 d4 34 a2
15 c4 35 f2
16 p4 36 g2
17 e5 37 p1
18 d5 38 b1
19 c5 39 al
20 b5 40 1
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Philips Components Product specification
Liquid crystal display LTD228

RATINGS

Limiting values in accordance with Absolute Maximum System (IEC 134)

Maximum voltage between any two connections (see note) Vmax 15V RMS

Note: maximum DC component = 0.1 V

TYPE

RELIABILITY TESTS

Damp heat steady state
Tamb/R.H./duration

Low temperature storage
Tamp/duration

High temperature storage
Tamb/duration (dry)

LTD228R-12

+40 °C/90%/21 days

—25 °C/21 days

+70 °C/21 days

July 1990
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Philips Components

Data sheet
status Product specification
date of issue | July 1990

DEVICE DESCRIPTION

LTD229
Liquid crystal display

QUICK REFERENCE DATA

The LTD229 is a 6-digit, 7-segment multi-function LCD. Viewing area dimensions 65.8 x 18.4 mm
Typical applications include 24 hr. clocks with a seconds Overall glass dimensions 69.8 x 30.4 mm
display, counters, and instruments requiring a large Thickness 2.7 +/— 0.4 mm
display. Digit height 12.7 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
(IO I I L |
- -, - C ) -, -,
N[ O
| A\ 4 | N 'amV § any I ‘an
7222308
Fig.1 Universal display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD229R-12 reflective with fixed pins commercial TRO 3.5-6.5
LTD229R-22 reflective with fixed pins extended TR2 3.5-6.5
LTD229F-22 transflective with fixed pins extended TF2 3.5-6.5

Note: (1) drive method = direct drive for all types
(2) see chapter "Family Characteristics for complete specification
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Philips Components Product specification

Liquid crystal display LTD229

MECHANICAL DATA

Dimensions in mm
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Fig.2 Display dimensions.
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Product specification

Liquid crystal display LTD229
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT

1 comm 26 a6
2 el 27 6
3 d1 28 g6
4 cl 29 b5
5 p1 30 ab
6 e2 31 5
7 d2 32 g5
8 c2 33 col2
9 p2 34 b4
10 e3 35 a4
1 d3 36 f4
12 c3 37 g4
13 p3 38 b3
14 ed 39 a3
15 d4 40 3
16 c4 41 g3
17 p4 42 coll
18 e5 43 b2
19 d5 44 a2
20 c5 45 f2
21 p5 46 g2
22 eb 47 b1
23 d6é 48 al
24 c6 49 f1
25 b6 50 gl

RATINGS

Limiting values in accordance with Absolute Maximum System (IEC 134)

Maximum voltage between any two contacts (see note) Vmax 15VRMS

Note: maximum DC component =0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration Tamp/duration Tamp/duration (dry)
LTD229R-12 +40 °C/90%/21 days —25°C/21 days +70°C/21 days
LTD229R-22 +80 °C/90%/21 days —40 °C/21 days +85 °C/21 days
LTD229F-22 +80 °C/90%/21 days —40 °C/21 days +85 °C/21 days

July 1990

158




Philips Components

Data sheet

status Product specification

date of issue | July 1990

DEVICE DESCRIPTION

LTD231
Liquid Crystal Display

QUICK REFERENCE DATA

The LTD231 is a 3 1/2-digit, 7-segment multi-function Viewing area dimensions 45.8 x 17.1 mm
display. It is intended for use in multimeters and panel- Overall glass dimensions 50.8 x 30.4 mm
meters. Thickness 2.7 +/- 0.4 mm
Digit height 10.2 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method MUX 1:3
scale 1:1
VIEM
T
-_— < > < > <D
o (.00 L0 L0 mva
7222309
Fig.1 Multimeter display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY OPERATING
MODE METHOD GRADE CHARACTERISTICS (2) | VOLTAGE (V)
LTD231R-11 reflective for conductive commercial TR1 typ. 2.8
rubber

Note: (1) drive method = MUX 1:3

(2) see chapter "Family Characteristics” for complete specification
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Product specification

Liquid crystal display

LTD231

MECHANICAL DATA

Dimensions in mm
50.8
> |« 2.54
- |«t+3.04 1.27 ==~ - <
18 1 27 a
N [ N/
(O e, . | T " b
1 NN I\
30.4 1741 | AC ‘ . ‘ ' ' . ‘ KQ ‘ 14.7 2238 |! g
X1 — - ,. ’- | l -
.00, L0 mva i
~——— P1— P2 "P3T " - c
L d
amy §
45.8 7222132.1 7296558.1
f
Fig.2 Display dimensions.
PIN DESCRIPTION
SEGMENTS SEGMENTS SEGMENTS
PIN NO. ASSIGNED TO ASSIGNED TO ASSIGNED TO
COMMON 1 COMMON 2 COMMON 3

1 comm 1 n.c. n.c.
2 n.c. comm 2 n.c.
3 n.c. n.c. comm 3
4 n.c. LOO A
5 n.c. Q \
6 n.c. K m
7 b4 c4 n.c.
8 a4 gd d4
9 f4 ed n.c.
10 b3 c3 p3
11 a3 g3 d3
12 3 e3 n.c.
13 b2 c2 p2
14 a2 g2 d2
15 f2 e2 n.c.
16 b1 cl pi
17 AC x1 AUTO
18 BAT -MEM n.c.
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Product specification

Liquid crystal display

LTD231

RATINGS

Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note)

Note: maximum DC component = 0.1V

Vimax 15V RMS

TYPE

RELIABILITY TESTS

Damp heat steady state
Tamb/R.H./duration

Low temperature storage
Tamp/duration

High temperature storage
Tamp/duration (dry)

LTD231R-11

+40 °C/90%/21 days

—25°C/21 days

+70°C/21 days

Julv 1gan
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Philips Components

Data sheet
status Product specification
date of issue | July 1990

DEVICE DESCRIPTION

LTD232
Liquid crystal display

QUICK REFERENCE DATA

The LTD232 is a 4 1/2-digit, 7-segment multi-function Viewing area dimensions 44.8 x 16.8 mm
display. It is intended for use in multimeters and panel- Overall glass dimensions 50.8 x 30.4 mm
meters. Thickness 2.7 +/- 0.4 mm
Digit height 11.0 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method MUX 1:3
scale 1:1
LOW BATTERY CONTINUITY
-, W, -, .
SO O
7222310
Fig.1 Multimeter display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY OPERATING
MODE METHOD GRADE CHARACTERISTICS (2) | VOLTAGE (V)
LTD232R-11 reflective for conductive commercial TR1 typ. 2.8
rubber

Note: (1) drive method = MUX 1:3

(2) see chapter "Family Characteristics” for complete specification
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Liquid crystal display LTD232

MECHANICAL DATA

Dimensions in mm

50.8
4a.8 27+ |~
a
/__ﬁw 'BATTERY CONTINUITY i p b

—
«Q

30.4 16.8 ‘.‘ ..' ‘.‘ E'*"—“ 228 |,
»Lv o000 T —

- .__pz — P3—— -P4——
—P2-- ___P_S__._ _P4 - e c
Pl [ i d
' o [
> le2.54 »lle1.04 1 1 -
| 6.87 l= 7222133.1 7296558.1

Fig.2 Display dimensions.




Philips Components

Product specification

Liquid crystal display LTD232
PIN DESCRIPTION
SEGMENTS SEGMENTS SEGMENTS
PIN NO. ASSIGNED TO ASSIGNED TO ASSIGNED TO
COMMON 1 COMMON 2 COMMON 3
1 f2 e2 p1
2 a2 g2 d2
3 b2 c2 1
4 3 e3 p2
5 a3 g3 d3
6 b3 c3 x1
7 f4 ed p3
8 a4 g4 d4
9 b4 c4 LOW BATTERY
10 5 e5 p4
11 ad g5 d5
12 b5 c5 CONTINUITY
13 comm 1 n.c. n.c.
14 n.c. comm 2 n.c.
15 n.c. n.c. comm 3
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note) Vimax 15V RMS
Note: maximum DC component=0.1V
TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration T.mp/duration Tamb/duration (dry)
LTD232R-11 +40 °C/90%/21 days 25°C/21 days +70°C/21 days




Philips Components

Data sheet

status

Product specification

date of issue

July 1990

DEVICE DESCRIPTION

LTD233

Liquid crystal display

QUICK REFERENCE DATA

The LTD233 is a 16-digit, 7-segment display used for Viewing area dimensions 65.8 x 11.2 mm
telephony. Overall glass dimensions 69.8 x 20.3 mm
Thickness 2.2 +/-0.4mm
Digit height 6.0 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method MUX 1:2
scale 1:1
D L Y
(O] nCE O] ) ) ] ) s )R] ] )
A A A A A A A A A A A A A A A 1
7222311
Fig.1 Telecom display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD233R-11 reflective for conductive commercial TR1 typ.2.6
rubber

Note: (1) drive method = MUX 1:2
(2) see chapter "Family Characteristics” for complete specification
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Product specification

Liquid crystal display LTD233
MECHANICAL DATA
Dimensions in mm
69.8 a
<1.905 -
- |=—2.96+0.2 0.905 +| = 22» |=
68 _| 35 !
1 1 _ f . b
R - B :
T It o D
R R RCY R mCE mCE ] mCE O] ] ) ) m ] ) ) ] |
| A A A A A A A AAM A AR R AA X’ 5 l !
P PI6 € ¢
I 1 TR ) d
1 34 oss-lleoss - .
65.8 7222134.1 7296558.1
?

Fig.2 Display dimensions.




Philips Components

Product specification

Liquid crystal display LTD233
PIN DESCRIPTION
PIN NO. SEGMENTS SEGMENTS PIN NO. SEGMENTS SEGMENTS
ASSIGNED TO | ASSIGNED TO ASSIGNED TO | ASSIGNED TO
COMMON 1 COMMON 2 COMMON 1 COMMON 2

1 n.c. comm 2 35 comm 1 n.c.

2 gl el 36 b16 P16

3 c1 d1 37 al6 f16

4 g2 e2 38 b15 P15

5 c2 d2 39 al5 f15

6 g3 e3 40 b14 P14

7 c3 d3 41 al4 f14

8 g4 ed4 42 b13 P13

9 c4 d4 43 al3 f13

10 g5 e5 44 b12 P12

1 c5 d5 45 al12 f12

12 g6 eb 46 b11 P11

13 c6 dé 47 all f11

14 a7 e7 48 b10 P10

15 c7 d7 49 al0 f10

16 g8 e8 50 b9 P9

17 c8 ds 51 a9 f9

18 g9 e9 52 b8 P8

19 c9 d9 53 a8 8

20 g10 el10 54 b7 P7

21 c10 d10 55 a7 7

22 gt el 56 b6 P6

23 c11 di1 57 a6 f6

24 gi12 el2 58 b5 P5

25 c12 di2 59 a5 5

26 g13 el3 60 b4 P4

27 c13 d13 61 a4 f4

28 gl4 el4 62 b3 P3

29 c14 d14 63 a3 3

30 g15 el5 64 b2 P2
31 c15 d15 65 a2 f2
32 g16 e16 66 b1 P1
33 c16 d16 67 al 1
34 n.c. comm 2 68 comm 1 n.c.

an=




Philips Components

Product specification

Liquid crystal display LTD233
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximym voltage between any two connections (see note) Vmax 15V RMS

Note: maximum DC component = 0.1V

TYPE

RELIABILITY TESTS

Damp heat steady state
Tamb/R.H./duration

Low temperature storage
Tamp/duration

High temperature storage
Tamp/duration (dry)

LTD233R-11

+40 °C/90%/21 days

—25°C/21 days

+70°C/21 days




Philips Components

Data sheet

status Product specification

date of issue

July 1990

DEVICE DESCRIPTION

LTD234
Liquid Crystal Display

QUICK REFERENCE DATA

The LTD234 is a 16-digit, 7-segment display used for Viewing area dimensions 65.8x11.2 mm
telephony. Overall glass dimensions 69.8 x20.3 mm
Thickness 2.2 +/-0.4mm
Digit height 6.0 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method MUX 1:4
scale 1:1
DDA N X
000, 00, 00,0000 00 00 000 TN,
7222312
Fig.1 Telecom display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION | RELIABILITY FAMILY OPERATING
MODE METHOD GRADE CHARACTERISTICS (2) | VOLTAGE (V)
LTD234R-21 reflective for conductive extended TR2 typ. 4.3
rubber

Note: (1) drive method = MUX 1:4

(2) see chapter "Family Characteristics” for complete speification
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Product specification

Liquid crystal display LTD234
MECHANICAL DATA
Dimensions in mm
69.8 a
- ~1.905 -
- 27 0.905 == 22> |=
o [ e *77 " b
s T I| o
T O R - 1 N A
sors via || B0 O O -
' ' L L 0000 L0 L0 00 L0y, |
! A 1 S| ! e c
e - I *‘ d
’ # oss-iloss VAV Il
65.8 7222135.1 7296558.1
?
Fig.2 Display dimensions.
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Product specification

Liquid crystal display LTD234
PIN DESCRIPTION
SEGMENTS SEGMENTS SEGMENTS SEGMENTS
PIN NO. ASSIGNED TO ASSIGNED TO ASSIGNED TO ASSIGNED TO
COMMON 1 COMMON 2 COMMON 3 COMMON 4
1 comm 1 n.c. n.c. n.c.
2 comm 1 n.c. n.c. n.c.
3 el di gl f1
4 e2 dz2 g2 f2
5 n.c. n.c. n.c. n.c.
6 e3 d3 a3 f3
7 n.c. n.c. n.c. n.c.
8 e4 d4 g4 f4
9 n.c. n.c. n.c. n.c.
10 e5 ds5 g5 5
11 n.c. n.c. n.c. n.c.
12 e6 dé g6 f6
13 n.c. n.c. n.c. n.c.
14 e7 d7 g7 7
15 n.c. n.c. n.c. n.c.
16 e8 ds g8 f8
17 n.c. n.c. n.c. n.c.
18 n.c. n.c. n.c. n.c.
19 e9 d9 g9 fo
20 el0 d10 g10 f10
21 n.c. n.c. n.c. n.c.
22 n.c. n.c. n.c. n.c.
23 el di1 gl f11
24 n.c. n.c. n.c. n.c.
25 el2 di12 gi2 f12
26 n.c. n.c. n.c. n.c.
27 e13 di3 gi3 f13
28 n.c. n.c. n.c. n.c.
29 el4 di4 gl4 f14
30 n.c. n.c. n.c. n.c.
31 el5 dis gi1s f15
32 el16 di16 g16 f16
33 n.c. comm 2 n.c. n.c.
34 n.c. comm 2 n.c. n.c.
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note) Vmax 15V RMS

Note: maximum DC component =0.1V

July 1990
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Philips Components Product specification

Liquid crystal display LTD234
TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamu/R.H./duration Tamb/duration Tamb/duration (dry)
LTD234R-21 +80 °C/90%/21 days —40°C/21 days +85°C/21 days

July 1990 172



Philips Components

LTD235

status Product specification Liqu id crystal d isplay

date of issue | July 1990

DEVICE DESCRIPTION QUICK REFERENCE DATA
The LTD235 is a 4-digit 7 segment multi-function LCD. Viewing area dimensions 45.8 x 177.8 mm
The pointers are intended to be used with printed fixed Overall glass dimensions 50.8 x 30.4 mm
text a‘round thg viewing area, i.e. not as a part of the LCD, Thickness 2.7 +/-0.4mm
aIIO\;\i/(l:r;gthe diplz:‘y to bg use1d in different languages. For Digit height 12 mm
a| i ’ iewi
pp ons whic reguwe a 12 o’clock viewing angle the Preferred viewing direction 6 o’clock
LCD can be used upside down. —
Driving method MUX1:3
DISPLAY MODE
scale 1:1
o
<« - T ‘e -
By SN
v v v v v v
7222859
Fig.1 Universal display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY OPERATING
AAANE ARAETLIAN NDANED NAUADANATEDICT! \ VN TANRE NN
wmuvwe wvmic1Invw GNAWR wilANAviIRNivi ) VVLIAGL \V)

LTD235R-12 reflective

with fixed pin commercial TR1

typ.2.8

Note: (1) drive method = MUX 1:3
(2) see chapter "Family characteristics” for complete specification
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Philips Components

Product specification

Liquid crystal display LTD235
MECHANICAL DATA
Dimensions in mm
l 50.8
> (*—2.54 - |27
- 05 1.04 — |~ — 6.3 |«
40 l | 21 o a
T #ﬂﬂﬂﬁﬁﬁﬂﬁﬁﬁﬂﬂﬁﬁﬂﬁﬁﬁﬁ/ T N,
Xig y
o e ol "
304 17.8 | pe— - - <> 12 334 E 228 g
‘L"“' Ll:al..l.l-l ¢ ; -
A2 2 2 A 1
- - - - -
c
JE N b d
1 20 -
45.8 I 1.1—l¢le11 .
7Z22858.1 7296558.1
Fig.2 Display dimensions.
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Liquid crystal display LTD235
PIN DESCRIPTION
PIN NO. SEGMENT SEGMENT SEGMENT
ASSIGNED TO ASSIGNED TO ASSIGNED TO
COMMON 1 COMMON 2 COMMON 3

1 comm 1 - -

2 n.c. n.c. n.c.

3 n.c. n.c. n.c.

4 el x4 1

5 n.c. n.c. n.c.

6 ci x5 b1

7 n.c. n.c. n.c.

8 n.c. n.c. n.c.

9 c2 x6 b2

10 n.c. n.c. n.c.

11 n.c. n.c. n.c.

12 e3 x7 f3

13 n.c. n.c. n.c.

14 c3 p4 b3

15 ed x8 f4

16 n.c. n.c. n.c.

17 n.c. n.c. n.c.

18 c4 x9 b4

19 n.c. n.c. n.c.

20 - comm 2 -

21 n.c. n.c. n.c.

22 n.c. n.c. n.c.

23 g4 d4 a4

24 n.c. n.c. n.c.

25 n.c. n.c. n.c.

26 n.c. n.c. n.c.

27 g3 d3 a3

28 n.c. n.c. n.c.

29 p3 - p2

30 n.c. n.c. n.c.

31 g2 d2 a2

32 e2 - f2

33 n.c. n.c. n.c.

34 - - p1

35 n.c. n.c. n.c.

36 gt d1 al

37 n.c. n.c. n.c.

38 x2 x3 x1

39 n.c. n.c. n.c.

40 - - comm 3
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Liquid crystal display LTD235

RATINGS

Limiting values in accordance with Absolute Maximum System (IEC 134)

Maximum voltage between any two connections (see note) Vmax 10VRMS

Note: maximum DC component = 0.1V

TYPE

RELIABILITY TESTS

Damp heat steady state
Tamb/R.H./duration

Low temperature storage
Tamp/duration

High temperature storage
Tamp/duration (dry)

LTD235R-12

+40 °C/90%/21 days

—25°C/21 days

+70°C/21 days

July 1990
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Data sheet

status

Product specification

date of issue

July 1990

LTD241

Liquid crystal display

DEVICE DESCRIPTION

QUICK REFERENCE DATA

The LTD241 is a 3 1/2-digit, 7-segment multi-function LCD Viewing area dimensions 65.8 x26.0 mm
with additional indicators. Typical applications include Overall glass dimensions 69.8 x 38.0 mm
multi'njeters, pane!meters and industrial instruments Thickness 2.7 +/— 0.4 mm
requiring a large display. Digit height 17.8 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
||
[ ] <) <> <)
ar 0200, L0
BAT ¥z ZamV § "amV 1 Zn
7222313
Fig.1 Multimeter display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD241R-12 reflective with fixed pins commercial TRO 3.56-6.5
LTD241R-22 reflective with fixed pins extended TR2 3.5-6.5
LTD241F-22 transflective with fixed pins extended TF2 3.5-6.5

Note: (1) drive method = direct drive for all types
(2) see chapter "Family Characteristics” for complete specification
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Philips Components Product specification

Liquid crystal display LTD241

MECHANICAL DATA

Dimensions in mm

69.8

- |=2.54
~* —»I|<—1.o4 ——l 6.3 ||=
21

30.4

|
38 26 Yy g X 17.8 40.7
BAT 'l ’-.,’-.l ’-. L_l
-
nlulililalalalalulalilililililalslslc! K
1 20
11 1.1
65.8 7222136.1

Fig.2 Display dimensions.

7296558.1
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Product specification

Liquid crystal display LTD241
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT

1 comm 21 a4

2 y 22 f4

3 1 23 g4

4 n.c. 24 b3

5 n.c. 25 a3

6 n.c. 26 3

7 n.c. 27 g3

8 p 28 col

9 e2 29 b2

10 d2 30 a2

11 c2 31 f2

12 p2 32 g2

13 e3 33 n.c.

14 d3 34 n.c.

15 c3 35 n.c.

16 p3 36 n.c.

17 ed 37 x2

18 d4 38 x1

19 c4 39 X

20 b4 40 BAT
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voitage between any two contacts (see note) Vmax 15V RMS

Note: maximum DC component = 0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration Tamp/duration Tamb/duration (dry)
LTD241R-12 +40 °C/90%/21 days -25°C/21 days +70°C/21 days
LTD241R-22 +80 °C/90%/21 days —40°C/21 days +85 °C/21 days
LTD241F-22 +80 °C/90%/21 days —-40°C/21 days +85 °C/21 days

July 1990
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Data sheet

status

Product specification

date of issue

July 1990

LTD242
Liquid crystal display

DEVICE DESCRIPTION QUICK REFERENCE DATA
The LTD242 is a 4-digit, 7-segment muilti-function LCD. Viewing area dimensions 65.8 x 26.0 mm
Typical applications include 24 hr. clocks, counters and Overall glass dimensions 69.8 x 38.0 mm
industrial instruments requiring a large display. Thickness 27 +/—0.4mm
Digit height 17.8 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
,. ,- < ) D,
-' n -' [ B\ 4 B\
7222314
Fig.1 Multimeter display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD242R-12 reflective with fixed pins commercial TRO 3.5-6.5
LTD242R-22 reflective with fixed pins extended TR2 3.5-6.5
LTD242F-22 transflective with fixed pins extended TF2 3.5-6.5

Note: (1) drive method = direct drive for all types
(2) see chapter "Family Characteristics” for complete specification

180




Philips Components Product specification

Liquid crystal display LTD242

MECHANICAL DATA

Dimensions in mm

69.8

e
3e 26 i ,. ’. COL ey D ! 17.8 40.7 il s0.a
L ’
' -'l -'l anY § -_L_ T
L_ P1 P2 P3
S A A R
e UTIRITERIOHRE *_Ji
11> <11
65.8 7Z222137.1
t a
f b
g
e c
d
Fig.2 Display dimensions. - .

7296558.1
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Liquid crystal display LTD242
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT

1 comm 21 a4

2 n.c. 22 f4

3 n.c. 23 g4

4 n.c. 24 b3

5 el 25 a3

6 d1 26 3

7 ci 27 g3

8 p1 28 col

9 e2 29 b2

10 d2 30 a2

ik c2 31 f2

12 p2 32 g2

13 e3 33 nc

14 d3 34 b1

15 c3 35 al

16 p3 36 f1

17 e4 37 gl

18 d4 38 n.c.

19 c4 39 n.c.

20 b4 40 n.c.
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vihax 15V RMS

Note: maximum DC component=0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration Tamp/duration Tamp/duration (dry)
LTD242R-12 +40 °C/90%/21 days —-25°C/21 days +70°C/21 days
LTD242R-22 +80 °C/90%/21 days —-40 °C/21 days +85 °C/21 days
LTD242F-22 +80 °C/90%/21 days —-40 °C/21 days +85°C/21 days

July 1990
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Philips Components

date of issue | July 1990

DEVICE DESCRIPTION

The LTD261 is a 1-digit, 7-segment multi-function LCD. It
can be combined to form large clock displays and
displays requiring a wide viewing distance.

DISPLAY MODE

LTD261

status Product specification Liqu id crystal display

QUICK REFERENCE DATA

Viewing area dimensions

71.2x89.0mm

Overall glass dimensions

76.2 x 101.6 mm

Thickness

2.7 +/-0.4mm

Digit height 76.0 mm
Preferred viewing direction 6 o’clock
Driving method direct drive

scale 1:1

_J

7222320.1

Fig.1 Universal display.

183




Philips Components Product specification

Liquid crystal display LTD261

MECHANICAL DATA

Dimensions in mm

2.7
76.2 ] -
>| 6.85 |« 6.3 |||
50 26 _*I.ﬁ
.

101.6 89

B Rl 4

1 [
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g

e (o]

d

7296558.1

Fig.2 Display dimensions.
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Product specification

Liquid crystal display LTD261
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD261R-12 reflective with fixed pins commercial TRO 3.5-6.5
LTD261R-22 reflective with fixed pins extended TR2 3.5-6.5
LTD261F-22 transflective with fixed pins extended TF2 3.5-6.5
Note: (1) drive method = direct drive for all types
(2) see chapter "Family Characteristics” for complete specification
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
1-5 comm 26-30 g
6-10 e 31-35 b
11-15 d 36-40 n.c.
16-20 c 41-45 a
21-25 p1 46-50 f
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vimax 15V RMS

Note: maximum DC component = 0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration Tamb/duration Tamb/duration (dry)
LTD261R-12 +40 °C/90%/21 days —-25°C/21 days +70°C/21 days
LTD261R-22 +80 °C/90%/21 days -40°C/21 days +85 °C/21 days
LTD261F-22 +80 °C/90%/21 days -40°C/21 days +85°C/21 days
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Data sheet

status

Product specification

date of issue

July 1990

DEVICE DESCRIPTION

LTD262
Liquid crystal display

QUICK REFERENCE DATA

The LTD262 is an 8-digit, 7-segment multi-function LCD. Viewing area dimensions 89.8 x 18.4 mm
Typical applications include timers, counters, and instru- Overall glass dimensions 93.8 x30.4 mm
ments requiring a large display. Thickness 274+/—0.4mm
Digit height 12.7 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
-’l -'I -'l -.l -.I 4RV B -’l -’
7222315
Fig.1 Universal display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD262R-12 reflective with fixed pins commercial TRO 3.5-6.5
LTD262R-22 reflective with fixed pins extended TR2 3.5-6.5
LTD262F-22 transflective with fixed pins extended TF2 3.5-6.5

Note: (1) drive method = direct drive for all types
(2) see chapter "Family Characteristics” for complete specification
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Product specification

Liquid crystal display LTD262
MECHANICAL DATA
Dimensions in mm
93.8
2.7
- (=2.54 -~
— 6.25 1.04 — = - 6.3«
s I )

I
30.4 18.4 l' ’ '
I

Fig.2 Display dimensions.
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Product specification

Liquid crystal display LTD262
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT

1 comm 35 a8
2 el 36 8
3 d1 37 g8
4 c1 38 b7
5 p1 39 a7
6 e2 40 f7
7 d2 41 a7
8 c2 42 col3
9 p2 43 b6
10 n.c. 44 a6
11 e3 45 6
12 d3 46 g6
13 c3 47 b5
14 p3 48 a5
15 e4 49 5
16 d4 50 g5
17 c4 51 col2
18 p4 52 b4
19 e5 53 a4
20 d5 54 f4
21 ch5 55 g4
22 p5 56 b3
23 €6 57 a3
24 dé 58 3
25 c6 59 g3
26 p6 60 coll
27 e7 61 b2
28 d7 62 a2
29 c7 63 f2
30 p7 64 g2
31 e8 65 b1
32 ds 66 al
33 c8 67 1
34 b8 68 g1

RATINGS

Limiting values in accordance with Absolute Maximum System (IEC 134)

Maximum voltage between any two contacts (see note) Vmax 15 VRMS

Note: maximum DC component = 0.1V
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Product specification

Liquid crystal display

LTD262

TYPE

LTD262R-12

Damp heat steady state

RELIABILITY TESTS

Tamb/R.H./duration

Low temperature storage
Tamp/duration

High temperature storage
Tamb/duration (dry)

LTD262R-22
LTD262F-22

+40 °C/90%/21 days
+80 °C/90%/21 days
+80 °C/90%/21 days

-25°C/21 days
—40°C/21 days
—40°C/21 days

+70°C/21 days
+85 °C/21 days
+85 °C/21 days

Lk, 400N
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Data sheet

status Product specification

date of issue | July 1990

DEVICE DESCRIPTION

LTD263
Liquid crystal display

QUICK REFERENCE DATA

The LTD263 is a 6-digit, 7-segment multi-function LCD. Viewing area dimensions 88.8 x 25.4 mm
Typical applications include 24 hr. clocks with a seconds Overall glass dimensions 93.8 x 38.0 mm
display, counters, and industrial instruments requiring a Thickness 2.7 +/— 0.4 mm
large display. Digit height 17.8 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
\__/ \__/ \__/ \__/ \__/ \_/
I o Y |
D D C D D b, D
NS RO RO N
¢\ 4 B \4 B\ ¢\ Jd B \ 4 B\
7222316
Fig.1 Universal display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUNINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD263R-12 reflective with fixed pins commercial TRO 3.56-6.5
LTD263R-22 reflective with fixed pins extended TR2 3.5-6.5

Note: (1) drive method = direct drive for all types

(2) see chapter”Family Characteristics” for complete specification
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Product specification

Liquid crystal display LTD263
MECHANICAL DATA
Dimensions in mm
2.7
- 93.8 - -
< 15,7 —| |« 2,54 1.04 | |= —1 6.3 ||=
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88.8 7222146.1
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Fig.2 Display dimensions. 22965581
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Philips Components Product specification
Liquid crystal display LTD263
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT

1 comm 26 al

2 e6 27 1

3 de 28 g1

4 c6 29 b2

5 p1 30 a2

6 e5 31 f2

7 d5 32 g2

8 c5 33 col2

9 p2 34 b3

10 e4 35 a3

1 d4 36 3

12 c4 37 a3

13 p3 38 b4

14 e3 39 a4

15 d3 40 f4

16 c3 41 g4

17 p4 42 coll

18 e2 43 b5

19 d2 44 a5

20 c2 45 5

21 p5 46 abd

22 el 47 b6

23 d1 48 a6

24 cl 49 6

25 b1 50 g6
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vimax 15V RMS

Note: maximum DC component=0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration Tamp/duration Tamp/duration (dry)
LTD263R-12 +40°C/90%/21 days -25°C/21 days +70°C/21 days
LTD263R-22 +80 °C/90%/21 days —-40 °C/21 days +85 °C/21 days
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Data sheet

status Product specification

date of issue | July 1990

DEVICE DESCRIPTION

LTD264
Liquid crystal display

QUICK REFERENCE DATA

The LTD264 is a 5-digit, 7-segment point of sales display. Viewing area dimensions 109.0 x 33.4 mm
Overall glass dimensions 114.0 x 46.0 mm
Thickness 2.7 +/- 0.4 mm
Digit height 25.0mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
~ )
N, N/ \___/ U, \__/
NO ) C__ ) C ) C ) C__ )
<umV I "ammy | "ammy & "ammV I 'amn
g Y,
7222317
Fig.1 Till display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD264R-22 reflective with fixed pins extended TR2 3.5-6.5
LTD264F-22 transflective with fixed pins extended TF2 3.5-6.5

Note: (1) drive method = direct drive for all types
(2) see chapter "Family Characteristics” for complete specification
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Liquid crystal display LTD264
MECHANICAL DATA
Dimensions in mm
114 2.7
| |—254 e
— -‘»0‘5 1.04 —*‘ -— - 6.3 =
g R
(’"“—*‘_“""_'“‘”_"4'_"‘”'4__"“"_5"_1
i \___/ \__/ |
!ERROR"" ‘,'.1‘
C D) 25 48.7 38.4

46 33.4 ‘

L'!SALE L’.L’.’ ’L’-L’

Fig.2 Display dimensions.
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Product specification

Liquid crystal display LTD264
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT

1 comm 42 b5
2 comm 43 1
3 comm 44 a5
4 no sale 45 5
5 n.c. 46 a5
6 n.c. 47 b4
7 el 48 af
8 di1 49 f4
9 cl 50 g4
10 n.c. 51 n.c.
1 n.c. 52 n.c.
12 n.c. 53 n.c.
13 p1 54 b3
14 p2 55 a3
15 n.c. 56 3
16 n.c. 57 g3
17 e2 58 n.c.
18 d2 59 n.c.
19 c2 60 n.c.
20 n.c. 61 b2
21 p3 62 a2
22 p4 63 f2
23 n.c. 64 a2
24 e3 65 n.c.
25 d3 66 n.c.
26 c3 67 n.c.
27 n.c. 68 n.c.
28 p5 69 n.c.
29 p6 70 b1
30 n.c. 71 al
31 ed4 72 f1
32 d4 73 gl
33 c4 74 n.c.
34 n.c. 75 n.c.
35 p7 76 n.c.
36 p8 77 n.c.
37 n.c. 78 n.c.
38 e5 79 error
39 d5 80 n.c.
40 2 81 n.c.
41 c5 82 n.c.

July 1990
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Liquid crystal display LTD264
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two contacts (see note) Vimax 15V RMS

Note: maximum DC component = 0.1V

RELIABILITY TESTS

Low temperature storage
Tamp/duration

High temperature storage
Tamb/duration (dry)

TYPE
Damp heat steady state
Tamb/R.H./duration
LTD264R-22 +80 °C/90%/21 days
LTD264F-22 +80 °C/90%/21 days

—40°C/21 days
—40 °C/21 days

+85°C/21 days
+85°C/21 days

iy 199N
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status

Product specification

date of issue

July 1990

LTD321

Liquid Crystal Display

DEVICE DESCRIPTION QUICK REFERENCE DATA
The LTD321 is a bargraph display. Typical applications Viewing area dimensions 64.8x 177.8 mm
include panelmeters and general purpose bargraphs. Overall glass dimensions 69.8 x 30.4 mm
Thickness 2.7 +/-0.4 mm
Digit height 5.0 mm
Preferred viewing direction 6 o’clock
DISPLAY MODE Driving method direct drive
scale 1:1
<4<« |
7222318
Fig.1 Universal bargraph display.
TYPE DEPENDENT CHARACTERISTICS (1)
TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY (2) OPERATING
MODE METHOD GRADE CHARACTERISTICS VOLTAGE (V)
LTD321R-12 reflective with fixed pins commercial TRO 3.5-6.5

Note: (1) drive method = direct drive
{

2) see chapter "Family Characterstics” for complete specification

197




Philips Components

Product specification
Liquid crystal display LTD321
MECHANICAL DATA
Dimensions in mm
69.8
- ++2.54 27
- 4.95 1.04 >~ > 6.3 |«
e
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30.4 17.8 _}__i 14.4 331 ! 22.8
AN 7 |
e B sl sls s s sla il sla 1 )
1 25
64.8 7222138.2 1.1 1.1

Fig.2 Display dimensions.
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Product specification

Liquid crystal display LTD321
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
ASSIGNED TO ASSIGNED TO
COMMON 1 COMMON 2
1 comm 1 26 n.c.
2 1 27 n.c.
3 2 28 x4
4 3 29 x3
5 4 30 40
6 5 31 39
7 6 32 38
8 7 33 37
9 8 34 36
10 9 35 35
11 10 36 34
12 11 37 33
13 12 38 32
14 13 39 31
15 14 40 30
16 15 41 29
17 16 42 28
18 17 43 27
19 18 44 26
20 19 45 25
21 20 46 24
22 x1 47 23
23 x2 48 22
24 n.c. 49 21
25 n.c. 50 comm 2
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note) Vimax 15V RMS

Note: maximum DC component =0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamp/R.H./duration Tamb/duration Tamb/duration (dry)
LTD321R-12 +40 °C/90%/21 days —25°C/21 days +70 °C/21 days
July 1990 199
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Data sheet

LTD351

status Product specification

date of issue | July 1990

DEVICE DESCRIPTION

Liquid Crystal Display

QUICK REFERENCE DATA

The LTD351 is a bargraph display. Typical applications

Viewing area dimensions

109.0 x 16.0 mm

include panelmeters and general purpose bargraph

Overall glass dimensions

114.0 x 26.0 mm

displays. For applications requiring a 9 o’clock viewing

Thickness 2.7 +/-0.4mm
angle, the LCD can be used upside down. Digit height 5.0 mm

Preferred viewing direction 3 o’clock

Driving method MUX 1:2

DISPLAY MODE

scale 1:1

@nu||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

RO <

) <

-

Fig.1 Universal bargraph display.

7222319

TYPE DEPENDENT CHARACTERISTICS (1)

TYPE ILLUMINATION CONNECTION |RELIABILITY FAMILY OPERATING
MODE METHOD GRADE CHARACTERISTICS (2) | VOLTAGE (V)
LTD351R-11 reflective with fixed pins commercial TR1 typ. 2.6

Note: (1) drive method = MUX 1:2
(2) see chapter "Family Characteristics” for complete specification
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Product specification

Liquid crystal display

LTD351

MECHANICAL DATA

Dimensions in mm
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Fig.2 Display dimensions.

July 1990
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Product specification

Liquid crystal display LTD351
PIN DESCRIPTION
PIN NO. SEGMENT PIN NO. SEGMENT
ASSIGNED TO ASSIGNED TO
COMMON 1 COMMON 2
1 comm 1 1 n.c.
2 n.c. 2 comm 2
3 n.c. 3 comm 2
4 x1 4 y1
107 x104 107 y104
RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)
Maximum voltage between any two connections (see note) Vimax 15V RMS

Note: maximum DC component =0.1V

TYPE RELIABILITY TESTS
Damp heat steady state Low temperature storage High temperature storage
Tamb/R.H./duration Tamb/duration Tamb/duration (dry)
LTD351R-11 +40 °C/90%/21 days -25 °C/21 days +70°C/21 dgays
July 1990 202
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Data sheet

LTM233

status Product specification

date of issue

July 1990

MODULE DESCRIPTION

The LTM233 is a 16-digit, 1-line segment LCD module with
a 1:2 multiplex drive ratio. It is driven by two PCF2111 LCD
drivers which are contained within the module housing. An
external microcomputer can be programmed to supply
display data of 16 numeric characters with some
alphabetic characters possible.

DISPLAY MODE

Liquid crystal display

QUICK REFERENCE DATA

Outline dimensions

92.5x25x10.5mm

Viewing area 65.8x11.2mm
Character size 3.2x6 mm
Mass ~21g

Drive method MUX 1:2
Supply voltage +2.6V

Supply current 30 pA
lllumination mode reflective

Front surface glossy
Character generator external

Data interface

serial (C-bus)

e

. OISOzt

. UnC] ([ u P [ e
o}

Fig.1 16-digit, universal LCD module.

7222327

TYPE DEPENDENT DATA

TYPE

ILLUMINATION MODE

VIEWING DIRECTION

LTM233R-10 reflective

6 o’clock
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Liquid crystal display LTM233

MECHANICAL DATA
925402
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T
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Fig.2 Outline dimensions.
PIN DESCRIPTION
1 2 3 4 5 6
DLEN 1 DATA |DLEN2 | CLB Vpbp GND
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Liquid crystal display LTM233
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vbp 0.3 - 8.0 Y
Input voltage on any pin Vi 0.3 - Vpp+0.3 \'
Storage temperature Tstg 25 - +60 °C
Operating ambient temperature Tamb 10 - +55 °C

OPERATING CHARACTERISTICS

Tamb = 25 °C unless otherwise specified

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Operating voltage Vpp - 2.6 - \'
LOW level input voltage ViL 0.3 - 0.6 \
HIGH level input voltage ViH 2.2 - Vbbb \

TIMING CHARACTERISTICS

Tamb = 010 50 °C, Vpp =5V +/- 5%, unless otherwise specified.

PARAMETER SYMBOL MIN. TYP. MAX. UNIT

CLB pulse width HIGH twH 3 - - us
CLB pulse width LOW twi 10 - - us
Data set-up time DATAto CLB tsupa 10 - - us
Data hold time DATA to CLB tHDDA 10 - - s
Enabie set-up time DLEN to CLB iSUEN 3 - - us
Disable set-up time CLB to DLEN tsubi 10 - - ws
Set-up time load pulse DLEN to CLB tsuLo 10 - - us
Busy-time from load pulse to next start of tBusy 10 - - us
transmission

Set-up time leading zero DATA to CLB tsuLz 10 - - us
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LTM233
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Liquid crystal display

LTM233

| DISPLAY |
32 32,
BP1 BP2 S1 532 BP1 BP2 S1 S32
Voo Vpb
DLEN1|1 DLEN DD DLEN T
MICRO DATA|2 —— i P Ic1 LB Ic2
- P P
COMPUTER |DLEN2) 3 | loata (PCF2111) DATA( CF2111)
cLBla —— Vss | Vss
1
Vpbp|s 10082
POWER
SUPPLY GND| 6

7291216

Fig.4 Functional block diagram.

July 1990
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Data sheet

LTN111

status Product specification Liquid crystal display
date of issue | July 1990
MODULE DESCRIPTION QUICK REFERENCE DATA
Outline dimensions 80x36x12mm
The LTN111 is a 5 x 7 dot, 16-character, 1-line dot matrix Viewing area 64.5 x 13.8 mm
LCD module, with driver and controller LSI IC mounted on Character format 5 x 7 dots and
a single printed circuit board. The LS! controller cursor
incorporates a ROM-based character generator with a Character size 3.07 x 6.56 mm
160 characters and RAM display data with 8 characters. Dot size (spacing 0.08 mm) 0.55 x 0.75 mm
The module is capable of generating 160 fixed and 8 write
by programme characters. The LTN111 operates from an Mass =259
extensive instruction set: display clear, cursor home, Drive method MUX 1:16
display ON/OFF, cursor ON/OFF, character blink, cursor Supply voltage +5V
shift and display shift. Power consumption 7.5 mwW
lllumination mode reflective/trans-
flective
Front surface glossy
Character generator builtin
Data interface parallei 4 or 8 bits
DISPLAY MODE
7222322
Fig.1 16-character, 1-line LCD module.
TYPE DEPENDENT DATA
TYPE ILLUMINATION MODE VIEWING DIRECTION TOBEUSED WITHEL
BACKLIGHT
LTN111R-10 reflective 6 o’clock -
LTN111F-10 transflective 6 o’clock LXL111-G
LTN111R-50 reflective 12 o’clock _
LTN111F-50 transflective 12 o’clock LXL111-G
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Liquid crystal display

LTN111

MECHANICAL DATA
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Fig.2 Outline dimensions.
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Liquid crystal display LTN111
PIN DESCRIPTION
PINNO. | SYMBOL NAME AND FUNCTION
1 Vss ground
O 2 Vop power supply (logic)
3 Vo contrast adjustment voltage
1 @] Vss 4 RS register select
2 @] Voo 5 R/W " read/write
3@ Vo 6 E enable
4QRs 7 DO /O data LSB
5 @ | R/W 8 D1 /O data 2nd bit
6 O |E 9 D2 /O data 3rd bit
7 @] oo 10 D3 /O data 4th bit
8 O D1 11 D4 /O data 5th bit
9 @ o2 12 D5 /O data 6th bit
10Q_|D3 13 D6 /0 data 7th bit
1 Q_|p4 14 D7 I/O data MSB
12 Q| D5
13 O_| D6
14 Q | D7
7296506
Fig.3 Pin configuration.
Notes to pin description
1. Contrast is adjusted by varying the voltage Vg between
Oand5V.
2. D7 doubles as busy flag.
3. When the module is interfaced with a microprocessor
with 4-bit parallel outputs, pins DO to D3 are not used.
+5V
Vbp
Vop
LCD I
MODULE  ° VR T Voo
Vss
% 7222275
Fig.4 Power supply.
July 1990 21
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Liquid crystal display LTN111
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)

PARAMETER SYMBOL MIN. TYP. MAX. UNIT

Supply voltage Vbp -0.3 - 7.0 \

LCD drive voltage (Vpp-Vop) Vop 0 = 9.0 \

Input voltage V| -0.3 - Vpp+0.3 1

Storage temperature Tstg -25 - +70 °C

Operating ambient temperature Tamb 0 - +50 °C

OPERATING CHARACTERISTICS

Tamb = 25 °C; Vpp =5V, all voltages refer to Vgg; unless otherwise specified

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage (logic) Vpp-Vss 4.75 5.0 5.25 Y
Contrast adjustment voltage Vo - 0.6 - \%
Temperature compensation of Vg TC - -14 - mV/°C
LOW level input voltage ViL -0.3 - 0.6 Vv
HIGH level input voltage Viy 2.2 - Vbp \
LOW level output voltage -Ig; = 1.2 mA VoL - - 0.4 \
HIGH level output voltage -l = 0.205 mA | Vo 2.4 - - Vv
Input leakage current i - - i.0 pA
Internal oscillating frequency fosc - 250 - kHz
Supply current (logic) Ibp - 1.5 2.0 mA
Power dissipation Py - 7.5 10.0 mwW

TIMING CHARACTERISTICS

Tamp = 0t0 50 °C, Vpp = 5 V+/- 5%, unless otherwise specified.

PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Enable cycle time toye 1000 - - ns
Enable pulse width tw 450 - - ns
Rise time t, - - 25 ns
Fall time t - - 25 ns
Register select set-up time trsu 140 - - ns
Read and write set-up time tsy 140 - - ns
Data set-up time tgsu 195 - - ns
Data delay time ty - - 320 ns
Address hold time tAH 10 - - ns
Data hold time write twH 10 - - ns
Data hold time read trH 20 - - ns
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Liquid crystal display LTN111

ELECTRO-OPTICAL CHARACTERISTICS

Tamb =25 °C, Vbp = VDD typ, @ = 10°, ¢ = dopt, unless otherwise specified

PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT
Response times ton Tamb=0°C 380 760 ms
Tamb=25°C 110 220 ms
Tamb=500°C 45 90 ms
toff Tamb=0°C 470 940 ms
Tamb=25°C 110 220 ms
Tamb =50°C 45 90 ms
Viewing Angles Qopt reflective types 30 - o
(contrast ratio CR > 3) ao-aq 30 -
Qopt transflective types 30 - o
o-a reflective operation 25 - °
a-aq transflective types 30 - o
transmissive operation 20 - 0

For definitions of response times, viewing angles and contrast ratio refer to notes 1 to 3
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Liquid crystal display

LTN111

Vin
RS
ViL

R/W \
ViL

tw tf |letay —>|

ViH ViH
E
P 2TH Vi A ViL
t > |<- <« U4y —»l I twH >
ViH ViH
DOtoD7 effective data
ViL ViL
tCVC
7296504.1
Fig.5 Timing waveforms (write operation).
A\ ViH Vin
RS
Vi ViLg
[ trgy —> - tAH >
_ ViH ViH
R/W
tw < tAH >
Vi ViH
E
IE— T ViL ViL
tr > |<—~ tq — tf —»I et RH-—>]
VoH Vou
DOtoD7 effective data
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Fig.6 Timing waveforms (read operation).
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Table 1 Instruction set

ADDRESSES
INSTRUCTION RS R/W D7 D6 D5 D4 D3 D2 D1 DO
Display clear 0 0 0 0 0 0 0 0 0
Cursor home 0 0 0 0 0 0 0 0 1
Entry mode set 0 0] 0 0 0 0 0 1 I1/D S
Display on/off control 0 0 0 0 0 0 1 D C B
Cursor display shift 0 0 0 0 0 1 S/C R/L * *
Function set 0 0 0 0 1 DL 1 0 * *
CG RAM address set 0 0 0 1 Aca
DD RAM address set 0 0 1 App
Busy flag/address read 0 1 BF AC
CG RAM/DD RAM data write 1 0 write data
CG RAM/DD RAM data read 1 1 read data
Notes: I/D = 1:increment I/D  =0:decrement
S = 1:display shift S = 0:display freeze
D = 1:display on D = O:display off
C = 1:cursor on C = 0:cursor off
B = 1:character at cursor position blinks B = 0:character at cursor position does not blink
S/C = 1:display shift S/C  =0:cursor move
R/L = 1:right shift R/L = 0O:left shift
DL =1:8 bits DL =0:4bits
BF  =1:during internal operation BF  =0:end of internal operation

Table 2 Display position and DD RAM address (HEX)

Digit

1 2 3 4 5 6 7 8 9 10 11

12 13 14 15 16

F)OH|01H]02HTO3H[04H|05H[06H|07H]40H[41H]42H|43H|44H|45H|46H |47HJ

July 1990
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RS
R/W

DO
D1
D2
D3
D4
D5
D6
D7

8 8
16-CHARACTER, 1-LINE LIQUID CRYSTAL DISPLAY PANEL
*40 :}'40
250 kHz @
4
5
6
7 CONTROLLER
80 CHARACTER
8 MEMORY
9
10
1
12
13
14
1
2 BIAS VOLTAGE
3 GENERATOR
7296509

Fig.7 Functional block diagram.

.nlv 1990

216



Philips Components Product specification

Liquid crystal display LTN111

Table 3 Input codes vs character pattern

Higher
0010 | 0011 | 0100 | 0101 | 0110 ) 0111 | 1010 | 1011 { 1100 | 1101 | 1110 | 1111

4-bit
8
S
S

+| Lower

xxxx0000 | RAM

0
H
xxxx0001 (21 :
.
] e =
HH H o o=
xxxx0010 (3) R ] Sagl”
: Hy.
: HA
o P
xxxx0011 (4) | J8aBe H : ki
fH o
Dol o [TE | o a2ass
xxxx0100 | (5) "2% | Sanie H Hil . : e BV
oee on” YT ws® | " | walas HAY

xxxx0101 (6)

xxxx0110 (7)

xxxx0111 8)

xxxx1000 | (1)

xxxx1001 (2)

xxxx1010 (3)

- .. .8 --
xxxx1011 | (4) - | | .
3 . . :
. s | S . .
. .
xxxx1100 | (5) - ':
'. .. LTI} aas

a
xxxx1101 () | wases .
o
..I - l..'l
xxxx1110 | (7) 8%
. .
H .

xxxx1111 (8) -
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Note 1 Definition of contrast ratio (CR).

Bott
in positiveimage mode: CR= —
Bon
Bon
in negative image mode: CR= —
Boff

Bon is the brightness of selected segments
Bos is the brightness of non-selected segments

Note 2 Definition of viewing angles o and ¢. 1222857
! $=b opt
CR
3
180°
~——
0
al o opt o
o —
Note 3 Definition of response times.
Vop— 7222263.2
¥ "TUHW HUI_IUH ”UHIJH ﬂuﬂL‘ __________
—Vop-| “ “ |_|
non
“?elect_> select non select
100
20
relative 1
contrast
(%)
10
0
ton toff

1) measured at o = 10°
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MODULE DESCRIPTION

LTN211
Liquid crystal display

QUICK REFERENCE DATA

Outline dimensions 84 x44 x12 mm
The LTN211 is a 5 x 7 dot, 16-character, 2-line dot matrix Viewing area 61.0 x 15.8 mm
LCD module, with driver and controller LSI IC mounted on Character format 5x 7 dots and
a single printed circuit board. The LSl controller cursor
incorporates a ROM-based character generator with a Character size 2.96 x 5.56 mm
160 characters and RAM display data with 8 characters. Dot size (spacing 0.04 mm) 0.56 x 0.66 mm
The module is capable of generating 160 fixed and 8 write
by programme characters. The LTN211 operates from an Mass =259
extensive instruction set: display clear, cursor home, Drive method MUX1:16
display ON/OFF, cursor ON/OFF, character blink, cursor Supply voltage +5V
shift and display shift. Power consumption 7.5 mW
- lllumination mode reflective/trans-
flective
Front surface glossy
Character generator built in
Data interface parallel 4 or 8 bits
DISPLAY MODE
7222324
Fig.1 16-character, 2-line LCD module.
TYPE DEPENDENT DATA
TYPE ILLUMINATION MODE VIEWING DIRECTION TO BE USED WITH EL
BACKLIGHT
LTN211R-10 reflective 6 o’clock -
LTN211F-10 transflective 6 o’clock LXL211-G
LTN211R-50 reflective 12 o’clock -
LTN211F-50 transflective 12 o’clock LXL211-G
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MECHANICAL DATA

84 +0.4
79 { =25
73 | |-— 3+0.4
61 9105 |=
- L11.4+0.
25 r 11.4+05
|
e pe
5c:> — —b
44 36 287 |—l | " " " I: \ 11.8
i o)
)
)(:)h:/__\ —) 575 11
R @@@@@@@@@@@@@@:—E—— 250 ©r
} ' }
«_?'(;_i , L—254x13 3302+01——| 25
! 76 | 4 fa—
_1.6—_—_.__.__.—.__—_—_—_—.__...—_._
it e e
AN [T 11 i J...
56.21
~— 296 —>| <059
—| |« 056
y 004 e
v ]
b
0.66 I
486 I
5.56 ;
!
1l
115 f { L
o,gs j j)== =
| YO
]
]
e |
character. pattern details 7296511
Fig.2 Outline dimensions. |
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PIN DESCRIPTION
PINNO. | SYMBOL NAME AND FUNCTION
1 Vss ground
1@ Vss 2 Vop power supply (logic)
2 @] Voo 3 Vo contrast adjustment voltage
3Q]Vvo 4 RS register select
4 Q] RS 5 R/W read/write
5 Q| R/W 6 E enable
6 OE 7 DO /O data LSB
7 @] po 8 D1 /0 data 2nd bit
8 @] D1 9 D2 /O data 3rd bit
12 % g§ 10 D3 /O data 4th bit
11 D4 I/0 data 5th bit
11 Qo4 12 D5 /O data 6th bit
12Q | b5 13 D6 I/0 data 7th bit
13Q | D6 14 D7 I/0 data MSB
14 Q© [D7
7222115

Fig.3 Pin configuration.

Notes to pin description

1. Contrast is adjusted by varying the voltage Vg between
Oand5V.

2. D7 doubles as busy flag.

3. When the module is interfaced with a microprocessor
with 4-bit parallel outputs, pins DO to D3 are not used.

+5V

Voo
Ivop
L +
co Vo r] VR -l— VoD

MODULE
Vss
% 7222275

Fig.4 Power supply.
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vpp -0.3 - 7.0 \
LCD drive voltage (Vpp-Vo) Vop 0 - 9.0 \
Input voltage ] -0.3 - Vpp+0.3 \
Storage temperature Tstg -25 - +70 °C
Operating ambient temperature Tamb 0 - +50 °C
OPERATING CHARACTERISTICS
Tamb =25 °C; Vpp = 5 V; all voltages refer to Vss; unless otherwise specified
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage (logic) Vpp-Vss 4.75 5.0 5.25 \
Contrast adjustment voltage Vo - 0.6 - \Y
Temperature compensation of Vo TC - -14 - mV/°C
LOW level input voltage ViL -0.3 - 0.6 \
HIGH level input voltage VIH 2.2 - Vbp Vv
LOW level output voltage -lo. = 1.2 mA VoL - - 0.4 \%
HIGH level output voltage -lony = 0.205 mA | Von 24 - - \'
Input leakage current Iy - - 1.0 RA
Internal oscillating frequency fosc - 250 - kHz
Supply current (logic) Ibp - 1.5 2.2 mA
Power dissipation P4 - 7.5 11.0 mw
TIMING CHARACTERISTICS
Tamb = 01t0 50 °C, Vpp =5V +/- 5%, unless otherwise specified.
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Enable cycle time teye 1000 - - ns
Enable pulse width tw 450 - - ns
Rise time tr - - 25 ns
Fall time tf - - 25 ns
Register select set-up time trsu 140 - - ns
Read and write set-up time tsu 140 - - ns
Data set-up time tdsu 195 - - ns
Data delay time taq - - 320 ns
Address hold time taH 10 - - ns
Data hold time write twH 10 - - ns
Data hold time read tRH 20 - - ns
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ELECTRO-OPTICAL CHARACTERISTICS

Tamb =25 °C, Vpp = VDD typ, & = 109, &b = dbopt. unless otherwise specified

PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT
Response times ton Tamb=0°C 380 760 ms
Tamb =25°C 110 220 ms
Tamb =50°C 45 90 ms
toff Tamp=0 oC 470 940 ms
Tamb =25°C 110 220 ms
Tamb =50°C 45 20 ms
Viewing Angles Qopt reflective types 30 - o
(contrast ratio CR > 3) ap-aq 30 - o
Qopt transflective types 30 - °
a2-otq reflective operation 25 - o
aopt transflective types 30 - o
ao-aq transmissive operation 20 - o

For definitions of response times, viewing angles and contrast ratio refer to notes 1 to 3
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ViH Vin ><
RS
ViL ViL
< gy —> ~tAH |
R/W \
Vie Vi
tw tf *‘AH—»I
B |
/FVm Vin \
E
N A TE ViL #ViL
t - L- < tdsy ———->| -ty >
Vin Vin
DOto D7 effective data
ViL Vi
te
eve 7296504.1

Fig.5 Timing waveforms (write operation).

RS
Vil

Vi

V|L,>(

- trg, — - tAH >

_ Vin Vin
R/W

tw ~ tAH >

X
/FVKH Vin ’\ /
E
I— A TE ViL ViL

tr > |<— tg —

R —>| < tRH -]

DOto D7

VoH
VoL

VoH
effective data

Vou

X

teye

Fig.6 Timing waveforms (read operation).
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Liquid crystal display LTN211

Table 1 Instruction set

ADDRESSES
INSTRUCTION RS | R/'W D7 D6 D5 D4 D3 D2 D1 DO
Display clear 0 0 0 0 0 0 0 0 0 1
Cursor home 0 0 0 0 0 0 0 0 1
Entry mode set 0 0 0 0 0 0 0 1 /D S
Display on/off control 0 0 0 0 0 0 1 D C B
Cursor display shift 0 0 0 0 0 1 S/C R/L * *
Function set 0 0 0 0 1 DL 1 0 * *
CG RAM address set 0 0 0 1 Acg
DD RAM address set 0 0 1 App
Busy flag/address read 0 1 BF AC
CG RAM/DD RAM data write 1 0 write data
CG RAM/DD RAM data read 1 1 read data
Notes: /D = 1:increment I/D = 0:decrement
S = 1:display shift S = O:display freeze
D =1:display on D = O:display off
C = 1:cursor on C = O:cursor off
B = 1:character at cursor position blinks B = 0:character at cursor position does not blink
S/C = 1:display shift S/C = 0:cursor move
R/L = 1:right shift R/L = O:left shift
DL =1:8 bits DL =0:4 bits
BF = 1:during internal operation BF = 0:end of internal operation
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16
16-CHARACTER, 1-LINE LIQUID CRYSTAL DISPLAY
A 40 A 40
250kHz @
Rs —|2
RIW —2
E 6
7 CONTROLLER
DO 80 CHARACTER DRIVER
D1 8 MEMORY
p2 —}2
D3 10
D4 1
D5 12
- 13
D7 14
i
I
1
Vbp
VSS 2 BIAS VOLTAGE
3 GENERATOR
Vo
7296512
Fig.7 Functional block diagram.

Table 2 Display position and DD RAM address (HEX)

Digit 1 2 3 4 5 6 7 8 9 16
Line 1 |00g|01g} 021|031 |04 |0SH[06H|{07H|O08H]........... OFy
Line 2 |40g|41y|42y|43y |44 |45u|46H|4TH[48H] - - - 4Fyg
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Table 3 Input codes vs character pattern
= Higher
2
| Lower
xxxx0000
xxxx0001
xxxx0010
xxxx0011
. e H
xxxx0100 | (5) P H g e H
Sasis Bl B VA
* ..ll ..' = =
weae s
: sasds
xxxx0101 (6) ens E %
TTT1] -l b
LI ’ =II. .=...
xxxx0110 | (7) i E | § i
.I. = .' ae
-
xxxx0111 (8)
.!
xxxx1000 | (1) i
--
s T 5 -
xoox1001 | (20 | § | Ceweg ot %%
P N I S I I S
: - ey "
xox1010 | (3) | Jefel| e Pl
B e 2| -2
ae I TTTT] [ 1)
MERIEIEEUS
xxxx1011 (4) | mages |, s ..
: d .
- s | Ben s
- U
»
xxxx1100 | (5) | =g | %
L) -I LTTT} ase
L
xxxx1101 | () |wsews | J00001 8 8
»e
.I l-l
o, | 8o, 8| 0" "a g ee
xxxx1110 | (7) . - . Hl
o HH
.
xxxx1111 (8) -
. aeses
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Note 1 Definition of contrast ratio (Cg). B
off
in positive image mode: CR= —
Bon
Bon
in negative image mode: CR= —
Bot
Bon is the brightness of selected segments
B,y is the brightness of non-selected segments
Note 2 Definition of viewing angles o and ¢. 7222857
! $=d opt
CR
3
180°
~—
)
00
0
7296552 o1 & opt © o —

Note 3 Definition of response times.

Vop]

Vv

t

7222263.2

—Vop

100

non

select

90

relative
contrast
(%)

(1)

non select

1)

on

measured at o = 10°

toff

L.k 41000N
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MODULE DESCRIPTION

The LTN221 is a 5 x 7 dot, 20-character, 2-line dot matrix
LCD module, with driver and controller LS! IC mounted on
a single printed circuit board. The LSI controller
incorporates a ROM-based character generator with a
160 characters and RAM display data with 8 characters.
The module is capable of generating 160 fixed and 8 write
by programme characters. The LTN221 operates from an
extensive instruction set: display clear, cursor home,
display ON/OFF, cursor ON/OFF, character blink, cursor
shift and display shift.

DISPLAY MODE

LTN221
Liquid crystal display

QUICK REFERENCE DATA

Outline dimensions 116 x 37 x 11 mm

Viewing area 83.0x 18.6 mm

Character format 5 x 7 dots and
cursor

Character size 3.2x5.55mm

Dot size (spacing 0.05 mm) 0.6 x 0.65 mm

Mass =259

Drive method MUX 1:16

Supply voltage +5V

Power consumption 7.5 mW

lllumination mode reflective/trans-
flective

Front surface glossy

Character generator built in

Data interface parallel 4 or 8 bits

. 7222277
Fig.1 20-character, 2-line LCD module.
TYPE DEPENDENT DATA
TYPE ILLUMINATION MODE VIEWING DIRECTION TO BE USED WITH EL
BACKLIGHT
LTN221R-10 reflective 6 o’clock -
LTN221F-10 transflective 6 o’clock LXL221-G
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MECHANICAL DATA
116.0% 1.0
108.0£0.3 -4.0+03
} | 95+ 0.5
—| 17.5%05 83.0£03 6.0%03
40+03 2.54——»' | ~ | = e
¥ i [
a1t
. - | 87 92
10.88 gl {.} +03 *05
U B :ttm T 1
T—c12 ctt | |\ M- "F""""""""—""—"————— = — —
37.0 29.0 2_24 Clg g :I D 18.6 36.0
£05 £03 pitch c6| o ec5 :| D +02 +03
c4| e@®c3 | L J_
c2 e ecl § l
i l |
R1.5
| ©
35 (4x)
' 1.6
| -
S S ol | 1 11 [ 1 3
max 47403 | 7222278
tot
-~ 3,2 —
- <0,6
065 y [ oo 0 - 7= {
)
0.05 I 1 f
5.554'85 -i
{
{ ]
v i 0]
11.5
4 ) {
0.4 ] §
{
{
{ i
{
) )
o
7296514.1
character pattern details
Fig.2 Outline dimensions.
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Q v +5V
DD
VDFI [
Lco vo Va € Voo
MODULE
Vgs !
% 7222275
Fig.4 Power supply.
PIN DESCRIPTION
PIN NO. | SYMBOL NAME AND FUNCTION
7222274 1 Vss ground
2 Vob power supply (logic)
. 3 Vo contrast adjustment voltage
Fig.3 Pin configuration. 4 RS register select

5 R/W read/write

6 E enable

7 DO I/O data LSB
Notes to pin description 8 D1 1/0O data 2nd bit

9 D2 I/0O data 3rd bit
1. Contrast is adjusted by varying the voltage Vq between 10 D3 /O data 4th bit

Oand5V. 11 D4 I/0O data 5th bit
2. D7 doubles as busy flag. 12 D5 /O data 6th b?t
3. When the module is interfaced with a microprocessor 13 D6 /0 data 7th bit
with 4-bit parallel outputs, pins DO to D3 are not used. 14 b7 /O data MSB

.Inihz 1000
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vpp -0.3 - 7.0 Y
LCD drive voltage (Vpp-Vo) Vop 0 - 9.0 |V
Input voltage V| -0.3 - Vpp+0.3 \
Storage temperature Tstq -25 - +70 °C
Operating ambient temperature Tamb 0 - +50 °C
OPERATING CHARACTERISTICS
Tamb =25 °C; Vpp = 5 V; all voltages refer to Vgg; unless otherwise specified
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage (logic) Vpp-Vss 4.75 5.0 5.25 \Y
Contrast adjustment voltage Vo - 0.0 - \
Temperature compensation of Vo TC - -14 - mV/°C
LOW level input voltage ViL -0.3 - 0.6 \
HIGH level input voltage ViH 2.2 - Voo \
LOW level output voltage -lg = 1.2 mA VoL - - 0.4 \Y%
HIGH level output voltage -lgy = 0.205 mA | Vo 2.4 - - \Y
Input leakage current I - - 1.0 RA
Internal oscillating frequency fosc - 250 - kHz
Supply current (jogic) Ibp - 1.5 2.4 mA
Power dissipation Py - 7.5 12.0 mwW
TIMING CHARACTERISTICS
Tamb =010 50 °C, Vpp =5V +/- 5%, unless otherwise specified.
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Enable cycle time teye 1000 - - ns
Enable pulse width tw 450 - - ns
Rise time t, - - 25 ns
Fall time t - - 25 ns
Register select set-up time trsu 140 - - ns
Read and write set-up time tsu 140 - - ns
Data set-up time tdsu 195 - - ns
Data delay time ty - - 320 ns
Address hold time tan 10 - - ns
Data hold time write twH 10 - - ns
Data hold time read tRH 20 - - ns

Lk, 1QQN
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ELECTRO-OPTICAL CHARACTERISTICS

Tamb =25 °C, Vpp = VDD typ, & = 10°, & = dopt, Unless otherwise specified

PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT
Response times ton Tamb=0°C 380 760 ms
Tamb =25°C 110 220 ms
Tamb =50°C 45 90 ms
toff Tamp=0°C 470 940 ms
Tamb =25°C 110 220 ms
Tamb =50°C 45 90 ms
Viewing Angles Qopt reflective types 30 - o
(contrast ratio CR > 3) a-aq 30 - °
Qopt transflective types 30 - o
-0 reflective operation 25 - o
Qopt transflective types 30 - o
a-Qq transmissive operation 20 - o

For definitions of response times, viewing angles and contrast ratio refer to notes 1 to 3

July 1990 233



Philips Components

Product specification

Liquid crystal display

LTN221

ViH
RS
Vi

tf *tAH*’

tw
ViH Vin)
E
FViL ViL ViL
tr L— «— tdsu —>l < twH >
Vin Vin
DOtoD7 effective data
ViL ViL
t
cyc
v 7Z296504.1
Fig.5 Timing waveforms (write operation).
Vin Vi)
RS
ViL ViL
- trgy — - tAH >l
_ ViK Vi
R/W
tw <« tAH>
FVin Vin)
E
Vi ViL ViL
> L—— g —— tf =l letRH-»
VoH Vo
DOt D7 effective data
VoL VoL
tcyc
7Z296505.1

Fig.6 Timing waveforms (read operation).
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Table 1 Instruction set

ADDRESSES
INSTRUCTION RS | R’'W | D7 D6 D5 D4 D3 D2 D1 DO
Display clear 0 0 0 0 0 0 0 0 0
Cursor home 0 0 0 0 0 0 0 0 1 *
Entry mode set 0 0 0 0 0 0 0 1 I/D S
Display on/off control 0 0 0 0 0 0 1 C B
Cursor display shift 0 0 0 0 0 1 S/C R/L * *
Function set 0 0 0 0 1 DL 1 0 * *
CG RAM address set 0 0 0 1 Acg
DD RAM address set 0 0 1 App
Busy flag/address read 0 1 BF AC
CG RAM/DD RAM data write 1 0 write data
CG RAM/DD RAM data read 1 1 read data
Notes: /D = 1:increment i/D = 0:decrement

S = 1:display shift S = O:display freeze

D = 1:display on D = O:display off

C =1:cursoron C = O:cursor off

B = 1:character at cursor position blinks B = 0:character at cursor position does not blink

S/C = 1:display shift S/C = 0:cursor move

R/L = 1:right shift R/L = O:left shift

DL = 1:8 bits DL =0:4 bits

BF = 1:during internal operation BF = 0:end of internal operation
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16
20- CHARACTER, 2- LINE LIQUID CRYSTAL DISPLAY
+40 P 420
Rosc
4
RS
i
R/W
£ —t8 CONTROLLER
7
00 80
o1 8 CHARACTER
° MEMORY
D2
10
D3
1
D4 -
12
D5 " — SLAVE — SLAVE
D6 — DRIVER |— DRIVER
14
D7 -
| 1 ]
|
v 1
bo—T7 BIAS
Vg VOLTAGE
S E
Vo GENERATOR

7222281

Fig.7 Functional block diagram.

Table 2 Display position and DD RAM address (HEX)

display position

digit 1 2 3 4 5 6 7 8 9 19 20
line2 |40y|41y|42,|43|44|45|46| 47| 48K 52|53y
7222280 DD RAM address (HEX)
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Table 3 Input codes vs character pattern

Higher
0010 | 0011} 0100 | 0101 | 0110 | 0111 | 1010 | 1011 | 1100 | 1101 | 1110 | 1111

Lower

4-bit
o g
S
=

xxxx0000

xxxx0001

xxxx0010

xxxx0011

xxxx0100

xxxx0101

xxxx0110

xxxx0111

xxxx1000

xxxx1001 | (2)

x
xxxx1010 | (3) ] e
Seens | ®2n® | sfess
- .l ] -l
xxxx1011 | (4) O | .
2 . :
L} ] 1] [ ] ]
l- b
xxxx1100 | (5) | ws |°a
d .
L] L] sens als
= x
. . o
xxxx1101 | (6) |weswn|oooan (88 L
.e -.
.'- - -'-'-
xxxx1110 Y] o* .
. -~

xxxx1111 (8) _l
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Note 1 Definition of contrast ratio (Cg). Bost

in positive image mode: CR= —
Bon
Bon
in negative image mode: CR= —
Botf
Bon is the brightness of selected segments
Byt is the brightness of non-selected segments
Note 2 Definition of viewing angles « and ¢. 7222857
T $ =% opt
CR
3
180°
~—
0 (3] « opt o
o ——»
Note 3 Definition of response times.
Vop 7222263.2
Y] I B e I Iy —
1 TUHW ”LIHU” HHI_IUH HUHL
—_ Vop - H U “
4—5522(—» select non select
100
90
relative 1)
contrast
(%)
10
0
t

on toff

1) measured at o = 10°
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MODULE DESCRIPTION

The LTN222 is a 5 x 7 dot, 24-character, 2-line dot matrix
LCD module, with driver and controller LSI IC mounted on
a single printed circuit board. The LS| controller
incorporates a ROM-based character generator with a
160 characters and RAM display data with 8 characters.
The module is capable of generating 160 fixed and 8 write
by programme characters. The LTN222 operates from an
extensive instruction set: display clear, cursor home,
display ON/OFF, cursor ON/OFF, character blink, cursor
shift and display shift.

DISPLAY MODE

LTN222
Liquid crystal display

QUICK REFERENCE DATA

Outline dimensions 116 x 37 x 11 mm

Viewing area 83.0x18.6 mm

Character format 5x 7 dots and
cursor

Character size 2.7 x5.55 mm

Dot size (spacing 0.05 mm) 0.5x0.65mm

Mass =509

Drive method MUX 1:16

Supply voltage +5V

Power consumption 7.5 mW

lllumination mode reflective/trans-
flective

Front surface glossy

Character generator built in

Data interface parallel 4 or 8 bits

7222288
Fig.1 24-character, 2-line LCD module.
TYPE DEPENDENT DATA
TYPE ILLUMINATION MODE VIEWING DIRECTION TO BE USED WITH EL
BACKLIGHT
LTN222R-10 reflective 6 o’clock -
LTN222F-10 transflective 6 o’clock LXL221-G
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Liquid crystal display LTN222
MECHANICAL DATA
116.0+ 1.0
108.0+ 0.3 [+—40+03
‘ | 95105
-~ 175205 83.0£03 60103
4003 254—=|~— | - ~33s
+ ; - [P
10.88 M {} . :86.73 igbz.s
L i c1a :fi:‘a r 4
37.0 29.0 2.5%5 . :g‘i‘ % D 18.6 36.0
+05 +03 pitch o8| o ece D £02 +03
@ :.:Z' e — |
A R15 ) i )
& ©
J L
.5 (4x)
. 1‘6
n L[—Q_l_l [ [ 1 — 1 [ ] A
max 47+0.3 t [__— j 7222289
ot
— 2.7 —
~| =05
0.65 t>(l<0.05 | ‘4-0.5
]
¥ X 000
vy DBD goa
w =
s oog |
oon ad
oo 0og
o : 0oo 000
g 00 aoa
0s oo aog
| g
i a0a
0o UED
/E/] 0o
g 00
e - - _00d
character pattern details 7222290
Fig.2 Outline dimensions.
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Liquid crystal display LTN222
)
+5V
O |
Vop
Lo [ N
/ MODULE Vo LJ VR T Voo
140 013
120 O11 > Vss T
4 7222275
100 09
80 O7
60 O5b
40 O3 Fig.4 Power supply.
20 O1
Q PIN DESCRIPTION
PINNO. | SYMBOL NAME AND FUNCTION
7222274 1 Vgs ground
2 Vop power supply (logic)
3 Vo contrast adjustment voltage
Fig.3 Pin configuration. 4 RS register select
5 R/W read/write
6 E enable
7 DO I/0 data LSB
Notes to pin description 8 D1 I/0 data 2nd bit
9 D2 1/0O data 3rd bit
1. Contrast is adjusted by varying the voltage Vg between 10 D3 /O data 4th bit
O0and5V. 1 D4 I/0 data 5th bit
2. D7 doubles as busy flag. 12 DS \/O data 6th bit
3. When the module is interfaced with a microprocessor 13 D6 /0 data 7th bit
with 4-bit paraliel outputs, pins DO to D3 are not used. 14 b7 /O data MSB

July 1990
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Liquid crystal display LTN222
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vop -0.3 - 7.0 \%
LCD drive voltage (Vpp-Vop) Vop 0 - 9.0 |V
Input voltage V| -0.3 - Vpp+0.3 \
Storage temperature Tstg -25 - +70 °C
Operating ambient temperature Tamb 0 - +50 °C
OPERATING CHARACTERISTICS
Tamp =25 °C; Vpp =5 V; all voltages refer to Vgg; unless otherwise specified
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage (logic) Vpp-Vss 4.75 5.0 5.25 \
Contrast adjustment voltage Vo - 0.0 - \
Temperature compensation of Vo TC - -14 - mV/°C
LOW level input voltage Vi -0.3 - 0.6 \
HIGH level input voltage Vi 2.2 - Vpbp \%
LOW level output voltage -lo; = 1.2 mA VoL - - 0.4 \
HIGH level output voltage -l = 0.205 mA | Vo 2.4 - - \
Input leakage current I - - 1.0 pA
Internal oscillating frequency fosc - 250 - kHz
Supply current (logic) %) - 1.5 2.4 mA
Power dissipation Py - 7.5 12.0 mw
TIMING CHARACTERISTICS
Tamb = 010 50 °C, Vpp =5V +/- 5%, unless otherwise specified.
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Enable cycle time teve 1000 - - ns
Enable pulse width tw 450 - - ns
Rise time t, - - 25 ns
Fall time t - - 25 ns
Register select set-up time trsu 140 - - ns
Read and write set-up time tsu 140 - - ns
Data set-up time tgsu 195 - - ns
Data delay time t4 - - 320 ns
Address hold time taAH 10 - - ns
Data hold time write twH 10 - - ns
Data hold time read try 20 - - ns
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Liquid crystal display LTN222

ELECTRO-OPTICAL CHARACTERISTICS

Tamb = 25 °C, Vpp = VDD typ, @ = 10, $ = dopt, unless otherwise specified

PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT
Response times ton Tamb=0°C 380 760 ms
Tamb =25°C 110 220 ms
Tamb =50 °C 45 90 ms
toi Tamb=0°C 470 940 ms
Tamb =25°C 110 220 ms
Tampb =50°C 45 90 ms
Viewing Angles Qopt reflective types 30 - o
(contrast ratio CR > 3) -0 30 - °
Qopt transflective types 30 - o
ag-a reflective operation 25 - o
olopt transflective types 30 - o
a2-aq transmissive operation 20 - o

For definitions of response times, viewing angles and contrast ratio refer to notes 1 to 3
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Liquid crystal display LTN222

ViH ViH
RS
Vie ViL

tw tf <—‘AH—>I
Vin Vin
E
£ViL ViL F# Vi

tr > L— ~<~— tdsu —>| < tWH >

Vi Vi
DOtoD7 effective data
Vie ViL

cyc

7296504.1
Fig.5 Timing waveforms (write operation).
FVin Vi
RS
Vi Vi
e trgy — ~tAH >
_ ViH ViH
R/W
tw < tAH >
Vi ViH
E .
—— AT ViL ViL
ty 5 le— tg —» tf —»I et RH-—]
VoH VoH
DOtoD7 effective data
VoL VoL
teye
7296505.7

Fig.6 Timing waveforms (read operation).
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Liquid crystal display LTN222
ADDRESSES
INSTRUCTION RS | R/'W D7 D6 D5 D4 D3 D2 D1 DO
Display clear 0 0 0 0 0 0 0 0 0
Cursor home 0 0 0 0 0 0 0 0 1
Entry mode set 0 0 0 0 0 0 0 1 /D S
Display on/off control 0 0 0 0 0 0 1 D C B
Cursor display shift 0 0 0 0 0 1 S/C R/L * *
Function set 0 0 0 0 1 DL 1 0 * *
CG RAM address set 0 0 0 1 Acg
DD RAM address set 0 0 1 App
Busy flag/address read 0 1 BF AC
CG RAM/DD RAM data write 1 0 write data
CG RAM/DD RAM data read 1 1 read data
Notes: |/D = 1:increment I/D = 0:decrement
S = 1:display shift S = O:display freeze
D = 1:display on D = O:display off
C = 1:cursor on C = O:cursor off
B = 1:character at cursor position blinks B = 0:character at cursor position does not blink
S/C = 1:display shift S/C = 0:cursor move
R/L = 1:right shift R/L = O:left shift
DL =1:8 bits DL = 0:4 bits
BF = 1:during internal operation BF = 0:end of internal operation
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Liquid crystal display LTN222

24-CHARACTER, 2-LINE LIQUID CRYSTAL DISPLAY

+40 A 40 A 40

ROSC
4
RS
N
RIW
|8 CONTROLLER
7
o 80
o1 8 CHARACTER
9 MEMORY
D2
10
D3
1
D4 - | ]
12
D5 e - SLAVE 1 SLAVE
D6 —| oriver —{ DrivER
14
D7 -
I | H|
[
v 1
Do BIAS
Vss VOLTAGE
Vo 3 GENERATOR

7222291

Fig.7 Functional block diagram.

Table 2 Display position and DD RAM address (HEX)

display position

digit 1 2 3 4 5 6 7 8 9 23 24
7222292 DD RAM address (HEX)
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Liquid crystal display LTN222

Table 3 Input codes vs character pattern

Higher

4-bit

L 0000 | 0010 | 0011 | 0100 | 0101 | 0110 | 0111} 1010 | 1011 | 1100 | 1101 | 1110 | 1111
ower

CG
xxxx0000 R(? M
)

xxxx0001 (2)

xxxx0010 (3)

xxxx0011 (4)

xxxx0100 (5)

Xxxx0101 (6}

xxxx0110 (7)

xxxx0111 (8)

xxxx1000 | (1)

vxxxx1 001

xxxx1010

xxxx1011
-
xxxx1100 | (5) - |
d .
s s | Bessn
xxxx1101 (6) | wmwsn | So2on .=.
[
.I
xxxx1110 | (7) | 8
H "
- l-..l L]
8 - - afene
xxxx1111 (8) o . .
. 2 L TTTT] .
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Liquid crystal display LTN222
Note 1 Definition of contrast ratio (Cr). Bofr
in positive image mode: CR= —
Bon
Bon
in negative image mode: CR= —
Bot
Bon is the brightness of selected segments
Byt is the brightness of non-selected segments
Note 2 Definition of viewing angles o and ¢. 7222857
T& $=3 opt
CR
3
180°
—
P
00
7296552 ° al & opt o
o —>
Note 3 Definition of response times.
V, 7222263.2

\"

t

-V,

100
90

relative
contrast
(%)

=

op |

____LI

non
select

(1)

non select

0 measured

on

at o =10°

toff
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MODULE DESCRIPTION

The LTN243 is a 5 x 7 dot, 40-character, 2-line dot matrix
LCD module, with driver and controller LSI IC mounted on
a single printed circuit board. The LSI controller
incorporates a ROM-based character generator with a
160 characters and RAM display data with 8 characters.
The module is capable of generating 160 fixed and 8 write
by programme characters. The LTN243 operates from an
extensive instruction set: display clear, cursor home,
display ON/OFF, cursor ON/OFF, character blink, cursor
shift and display shift.

DISPLAY MODE

LTN243
Liquid crystal display

QUICK REFERENCE DATA

Outline dimensions 182 x33.5x 11
mm

Viewing area 154.4 x 15.8 mm

Character format 5 x 7 dots and
cursor

Character size 3.2x5.55mm

Dot size (spacing 0.05 mm) 0.6 x0.65 mm

Mass ~65¢g

Drive method MUX 1:16

Supply voltage +5V

Power consumption 11 mw

Illumination mode reflective/trans-
flective

Front surface glossy

Character generator builtin

Data interface parallel 4 or 8 bits

Fig.1 40-character, 2-line LCD module.

7222273

TYPE DEPENDENT DATA
TYPE ILLUMINATION MODE VIEWING DIRECTION TO BEUSED WITH EL
BACKLIGHT
LTN243R-10 reflective 6 o’clock -
LTN243F-10 transflective 6 o’clock LXL242-G
LTN243R-50 reflective 12 o’clock -
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Liquid crystal display

LTN243

MECHANICAL DATA

182 +0.4
175 ]
l 162 [-74+04
154.4 | =35
35 475 6.7 *] 235
il ! ‘ :
35 1 pu [ 1 [ 1 [ 1 I 1 [ Yy
1026 | @ T
too |\ (VL - _ - . _ - - - - MMM M —
o
335 pqg 6254 0o j [ 1518 2838
£04 1524:*01 gg :I [ | ]
: i_ oo |\ H—r —m o i i il i l
£ Ris &
- 4$; T T 1 T T T T ¥
254201 — |o
16
¥ ‘o L I —] T T 1 [T 1 [T 1 —
11 * [ 1] } l! [ A l ! II 1 1 ]
t 545 |_~4 MBA133 -1
~—— 32 —=
== =06
: ++|=-005 | (05
0.65 ¢ O
t 00
0.05 CIC0
5,554'85 jDB
LOR
QoL
Qag {
s ¥ L0B {
‘ f E {
0.4 000 b
N
LK
LG
/K
LB
I [
7296514.1
character pattern details
Fig.2 Outline dimensions.
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Liquid crystal display LTN243
PIN DESCRIPTION
PINNO. | SYMBOL NAME AND FUNCTION
1 Vss ground
2 Vbp power supply (logic)
3 Vo contrast adjustment voltage
4 RS register select
5 R/W read/write
6 E enable
7 DO I/O data LSB
8 D1 1/O data 2nd bit
9 D2 1/O data 3rd bit
10 D3 1/0O data 4th bit
11 D4 1/0 data 5th bit
12 D5 1/0 data 6th bit
13 D6 1/0 data 7th bit
14 D7 I/0 data MSB

7222274

Fig.3 Pin configuration.

Notes to pin description

1. Contrast is adjusted by varying the voltage Vo between

Oand5V.

2. D7 doubles as busy flag.

3. When the module is interfaced with a microprocessor
with 4-bit parallel outputs, pins DO to D3 are not used.

LcoD
MODULE

+5V

Voo

Vop

Mv. =L

Vo L] Ve T Vo
v
ss

% 7222275

Fig.4 Power supply.

oy 1QaGN
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Liquid crystal display LTN243

ViH Vi ><
RS
>< m ViL
< trgy —> V"'AH"
RIW \ /
ViL ViL

tw tf <—‘AH»’

ViH ViH
E
ViL ViL #ViL

tr | | <« tdsy —->| - tyH >

ViH ViH
DOtoD7 effective data
ViL ViL

cyc

7296504.1
Fig.5 Timing waveforms (write operation).
Vin ViH
RS
ViL Vi
== trsy = - tAH -J
_ Vin Vin
R/W
tw < tAH
/ Vi VlH’\ /
E .
VL ViL ViL
tr | L— g — tg _.>| et RH -]
VoH VoH
DOtoD7 effective data
VoL VoL
tz:vc
7Z96505.1

Fig.6 Timing waveforms (read operation).
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Liquid crystal display LTN243
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage Vbp -0.3 - 7.0 Vv
LCD drive voltage (Vpp-Vo) Vop 0 - 9.0 Y
input voltage \ -0.3 - Vpp+0.3 \
Storage temperature Tstg -25 - +70 °C
Operating ambient temperature Tamb 0 - +50 °C
OPERATING CHARACTERISTICS
Tamb =25 °C; Vpp = 5 V; all voltages refer to Vss; unless otherwise specified
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Supply voltage (logic) Vpp-Vss 4.75 5.0 5.25 \Y
Contrast adjustment voltage Vo - 0.6 - \%
Temperature compensation of Vo TC - -14 - mV/°C
LOW level input voltage ViL -0.3 - 0.6 \
HIGH level input voltage ViH 2.2 - Vpp \)
LOW level output voltage -lo. = 1.2 mA VoL - - 0.4 \
HIGH level output voltage -lon = 0.205 mA | Von 2.4 - - \
Input leakage current I - - 1.0 RA
Internal oscillating frequency fosc - 140 - kHz
Supply current (logic) Ibp - 22 4 mA
Power dissipation P4 - 11 20 mwW
TIMING CHARACTERISTICS
Tamb =0t0 50 °C, Vpp =5V +/- 5%, unless otherwise specified.
PARAMETER SYMBOL MIN. TYP. MAX. UNIT
Enable cycle time teye 1000 - - ns
Enable pulse width tw 450 - - ns
Rise time tr - - 25 ns
Fall time tf - - 25 ns
Register select set-up time trsu 140 - - ns
Read and write set-up time tsu 140 - - ns
Data set-up time tdsu 195 - - ns
Data delay time tg - - 320 ns
Address hold time tAH 10 - - ns
Data hold time write twH 10 - - ns
Data hold time read tRH 20 - - ns
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Liquid crystal display LTN243

ELECTRO-OPTICAL CHARACTERISTICS

Tamb =25 °C, Vpp = VDD typ, @ = 109, ¢ = dopt, unless otherwise specified

PARAMETER SYMBOL CONDITIONS TYP. MAX. UNIT

Response times ton Tamp=0°C 380 760 ms

Tamb =25°C 110 220 ms

Tamb =50°C 45 90 ms

toff Tamb=0°C 470 940 ms

Tamb=25°C 110 220 ms

Tamb =500°C 45 90 ms
Viewing Angles opt reflective types 35 - o
(contrast ratio CR > 3) -0 LTN243R/F 25 - o
Qaopt transmissive types 35 - o
o2-aq LTN243F 20 - o

For definitions of response times, viewing angles and contrast ratio refer to notes 1to 3
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Liquid crystal display LTN243

Table 1 Instruction set

ADDRESSES
INSTRUCTION RS | R/'W | D7 D6 D5 D4 D3 D2 D1 DO
Display clear 0 0 0 0 0 0 0 0 0
Cursor home 0 0 0 0 0 0 0 0 1 *
Entry mode set 0 0 0 0 0 0 0 1 /D S
Display on/off controi 0 0 0 0 0 0 1 D C B
Cursor display shift 0 0 0 0 0 1 S/C R/L * *
Function set 0 0 0 0 1 DL 1 0 * *
CG RAM address set 0 0 0 1 Aca
DD RAM address set 0 0 1 App
Busy flag/address read 0 1 BF AC
CG RAM/DD RAM data write 1 0 write data
CG RAM/DD RAM data read 1 1 read data
Notes: I/D = 1:increment I/D = O:decrement

S = 1:display shift S = O:display freeze

D = 1:display on D = 0:display off

C = 1:cursor on C = O:cursor off

B = 1:character at cursor position blinks B = O:character at cursor position does not blink

S/C = 1:display shift S/C = 0:cursor move

R/L = 1:right shift R/L = 0:left shift

DL =1:8 bits DL = 0:4 bits

BF = 1:during internal operation BF = 0:end of internal operation
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Liquid crystal display LTN243

1
6 40-CHARACTER, 2-LINE LIQUID CRYSTAL DISPLAY
A 40 ¥ 40 40 40 ¥ 40
ROQC
RS 4
R/W—2
e 6 CONTROLLER
00 7 80
8 CHARACTER
D1 ° MEMORY
D2
b3 10
pa — 1 ] - ||
12
D5 [—] SLAVE [— SLAVE | SLAVE [|— SLAVE
D6 13 L1 DRIVER |—] DRIVER |— DRIVER }— DRIVER
p7 — 14 - _— = _—
I
1
VbD
v 2 BIAS VOLTAGE
58 GENERATOR
y 3
o

7296515.1

Fig.7 Functional block diagram.

Table 2 Display position and DD RAM address (HEX)

display position

dgt 1 2 3 4 5 6 7 8 9 39 40
line1 |004|01,]02y]03,|04,|05,4]|06,[07,] 08y 26| 27
line2 |40y |41y| 42|43y | 44| 45|46 47| 48y 66| 67H
7222276 DD RAM address (HEX)
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Liquid crystal display LTN243

Table 3 Input codes vs character pattern

Higher
0010 | 0011 0100 | 0101 | 0110 | 0111 | 1010 | 1017} 1100 | 1101 | 1110 | 1111

4-bit
=)
S
S
S

Lower

xxxx0000 | RAM

]
H
xxxx0001 (2) : new
He
. HH
HH Had o
.. : H %
xxxx0010 3) A s
H "
asese Lo

xxxx0011 4) | J5.8s

xxxx0100 (5)

xxxx0101 (6)

xxxx0110 | (7)

xxxx0111 (8)

xxxx1000 | (1 | §

xxxx1001 | (2) H

xxxx1010 | (3)

T 5
™ .
xxxx1011 | (4) - * "
H .
o w| Sue .
m +
xxxx1100 | (6) - |
I. .l LITT] ans
L
. o
xxxx1101 | (6) | ewsss :
o
.I I.I
a | 8 - [
xxxx1110 | (7) 2" | 8 "l "B
s |- ii
o
xxxx1111 (8) " "
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Note 1 Definition of contrast ratio (Cg).

Bot
in positive image mode: CR= —
Bon
Bon
in negative image mode: CR= —
Bot

Bon is the brightness of selected segments
B,gs is the brightness of non-selected segments

Note 2 Definition of viewing angles a and ¢. 7222857

T $ =% opt
CR

180°
~

0°

7296552 ol o opt o3

Vop % 7222263.2
¥ llﬂ ﬂ”ﬂﬂ”ﬂ |
—Vop “ IJ |.|
non
select select non select
100
90
relative )
contrast
(%)
10
0
") measured at & = 10° ton toff

-luhy 1QQaN Aca
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date of issue | July 1990

Data shee LXL111-G

stete  [Produstopecieatn | Electro-luminescent backlight panel

DEVICE DESCRIPTION QUICK REFERENCE DATA
Lit area dimensions 11.5x62 mm
The LXL111-G is an electro-luminescent backlight panel Supply voltage 110 VRMS
which has to be used in the LTN111 module. The emitted Supply frequency 500 Hz
colour is green.
Colour green
Connection solderable leads
MECHANICAL DATA
861 —
715793 = -
'
37max [,
17.7 11.5 min 7£1
I i; = o
(25) N 61
1 4
- 62 min (7) = 7222934
2.5 max

Fig.1 Panel outline.

Pin connections

The device should be soldered onto the PC-board of the
module.
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Electro-luminescent backlight panel LXL111-G

RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)

Supply voltage, t = 60 s max. Vs max. 130 VRMS
Frequency

Vg =100V RMS, t =60 s max. F max. 1500 Hz
Isolation voltage

pin to film, t = 60 s max. Vis max. 1000 V
Storage temperature range

note 1 Tstg -20to+40 ©C

note 2 Tstg +40to +60 °C
Ambient operating temperature range

note 1 Tamb Oto+40 °C

note 2 Tamb +40to +50 ©°C
CHARACTERISTICS

Tamb =25 °C, Vg =110 V RMS, f = 500 Hz, in dark room, unless otherwise specified

Luminance L typ. 90 cd/m?2
Supply current Is typ. 2 mA
Chromaticity (colour = green) X typ. 0.21

Y typ. 0.51
Notes:

1. Condition: relative humidity < 95%
2. Condition: absolute humidity < T, = 40 °C, 95% RH

L aAnA -~
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date of issue |July 1990

LXL211-G

status Product specification EI ectro-lumin nt backlight pane|

QUICK REFERENCE DATA

DEVICE DESCRIPTION

Lit area dimensions 13.3x63.5 mm
The LXL211-G is an electro-luminescent backlight panel Supply voltage 110 VRMS
which has to be used in the LTN211 module. The emitted Supply frequency 500 Hz
colour is green. Colour green
Connection solderable leads
MECHANICAL DATA
87.5 %1
+0.5
B_15
i
3.7 max
f = ¥
71
195 13.3min
\—J ) 7%1
(2.5) _
A 1
- 63.5 min (7) 7222935
2.5 max
Fig.1 Panel outline.

Pin connections

The device should be soldered onto the PC-board of the
module.
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Electro-luminescent backlight panel LXL211-G

RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)

Supply voltage, t = 60 s max. Vg max. 130 VRMS
Frequency

Vg =100V RMS, t = 60 s max. F max. 1500 Hz
Isolation voltage

pin to film, t = 60 s max. Vis max. 1000 V
Storage temperature range

note 1 Tstg —20to+40 ©°C

note 2 Tstg +40to +60 °C
Ambient operating temperature range

note 1 Tamb Oto+40 ©°C

note 2 Tamb +40to+50 ©°C
CHARACTERISTICS

Tamp =25°C, Vg = 110 V RMS, f = 500 Hz, in dark room, unless otherwise specified

Luminance L typ. 90 cd/m?2
Supply current Is typ. 2.2 mA
Chromaticity (colour = green) X typ. 0.21

Y typ. 0.51
Notes:

1. Condition: relative humidity < 95%
2. Condition: absolute humidity < Ty, = 40 °C, 95% RH
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Data sheot LXL221-G

staws | Poductspeciication | Electro-luminescent backlight panel

date of issue | July 1990

DEVICE DESCRIPTION QUICK REFERENCE DATA
Lit area dimensions 22 x85mm
The LXL221-G is an electro-luminescent backlight panel Supply voltage 110 V RMS
wh{ch has to be. used in the LTN221/LTN222 modules. The Supply frequency 500 Hz
emitted colour is green.
Colour green
Connection solderable leads
MECHANICAL DATA
109 1
+0.5
%5 _1s
'
37max (| = —
[: _ '
282  22min ] __ 5%
1241
(25) N — V
4
i 85 min (7) '~ 7222936
2.5 max

Fig.1 Panel outline.

Pin connections

The device should be soldered onto the PC-board of the
module.
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Electro-luminescent backlight panel LXL221-G

RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)

Supply voltage, t = 60 s max. Vg max. 130 VRMS
Frequency

Vg =100V RMS, t =60 s max. F max. 1500 Hz
Isolation voltage

pin to film, t = 60 s max. Vis max. 1000 V
Storage temperature range

note 1 Tstg —20to+40 ©°C

note 2 +40to+60 ©C
Ambient operating temperature range

note 1 Tamb Oto+40 ©C

note 2 Tamb +40to +50 ©°C
CHARACTERISTICS

Tamb =25 °C, Vg = 110 V RMS, f = 500 Hz, in dark room, unless otherwise specified

Luminance L typ. 90 cd/m?
Supply current Is typ. 4.3 mA
Chromaticity (colour = green) X typ. 0.21

Y typ. 0.51
Notes:

1. Condition: relative humidity < 95%
2. Condition: absolute humidity < T,p,, = 40 °C, 95% RH
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date of issue | July 1990

DEVICE DESCRIPTION

LXL242-G

status rodutspecfeatn 1 Electro-luminescent backlight panel

QUICK REFERENCE DATA

Lit area dimensions 15 x 153 mm
The LXL242-G is an electro-luminescent backlight panel Supply voltage 110 VRMS
which has to be used in the LTN242 module. The emitted Supply frequency 500 Hz
colour is green.
Colour green
Connection solderable leads
MECHANICAL DATA
177 21
# 1625793
4 max ( | L
f | B
22 15min 5 L [ _[ 5%1
! || T e
@ {1 81
! i

153 min 7) t=

Fig.1 Panel outline.

7222937

Pin connections

The device should be soldered onto the PC-board of the

module.
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Electro-luminescent backlight panel LXL242-G

RATINGS
Limiting values in accordance with Absolute Maximum System (IEC 134)

Supply voltage, t = 60 s max. Vs max. 130 VRMS
Frequency

Vg =100V RMS, t = 60 s max. F max. 1500 Hz
Isolation voltage

pin to film, t = 60 s max. Vis max. 1000 V
Storage temperature range

note 1 Tstg -20t0+40 ©°C

note 2 Tsig +40to+60 ©°C
Ambient operating temperature range

note 1 Tamb Oto+40 ©°C

note 2 Tamb +40to +50 ©C

CHARACTERISTICS

Tamb =25 °C, Vg = 110 V RMS, f = 500 Hz, in dark room, unless otherwise specified

Luminance L typ. 90 cd/m?2
Supply current Is typ. 51 mA
Chromaticity (colour = green) X typ. 0.21

Y typ. 0.51
Notes:

1. Condition: relative humidity < 95%
" 2. Condition: absolute humidity < T, = 40 °C, 95% RH
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Philips Components

Product specification

Driver IC's for LCD's

Type number survey

Driver ICs for LCD

TYPE NUMBER DESCRIPTION PAGE
PCF2100 C bus control, 40-segments 271
PCF2110 C bus control, 60-segments 271
PCF2111 C bus control, 64-segments 271
PCF2112 C bus control, 32-segments 271
PCF8566 I2C bus control, 1:2 to 1:4 MUX ratios (24-segments) 287
PCF8576 12C bus control, 1:2 to 1:4 MUX ratios (40-segments) 321
PCF8577 12C bus control, direct drive (32-segments) MUX 1:2 (64-segments) 361
PCF2201 flat panel ROW/COLUMN driver 383
PCF8578 flat panel ROW/COLUMN driver 405
PCF8579 flat panel ROW/COLUMN driver 443
PCF1303T 18-segment bargraph display driver with analog input 477
HEF4754V 18-segment bargraph display driver 483
PC74HC4543 BCD to 7-segment latch/decoder/driver for LCD 489
PC74HCT4543 BCD to 7-segment latch/decoder/driver for LCD 489
HEF4543B BCD to 7-segment latch/decoder/driver for LCD and LED 499
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DEVELOPMENT DATA
This' cviata. sheet cont.ains advance inff)rma!ion ?nd PCF21XX
specifications are subject to change without notice.

FAMILY

LCD DRIVER

GENERAL DESCRIPTION

The members of the PCF21XX family are single chip, silicon gate CMOS circuits. A three-line bus
(CBUS) structure enables serial data transfer with microcontrollers. All inputs are CMOS/NMOS
compatible.

Features

® Supply voltage 2,25t0 6,5 V
® Low current consumption
® Serial data input
® CBUS control
® One-point built-in oscillator
® Expansion possibility
® Power-on reset clear
PCF2100 PCF2110 PCF2111 PCF2112
® LCD segments 40 60 64 32
® | ED segments — 2 — —
® Multiplex rate 1:2 1:2 1:2 1:1
® Word length 22 bit 34 bit 34 bit 34 bit

PACKAGE OUTLINES
PCF2100P: 28-lead DIL; plastic (SOT117).

PCF2110P:
PCF2111P: 40-lead DIL; plastic (SOT129).
PCF2112P:

PCF2100T: 28-lead mini-pack; plastic (S028; SOT 136A).

PCF2110T:
PCF2111T: 40-lead mini-pack; plastic (VSO40; SOT158A).
PCF2112T:

December 1987 271



PCF21XX
FAMILY

40-SEGMENT LCD

BP1| |BP2 Ll F— 520
26] |25 24l __ 5
SEGMENT ANALOGUE
BACKPLANE & >0 "o Tace
T ______ 2| Voo
28 A l 680
DLEN sus LATEHES OSCILLATOR C°T pF
cs — —] & 3
27 CONTROL B ORIVER osc
DATA —>| conTROL DIVIDER
T ______ T Ro | |1 M0
> SHIFT 4
—+| REGISTER PCF2100  — sS
7283453.3
Fig. 1 Block diagram; PCF2100
cus[1] U 28] DLEN
PINNIN
Voo 2] 27| DATA G
Supply
osc 3] 26] 8P o
2 VpD positive supply
Vss [4 ] 25] B2 4 Vgs negative supply
24] 1
520 E ] Inputs
s19 6] 23] 52 1 cLB clock burst (CBUS)
s18 7] 22] s3 3 osc oscillator input
PCF2100 27 DATA data line \ CBUS
s17[ 8] jsor-117) [21] sa 28 DLEN data line enable |
s16[9 20] S5
[: — Outputs
1 .
s15 110 [19] 56 5t024  S20toS1 LCD driver outputs
s14 11 18] 57 25 BP2 backplane drivers
26 BP1 (commons of LCD)
s13[12 17] s8
s12[13 16] s9
s11 E 15] s10
7297736.1

Fig. 2 Pinning diagram; PCF2100
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LCD driver

PCF21XX
FAMILY

DEVELOPMENT DATA

60-SEGMENT LCD
BP1 BP2 L) F— $30
7 6 5| _ . 16
SEGMENT ANALOGUE
BACKPLANE & ' VOLTAGE
= -—
680
oen —2 | 2, LaTcHes OSCILLATOR Co pF
10 BUS & 12 T
cLs —l &
. conTROL | g DRIVER OIVIDER 0sc
DATA [—>| CONTROL
T ______ I Ro | [1 M2
| SHIFT PCF2110 13
»| REGISTER Vss
7283449.3
Fig. 3 Block diagram; PCF2110 (SOT-129).
ss 1] U [40] s6 g 9
sa[2] [39] 57
s3l3 E se PINNING (SOT-129)
I
s2[4 | 37] s9 Supply
1 VDD positive supply
s1[s E] s10 13 Vssg negative supply
8p2 [ | [35] s11
8p1[7 | 34] 512 Inputs
8 DATA data line
paTA [& | 3] s13 9 DLEN data line enable { CBUS
DLEN [ 9] 32] 514 10 CLB clock burst
12 0sC oscillator input
CLB |10 PCF2110 311S15
Voo [1] (S0T-129) [ Outputs
osc [12] [29] 517 1t05 S5 to S1 \ LCD driver outputs
6 BP2 backplane drivers
Vss [13 28|18
ss [13] 7 BP1 (commons of LCD)
s32[14 27] s19 4
! ggf } LED driver outputs
$31[15 ] 26520 15
530 [16] 25501 16 to 40 S30 to S6 LCD driver outputs
529 [17] 24] 522
528 E 23] 523
s27 [19] 22] s24
526 [20] 21] 525

7283445.4

Fig. 4 Pinning diagram; PCF2110
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PCF21XX
FAMILY

8

ce [1]
Vop [ 2]
osc 3]
Vss E
s32[5 |
31 [E_:
530 [7]

a0] DLEN
[39] DATA
38] 8P1
37] Bp2
[36] s1
[35] 52
[34] 53

s29 8] 33] s4
s28 9| 32] s5
s27[10) perario [31) 86
26 [i1] (SOT-158A) 5] 57
s25 [12 [29] s8
s24[13 28] so
s23[14] 27] s10
s22 15 26 s11
s21 16 25] s12
s20 [17] [24] 513
519 [E 23] s14
s18 [19 [22] s15
517 [20] 21] s16
7297733.1

Fig. 5 Pinning diagram; PCF2110

PINNING (SOT-158A)

Supply

2 VpD
4 Vss
Inputs

1 CcLB

3 0sC
39 DATA
40 DLEN
Outputs

5 S32

6 531

7 to 36 S30 to 1
37 BP2
38 BP1

}
}

positive supply
negative supply

clock burst (CBUS)
oscillator input

data line \
data line enable | CBUS

LED driver outputs

LCD driver outputs
backplane drivers
(commons of LCD)
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LCD driver

PCF21XX

DEVELOPMENT DATA

64-SEGMENT LCD
BP1 BP2 Y | F— $32
38 |37 36 ____ 5
SEGMENT ANALOGUE
BACKPLANE & VOLTAGE
— ae
40 A c 680
DLEN —>| LATCHES OSCILLATOR ° pF
1 BUS & N 3
cLe pRIVER | 0sc
39 | CONTROL | g OIVIDER
DATA | coNTROL
T Ro | |1 MR
> SHIFT PCF2111 4
»| REGISTER Vss
7284581.3
Fig. 6 Block diagram; PCF2111
cLe [1] U 20| DLEN

Vpp [2] [39] DATA
osc[3] 38] BP1

Ves [4] 37
s32[5 | 36] 51
s31[6 | [35] 52
$30 [Z{ [34] 53
529 3| 33) 54
528 9| 32] s5

BP2

827@ PCF2111 |31]S6
(SOT -129)
526 [11] (SOT-158A) Ew

s25 [12] 29 s8

524 [13] 28] s9
s23 [14] 27] s10

s22 15 ] 2
s21 [16] 25 s12

s20 [17] 24| 513

S

s19 [18 23] s14
s18 [19] 22] s15
517 [20] 21] s16

7297731

Fig. 7 Pinning diagram; PCF2111

PINNING

Supply

2 Vpp
4 Vss
Inputs

1 CLB

3 0osc
39 DATA
40 DLEN
Outputs

5 to 36 $32 to S1
38 BP1
37 BP2

}

positive supply
negative supply

clock burst (CBUS)
oscillator input

data line

data line enable CBUS

LCD driver outputs
backplane drivers
(commons of LCD)
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PCF21XX

32-SEGMENT LCD
BP T3 FR—— $32
38 3/ ___ 5
BACKPLANE & SEGMENT ANALOGUE
DRIVERS VOLTAGE
______ I 2{Voo
40
DLEN s LATCHES 0SCILLATOR Co==1,5nF
cLB ! > & — & 3
39 CONTROL DRIVER DIVIDER 0osc
DATA CONTROL
T ______ I Ro | [1mMa
| SHIFT 4
»| REGISTER PCF2112 = Vg
s
7286381.3
Fig. 8 Block diagram; PCF2112
cLe 1 U 0] DLEN
VDDE —3—_9‘] DATA PINNING
Suppl
osc 3] (58] o PPY "
2 Vpp positive supply
Vss [4 | [37] n.c. 4 Vss negative supply
s32[s 36] st
E :I Inputs
s31[6 [35] 52 1 CLB clock burst (CBUS)
$30 7] 34] s3 3 osc oscillator input
39 DATA data line
S29 ré—-‘ E sS4 AN YR Aot lima amakla ! CBUS
el — “SVU LN Jdalia e criauic ’
s28 3| 32] s5
Outputs
s27 [10 31]s6 ]
[: (58?_111229) 5 to 36 S32 to S1 LCD driver outputs
526 [11] (soT-1584) |30] 7 38 BP backplane driver (common
of LCD)
s25 [12 29] s8
E 37 n.c. not connected
s24 13 28] s9
523 [14] 27] s10
s22 [15] [26] s11
s21 [16] [25] 512
$20 [17] [24] s13
s19 18 23] s14
s18 [E [22] s15
517 [20] 21] s16

7297732

Fig. 9 Pinning diagram; PCF2112
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LCD driver

PCF21XX
FAMILY

DEVELOPMENT DATA

FUNCTIONAL DESCRIPTION

An LCD segment or LED output is activated when the corresponding DATA-bit is HIGH.

PCF2100

When DATA-bit 21 is HIGH, the A-latches (BP
(BP2) are loaded. CLB-pulse 23 transfers data f

PCF2110

When DATA-bit 33 is HIGH, the A-latches (BP1) are loaded. Bits 31 and 32 contain the LED output
information. With DATA-bit 33 LOW, the B-latches (BP2) are loaded and bits 31 and 32 are ignored.

1) are loaded. With DATA-bit 21 LOW, the B-latches
rom the shift register to the selected latches.

CLB-pulse 35 transfers data from the shift register to the selected latches.

PCF2111

When DATA-bit 33 is HIGH, the A-latches (BP
(BP2) are loaded. CLB-pulse 35 transfers data f

PCF2112

1) are loaded. With DATA-bit 33 LOW, the B-latches
rom the shift register to the selected latches.

When DATA-bit 33 is HIGH, the latches are loaded. CLB-pulse 35 transfers data from the shift

register to the selected latches.

DLEN __ |

- L

-

[1]l.2 3 4 5 6 7 8 32 33 34 35 <«— 2110,2111,2112
— - 20 21 22 23 <«— 2100
test leading zero load pulse
DATA -
bit no. 0 1 2 3 4 5 6 7 31 32 33}
output A S1 S2 S3 S4 S5 S6 S7 $31 S32 A < 2110, 2111, 2112
1 2 3 4 5 6 7 19 20 21} 2100
S1 S2 S3 S4 S5 S6 S7 S19 S20
leading zero load bit 7297738.3
Fig. 10 CBUS data format.
Vieo
R
PCF2110 /
—Vpp LED
$31,832
VoL
|— Vss
7283447.2

Fig. 11 LE

D driver circuitry.
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PCF21XX
FAMILY

The following tests are carried out by the bus control logic:

a. Test on leading zero.
b. Test on number of DATA -bits.
c. Test of disturbed DLEN and DATA signals during transmission.

If one of the test conditions is not fulfilled, no action follows the load condition (load pulse with
DLEN LOW) and the driver is ready to receive new data.

v OFF/OFF | ON/OFF | OFF/ON ON/ON
b —m
voorvsg? —— T | (T T T e
Vss
VDD —_—
uﬂ 'I_I_I_L 'LJ_I—L o
VSS .
vDD -
L L L -
Vss
(Vpp - Veg) ———————————
(Vpp - Vgg) /2
S 0 J_I_Lr _LJ_l—L BP1-Sx
- (Vpp - Vggl/2 ——————
~(Vpp-Vgg) ———1
(Vpp—Vss)
(Vpp = Vgg)/2
0 'Lu_l' J_FI_L BP2-Sx
- (Vpp - Vggl/2 —————
- Vpp - Vsg) |
I LEAIT)) - 7297739.1
Fig. 12 Timing diagram (except PCF2112).
OFF ON
VDD N -y
VSS JEE—— - —
v, - —
DD Segment X
(SX)
Vgg ——o L1 L
(Vop—Vss) — F
0 — ——_— | BP — SX
-{Vpp—-Vgg) ———/—————— —‘
>l 1 e
fLeo 7297730.2

Fig. 13 Timing diagram for PCF2112.
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LCD driver PCF21XX

DEVELOPMENT DATA

FAMILY
BUS DRIVER PCF21XX

Vpp2 VoD1

R 4 1kS§2 ‘} lﬂ

100k 4 1 ._|

'y 'y

Vss Vss

7283448.3

Fig. 14 Input circuitry.

Note to Fig. 14
Vgg line is common. In systems where it is expected that Vpp2>Vpp1 +0,5 V, a resistor should be
inserted to reduce the current flowing through the input protection. Maximum input current <40 uA.

LCD
(1) L] |
‘ |
v ¥ v
BP1 BP2  S1to S32 BP1 BP2 S1to S32 BP1 BP2 S1 to §32
Voo []
DLEN DLEN DLEN
0sC osc
r— CLB PCF2111 ose ——CLB  PCF2111 —1 CLB PCF2111
|— DATA |— DATA l— DATA
l MASTER Vss — l SLAVE 1  ygo l SLAVE2 vyt |
DATA — . . :
cLB
DLEN1 ——
DLEN2 —»
DLEN3 —» 7297735.1

(1) In the slave mode, the serial resistors between 38P1 and BP2 of the PCF2111 and the backplane
of the LCD must be > 2,7 k2. In most applications the resistance of the interconnection to
the LCD already has a higher value.

Fig. 15 Diagram showing expansion possibility (using PCF2111).

Note to Fig. 15

By connecting OSC to Vgg the BP-pins become inputs and generate signals synchronized to the single
oscillator frequency, thus allowing expansion of several members of the PCF21XX family up to the BP
drive capability of the master. The PCF2112 can only function as a master for other PCF2112s.
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PCF21XX
FAMILY

RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)

parameter conditions | symbol min. max. unit
Supply voltage range VbD —-0,5 9,0 \
Input voltage range

DLEN, CLB, DATA and OSC V) Vgs—0,5 Vpp+05 | V
Output voltage range

BP1, BP2 and S1 to S32 Vo Vgg—0,5 Vpp+05 |V
Supply current tlpp. *lss — 50 mA
DC input current £l — 20 mA
DC output current tlg - 25 mA
Total power dissipation

per package note 1 Ptot - 500 mW
Power dissipation per output Po — 100 mW
Storage temperature range Tstg —65 + 150 oC

Note to the ratings

1. Derate by 7,7 mW/OC when Tymp > 60 ©C.

HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be

totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see

‘Handling MOS devices’).

280
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LCD driver

PCF21XX
FAMILY

DC CHARACTERISTICS

Vss=0V;Vpp =2,25t06,5V; Tagmp =—40to +850C; Rg =1MQ; Co =680 pF; unless otherwise
specified

DEVELOPMENT DATA

parameter conditions symbol min. typ. max. unit
Supply voltage VDD 2,25 — 6,5 \%
Supply current note 1 IDD1 — 20 50 MA
Supply current note 1; Tagmp =
‘ —25to+850C IDD2 — 20 30 HA

Power-on reset level note 2 VPOR — 1,0 1,4 \%
Inputs CLB, DATA
DLEN
Input voltage

LOW ViL - — 0,8 \%

HIGH VIH 2,0 - — \%
Leakage current V| =VggorVpp e — — 1 uA
Input capacitance note 3 C — — 10 pF
Input OSC
Oscillator start-up

current V| = Vgg losc 0,5 1.2 5,0 MA
LCD outputs
DC component of

backplane drivers *+ Vgp — 20 — mV
Backplane driver

output impedance note 4; Vpp =5V Rgp - 0,5 5 k€2
Segment driver

output impedance note 4; Vpp =5V Rs - 1 7 k2
LED outputs
(S31 and S32 in
PCF2110)
Output current LOW VoL=0,4V;Vpp=5V| IgL 8 14 — mA
Output leakage

current Vo =VpD *lp — — 1 uA
Load current ILED — — 20 mA

\ (December 1987
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PCF21XX
FAMILY

AC CHARACTERISTICS (note 5)
Vgs=0V;Vpp=2,251t06,5V;Typp = —401t0 + 85 °C; Rg = 1 MQ; Cp = 680 pF; unless otherwise

specified

parameter conditions symbol min. typ. max. unit
Inputs CLB, DATA
DLEN
Data set-up time tSUDA 3 - - Ms
Data hold time tHDDA 3 - - us
Leading zero set-up time tsyLz 3 - - us
Enable set-up time tSUEN 1 - - us
Disable set-up time tSUDI 2 - - us
Load pulse set-up time tSyLD 2,5 — - us
Busy time tBUSY 3 - - us
CLB HIGH time tWwH 1 - — us
CLB LOW time twL 5 - - us
CLB period tcLB 10 - - us
Rise and fall times ty, tf - - 10 Ms
LCD timing
LCD frame frequency fLep 60 75 100 Hz
LCD frame

frequency for

PCF2112 Co=15nF fLeop 30 35 50 Hz
Transfer time with

test loads Vpp=5V tgs — 20 100 us
Driver delay with

test loads Vpp=5V tpLCD - 20 100 us
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LCD driver PCF21XX
FAMILY

DEVELOPMENT DATA

Notes to the characteristics

1. Outputs open; CBUS inactive.

2. Resets all logic, when Vpp < VpQR.
3. Periodically sampled (not 100% tested).
4. Outputs measured one at a time.

5. All timing values are referred to V|H and V| levels with an input voltage swing of Vgg to Vpp.

BP (PCF2112), BP1,BP2 —‘“CD—’—‘

—
ILoAD = 25 kA

S1to §32 —(D—

——
'Loap =15 kA

1,5 kQ
S$31, §32

V|
(PCF2110 only) bo

(2%)
7297737.1

Fig. 16 Test loads.
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PCF21XX
FAMILY
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PCF21XX

Fig. 20 Display frequency as a function

of Rgpand CO; Tamb =+25°C;Vpp=5V.
———— R =1MQ;

———— RQ=100kS.

LCD driver
FAMILY
80 7282809.2 37 7286696.1
fieo fLeo
(Hz) (Hz)
78
36
vz T
76 //;/ / —¥
/{r/ 35 /////
/ 4
74 S ad .-
/A 4~
z N
4!' 34 ~,’
72 04 P
1/ vl
,.
70 33
0 2 4 6 8 0 2 4 6 8
Vpp (V) Vpp (V)
Fig. 18 Displays frequency as a function Fig. 19 Display frequency as a function
of supply voltage; Co = 680 pF (except of supply voltage; Co = 1,6 nF (except
PCF2112). PCF2112).
< Tamb = —40 °C; Tamb = —40°C;
P ———— Tamp=+250°C; ———— Tamp=+25°C;
o —.—.— Tamp=+850C. —.—.— Tgmp=+8560°C.
|—
2
w
E 7282808.2 7282810.2
= 1000 ~ 20
3 3
L; 'ob /
f A (uA)
2 o ko N T
o (Hz) \
N N 16 .
N N N typ /1 /
N typ | Ny e
N N // /(
100 N ‘ v
////'//
N »f
S S 12 yav4
\\ //.:'/
N /7
N 7Y
\ ,/'/
10 N 8 v . .
0,1 1 10 0 2 4
Co (nF) Vpp (V)

Fig. 21 Supply current as a function
of supply voltage.

Tamb = —40 °C;
— — —— Tamb=+25°C;
—.—.— Tamb=+850C.
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PCF21XX
FAMILY

2 \ 7286695.1 \ 18 7286698.1
oL
FoN 1y (mA)
(kQ) i) m =
X 16
15 A\ typ -
\\\\\ < 1 1
typ 4 )%
1 :\\ . ~. - / // z
N~~_T / f{ /
\\\ ~~ Rs__| 12 7 /r'
N B Ly
05 S 4
\typ 1= Rgp 10 7
0 8 /
0 2 4 6 8 0 2 4 6 8
Vpp (V) Vpp (V)
Fig. 22 Output resistance of backplane Fig. 23 Output current as a function
and segments. of supply voltage (only PCF2112).
- Tamb = —40°C; —— Tamb = —40°C;
———— Tamb=+250°C; ———— Tamb=+2509C;
—.—.— Tamb=+850C. —.—.— Tampb=+850C.
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

J L PCF8566

UNIVERSAL LCD DRIVER FOR LOW MULTIPLEX RATES

GENERAL DESCRIPTION

The PCF8566 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having

low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to
four backplanes and up to 24 segments and can easily be cascaded for larger LCD applications. The
PCF8566 is compatible with most microprocessors/microcontrollers and communicates via a two-line
bidirectional bus (1*C). Communication overheads are minimized by a display RAM with auto-incre-
mented addressing, by hardware subaddressing and by display memory switching (static and duplex
drive modes).

Features

Single-chip LCD controller/driver

Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing

Selectable display bias configuration: static, 1/2 or 1/3

Internal LCD bias generation with voltage-follower buffers

24 segment drives: up to twelve 8-segment numeric characters; up to six 15-segment alphanumeric
characters; or any graphics of up to 96 elements

24 x 4-bit RAM for display data storage

Auto-incremented display data loading across device subaddress boundaries

Display memory bank switching in static and duplex drive modes

Versatile blinking modes

LCD and logic supplies may be separated

2,5V to 6 V power supply range

Low power consumption

Power-saving mode for extremely low power consumption in battery-operated and telephone
applications

12C bus interface

TTL/CMOS compatible

Compatible with any 4-bit, 8-bit or 16-bit microprocessors/microcontrollers

May be cascaded for large LCD applications (up to 1536 segments possible)

Cascadable with the 40 segment LCD driver PCF8576

Optimized pinning for single plane wiring in both single and multiple PCF8566 applications
Space-saving 40-lead plastic mini-pack (VSO-40; SOT-158A)

No external components required (even in multiple device applications)

Manufactured in silicon gate CMOS process

PACKAGE OUTLINES

PCF8566P: 40-lead DIL; plastic (SOT129).
PCF8566T: 40-lead mini-pack (VSO40; SOT158A).
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Universal LCD driver for low multiplex rates

PCF8566

DEVELOPMENT DATA

soa 1]
scL [2]
svie [3]
cik [4
Voo [5 ]
osc [6 |
A0 | 7
Al (s
A2 [9]
sao0 [10]
Vss [11]
Vieo [12]
8Po [13]
BP2 [14]
BP1 [15]
B8P3 [16]
0[]
s1 [18]
s2 [19]
s3 [20]

PCF8566

40] s23
39] s22
[38] s21
37] s20
[36] s19
[35] 518
[34] s17
[33] s16
32] s15
31) s14
[30] s13
29] 512
28] s11
27] s10
[26] so
[25] s8
[24] 57
23] s6
[22] s5

21| S4

7297492

Fig. 2 Pinning diagram.

PINNING

1 SDA
2 sCL
3  SYNC
4  CLK
5 Vpp
6 0OSC
7 A0

8 Al

9 A2
10 SAO
11 Vsg
12 Vicp
13 BPO
14 BP2
15 BP1
16 BP3
17 SO
to to

40 s23

12C bus data input/output

12C bus clock input/output

cascade synchronization input/output
external clock input/output

positive supply voltage

oscillator input
12C bus subaddress inputs

12C bus slave address bit O input
logic ground

LCD supply voltage

LCD backplane outputs

LCD segment outputs
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FUNCTIONAL DESCRIPTION

The PCF8566 is a versatile peripheral device designed to interface any microprocessor to a wide variety
of LCDs. It can directly drive any static or multiplexed LCD containing up to four backplanes and up
to 24 segments. The display configurations possible with the PCF8566 depend on the number of active
backplane outputs required; a selection of display configurations is given in Table 1.

Table 1 Selection of display configurations

active back- no. of 7-segment 14-segment dot matrix
plane outputs segments numeric alphanumeric

12 digits + 6 characters + 96 dots
4 96 12 indicator 12 indicator (4 x 24)

symbols symbols

9 digits + 4 characters + 72 dots
3 72 9 indicator 16 indicator (3 x 24)

symbols symbols

6 digits + 3 characters + 48 dots
2 48 6 indicator 6 indicator (2 x 24)

symbols symbols

3 digits + 1 characters + 24 dots
1 24 3 indicator 10 indicator

symbols symbols

All of the display configurations given in Table 1 can be implemented in the typical system shdwn in
Fig. 3. The host microprocessor/microcontroller maintains the two-line 12C bus communication channel
with the PCF8566. The internal oscillator is selected by tying OSC (pin 6) to Vgg. The appropriate

tions required to complete the system are to the power supplies (Vpp, Vss and V| cp) and to the

LCD panel chosen for the application.

Voo
R< Lrise
2Cpus Voo |Vico
SDA 5 12
- 1 LCD PANEL
Ml-:g:To - scL 2 17-40 | 24 segment drives )]
PROCESSOR/ PCF8566 (up to 96
MICRO - elements)
CONTROLLER osc 13-16 4 backplanes
6
7 8 9 10 11
A0 [A1 A2 |SAO|Vss
Vss ! 7297493

Fig. 3 Typical system configuration.
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DEVELOPMENT DATA

Power-on reset

At power-on the PCF8566 resets to a defined starting condition as follows:
. All backplane outputs are set to Vpp.

. All segment outputs are set to Vpp.

. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected.

. Blinking is switched off.

. Input and output bank selectors are reset (as defined in Table 5).

. The I°C bus interface is initialized.

N OO s WN -

. The data pointer and the subaddress counter are cleared.

Data transfers on the 12C bus should be avoided for 1 ms following power-on to allow completion of the
reset action.

LCD bias generator

The full-scale LCD voltage (Vop)'is obtained from Vpp — V| cp. The LCD voltage may be temperature
compensated externally through the V| _cp supply to pin 12. Fractional LCD biasing voltages are obtained
from an internal voltage divider of three series resistors connected between Vpp and V| cp. The centre
resistor can be switched out of circuit to provide a % bias voltage level for the 1 : 2 multiplex configuration.

LCD voltage selector

The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive
configuration. The operation of the voltage selector is controlled by MODE SET commands from the
command decoder. The biasing configurations that apply to the preferred modes of operation, together
with the biasing characteristics as functions of Vop = VDD — VLCD and the resulting discrimination
ratios (D), are given in Table 2.

Table 2 Preferred LCD drive modes: summary of characteristics

LCD drive mode LCD.bias . Voff(rms) Von (rms) b Von(rms)
configuration Vop Vop Voff(rms)

static (1 BP) static (2 levels) 0 1 oo

1:2MUX (2 BP) 1/2 (3 levels) V?2/4=0,354 | \/10/4=0,791 | \/5=2,236

1:2MUX (2 BP) 1/3 (4 levels) 1/3=0,333 V/5/3=0,745 V5=2,236

1:3 MUX (3 BP) 1/3 (4 levels) 1/3=0,333 V/33/9=0,638 | /33/3=1,915

1:4 MUX (4 BP) 1/3 (4 levels) 1/3=10,333 V/3/3=0,577 V3=1,732
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LCD voltage selector (continued)

A practical value for Vo, is determined by equating Voff(rms) with a defined LCD threshold voltage
(Vth), typically when the LCD exhibits approximately 10% contrast. In the static drive mode a
suitable choice is Vop 23 Vih.

Multiplex drive ratios of 1 : 3 and 1 : 4 with 1/2 bias are possible but the discrimination and hence the
contrast ratios are smaller (\/?T= 1,732 for 1 : 3 multiplex or\/2_1/3 =1,5628 for 1 : 4 multiplex).

The advantage of these modes is a reduction of the LCD full scale voltage Vg as follows:

1: 3 multiplex (1/2 bias) : Vop =v/6 Voff(rms) = 2.449 Voff(rms)
1: 4 multiplex (1/2 bias) : Vop = 4/3/3 Voff(rms) = 2309 Voff(rms)
These compare with Vgp = 3 Voff(rms) When 1/3 bias is used.

LCD drive mode waveforms

The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and
segment drive waveforms for this mode are shown in Fig. 4.

<_Tf"ame_>] LCD segments

Vbp — =
BPO

Vieco —— — \

Vbbb — state 1 state 2

(on) (off)

Sn

VLCD——J

VDD — —
Sn+1

Vicp L

(a) WAVEFORMS AT DRIVER

Vop .

statel 0 —— At any instant (t):
Vstate 1(t) = Vs, (t) - VBpo(t)
~Vop —— Von(rms) = Vop
Vop —
Vstate 2(t) =Vs, 4 (1) - VBpo(t)

state2 0 — Voff(rms) =0V

—VOD P

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT
7291465

Fig. 4 Static drive mode waveforms: Vo, = Vpp — V| cD.
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When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8566
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6.

Vbbb

BPO (Vpp+Vicpl/2—

<«—— Tframe —>

Vieo

Vop —— _—l_
BP1 (VDD*VLCD)/2—"_I_L S

Vieo

Vbp
Sn |

Vieo

) —

state 1
state 2

Vbbp

Sn+1

LCD segments

V4

N

Viep
(a)

WAVEFORMS AT DRIV

state 1 0

L[

Vop/2
state 2 oO— —]

ER

(b) RESULTANT WAVEFORMS

AT LCD SEGMENT

At any instant (t):
Vstate 1(t) = Vs, (t) — Vgpo(t)

Vop
Von(rms) = 2 Vv 10 =0,791Vqp

Vstate 2(t) = Vg, (t) — Vgp1(t)

Vop
J—J— Voff(rms) = —3 V2 =0,354Vgp

7291477

Fig. 5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Vop = VDD — VLCD-
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LCD drive mode waveforms'(continued)

Ttrame

LCD segments

Vop ————— |
BP0 VDD“VOp/B —_
VDD-—ZVop/3——-- 1 P

\"
LcD state 1

Vop ———— state 2
81 VDD_Vop/3 —_— \
VDDp—2 Vop/3 — ———{

Vico

VbD
Vpp—Vop/3 — ——-I

VDD—ZVOD/3 —
Ve ————— N
VbD
VDD‘“ch/3 _—
Vpp—2Vop/3—

Vico -
(a) WAVEFORMS AT DRIVER

Sn

Sn+1

Vop
2Vgp/3
Vop /3~ e Vstate 1(t) = Vs () — Vgpo(t)
state 1 0O—F
—Vop/3
—~2Vgp/3
_Vop

At any instant (t):

Vop
Von(rms) = —3-+v/6 =0745Vop

—

Vstate 2(t) = Vg (t) — Vgp1 (1)

Vop
2Vop/3
Vop!3 | v _Yop_ 4 353
state2 0 S off(rms) =737 =Y op
~Vop/3
~2Vgp/3 ——
—Vop —— 7291466
(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

Fig. 6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = Vpp — VLCD-

The backplane and segment drive wavefront for the 1 : 3 multiplex drive mode (three LCD backplanes)
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively.
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BPO

BP1

BP2

Sn

Sn+1

Sn+2

state 1

state 2

-

Tframe ——

Vbp
VDD"Vop/3 -
VDD —2Vop/3 — —

Viep

Vopp —4m8M
Vpbp— Vop/3_
Vpp— 2V0p/3—
Vico

VbD

Vbp— Vop/3 J—
VDD =2 Vop/3 —
Vico ——

Vbp

VDD_Vop/3 J—
VDD —2Vop/3 —

——

Vico

Vob
VDD‘VOp/3 —_—
VDD =2 Vop/3 —

|

vViep
Vbp

VDD —Vop/3 —
VDD —2 Vpp/3 —

—

LCD segments

Viep

Vop
2Vgp/3 ——
Vop/3

0
~Vop/3

—2Vgp/3

(a) WAVEFORMS AT DRIVER

—Vop
Vop
2Vop/3
Vop/3

0

~Vop/3

—2Vpp/3
—Vop

(b) RESULTANT WAVEFORMS

AT LCD SEGMENT

At any instant (t):

Vstate 1(t) = Vg_(t) — Vpq(t)

Vop
Von(rms) = —5~ v/33 = 0,638V,

Vstate 2(t) = Vg (t) — Vgp1(1)

Vop
Voff(rms)= —5- =0 333V0p

7291478

Fig. 7 Waveforms for 1 : 3 multiplex drive mode: Vop=VDD — VLCD-
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LCD drive mode waveforms (continued)

BPO

BP1

BP2

BP3

Sn

Sn+1

Sn+2

Sn+3

state 1

state 2

Vop —— ‘ -—I

VDD —Vop/3 —

Vpp—2Vop/3 —

V?(?D ——-Op I— ! ol
VoD — state 2
ol Bl B e Y
Vpp—2 Vop/3——,—L—‘l—

Viep

Vpp —m8m8m8 ——
Vo0-on/S Y

VieD ————

V| .
o3 — | L1 I —‘_l_{
—

—

VDD—2Vop/3 — |

Vicp —

Vop ————
VDDA-Vop/S _— —'_

:

VDD-2V09/3— I [ l I I L

Vicp ————
VbD
VDD_VOD/3 e
Vbp—2 Vop/3 —
Vico —— — —
VbD
VDD——Vop/3 _
VDD—2Vpp/3 —
Vico——— — —
Vop
VDD‘VOp/3 _
VDD —2Vop/3 —
VieD —

(a) WAVEFORMS AT DRIVER

Vop
2Vop/3
Vop/3 ———— —
0—
—Vop/3
=2Vop/3 ———

~Vop

Vop —
2Vgp/3 ———
Vop/3 — -

0 —_—
~Vop/3 ———— —

—2Vop/3—— 7291479
—Vop
(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

LCD segments

- |

At any instant (t):

Vstate 1(t) =
Vs, () = VBpo(t)

Von(rms) =

v
—29\/5 = 0,577Vop

Vstate 2(t) =
Vs, (1) = Vgp1(1)
Voff(rms) =

v
—‘3’—" = 0,333Vop

Fig. 8 Waveforms for 1 : 4 multiplex drive mode: Vop =Vpp — VicD-
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Oscillator

The internal logic and the LCD drive signals of the PCF8566 or PCF8576 are timed either by the
built-in oscillator or from an external clock.

The clock frequency (fc| k) determines the LCD frame frequency and the maximum rate for data
reception from the 12C bus. To allow 12C bus transmissions at their maximum data rate of 100 kHz,
fcLK should be chosen to be above 125 kHz.

A clock signal must always be supplied to the device; removing the clock may freeze the LCD in aDC
state.

Internal clock

When the internal oscillator is used, OSC (pin 6) should be tied to Vgg. In this case, the output from
CLK (pin 4) provides the clock signal for cascaded PCF8566s and PCF8576s in the system.

External clock

The condition for external clock is made by tying OSC (pin 6) to Vpp; CLK (pin 4) then becomes the
external clock input.

Timing

The timing of the PCF8566 organizes the internal data flow of the device. This includes the transfer of
display data from the display RAM to the display segment outputs. In cascaded applications, the
synchronization signal SYNC maintains the correct timing relationship between the PCF8566s in the
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of
the clock frequency (Table 3). The frame frequency is set by MODE SET commands when internal
clock is used, or by the frequency applied to pin 4 when external clock is used.

Table 3 LCD frame frequencies

PCF8566 mode fframe nominal fframe (Hz)
normal mode fcLKk/2880 64
power-saving mode fcLk/480 64

The ratio between the clock frequency and the LCD frame frequency depends on thé mode in which
the device is operating. In the power-saving mode the reduction ratio is six times smaller, this allows
the clock frequency to be reduced by a factor of six. The reduced clock frequency results in a signifi-
cant reduction in power dissipation. The lower clock frequency has the disadvantage of increasing the
resporise time when large amounts of display data are transmitted on the 12C bus. When a device is
unable to ‘digest’ a display data byte before the next one arrives, it holds the SCL line low until the
first display data byte is stored. This slows down the transmission rate of the 12C bus but no data loss
occurs.
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Display latch

The display latch holds the display data while the corresponding multiplex signals are generated. There
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one
column of the display RAM.

Shift register

The shift register serves to transfer display information from the display RAM to the display latch while
previous data are displayed.

Segment outputs

The LCD drive section includes 24 segment outputs SO to S23 (pins 17 to 40) which should be connected
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back-
plane signals and with the data resident in the display latch. When less than 24 segment outputs are
required the unused segment outputs should be left open-circuit.

Backplane outputs

The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode.
If less than four backplane outputs are required the unused outputs can be left open. In the 1: 3 multi-
plex drive mode BP3 carries the same signal as BP1, therefore these two adjacent outputs can be tied
together to give enhanced drive capabilities. In the 1: 2 multiplex drive mode BP0 and BP2, BP1 and
BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the
static drive mode the same signal is carried by all four backplane outputs and they can be connected in
parallel for very high drive requirements.

Display RAM

The display RAM is a static 24 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic 0 indicates the ‘off’ state.
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the
24 segments operated with respect to backplane BPO (Fig. 9). In multiplexed LCD applications the
segment data of the second, third and fourth column of the display RAM are time-multiplexed with

BP1, BP2 and BP3 respectively.

display RAM addresses (rows) / segment outputs (S)

0 1 2 3 4 o 19 20 21 22 23
display RAM bits 0
(columns) / I —
backplane outputs 1 —_—
(BP) 2
3
_ 7297488

Fig. 9 Display RAM bit-map showing direct relationship between display RAM addresses and segment
outputs, and between bits in a RAM word and backplane outputs.
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When display data are transmitted to the PCF8566 the display bytes received are stored in the display
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg-
ment numeric display showing all drive modes is given in Fig. 10; the RAM filling organization depicted
applies equally to other LCD types.

With reference to Fig. 10, in the static drive mode the eight transmitted data bits are placed in bit O of
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data
bits are placed in bits 0 and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the

1 : 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc-
cessive display RAM addresses.

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading
of an individual display data byte, or a series of display data bytes, into any location of the display

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER
command. Following this, an arriving data byte is stored starting at the display RAM address indicated

by the data pointer thereby observing the filling order shown in Fig. 10. The data pointer is automati-
cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode).

Subaddress counter

The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed
to take place only when the contents of the subaddress counter agree with the hardware subaddress
applied to AQ, A1 and A2 (pins 7, 8, and 9). A0, A1 and A2 should be tied to Vgg or Vpp. The
subaddress counter value is defined by the DEVICE SELECT command. |f the contents of the sub-
address counter and the hardware subaddress do not agree then data storage is inhibited but the data
pointer is incremented as if data storage had taken place. The subaddress counter is also incremented
when the data pointer overflows.

The storage arrangements described lead to extremely efficient data loading in cascaded applications.
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next
PCF8566 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is
successful even if the change to the next device in the cascade occurs within a transmitted character.
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Output bank selector

This selects one of the four bits per display RAM address for transfer to the display latch. The actual
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex
sequence. In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit O is selected.

The PCF8566 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected
for display instead of bit O contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be
selected instead of bits 0 and 1. This gives the provision for preparing display information in an
alternative bank and to be able to switch to it once it is assembled.

Input bank selector

The input bank selector loads display data into the display RAM according to the selected LCD drive
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3 in 1 : 2 drive
mode by using the BANK SELECT command. The input bank selector functions independently of the
output bank selector.

Blinker

The display blinking capabilities of the PCF8566 are very versatile. The whole display can be blinked
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which
the device is operating, as shown in Table 4.

An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the
static and 1 : 2 LCD drive modes and can be implemented without any communication overheads. By
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks
at the blinking frequency. This mode can also be specified by the BLINK command.

In the 1 : 3 and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD
segments can be blinked by selectively changing the display RAM data at fixed time intervals.

If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can
be effectively performed by resetting and setting the display enable bit E at the required rate using the .
MODE SET command.

Table 4 Blinking frequencies

blinking mode normal operating power-saving nominal blinking frequency
mode ratio mode ratio fblink (Hz)

off — - blinking off

2Hz fcLk/92160 fcLk/15360 2

1 Hz fcLk/184320 fcLk/30720 1

0,5 Hz foLk /368640 fcLk/61440 0,5

\ (December 1987

301



PCF8566

CHARACTERISTICS OF THE I’C BUS

The I°C bus is for 2-way, 2-line communication between different ICs or modules. The two lines are

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated
only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted
as control signals.

I

| data line | change

| stable: | of data

| data valid | allowed | 7287019

Fig. 11 Bit transfer.

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of
the data line while the clock is HIGH is defined as the stop condition (P).
/| " spa
|

———n

s\ /NS

| |

| S|
start condition stop condition

_,
|
|
|

a

D |

I
t
! scL
p |

r———t -t -

-———

7287005

Fig. 12 Definition of start and stop conditions.
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System configuration

A device generating a message is a ‘‘transmitter’’, a device receiving a message is a ‘‘receiver’’. The
device that controls the message is the ‘‘master’’ and the devices which are controlled by the master
are the “‘slaves’’.

SDA
scL
[ { [ | [
MASTER SLAVE MASTER
SLAVE M R
TRANSMITTER/ RECEIVER TRANSMITTER/ TRA:;TMETTER TRANSMITTER/
RECEIVER ) RECEIVER RECEIVER
7287004
Fig. 13 System configuration.
Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH
level put on the bus by the transmitter whereas the master generates an extra acknowledge related
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of
each byte. Also a master must generate an acknowledge after the reception of each byte that has been
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable
the master to generate a stop condition.

start clock pulse for
condition acknowledgement

1
SCL FROM |

|

|

DATA OUTPUT y
BY TRANSMITTER ! __

1

s

DATA QUTPUT
BY RECEIVER

7287007

Fig. 14 Acknowledgement on the I2C bus.
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PCF8566 12C bus controller

The PCF8566 acts as an 12C slave receiver. It does not initiate 12C bus transfers or transmit data to an
12C master receiver. The only data output from the PCF8566 are the acknowledge signals of the selec-
ted devices. Device selection depends on the 12C bus slave address, on the transferred command data
and on the hardware subaddress.

In single device applications, the hardware subaddress inputs AO, A1 and A2 are normally left open-
circuit or tied to Vgg which defines the hardware subaddress 0. In multiple device applications AQ, A1
and A2 are left open-circuit or tied to Vgg or Vpp according to a binary coding scheme such that no
two devices with a common 12C slave address have the same hardware subaddress.

In the power-saving mode it is possible that the PCF8566 is not able to keep up with the highest trans-
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8566
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock
synchronization feature’ of the I°C bus and serves to slow down fast transmitters. Data loss does not
occur.

Input filters
To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on

on A

the SDA and SCL iines.

12C bus protocol

Two I2C bus slave addresses (0111110 and 0111111) are reserved for PCF8566. The least-significant
bit of the slave address that a PCF8566 will respond to is defined by the level tied at its input SAQ
(pin 10). Therefore, two types of PCF8566 can be distinguished on the same I1°C bus which allows:

(a) up to 16 PCF8566s on the same I°C bus for very large LCD applications;
(b) the use of two types of LCD multiplex on the same 12C bus.

The 12C bus protocol is shown in Fig. 15. The sequence is initiated with a start condition (S) from the
12C bus master which is followed by one of the two PCF8566 slave addresses available. All PCF8566s
with the corresponding SAO level acknowledge in parallel the slave address but all PCF8566s with the
alternative SAQ level ignore the whole I2C bus transfer. After acknowledgement, one or more command
bytes (m) follow which define the status of the addressed PCF8566s. The last command byte is tagged
with a cleared most-significant bit, the continuation bit C. The command bytes are also acknowledged
by all addressed PCF8566s on the bus.

After the last command byte, a series of display data bytes (n) may follow. These display data bytes
are stored in the display RAM at the address specified by the data pointer and the subaddress counter.
Both data pointer and subaddress counter are automatically updated and the data are directed to the
intended PCF8566 device. The acknowledgement after each byte is made only by the (AQ, A1, A2)
addressed PCF8566. After the last display byte, the I2C bus master issues a stop condition (P).
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DEVELOPMENT DATA

PCF8566

acknowledge by

R/wW (AQ, A1, A2)-selected

slave address  acknowledge by all ___ PCF8566 only
—————————1§ | addressed PCF85665 ¢

LA B R B | S T T T T T T T T T 1T

S{o 1 1 1 1 1|Al0o]|A|C COMMAND A DISPLAY DATA Al P

N N T | 0 T T W S I | N TR N N W B

L — J J T
g Y v
1 byte m > 1 bytes n =0 bytes

7297489.1

Fig. 15 12C bus protocol.

Command decoder

update data pointer
and, if necessary,
subaddress counter

The command decoder identifies command bytes that arrive on the 12C bus. All available commands
carry a continuation bit C in their most-significant bit position (Fig. 16). When this bit is set, it indicates
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates
the last command byte of the transfer. Further bytes will be regarded as display data.

0 = last command
1 = commands continue

\
T 1T 17
C | REST OF OPCODE
I N O T W |
msb Isb
7291471

Fig. 16 General format of command byte.

The five commands available to the PCF8566 are defined in Table 5.
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Command decoder (continued)
Table 5 Definition of PCF8566 commands

command/opcode options description
Defines LCD drive mode
LCD drive mode bits M1 MO
MODE SET .
static (1 BP) 0 1
1:2MUX (2 BP) 1 0
ICJ1 (ﬂLPJE{BlMﬂMOI 1:3MUX (3BP) 1 1
1:4MUX (4 BP) 0 O
Defines LCD bias configuration
LCD bias bit B
1/3 bias 0
1/2 bias 1
Defines display status
dispiay status bit E The possibility to disabie the
display allows implementation
disabled (blank) 0 of blinking under external
enabled 1 control
Defines power dissipation mode
mode bit LP
normal mode 0
power-saving mode 1
LOAD DATA POINTER Five bits of immediate data,
bits P4 P3 P2 P1 PO bits P4 to PO, are transferred
l CJ Ol 0 lP4 P3 P2 P1 PO| to the data pointer to define
5-bit binary value of 0 to 23 one of twenty-four display RAM
addresses
DEVICE SELECT ) Three bits of immediate data,
bits A0 A1 A2 | hits AO to A2, are transferred
P:!1 10 OIAQ Al AO’ Lo to the subaddress counter to
3-bit binary value of 0 to 7 define one of eight hardware
subaddresses
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PCF8566

DEVELOPMENT DATA

lc]1 111 0[1]0]

-
o

RAM bit 0 | RAM bits 0,
RAM bit 2 | RAM bits 2, 3 | 1

static 1:2MUX bit O

RAM bit 0 | RAM bits O,
RAM bit 2 | RAM bits 2, 3 | 1

—

command/opcode options description
BANK SELECT Defines input bank selection
static 1:2MUX bit | |(storage of arriving display data)

Defines output bank selection
(retrieval of LCD display data)

The BANK SELECT command has
no effectin 1 : 3and 1 : 4 multi-
plex drive modes

BLINK

lc[1 11 0]a]BF1 BFO

blink frequency |bits BF1 BFO

off 0 0
2 Hz 0 1
1 Hz 1 0
0,5 Hz 1 1
blink mode bitA
normal blinking 0
alternation blinking 1

Defines the blinking frequency

Selects the blinking mode;
normal operation with frequency
set by bits BF1, BFO, or

blinking by alternation of
display RAM banks. Alternation
blinking does not apply in 1: 3
and 1 : 4 multiplex drive modes

Display controller

The display controller executes the commands identified by the command decoder. It contains the

status registers of the PCF8566 and coordinates their effects. The controlleg is also responsible for loading

display data into the display RAM as required by the filling order.
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Cascaded operation

In large display configurations, up to 16 PCF8566s can be distinguished on the same 12C bus by using
the 3-bit hardware subaddress (A0, A1, A2) and the programmable 12C slave address (SAQ). It is also
possible to cascade up to 16 PCF8566s. When cascaded, several PCF8566s are synchronized so that they
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost-
effective in large LCD applications since the backplane outputs of only one device need to be through-
plated to the backplane electrodes of the display. The other PCF8566s of the cascade contribute
additional segment outputs but their backplane outputs are left open-circuit (Fig. 17).

The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8566s.
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by
the definition of a multiplex mode when PCF8566s with differing SAO levels are cascaded). SYNC is
organized as an input/output pin; the output section being realized as an open-drain driver with an
internal pull-up resistor. A PCF8566 asserts the SYNC line at the onset of its last active backplane
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it
will be restored by the first PCF8566 to assert SYNC. The timing relationships between the backplane
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig. 18.
The waveforms are identical with the parent device PCF8576. Casadability between PCF8566s and
PCF8576s is possible, giving cost effective LCD applications.

LCD PANEL
(up to 1536
Voo |Vico elements)
SDA|, 12
SCL
2 17-40| 24 segment drives )
SYNC|, PCF8566 V
CLK 4
osc|, 13-16
7 8 9 10 1 BP0 — BP3
A0 [A1 [A2 [sA0]vgg (open-circuit)
Vico
Vbp
to
R trise
2Cous Voo | Vico
SDA ] 5 12
HOST
SCL1, 17-40| 24 segment drives
MICRO - SYNC
PROCESSOR/ 3 PCF8566
MICRO— CLK 4
CONTROLLER osc 13-16 4 backplanes
6 BPO to BP3
7 8 9 10 11
A0 |A1 |A2 |SAO|Vss 7297486.1
Vss

Fig. 17 Cascaded PCF8566 configuration.
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PCF8566

DEVELOPMENT DATA

BPO

SYNC

BP1

(/, bias)

BP1

(/5 bias)

SYNC

BP2

SYNC

BP3

SYNC

- Tframe =

—
ftrame

— —

[

(a) STATIC DRIVE MODE

]

—

—
—

—

!

(b) 1:2 MULTIPLEX DRIVE MODE

[ 1

f

L__ILI_

I

(c) 1:3 MULTIPLEX DRIVE MODE

—Ll_r—l__J_‘\__l_j

S

(d) 1:4 MULTIPLEX DRIVE MODE U

7291481

Fig. 18 Synchronization of the cascade for the various PCF8566 drive modes.

For single plane wiring of PCF8566s, see section "APPLICATION INFORMATION".
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RATINGS

Limiting values in accordance with the Absolute Maximum System (1EC 134)

Supply voltage range; see note
LCD supply voltage range

Input voltage range (SCL;_S_DLAJ
AO to A2; OSC; CLK; SYNC; SA0)

Output voltage range (SO to S23;
BPO to BP3)

DC input current

DC output current

Vpp. Vsg or V| ¢cp current
Power dissipation per package
Power dissipation per output

Storage temperature range

Note

VbD
Vicop

\7

Vo

1)

tlp

tlpp, tlss, tlLcD

Ptot
Po
Tstg

—-05t0+7 V
Vpp =7 to Vpp V

VSS -0,5 to VDD +0,5 V

Vicp—05toVpp+05 V

max. 20 mA
max. 25 mA
max. 50 mA
max. 400 mW
max. 100 mW

—65 to + 150 ©C

Inputs and outputs are protected against electrostatic discharges in normal handling. However, to be
totally safe, it is advised to take handling precautions appropriate to handling MOS devices (see

‘Handling MOS devices’).

DC CHARACTERISTICS

Vss=0V;Vpp=25t06V;V cp=Vpp —25to Vpp —6V;

Tamb = —40 to +85 OC; unless otherwise specified

parameter symbol min. typ. max. unit
Operating supply voltage VDD 25 - 6 v
LCD supply voltage ViLcD Vpp —6 — Vpp -2,5 \
Operating supply current

(normal mode) at fo Kk

=200 kHz (note 1) DD — 30 90 HA
Power-saving mode supply current

atVpp=35V;Vi cp=0V;

fcLk = 35 kHz; A0, A1 and A2

tied to Vgg (note 1) ILp - 15 40 uA
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PCF8566

DEVELOPMENT DATA

parameter symbol min. typ. | max. unit
Logic
Input voltage LOW ViL Vss - 0,3VDD \Y
Input voltage HIGH ViH 0,7VpD - VDD \Y
Output voltage LOW at | =0 mA VoL - - 0,05 \%
Output voltage HIGH at Ig =0 mA VOH Vpp —0,05 | — - \
Output current LOW (CLK, SYNC)

atVoL=10V;Vpp=5V loL1 1 - - mA
Output current HIGH (CLK)

atVogy=40V;Vpp=5V lOH - - -1 mA
Output current LOW (SDA; SCL)

atVoL=04V;Vpp=5V loL2 3 - - mA
Leakage current (SAQ, CLK, OSC, AO,

A1, A2,SCL, SDA) at V| = Vsg

orVpp L - — 1 HA
Pull-down current (AQ; A1; A2; OSC)

atVy=1VandVpp=5V Ipd 15 50 150 HA
Pull-up resistor (SYNC) RsyNC 15 25 60 k2
Power-on reset level (note 2) VREF - 1,3 2,0 \%
Tolerable spike width on bus tsw - - 100 ns
Input capacitance (note 3) Ci — - 7 pF
L.CD outputs
D.C. voltage component (BPO to BP3)

atCgp =35 nF *Vgp — 20 — mV
D.C. voltage component (SO to S23)

atCg=5nF Vg — 20 - mV
Output impedance (BPO to BP3)

at Vi cD=VDD —5 V (note 4) RBp - 1 5 k2
Output impedance (SO to S23)

atVicp=VDD -5V (note 4) Rs - 3 7,0 k2
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AC CHARACTERISTICS (note 5)

Vss=0V;Vpp=25to6V; Vicp = Vpp —25toVpp —6V;

Tamb = —40 to +85 OC; unless otherwise specified

parameter symbol min. typ. | max. unit
Oscillator frequency (normal mode)

at Vpp =5 V (note 6) foLk 125 200 | 315 kHz
Oscillator frequency (power-saving

mode) at Vpp =35V focLKkLP 21 31 48 kHz
CLK HIGH time tCLKH 1 - - us
CLK LOW time tCLKL 1 - - us
S—Y—l_\lfpropagation delay tpSYNC — — 400 ns
SYNC LOW time tsyncL |1 - - us
Driver delays with test loads

atVicp=Vpp -5V tPLCD - - 30 us
12C bus
Bus free time tBUF 4,7 — — us
Start condition hold time tHD; STA | 4 - - us
SCL LOW time tLow 4,7 - - us
SCL HIGH time tHIGH 4 - - ps
Start condition set-up time )

(repeated start code only) tsu; STA | 4.7 — — Us
Data hold time tHD; DAT | O - — us
Data set-up time tsuU; DAT | 250 - - ns
Rise time 1, — — 1 us
Fall time t — - 300 ns
Stop condition set-up time tsu; sTO | 4.7 — — us

Notes to characteristics

Resets all logic when Vpp <VREE.
Periodically sampled, not 100% tested.
Outputs measured one at a time.

2B

At fcLK <125 kHz, 12 C bus maximum transmission speed is derated.

Outputs open; inputs at Vgg or Vpp; external clock with 50% duty factor; 12C bus inactive.

All timing values referred to V|1 and V|| levels with an input voltage swing of Vgs to Vpp.
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PCF8566

DEVELOPMENT DATA

cLK 33kQ SDA, SCL 1,5kQ v
h 0.5Vpp (pins 1, 2) oo
(pin 4) 2%) pins 1, (2%)
__ K
SYNC 68 Voo
(pin 3) (2%)
BPO to BP3 S0to S23
(pins 13 t0 16) % ljoag = 25 KA (pins 17 to 40) —» ljgad = 15 1A
7297490
Fig. 19 Test loads.
1
- e
foik
tCLKH toLkL |
[ 0,7Vpp
CLK
( 0,3Vpp
\ 7[ 0,7 Vbp
SYNC 0,3VoD
tpSYNC
i -
| tsynCL |
Y 0,5V
BPO to BP3 A
SOto S23 (Vpp=5V)
v
§ 0,5V
<— tpLcD —> T 7297491

Fig. 20 Driver timing waveforms.
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3

SDA

tBUF —» — tow |e— tg -
ScL

—> | tHD;STA l=— - |~ 1 tHigH =

T, — |- — -
'HD;DAT tsu;DAT
SDA
7287013.2 tsu;sTA tsu;sTO

e

BUS

Fig. 21 12C bus timing waveforms.

Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the 12C-system provided
the system conforms to the 12C specifications defined by Philips.
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Universal LCD driver for low multiplex rates PCF8566

DEVELOPMENT DATA

40 7224051 24 7224052
'bp oo
(uA)
—40°C (uA) o
C /1 —40°C
30 7 /
/ 16 L /
L //
7, 85°C // 85°C
20

Zi 8

o 0
0 4 Voo (V) 8 ] 4 Voo (V) 8
(a) Normal mode; V| cp=0V; (b) Low power mode; Vi cp =0V;
external clock = 200 kHz. external clock = 35 kHz.
Fig. 22 Typical supply current characteristics.
6 7224053 12 7224054
Rgp Rs
(k) (k)
. ' \
—40°C
| \-
25°C |
85°¢ ]
2 4
\ N\
x
S——
0 0
0 4 Vpp (V) 8 0 4 Vpp (V) 8
(a) Backplane output impedance BPO to BP3 (Rgp); (b) Segment output impedance SO to S23 (Rg);
Vpp =5V: Tagmp = —40 to + 85 °C. Vpp =5 V.

Fig. 23 Typical characteristics of LCD outputs.
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40-LEAD DUAL IN-LINE; PLASTIC (SOT-129)

Universal LCD driver for low multiplex rates
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SOLDERING

See next page.
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SOLDERING

1. By hand

Apply the soldering iron below the seating plane (or not more than 2 mm above it).
If its temperature is below 300 ©C it must not be in contact for more than 10 seconds; if between
300 OC and 400 ©C, for not more than 5 seconds.

. By dip or wave

The maximum permissible temperature of the solder is 260 C; this temperature must not be in
contact with the joint for more than 5 seconds. The total contact time of successive solder waves
must not exceed 5 seconds.

The device may be mounted up to the seating plane, but the temperature of the plastic body must
not exceed the specified storage maximum. If the printed-circuit board has been pre-heated, forced
cooling may be necessary immediately after soldering to keep the temperature within the permis-
sible limit.

. Repairing soldered joints

The same precautions and limits apply as in (1) above.

~a0
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- PCF8566

DEVELOPMENT DATA

~—————15,5max -
v v
__J 2,45 2.7
\l]l!l!l!l!l!l! [ e mon
! A
7) o
951 |@
40 2z top view
o] k
L 201 :
max | |
T
Lo !
1 20
<« 16,0 max ————>
SOLDERING

See next page.

40-LEAD MINI-PACK; PLASTIC (VSO-40; SOT-158A)

| 9,0 max |
- rg,t; 7,6 max l
1,15 . l
s 'le _— |
max — =
|2 // v f
‘/"‘T‘ % O,‘!O 4
1,7 min 0,22
s T 0,14
12,3 max

7285296.6

Dimensions in mm

@ Positional accuracy.

M Maximum Material Condition.
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SOLDERING

By hand-held soldering iron or pulse-heated solder tool

Apply the heating tool to the flat part of the lead only. Contact time must be limited to 10 seconds
at up to 300 ©C. When using proper tools, all leads can be soldered in one operation within 2 to 5
seconds at between 270 and 320 OC. (Pulse-heated soldering is not recommended for SO packages).

For pulse-heated solder tool (resistance) scidering of VSO packages, solder is applied to substrate
by dipping or by an extra thick tin/lead plating before package placement.

By wave

Maximum permissible solder temperature is 260 ©C, and maximum duration of package immersion
in solder bath is 10 seconds, if allowed to cool to less than 150 ©C within 6 seconds. Typical dwell
time is 4 seconds at 250 ©OC.

A modified wave soldering technique is recommended, using two solder waves (dual-wave); a first
turbulent wave with high upward pressure is followed by a smooth, laminar wave. A mildly activated
flux will eliminate the need for removal of corrosive residues in most appiications.

By solder paste reflow

Reflow soldering requires the solder paste (a suspension of fine solder particles, flux and binding
agent) to be applied to the substrate by screen printing or pressure-syringe dispensing before device
placement.

Several techniques exist for reflowing, for example, thermal conduction by heated belt, infrared,
and vapour-phase reflow. Dwell times vary between 8 and 60 seconds according to method. Typical
reflow temperatures range from 215 to 250 ©C.

Pre-heating is necessary to dry paste and evaporate binding agent, and to reduce thermal shock on
entry to reflow zone.

Repairing soldered joints
The same precautions and limits apply as in (1) above.
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SUPERSEDES DATA OF MARCH 1987

UNIVERSAL LCD DRIVER FOR LOW MULTIPLEX RATES
GENERAL DESCRIPTION

The PCF8576 is a peripheral device which interfaces to almost any liquid crystal display (LCD) having
low multiplex rates. It generates the drive signals for any static or multiplexed LCD containing up to
four backplanes and up to 40 segments and can easily be cascaded for larger LCD applications. The
PCF8576 is compatible with most microprocessors/microcontrollers and communicates via a two-line
bidirectional bus (I12C). Communication overheads are minimized by a display RAM with auto-
incremented addressing, by hardware subaddressing and by display memory switching (static and
duplex drive modes).

Features

Single-chip LCD controller/driver

Selectable backplane drive configuration: static or 2/3/4 backplane multiplexing

Selectable display bias configuration: static, 1/2 or 1/3

Internal LCD bias generation with voltage-follower buffers

40 segment drives: up to twenty 8-segment numeric characters; up to ten 15-segment alphanumeric
characters; or any graphics of up to 160 elements

40 x 4-bit RAM for display data storage

Auto-incremented display data loading across device subaddress boundaries

Display memory bank switching in static and duplex drive modes

Versatile blinking modes

LCD and logic supplies may be separated

Wide power supply range: from 2 V for low-threshold LCDs and up to 9 V for guest-host LCDs and
high-threshold (automobile) twisted nematic LCDs

Low power consumption

Power-saving mode for extremely low power consumption in battery-operated and telephone
applications

® |2C-bus interface
® TTL/CMOS compatible
® Compatible with any 4-bit, 8-bit or 16-bit microprocessors/microcontrollers
® May be cascaded for large LCD applications (up to 2560 segments possible)
® Cascadable with the 24-segment LCD driver PCF8566
® Optimized pinning for single plane wiring in both single and multiple PCF8576 applications
® Space-saving 56-lead plastic mini-pack (VSO56) or 64-lead tape-automated-bonding (TAB)
module (SOT267A) -—
@ Very low external component count (at most one resistor, even in multiple device applications)
® Compatible with chip-on-glass technology
® Manufactured in silicon gate CMOS process
PACKAGE OUTLINES
PCF8576T: 56-lead mini-pack; plastic (VSO56; SOT190).
PCF8576U: uncased chip in tray.
PCF8576U/10: chip-on-film frame carrier (FFC).
PCF8576V: 64-lead tape-automated-bonding module (SOT267A). -
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Universal LCD driver for low multiplex rates PCF8576

PINNING

soa [1] U [56] s39
scL [2] [55] s38
SYNC [3] [54] s37
cuk [4] 53] s36
Vop [5 52] s35

osc [ 6 | 51| s34
A0 [7] [50] 533

a1 [8] [49] 532
A2[9] 48] s31
sa0 [10] [47] s30
vss [11] [46] s29
LCD [1—?_ El s28
8po [13 [44] 527
8p2 [14] 43] s26

<

PCF8576T
8P1 15 42] s25
Br3 [16 41] s24

so [17 [40] s23
s1 [18] [39] 522
s2 [19] 38] s21
53 [20] [37] s20
s4 [21] [36] s19
s5 [22] 35] s18
s6 [23] [34] s17
57 [24] 33] s16
s8 [25 32] s15
s9[26 [31] s14
s10 [27] 30] 513
s11[28 [29] s12

7291476.2

Fig.2(a) Pinning diagram: VSO56; SOT190.
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PINNING (continued)

Vico B 1—nec
VSS[: [ Jnc.
SA0 [} (”EF I nc
A2 [ —Jnec
A1) 60 5[ "nc
A0 ] — [ _1nc.
osc ] —nc
Vpp —nc
CLK ] [ 1BPO
SYNC ] 55 10 [ 8P2
Yo — — =13
SDA [ PCF8576V [——18P3
s39 ] —so
s38 ] st
§37 50 15182
s36 [ —1s3
S35 [ [ 1s4
S84 5
$33 [ —1s6
S32 45 2037
$31 ] 3 3 3 & s8
R

2385883888822 58238 0505058 sz

(1) Orientation mark.
— Fig.2(b) Pinning diagram; SOT267A.
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PCF8576

pin no..
mnemonic description
SOT190 SOT267A
SDA 1 53 12C-bus serial data line
SCL 2 54 12C-bus serial clock line
SYNC 3 55 cascade synchronization input
CLK 4 56 external clock input
Vpp 5 57 positive supply voltage
0SsC 6 58 osciiiator input
A0 to A2 7-9 59 - 61 12C-bus subaddress inputs
SAO 10 62 12C-bus slave address input (bit 0)
Vss 1 63 ground (logic)
ViLcD 12 64 LCD supply voltage
n.c. 1-8 not connected
BPO to BP3 13-16 9-12 LCD backplane outputs
SO to S39 17 - 56 13-52 LCD segment outputs -
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FUNCTIONAL DESCRIPTION

The PCF8576 is a versatile peripheral device designed to interface any microprocessor/microcontroller to

a wide variety of LCDs. It can directly drive any static or multiplexed LCD containing up to four back-
planes and up to 40 segments. The display configurations possible with the PCF8576 depend on the
number of active backplane outputs required; a selection of display configurations is given in Table 1.

Table 1 Selection of display configurations

active back- no. of 7-segment 14-segment dot matrix
plane outputs segments numeric alphanumeric

20 digits + 10 characters + 160 dots
4 160 20 indicator 20 indicator (4 x 40)

symbols symbols

15 digits + 8 characters + 120 dots
3 120 15 indicator 8 indicator (3 x 40)

symbols symbols

10 digits + 5 characters + 80 dots
2 80 10 indicator 10 indicator (2 x 40)

symbols symbols

5 digits + 2 characters + 40 dots
1 40 5 indicator 12 indicator

symbols symbols

All of the display configurations given in Table 1 can be implemented in the typical system shown in
Fig.3. The host microprocessor/microcontroller maintains the 2-line 12C-bus communication channel
with the PCF8576. A resistor connected between OSC (pin 6) and Vgg (pin 11) controls the device
clock frequency. The appropriate biasing voitages for the muitipiexed LCD waveforms are generated
internally. The only other connections required to complete the system are to the power supplies
(VbDp. Vgs and V| cp) and to the LCD panel chosen for the application.

Vbp [I]
= 2Cpuys Voo |VLCD
L spA|, 5 12
HOST
MICRO— - Set, 17-56 | 40 segment drives
PROCESSOR/ PCF8576
MICRO—
CONTROLLER osc 13-16 4 backplanes
6
7 8 9 10 11
A0 |A1 [A2 [sAOD|V.
Rosc SAO | Vsg
Vss

326

Fig.3 Typical system configuration.

LCD PANEL

(up to 160
elements)

7291464.2
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Universal LCD driver for low multiplex rates

Power-on reset

At power-on the PCF8576 resets to a defined starting condition as follows:
. All backplane outputs are set to Vpp.

. All segment outputs are set to Vpp.

. The drive mode ‘1 : 4 multiplex with 1/3 bias’ is selected.

. Blinking is switched off.

. Input and output bank selectors are reset (as defined in Table 5).

. The 12C-bus interface is initialized.

N O W =

. The data pointer and the subaddress counter are cieared.

Data transfers on the 1?2 C-bus should be avoided for 1 ms following power-on to allow completion of the
reset action.

LCD bias generator

The full-scale LCD voltage (Vop) is obtained from Vpp — V| cp. The LCD voltage may be temperature
compensated externally through the Vi cp supply to pin 12. Fractional LCD biasing voltages are obtained
from an internal voltage divider of three series resistors connected between Vpp and V| cp. The centre
resistor can be switched out of circuit to provide a % bias voltage level for the 1 : 2 multiplex configuration.

LCD voltage selector

The LCD voltage selector coordinates the multiplexing of the LCD according to the selected LCD drive
configuration. The operation of the voltage selector is controlled by MODE SET commands from the
command decoder. The biasing configurations that apply to the preferred modes of operation, together
with the biasing characteristics as functions of Vo = Vpp — V| ¢p and the resulting discrimination
ratios (D), are given in Table 2.

Table 2 Preferred LCD drive modes: summary of characteristics

LCD drive mode LCDAbias _ Voff (rms) Von (rms) b= Von (rms)
configuration Vop Vop Voif (rms)

static (1 BP) static (2 levels) 0 1 o

1:2MUX (2 BP) 1/2 (3 levels) V/2/4=0.354 | \/10/4=0.791 | /5 =2.236

1:2MUX (2 BP) 1/3 (4 levels) 1/3=0.333 V5/3=0745 |./5=2.236

1:3MUX (3 BP) 1/3 (4 levels) 1/3=10.333 \/33/9=0.638 | /33/3=1.915

1:4MUX (4 BP) 1/3 (4 levels) 1/3=0.333 V3/3=0577 |/3=1.732

\ rMarch 1990
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LCD voltage selector (continued)

A practical value for V|, is determined by equating Vo §f (rms) With a defined LCD threshold voltage
(Vin), typically when the LCD exhibits approximately 10% contrast. In the static drive mode a
suitable choice is Vo5 X 3 Vi

Multiplex drive ratios of 1 : 3 and 1 : 4 with 1/2 bias are possible but the discrimination and hence the
contrast ratios are smaller (,/3 = 1.732 for 1: 3 multiplex or/21/3 = 1.528 for 1 : 4 multiplex).

The advantage of these modes is a reduction of the LCD full scale voltage Vop as follows:

1: 3 multiplex (1/2 bias) : Vg =v/6 Voff (rms) = 2.449 Voff (rms)
1: 4 multiplex (1/2 bias) : Vgp = 4\/3—/3 Voff (rms) = 2-309 Voff (rms)
These compare with Vg, = 3 Vff (rms) When 1/3 bias is used.

LCD drive mode waveforms

The static LCD drive mode is used when a single backplane is provided in the LCD. Backplane and
segment drive waveforms for this modeare shown in Fig.4.

<_Tframe_>|

LCD segments

Vpp — =

BPO

Vieo —

VbD [ state 1
(on)

\\

state 2
(off)

Sn

vVicp ——
VDD — —

Sn+1

-
(a) WAVEFORMS AT DRIVER

Vico

Vop —

statel 0 —— At any instant (t):

Vstate 1(t) = Vg (t) — Vppo(t)

-Vop I
Vop —

Von (rms) = Vop
Vstate 2(t) = Vg 4(t) = Vpo(t)
Voff (rms) =0V

state 2 0 ——m—

“Vop —

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT
7291465

Fig.4 Static drive mode waveforms: Vo, = Vpp — V| ¢D.
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PCF8576

When two backplanes are provided in the LCD the 1 : 2 multiplex drive mode applies. The PCF8576
allows use of 1/2 or 1/3 bias in this mode as shown in Figs 5 and 6.

BPO

BP1

Sn

Sh+1

state 1

state 2

VoD
(Vpp+Vicp)/2—

Vico

<~—— Trame —>

)

Vbp
(Vpp+Viep) /2 —

ViLco

o =

Voo

Viep
VoD

T

Vicp

LCD segments

—90-

state 1

state 2

(a) WAVEFORMS AT DRIVER

~Vop/2

-V, op
Vop

Vop/2

0 —
~Vop/2

—Vop

"
L[

I [
T

(b) RESULTANT WAVEFORMS

AT LCD SEGMENT

At any instant (t):
Vstate 1(t) = Vg, (1) — Vgpo(t)

_Vop =_
Von (rms) = —4—\/10 =0.791 Vgp
Vstate 2(t) = Vg _(t) — Vgpq(t)

Vnn —
Voff (rms) = ﬁ/Z =0.354 Vop

7291477

Fig.5 Waveforms for 1 : 2 multiplex drive mode with 1/2 bias: Vo5 = Vpp — Vi cD-
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LCD drive mode waveforms (continued)

Térame

LCD segments

Vpp —M8M—
VDD —Vop/3 —
gpo  DD7Yop
VDD —2Vop/3 — ~—— -
Vico ol

state 1

Voo state 2

8P VDD‘_VOp/3 —_ \
VDD —2Vop/3 — _C}‘_
Viep —
Vbp )
VDD—VOp/B——-—J

S Vpp—2Vep/3 —
Vico ———— I

VbD
VDD—Vop/3 _—
VDp—2Vop/3—

Vicp S
(a) WAVEFORMS AT DRIVER

Sn+1

Vop

2Vop/3 At any instant (t):
Vop/3 ———
el 0 Vstate 1(t) = Vs (t) — Vgpo(t)

~Vop/3 - Vo
T2 Vop/S Von (rms) = —52\/§= 0.745 Vop
'Vop - |
A Vstate 2(t) = Vg _(t) — Vgp1(t)
2Vop/3
Vop/3
state 2 0
~Vop/3
~2Vgp/3
_Vop - 7291466

(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

V
l' Voff (rms) = %): 0.333 Vgp

Fig.6 Waveforms for 1 : 2 multiplex drive mode with 1/3 bias: Vop = VDD — VLCD:

The backplane and segment drive waveform for the 1 : 3 multiplex drive mode (three LCD backplanes)
and for the 1 : 4 multiplex drive mode (four LCD backplanes) are shown in Figs 7 and 8 respectively.
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Vbp
VDD —Vop/3 —
VpD—2Vop/3 — ——

Viep i

\ P state 1
bD state 2
8p1 VDD —Vop/3 — N
Vbp—2Vop/3 —

VLCD
Vbp

Vpp—Vop/3 —

BP2 DD~ Yep —I_I,
VDD —2Vop/3 —
VLCD

VoD

" Vpp-2Vep/3—
vViep

-— Tframe __4>i LCD segments

Voo __l

Vbp Vop/3 —
VbD—2Vop/3 —
Vico I
Vbp
Vbp—Vop/3 —
VDD—ZVOp/3 —
V — S
Ko (a) WAVEFORMS AT DRIVER

Sn+1

Sn+2

Vop
2Vop/3 ———
Vo3 ———— — Vstate 1(t) = Vs, (t) — Vgpol(t)
state 1 Q— Vv
Vo3 ———— Von (rms) = —go+/33 = 0.638 Vo,
—2Vgp/3
~Vop L

At any instant (t):

Vstate 2 (t) = Vg _(t) — Vgp1(t)
Vop

2Vop/3
Vop/3

state 2 Q— |
—Vop/3

—2Vp/3

—Vop —— 7291478
(b) RESULTANT WAVEFORMS
AT LCD SEGMENT

v
Voff (rms) = == = 0.333 Vop

Fig.7 Waveforms for 1 : 3 multiplex drive mode: Vop =Vpp — ViLcD-
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LCD drive mode waveforms (continued)

BPO

BP1

BP2

BP3
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-————
Vbp
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Vbp ]
VDD—Vop/3 _
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I I Iy B
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Voo
VDD_VOD/3 —_

VbD—2Vop/3 —

Viep

VoD
Vbp—Vop/3 —
Vpp-2 Vop/3 —
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Vop
2Vop/3 ——
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=Vop/3 ——

~2Vop/3

_Vop
Vop
2Vgp/3

Vop/3
0

~Vop/3
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(b) RESULTANT WAVEFORMS
AT LCD SEGMENT
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——

I_—J

LCD segments

e

At any instant (t):

Vstate 1(t) =
Vg, (t) = Vppolt)

Von (rms) =
\
%’\/i =0577 Vop

Vstate 2(t) =
Vg, (t) — Vgpq(t)

Voff (rms) =

Vop
—3— =0.333 VOD

Fig.8 Waveforms for 1 : 4 multiplex drive mode: Vop = VDD = VLCD-

332

March 1990\ (



Universal LCD driver for low muitiplex rates PCF8576

Oscillator
Internal clock

The internal logic and the LCD drive signals of the PCF8576 are timed either by the built-in oscillator
or from an external clock. When the internal oscillator is used, frequency control is performed by a
single resistor connected between OSC (pin 6) and Vgg (pin 11) as shown in Fig.9. In this application,
the output from CLK (pin 4) provides the clock signal for cascaded PCF8576s in the system.

72914671

1000
fouk
{(kHz) g00

200

7/
7/

100

50 N

N
N\

10 L Fig.9 Oscillator frequency
100 200 500 1000 2000 5000 as a function of Rogc:

Fose (k2] foLK ~ (3.4 x 107/Rggc) kHz*S2.

20

External clock

The condition for external clock is made by tying OSC (pin 6) to Vpp; CLK (pin 4) then becomes the
external clock input.

The clock frequency (fc| ) determines the LCD frame frequency and the maximum rate for data
reception from the 12C-bus. To allow 12C-bus transmissions at their maximum data rate of 100 kHz,
fc Lk should be chosen to be above 125 kHz.

A clock signal must always be supplied to the device; removing the clock may freeze the LCD in a
DC state.

Timing

The timing of the PCF8576 organizes the internal data flow of the device. This includes the transfer

of display data from the display RAM to the display segment outputs. In cascaded applications, the
synchronization signal SYNC maintains the correct timing relationship between the PCF8576s in the
system. The timing also generates the LCD frame frequency which it derives as an integer multiple of
the clock frequency (Table 3). The frame frequency is set by the choice of value for Rogc when internal
clock is used, or by the frequency applied to pin 4 when external clock is used.

Table 3 LCD frame frequencies

PCF8576 mode recommended Rq. (k§2) fframe nominal ffrgme (Hz)
normal mode 180 fcLk /2880 64
power-saving mode 1200 fcLk /480 64
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Timing (continued)

The ratio between the clock frequency and the LCD frame frequency depends on the mode in which

the device is operating. In the normal mode, Ry = 180 k&2 will result in the nominal frame frequency.
In the power-saving mode the reduction ratio is six times smaller; this allows the clock frequency to be
reduced by a factor of six and for the same frame frequency Rggc will be 1.2 MS2. The reduced clock
frequency and the increased value of Rosc together contribute to a significant reduction in power
dissipation. The lower clock frequency has the disadvantage of increasing the response time when large
amounts of display data are transmitted on the 1C-bus. When a device is unable to ‘digest’ a display

data byte before the next one arrives, it holds the SCL line LOW until the first display data byte is stored.
This slows down the transmission rate of the 12C-bus but no data loss occurs.

Display latch

The display latch holds the display data while the corresponding multiplex signals are generated. There
is a one-to-one relationship between the data in the display latch, the LCD segment outputs and one
column of the display RAM.

Shift register

The shift register serves to transfer display information from the display RAM to the display latch while
previous data is displayed.

Segment outputs

The LCD drive section includes 40 segment outputs SO to S39 (pins 17 to 56) which should be connected
directly to the LCD. The segment output signals are generated in accordance with the multiplexed back-
plane signals and with the data resident in the display latch. When less than 40 segment outputs are
required the unused segment outputs should be left open.

Backplane outputs

The LCD drive section includes four backplane outputs BPO to BP3 which should be connected directly
to the LCD. The backplane output signals are generated in accordance with the selected LCD drive mode.
If less than four backplane outputs are required the unused outputs can be left open. In the 1 : 3 multi-
plex drive mode BP3 carries the same signal as BP 1, therefore these two adjacent outputs can be tied
together to give enhanced drive capabilities. In the 1 : 2 multiplex drive mode BP0 and BP2, BP1 and
BP3 respectively carry the same signals and may also be paired to increase the drive capabilities. In the
static drive mode the same signal is carried by all four backplane outputs and they can be connected in
parallel for very high drive requirements.

Display RAM

The display RAM is a static 40 x 4-bit RAM which stores LCD data. A logic 1 in the RAM bit-map
indicates the ‘on’ state of the corresponding LCD segment; similarly, a logic O indicates the ‘off’ state.
There is a one-to-one correspondence between the RAM addresses and the segment outputs, and between
the individual bits of a RAM word and the backplane outputs. The first RAM column corresponds to the
40 segments operated with respect to backplane BP0 (Fig.10). In multiplexed LCD applications the
segment data of the second, third and fourth column of the display RAM are time-multiplexed with
BP1, BP2 and BP3 respectively.

334
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display RAM addresses (rows) / segment outputs (S)

0 1 2 3 4 o 35 36 37 38 39
display RAM bits 0
(columns) / I
backplane outputs ! —_———
(BP) 2
3
7291468

Fig.10 Display RAM bit-map showing direct relationship between display RAM addresses and segment
outputs, and between bits in a RAM word and backplane outputs.

When display data are transmitted to the PCF8576 the display bytes received are stored in the display
RAM according to the selected LCD drive mode. To illustrate the filling order, an example of a 7-seg-
ment numeric display showing all drive modes is given in Fig.11; the RAM filling organization depicted
applies equally to other LCD types.

With reference to Fig.11, in the static drive mode the eight transmitted data bits are placed in bit O of
eight successive display RAM addresses. In the 1 : 2 multiplex drive mode the eight transmitted data
bits are placed in bits 0 and 1 of four successive display RAM addresses. In the 1 : 3 multiplex drive
mode these bits are placed in bits 0, 1 and 2 of three successive addresses, with bit 2 of the third address
left unchanged. This last bit may, if necessary, be controlled by an additional transfer to this address but
care should be taken to avoid overriding adjacent data because full bytes are always transmitted. In the

1 : 4 multiplex drive mode the eight transmitted data bits are placed in bits 0, 1, 2 and 3 of two suc-
cessive display RAM addresses.

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows the loading
of an individual display data byte, or a series of display data bytes, into any location of the display

RAM. The sequence commences with the initialization of the data pointer by the LOAD DATA POINTER
command. Following this, an arriving data byte is stored starting at the display RAM address indicated

by the data pointer thereby observing the filling order shown in Fig.11. The data pointer is automati-

cally incremented according to the LCD configuration chosen. That is, after each byte is stored, the
contents of the data pointer are incremented by eight (static drive mode), by four (1 : 2 multiplex

drive mode), by three (1 : 3 multiplex drive mode) or by two (1 : 4 multiplex drive mode).

Subaddress counter

The storage of display data is conditioned by the contents of the subaddress counter. Storage is allowed

to take place only when the contents of the subaddress counter agree with the hardware subaddress applied
to A0, A1 and A2 (pins 7, 8, and 9). The subaddress counter value is defined by the DEVICE SELECT
command. If the contents of the subaddress counter and the hardware subaddress do not agree then data
storage is inhibited but the data pointer is incremented as if data storage had taken place. The subaddress
counter is also incremented when the data pointer overflows.
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Subaddress counter (continued)

The storage arrangements described lead to extremely efficient data loading in cascaded applications.
When a series of display bytes are being sent to the display RAM, automatic wrap-over to the next
PCF8576 occurs when the last RAM address is exceeded. Subaddressing across device boundaries is
successful even if the change to the next device in the cascade occurs within a transmitted character
(such as during the 14th display data byte transmitted in 1 : 3 multiplex mode).

Output bank selector

This selects one of the four bits per display RAM address for transfer to the display latch. The actual
bit chosen depends on the particular LCD drive mode in operation and on the instant in the multiplex
sequence, In 1 : 4 multiplex, all RAM addresses of bit O are the first to be selected, these are followed
by the contents of bit 1, bit 2 and then bit 3. Similarly in 1 : 3 multiplex, bits 0, 1 and 2 are selected
sequentially. In 1 : 2 multiplex, bits O then 1 are selected and, in the static mode, bit O is selected.

The PCF8576 includes a RAM bank switching feature in the static and 1 : 2 multiplex drive modes. In
the static drive mode, the BANK SELECT command may request the contents of bit 2 to be selected
for display instead of bit O contents. In the 1 : 2 drive mode, the contents of bits 2 and 3 may be
selected instead of bits 0 and 1. This gives the provision for preparing display information in an
alternative bank and to be able to switch to it once it is assembled.

Input bank selector

The input bank selector loads display data into the display RAM according to the selected LCD drive
configuration. Display data can be loaded in bit 2 in static drive mode or in bits 2 and 3in 1 : 2 drive
mode by using the BANK SELECT command. The input bank selector functions independently of the
output bank selector.

Blinker

The display blinking capabilities of the PCF8576 are very versatile. The whole display can be blinked
at frequencies selected by the BLINK command. The blinking frequencies are integer multiples of the
clock frequency; the ratios between the clock and blinking frequencies depend on the mode in which
the device is operating, as shown in Table 4.

An additional feature is for an arbitrary selection of LCD segments to be blinked. This applies to the
staticand 1 : 2 LCD drive modes and can be implemented without any communication overheads. By
means of the output bank selector, the displayed RAM banks are exchanged with alternate RAM banks
at the blinking frequency. This mode can also be specified by the BLINK command.

Inthe 1: 3 and 1 : 4 multiplex modes, where no alternate RAM bank is available, groups of LCD
segments can be blinked by selectively changing the display RAM data at fixed time intervals.

If the entire display is to be blinked at a frequency other than the nominal blinking frequency, this can
be effectively performed by resetting and setting the display enable bit E at the required rate using the
MODE SET command.
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Blinker (continued)
Table 4 Blinking frequencies

blinking mode normal operating power-saving nominal blinking frequency
mode ratio mode ratio fhlink (Hz)

off — — blinking off

2 Hz fcLk /92160 fcLk /15360 2

1 Hz fcLk/184320 fcLk/30720 1

0.5 Hz fcLk /368640 fcLk /61440 0.5

CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for 2-way, 2-line communication between different ICs or modules. The two lines are

a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated
only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable
during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted
as control signals.

|
i
| stable:
| allowed | 7287019

Fig.12 Bit transfer.

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of
the data line while the clock is HIGH is defined as the stop condition (P).

|

/ | SDA
|

[
' -
! scL
p |
[
[ R — | | SR —
start condition stop condition

R |

-
|
|
|
|
|
;
I
|
|

7287005

Fig.13 Definition of start and stop conditions.
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System configuration

A device generating a message is a ‘‘transmitter’’, a device receiving a message is a ‘‘receiver’’. The
device that controls the message is the “‘master’’ and the devices which are controlled by the master
are the “'slaves’’.

SDA
T I l 1 I
MASTER SLAVE MASTER
SLAVE MASTER BN
TRANSMITTER/ RECEIVEER TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER
7287004

Fig.14 System configuration.

Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge bit is a HIGH
level put on the bus by the transmitter whereas the master generates an extra acknowledge related
clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception of
each byte. Also a master must generate an acknowledge after the reception of each byte that has been
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that
has been clocked out of the slave. In this event the transmitter must leave the data line HIGH to enable
the master to generate a stop condition.

start clock pulse for
condition acknowledgement

SCL FROM i
DATA OUTPUT ‘ T
BY TRANSMITTER |
DATA OUTPUT -
BY RECEIVER

7287007

Fig.15 Acknowledgement on the I2C-bus.

Note

The general characteristics and detailed specification of the 12C-bus are described in Handbook 1C12:
12C-bus compatible ICs.
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PCF8576 12C-bus controller

The PCF8576 acts as an 12C slave receiver. It does not initiate 12C-bus transfers or transmit data to an
12C master receiver. The only data output from the PCF8576 are the acknowledge signals of the selected
devices. Device selection depends on the I2C-bus slave address, on the transferred command data and on
the hardware subaddress.

In single device applications, the hardware subaddress inputs AO, A1 and A2 are normally tied to Vgg
which defines the hardware subaddress 0. In multiple device applications A0, A1 and A2 are tied to Vgg
or Vpp according to a binary coding scheme such that no two devices with a common 12C slave address
have the same hardware subaddress.

In the power-saving mode it is possible that the PCF8576 is not able to keep up with the highest trans-
mission rates when large amounts of display data are transmitted. If this situation occurs, the PCF8576
forces the SCL line LOW until its internal operations are completed. This is known as the ‘clock
synchronization feature’ of the 12C-bus and serves to slow down fast transmitters. Data loss does not
occur.

Input filters

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on
the SDA and SCL lines.

12C-bus protocol

Two 12C-bus slave addresses (0111000 and 0111001) are reserved for PCF8576. The least-significant
bit of the slave address that a PCF8576 will respond to is defined by the level tied at its input SAQ
(pin 10). Therefore, two types of PCF8576 can be distinguished on the same 12C-bus which allows:

(a) up to 16 PCF8576s on the same 12C-bus for very large LCD applications;
(b) the use of two types of LCD multiplex on the same 12C-bus.

The 12C-bus protocol is shown in Fig.16. The sequence is initiated with a start condition (S) from the
12C-bus master which is followed by one of the two PCF8576 slave addresses available. All PCF8576s
with the corresponding SAO level acknowledge in parallel the slave address but all PCF8576s with the
aiternative SAD ievei ignore the whoie i?C-bus transfer. After acknowiedgement, one or more command
bytes (m) follow which define the status of the addressed PCF8576s. The last command byte is tagged
with a cleared mist significant bit, the continuation bit C. The command bytes are also acknowledged
by all addressed PCF8576s on the bus.

After the last command byte, a series of display data bytes (n) may follow. These display data bytes
are stored in the display RAM at the address specified by the data pointer and the subaddress counter.
Both data pointer and subaddress counter are automatically updated and the data are directed to the
intended PCF8576 device. The acknowledgement after each byte is made only by the (AQ, A1, A2)
addressed PCF8576. After the last display byte, the I2C-bus master issues a stop condition (P).
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PCF8576

acknowledge by

Rllw (A0, A1, A2)—selected
76 onl
slave address acknowledge by all PCF8576 only
f \ { addressed PCF8576s }
LA B I B | s T T T T T T T T T 1771
Sjo1 11 0 0f[Ajo]A|C COMMAND A DISPLAY DATA Al P
I I N | 0 I T N N W | TN T N R N
— ~ _J - J — J I
1 byte m = 1 bytes n =0 bytes

7291470.2

Fig.16 12C-bus protocol.

Command decoder

The command decoder identifies command bytes that arrive on the 12C-bus. All available commands
carry a continuation bit C in their most-significant bit position (Fig.17). When this bit is set, it indicates
that the next byte of the transfer to arrive will also represent a command. If the bit is reset, it indicates

update data pointer
and, if necessary,
subaddress counter

the last command byte of the transfer. Further bytes will be regarded as display data.

0 = last command
1 = commands continue

‘ L L L I B A |

C| REST OF OPCODE
N N O S |
msb Isb

7291471

Fig.17 General format of command byte.

The five commands available to the PCF8576 are defined in Table 5.
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Command decoder (continued)

Table 5 Definition of PCF8576 commands

[c]1 1 0 0]a2 A1 A0]

3-bit binary value of 0 to 7

command/opcode options description
Defines LCD drive mode
LCD drive mode bits M1 MO
MODE SET
static (1 BP) 0 1
1:2MUX (2 BP) 1 0
ic|i ofe[e[s[mi]mo] [1:3mux 38P) 1
1:4 MUX (4 BP) 0 O
Defines LCD bias configuration
LCD bias bit B
1/3 bias 0
1/2 bias 1
Defines display status
display status bit E The possibility to disable the
display allows implementation
disabled (blank) 0 of blinking under external
enabled 1 control
Defines power dissipation mode
mode bit LP
normal mode 0
power-saving mode 1
LOAD DATA POINTER Six bits of immediate data,
bits P5 P4 P3 P2 Pt PO |bits P5to PO, are transferred
|C ]O |P5 P4 P3 P2 P1 PO] to the data pointer to define
6-bit binary value of 0 to 39 one of forty display RAM
addresses
DEVICE SELECT Three bits of immediate data,
bits A0 A1 A2 |bits A0 to A2, are transferred

to the subaddress counter to
define one of eight hardware
subaddresses
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command/opcode options description
BANK SELECT Defines input bank selection
static 1:2MUX bit | |(storage of arriving display data)

lc]t 111 0[1]0]

RAM bit 0 |[RAM bits0, 1|0
RAM bit 2 | RAM bits 2, 3| 1

Defines output bank selection
static 1:2MUX bit O |(retrieval of LCD display data)

RAM bit 0 | RAM bits O,
RAM bit 2 | RAM bits 2, 3| 1

o

The BANK SELECT command has
no effectin 1: 3 and 1 : 4 multi-
plex drive modes

BLINK Defines the blinking frequency
blink frequency |bits BF1 BFO

ic|1 1 1 0|a|BF1 BFO
off 0 0
2 Hz 0 1
1 Hz 1 0
0.5 Hz 1 1
blink mode bit A [Selects the blinking mode;

normal operation with frequency

normal blinking 0 set by bits BF1, BFO, or
alternation blinking 1 blinking by alternation of

display RAM banks. Alternation
blinking does not apply in 1: 3
and 1 : 4 multiplex drive modes

Display controller

The display controller executes the commands identified by the command decoder. It contains the
status registers of the PCF8576 and coordinates their effects. The controller is also responsible for
loading display data into the display RAM as required by the filling order.
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Cascaded operation

In large display configurations, up to 16 PCF8576s can be distinguished on the same 12C-bus by using
the 3-bit hardware subaddress (A0, A1, A2) and the programmable 12C slave address (SAQ). It is also
possible to cascade up to 16 PCF8576s. When cascaded, several PCF8576s are synchronized so that they
can share the backplane signals from one of the devices in the cascade. Such an arrangement is cost-
effective in large LCD applications since the backplane outputs of only one device need to be through-
plated to the backplane electrodes of the display. The other PCF8576s of the cascade contribute
additional segment outputs but their backplane outputs are left open (Fig.18).

The SYNC line is provided to maintain the correct synchronization between all cascaded PCF8576s.
This synchronization is guaranteed after the power-on reset. The only time that SYNC is likely to be
needed is if synchronization is accidently lost (e.g. by noise in adverse electrical environments; or by
the definition of a multiplex mode when PCF8576s with differing SAOQ levels are cascaded). SYNC is
organized as an input/output pin; the output section being realized as an open-drain driver with an
internal pull-up resistor. A PCF8576 asserts the SYNC line at the onset of its last active backplane
signal and monitors the SYNC line at all other times. Should synchronization in the cascade be lost, it
will be restored by the first PCF8576 to assert SYNC. The timing relationships between the backplane
waveforms and the SYNC signal for the various drive modes of the PCF8576 are shown in Fig.19.

NEREEE | |
RERERE | |
RERERE '

Vop |Vicp
soaf, % 12
ScL 2 17-56 | 40 segment «
SYNC] , PCF8576
CLK
4
osc 6 13-16
7 8 9 10 N BPO — BP3 (open)
AO0 |A1 |A2 |SAO VSS
VLco
Vbp
trise
2Cous Voo |Vicp
SDA ; 5 12
HOST
SCLi, 17-56| 40 segment drives
MICRO - SYNG
PROCESSOR/ 3 PCF8576
MICRO-— CLK 4
CONTROLLER osc 13-16 4 backplanes
6 BPO to BP3
7 8 9 10 11
Rosc A0 [A1 |A2 [SAO|Vss 7291480.3
Vss

Fig.18 Cascaded PCF8576 configuration.
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BPO

SYNC

BP1

(Y, bias)

BP1

(/3 bias)

SYNC

BP2

SYNC

BP3

SYNC

Note

<~ Tfame~

—_—
ffrar‘ne

L
:

(a) STATIC DRIVE MODE

—1 -

—

[

(b) 1:2 MULTIPLEX DRIVE MODE I'J

(c) 1:3 MULTIPLEX DRIVE MODE U

1 Bl

—L_J—l_l—l_l_ -

S

(d) 1:4 MULTIPLEX DRIVE MODE U
7291481

Excessive capacitive coupling between SCL or CLK and SYNC may cause erroneous synchronization.

If this proves to be a problem, the capacitance of the SYNC line should be increased (e.g. by an external
capacitor between SYNC and Vpp). Degradation of the positive edge of the SYNC pulse may be
countered by an external pull-up resistor.

Fig.19 Synchronization of the cascade for the various PCF8576 drive modes.

For single plane wiring of packaged PCF8576s and chip-on-glass cascading, see ‘APPLICATION

INFORMATION'.
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RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol min. max. unit
Supply voltage range VbD —-0.5 +11.0 \
LCD supply voltage range ViecD Vpp—11 VDD \
Input voltage range o
SDA; SCL; CLK; SYNC;
SAQ; OSC; A0 to A2 \7 Vgs—0.5 Vpp + 0.5 \Y,
Output voltage range
S0 to S39; BPO to BP3 Vo Vicp—0.5 Vpp +0.5 Y
DC input current 1 - 20 mA
DC output current tlp - 25 mA
VpD. Vgs or V| cp current tipp,*tlss, tlLcD — 50 mA
Power dissipation per package Piot — 400 mW
Power dissipation per output Po - 100 mW
Storage temperature range Tstg —65 + 150 oC
HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see
‘Handling MOS Devices’).

D Purchase of Philips’ 12C components conveys a license under the

Philips’ 12C patent to use the components in the 12C-system
BU3 provided the system conforms to the 12C specifications defined
by Philips.
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PCF8576

DC CHARACTERISTICS

Vpp=2Vto9V;Vgs=0V;V| cp=Vpp—-2VtoVpp—9 V; Tamp = —40 °C to + 85 O°C; unless

otherwise specified

parameter conditions symbol | min. typ.| max. unit
Supply
Supply voltage VpD 2 - 19 \%
LCD supply voltage note 1 Vico | Vbp—9 - |Vpp—2 |V
Supply current note 2;

normal mode focLk = 200 kHz IbD - - [180 HA

power-saving mode Vpp=35V;

Vicp=0V:
foLik =35 kHz ILp — — |60 LA

Logic
Input voltage LOW ViL Vss — 10.3Vpp|V
Input voltage HIGH VIH 0.7Vpp |— |VDD \
Output voltage LOW Ilo=0mA VoL — — 10.05 \%
Output voltage HIGH lo=0mA VOH Vpp—0.05|—- |- \
Output current LOW

CLK;SYNC VoL=1V:Vpp=5V |loL1 1 - = mA
Output current HIGH

CLK VoH=4V:;Vpp=5V |—lgy 1 - | = mA -
Output current LOW

SDA;SCL VoL=04V;Vpp=5V loL2 3 - | = mA
Leakage current

SAQ; A0 to A2; CLK;

SDA;SCL V| =VggorVpp 1L — - |1 uA

0sC V| =VpD 12 - - |1 uA
Pull-up resistor (SYNC) Rsync | 20 50 | 150 k&
Power-on reset level note 3 VPOR - 1.0 (1.6 \
Tolerable spike width on bus tsw — - 100 ns
Input capacitance note 4 Ci — - |7 pF
LCD outputs
DC voltage component

BPO to BP3 Cgp=35nF +Vgp — 20 |— mV

S0 to S39 Cg=5nF + Vg - 20 |— mV
Output impedance note 5

BPO to BP3 Vicp=Vpp-5V Rgp - - |5 k&2

SO to S39 Vicp = Vpp-5V Rg - — |75 k&2
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AC CHARACTERISTICS (note 6)

Vpp=2Vto9V;Vgg=0V;V| cp=Vpp—2Vto Vpp—9V; Tamp = —40to + 85 OC; unless
otherwise specified

parameter conditions symbol min. typ. max. unit
Oscillator frequency
normal mode Vpp =5 V; note 7
Rosc = 180 k&2 foLK 125 185 288 kHz
power-saving mode Vpp=35V;
Rosc = 1.2 MQ feLKLP 21 31 48 kHz
CLK HIGH time tCLKH 1 - - us
CLK LOW time tCLKL 1 — — us
SYNC propagation delay tPSYNC - — 400 ns
SYNC LOW time tSYNCL 1 - — us
Driver delays
with test loads Viep=Vpp—2V | tPLcD - - 30 Ms
12C-bus
Bus free time tBUF 4.7 - - Ms
- Start condition hold time tHD;sTA | 4.0 — - us
SCL LOW time tL ow 4.7 - - us
SCL HIGH time . tHIGH 4.0 — — us
Start condition set-up time
(repeated start code only) tsU; STA 4.7 - - | wms
Data hold time tHD:DAT | O - — Ms
Data set-up time tsu; DAT | 250 - - ns
Rise time ty - - 1 us
Fall time tf - - 300 ns
Stop condition set-up time tsU; STO 4.0 - — us

Notes to the characteristics

1.ViLcp < Vpp-3V for 1/3 bias.

2. Outputs open; inputs at Vgg or Vpp; external clock with 50% duty factor; 12C-bus inactive.
3. Resets all logic when Vpp < VpgR.

4. Periodically sampled, not 100% tested.

5. Outputs measured one at a time.

6. All timing values referred to V| and V| _ levels with an input voltage swing of Vgg to Vpp.
7. At fok <125 kHz, 12C-bus maximum transmission speed is derated.
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3.3kQ 1.5 kQ
o4y~ 05 Vop e
) (2%) ’ (2%)
— 6.8Q
SYNC Voo
(pin 3) (2%)
B8P0 1nF 1nF
to BP3 S0 to $39
_.__l ___4}—— \"
(pins 13 to 16) f Voo (pins 17 to 56) DD
7Z291472.3
Fig.20 Test loads.
A
fouk
tCLKH tcLKL {
/ \ 07V
- D
CLK X e
( 0.3Vpp
0.7 Vpp
SYNC [ 0.3Vpp
tpSYNC
iy -
<~——— tISYNCL ———
/ 0.5V
BPO to BP3 4
S0 to $39 (Vpp=5V)
\ v
N 0.5V
<-— tp cp — T
7Z291473.2
Fig.21 Driver timing waveforms.
X r T
SDA
<— tBUF —> — oW |<— tg -
‘ —--—
scL
—>| tHD;STA |=— - |- ™ tyigH =
t — ] - — -—
'HD;DAT tSU;DAT
SDA
—> |-—— — -
7287013.2 tSU;STA tsu;sTO

Fig.22 12C-bus timing waveforms.
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Fig.23 Typical supply current characteristics.
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Fig.24 Typical characteristics of LCD outputs.
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APPLICATION INFORMATION (continued)

Chip-on-glass cascadability in single plane

In chip-on-glass technology, where driver devices are bonded directly onto the glass of the LCD, it is
important that the devices may be cascaded without the crossing of conductors, but the paths of
conductors can be continued on the glass under the chip. All of this is facilitated by the PCF8576
bonding pad layout (Fig.27). Pads needing bus interconnection between all PCF8576s of the cascade
are Vpp, Vss, Vi cp. CLK, SCL, SDA and SYNC. These lines may be led to the corresponding pads of
the next PCF8576 through the wide opening between V| cp pad and the backplane output pads.

The only bussed line that does not require a second opening to lead through to the next PCF8576 is

V| cD. being the cascade centre. The placing of V| ¢cp adjacent to Vgg allows the two supplies to be
tied together.

Fig.28 shows the connection diagram for a cascaded PCF8576 application with single plane wiring.
Note the use of the open space between the V| ¢cp pad and the backplane output pads to route Vpp,
Vgs, CLK, SCL, SDA and SYNC. The external connections may be made to either end of the cascade,
wherever most convenient for the connector.

When an external clocking source is to be used, OSC of all devices should be tied to Vpp. The pads
0OSC, A0, A1, A2 and SAO have been placed between Vgg and Vpp to facilitate wiring of oscillator,
hardware subaddress and slave address.
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Fig.27 PCF8576 bonding pad locations.
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APPLICATION INFORMATION (continued)

Bonding pad locations
All x/y coordinates are referenced to left-hand bottom corner (0/0, Fig.27).

Dimensions in um

pad X y pad X y
S34 160 160 bottom | | $33 160 400 left
S35 380 4 i 32 i 640 T
36 580 $31 860
37 780 30 1060
538 980 29 1260
$39 1180 28 1460
SDA 1380 s27 1660
scL 1580 526 1860
SYNC 1780 25 2260
CLK 1980 S24 2460
VoD 2180 523 2660
osc 2400 522 2860
AO 2640 ' ‘ $21 3060
A1 2910 160 bottom | | S20 3260
S19 " 3480 v
$17 160 3960 top s18 160 3720 left
S16 380 A '
15 580 A2 2910 360 right
S14 780 SAO t 560 '
513 980 Vss 2910 760
s12 1180 VLcD 2880 960
S11 1380 BPO 2910 2360
10 1580 BP2 2560
s9 1780 BP1 2760
s8 1980 BP3 2960
s7 2180 ) 3160
6 2400 S1 3360
S5 2640 Y Y s2 3560 v
s4 2910 3960 top s3 2910 3760 right
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56-LEAD MINI-PACK; PLASTIC (VS056; SOT190)

21,6 max —————=

l<———12,5mox—~——>

———

22 max

Dimensions in mm

-y 26 - .
max 11,1 max 70)‘|\
| 145 \\‘L
max
3 3,3 0to7° r—;f,—-\
max max % ‘

4 —— =1 0,35 f

l ogz*}l \ 1,6 ,0'10 0,22

058 oaoT ~{¢o @] R 014

0,75 9,8 max
158
15’2 7295114.2
56 29
top view

h
T + I
| |
4L 2 1
| '
] k

@ Positional accuracy.

1,Tmax

@ Maximum Material Condition.
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Universal LCD driver for low multiplex rates

PCF8576

64-LEAD TAPE-AUTOMATED-BONDING (TAB) MODULE (SOT267A,C,D)

Dimensions in mm

___,,_*Ll]44 i 64
i T =—t43 |
] T N
f i ! <
12.05 3) 965 a|25 735 -ij[ﬁ— — -y
’ i [0:35] (21x) | N
L |
I
Lty
! i
e A
Uy ¥ ¢ ) P—
16 (M
[ | 1
T oo | .
00 0
} .
L.
} [ L_-__}j L &\,ofo
| == 1
Co LD
) H:j —1 16.48

OD@

1624>r

T«L

’ «—p0380 2

7225240

orientation on reel

(1) 1 pattern = 4 perforation pitch intervals
( contains two modules)

(2) Circuit-test holes

(3) Fixed by the user

\ rMarch 1990

359



PCF8576

SOLDERING PLASTIC MINI-PACKS

1. By hand-held soldering iron or pulse-heated solder tool

Fix the component by first soldering two, diagonally
opposite end leads. Apply the heating tool to the flat
part of the lead only. Contact time must be limited
to 10 seconds at up to 300 °C. When using proper
tools, all other leads can be soldered in one operation
within 2 to 5 seconds at between 270 and 320 °C.
(Pulse-heated soldering is not recommended for SO
packages).

For pulse-heated solder tool (resistance) soldering of
VSO packages, solder is applied to substrate by dipping
or by an extra thick tin/lead plating before package
placement.

2. By wave

During placement and before soldering, the compo-
nent must be fixed with a droplet of adhesive. After
curing the adhesive, the component can be soldered.
The adhesive can be applied by screen printing, pin
transfer or syringe dispensing.

Maximum permissible solder temperature is 260 °C,
and maximum duration of package immersion in solder
bath is 10 seconds, if allowed to cool to less than
150 °C within 6 seconds. Typical dwell time is 4
seconds at 250°C.

3. By solder paste reflow

Reflow soldering requires the solder paste (a suspension
of fine solder particles, flux and binding agent) to be
applied to the substrate by screen printing, stencilling

or pressurc-syringe dispensing before device placement.

Several techniques exist for reflowing, for example,
thermal conduction by heated belt, infrared, and
vapoui-phase reflow. Dwell times vary between 50 and
300 seconds according to method. Typical reflow
temperatures range from 215 to 250°C.

Pre-heating is necessary to dry paste and evaporate
binding agent.

Pre-heating duration: 45 minutes at 45 °C.

4. Repairing soldered joints
The same precaution and limits apply as in (1) above.

SOLDERING TAB MODULES

1. Fluxing

(a) a flux that does not have to be removed,
or
(b) a water-soluble flux.

2. Soldering

The reflow soldering method using a pulse-heated
soldering tool is usually suitable. Limit the soldering
operation to 3 seconds at 250 °C at the leads.

3. Cleaning
Avoid cleaning if possible.

If cleaning is necessary, use cold or hot water.

A detergent may be added to the water. Finally rinse
with de-ionized water.

Do not use ultrasonic cleaning methods as these may
damage the inner or outer leads.

Do not use solvents.
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DEVELOPMENT DATA

s PCF8577A

This data sheet contains advance information and

specifications are subject to change without notice, PCF8577C
PCF8577CA

SUPERSEDES DATA OF MARCH 1989
LCD DIRECT / DUPLEX DRIVER WITH 12C-BUS INTERFACE

GENERAL DESCRIPTION

The PCF8577 is a single chip, silicon gate CMOS circuit. It is designed to drive liquid crystal displays
with up to 32 segments directly, or 64 segments in a duplex manner.

The two-line 12C-bus interface substantially reduces wiring overheads in remote display applications.
Bus traffic is minimized in multiple IC applications by automatic address incrementing, hardware sub-
addressing and display memory switching {direct drive mode).

The PCF8577 and PCF8577C differ from the PCF8577A and PCF8577CA only in their slave addresses.
The PCF8577C/77CA is a low-voltage version of the PCF8577/77A.

Features

® Direct/duplex drive modes with up to 32/64 LCD-segment drive capability per device
® Opering supply voltage:

PCF8577/77A: 25t0 9V

PCF8577C/77CA: 25t0 6 V

® Low power consumption
® [2C-bus interface
® Optimized pinning for single plane wiring
® Single-pin built-in oscillator
® Auto-incremented loading across device subaddress boundaries
® Display memory switching in direct drive mode
® May be used as 12C-bus output expander
® System expansion up to 256 segments (512 segments with PCF8577A/CA)
® Power-on reset blanks display
1 532
SCL 38 b :
) e 2¢-8Us RN BACKPLANE
uT 1“C-
re-sus N FILTERS CONTROLLER | | AND y gr:;r:;[—)m |
soA %2 ! < MULLJ;'C'EX | DRIVERS 32 s1
L 33 BP1
f < - 1 1 341 A2/BP2
36
Al
l l l 18 37 A0/0SC
Vpp —32 1
PCF8577 =G
PCF8577A CONTROALNP;E(HSTER L OSC!:I\L‘.STOR
PCF8577C COMPARATOR DIVIDER
PCF8577CA

7287556.4

Fig.1 Block diagram.
PAKCAGE OUTLINES

PCF8577P, PCF8577AP :
PCF8577CP, PCF8577CAP :
PCF8577T,PCF8577AT
PCF8577CT, PCF8577CAT :
PCF8577T, PCF8577AT
PCF8577CT, PCF8577CAT :

40-lead DIL; plastic (SOT129).
40-lead mini-pack; plastic (VSO40; SOT 158A).

in blister tape.

PCF8577U/5 fer unsawn

PCF8577CU/5 e e

PCF8577U/10 i i [
porssTTI0 chip on film-frame-carrier (FFC).
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PCF8577A

PCF8577C

PCF8577CA \

U PINNING
s32 [1] 0] spa Supply
sa1 [2] [39] scL 35 VpD positive supply
s30 [3] 38] Vss 38 Vss negative supply
s29 [4]] [37] Ao/0sc 12C-bus
s28 [5 | [36] A1 40 SDA 12 C-bus data line
12C- k li

27 E E_S_l Voo 39 SCL C-bus clock line

26 7] [34] A2/8P2 Inputs

s25 E E BP1 36 A1 hardware address line
37 A0/0SC hardware address line/oscillator pin
s24 [9]] [32] st

s23 [10] pcres77  [31] s2 Outputs
PCF8577A 1—-32 S32 —S1 segment outputs
S22 |11 PCF8577C 30| S3
[: PCF8577CA 0]
s21 [12] [29] s4 Input — Output
$20 [E E S5 34 A2/BP2 harware address line/cascade sync
input/backplane output
s19 [E Z] S6 33 BP1 cascade sync input/backplane output

s18 [15] [26] 57
s17 [i6] [25] ss
s16 [17] [24] so
s15 [18] 23] s10
s1a [19] [22] s11
s13 [20] [21] s12

7287557.2

Fig.2 Pinning diagram.

FUNCTIONAL DESCRIPTION

Hardware subaddress A0, A1, A2

The hardware subaddress lines AO, A1, A2 are used to program the device subaddress for each PCF8577
on the bus. Lines A0 and A2 are shared with OSC and BP2 respectively to reduce pin-out requirements.

AO0/OSC Line AQ is defined as LOW (logic 0) when this pin is used for the local oscillator or when
connected to Vgg. Line AQ is defined as HIGH (logic 1) when connected to Vpp.

A1l Line A1 must be defined as LOW (logic 0) or as HIGH (logic 1) by connection to Vggor Vpp
respectively.

A2/BP2 In the direct drive mode the second backplane signal BP2 is not used and the A2/BP?2 pin is
exclusively the A2 input. Line A2 is defined as LOW (logic 0) when connected to Vgg or,
if this is not possible, by leaving it unconnected (internal pull-down). Line A2 is defined as
HIGH (logic 1) when connected to Vpp.

In the duplex drive mode the second backplane signal BP2 is required and the A2 signal is
undefined. In this mode device selection is made exclusively from lines AOQ and A1.
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PCF8577A
LCD direct/duplex driver with 12C-bus interface PCF8577C
PCF8577CA

DEVELOPMENT DATA

Oscillator A0O/OSC

The PCF8577 has a single-pin built-in oscillator which provides the modulation for the LCD segment
driver outputs. One external resistor and one external capacitor are connected to the A0/OSC pin to
form the oscillator. In an expanded system containing more than one PCF8577 the backplane signals
are usually common to all devices and only one oscillator is needed. The devices which are not used for
the oscillator are put into the cascade mode by connecting the AO/OSC pin to either Vpp or VSS
depending on the required state for AO. In the cascade mode each PCF8577 is synchronized from the
backplane signal(s).

User-accessible registers

There are nine user-accesible 1-byte registers. The first is a control register which is used to control the
loading of data into the segment byte registers and to select display options. The other eight are segment
byte registers, split into two banks of storage, which store the segment data. The set of even numbered
segment byte registers is called BANK A. Odd numbered segment byte registers are called BANK B.

There are two slave addresses, one for PCF8577/PCF8577C, and one for PCF8577A/PCF8577CA (see Fig.6).
All addressed devices load the second byte into the control register and each device maintains an identical
copy of the control byte in the control register at all times (see 12C-bus protocol Fig.7), i.e. all addressed
devices respond to control commands sent on the bus.

The control register is shown in more detail in Fig.3. The least-significant bits select which device and

which segment byte register is loaded next. This part of the register is therefore called the Segment

Byte Vector (SBV).

The upper three bits of the SBV (V5 to V3) are compared with the hardware subaddress input signals

A2, A1 and AQ. If they are the same then the device is enabled for loading, if not the device ignores
incoming data but remains active.

The three least-significant bits of the SBV (V2 to V0) address one of the segment byte registers within
the enabled chip for loading segment data.

1——— CONTROL REGISTER———-| I-——— SEGMENT BYTE REGISTERS—‘
DISPLAY

CONTROL SEGMENT BYTE VECTOR (SBV)
K_Hf A-

msb Isb msb Isb
— T T T T ~ T T T T T T T A
L I l\/5 V4 VBIVZ Vi VO[ Ol |
] L 1 1 ] 1 1 1 L 1 L
1 segment byte T T T T T T T
register address 2 ‘ J
%___) L 1 L Il Il Il 1
M m - BANK ‘A’
T T T T T T T
| |
comparison 1 1 L 1 1 { |
T T T T T T
d
1 1 1 1 1 1 1 -
-ﬂ
v v T T T T T T T
T . [ |
A2 A1 AO ! 1 ! | | | 1
device subaddress 3 [ T T T T T T l
1 1 1 1 1 1 1
>~ BANK ‘B’
T T T T T T T
0 BANK A’ 5 r I
L’ BANK 1 1 Il 1 1 1 1
1 BANK B’ T T T T T T T
a8 ]
g L 1 I I 1 I L J
0 DIRECT DRIVE P .
pispLAY (1) Bits ignored in duplex mode.

1 DUPLEX DRIVE MODE 7287558.2

Fig.3 PCF8577 register organization.
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PCF8577A
PCF8577C
PCF8577CA

FUNCTIONAL DESCRIPTION (continued)

The control register also has two display control bits. These bits are named MODE and BANK. The
MODE bit selects whether the display outputs are configured for direct or duplex drive displays.
The BANK bit allows the user to display BANK A or BANK B.

Auto-incremented loading

After each segment byte is loaded the SBV is incremented automatically. Thus auto-incremented
loading occurs if more than one segment byte is received in a data transfer.

Since the SBV addresses both device and segment registers in all addressed chips, auto-incremented
loading may proceed across device boundaries provided that the hardware subaddresses are arranged
contiguously.

Direct drive mode

The PCF8577 is set to the direct drive mode by loading the MODE control bit with logic 0. In this
mode only four bytes are needed to store the data for the 32 segment drivers. Setting the BANK bit to
logic O selects even bytes (BANK A); setting the BANK bit to logic 1 selects odd bytes (BANK B).

In the direct drive mode the SBV is auto-incremented by two after the loading of each segment byte
register. This means that auto-incremented loading of BANK A or BANK B is possible. Either bank may
be completely or partially loaded irrespective of which bank is being displayed. Direct drive output
waveforms are shown in Fig.4.

OFF ON
VoD —
BP1
Vsg - _] 4 L
Vpp =4 —
Segment x
, (Sx)
VSS —e — L
VoD ~ Vss —
0 — — BP1 - Sx
\% =
~(Vpp — Vgg) I — on(rms) = Vpp — Vgg
L Voff(rms) = O
- e
fLeo 7287559.4

Fig.4 Direct drive mode display output waveforms.

Duplex mode

The PCF8577 is set to the duplex mode by loading the MODE bit with logic 1. In this mode a second
backplane signal (BP2) is needed and pin A2/BP2 is used for this; therefore A2 and its equivalent SBV
bit V5 are undefined. The SBV auto-increments by one between loaded bytes.

All of the segment bytes are needed to store data for the 32 segment drivers and the BANK bit is
ignored.

Duplex mode output waveforms are shown in Fig.5.
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. . S . PCF8577A
LCD direct/duplex driver with 1°C-bus interface PCF8577C
PCF8577CA
OFF /OFF ON/OFF OFF /ON ON/ON
Vop
Vss
Voo
05 (Vg + Veg) —— .u_l'l .u_l_\. _U_ﬂ. 8p2
Vgg —n
Vbp I - o -
Segment x
~ J UL L
VSS ———— L
Vop — Vss
05 (Vpp - Vgg) —|_
o — = ﬂ_l_r _U_I_L BP1 - S
—05 (Vpp - Vgg) —
—(Vpp —Vgs) r -
Vpp ~ Vss
05 (Vpp - Vgg) —— —J_
. _“_:I—I_I—r _IILL ore s
—-05 (Vpp = Vgg) ™ a
~(Vpp — Vss) =
<
<
S .
- f
= LCD 7287560.4
w
z
9 Von(rms) = 0.791 (Vpp — Vss)
w
>
w
o

Voff(rms) = 0.354 (Vpp — Vss)

Von(rms)

= 2.236

Voff(rms)

Fig.5 Duplex mode display output waveforms.

Power-on reset
At power-on reset the PCF8577 resets to a defined starting condition as follows:

1. Both backplane outputs are set to Vgg in master mode; to 3-state in cascade mode.

2. All segment outputs are set to Vgs.

3. The segment byte registers and control register are cleared.

4. The I12C-bus interface is initialized.

| (July 1990
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PCF8577A
PCF8577C
PCF8577CA

Slave address
The PCF8577 slave addresses are shown in Fig.6.

L SLAVE ADDRESS -
7287561.2

LSLAVE ADDRESS |

(a) PCF8577/PCF8577C (b) PCF8577A/PCF8577CA
Fig.6 PCF8577 slave addresses.

Before any data is transmitted on the 12 C-bus, the device which should respond is addressed first.
The addressing is always done with the first byte transmitted after the start procedure.

12C-bus protocol
The PCF8577 12C-bus protocol is shown in Fig.7.

acknowledge by

acknowledge by

acknowledge by

all PCF8577 all PCF8577 selected PCF8577 only
l l msb Isb ‘
T T T T T T ww T T T T T T T T T T T T
alz SEGMENT
SLAVE ADDRESS |[O|A|o|& A SEGMENT DATA Al P
1 1 1 1 1 1 2 @ BIYTIE \{ECITOIR 1 1 1 1 1 1 1

!

J

L n bytes

R/W

L control byte

il

auto increment
segment Dyte vector
7287553.2

Fig.7 1%2C-bus protocol.

The PCF8577 is a slave receiver and has a fixed slave address (Fig.6). All PCF8577s with the same

slave address acknowledge the slave address in parallel. The second byte is always the control byte and
is loaded in*o the control register of each PCF8577 on the bus. All addressed devices acknowledge the
control byte. Subsequent data bytes are loaded into the segment registers of the selected device. Any
number of data bytes may be loaded in one transfer and in an expanded system rollover of the SBV
from 111 111 to 000 00O is allowed. If a stop (P) condition is given after the control byte acknowledge
the segment data remains unchanged. This allows the BANK bit to be toggled without changing the
segment register contents. During loading of segment data only the selected PCF8577 gives an
acknowledge. Loading is terminated by generating a stop (P) condition.
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. . . PCF8577A
LCD direct/duplex driver with 12C-bus interface PCF8577C

PCF8577CA

DEVELOPMENT DATA

Display memory mapping
The mapping between the eight segment registers and the segment outputs S1 to S32 is shown in
Tables 1 and 2.

Since only one register bit per segment is needed in the direct drive mode, the BANK bit allows
swapping of display information. If BANK is set to logic O even bytes (BANK A) are displayed; if
BANK is set to logic 1 odd bytes (BANK B) are displayed. BP1 is always used for the backplane output
in the direct drive mode.

Table 1 Segment byte-segment driver mapping in the direct drive mode

MODE|BANK| V2 | V1 | VO ::z::":t o M7SB 6 5 4 3 2 1 LgB backplane
0 0 0 0 0 S8 S7 S6 S5 S4 S3 S2 S1 BP1
0 1 0 1 1 S8 S7 S6 S5 S4 S3 S2 S1 BP1
0 0 0 1 0 2 S16 [S15 |S14 |S13 |S12 |S11 |S10 |S9 BP1
0 1 0 1 1 3 S16 |S15 |S14 |S13 |S12 |S11 |S10 |S9 BP1
(0] 0 1 0 0 4 S24 |S23 |S22 |S21 |S20 |[S19 |[S18 |S17 BP1
0 1 1 0 1 5 S24 |S23 |S22 |S21 |S20 |S19 [S18 |[S17 BP1
0 0 1 1 0 6 S32 |S31 |S30 [S29 |S28 |[S27 |[S26 |S25 BP1
0 1 1 1 1 7 S32 |S31 |S30 |S29 |S28 |[S27 [S26 |S25 BP1

Mapping example: bit O of register 7 controls the LCD segment S25 if BANK bit is a logic 1.

In duplex mode even bytes (BANK A) correspond to backplane 1 (BP1) and odd bytes (BANK B)
correspond to backplane 2 (BP2).

Table 2 Segment byte-segment driver mapping in the duplex mode

MODEBANK| V2 | V1 | VO i::::} ot M7SB 6 5 4 3 2 1 LSB backplane
1 X 0 0 0 S8 S7 S6 S5 S4 S3 S2 S1 BP1
1 X 0 1 1 S8 S7 S6 Sb S4 S3 $2 S1 BP2
1 X 0 1 0 2 S16 |S15 |[S14 |S13 |[S12 |S11 |S10 |S9 BP1
1 X 0 1 1 3 S16 [S15 |S14 [S13 [S12 |S11 |S10 |S9 BP2
1 3 1 0 0 4 S24 |S23 |[S22 |S21 [S20 |S19 |S18 |S17 BP1
1 X 1 0 1 5 S24 |S23 |S22 |S21 |S20 |[S19 |[S18 |S17 BP2
1 X 1 1 0 € S32 |S31 |S30 [S29 |S28 |[S27 |S26 |S25 BP1
1 X 1 1 1 7 S32 [S31 |S30 [S29 |S28 |S27 |S26 |S25 BP2

x =don’t care.

Mapping example: bit 7 of register 5 controls the LCD segment S24/BP2.
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PCF8577A
PCF8577C
PCF8577CA

CHARACTERISTICS OF THE 1?C-BUS

The 12C-bus is for 2-way, 2-line communication between different ICs or modules. The two lines are
a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a positive supply
via a pull-up resistor when connected to the output stages of a device. Data transfer may be initiated
only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable

during the HIGH period of the clock pulse as changes in the data line at this time will be interpreted
as control signals.

S/ W

|
| change

. 1 L
| | !
1 | X |
L 1 il
| | |
| | |
| | I
| | !
I
!
|
I

I .

| data line

| stable_: | of data

| data valid | allowed 7287019

Fig.8 Bit transfer.

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line, while the clock is HIGH is defined as the start condition (S). A LOW-to-HIGH transition of
the data line while the clock is HIGH is defined as the stop condition (P).

r—==" r———n
P ] | - | —
| | | |
SDA | | | | SDA
! 5 -- : [
| | I |
—— —— + -——
+ +
scL : ! \ / \ / “ ! scL
¢S PP
[R—| [
start condition stop condition
7287005

Fig.9 Definition of start and stop conditions.

System configuration

A device generating a message is a ‘‘transmitter’’, a device receiving a message is the “‘receiver’’. The

device that controls the message is the “‘master’’ and the devices which are controlled by the master
are the “slaves’’.

SDA

SCL T I I I

MASTER SLAVE MASTER
S R
TRANSMITTER/ REéEAI\\//EER TRANSMITTER/ TRM::A:FTTER TRANSMITTER/
RECEIVER RECEIVER A RECEIVER
7287004

Fig.10 System configuration.
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LCD direct/duplex driver with 12C-bus interface F;gggg;;é

PCF8577CA

DEVELOPMENT DATA

Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is not limited. Each byte is followed by one acknowledge bit. The acknowledge

bit isa HIGH level put on the bus by the transmitter whereas the master generates an extra acknowledge
related clock pulse. A slave receiver which isaddressed must generate an acknowledge after the reception
of each byte. Also a master must generate an acknowledge after the reception of each byte that has been
clocked out of the slave transmitter. The device that acknowledges has to pull down the SDA line during
the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the
acknowledge related clock pulse, set up and hold times must be taken into account. A master receiver
must signal an end of data to the transmitter by not generating an acknowledge on the last byte that
has been clocked out of the siave. In this event the transmitter must ieave the data line HIGH to enable
the master to generate a stop condition.

start clock pulse for
condition acknowledgement
|

| '
SCL FROM i
MASTER ! 1 2 8 9

i
|

DATA OUTPUT ' T
BY TRANSMITTER |

|
S

DATA OUTPUT -
BY RECEIVER

7287007

Fig.11 Acknowledgement on the 12C-bus.

RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
parameter symbol 5 min. max. unit
Supply voltage ‘
PCF8577/PCF8577A t VpD . 05 +11.0 \%
PCF8577C/PCF8577CA VDD . =05 +8.0 \%
Voltage on pin \7 . —05 Vpp +0.5 \%
Vpp or Vgg current 'DD: Iss - 50 +50 mA
DC input current I 20 +20 mA
DC output current o -25 +25 mA
Power dissipation per package Piot 1 — 500* mW
Power dissipation per output Po l - 100 mW
Storage temperature range Tstq —65 + 150 oC
HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be
totally safe, it is good practice to take normal precautions appropriate to handling MOS devices (see

* Derate 7.7 mW/K when Tgamp > 60 0C,

‘Handling MOS Devices’).
\ (]uly 1990
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DC CHARACTERISTICS

Vpp =2.5109.0 V (PCF8577/77A) or 2.5 t0 6.0 V (PCF8577C/77CA); Vg5 =0 V;
Tamb = —40 to + 85 OC unless otherwise specified

parameter conditions symbol | min. typ.* | max. unit
| Supply f
‘ Supply voltage i
PCF8577/77A Vpp |25 - 9.0 Vv
PCF8577C/77CA Vpbp 25 — 6.0 \Y
Supply current non specified inputs ;
| at Vpp or Vgg ! ;
at fgo = 100 kHz | no load; Roge = 1 MQ; |
‘ Cosc = 680 pF | ! \
| PCF8577/77A ‘Ipp1 | — 180 | 250 uA
PCF8577C/77CA 'Ipp1 | - 50 125 pA
atfgc =0 no load; Roge = 1 MQ; | E |
' Cosc = 680 pF | ‘
PCF8577/77A ' Ipp2 | — 25 150 | LA
PCF8577C/77CA ‘ IDD2 — 25 75 uA
atfge =0 | no load; Roge = 1 M&;
i Cosc = 680 pF; '
| Vbp=5V;Tgmp =25°C IDD3 — 25 140 uA
| i | |
atfgo =0 | no load; direct mode; ! ‘
| AD/OSC = Vpp; | ; |
Vpp =5 V; Tamp =25°C IDD4 - 10 20 | MA
Power-on reset level | note 1 VPOR | — 1.1 120 \%
| e
| Input AQ | |
Input voltage LOW Vi1 o - 0.05 \%
Input voltage HIGH ViH1  Vpp-0.05| — Vpp |V
‘ Input A1 !
Input voltage LOW ViL2 0 - 03Vpp |V
Input voltage HIGH ViH2 1 07Vpp |- Vpp |V
‘ Input A2 i
Input voltage LOW { ViL3 0 - 0.10 \
Input voltage HIGH l ViH3 Vpp—0.10| — VbD \%

* Typical conditions: Vpp =5 V; Tamp = 25 °C.
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PCF8577A

LCD direct/duplex driver with 12C-bus interface PCF8577C
PCF8577CA
parameter conditions symbol min. | typ.* max. | unit
Inputs SCL; SDA
Input voltage LOW ViLa 0 - 0.8 \
Input voltage HIGH
PCF8577/77A VIH4 2.0 — 9.0 \2
PCF8577C/77CA ViHa4 120 - 6.0 \%
Input capacitance note 2 G - - 7 pF
Output SDA
Output current LOW VoL =04V;Vpp=5V|ioL 30 |- - mA
A1;SCL; SDA
Leakage current V| =Vpp or Vgg LRI | - - 1 A
A2/BP2; BP1
Leakage current V) =Vpp or Vgs tl9 - - 5 uA
< A2/BP2
g ! Pull-down current Vi=Vpp —IL2 - 1.5 5 MA
E | Ao/osc
% Leakage current Vi=Vpp =3 — — 1 uA
Q .
o Oscillator
E Start-up current V| = Vgg losc — 1.2 5 A
LCD outputs
DC component of LCD driver +Vgp - 20 - mV
Segment output current Vpp =5 V; note 6
PCF8577/77A VoL =04V loL1 0.3 - - mA
PCF8577C/77CA VoL =08V loL1 0.3 - - mA
PCF8577/77A VoH =Vpp—04V —loH1 0.3 — — mA
PCF8577C/77CA VoH = Vpp—-08V —loH1 0.3 - - mA
Backplane output resistance
(BP1; BP2) Vo = Vss. Vpp.
(Vss+VDD)/2,' note 3 Rgp - 0.4 5 k2

* Typical conditions: Vpp =5 V; Tamp = 25 °C.
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POFBS//
PCF8577A
PCF8577C
PCF8577CA

AC CHARACTERISTICS (note 4)

Vpp =2.5t0 9.0 V (PCF8577/77A) or 2.5 t0 6.0 V (PCF8577C/77CA);
Tamb = —40 to + 85 OC unless otherwise specified

parameter conditions symbol min. typ.”* max. unit
Display frequency Cosc = 680 pF;

Rosc= 1 MQ fLed 65 90 120 Hz
Driver delays with test loads Vpp=5V tBs - 20 100 Ms
12C-bus
SCL clock frequency fscL - - 100 kHz
Tolerable spike width on bus note 5 tsw - - 100 ns
Bus free time tBUF 4.7 - - us
Start condition set-up time tSU: STA 4.0 — - Hs
Start condition hold time tHp:;sTA | 40 - - us
SCL LOW time tLow 4.7 - - us
SCL HIGH time tHIGH 4.0 - - us
SCL and SDA rise time t, - - 1.0 us
SCL and SDA fall time tf - - 0.3 Ms
Data set-up time tsy; DAT | 250 - - ns
Data hold time tHp: pDAT | O - - ns
Stop condition set-up time tSy; STO 4.0 - - Ms

Notes to the characteristics

1. Resets all logic when Vpp < VpoR.
2. Periodically sampled, not 100% tested.

3. Outputs measured one at a time; Vpp = 5 V; l|gaq = 100 pA.

4. All the timing values are valid within the operating supply voltage and ambient temperature range
and refer to V||_and V| with an input voltage swing of Vgg to Vpp.

5. PCF8577C/CA 25 OC only.

6. Outputs measured one at a time.

* Typical conditions: Vpp =5 V; Tamp = 25 °C.
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PCF8577A
LCD direct/duplex driver with 12C-bus interface PCF8577C
PCF8577CA
1.5 kQ 6.8 kQ2
SCL, SDA S32t0S1
(pins 39, 40) Voo (pins 1 to 32) Vop * Vss)/2
7221918.1
Fig.12 Test loads.
v
05V
Sx (Vpp =5V)
v
05V
X
- lgg ———» *
Vobp 0,5V
< 2 _ ¢
- BP1, BP2 (Vpp =5V
Pt '
[a) 05V
= A
2
w 7221916
=
n- . . . .
9 Fig.13 Driver timing waveforms.
w
>
w
o
- _———
SDA
<— tBUF —>! — oW |- tf—f |
scL
—>| tHD;STA =— —> - ! tHigH =
t, — - — |-
'HD;DAT 'SU;DAT
SDA
7287013.2 tSU;STA tsu;sTO

Fig.14 12C-bus timing diagram; rise and fall times refer to V|| and VIH-
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LCD direct/duplex driver with 12C-bus interface
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PCF8577
PCF8577A
PCF8577C
PCF8577CA

APPLICATION INFORMATION (continued)

376 July 1990\ (

32 output lines

PCF8577

S2

S1

BP1

BP2
Vbbp VDD

Al

A0
scL EN
SDA SDA

7Z87562.1

device subaddress
A2, A1, A0 =000

1. MODE bit must always be set to logic O (direct drive).

2. BANK switching is permitted.

3. BP1 must always be connected to Vgg and AO/OSC must be connected to
either Vpp or Vsg (no LCD modulation).

vV

} expansion

Fig.17 Use of PCF8577 as 32-bit output expander in |2 C-bus application.

Purchase of Philips’ 12C components conveys a license under the
Philips’ I? C patent to use the components in the 12 C-system provided
the system conforms to the 12 C specifications defined by Philips.




PCF8577

PCF8577A
LCD direct/duplex driver with 1°C-bus interface PCF8577C
PCF8577CA
CHIP DIMENSIONS AND BONDING PAD LOCATIONS PCF8577/77A
Q
© o O - o < 12} §
S S 2808883 <
OoooooOooonono
s27| O O |voo
s26 | [ 1 | a2/8pP2
s25| O O |sp1
s24| [J 0 |st
s23| [ PCF8577 O |s2
2eamm g2 | O PCF8577A 0 |s3
s21| O O |[s4
s20| O O |ss
si9| O O |sse
s18| [ O |s7
OoooOooooooao
x X
< s @2 3 e oc o g =
l— w w w w w w w w
<
[a) yle————— 224mm
E Chip area: 5.91 mm? 74219171
g Bonding pad dimensions: 120 um x 120 um
Q.
9 Fig.18 Bonding pad locations; PCF8577/PCF8577A.
w
E Table 3 Bonding pad locations; PCF8577/77A (dimensions in um)
a All x/y coordinates are referenced to bottom left corner, see Fig.18.
pad X Y oead | ox [y ]
S32 1020 2480 S12 1220 160
S31 820 2480 “ S11 1420 160
S30 620 2480 S10 1620 | 160
S29 400 2480 S9 1840 5 160
S28 160 2480 S8 2080 | 160
S27 160 2240 S7 2080 400
S26 160 2020 S6 2080 620
S25 160 1820 S5 2080 820
S24 160 1620 | sS4 2080 1020
S23 160 1420 S3 2080 1220
S22 160 1220 S2 2080 1420
S21 160 1020 S1 2080 1620
S20 160 820 BP1 2080 1820
S19 160 620 A2/BP2 2080 2020
S18 160 400 VDD 2080 2240
S17 160 160 A1 2080 2480
S16 400 160 A0/0SC 1840 2480
S156 620 160 Vss 1620 2480
S14 820 160 SCL 1420 2480
S13 1020 160 J SDA J 1220 2480

\ ﬂuly 1990
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PCF8577

PCF8577A
PCF8577C
PCF8577CA

CHIP DIMENSIONS AND BONDING PAD LOCATIONS PCF8577C/77CA

A0/0SC

Vbbb
A2/BP2
BP1

s1

S2

s3

sS4

S5

S6

S7

© <)) O - o < 4 %]
5 5 88338 <
O0o0ooOoocoooooag
s27| O a
s26| O O
s25| O O
s24f O O
a1 s23| PCF8577C O
MM 529 O PCF8577CA |
sz | O O
s20| O O
s19| O O
sis| O O
O00OOoooooaaao
x 0>< ~ © W ¥ M N - O o ©
00 & & & & > o> o » 2 @

y 1.98 mm

Chip area: 4.34 mm?

Bonding pad dimensions: 110 um x 110 um

7226564

Fig.19 Bonding pad locations; PCF8577C/77CA.

Table 4 Bonding pad locations; PCF8577C/77CA (dimensions in um)

All x/y coordinates are referenced to botto

( pad X
$32 904
S31 | 733
S30 | 562
S29 391

| s28 154
s27 154
S26 154
S25 154

| s24 | 154

. s23 154
S22 154
S21 154
S20 154

| s19 154
S18 154
S17 154
S16 391
S15 562
S14 733
S13 904

pad
2036 | S12
2036 LS
2036 . s10
2036 [ s9
2036 | S8
1864 | s7
1693 | S6
1522 -
1351 IS4
1180 i S3
1009 [ s2
838 | s1
667 BP1
496 A2/BP2
325 VbbD
154 Al
154 | A0/OSC
154 VSS
154 SCL
154 SDA

TR
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LCD direct/duplex driver with 12C-bus interface
40-LEAD DUAL IN-LINE;PLASTIC (SOT129)
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PCF8577
PCF8577A
PCF8577C
PCF8577CA

40-LEAD MINI-PACK; PLASTIC (VSO40; SOT158A)

<«——— 15,5 max
v
>: 2,45 2.7
\I]I!I!I!I!I!I!I
0,42 4
st —“UH [o[o1 ®)
0,61
’ - ~——— 123max ———>
2 7296425
40 2 top view

-~ £ —
gm
go

L 1 — ——l—"

) S —————

,,,,,,, ] @ Positional accuracy.
(M) Maximum Material Condition.

«~——— 160 max ———

Dimensions in mm
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LCD direct/duplex driver with 12C-bus interface

PCF8577
PCF8577A
PCF8577C
PCF8577CA

DEVELOPMENT DATA

SOLDERING PLASTIC MINI-PACKS

1. By hand-held soldering iron or pulse-heated solder tool

Fix the component by first soldering two, diagonally
opposite end leads. Apply the heating tool to the flat
part of the lead only. Contact time must be limited
to 10 seconds at up to 300 °C. When using proper
tools, all other leads can be soldered in one operation
within 2 to 5 seconds at between 270 and 320 °C.
(Pulse-heated soldering is not recommended for SO
packages).

For pulse-heated solder tool (resistance) soldering of
VSO packages, solder is applied to substrate by dipping
or by an extra thick tin/lead plating before package
placement.

2. By wave

During placement and before soldering, the compo-
nent must be fixed with a droplet of adhesive. After
curing the adhesive, the component can be soldered
The adhesive can be applied by screen printing, pin
transfer or syringe dispensing.

Maximum permissible solder temperature is 260 °C,
and maximum duration of package immersion in solder
bath is 10 seconds, if allowed to cool to less than
150 °C within 6 seconds. Typical dwell time is 4
seconds at 250 °C.

3. By solder paste reflow

Reflow soldering requires the solder paste (a suspension
of fine solder particles, flux and binding agent) to be
applied to the substrate by screen printing, stencilling
or pressure-syringe dispensing before device placement.
Several techniques exist for reflowing, for example,
thermal conduction by heated belt, infrared, and
vapour-phase reflow. Dwell times vary between 50 and
300 seconds according to method. Typical reflow
temperatures range from 215 to 250°C.

Pre-heating is necessary to dry paste and evaporate
binding agent.

Pre-heating duration: 45 minutes at 45 °C.

4. Repairing soldered joints
The same precaution and limits apply as in (1) above.

SOLDERING PLASTIC DUAL IN-LINE PACKAGES

1. By hand

Apply the soldering iron below the seating plane (or
not more than 2 mm above it). If its temperature is
below 300 °C it must not be in contact for more than
10 seconds; if between 300 and 400 °C, for not

more than 5 seconds.

2. By dip or wave

The maximum permissible temperature of the solder
is 260 °C; this temperature must not be in contact with
the joint for more than S seconds. The total contact
time of successive solder waves must not exceed

S seconds.

The device may be mounted up to the seating plane,
but the temperature of the plastic body must not
exceed the specified storage maximum. If the printed-
circuit board has been pre-heated, forced cooling may
be necessary immediately after soldering to keep the
temperature within the permissible limit.

3. Repairing soldered joints
The same precautions and fimits apply as in (1) above.

| (]uly 1990
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DEVELOPMENT DATA
This data sheet contains advance information and PCF2 201

specifications are subject to change without notice.

LCD FLAT-PANEL ROW/COLUMN DRIVER

GENERAL DESCRIPTION

The PCF2201 is a row or column LCD driver, designed to drive LCD flat-panels at multiplex rates
ofupto 1: 256. The PCF2201 converts serial or parallel 4-bit display data into parallel LCD drive wave-
forms, capable of driving up to 81 rows or 80 columns of an LCD matrix. The PCF2201 is cascadable,
enabling it to drive any LCD flat-panel matrix. The PCF2201 is controlled by an alphanumeric/graphic
controller.

Features

Row or column drive capability

80 data latches

81 stage bidirectional shift register

81 LCD drive outputs

Proprietary margin control drive output

Low drive impedance

LCD drive voltage of up to 25 V

5V logic compatibility

High speed operation (4 MHz)

Multiplex rates of up to 1 : 256

Externally adjusted bias voltages

Maximum LCD voltage and Vpp may be separated
64/65 pin programmable output operation mode
Low power consumption

Overall flat-panel power consumption minimized

innA F Flat mamal Amcadei bl
Pin programmable right/left orientation for convenience of flat-panel construction

Optimized pinning for single plane wiring
Space-saving 120-lead Tape-Automated Bonding package
Manufactured in silicon gate CMOS process

PACKAGE OUTLINE
PCF2201V: 120-lead Tape-Automated Bonding (TAB) module (SOT235)

1 (August 1987 383



PCF2201

Y1 to Y80 F/Y81
A
iao
11
Vi > —>|
V2/V3 > L »| 4-LEVEL
4-LEVEL DRIVER
V4/V5 > - VER (x 80) L—»| DRIVER
VEE > — s
i iso
LEVEL SHIFTER (x 80) Lf:TE'E‘R
" N || sn

=

[__T

» RR/ER

CL1

¢ 20

vss ———]
- . R 81 STAGE BIDIRECTIONAL
RL/EL « e SHIFT REGISTER
PCF2201 80 T
4 COLUMN MODE DATA PRESENTATION
LATCH (x 80)
4 1 A
00 , 4 4 (20 INSTANCES)  |*
D1 > DATA A
D2 »| SCRAMBLER
D3 > ¢ 1 ¢ 2
'y
cL2 | SELECTOR
| 1
UP/DOWN COUNTER, CARRY LOGIC
AND CONTROL

4

A 4 A A

Fig. 1

SHL COL/ P/S LNG
ROW

Block diagram.

7281313.1

FON
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LCD flat-panel row/column driver

DEVELOPMENT DATA

bus level lines
Al

19
1

[ —_—nc
[ nc
——nc
[ 1Vgg
[ FON
I SHL
:VDD
——CL1
—
— v
[ nc

PCF220t1

105 —1v2/v3
[ 1V4/V5
[ nc
— RV
[ 1F/v8t

100 |— 1Y80
m— ]
— 4]
—
— L]

95 1 Y75
[ Y74
Y73
——v72
——vyn

90— Y70
[ 1Y69
- 1 Y68
[ ver7
[ 1Y66

85 V65

ost
w
~
oo
[’s
o)

120—nc
—nc
10— nec.

PCF2201

60

[ 1Y64
[ 1Y63
[ 1ve62
[ 1vY61
— Y60
Y59
— Y]
——1vs57
——1vs56
——1vs5
— -1
— )
[ vs2
— 73
[——vs0
——1va49
[ 1v4s
— R4
— T
[——1vas
[ 1v44
[ 1va3
[ va2
[ 1v41
—1v40
[——1v39
———1v3s

—va7

[——1v3e

F——Y35

——1v34
— k]
——1v32
—
———1v30
————1v29
— -V}
[——1vo7
— T
— R
— 7
[——1v23
[—1v22
——v21
— 0]
——1v19
o A}
——v17

—]
P/S
LNG —]

D3 C—J1
D2 ]
D0 ]
nc. C—]5
RL/EL ]
nc. ]
COL/ROW C—] 10
CL2
nc C—]
nc ]
nc ]
nc. C—]15
nc ]
nc C—].

D1

19
1

Y
bus level lines

o Fig. 2 Pinning diagram.
mark orientation

7281314.2
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PCF2201

PINNING FUNCTIONS

mnemonic | 1/0 function
VpbD P Positive supply voltage (5 V)
Vgs P | Logic ground (0 V)
Vi P Most positive LCD supply voltage (< Vpp), selection level
Vo/V3 P | Upper non-selection level for row (V2) or column (V3) driver
V4/Vs P Lower non-selection level for row (V5) or column (V4) driver
VEE P Most negative LCD supply voltage (—20 V), selection level
Y11to Y80 | O | Liquid crystal driver outputs
CL1 | Clock for 81 stage bidirectional shift register
Loads parallel data from the data presentation latch and frame control in
column driver mode
Shifts data in row driver mode
Negative edge triggered
CL2 | Data transfer clock in column driver modes
Data must be valid on the negative edge of CL2
Unused in row driver mode (may be left open)
COL/ROW | | Column/row driver mode select
P/S | Parallel/serial mode select for column drivers
Tie to Vgg in row driver mode
SHL | Shift direction select
DOto D3 || Data inputs in column driver modes
Unused in row driver mode (may be left open)
Filling order:
COL/ROW |P/S |SHL DO D1 D2 D3
H L |Y1,Y2 Y3, |unused unused unused
H H |Y80,Y79,..|(may be left [(may be left |(may be left
open) open) open)
H H L |Y1,Y5,Y9,.]|Y2,Y6,Y10,|Y3,Y7,Y11,. |[Y4,Y8,Y12,..
H H H |Y80,Y76,..|Y79,6Y75,...1(Y78,Y74,.... |Y77,Y73,.....
Also in the serial column driver mode, a multiple of 4 data bits must always be
transferred. Add dummy bits if necessary

386

August 1987\ (




LCD flat-panel row/column driver PCF2201

DEVELOPMENT DATA

mnemonic

1/0

function

RL/EL
RR/ER

I/0

Left/right serial input/outputs in row driver mode, left/right enable input/outputs
in column driver modes

COL/ROW |P/S | SHL || RL/EL | RR/ER|comments

L L L | (0] shift direction:

RL/EL —> RR/ER (Y1 —> F/Y81)
L L H (0] | shift direction:

RR/ER —> RL/EL (F/Y81—>Y1)
H L L | 0 RR/ER goes LOW 80 CL2 pulses
after RL/EL

H L H 0 | RL/EL goes LOW 80 CL2 pulses
after RR/ER

H H L | 0 RR/ER goes LOW 20 CL2 pulses
after RL/EL

H H H 0 | RL/EL goes LOW 20 CL2 pulses
after RR/ER

In the serial column mode, the device accepts one bit of display data at each CL2
pulse after RL/EL (or RR/ER respectively) goes LOW

When 80 bits of display data have been accepted, the device accepts no further
display data and takes its output RR/ER (or RL/EL respectively) LOW, thereby
enabling the next PCF2201 to accept display data

The sequence is reset when CL1 is HIGH and CL2 is LOW

In the parallel column mode, the device accepts one nibble of display data at each
CL2 pulse after RL/EL (or RR/ER respectively) goes LOW

When 20 nibbles of display data have been accepted, the device accepts no further
display data and takes its output RR/ER (or RL/EL respectively) LOW, thereby
enabling the next PCF2201 to accept display data

The sequence is reset when CL1 is HIGH and CL2 is LOW

LNG

Length control

COL/ROW |LNG |SHL |description valid Yi undefined Yi
L L L |65-bit row mode|Y1...Y65 Y66...Y80,F/Y81
L L H |operation Y17..Y80, F/Y81 | Y1..Y16
L H L |81-bit row mode|Y1..Y80, F/Y81 | —
L H H |operation Y1..Y80, F/Y81 | —
H L L [64-bitcolumn |Y1..Y64 Y65...Y80
H L H | mode operation |Y17...Y80 Y1..Y16
H H L |80-bit column Y1..Y80 —
H H H | mode operation |Y1...Y80 —

In 80/81-bit operation, the device behaves as previously described
In 64/65-bit operation, the device behaves as if all resources have been reduced to
64/65 instances; i.e. 16 outputs (determined by SHL) can no longer be accessed

and should be left open circuit.
. (August 1987
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PCF2201

PINNING FUNCTIONS (continued)

mnemonic | I/0 | function
F/Y81* O | Frame output in column driver mode
It continuously delivers the select or non-select column driver LCD voltages
depending on the state of the frame control
The frame output is used to blank the flat-panel display margin outside the
actual LCD matrix
Liquid crystal driver output, number 81 in row driver mode
FON | Frame control
Defines the contents of the shift register cell corresponding to F/Y81 in column
driver mode
Tie to Vpp or Vgg in row driver mode
M | Signal to convert LCD drive waveform into a.c.:
COL/ROW SR data M output level (Y; or F/Y81) note
L L L Vo/V3
L L H V4/Vs .
row driver
L H L VEE
L H H V1
H L L Va/V3
H L H V4/Vs | dri
column driver
H H L Vi
H H H Vee
n.c. — | not connected

* Patent application pending.
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LCD flat-panel row/column driver PCF2201

DEVELOPMENT DATA

FUNCTIONAL DESCRIPTION
4-level driver

One of the liquid crystal driver levels (V 1, V9/V3, V4/Vg and VEE) is output onto lines Y1 to Y80
and F/Y81 depending on the state of the relevant level shifter.

Level shifter

The level shifter converts logic level driver information into LCD level selection signals. The LCD level
selection signals are dependent on the contents of the 81 stage bidirectional shift register and the state
of signals M and COL/ROW.

81 stage bidirectional shift register

In row driver mode the bidirectional shift register is used for the row line scan. In column driver mode
the bidirectional shift register is used to hold column data until the next line is assembled in the data
presentation latch.

Column mode data presentation latch

The column mode data presentation latch provides temporary storage during transfer of column data
required for the next row.

Data scrambler

In serial column data transfer, the data scrambler converts 1-bit data to parallel 4-bit nibbles. Data is
rearranged by the data scrambler according to the orientation (left or right) of the chip, as defined
by pin SHL.

Selector

The selector generates latch clocks ¢1 to ¢20 for the presentation latch. Selection is determined by the
state of the up/down counter and the carry logic.

Incoming column data storage locations are determined by the up/down counter making use of enable
lines (RL/EL, RR/ER) and the length control select (LNG). The carry logic inhibits the data transfer
clock (CL2) in inactive column drivers, thereby reducing power dissipation. When data transfer to one
column driver is completed, the subsequent column driver is enabled by the carry logic. The control
part co-ordinates the up/down counter and carry logic, depending upon the condition of the device
(SHL, COL/ROW, P/S, LNG, RL/EL and RR/ER).

\ (August 1987
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PCF2201

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

Supply voltage Vpp Vgg —0,3to Vgg +7 VvV

LCD supply voltage range VEE Vpp —30to Vpp \
\ +V

V1, V2/V3 voltage range (note 1) Vy —Dizii —-1toVpp V

\% +V

V4/Vg voltage range (note 1) VL VEE to —D—Dz—% -1V

Input voltage range

(CL1, CL2, COL/ROW, P/S,

SHL, DO, D1, D2, D3,

RL/EL, RR/ER, LNG, FON, M) V| Vgg —0,3to Vpp +0,3 V
Output voltage range

(RL/EL, RR/ER) Vo Vgg —0,3to Vpp +0,3 V
Driver output voltage range

(F/Y81, Y1 to Y80) Vy Vgg —0,3to Vpp +0,3 V
DC input current 1 max. 20 mA
DC output current tlp max. 25 mA
VDD, Vss. V1, V2/V3,

V4/Vg or VEE current t lgyp max. 20 mA
Power dissipation per package Ptot max. 400 mW
Power dissipation per output Po max. 100 mW
Storage temperature range Tstg —65 to + 150 ©C
HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be totally
safe, it is desirable to take normal precautions appropriate to handling MOS devices (see ‘Handling MOS
Devices’).

390 August 1987\ (



PCF2201

LCD flat-panel row/column driver

DC CHARACTERISTICS
Vgs=0V;Vpp=45teb55V;

E 1V >V4/Vs> VEE: i = 100 Hz

Vpp + VE
VEE=0to —20 V; Vpp = Vi >v2/v3>__-—2——

Tamb = —40 to + 85 OC; unless otherwise specified.

DEVELOPMENT DATA

parameter conditions symbol | min. typ. max. unit
Positive supply
voltage VbD 4.5 — 5,5 \
Negative LCD supply
voltage VEE Vpp—25 - Vpp-—5 \Y,
Static supply current | fopq = for2
=0 Hz;COL/ROW
=H;M=L;
note 2 IDD1 — 15 40 uA
Operating supply COL/ROW=H;
current fcLq = 25 kHz;
fcLo = 4 MHz;
note 2 IDD2 - 0.4 1 mA
Operating supply COL/ROW =H;
current RL/EL=H
(SHL=1L) or
RR/ER=H
(SHL = H);
fcrLt = 26 kHz;
note 2 IpD3 - 50 150 HA
Operating supply COL/ROW =L;
current fcLq = 100 kHz;
note 2 IpD4 - 75 200 uA
Logic
Input voltage
LOW ViL 0 - 0,3VpD \%
HIGH ViH 0,7Vpp - VDD
Output voltage LOW
to RL/EL and
RR/ER lo=0mA VoL - - 0,05 \%
Output voltage HIGH
to RL/EL and
RR/ER Ig=0mA VOH Vpp-0,05 | — — Vv
Output current LOW
to RL/EL and
RR/ER VoL=1V loL 1 — — mA
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PCF2201

DC CHARACTERISTICS (continued)

parameter conditions symbol min. typ. max. unit
Output current HIGH

RL/EL and

RR/ER VoH =VpDp—1V I0H — — 1 mA
Leakage current at

CL1,CL2, COL/ROW,

P/S, SHL, DO to D3,

RL/EL, RR/ER,

LNG, FON and M ESTR| — — 1 uA
Input capacitance note 3 Ci — — 7 pF
LCD outputs
Leakage current at

V1,V3/V3,V4/Vs ) — - 2 uA
Resistance ON between

V1,Vo/V3,V4/Vs, lo =100 wA;

VEE and Y1 to Y80, VEg = Vpp—25V

F/Y81 note 4 RonN — - 2 k&2

AC CHARACTERISTICS (note 5)

Vgg=0V;V =45to55V;
SS } DD ' VDD + VEE

VEE=0t0-20V;Vpp=V12Vo/V3= ————— — 1V > Vy/Vg > VgEg;

fm = 100 Hz; see Figs 4 and 5; Ty = —40 to + 85 OC; unless otherwise specified.
parameter conditions symbol min. typ. max. unit
Column driver

data transfer rate fcLo — — 4 MHz
CL2 HIGH time tCL2H 100 — — ns
CL2 LOW time tcL2L 100 — - ns
CL2 rise time tcL2r - - 25 ns
CL2 fall time tcL2f - — 25 ns
Row driver clock rate foL - — 100 kHz
CL1 HIGH time tCL1H 275 — — ns
CL1 LOW time tcL1L 5 - - us
CL1 rise time tcLr - - 50 ns
CL1 fall time tCL1f — — 50 ns

392
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LCD flat-panel row/column driver

PCF2201

DEVELOPMENT DATA

AC CHARACTERISTICS (continued)

parameter conditions symbol min. typ. max. unit
Column data set-up time COL/ROW=H tsyc 50 — — ns
Column data hold time COL/ROW =H tHDC 30 - - ns
Row data set-up time COL/ROW = L tSUR 200 - — ns
Row data hold time COL/ROW =L tHDR 0 - - ns
Enable HIGH

to CL2 set-up time COL/ROW =H tECH 90 - — ns
Enable LOW

to CL2 set-up time COL/ROW =H tECL 85 — _ ns
Propagation delay

to enable HIGH COL/ROW =H tPEH — - 185 ns
Propagation delay

to enable LOW COL/ROW =H tPEL — — 140 ns
CL2 to CL1 time COL/ROW =H tcL21 50 — — ns
CL1 to CL2 time COL/ROW =H tcL12 50 _ —_ ns
Overlap time of

CL2 = LOW and

CL1=HIGH COL/ROW =H tov 275 - - ns
Propagation delay HIGH

to RL/EL, RR/ER COL/ROW =L tPLH 20 - 200 ns
Propagation delay LOW

to RL/EL, RR/ER COL/ROW =L tPHL 20 - 200 ns
Propagation delay VEE = VDD

toY1...Y80, F/Y81 -20V tpy — - 3 us

Notes to characteristics
o Vpp * VEE
1. Maintain Vpp = Vq >Vy/V3=2————— — 1V >Vy/Vg > VEE.

2

2. Outputs open, inputs at Vgg or Vpp.

3. Periodically sampled, not 100% tested.

4. Outputs measured one at a time.

5. All timing values referred to V| and V|_ levels with an input voltage swing of Vgg to Vpp.

3,6 k)
0.5 Vpp
(2 %)
RL/EL (SHL=H)
RR/ER (SHL=L)

—— |LOAD=100 A

Fig. 3 Test loads.

Y80,F/Y81

7281315
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LCD flat-panel row/column driver
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PCF2201

APPLICATION INFORMATION
Generation of LCD bias levels

Optimum contrast for LCD flat-panels is achieved when the bias levels are selected using the formulae
in Table 1. The multiplex rate is denoted by the variable n (n = 9). V¢, is defined as the LCD threshold
voltage, typically where the LCD exhibits approximately 10% contrast. The ratio of the ‘ON’ voltage to
the ‘OFF’ voltage is discrimination (D) and is a measure of the flat-panel contrast at a given multi-

plex rate.

Table 1 LCD flat-panel bias levels for optimum contrast (Vo = V1 — VEE)

Vo V3 a1 Vg 2 Vs _ !
Vop A+ 1 Vop NEER Kp v nt+1 Vop vVnt1
Voff(rms) - 2/ n— 1)—__ VO". (rms) = ! LYo !
V—‘—'—op \/’ﬁ( I+ 1)2 VOp n n \,/F“‘ 1)
D= Von(rms) _ n—1 \_/ﬂ) = /——n * =
Voff(rms) V-1 Vin 200 =1/m
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LCD flat-panel row/column driver

PCF2201

DEVELOPMENT DATA

The intermediate bias levels are generated by a resistive divider (see Fig. 6). Capacitors (C) are used to
smooth out switching transients. Considerable power consumption may result by using this arrangement

when driving a large LCD flat-panel, because of the low impedance of the resistive divider.

Voo
V1
. C \
V V2
S8 — ¢ I v o
>|>
| < [a]
R ﬁ NS (a]
> |>>> >
’—lc' v3
I CoL/ROW PCF2201
(Vn-3)R
_ﬁ V4
I VSS 7281318.2
R
c
- V5
r
ﬁa
c
L} VEE
'|
VbD
VEE
V1
v2/v3
V4/V5 | PCF2201
VEE
CoL/RowW | i
to other row

driver PCF2201s

Fig. 6 Unbuffered LCD biasing level generation.

to other column
driver PCF2201s
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PCF2201

A better solution for LCD flat-panel biasing is presented in Fig. 7. The operational amplifiers provide
low impedance biasing with a low power consumption. The fairly high impedance which can be
implemented at the resistive divider, helps maintain low power consumption. One diode voltage drop
seperates V1 from Vpp to compensate for the limited common mode voltage range (V+ —1,5 V) when
the operational amplifiers are powered between Vpp and VEE.

Vop
C ‘L _]_ to other column
T h 4 T c driver PCF2201s
V1
Vss
= W22 | e
- V2 w| |~ (=]
+ B B B B
R COL/ROW PCF2201
\ V3 VSS ]
2
7Z81319.1
(Vn-3)R ~ va
R
V5
R
VEE
VoD
VEE
V1
V2/V3
V4/V5 § pCF2201
VEE

}——’ COL/ROW

to other row Vss
driver PCF2201s

Fig. 7 Buffered LCD bias level generation.

Typical LCD flat-panel application

Alphanumeric/graphic computer terminals with LCD flat-panel screens using 200 x 640 dots are very
popular. The format of 200 x 640 is compatible with the standard 25 lines by 80 characters at

8 x 8 dot character fonts. Fig. 8 gives a possible circuit using 19 PCF2201’s, with upper and lower half
screens used for good contrast. The use of half screens reduces the multiplex rate to 1:100 (Fig. 9 gives
the timing information).
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LCD flat-panel row/column driver PCF2201

Margin control

The used area of the flat-panel matrix is normally smaller than the LCD glass surface. Connection lines
outside of the used area of the matrix carry row or column LCD signals (see Fig. 10A). This 'null’ state
differs slightly in colour from the '‘OFF’ state pixel for twisted nematic LCD. The structural change

in the margin zone is noticeable.

When a high contrast Philips LCD flat-panel of the supertwisted birefringence effect (SBE) type is
employed, the situation becomes critital. The colour of the 'OF F’ state appears blue and-the colour

of the "ON’ state appears grey or white. Therefore inverted information is sent to the display, generating
dark (blue) characters on a light (grey) background. The margin zone is treated as an extension of the
used matrix area (see Fig. 10B), to avoid the margin zone appearing as a dark blue frame. This is
extended out to a region where the LCD glass can be covered up. The additional row requires an
increase in the multiplex rate from n to n + 1, the additional column is realized by the frame output

of the furthest left and right column drivers of the flat-panel. This removes the requirement for
additional column drivers packages to provide margin control.

JcoLs
1
[

o
-}
Q
[®]

=

ICOL1

ROW 0

margin
zone

margin
zone

ROW1[447
ROW?LAi
Row 3|

outside margin used matrix area outside margin used matrix area
cover zone cover zone
(a) (b) 72813201
(A) without margin control (B) with margin control

Fig. 10 Upper left corner of the LCD flat-panel.

Single plane wiring
The pinning of the PCF2201 tape-automated bonding package has been selected for ease of wiring. One

side of this package contains no pins. The adjacent logic level lines are arranged so that they can be
bussed in a single plane on the printed circuit board, which allows single sided substrates to be used.

For ease of wiring layout it is suggested to use the bus-level numbers (see Fig. 2) since most supply
lines can be run through at the same level. On the actual package there are 120 pins, of which 19 pins
are not internally connected. These extra pins are due to single plane wiring gaps and enhance stability
in surface mounting.
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS

O | coL/row
0 | NG

O le/s

O | RL/EL
O | oo

0 | o1
[mEY)

0O |p3

O | RR/ER
O | Vss

O | FoN
O | sHL
d | Voo
0O fcu

CL2
Y1

Y2

Y3

Y4

Y5

Y6

Y7

Y8

Y9

Y10
Y11
Y12
Y13
Y14
Y15
Y16
Y17
Y18
Y19
Y20
Y21
Y22
Y23
Y24
Y25
Y26
Y27
Y28
Y29
Y3¢

6,68 mm

O000000CO0000000000oOoonoo0ooonocooo

a
]
O

a
m]
O
]
]
]
O
a
]

Ofm

[m] V2/V3
m] V4/V5
O | Vee

o|vi
000000000000 000o0oO0Oooooooooooooon

O

Y31
Y32
Y33
Y34
Y35
Y36
Y37
Y38
Y39
vao | O
Ya1
Y42
va3 | O
Y44
vas | O

7296970

3,84 mm

vae | O

Ya7
vas | O
va9 | O
vs50| O

Chip area: 25,65 mm?
Bonding pad dimensions: 104 um x 104 um

Fig. 11 Bonding pad locations.

F/Y81
Y80
Y79
Y78
Y77
Y76
Y75
Y74
Y73
Y72
Y71
Y70
Y69
Y68
Y67
Y66
Y65
Y64
Y63
Y62
Y61
Y60
Y59
Y58
Y57
Y56
Y55
Y54
Y53
Y52
Y51
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PCF2201

DEVELOPMENT DATA

Table 2 Bonding pad centre locations (dimensions in um)
All x/y co-ordinates are referenced to the bottom left corner, see Fig. 11.

pad X Y pad X Y

D3 1556 6526 Y43 2364 154
D2 1372 6526 Y44 2540 154
D1 1188 6526 Y45 2716 154
DO 1004 6526 Y46 2892 154
RL/EL 820 6526 Y47 3068 154
P/S 636 6526 Y48 3244 154
LNG 452 6526 Y49 3420 154
COL/RO 268 6526 Y50 3596 154
CcL2 156 5982 Y51 3684 702
Y1 156 5806 Y52 3684 878
Y2 156 5630 Y53 3684 1054
Y3 156 5454 Y54 3684 1230
Y4 156 5278 Y55 3684 1406
Y5 156 5102 Y56 3684 1582
Y6 156 4926 Y57 3684 1758
Y7 156 4750 Y58 3684 1934
Y8 156 4574 Y59 3684 2110
Y9 156 4398 Y60 3684 2286
Y10 156 4222 Y61 3684 2462
Y11 156 4046 Y62 3684 2638
Y12 156 3870 Y63 3684 2814
Y13 156 3694 Y64 3684 2990
Y14 156 3518 Y65 3684 3166
Y15 156 3342 Y66 3684 3342
Y16 156 3166 Y67 3684 3518
Y17 156 2990 Y68 3684 3694
Y18 156 2814 Y69 3684 3870
Y19 156 2638 Y70 3684 4046
Y20 156 2462 Y71 3684 4222
Y21 156 2286 Y72 3684 4398
Y22 156 2110 Y73 3684 4574
Y23 156 1934 Y74 3684 4750
Y24 156 1758 Y75 3684 4926
Y25 156 1582 Y76 3684 5102
Y26 156 1406 Y77 3684 5278
Y27 156 1230 Y78 3684 5454
Y28 156 1054 Y79 3684 5630
Y29 156 878 Y80 3684 5806
Y30 156 702 F/Y81 3684 5982
Y31 252 154 VEE 3580 6526
Y32 428 154 V4/Vs 3396 6526
Y33 604 154 V2/V3 3212 6526
Y34 780 154 V1 3028 6526
Y35 956 154 M 2844 6526
Y36 1132 154 cL1 2660 6526
Y37 1308 154 VDD 2476 6526
Y38 1484 154 SHL 2292 6526
Y39 1660 154 FON 2108 6526
Y40 1836 154 Vss 1924 6526
Y41 2012 154 RR/ER 1740 6526
Y42 2188 154
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120-LEAD TAPE-AUTOMATED BONDING PACKAGE Dimensions in mm
1,15— 14,0 <02
055 12,25
\ 35x[0.35] 0
0,87 3,75 — . o7
nss 120 ’
! 84 ‘ ! f
0,16
I
e
17,1 1645 - . - — 14,56 16,3 18,6 -t
’ 47x ' . / A
\%
f
: M
37
y - —m— ﬁrl ‘
36 1”

120 lead tab module

1 pattern
< 19,0 -

?DD¢DDD#

35 - ﬁ—‘i};_. -
L_ oopooioo “ 7295862.1

tape orientation on reel
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DEVELOPMENT DATA

This data sheet contains advance information and
specifications are subject to change without notice.

J t PCF8578

LCD ROW/COLUMN DRIVER FOR
DOT MATRIX GRAPHIC DISPLAYS

GENERAL DESCRIPTION

The PCF8578 is a low power CMOS LCD row/column driver, designed to drive dot matrix graphic
displays at multiplex rates of 1:8, 1:16, 1:24 or 1:32. The device has 40 outputs, of which 24 are
programmable, configurable as 32/8, 24/16, 16/24 or 8/32 rows/columns. The PCF8578 can function
as a stand-alone LCD controller/driver for use in small systems, or for larger systems can be used

in conjunction with up to 32 PCF8579s for which it has been optimized. Together these two devices
form a general purpose LCD dot matrix driver chip set, capable of driving displays of up to 40,960 dots.
The PCF8578 is compatible with most microcontrollers and communicates via a two-line bidirectional
bus (12 C-bus). Communication overheads are minimized by a display RAM with auto-incremented
addressing and display bank switching.

Features

Single chip LCD controller/driver

Stand-alone or may be used with up to 32 PCF8579s (40,960 dots possible)

40 driver outputs, configurable as 32/8, 24/16, 16/24 or 8/32 rows/columns

Selectable multiplex rates; 1:8, 1:16, 1:24 or 1:32

Externally selectable bias configuration, 5 or 6 levels

1280-bit RAM for display data storage and scratch pad

Display memory bank switching

Auto-incremented data loading across hardware subaddress boundaries (with PCF8579)
Provides display synchronization for PCF8579

On-chip oscillator, requires only 1 external resistor

Power-on reset blanks display

Logic voltage supply range 2.5 V t0 6.0 V

Maximum LCD supply voltage 9 V

Low power consumption

12C-bus interface

TTL/CMOS compatible

Compatible with most microcontrollers

Optimized pinning for single plane wiring in multiple device applications (with PCF8579)
Space saving 56-lead plastic mini-pack

Compatible with chip-on-glass technology

APPLICATIONS

® Automotive information systems
Telecommunication systems
Point-of-sale terminals
Computer terminals
Instrumentation

PACKAGE OUTLINES

PCF8578T: 56-lead mini-pack; plastic (VSO56; SOT190).
PCF8578V: 64-lead tape-automated-bonding module (SOT267A).
PCF8578U: chip with bumps on-tape.

| (January 1989
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C39-C32
R31/C31-R8/C8
R7-RO

A17—56

v 9 >
DD
v 10 ) o PCF8578
2 n °|  ROW/COLUMN
V3 »>
vy 12 i DRIVERS
ve 13 ,
Vico — ¥ —>
TEST —15% > DispLay OUTPUT
)
MODE CONTROLLER
CONTROLLER
:> v DECODER 32x 40 BIT DISPLAY
AND SENSING mspx Y RAM DECODER <:
K : AMPLIFIERS LAY RA
X DECODER
SIS ] 1
»3 SYNC
POWER - ON SUBADDRESS RAM DATA POINTER TIMING
RESET COUNTER GENERATOR [, .4
-« cLK
% X
A\ 4
SCiL 2 8 0sC
> M
INPUT 12c-BUS COMMAND 0SCILLATOR
SDA 1 < > FILTERS - > CONTROLLER > DECODER HOSC
A
5
\Z
I — ss
15 16 7
[ 7221372.2
n.c. n.c. SAO0 (1) LCD voltage levels , all other blocks operate at logic levels
Fig.1 Block diagram.
406 January 1989



LCD row/column driver for dot matrix graphic displays

PCF8578

DEVELOPMENT DATA

PINNING

soa [
scL [2]
swe [3]
cLk [4]
vss [5 |
Test [6 |
sao [7]
osc [8]
Voo [9]
vy [10
va [11]
va [12
vs [13]
Vico [14
ne. [15]
ne. [16]
c39 [17]
c3s [18]
c37 [19]
c36 [20]
c3s [21]
c3a [22]
c33 [23]
c32 [24]
R31/c31 [25]

R30/C30 [26]

R29/C29 E

R28/C28 @

U [56] RO

[55] Ri

[54] R2

53] R3

[52] R4

[51] Rs

[50] Re

[49] r7

48] Ra/cs
[47] Ro/CO
[46] R10/C10
[45] R11/C11
[24] R12/C12
[43] R13/C13
[42] R1a/c14
[41] R1s/C15
[40] R16/C16
[39] R17/C17
[38] R18/C18
[37] R19/C19
[36] R20/C20
[35] R21/C21
[34] R22/C22
33] R23/c23
[32] R24/C24
[31] R2s/c2s
[30] R26/C26
[29] R27/C27

PCF8578

Fig.2 (a) Pinning diagram: VSO56; SOT 190.

7221371.2
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PCF8578

PINNING (continued)

Vicp ] 64

A7) —

PCF8578

1 : n.c.
[ 1nc.
[ Jnc
[ Jnc.
s ne
[ Jnc
[ Jnc.
[ 1nc.
[ Jnec
10— nc.
— k1]
—1cC38
[ 1C37
7 C36
15[ 1C35
[——1cC34
— Y xck]
— k¥
1 R31/C31
[ R30/C30
1 R29/C29

R7 ]
R8/C8 [
R9/C9 |

R10/C10 ] 40

408

R11/C11 ]
R12/C12 ]
R13/Cc13 ]
R14/C14 |
R15/C15 ] 35
R16/C16 ]

R17/C17 ]
R18/C18 |
R19/C19 [
R20/C20 [ 30
R21/c21 ]
R22/C22 ]
R23/C23 [
R24/C24 ]
R25/C25 ] 25
R26/C26 ]
R27/C27 ]

(1) Orientation mark.

Fig.2 (b) Pinning diagram; SO121.

72215521
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LCD row/column driver for dot matrix graphic displays

PCF8578

DEVELOPMENT DATA

r pin no.
| mnemonic description
SOT190 S0121

| SDA 1 51 12 C-bus serial data line

- scL 2 52 12C-bus serial clock line
SYNC 3 b3 cascade synchronization output
CLK 4 54 external clock input/output
Vss 5 55 ground (logic)
TEST 8 56 test pin (connect to Vgg)
SAO0 7 57 I2C-bus slave address input (bit 0)
0sc 8 58 oscillator input
VDD 9 59 positive supply voltage
Vo to Vg 10-13 60-63 LCD bias voltage inputs
VicD 14 64 LCD supply voltage
n.c. 15- 16 1-10 not connected
C39 to C32 17 - 24 11-18 LCD column driver outputs
R31/C31 to R8/C8 25-48 19-42 LCD row/column driver outputs
R7 to RO 49 - 56 43 - 50 LCD row driver outputs

l (January 1989
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PCF8578

FUNCTIONAL DESCRIPTION
The PCF8578 row/column driver is designed for use in one of three ways:

® Stand-alone row/column driver for small displays (mixed mode)
® Row/column driver with cascaded PCF8579s (mixed mode)
® Row driver with cascaded PCF8579s (row mode)

Mixed mode

In mixed mode, the device functions as both a row and column driver. It can be used in small stand-alone
applications, or for larger displays with up to 15 PCF8579s (31 PCF8579s when two slave addresses
are used). See tabie 1 for common display configurations.

Row mode

In row mode, the device functions as a row driver with up to 32 row outputs and provides the clock and
synchronization signals for the PCF8579. Up to 16 PCF8579s can normally be cascaded (32 when two
slave addresses are used).

Table 1 Possible display configurations

mixed mode row mode
multiplex
application rate rows columns rows columns | typical applications
1:8 8 32 — -
d-al 1:16 16 24 — — small digital or
stand-alone 1:24 24 16 - - alphanumeric displays
1:32 32 8 - —
1:8 8 632 8x4 640
. 1:16 16 624 16x2 | 640 alphanumeric displays
with PCF8579 | 4.94 24 |616 24 640 and dot matrix
1:32 32 608 32 640 graphic dispiays
using 15 using 16
PCF8579s PCF8579s

Timing signals are derived from the on-chip oscillator, whose frequency is determined by the value of
the resistor connected between OSC and Vgg.

Commands sent on the |2 C-bus from the host microprocessor set the mode (row or mixed),
configuration (multiplex rate and number of rows and columns) and control the operation of the
device. The device may have one of two slave addresses. The only difference between these slave
addresses is the least significant bit, which is set by the logic level applied to SAQ. The PCF8578

and PCF8579 also have subaddresses. The subaddress of the PCF8578 is only defined in mixed mode
and is fixed at 0. The RAM may only be accessed in mixed mode and data is loaded as described for
the PCF8579.

Bias levels may be generated by an external potential divider with appropriate decoupling capacitors.
For large displays, bias sources with high drive capability should be used. A typical mixed mode
system operating with up to 15 PCF8579s is shown in Fig.3 (a stand-alone system would be identical
but without the PCF8579s).
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LCD row/column driver for dot matrix graphic displays

DEVELOPMENT DATA

Multiplexed LCD bias generation

The bias levels required to produce maximum contrast depend on the multiplex rate and the LCD
threshold voltage (Vih). Vth is typically defined as the RMS voltage at which the LCD exhibits 10%

PCF8578

contrast. Table 2 shows the optimum voltage bias levels for the PCF8578 as functions of Vop

(Vop = VDD - VLCD), together with the discrimination ratios (D) for the different multiplex rates.

A practical value for Vop is obtained by equating Voff(rms) With Vih.

Table 2 Optimum LCD bias voltages

multipiex rate

parameter D
1:8 1:16 1:24 1:32

v
y2 0.739 0.800 0.830 0.850
Vop

IV

<2 0.522 0.600 0.661 0.700
Vop
v
AL 0.478 0.400 0.339 0.300
Vop
v
AL 0.261 0.200 0.170 0.150
Vop
v
Yoff{rms) 0.297 0.245 0.214 0.193
Vop
v
Yon(rms) 0.430 0.316 0.263 0.230
Vop

v
p= ~onlrms) 1.447 1.291 1.230 1.196
Voff(rms)

Vv
9P 3.37 4.08 4.68 5.19
Vinh

\ K]anuary 1989
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LCD row/column driver for dot matrix graphic displays PCF8578

DEVELOPMENT DATA

1.0 7Z221533.1
Vblas
Vop (7Y B—
0.8
V3
06
04
\
0.2
F‘
0

1:8 1:16 1:24 1:32
multiplex
rate

Fig.4 LCD bias voltages as a function of the multiplex rate.

Power-on reset
At power-on the PCF8578 resets to a defined starting condition as follows:

1. Display blank

2. 1:32 multiplex rate, row mode

3. Start bank O selected

4. Data pointer is set to X, Y address 0, 0
5. Character mode

6. Subaddress counter is set to 0

7. 12C-bus interface is initialized.

Data transfers on the 12 C-bus should be avoided for 1 ms following power-on, to allow completion of
the reset action.

\ (January 1989
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PCF8578

FUNCTIONAL DESCRIPTION

ROW 0

COLUMN

ROW 0

COLUMN

ROW 0

COLUMN

ROW 0

COLUMN

(continued)

mm— ON
C—/ OFF

| L

|
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=
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Fig.5 LCD row/column waveforms.
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LCD row/column driver for dot matrix graphic displays PCF8578

DEVELOPMENT DATA

! ~— state i (ON)
Vi —— -~ state 2 (OFF
DD / ate )
v L /

Vop 7 1
Vo -
ROW 2 Vg——— - dot matrix
R2 (1) Vg—— 1: 8 multipiex rate
\
5
Vieo = =
Vpop —
Vo ———
COLUMN 1 Vg4 JJ—
C1 (1) V4 ——— —_—
Vs
Vico 7
Vpp——
Va2
COLUMN 2 V3 Il—
ca v fm_ ]
Vs
VLCD o Vstate 1(t) =C1 (1) — R1 (t):
Yop Von(rms) _ 1_+\_fii_ =0.430
Vop / 8 8(/8+1)
0.261 Vv, -
Vstate 1 (V) _%\éav‘;:f

— Voffrms) _ /2/B-1 o,
- Vo VEWBLIP

0.261 V- general relationship (n = multiplex rate)
Vstate 2 (1) 0 V—

-+
n n n+
_v 7221544.1 (\/ R

op —

Voff(rms) _ /2 G/n—1)
Vop NANCIN TEE

-0.478 V- Von(rms) _ v,V

Fig.6 LCD drive mode waveforms for 1:8 multiplex rate.
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FUNCTIONAL DESCRIPTION (continued)

=

ROW 1 V3
R v,

ROW2 Vg
R2 (1) Vy

VDD —
Vo —

coLt vy ——

Y v, ——

coL 2 Vg ———
c2 () v, ——

Vstate 1 (1)

0.6 Vop —_

0.2 Vop —

state 2 () ov - | |

-0.2 Vop

p

_Vop —

\

-0.6 v,

Vstate 1(t) = C1(t) — R1(t):

Von(rms) _ 1 + \/ﬁ——1= 0.316
Vop 16 16(/T6+1)

Vstate 2(t) = C2(t) — R2(t):

Vofttrms) . /2WT8 1) _5p
Vop V16 (/16 + 1)?

Tirame

state 1 (ON)
state 2 (OFF)

@
- O O
554
1 dot matrix
| 1: 16 multiplex rate

72215431

general relationship (n = multiplex rate)

Von(rms) _ 1 + Vvn—1
Vop n nk/n+1)

Voff(rms)= 2/n— T
Vop Vo V/ny/n+1)?

Fig.7 LCD drive mode waveforms for 1:16 multiplex rate.
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LCD row/column driver for dot matrix graphic displays PCF8578

DEVELOPMENT DATA

Internal clock

The clock signal for the system may be generated by the internal oscillator and prescaler. The
frequency is determined by the value of the resistor RQgc, see Fig.8. For normal use a value of
330 k&2 is recommended. The clock signal, for cascaded PCF8579s, is output at CLK and has a
frequency one-sixth (multiplex rate 1:8, 1:16 and 1:32) or one-eighth (multiplex rate 1:24) of the
oscillator frequency.

7221532.1
103 :
:
fosc
(kHz)
102 n
N Ny
N
N
N \\\\
SO
10
\\
=
A
S
N
‘ ~
10 102 10

3 4
10
Rosc (k)

Fig.8 Oscillator frequency as a function of Rggc.

Note

To avoid capacitive coupling, which could adversely affect oscillator stability, Rogc should be placed
as closely as possible to the OSC pin. If this proves to be a problem, a filtering capacitor may be
connected in parallel to Rogc.

External clock

If an external clock is used, OSC must be connected to Vpp and the external clock signal to CLK.
Table 3 summarizes the nominal CLK and SYNC frequencies.

Table 3 Signal frequencies required for nominal 64 Hz frame frequency

( oscillator frequency | frame frequency multiplex rate clock frequency
(Rosc = 330 kQ2) division

} fosc (Hz) fSYNC (Hz) n ratio fcLk (Hz)
12288 64 1:8; 1:16; 1:32 6 2048
12288 64 1:24 8 1536

A clock signal must always be present, otherwise the LCD may be frozen in a DC state.

| ( January 1989
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PCF8578

FUNCTIONAL DESCRIPTION (continued)

Timing generator

The timing generator of the PCF8578 organizes the internal data flow of the device and generates the
LCD frame synchronization pulse SYNC, whose period is an integer multiple of the clock period. In
cascaded applications, this signal maintains the correct timing relationship between the PCF8578 and
PCF8579s in the system.

Row/column drivers

Outputs RO to R7 and C32 to C39 are fixed as row and column drivers respectively. The remaining
24 outputs R8/C8 to R31/C31 are programmable and may be configured (in blocks of 8) to be either
row or column drivers. The row select signal is produced sequentially at each output from RO up to
the number defined by the multiplex rate (see Table 1). In mixed mode the remaining outputs are
configured as columns. In row mode all programmable outputs (R8/C8 to R31/C31) are defined as
row drivers and the outputs C32 to C39 should be left open-circuit. Using a 1: 16 multiplex rate,

two sets of row outputs are driven, thus facilitating split-screen configurations; i.e. a row select

pulse appears simultaneously at RO and R16/C16, R1 and R17/C17 etc. Similarly, using a multiplex
rate of 1.8, four sets of row outputs are driven simultaneously. Driver outputs must be connected
directly to the LCD. Unused outputs should be left open-circuit.

Display mode controller

The configuration of the outputs (row or column) and the selection of the appropriate driver waveforms
are controlled by the display mode controller.

Display RAM

The PCF8578 contains a 32 x 40 bit static RAM which stores the display data. The RAM is divided
into 4 banks of 40 bytes (4 x 8 x 40 bits). During RAM access, data is transferred to/from the RAM
via the 12 C-bus. The first eight columns of data (O to 7) cannot be displayed but are available for
general data storage and provide compatibility with the PCF8579.

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows an
individual data byte or a series of data bytes to be written into, or read from, the display RAM,
controlled by commands sent on the 12C-bus.

Subaddress counter

The storage and retrieval of display data is dependent on the content of the subaddress counter.
Storage takes place only when the contents of the subaddress counter agree with the hardware
subaddress. The hardware subaddress of the PCF8578, valid in mixed mode only, is fixed at 0000.

12 C-bus controller

The 12C-bus controller detects the 12 C-bus protocol, slave address, commands and display data bytes.
It performs the conversion of the data input (serial-to-parallel) and the data output (parallel-to-serial).
The PCF8578 acts as an 12 C-bus slave transmitter/receiver in mixed mode, and as a slave receiver

in row mode. A slave device cannot control bus communication.

Input filters

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on
the SDA and SCL lines.
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DEVELOPMENT DATA

RAM access

RAM operations are only possible when the PCF8578 is in mixed mode. In this event its hardware
subaddress is internally fixed at 0000 and the hardware subaddresses of any PCF8579 used in
conjunction with the PCF8578 must start at 0001.

There are three RAM ACCESS modes:

® Character

® Half-graphic

® Full-graphic

These modes are specified by bits G1 and GO of the RAM ACCESS command. The RAM ACCESS
command controls the order in which data is written to or read from the RAM (see Fig.9).

To store RAM data, the user specifies the location into which the first byte will be loaded (see Fig.10):

® Device subaddress (specified by the DEVICE SELECT command)
® RAM X-address (specified by the LOAD X-ADDRESS command)
® RAM bank (specified by bits Y1 and YO of the RAM ACCESS command)

Subsequent data bytes will be written or read according to the chosen RAM access mode. Device
subaddresses are automatically incremented between devices until the last device is reached. If the last
device has subaddress 15, further display data transfers will lead to a wrap-around of the subaddress
to 0.

Display control

The display is generated by continuously shifting rows of RAM data to the dot matrix LCD via the
column outputs. The number of rows scanned depends on the multiplex rate set by bits M1 and MO

of the SET MODE command.

The display status (all dots on/off and normal/inverse video) is set by bits E1 and EO of the SET MODE
command. For bank switching, the RAM bank corresponding to the top of the display is set by

bits B1 and BO of the SET START BANK command. This is shown in Fig.11. This feature is useful
when scrolling in alphanumeric applications.

I (January 1989
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FUNCTIONAL DESCRIPTION (continued)
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LCD row/column driver for dot matrix graphic displays
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PCF8578

FUNCTIONAL DESCRIPTION (continued)

RAM

bank 0 /
7L top of LCD
- DO00O000000000O0O0
- ﬁooooooooooo
- 0OO000000O0
- 00000000
- 0000000
- /l cooooo
bank 1 O O O O O
000
bo0oo
booo
i/ OO OO

h 00O

/
000 LCcD
(ONeN©)
(ONON®)

(ON@)
(ON®)

bank 2

bank 3

7221550

Fig.11 Relationship between display and SET START BANK;
1:32 multiplex rate and start bank = 2.
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LCD row/column driver for dot matrix graphic displays pCF8578

DEVELOPMENT DATA

12C-BUS PROTOCOL

Two 7-bit slave addresses (0111100 and 0111101) are reserved for both the PCF8578 and PCF8579.
The least-significant bit of the slave address is set by connecting input SAO to either O (Vgg) or

1 (VDD). Therefore, two types of PCF8578 or PCF8579 can be distinguished on the same 12 C-bus
which allows:

(a) one PCF8578 to operate with up to 32 PCF8579s on the same 12 C-bus for very large applications
(b) the use of two types of LCD multiplex schemes on the same 12 C-bus.

In most applications the PCF8578 will have the same slave address as the PCF8579.

The 12C-bus protocol is shown in Fig. 12. All communications are initiated with a start condition (S)
from the 12 C-bus master, which is followed by the desired slave address and read/write bit. All devices
with this slave address acknowledge in parallel. All other devices ignore the bus transfer.

In WRITE mode (indicated by setting the read/write bit LOW) one or more commands follow the
slave address acknowledgement. The commands are also acknowledged by all addressed devices on
the bus. The last command must clear the continuation bit C. After the last command a series of data
bytes may follow. The acknowledgement after each byte is made only by the (AQ, A1, A2 and A3)
addressed PCF8579 or PCF8578 with its implicit subaddress 0. After the last data byte has been
acknowledged, the 12 C-bus master issues a stop condition (P).

In READ mode, indicated by setting the read/write bit HIGH, data bytes may be read from the

RAM following the slave address acknowledgement. After this acknowledgement the master transmitter
becomes a master receiver and the PCF8578 becomes a slave transmitter. The master receiver must
acknowledge the reception of each byte in turn. The master receiver must signal an end of data to

the slave transmitter, by not generating an acknowledge on the last byte clocked out of the slave. The
slave transmitter then leaves the data line HIGH, enabling the master to generate a stop condition (P).

Display bytes are written into, or read from, the RAM at the address specified by the data pointer and
subaddress counter. Both the data pointer and subaddress counter are automatically incremented,
enabling a stream of data to be transferred either to, or from, the intended devices.

In multiple device applications, the hardware subaddress pins of the PCF8579s (A to A3) are connected
to Vsg or VDD to represent the desired hardware subaddress code. |f two or more devices share the
same slave address, then each device must be allocated a unique hardware subaddress.

\ (January 1989
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12C-BUS PROTOCOL (continued)

acknowledge
by A0, A1, A2 and A3
selected PCF8578s/
PCF8579s only

| l

acknowledge by
— ——— all addressed
l PCF85785/PCFB579s
A

R/

— slave address —
|
|

T T T 1T s L | T T 1717 T 17T
Sf(o 1 11 1 0fAj0 c COMMAND A DISPLAY DATA Al P
11 11119 I | I T T |

| | |
L 1byte _,f‘ \in >1bytes——1 L n=0bytes ——
update data pointers

and if necessary
subaddress counter

7221547

Fig.12(a) Master transmits to slave receiver (WRITE mode).

acknowledge
—————————— by all addressed ——

PCF8578s/PCF8579s |
|
|
| |
slave address —— ———slave address— | acknowledge no acknowledge _
‘ | ¢ from master from master
T T T T T s T T T TTT T TTTTTs T T T T TT T T T T TTT1
S|o 11 1 1 0fAlofafc COMMAND Al Sfo 111 1 0jaf1]aA DATA A DATA 1] P
I T T I T ) T R 'S T T T T
‘ P -
L—— n = 1 byte —fJ | —— nbytes — — last bytes J
R/W R/W
at this moment master
transmitter becomes a update data pointers
master receiver and

,,,,, -—— and if necessary —

PCF8578/PCF8579 slave subaddress counter

receiver becomes a
slave transmitter 7221548

Fig.12(b) Master reads after sending command string (WRITE commands; READ data).

acknowledge

by all addressed acknowledge no acknowledge
PCF8578s/PCF8579s from master from master
—— slave address —— l l l
T T T TTs TT T T T T71 T T T T T1TTT
SJ|o 11 11 0fAa[1]A DATA A DATA 1 P
I | 0 | N N I B | | N T T I |
[}
| L———nbytes ,,,,J L last byte ~—77—J
R/W
update data pointers

L andif necessary —
subaddress counter

7221546

Fig.12(c) Master reads slave immediately after sending slave address (READ mode).
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DEVELOPMENT DATA

Command decoder

The command decoder identifies command bytes that arrive on the 12 C-bus. The most-significant bit

of a command is the continuation bit C (see Fig.13). When this bit is set, it indicates that the next

byte to be transferred will also be a command. If the bit is reset, it indicates the conclusion of the command
transfer. Further bytes will be regarded as display data. Commands are transferred in WRITE mode

only.

MsB LSB
T 7 T 7 171
C| REST OF OPCODE
[ T T N |

7221545

C = 0; last command
C = 1, commands continue

Fig.13 General format of command byte.
The five commands available tc the PCF8578 are defined in Tables 4 and 5.

Table 4 Summary of commands

code command description
CoODDDDDD LOAD X-ADDRESS 0 to 39
cCi1o0bDDDD SET MODE multiplex rate, display status, system type
cC110DDDD DEVICE SELECT defines device subaddress
C111DDDD RAM ACCESS graphic mode, bank select

(D D D D =12 is not allowed; see

SET START BANK opcode)
C11111DD SET START BANK defines bank at top of LCD

Where:

C = command continuation bit
D = may be a logic 1 or 0.

\ (January 1989

425



PCF8578

12C-BUS PROTOCOL (continued)

Table 5 Definition of PCF8578/PCF8579 commands

command / opcode

options

description

SET MODE

43\1 OiT}E‘l EO!M1 MOW

LCD drive mode bits M1 MO defines LCD drive mode
1:8 MUX (8rows) O 1

1:16 MUX (16 rows) 1 0

1:24 MUX (24 rows) 1 1

1:32 MUX (32rows) 0 O

display status bits E1 EO defines display status
blank 0O O

normal 0 1

all segments on 1 0

inverse video 1 1

system type bit T defines system type

PCF8578 row only 0
PCF8578 mixed mode 1

SET START BANK

start bank pointer bits B1 BO

defines pointer to RAM bank
corresponding to the top of

C{1 1 0/A3 A2 A1 AD

4-bit binary value of 0 to 15

bank O 0 O the LCD. Useful for scrolling,
bank 1 0 1 pseudo-motion and background
c11111B1BO bank 2 1 0 preparation of new display
bank 3 1 1
DEVICE SELECT bits A3 A2 A1 A0 four bits of immediate data,

bits A0 to A3, are transferred
to the subaddress counter to
define one of sixteen hardware
subaddresses

426
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PCF8578

DEVELOPMENT DATA

command / opcode

options

description

RAM ACCESS

[2111G1GOY1Y0

RAM access mode bits G1 GO

defines the auto-increment
behaviour of the address for

character 0 O RAM access

half graphic 0 1

full graphic 1 0

not allowed * 1 1

bits Y1 YO two bits of immediate data,

2-bit binary value of 0 to 3

bits YO to Y1, are transferred
to the Y-address pointer to
define one of four banks for
RAM access

LOAD X-ADDRESS

c[o]x5 x4 X3 X2 X1 X0

bits X5 X4 X3 X2 X1 X0

6-bit binary value of 0 to 39

six bits of immediate data,
bits X0 to X5, are transferred
to the X-address pointer to
define one of forty display
RAM columns

* See opcode for SET START BANK.
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CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for bidirectional, two-line communication between different ICs or modules. The two
lines are a serial data line (SDA) and a serial clock line (SCL) which must be connected to a positive
supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable
during the HIGH period of the clock pulse as changes in the data line at this moment will be
interpreted as control signals.

T

| .

| data line | change

| stable_: | of data

| data valid | allowed | 7287019

Fig.14 Bit transfer.

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition
of the data line while the clock is HIGH, is defined as the stop condition {P).

-
—_— | -
SDA \ : / \
+ —
|
scL ! !
g |
[ S
start condition stop condition

w
O
=

_ ]
|
|

_—t
|
|
%]
O
>

r
|
|
|
L

7287005

Fig.15 Definition of start and stop condition.
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System configuration

A device transmitting a message is a ‘‘transmitter’’, a device receiving a message is the “receiver’’.
The device that controls the message flow is the "‘master’” and the devices which are controlled by
the master are the "'slaves’’.

SDA
| I 1 1
MASTER SLAVE MASTER
TRANSMITTER/ REs(l:_EAI\\//fER TRANSMITTER/ TR“AAIC:;F‘?TER TRANSMITTER/
RECEIVER RECEIVER RECEIVER

7287004

Fig.16 System configuration.

Acknowledge

The number of data bytes transferred between the start and stop conditions from transmitter to
receiver is unlimited. Each data byte of eight bits is followed by one acknowledge bit. The acknowledge
bit is a HIGH level put on the bus by the transmitter, whereas the master generates an extra
acknowledge related clock pulse. A slave receiver which is addressed must generate an acknowledge
after the reception of each byte. Also a master must generate an acknowledge after the reception of
each byte that has been clocked out of the slave transmitter. The device that acknowledges must

pull down the SDA line during the acknowledge clock pulse, so that the SDA line is stable LOW  *
during the HIGH period of the acknowledge related clock pulse (set-up and hold times must be taken
into consideration). A master receiver must signal the end of a data transmission to the transmitter -
by not generating an acknowledge on the last byte that has been clocked out of the slave. In this event
the transmitter must leave the data line HIGH to enable the master to generate a stop condition.

start clock pulse for
condition acknowledgement
|

SCL FROM |
MASTER : 1 2 8 9
DATA OUTPUT ! -
BY TRANSMITTER |
DATA OUTPUT -
BY RECEIVER

7287007

Fig.17 Acknowledgement on the 12C-bus.

Note

The general characteristics and detailed specification of the 12C-bus are available on request.
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RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

parameter symbol min. max. unit
Supply voltage range VDD —-0.5 +8.0 \Y,
LCD supply voltage range ViLed Vpp —11 VDD \%
Input voltage range at

SDA, SCL, CLK, TEST,

SAO0 and OSC Vi1 Vss —0.5 Vpp +0.5 Y

V2 to Vg Vi2 Vicp -0.5 Vpp +0.5 \%
Output voltage range at

SYNC and CLK Vo1 Vss —0.5 Vpp +0.5 \Y

RO to R7, R8/C8 to R31/C31,

and C32 to C39 Vo2 ViLch —0.5 Vpp +0.5 \
DC input current I -10 10 mA
DC output current lo -10 10 mA
VDD, Vss or V| cD current DD, Iss, ILCD -50 50 mA
Power dissipation per package Ptot - 400 mW
Power dissipation per output Po — 100 mW
Storage temperature range Tstg —65 +150 oC

HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be

totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see

'Handling MOS Devices’).
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DC CHARACTERISTICS

Vpp=25V1t06.0V;Vsgs=0V;Vicp=VpDp -3.5VtoVpp

unless otherwise specified

PCF8578

-9 V; Tamb = —40 °C to +85 0C;

parameter conditions symbol min. typ. | max. unit
Supply
Supply voltage VDD 2.5 - 6.0 \%
LCD supply voltage VLcD Vpp -9 | — Vpp -3.5| V
Supply current note 1;
external clock fcLk =2 kHz IDD1 — 6 15 uA
internal clock Rosc = 330 kQ2 IDD2 - 20 |50 HA
Power-on reset level note 2 VPOR 0.8 1.3 | 1.8 \
Logic
Input voltage LOW ViL Vss - 0.3 VDD \%
Input voltage HIGH ViH 0.7 Vpp | — VDD \%
Output current LOW
at SYNC and CLK VoL=10V
Vpp=5V loL1 1 - - mA
Output current HIGH
at SYNC and CLK VoH=4.0V
Vpp=5V IOH1 — — -1 mA
SDA output current LOW VoL=04V;
Vpp=5V loL2 3.0 - — mA
Leakage current
at SDA, SCL, SYNC,
CLK, TEST and SAO V| =Vpp or Vgg L1 —1 - 1 HA
Leakage current
at OSC Vi =Vpp L2 —1 — 1 uA
Input capacitance
at SCL and SDA note 3 C - - 5 pF
LCD outputs
Leakage current at
Vo to Vg Vi=VpporVicp | L3 -2 — 2 HA
DC component of LCD
drivers RO to R7,
R8/C8 to R31/C31,
and C32 to C39 *Vpe - 20 | — mV
Output resistance at note 4
RO to R7 and R8/C8 to
R31/C31 row mode RRow — 1.5 | 3.0 39/
R8/C8 to R31/C31
and C32 to C39 column mode RcoL - 3 6 k&

W (January 1989
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AC CHARACTERISTICS (note 5)

Vpp=25t06V;Vss=0V;V cp=VDD -3.5VtoVpp —9V; Tgmp=-40to +850C;
unless otherwise specified

parameter conditions symbol min. | typ. max. unit
Clock frequency at Rosc = 330 kQ2;

multiplex rates of Vpp=6V

1:8, 1:16 and 1:32 fcLk1 1.2 2.1 3.3 kHz

1:24 fcLKk2 0.9 1.6 2.5 kHz
SYNC propagation delay tPSYNC — - 500 ns
Driver delays Vpp --VLcp=9V;

with test loads tPLCD - - 100 us

12C-bus
SCL clock frequency fscL - - 100 kHz
Tolerable spike width

on bus tSW - - 100 ns
Bus free time tBUF 4.7 - - us
Start condition

set-up time repeated start

codes only tSU; STA 4.7 - - us

Start condition

hold time tHD; STA | 4.0 — - us
SCL LOW time tLow 4.7 - - Ms
SCL HIGH time tHIGH 4.0 - - us
SCL and SDA rise time tr - — 1.0 us
SCL and SDA fall time tf - - 0.3 us
Data set-up time tsu; DAT | 250 | — - ns
Data hold time tHD; DAT | O - - ns
Stop condition

set-up time tSU; STO 4.0 - - us
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Notes to the characteristics

1.

Outputs are open; inputs at Vpp or Vgg; 12C-bus inactive; external clock with 50% duty factor,
{Ipp1 only).

Resets all logic when Vpp < VpPQR.

Periodically sampled; not 100% tested.

Resistance measured between output terminal {RO to R7, R8/C8 to R31/C31 and C32 to C39)
and bias input (V2 to V5, Vpp and V| cp) when the specified current flows through one output
under the following conditions (see Table 2}:

VoP=VDD - VLCcD=9V;

row mode, RO to R7 and R8/C8 tc R31/C31 {row mode}:

Vo —Vicp=6.65V; Vs —VLcD <235V;IL0oAD = 150 uA

column mode, R8/C8 to R31/C31 (column mode) and C32 to C39:

V3 —-Vicp=4.70V; V4 -V LcD <4.30V; ILoaD = 100 pA.

5. All timing values are referred to V|H and V| levels with an input voltage swing of Vss to Vpp.

3.3 kQ 1.5 kQ
SYNC, CLk —{_F——0.5Vpp SDA —{__+— Vpp
C39to C32,
R31/C31 tc R8/C8 T
and R7 to RO
10nF 7221535.1

Fig.18 Test loads.

\ (January 1989
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feLk

0.7 Vpp

CLK
k y 0.3 Vpp
SYNC
—>| pSYNC I —1 'psync = ¢
———— 05V
€39 to Ca2, 4
R31/C31 to R8/C8 (Voo-Vicp =9V
and R7 to RO ‘¢
¢ 05V
tPLCD 1
7221531.1
Fig.19 Driver timing waveforms.
SDA
~—tguF—> — ow |*— t—| |
—--—
scL |
|
|
i — 7
| '4p.sTA !"* -
[ I
'Su;DAT
SDA
> tgy.sTA = — -~
'su;sTO
7221536

Fig.20 12C-bus timing waveforms.
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CHIP DIMENSIONS AND BONDING PAD LOCATIONS

SAO
[] |Test
O] |Vss
] |ck
] | sync
]
O
[ |ro
O |mt
(r
(] |rs

R4

R5

O O

osc
R6
R7

R8/C8

O0ooOooo

R9/C9

Va
V3 R10/C10
v
4 R11/C11
Vs

Oooooo g

R12/C12

I
®

Vico

PCF8578

R13/C13
R14/C14
R15/C15
R16/C16
R17/C17

R18/C18
c39

C38 R19/C19

car R20/C20

ca6 R21/C21

Cc35 R22/C22

O oooodg

]

Rr2s/c28 | [ ]

O

r26/C26 | [ ]

O
O
rgc2s| [ O O OO0 0OQOOOOO O O

caz| (]
U
U

o

c3d4

caz2
Rrao/c3o | [

R31/C31
R29/C29
R27/C27
R25/C25
R24/C24

2.94 mm

7221538

Chip area: 14.14 mm?
Bonding pad dimensions: 120 um x 120 um.

Fig.26 Bonding pad locations.
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Table 6 Bonding pad locations (dimensions in um)

All x/y co-ordinates are referenced to the bottom left corner, see Fig.26.

PCF8578

pad T X [ Y pad X Y |
SDA 1642 | 4642 R27/C27 1936 160
SCL 1438 4642 R26/C26 2140 160
SYNC 1234 4642 R25/C25 2344 160
CLK 1000 4642 R24/C24 2548 160
Vss 742 4642 R23/C23 2776 160
TEST . 454 4642 | R22/C22 | 2776 424
SAO 160 4642 | R21/C21 | 2776 670
0sc 160 4318 | R20/C20 2776 886
VDD 160 3514 R19/C19 2776 1096
Vo 160 3274 R18/C18 2776 1300
V3 160 3064 R17/C17 2776 1504
V4 160 2860 R16/C16 2776 1708
Vg 160 2656 R15/C15 2776 1912
VicD 160 2452 R14/C14 2776 2116
n.c. - - R13/C13 2776 2320
n.c. - - R12/C12 2776 2524
C39 160 1252 R11/C11 2776 2752
C38 160 1048 R10/C10 2776 3004
c37 160 844 R9/C9 2776 3502
C36 160 628 R8/C8 2776 3706
C35 160 406 R7 2776 3916
C34 160 160 R6 2776 4132
C33 454 160 R5 2776 4378
C32 742 160 R4 2776 4642
R31/C31 1000 160 R3 2548 4642
R30/C30 1234 160 R2 2344 4642
R29/C29 1438 160 R1 2140 4642
R28/C28 1642 160 RO 1936 4642

by Philips.

Purchase of Philips’ 12C components conveys a license under the
Philips’ I2C patent to use the components in the 12C-system
provided the system conforms to the 12C specifications defined

\ Kjanuary 1989
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CHIP-ON GLASS INFORMATION

PCFB578

PCFB579

LCD DISPLAY

72215541

Fig.27 Typical chip-on glass application (viewed from underside of chip).

Note to Fig.27
1f inputs SAD and AQ to A3 are left unconnected they are internally pulled-up to Vpp.
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This data sheet contains advance information and ] )
specifications are subject to change without notice. BUS)‘

LCD COLUMN DRIVER FOR DOT MATRIX GRAPHIC DISPLAYS

PCF8579

GENERAL DESCRIPTION

The PCF8579 is a low power CMOS LCD column driver, designed to drive dot matrix graphic displays

at multiplex rates of 1:8, 1:16, 1:24 or 1:32. The device has 40 outputs and can drive 32 x 40 dots in

a 32 row muitipiexed LCD. Up to 16 PCF8579s can be cascaded and up to 32 devices may be used on
the same 12 C-bus (using the two slave addresses). The device is optimized for use with the PCF8578

LCD row/column driver. Together these two devices form a general LCD dot matrix driver chip set,
capable of driving displays of up to 40,960 dots. The PCF8579 is compatible with most microcontrollers
and communicates via a two-line bidirectional bus (1% C-bus). Communication overheads are minimized

by a display RAM with auto-incremented addressing and display bank switching.

Features

LCD column driver

Used in conjunction with the PCF8578, this device forms part of a chip set capable of driving up to

40,960 dots

40 column outputs

Selectable multiplex rates; 1:8, 1:16, 1:24 or 1:32

Externally selectable bias configuration, 5 or 6 levels

Easily cascadable for large applications (up to 32 devices)

1280-bit RAM for display data storage

Display memory bank switching

Auto-incremented data loading across hardware subaddress boundaries
Power-on reset blanks display

Logic voltage supply range 2.5 V t0 6.0 V

Maximum LCD supply voltage 9 V

Low power consumption

12C-bus interface

TTL/CMOS compatible

Compatible with most microcontrollers

Optimized pinning for single plane wiring in multiple device applications
Space saving 56-lead plastic mini-pack

Compatible with chip-on-glass technology

APPLICATIONS

Automotive information systems
Telecommunication systems
Point-of-sale terminals
Computer terminals
Instrumentation

PACKAGE OUTLINES

PCF8579T: 56-lead mini-pack; plastic (VS056; SOT190).
PCF8579V: 64-lead tape-automated-bonding module (SOT267A).
PCF8579U: chip with bumps on-tape.

I (January 1989
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c39--co
A17-56
12
v >
(\)/D Ta > PCF8579
: 15 coLumn (1
Va >
v 16 S DRIVERS
Lco d
TesT —{8,
OUTPUT
5 CONTROLLER
Vss —1]
R
[ v oecooen
<:: AMPLIFIERS DISPLAY RAM DECODER
POWER-ON | X DECODER
RESET
v l l
A3 —» 3
AZ—T5 —»| SUBADDRESS RAM DATA POINTER TIMING
Al —»| COUNTER GENERATOR | 4
Ao —H —> Y X
A 4
scL 2 5
INPUT 12C-BUS COMMAND
SDA 1 - FILTERS »| CONTROLLER 5| DECODER
'y
13 7
7221374.2
n.c. SA0 (1) LCD voltage levels , all other blocks operate at logic fevels

Fig.1 Block diagram.

SYNC

CLK
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DEVELOPMENT DATA

PINNING

soa [1]
scL [2]
v 5
cLk [4]

vss [5]

TesT [6 ]
sao [7]

A3 [8
a2 [o
A1 E
a0 [11]

vop [12]
ne. [13]
v3 [14]
vq [15

Vico IE
cag [17]
c3s [18]
c37 [19]
c36 [20]
c3s [21]
c34 [22]
c33 [23]
c32 [24]
c31 [28]
c30 [28]
c29 [27]
c28 [28]

U 56] co

[55] c1
[54] c2
53] c3
5] ca
51] cs
[50] ce
49] c7
48] c8
[47] co
[46] c10
45] c11
[44] c12
[43] c13
42] c1a
41] c15
40] c16
[39] c17
38] c18
37] c19
[36] c20
35] c21
[34] c22
33] c23
[32] c24
31] c2s
30] c26
29] c27

PCF8579

7Z221373.1

Fig.2 (a) Pinning diagram: VSO56; SOT190.
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PINNING (continued)

Vico T 1—ne
Va4 [ [ 1nec.
(L) — ) rr-: —
Vpp 0l —1nc
A0 C—] 60 H s[—Jnc.
A [—1nc.
A2 —Jnec.
A3 [ Jnc
sAa0 ] —nec.

TEST ] 55 10 [ C39
ves ] —css
ck PCF8579 — ca7

SYNC 1 c36
scL ] —css
SDA [} 50 151 C34
co —] —1c33
(o3 — [ 1c32
02:‘ [ 1c31
(o} mm— 1 c3o
ca—]45 20— c29
cs ] s 3 3 & — ces

—JuInuoreieiuiguigiyuy —
8588zZ5:2:556550088888888 72215531

(1) Orientation mark.

Fig.2 (b) Pinning diagram: SO122.
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DEVELOPMENT DATA

12 C-bus serial data line

12 C-bus serial clock line
cascade synchronization input
external clock input

test pin {connect to Vsg)
12 C-bus slave address input (bit Q)
12C-bus subaddress inputs

positive supply voltage

LCD bias voltage inputs
LCD supply voltage

pin no.
mnemonic description
| N SOT190 S0122
1 SDA 1 50
; SCL 2 51
" SYNC 3 52
CLK 4 53
‘ Vss 5 54 ground (logic)
TEST ] 55
SAO0 7 56
A3 to A0 8-11 57 -60
VDD 12 61
n.c. 13* 1-9 not connected
V3 to Vg 14-15 62-63
\A e 16 64
C39 to CO 17 - 56 10- 49

LCD column driver outputs

* Do not connect, this pin is reserved.

\ Klanuary 1989
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FUNCTIONAL DESCRIPTION

The PCF8579 column driver is designed for use with the PCF8578. Together they form a general
purpose LCD dot matrix chip set.

Typically up to 16 PCF8579s may be used with one PCF8578. Each of the PCF8579s is identified by
a unique 4-bit hardware subaddress, set by pins AO to A3. The PCF8578 can operate with up to

32 PCF8579s when using two |12 C-bus slave addresses. The two slave addresses are set by the logic level
on input SAO.

Multiplexed LCD bias generation

The bias levels required to produce maximum contrast depend on the multiplex rate and the LCD
threshold voltage (Vth). Vth is typically defined as the RMS voltage at which the LCD exhibits 10%
contrast. Table 1 shows the optimum voltage bias levels for the PCF8578/PCF8579 chip set as
functions of Vgp (Vop = VDD — VLCD), together with the discrimination ratios (D) for the different
multiplex rates. A practical value for Vg, is obtained by equating Voff(rms) with Vth.

Table 1 Optimum LCD bias voltages

multiplex rate
parameter [
1:8 E 1:16 1:24 ' 1:32
y | |
Y2 0.739 ‘ 0.800 0.830 * 0.850
Vop ‘
i

V3 |
= 0.522 0.600 0.661 0.700
Vop
V |
Y4 0.478 4 0.400 0.339 0.300
Vop 1
v |

5 0.261 0.200 0.170 0.150
Vop i
Vv |
Yoff{rms) 0.297 ! 0.245 0.214 0.193
Vop
v
Yon(rms) 0.430 0.316 0.263 0.230

v
D= Jon(rms) 1.447 1.291 1.230 1.196
Voff(rms)

v
-op 3.37 4.08 468 5.19
Vth

448
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DEVELOPMENT DATA

7.
o 221533.1
Ybias
Vop Vo L
08
V3
06
0.4
Vd —
0.2
F_
0

1:8 1:16 1:24 1:32
multiplex
rate

Fig.3 LCD bias voltage as a function of the multiplex rate.

Power-on reset
At power-on the PCF8579 resets to a defined starting condition as foilows.

Display blank (in conjunction with PCF8578)
1:32 multiplex rate

start bank O selected

Data pointer is set to X, Y address O, 0
Character mode

Subaddress counter is set to 0

12C-bus is initialized.

Nooks,wn=

Data transfers on the 12 C-bus should be avoided for 1 ms following power-on, to allow completion of
the reset action.
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FUNCTIONAL DESCRIPTION (continued)

f

TIrame
| | | | |
0 1 I s s | 7
ROW 0
COLUMN
| | | 1 | |
2 \ 3 \ 4 | 5 6| 7|8 9 | 10 }11 | 12 | 13 | 14 | 15
| | | | | | | }
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[ olg! ‘ | lislvel 17l s | ‘ | [
7‘819”0‘11 12 (13 1“‘5‘15"17"Bi19 20| 21]|22|23
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8| 9\10111‘12!13114‘15‘15!17R13}19120‘21[22E23t24}25‘26[27125’29‘30}3|
| N I I [ | [
ROW 0
COLUMN

Fig.4 LCD row/column waveforms.

7221542
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DEVELOPMENT DATA

Ttrame — state 1 (ON)

Voo state 2 (OFF)
Va

ROW 1 V3

R1 (1) vy

COLUMN 1 Vg4
c1( vy

COLUMN2 v,
c2 (1) Vg

Vstate 1(t) = C1(t) — R1(t):

V2

ROW 2 V3 dot matrix

R2 (1) Vy 1: 8 multiplex rate
Vs

P
Von(rms) _ /1 + VvB—1

0.261 VQDAJ—I 1 0430
Vstate 1 (1) _g,\zlm Vop~ Vop 8 8 (\/g_'_ 1)
Vo —— Vstate 2(t) = C2(t) — R2(t):

op
Voff(rms)_ /2 &/8—1) _
Vo = — =0.297
o Vop NCIVCESIE
0.478 Vo -
0.261 V- general relationship (n = multiplex rate)
Vstate 2® g Z61 v
~0.261 Vo
0478 V- Von(rms) _ 1 . Vvn—1
Vop n nk/n+1)
_Vop

Voff(rms)_ /2&/n—1)
Vop Vn/mn+1)?

Fig.5 LCD drive mode waveforms for 1:8 multiplex rate.
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FUNCTIONAL DESCRIPTION (continued)

{‘ Trame
Vbp

ROW1 Vg
R1 (1) Vg

ROW 2 V3
RZ() v,

VDD —_— — —
Va

CoL1 v,

cry v,

=nlml |
Va

coL2 vy

PR J_L J-u'm__
Vs

2Vop —
Vstate 1 ( ov -
-0.2 Vop

06V,

0.2V,
ov

-0.2V,

p

p

Vstate 2 (t)

L]

P
p

-06V,

_Vop
Vstate 1(t) = C1(t) — R1(t):

7221543.1

general relationship (n = multiplex rate)

Von(rms) 1 J16-1
—_— = —_—t —— =), V 1 _1
N 1 VA - ver?

Vop

Vstate 2(t) = C2(t) — R2(t): Voff(rms)_ﬁm
Voff(rms)z\/m%?”_ - 0.245 Vop Vih/n+1)?
Vop V1B /T8 + 1)

Fig.6 LCD drive mode waveforms for 1:16 multiplex rate.

state 1 (ON)
state 2 (OFF)

dot matrix
1: 16 multiplex ra!
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LCD column driver for dot matrix graphic displays PCF8579

DEVELOPMENT DATA

Timing generator

The timing generator of the PCF8579 organizes the internal data flow from the RAM to the display
drivers. An external synchronization pulse SYNC is received from the PCF8578. This signal maintains
the correct timing relationship between cascaded devices.

Column drivers

Outputs CO to C39 are column drivers which must be connected to the LCD. Unused outputs should
be left open-circuit.

Display RAM

The PCF8579 contains a 32 x 40 bit static RAM which stores the display data. The RAM is divided
into 4 banks of 40 bytes (4 x 8 x 40 bits). During RAM access, data is transferred to/from the RAM
via the 14 C-bus.

Data pointer

The addressing mechanism for the display RAM is realized using the data pointer. This allows an
individual data byte or a series of data bytes to be written into or read from the display RAM, as
specified by commands sent on the 12 C-bus.

Subaddress counter

The storage and retrieval of display data is dependent on the content of the subaddress counter. Storage
and retrival take place, only when the contents of the subaddress counter agree with the hardware
subaddress at pins AQ, A1, A2 and A3.

12C-bus controller

The 12C-bus controller detects the 12C-bus protocol, slave address, commands and display data bytes.
It performs the conversion of the data input (serial-to-parallel) and the data output (parallel-to-serial).
The PCF8579 acts as an 12 C-bus slave transmitter/receiver. Device selection depends on the 12C-bus
slave address, the hardware subaddress and the commands transmitted.

Input filters

To enhance noise immunity in electrically adverse environments, RC low-pass filters are provided on
the SDA and SCL lines.

‘ (January 1989
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FUNCTIONAL DESCRIPTION (continued)

RAM access
There are three RAM ACCESS modes:

® Character

® Half-graphic

® Full-graphic

These modes are specified by bits G1 and GO of the RAM ACCESS command. The RAM ACCESS
command controls the order in which data is written to or read from the RAM (see Fig.7).

To store RAM data, the user specifies the location into which the first byte will be loaded (see Fig.8):

® Device subaddress (specified by the DEVICE SELECT command)
® RAM X-address (specified by the LOAD X-ADDRESS command)
® RAM bank (specified by bits Y1 and YO of the RAM ACCESS command)

Subsequent data bytes will be written or read according to the chosen RAM access mode. Device
subaddresses are automatically incremented between devices until the last device is reached. I the

last device has subaddress 15, further display data transfers will lead to a wrap-around of the subaddress
to 0.

Display control

The display is generated by continuously shifting rows of RAM data to the dot matrix LCD, via the
column outputs. The number of rows scanned depends on the multiplex rate set by bits M1 and MO

of the SET MODE command.

The display status (all dots on/off and normal/inverse video) is set by bits E1 and EOQ of the SET MODE
command. For bank switching, the RAM bank corresponding to the top of the display is set by bits B1
and BO of the SET START BANK command. This is shown in Fig.9. This feature is useful when
scrolling in alphanumeric applications.
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J L PCF8579

DEVELOPMENT DATA

RAM
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7221550

Fig.9 Relationship between display and SET START BANK;
1:32 multiplex rate and start bank = 2.
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12C-BUS PROTOCOL

Two 7-bit slave addresses (0111100 and 0111101) are reserved for both the PCF8578 and PCF8579.
The least-significant bit of the slave address is set by connecting input SAO to either 0 (Vsg) or 1
(VDD). Therefore, two types of PCF8578 or PCF8579 can be distinguished on the same 12 C-bus
which allows:

(a) one PCF8578 to operate with up to 32 PCF8579s on the same 12 C-bus for very large applications.
(b) the use of two types of LCD multiplex schemes on the same 12 C-bus.

In most applications the PCF8578 will have the same slave address as the PCF8579.

The 12C-bus protocol is shown in Fig. 10. All communications are initiated with a start condition (S)
from the 12C-bus master, which is followed by the desired slave address and read/write bit. All devices
with this slave address acknowledge in parallel. All other devices ignore the bus transfer.

In WRITE mode (indicated by setting the read/write bit LOW) one or more commands follow the
slave address acknowledgement. The commands are also acknowledged by all addressed devices on
the bus. The last command must clear the continuation bit C. After the last command a series of data
bytes may follow. The acknowledgement after each byte is made only by the (A0, A1, A2 and A3)
addressed PCF8579 or PCF8578 with its implicit subaddress 0. After the last data byte has been
acknowledged, the |2C-bus master issues a stop condition (P).

In READ mode, indicated by setting the read/write bit HIGH, data bytes may be read from the RAM
following the slave address acknowledgement. After this acknowledgement the master transmitter
becomes a master receiver and the PCF8579 becomes a slave transmitter. The master receiver must
acknowledge the reception of each byte in turn. The master receiver must signal an end of data to the
slave transmitter, by not generating an acknowledge on the last byte clocked out of the slave. The
slave transmitter then leaves the data line HIGH, enabling the master to generate a stop condition (P).

Display bytes are written into, or read from, the RAM at the address specified by the data pointer and
subaddress counter. Both the data pointer and subaddress counter are automatically incremented,
enabling a stream of data to be transferred either to, or from, the intended devices.

In multiple device applications, the hardware subaddress pins of the PCF8579s (A0, A1, A2 and A3)
are connected to Vgg or Vpp to represent the desired hardware subaddress code. |f twe or more
devices share the same slave address, then each device must be allocated with an unique hardware
subaddress.
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PCF8579

DEVELOPMENT DATA

acknowiedge
by A0, A1, A2 and A3

acknowledge by
——  all addressed

se

lected PCF8578s/

_ .
RIW PCF8578s/PCF8579s PCF8579s only
— slave address — | |
| | |
| v v v v
T T 1T T T Js L B T T T 17 1T 17T
S{o 1 11 1 0f|Aafjo|A|cC COMMAND A DISPLAY DATA Al P
O ) I | I T T |
| |
L ope -t L navopes—d L nsobytes —

update data pointers
and if necessary
subaddress counter

7221547

Fig.10(a) Master transmits to slave receiver (WRITE mode).

acknowledge
by all addressed —————————

PCF8578s/PCF8579s i
| | - ! acknowledge no acknowledge
“,,, slave address —— ‘ ' —slave addressj | Hrom master + rom master ﬁ*
i
T T TTTs T T T T1TT T T T TT7Ts TTT T TTT T TTT
S0 111 1 o0|Al0fA|C COMMAND Al S]o 11 1 1 0fAJ1]A DATA A DATA 1| P
T | 0 L 1§ 1 11 1 1 1 0 ) I T S T T . | | S TN T T |
] |
T ‘ n=1byte — J T L nobytes J \i last bytes ————
R/W R/W T |
at this moment master |
transmitter becomes a | update data pointers |
master receiver and

PCF8578/PCF8579 slave
receiver becomes a
slave transmitter

and if necessary ——
subaddress counter

7221548

Fig.10(b) Master reads after sending command string (WRITE commands; READ data).

acknowledge
by all addressed
PCF8578s/PCF8579s
—— slave address — l

acknowledge
from master

no acknowledge
from master
|

| Y Y
T T 1T T T T7s rTTr 117 T7T T T T 1T T 17T
S|o 1111 0[la|1}]A DATA A DATA 1| P
T T | 0 ) N T N T Y | | N I I B |
T L — n bytes — last byte
R/W
update data pointers
and if necessary ——
subaddress counter
7221546

Fig.10(c) Master reads-slave immediately after sending slave address (READ mode).
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12C-BUS PROTOCOL (continued)

Command decoder

The command decoder indentifies command bytes that arrive on the 12 C-bus. The most-significant

bit of a command is the continuation bit C (see Fig.11). When this bit is set, it indicates that the

next byte to be transferred will be a command. If the bit is reset, it indicates the conclusion of the
command transfer. Further bytes will be regarded as display data. Commands are transferred in WRITE
mode only.

MSB LSB
T T T T
C| REST OF OPCODE
| I T B |

7221545

C = 0; last command
C = 1, commands continue

Fig.11 General format of command byte.
The five commands available to the PCF8579 are defined in Table 2.

Table 2 Summary of commands

code command description

cobbDDDD LOAD X-ADDRESS 0to 39

cC10DDDDD SET MODE multiplex rate, display status, system type
cC110DDDD DEVICE SELECT defines device subaddress
C111DDDD RAM ACCESS graphic modes, bank select

(DD DD > 12isnot allowed, see SET
START BANK opcode)

defines bank at top of LCD

cC11111DD SET START BANK

Where:

C = command continuation bit
D = may be a logic 1 or O.
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PCF8579

DEVELOPMENT DATA

Table 3 Definition of PCF8578/PCF8579 commands

command / opcode

SET MODE

‘CMO‘T[H E01M1 Mo[

options description

LCD drive mode bitsM1 MO defines LCD drive mode
1:8 MUX(8rows) 0 1

1:16 MUX (16 rows) 1 0

1:24 MUX (24 rows) 1 1

1:32 MUX(32rows) 0 O

display status bitsE1 EO defines display status
blank 0 0

normal 0 1

all segments on 1 0

inverse video 1 1

system type bit T

PCF8578 row only 0
PCF8578 mixed mode 1

defines system type

SET START BANK

start bank pointer bits B1 BO

defines pointer to RAM bank
corresponding to the top of

bank 0 0 0 the LCD. Useful for scrolling,
bank 1 0o 1 pseudo-motion and background
|C 11111 | B1 BO I bank 2 1 0 preparation of new display
[} | j
bank 3 1 1
DEVICE SELECT bits A3 A2 A1 A0 four bits of immediate data,

ﬂ1 1 o]Aa A2 A1 AD

4-bit binary value of 0 to 15

bits A0 to A3, are transferred
to the subaddress counter to
define one of sixteen hardware
subaddresses

w (January 1989
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12C BUS PROTOCOL (continued)

Table 3 (continued)

command / opcode

options

description

RAM ACCESS

RAM access mode bits G1 GO

defines the auto-increment
behaviour of the address for

| clo]xs x4 x3 X2 X1 X0

6-bit binary value of 0 to 39

character 0 O RAM access
half graphic 0 1
@1 1 1/G1 Go[Y1 Y0 | | full graphic 1 0
- not allowed* 1 1
bits Y1 YO two bits of immediate data,
bits YO to Y1, are transferred
2-bit binary value of 0 to 3 to the Y-address pointer to
define one of four banks for
RAM access
LOAD X-ADDRESS bits X5 X4 X3 X2 X1 X0 six bits of immediate data,

bits X0 to X5, are transferred
to the X-address pointer to
define one of forty display
RAM columns

* See opcode for SET START BANK.
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DEVELOPMENT DATA

CHARACTERISTICS OF THE 12C-BUS

The 12C-bus is for bidirectional, two-line communication between different |ICs or modules. The two
lines are a serial data line (SDA) and a serial clock line (SCL). Both lines must be connected to a
positive supply via a pull-up resistor. Data transfer may be initiated only when the bus is not busy.

Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain stable during
the HIGH period of the clock pulse as changes in the data line at this time will be interpreted as a
control signal.

|

| data line | change

| stable: | of data

| data valid | allowed | 7287019

Fig.12 Bit transfer.

Start and stop conditions

Both data and clock lines remain HIGH when the bus is not busy. A HIGH-to-LOW transition of the
data line, while the clock is HIGH, is defined as the start condition (S). A LOW-to-HIGH transition of
the data line while the clock is HIGH, is defined as the stop condition (P).

r i r———
—_ I | - | R
| i | |
SDA | ) | | SDA
! + -- . I
| | | |
—— —— : + -——
scL ! ! \ / ! ! ScL
g Iop
| | | |
L ——d L——
start condition stop condition
7287005

Fig.13 Definition of start and stop condition.

| (January 1989

463



PCF8579

CHARACTERISTICS OF THE 12C-BUS (continued)

System configuration

A device transmitting a message is a ‘transmitter’’, a device receiving a message is the “'receiver’”’. The
device that controis the message flow is the "'master’’ and the devices which are controlled by the
master are the "'slaves’’.

SDA
SCL
| ] | | |
MASTER SLAVE MASTER
MASTER
TRANSMITTER/ RES(E‘-;\\//EER TRANSMITTER/ TRANSMITTER TRANSMITTER/
RECEIVER RECEIVER RECEIVER

7287004

Fig.14 System configuration.

Acknowiedge

The number of data bytes transferred between the start and stop conditions from transmitter to

receiver is unlimited. Each data byte of eight bits is followed by one acknowledge bit. The acknowledge
bit is a HIGH level put on the bus by the transmitter, whereas the master generates an extra acknowledge
reiated clock pulse. A slave receiver which is addressed must generate an acknowledge after the reception
of each byte. Also a master must generate an acknowledge after the reception of each byte that has

been clocked out of the slave transmitter. The device that acknowledges must pull down the SDA line
during the acknowledge clock pulse, so that the SDA line is stable LOW during the HIGH period of the
acknowledge related clock pulse (set-up and hold times must be taken into consideration). A master
receiver must signal the end of a data transmission to the transmitter by not generating an acknowledge
on the last byte that has been clocked out of the slave. In this event the transmitter must leave the

data line HIGH to enable the master to generate a stop condition.

start clock pulse for
condition acknowledgement
|

SCL FROM i
MASTER m —/—8—\__/7\_
DATA OUTPUT ! T
BY TRANSMITTER !
DATA OUTPUT -
BY RECEIVER

7287007

Fig.15 Acknowledgement on the 1% C-bus.

Note

The general characteristics and detailed specification of the 12 C-bus is available on request.
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PCF8579

DEVELOPMENT DATA

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134)

parameter symbol min. max. unit
Supply voltage range VDD -0.5 +8.0 \Y)
LCD supply voltage range ViLcD Vpp —11 VDD \Y
Input voltage range at

SDA, SCL, SYNC, CLK, TEST,

SAQ, A0, A1, A2 and A3 Vi1 | Vss —0.5 Vpp+0.5 \%

V3to Vg Vi2 | VLcp —0.5 Vpp+05 |V
Output voitage range at l

SDA Vo1 Vss —0.5 Vpp +0.5 \%

CO to C39 Vo2 Vicp -0.5 Vpp +0.5 \Y
DC input current 1 -10 10 mA
DC output current o —-10 10 mA
VDD, Vss or Vi cD current IDD, Iss, lLcD —50 50 mA
Power dissipation per package Ptot — 400 mW
Power dissipation per output Po — 100 mW
Storage temperature range Tstg —65 +150 oC

HANDLING

Inputs and outputs are protected against electrostatic discharge in normal handling. However, to be
totally safe, it is desirable to take normal precautions appropriate to handling MOS devices (see

‘Handling MOS Devices’).
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DC CHARACTERISTICS

VDD=25V1t06.0V;Vss=0V; Vi cp=VDpD-35VtoVpp

unless otherwise specified

~9V; Tamb = —40 °C to +85 0C;

RcoL

466

parameter conditions symbol min. typ. | max. unit
Supply
Supply voltage VDD 2.5 — 6.0 \%
LCD supply voltage VLcD VDD -9 | — Vpp -35|V
Supply current note 1;
foLk = 2 kHz IDD1 — 9 20 LA

Power-on reset level note 2 VPOR - 1.3 1.8 \
Logic
Input voltage LOW ViL Vss - 03Vpp |V
Input voltage HIGH VIH 0.7 VDD | — VDD \
Leakage current

at SDA, SCL, SYNC,

CLK, TEST, SAQ,

A0, A1, A2 and A3 V| =Vpp or Vss L1 -1 — 1 nA
SDA output current LOW | Vo =04 V;

Vpp=5V loL 3 - - mA

Input capacitance note 3 C — - 5 pF
LCD outputs
Leakage current at

V3 to Vg Vi=VpporVicD | L2 -2 - 2 MA
DC component of LCD

drivers CO to C39 +Vpe — 20 — mV
Output resistance at

CO to C39 note 4 - 3 6 k&2
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DEVELOPMENT DATA

AC CHARACTERISTICS (note 5)

Vpp=25to6V;Vss=0V;Vi cp=Vpp —3.5VtoVpp —9 V; Tamp = —40 to +85 OC; unless
otherwise specified

parameter conditions symbol min. | typ. max. unit
Clock frequency 50% duty factor fcLk — * 10 kHz
Driver delays Vpp- VLecD=9V;
with test loads tPLCD — - 100 us

12C-bus
SCL clock frequency fscL - - 100 kHz
Tolerable spike width

on bus S — - 100 ns
Bus free time tBUF 4.7 - - us
Start condition repeated start

set-up time codes only tSU; STA 4.7 - - us
Start condition

hold time tHD: STA 4.0 - - us
SCL LOW time tLOwW 4.7 — - us
SCL HIGH time tHIGH 4.0 - - us
SCL and SDA rise time tr — - 1.0 us
SCL and SDA fall time tf - - 0.3 us
Data set-up time tSU; DAT 250 | — - ns
Data hold time tHD; DAT | O - - ns

Stop condition
set-up time tSU; STO 4.0 - - us

* Typically 0.9 to 3.3 kHz.
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Notes to the characteristics

1. Outputs are open; inputs at Vpp or Vss; 12C-bus inactive; clock with 50% duty cycle.
2. Resets all logic when Vpp < VpQOR.

3. Periodically sampled; not 100% tested.
4

Resistance measured between output terminal (CO to C39) and bias input (V3 to V4, Vpp and

VLcD) when the specified current flows through one output under the following conditions
(see Table 1):

VoP=VDD —VLCD =9 V;
V3 —VicD =4.70V; V4 -V cp <4.30V; ILoaD = 100 pA.
5. All timing values are referred to V| and V| levels with an input voltage swing of Vgs to Vpp.

1.5 kQ
soA ——1— vpp
(2%)

CO to C39 ——

1nF

7221534.1

Fig.16 Test loads.
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DEVELOPMENT DATA

foLk
0.7V,
CLK DD
0.3 Vpp
L 05V
Co to (Vpp-Vicp =9V ?
39 oo~ Vico I
K——————— o5V
'pLCD ?
7221530.1
Fig.17 Driver timing waveforms.
SDA
~—tgyr—> — tow |*— 1 i
- f
. scL ——_——
r—
SCL /
I tpisTA T T = ™ twign I
t — - - -—
| 'HD:DAT sy;DAT —
SDA
> tsuisTA M > =
tsu;sTO

7221536

Fig.18 12C-bus timing waveforms.
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LCD column driver for dot matrix graphic displays
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APPLICATION INFORMATION (continued)
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LCD column driver for dot matrix graphic displays
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PCF8579

CHIP DIMENSIONS AND BONDING PAD LOCATIONS
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Chip area: 13.6 mm?
Bonding pad dimensions: 120 um x 120 um

Fig.23 Bonding pad locations.
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LCD column driver for dot matrix graphic displays

PCF8579

DEVELOPMENT DATA

Table 4 Bonding pad locations (dimensions in um)
All x/y co-ordinates are referenced to the bottom left corner, see Fig.23.

[

pad
SDA
sCL
SYNC
CLK
Vss
TEST
SAO
A3
A2
A1
A0
VDD
n.c.
V2

VLcD
C39

C38
C37
C36
C35
C34
C33
C32
C31
C30
Cc29
Cc28

|

pad

X % ;
1726 4444 c27
1522 4444 C26
1318 4444 C25
1114 4444 C24
910 4444 c23
688 4444 c22
442 4444 c21
160 4444 c20
160 4222 c19
160 4018 | c18
160 3814 c17
160 3010 c16
160 2806 c15
160 2602 cl14
160 2398 c13
160 2194 c12
160 994 cl1
160 790 c10
160 586 c9
160 382 cs
160 160 c7
442 160 C6
688 160 c5
910 160 c4
1114 160 c3
1318 160 c2
1522 160 o
160 co

1726

X Y.
1972 160
2176 160

| 2380 160
2584 160
2788 160
2788 472
2788 736
2788 976
2788 1180
2788 1384
2788 1588
2788 1792
2788 1996
2788 2200
2788 2404
2788 2608
2788 2812
2788 3016
2788 3220
2788 3424
2788 3628
2788 3868
2788 4132
2788 4444
2584 4444
2380 4444
2176 4444
1972 4444

Purchase of Philips’ 12C components conveys a license under the
Philips’ 12C patent to use the components in the 12C-system
provided the system conforms to the 12C specifications defined

by Philips.
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PCF8579

CHIP-ON GLASS INFORMATION

PCF8578

0 <><> <><> PCF8579 <><>

| LCD DISPLAY
|

72215541

Fig.24 Typical chip-on glass application (viewed from underside of chip).

Note to Fig.24
If inputs SAO and AO to A3 are left unconnected they are internally pulled-up to Vpp.
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PCF1303T

18-ELEMENT BAR GRAPH LCD DRIVER

GENERAL DESCRIPTION

The PCF1303T is an 18-element bar graph LCD driver with linear relation to control voltage (V)
when in pointer or thermometer mode.

27 | Vret max PCF1303T

[o]
o
vy
=)

Vref mi Qg |14
26 | Vref min LATCH 9

AND Q1of15
DIVIDER
circurmRy | 211]16

25 | Ve

VOSC

-

OSCILLATOR cP Qq5] 20

FHHT——-g

41 MODE
SELECTOR ag |24

7281228

Fig. 1 Block diagram.

PACKAGE OUTLINE
PCF1303T: 28-lead mini-pack; plastic (SO28; SOT136A).
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PCF1303T J l

PIN DESCRIPTION

Vose [1] U 28] Voo pin no. symbol name and function
m [2] 27] Vret max 1 Vosc oscillator pin
1) [_T__ E Vref min
4 | mode select input
"] ) v 1
Vss [5 | 24] ap 5 Vss ground (0 V)
@1 [e] 23] Q16 6 to 23 Qqto Qg segment outputs
PCF1303T 24 QR back-plane output
Q, E [20] Q15 25 Ve control voltage
Qs IE [19] Q14 26 Vref min reference voltage inputs
QG E E Q43 27 Vref max
Qy [E E Q12 28 VpD positive supply voltage

7281229

(1) Pins 2 and 3 should be connected to Vgg.
Fig. 2 Pin configuration.

FUNCTION TABLE

I mode
L pointer
H thermometer

H = HIGH voltage level
L = LOW voltage level
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18-element bar graph LCD driver PCF1303T

FUNCTIONAL DESCRIPTION

The PCF1303T is an 18-element bar graph LCD driver with linear relation to the control voltage when
in pointer or thermometer mode.

The first segment will energize when the control voltage is less than the trigger voltage (VT (par)2 see
equation [3]).

The circuit has analogue and digital sections.

The analogue section consists of a comparator with the inverting input coupled to the input control
voltage. The non-inverting input of the comparator is connected via 17 analogue switches to the nodes
of an 18-element resistor divider. The extremities of the resistor divider are coupled via high-input
impedance amplifiers to the maximum reference voltage input and the minimum reference voltage input.
The control input functions with Schmitt trigger action.

The digital section has one reference output (QR) to drive the back-plane and 18 outputs (Q to Q1g)
to drive the segments.

The segment outputs incorporate two latches and some gates.

The circuit is driven by an on-chip oscillator with external resistors and capacitors. The outputs are driven
at typical 100 Hz.

LINEARITY

Vstep = Vstep’ = AVstep (1]
Vstep’ is the voltage drop (internal) across the resistor-ladder network.
AVgtep is the differential on Ve,

_ (Vrefmax ¥ AV2') — (Vrefmin * AV2)
Vstep' = 18 [2]

AVp and AVyr are the maximum offset voltage spread of the on-chip voltage followers.

ABSOLUTE VOLTAGE TRIGGER LEVEL
The absolute voltage trigger leve!l at the V¢ pin is VT (par)n:
VT(bar)n = (Vref min £ AV2*) + [ (n- 1)Vgep' + AVR | £ AV £ VY (3]
n = number of segments; 2 < n < 18.
AVR is the voltage deviation at step n of the resistor-ladder network (for n=2 or 18, AVR = AVstep)-
AV is the offset voltage for the on-chip comparator.
VH is the hysteresis voltage: 30% Vgstgp = VH = 10% Vstep.

* For AV the same sign (+ or —) should be used as in equation [2].
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PCF1303T

RATINGS

Limiting values as in accordance with the Absolute Maximum System (IEC 134)

Supply voltage Vbp —05to+15 V
Voltage on any input 2 —-05toVpp +0,5 V
D.C. current into any input or output 1 max. 10 mA
Storage temperature range Tstg —25to + 125 ©C
Operating ambient temperature range Tamb —40to +85 °C
D.C. CHARACTERISTICS
Vgg=0V
Tamb (°C)
parameter Vpp | symbol —40 +25 +85 unit | notes
vV !
min. | max. | min. | typ. | max. |min. | max.
Quiescent device | 10,0 | Ipp 1200 1200 1200 (A | 1
current '
Operating supply | 8,2 Ipp 2,0 2,0 20 mA |2
current
Input leakage 6,0 1 300 300 1000|nA | 3
current 8,2 1 300 300 1000 |nA
10,0 | £1 300 300 1000 |nA
HIGH level 6,0 ViH 472 472 42 \%
input voltage 8,2 ViH 5,8 5,8 5,8 \
select input 14 10,0 | V|4 7,0 7,0 7,0 \%
LOW level input 6,0 ViL 1,8 1,8 1,8 |V
voltage 8,2 ViL 2,4 2,4 24 V
select input |4 100 | VL 3,0 3,0 30 |V
HIGH level 6,0 VOH 5,95 5,95 5,95 Vv 4
output voltage 8,2 Vo 8,15 8,15 8,15 \
10,0 | VoH 9,95 9,95 9,95 Y,
LOW level 6,0 VoL 0,05 0,05 0,05 |V 4
output voltage 8,2 VoL 0,05 0,05 0,05 |V
10,0 | VoL 0,05 0,05 0,05 |V
Output current 6,0 —IloH 0,6 0,5 0,35 mA | b
HIGH 8,2 —loH 0,85 0,7 0,45 mA
10,0 | —ign 1,0 0,85 0,6 mA
Output current 6,0 loL 0,65 0,5 0,4 mA | 6
LOW 8,2 loL 1,0 0,8 0,6 mA
10,0 | loL 1,3 | 1,0 0,8 mA

For notes see page 6
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18-element bar graph LCD driver

PCF1303T

Tamb (°C)
parameter Vpp | symbol —40 + 25 + 85 unit | notes
Vv
min. | max. | min. | typ. | max.| min. | max.

Input voltage 6,0 Vic 0,0 16,0 0,0 6,0 |00 |60 |V
control input V. 8,2 Vic 0,0 |8,2 0,0 82 |00 |82 |V

10,0 | Vic 0,0 10,0 0,0 10,0 /0,0 | 10,0 |V
Input voltage 6,0 ViRmax | 36 |55 |36 556 |36 |55 |V
Vref max input 8,2 ViRmax | 3.6 |77 3,6 7,7 |36 [7,7 |V

10,0 | VIRmax | 3.6 195 3,6 95 136 |95 |V
Input voltage 6,0 ViRmin 105 | 1,0 0,5 1,0 |05 |10 |V
Vief min input 8,2 ViRmin |05 {45 0,5 45 |05 |45 |V

10,0 | VIRmin | 05 |60 0,5 6,0 |05 |[6,0 |V
Vief max — 6,0 AV 3,0 3,0 3,0 \Y

Vief min 8,2 AV, 3,0 3,0 3,0 \%

10,0 | AV, 3,0 3,0 3,0 \%
DC component 8,2 +Vgp 25 10 |25 25 mV |7
bar output to
back-plane output
Back-plane 8,2 fgp 90 110 100 90 110 |Hz 8
frequency
Input offset 8,2 +Vio 120 120 120 imV |9
voltage
Step voltage 8,2 * AVstep 50 50 50 |mV |10
variation
Input voltage 6,0 SR 50 50 50 |V/s |11
slew rate 8,2 SR 50 50 50 V/s
V¢ input 10,0 | SR 50 50 50 V/s

For notes see next page.
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PCF1303T

Notes to D.C. characteristics

©

N oo s =

Vrefmin = 0.5V, Vyef max =95V, V¢ = Vosc =0V, I1 at Vgg or Vpp.

See Fig. 2.

Pin under test at Vgg or Vpp. All other inputs simultaneously at Vgg or Vpp.

lo =0, all inputs at Vgg or Vpp.

VoH = Vpp — 0,5V, all inputs at Vgg or Vpp.

VoL =0,4V, all inputs at Vgg or Vpp.

fgp = 100 Hz, load segment outputs to back-plane output.

Cq—C1g8<0,01uF,Cgp=Cq+Cy+...C1g<0,05uF, Ry — Rig =2 MQ.

Rosc = 0,1 M2, Cqgc = 390 pF.
Number of segments 2 or 18.

Forn=2:

V10 = Ve — Vref min — (Vref max) 1_8(Vref min) +
Forn=18:

V10 = Ve = Vref max + (Vref max! 1“8(Vrefmin) Y

10. See equation [1].

11. Condition applies with clock oscillator such that fgp = 100 Hz.

Voo input

- — 1

Is

[
VoD Vret Vret V¢ QR Qig Q17 Qi Q15 Q14 Qq3 Qq2 Q19 Qqg
max min

PCF1303T

1 Vss Q) Q@ Q3 Q4 Q5 Qg Q; Qg Qg

b

V l or l—_[—
T 390 pF '323 I
—

Fig. 3 Typical application.

7281230
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HEF4754V
LSI

18-ELEMENT BAR GRAPH LCD DRIVER

The HEF4754V drives an 18-element bar graph LCD in linear relation to the control voltage (V) in a
pointer or thermometer mode.

27 | Vref max

R1

I [ Og | 11

R1 LATCH 98 |13

26 | Vref min AND Og | 14
DIVIDER 5
Ve CIRCUITRY 10115

011116

N
(63}

<
O
)

17

i
(@)
N

O
w

18
OSCILLATOR cP 014 | 19

VOSC

20

sl ah ot
O

O16 | 21

Vss

3|1y MODE O18| 23

213 SELECTOR ORr | 24

7285217

Fig. 1 Functional diagram.

FAMILY DATA see Family Specifications
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HEF4754V

LSI

Vose [
|3L—2'_
|2E
I Iz

Vss [5 |
04 E

0, E
03 E
04 E
Og E
Og E
0y E
Og E

—

O ..
~¥9 114

HEF4754V

PINNING
V
ELB_I Voo vﬁs"
Vief min |
27| Vref max Vief max |
I
26| Vref min
|
25] Ve 2

zl O1g
Eon

15] %10

7285215

Fig. 2 Pinning diagram.

FUNCTION TABLE

oscillator terminal
control voltage input

reference voltage inputs
thermometer/pointer
(choice select input)

peak value; reset/9 cr 18 bars
(choice select input)

reset; repetitively reset
(choice select input)

bar outputs
back plate output

HEF4754VP : 28-lead DIL; plastic (SOT-117).
HEF4754VD: 28-lead DIL ; ceramic (cerdip) SOT-135A).
HEF4754VT : 28-lead mini-pack; plastic

(SO-28;

SOT-136A).

11 ) I3 mode

L L X pointer; 18 bars

L H X pointer; 9 bars

H L X thermometer; no peak value

H H L thermometer; peak value, repetitively reset
H H H thermometer; peak value, manually reset

H = HIGH state (the more positive voltage)
L = LOW state (the less positive voltage)

X = state is immaterial

484
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18-element bar graph LCD driver HEF4754V
LSl

GENERAL DESCRIPTION

The HEF4754V drives an 18-element bar graph LCD in linear relation to the control voltage (Ve) ina
pointer or thermometer mode. The first bar lights up when V. is smaller than VT (par)2 (see equation
[3] below).

In the pointer mode, the circuit can drive 9 or 18 bars; in the thermometer mode, the circuit also
drives the peak value indication. This can be reset or repetitively reset, after 1,5 to 2 seconds.

The circuit has analogue and digital parts. The analogue part consists of 17 comparators, with their
non-inverting inputs connected together and coupled to the control input V. The inverting inputs of
the comparators are connected in succession to the nodes of an 18-part resistor divider. The distance
between the switching levels of the comparators is defined by the voitage difference across this divider.
The extremities of the resistor divider are coupled via high-input amplifiers to the maximum reference
voltage input and the minimum reference voltage input.

The digital part has one reference output (OR) to drive the back plate, and 18 outputs (O1 te O1g) to
drive each bar. Three latches and some gates are incorporated for each bar output. An on-chip oscillator
(1024 Hz) with external R and C drives the circuit. The outputs are driven at 64 Hz. The select inputs

I1 to I3 are provided with an on-chip pull-up element, and they may therefore be left floating (equals
HIGH state).

LINEARITY

VDD = 10 V; Vref max = 9.5 V; Vref min = 0,5 V; Tamp = 25 °C

AV1 =250 mV (this is the tolerance of the step voltage).

Vstep = Vstep' + AV1 (1]
Vstep' is the (internal) voltage drop across the resistor-ladder network.

(Vref max £ AV2) — (Vref min * AV2)

\% ' = 2

step 18 [2]
AV7 is the maximum offset voltage spread of the on-chip voltage follower.
AVp =250 mV.

The linearity is guaranteed for Vpp > 10 V.
The monotony between Vpp =5 V and 10 V is guaranteed. During ramping-up of the input voltage
a maximum of two bars might be activated simultaneously.

ABSOLUTE VOLTAGE TRIGGER LEVEL

The absolute voltage trigger level at the V¢ pin is VT (par)n:
VT(bar)n = (Vref min £ AV2*) +{ (n=1) Vgep'  AVq }, in which [3]
n = number of bars; 2 < n < 18.

For n =1 (first bar) see text above.

* For AVjp the same sign (+ or —) should be used as in equation [2].

I (May 1983
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HEF4754V

LSl
RATINGS
Limiting values in accordance with the Absolute Maximum System (IEC 134)
Supply voltage VbD —05t0+18 V
Voltage on any input 2 —05toVpp+0,5 V
D.C. current into any input or output 1 max. 10 mA
Storage temperature Tstg —25to + 125 °C
Operating ambient temperature Tamb —20to +85 ©C

NOTES (to D.C. CHARACTERISTICS)
1. Vief min= 0.5 V; Vief max =9.5V; Vgsc = Ve =0V; 19, 1 and 13 at Vpp.
2. Pin under test at Vgg or Vpp, all other inputs simultaneously at Vgg or Vpp.
3. 10 = 0; all inputs at Vgg or Vpp.
4. AtVpp= 5V: VoH= 45V.

AtVpp=10V:Vgy= 9,5 V.

AtVpp =15V:Vgy =135 V.
5.AtVpp= 5V:VQgL =04 V;inputsat Vggor Vpp.

At Vpp =10 V: Vg =0,6 V; inputs at Vgg or Vpp.

At Vpp =15V: VgL = 1,5V, inputs at Vgg or Vpp.

6. Viefmin t 4 V < Vief max-

486
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18-element bar graph LCD driver

HEF4754V

LSI
D.C. CHARACTERISTICS
Vgg =0V
Tamb (°C)
VbD symbol —-40 + 85 notes
Vv Y
min. max. min. typ. max. min. max.
Quiescent device 5 — - - - — — MA
current 10 IpD - - - 1000 — - HA 1
15 - — - 1600 — - uA
Input leakage 5 — — — — — nA
current (except) 10 N |- — — — — nA 2
select inputs) 15 — — — — — nA
Input voltage HIGH 5 35 -— 3,5 35 -— \%)
select inputs 10 ViH 70 -— 7,0 70 — V
15 11,0 — 11,0 1,0 — \%
Input voltage LOW 5 — 16 — — 16 V
select inputs 10 ViL — 30 -— - 30 V
15 - 40 — — 40 V
Output voltage 5 499 — 4,99 495 — \Y
HIGH 10 VoH (999 — 9,99 9,95 — \ 3
15 - — 14,99 - - \%
Output voltage 5 - 0,01 — — 0,05 VvV
LOW 10 VoL |- 0,01 — — 0,05 V 3
15 - 0,01 — - 0,05 V
Output current 5 _ 0,36 — 0,3 0,24 — mA
HIGH 10 —lpoy (0,80 — 0,7 0,66 — mA 4
15 30 -— 2,8 2,60 — mA
Output current 5 0,34 — 0,3 0,24 — mA
LOW 10 loL 1,00 — 0,9 0,72 — mA 5
15 440 — 4,0 3,20 — mA
Input voltage 5 — - 0 — - Y,
control input V¢ 10 Vic - - 0 - — \ 6
15 - - 0 - — \%
Max. input voltage 5 - - 4,5 - - \%
Vief max input 10 ViRmax|— - 4,5 - - \% 6
15 - — 4,5 - - \%
Min. input voltage 5 - — 0,5 - - \%
Vief min input 10 ViRmin |— — 0,5 — — \ 6
15 - - 0,5 - - \
Operating supply current| 10 IbD — — - — — A |Fig. 3

For notes see opposite page.
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PC74HC/HCT4543

BCD TO 7-SEGMENT LATCH/DECODER/DRIVER FOR LCDs

FEATURES

® Latch storage of BCD inputs

® Blanking inputs

e Output capability: non-standard
® |cc category: MSI

GENERAL DESCRIPTION

The 74HC/HCT4543 are high-speed
Si-gate CMOS devices and are pin
compatible with *“4543" of the
“4000B"" series. They are specified in
compliance with JEDEC standard no. 7A.

The 74HC/HCT4543 are BCD to
7-segment latch/decoder/drivers for
liquid crystal displays. They have four
address inputs (Dg to D3), an active
HIGH latch disable input (LD), an active
HIGH blanking input (Bl), an active
HIGH phase input (PH) and seven
buffered segment outputs (Q4 to Og).

The 4543 provides the function of a
4-bit storage latch and an 8-4-2-1 BCD to
7-segment decoder driver. The '‘4543"
can invert the logic levels of the output
combination. The phase (PH), blanking
(B1) and latch disable (LD) inputs are
used to reverse the function table phase,
blank the display and store a BCD code,
respectively.

For liquid crystal displays a square-wave
is applied to PH and the electrical
common back-plane of the display. The

MSI
TYPICAL
SYMBOL PARAMETER CONDITIONS UNIT
HC HCT
propagation delay
Dhto Q 29 33 ns

PHL/ LB to Or,\, SL =155‘1/F 32 31 ns
tPLH Bl to Qp cc= 20 | 28 | ns
C input capacitance 3.5 3.5 pF

power dissipation P
Crp capacitance per package notes 1and 2 42 42 pF

GND=0V; Tamp =26°Cit; =t =6ns

Notes

1. CpD is used to determine the dynamic power dissipation (Pp in uW):
PD=Cpp x Vcc? x fi+ = (CL x Vee? x fo) where:

fi = input frequency in MHz
fo = output frequency in MHz
Z (CL x Vgg? x fp) = sum of outputs

CL = output load capacitance in pF
Ve = supply voltage in V

2. For HC the conditionis V| = GND to VcC
For HCT the conditionis V| =GND toVcCc — 1.5V

ORDERING INFORMATION/PACKAGE OUTLINES

PC74HC/HCT4543P: 16-lead DIL; plastic (SOT-382).
PC74HC/HCT4543T: 16-lead mini-pack; plastic (SO-16; SOT-109A).

PIN DESCRIPTION

outputs of the “4543" are directly PIN NO. SYMBOL NAME AND FUNCTION
connected to the segments of the liquid
crystal. 1 LD latch disable input (active HIGH)
53,24 Dg to D3 address (data) inputs
6 PH phase input (active HIGH)
7 Bl blanking input (active HIGH)
8 GND ground (0 V)
9,10, 11,12
13, 15, 14 Qg to Qg segment outputs
16 Vee positive supply voltage
LD E U E Vee
D?E EQ' 5—1Dg Ql— o 3CD/7SEG D>
1 9
g,E [14] 2 3— 0, Qo l— 10 —co [T] at0}—=
o |: ) 2—]o, . ET bio —2
34 13] Qe Qe —11 3| c10 —11
4543 a—{0g O
DUE 2] 0u agf—12 2 _fg9p,4a gr0p—22
T—w ol 4 Joos  ero 22
er 5] 1] Qc ¢ & Inio f10 —2
7—8I [
8i[7] 10] % o ® I Nen g0 —4
6— PH Og — 14
ano [ | BER — 7293264.1
7293262
Fig. 1 Pin configuration. Fig. 2 Logic symbol. Fig. 3 I1EC logic symbol.
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PC74HC/HCT4543
MSI

[TTTTTITT]

a
TaTis TiaTiz i To [9
7293265

Fig. 4 Functionai diagram.

7293266

Fig. 5 Segment designation.

APPLICATIONS

® Driving LCD displays

® Driving fluorescent displays
® Driving incandescent displays
® Driving gas discharge displays

FUNCTION TABLE

INPUTS OUTPUTS DISPLAY

LD | Bl | PH* | D3| D2 | D1| Dg | Qa| Qp | Q¢ | Qg | Q¢ | Of Qg
X H L X X X X L L L L L L L blank
H L L L L L L H H H H H H L 0
H L L L L L H L H H L L L L 1
H L L L L H L H H L H H L H 2
H L L L L H H H H H H L L H 3
H L L L H L L L H H L L H H 4
H L L L H L H H L H H L H H 5
H L L L H H L H L H H H H H 6
H L L L H H H H H H L L L L 7
H L L H L L L H H H H H H H 8
H L L H L L H H H H H L H H 9
H L L H L H L L L L L L L L blank
H L L H L H H L L L L L L L blank
H L L H H L L L L L L L L L blank
H L L H H L H L L L L L L L blank
H L L H H H L L L L L L L L blank
H L L H H H H L L L L L L L blank
L L L X X X X *x *x

as . as

above H as above inverse of above above

*  For liquid crystal displays, apply a square-wave to PH.
** Depends upon the BCD-code previously applied when LD = HIGH.

H =HIGH voltage level
L =LOW voltage level
X =don't care
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BCD to 7-segment latch/decoder/driver for LCDs

PC74HC/HCT4543

MSi

Bl -{><-ﬁ
20— >o-

>0

Dy «Dc

=

S =

o

Fig. 6 Logic diagram.
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Fig. 7 Display.

7293267

RATINGS

Limiting values in accordance with the Absolute Maximum System (IEC 134).
For RATINGS see chapter “HCMOS family characteristics’’, section *’Family specifications’’, standard outputs.

' (]anuary 1986
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PC74HC/HCT4543
Msi

DC CHARACTERISTICS FOR 74HC

Output capability: non-standard
Icc category: MSI

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vecc | VI OTHER
+25 —40 to +85 | —40 to +125 Vv
min. | typ. | max. | min. [ max. | min. | max.
1.5 [ 1.2 1.5 5 2.0
VIH HIGH level input voltage 3.15124 3.15 3.15 \% 4.5
4.2 |31 4.2 4.2 6.0
0.7 | 05 0.5 0.5 2.0
ViL LOW level input voltage 1.8 | 1.35 1.35 1.35 \% 4.5
28 | 1.8 1.8 1.8 6.0
19 |20 1.9 1.9 2.0 VIH —10 =20 uA
VOH HIGH level output voltage | 4.4 | 4.5 4.4 4.4 \% 4.5 or —l0 =20 A
5.9 [6.0 5.9 5.9 6.0 ViL —l0 =20 A
v HIGH level outout vortaqe | 3-98] .18 3.84 3.7 v a5 | VIH | _ig=10mA
OH evel outputvoltage | g 4g10.16 5.34 5.2 6.0 ‘\’,lL ~1p=13mA
0 0.1 0.1 0.1 2.0 VIH 10 =20 LA
VoL LOW level output voltage 0 0.1 0.1 0.1 \% 4.5 or 10 =20 uA
0 0.1 0.1 0.1 6.0 ViL 10 =20 A
v LOW level outout voltade 0.15 0.26 033 04 | a5 | VM [ io-10mA
oL evel output voitag 0.16| 0.26 0.33 0.4 60 | lo-13mA
. o vce
i input ieakage current 0.1 i.0 1.0 uA 6.0 or
GND
vce
Icc quiescent supply current 8.0 80.0 160.0 | uA 6.0 or lo=0
GND
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BCD to 7-segment latch/decoder/driver for LCDs PC74HC/HCT4543

MSI
AC CHARACTERISTICS FOR 74HC
GND=0V;t, =tf=6ns;C_=50pF
Tamb (°C) TEST CONDITIONS
74HC
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40t0+85 | —40to +125 v
min.| typ. | max. | min.| max. | min. | max.
1] / ropagation dela 91 | 340 425 510 2.0
PHL P ey 33 |68 85 102 | ns |45 | Fig.12
PLH n n 26 |58 72 87 6.0
ton1 / ropagation dela 102 | 370 465 555 2.0
PHL RS Y 37 |74 93 111 | ns 45 | Fig. 13
PLH n 30 |63 79 %4 6.0
. 66 | 265 330 400 2.0
iPH L/ propagation delay 24 |53 66 80 | ns 45 | Fig. 14
PLH n 19 |45 56 68 6.0
) 55 | 200 250 300 2.0
tpHL/ | propagation delay 20 | 40 50 60 | ns 45
tPLH PH to Qp 116 | 34 43 51 6.0
/ 63 | 250 315 375 2.0
THL output transition time 23 | 50 63 75 ns 45 Figs 12, 13 and 14
TLH 18 |43 54 64 6.0
) 35 |1 45 55 2.0
LD pulse width i
tw 7 |4 9 1 ns 45 | Fig. 13
HIGH or LOW 6 |3 8 9 6.0
set-up time 60 8 75 %0 2.0
t . 12 |3 15 18 ns 45 Fig. 15
U Dpto LD 10 |2 13 15 6.0
. 30 |3 40 45 2.0
th hold time 6 1 8 9 ns 4.5 Fig. 15
Dp to LD 5 7 8 6.0
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PC74HC/HCT4543

MSI

DC CHARACTERISTICS FOR 74HCT

Output capability: non-standard
lcc category: MSI

Voltages are referenced to GND (ground = 0 V)

Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vee | VI OTHER
+25 —40to +85 | —40to +125 \
min. | typ. | max. | min. | max. | min. | max.
45
VIH HIGH level input voltage 20 |16 2.0 2.0 \% to
5.5
45
ViL LOW level input voltage 1.2 {08 0.8 0.8 \Y to
5.5
ViH
VOH HIGH level output voltage | 4.4 |45 4.4 4.4 \Y 4.5 or —10=20 A
ViIL
VIH
VOH HIGH level output voltage | 3.98 |4.32 3.84 3.7 \Y 45 or —10=1.0mA
ViL
VIH
VoL LOW level output voltage 0 0.1 0.1 0.1 \% 45 or 10 =20 A
ViL
ViH
VoL LOW level output voltage 0.15{ 0.26 0.33 0.4 \% 4.5 or lo=1.0mA
ViL
Vee
£ input leakage current 0.1 1.0 1.0 HA 5.5 or
GND
Vce
Icc quiescent supply current 8.0 80.0 160.0 | A 5.5 or Io=0
GND
addiionsl quisscsntsupoly 45 [\, | oterinputsar
ur er input p .
Alce unit load coefficient is 1 100 | 360 450 490 HA t5°5 -21V IVCS gr GND;
(note 1) ’ 0

Note to HCT types

The value of additional quiescent supply current (Alge) for a unit load of 1 is given here.
To determine Alcc per input, multiply this value by the unit load coefficient shown in the table below.

UNIT LOAD
INPUT | coEFFICIENT
Dp, D4, D2| 1.00
D3 0.50
Bi 0.50
LD 1,50
PH 1.25

494
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BCD to 7-segment latch/decoder/driver for LCDs

AC CHARACTERISTICS FOR 74HCT
GND=0V;t =tf=6ns;C_=50pF

PC74HC/HCT4543

MS|

— . R -
Tamb (°C) TEST CONDITIONS
74HCT
SYMBOL | PARAMETER UNIT | Vcc | WAVEFORMS
+25 —40to +85 | —40to +125 \Vj
min.| typ. | max. | min.| max. | min. | max.
tPHL/ | Propagation delay 38 | 80 100 120 | ns | 45 | Fig.12
tPLH Dp to Gy
tPHL/ | propagation delay 36 | 68 85 102 | ns |45 | Fig 13
tPLH LD to Q :
tpHL/ propagation delay 32 66 83 99 ns 45 Fig. 14
tPLH Bl to Q
T
tpHL/ propagation delay |
LR PH to Q,, 24 166 | 83 99 ns 4.5
gﬁh/ output transition time 23 | 50 63 75 ns 4.5 | Figs12,13and 14
LD pulse width 15 ns 45 | Fig.13
w HIGH or LOW 0 4 13 ¢
set-up time 18 4.5 Fig. 15
tsu Drto LD 12 |4 15 ns g
hold time 12 ns 45 Fig. 15
th Dp to LD 8 |2 10 o

March 1988
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PC74HC/HCT4543

MSI

APPLICATION DIAGRAMS

4543
one of seven

output # seqments
common
PH =4 back-plane
7293281

square wave ;
GND to Ve

Fig. 8 Connection to liquid crystal (LCD)
display readout.

appropriate
voltage

'4543"

output

7293282

Fig. 9 Connection to incandescent display
readout.

appropriate
voltage

"4543"
output

PH

- 7293283

Fig. 10 Connection to gas discharge
display readout.

74543"
output
P 1o filament
GND —s  SuPPly
. J,/ GND or appropriate
7293284 voltage below GND

Fig. 11 Connection to fluorescent display
readout.
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BCD to 7-segment latch/decoder/driver for LCDs

PC74HC/HCT4543
Msi

AC WAVEFORMS

1 1
D, INPUT f vy

- tppy—>| e tpLp >

Q, OUTPUT

7287877 tTHL . - tTiH

Fig.12 Waveforms showing the address input
(Dp) to output (Qp) propagation delays and
the output transition times.

LD INPUT vy \

Q, OuUTPUT

7293268 >l et ! 14“TLH

Fig. 13 Waveforms showing the latch disable
input (LD) to output (Q) propagation delays
and the output transition times.

Bl INPUT

< lpHi— < tpLH >

Q, OUTPUT

7293269 TTHL > = ! -tTn

Fig. 14 Waveforms showing the blanking (Bl)
to output (Qp) propagation delays and the
output transition times.

D, INPUT

LD INPUT
7293270
Fig. 15 Waveforms showing the address (Dp)

to latch disable (LD) input set-up and hold
times.

Note to Fig. 15

The shaded areas indicate when the input is
permitted to change for predictable output
performance.

Note to AC waveforms
(1) HC : V= 50%; V| = GND to V¢c.
HCT: Vi =1.3V; V| =GND to 3V.

January 1986
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HEF4543B
mS|

[ —
BCD TO 7-SEGMENT LATCH/DECODER/DRIVER | —

The HEF4543B is a BCD to 7-segment latch/decoder/driver for liquid crystal and LED displays. It has
four address inputs (D to Dp), an active HIGH latch disable input (LD), an active HIGH blanking
input (BI), an active HIGH phase input (PH) and seven buffered segment outputs (O, to Og).

The circuit provides the function of a 4-bit storage latch and an 8-4-2-1 BCD to 7-segment decoder/
driver. it can invert the logic leveis of the output combination. The phase (PH), bianking (Bl) and latch
disable (LD) inputs are used to reverse the function table phase, blank the display and store a BCD
code, respectively.

For liquid crystal displays a square-wave is applied to PH and the electrical common back-plane of the
display. The outputs of the device are directly connected to the segments of the liquid crystal.

5 3 12 |4 16] [15] [14] [13] [12] [17] [io] [o]
Da Dg Oc Op Voo Ot Og O Ogq Oc Op Oy
1]LD
LATCHES :) HEF4543B
. LD Dc Dg Dp Dp PH BI Vgg
DECODER T B O
7272881.1
Fig. 2 Pinning diagram.
6{PH DRIVERS 9 ’
HEF4543BP : 16-lead-DIL; plastic (SOT-382).
Og [Of [Oe [Od [Oc [Ob | Oa HEF4543BD: 16-lead-DIL; ceramic (cerdip) (SOT-74).
14 15 113 112 111 lho |9 HEF4543BT : 16-lead mini-pack; plastic
7272880 2 (SO-16;SOT-109A).
Fig. 1 Functional diagram.
PINNING a
Da to Dp address (data) inputs —
PH phase input (active HIGH) f, g /b
BI blanking input (active HIGH) S—
LD latch disable input (active HIGH) eld ,°
0, to Og segment outputs —
Fig. 3 Segment designation.
FAMILY DATA

Ipp LIMITS category MSI {

see Family Specifications

& Products approved to CECC 90 104-083.
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BCD to 7-segment latch/decoder/driver

HEF4543B

MSI
FUNCTION TABLE
[ inputs outputs
LD { Bl | PH* | Dp D¢ Dg Da O Op Oc Og O O Og display
X H L X X X X L L L L L L L blank
H L L L L L L H H H H H H L 0
H L L L L L H L H H L L L L 1
H L L L L H L H H L H H L H 2
H L L L L H H H H H H L L H 3
H L L L H L L L H H L L H H 4
H L L L H L H H L H H L H H 5
H L L L H H L H L H H H H H 6
H L L L H H H H H H L L L L 7
H L L H L L L H H H H H H H 8
H L L H L L H H H H H L H H 9
H L L H L H L L L L L L L L blank
H L L H L H H L L L L L L L blank
H L L H H L L L L L L L L L blank
H L L H H L H L L L L L L L biank
H L L H H H L L L L L L L L blank
H L L H H H H L L L L L L L blank
L L L X X X X * * *
| as above H as above inverse of above as above

H = HIGH state (the more positive voltage)

L = LOW state (the less positive voltage)

X = state is immaterial

*

For liquid crystal displays, apply a square-wave to PH.

For common cathode LED displays, select PH = LOW.
For common anode LED displays, select PH = HIGH.
** Depends upon the BCD-code previously applied when LD = HIGH.

LI

[1_1

LI

/

Fig. 5 Display.

7272882
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HEF4543B
MSI

A.C. CHARACTERISTICS
Vgs =0V; Tamp = 25 ©C; C_= 50 pF; input transition times < 20 ns

VDD . typical extrapolation
v symbol |[min. typ. max. formula
Propagation delays
D, —= Op 5 180 360 ns | 153 ns+ (0,55 ns/pF) C|
HIGH to LOW 10 [tpHL 75 150 ns 64 ns + (0,23 ns/pF) C_
15 55 110 ns | 47ns+ (0,16 ns/pF) C_
5 180 360 ns | 153 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 75 150 ns | 64 ns+ (0,23 ns/pF) C_
15 55 110 ns 47 ns + (0,16 ns/pF) C_
LD — O 5 170 340 ns | 143 ns+ (0,55 ns/pF) C
HIGH to LOW 10 [tpyL 80 160 ns | 69ns+ (0,23 ns/pF) C|
15 60 120 ns 52 ns + (0,16 ns/pF) C_
5 190 380 ns | 163 ns+ (0,55 ns/pF) C|_
LOW to HIGH 10 |tpLH 80 160 ns | 69ns+ (0,23 ns/pF) C|_
15 60 120 ns 52 ns + (0,16 ns/pF) C_
Bl —» Op 5 145 290 ns | 118 ns+ (0,55 ns/pF) C
HIGH to LOW 10 |tpHL 65 130 ns | 54ns+ (0,23 ns/pF) C
15 45 90 ns 37 ns + (0,16 ns/pF) C_
5 126 250 ns 98 ns + (0,55 ns/pF) C_
LOW to HIGH 10 |tpLH 55 110 ns | 54ns+ (0,23 ns/pF) Ci_
15 40 80 ns 32 ns + (0,16 ns/pF) C_
Output transition
times 5 60 120 ns 10 ns+ (1,0ns/pF) C_
HIGH to LOW 10 |tTHL 30 60 ns 9 ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
5 60 120 ns 10ns+ (1,0 ns/pF) C_
LOW to HIGH 10 |tTLH 30 60 ns 9ns + (0,42 ns/pF) C_
15 20 40 ns 6 ns + (0,28 ns/pF) C_
Minimum LD 5 60 30 ns
pulse width; HIGH 10 [twLpH | 30 15 ns
15 20 10 ns
Set-up time 5 40 20 ns
D, — LD 10 |tg, 20 5 ns
15 15 0 ns
Hold time 5 0 -156 ns
D, — LD 10 | thold 15 0 ns
15 20 5 ns
VbD : where
v | typical formula for P (uW) f; = input freq. (MHz)
fo = output freq. (MHz)
Dynamic power 5 2200 f; + Z(foCL) x Vpp? CL = load capacitance (pF)
dissipation per 10 | 10400 f; + Z(f,C ) x Vpp? Z(foCL) = sum of outputs
package (P) 16 | 33000 f; + Z(f,C ) x Vpp? VppD = supply voltage (V)
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DATA HANDBOOK SYSTEM

Our Data Handbook System comprises more than 60 books with specifications on electronic
components, subassemblies and materials. It is made up of six series of handbooks:

INTEGRATED CIRCUITS

DISCRETE SEMICONDUCTORS

DISPLAY COMPONENTS

PASSIVE COMPONENTS*

PROFESSIONAL COMPONENTS**

MATERIALS*

The contents of each series are listed on pages iii to viii.

The data handbooks contain all pertinent data available at the time of publication, and each is revised
and reissued periodically.

When ratings or specifications differ from those published in the preceding edition they are indicated
with arrows in the page margin. Where application is given it is advisory and does not form part of the
product specification.

Condensed data on the preferred products of Philips Components is given in our Preferred Type Range
catalogue (issued annually).

Information on current Data Handbooks and how to obtain a subscription for future issues is
available from any of the Organizations listed on the back cover.
Product specialists are at your service and enquiries will be answered promptly.

* Will replace the Components and materials (green) series of handbooks.
** Will replace the Electron tubes (blue) series of handbooks.

Nnrvemher 1988\ f



INTEGRATED CIRCUITS

This series of handbooks comprises:

code handbook title
1CO1 Radio, audio and associated systems
Bipolar, MOS
1C02a/b Video and associated systems
Bipolar, MOS
1C03 ICs for Telecom
Bipolar, MOS
Subscriber sets, Cordless Telephones
1C04 HEA4000B logic family
CMOS
1C05 Advanced Low-power Schottky (ALS) Logic Series
1C06 High-speed CMOS; PC74HC/HCT/HCU
Logic family
1C07 Advanced CMOS logic (ACL)
1C08 ECL 10K and 100K logic families
1C09 TTL logic series
1IC10 Memories
MOS, TTL, ECL
IC11 Linear Products
1IC12 12C-bus compatible ICs
1C13 Semi-custom
Programmable Logic Devices (PLD)
IC14 Microcontrollers
NMOS, CMOS
IC15 FAST TTL logic series
IC16 CMOS integrated circuits for clocks and watches
1C17 ICs for Telecom
Bipolar, MOS
Radio pagers
Mobile telephones
ISDN
1C18 Microprocessors and peripherals
1C19 Data communication products

W (May 1990



DISCRETE SEMICONDUCTORS

This series of data handbooks comprises:

sggfm ss;ve handbook title
S1 SCO01 Diodes
High-voltage tripler units

S2a SC02 Power diodes
S2b SC03 Thyristors and triacs
S3 SCo04 Small-signal transistors
S4a SCO05 Low-frequency power transistors and hybrid IC power modules
S4b SC06 High-voltage and switching power transistors
S5 SCo07 Small-signal field-effect transistors
S6 SCo08 RF power transistors

SC09 RF power modules
S7 SC10 Surface mounted semiconductors
S8a sC11* Light emitting diodes
S8b SC12 Optocouplers
S9 SC13*  PowerMOS transistors
S10 SC14 Wideband transistors and wideband hybrid IC modules
S11 SC15 Microwave transistors
S16** SC16 Laser diodes
S13 SC17 Semiconductor sensors
S14 SC18 Liquid crystal displays and driver ICs for LCDs

* Not yet issued with the new code in this series of handbooks.
** New handbook in this series; will be issued shortly.

iv
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DISPLAY COMPONENTS

This series of data handbooks comprises:

current new

handbook title

code code

T8 DCO1 Colour display components

T16 DC02 Monochrome monitor tubes and deflection units
c2 DC03 Television tuners, coaxial aerial input assemblies
C3 DC04 Loudspeakers

C20 DCO05 Flyback transformers, mains transformers and

* These handbooks are currently issued in another series; they are not yet

general-purpose FXC assemblies

issued in the Display Components series of handbooks.




PASSIVE COMPONENTS

This series of data handbooks comprises:

Ez;reem gz‘éve handbook title

Cc14 PAO1 Electrolytic capacitors; solid and non-solid
c1 PAO2 Varistors, thermistors and sensors

c12 PAO3 Potentiometers and switches

Cc7 PAO4 Variable capacitors

Cc22 PAO5*  Film capacitors

C15 PAO6* Ceramic capacitors

c9 PAO7* Piezoelectric quartz devices

C13 PAO8 Fixed resistors

* Not yet issued with the new code in this series of handbooks.

Vi

November 1989\ f



PROFESSIONAL COMPONENTS

This series of data handbooks comprises:

current  new handbook title

code code

T1 * Power tubes for RF heating and communications

T2a * Transmitting tubes for communications, glass types

T2b * Transmitting tubes for communications, ceramic types

T3 PCO1 High-power klystrons and accessories

T4 * Magnetrons for microwave heating

T5 PC02** Cathode-ray tubes

T6 PCO3** Geiger-Muller tubes

T9 PC04 Photo multipliers

T10 PC05 Plumbicon camera tubes and accessories

T PCO6 Circulators and Isolators

T12 PCO7 Vidicon and Newvicon camera tubes and deflection units

T13 PC08 Image intensifiers

T15 PC09 Dry-reed switches

c8 PC10 Variable mains transformers; annular fixed transformers
PC11 Solid state image sensors and peripheral integrated circuits

T9 PC12** Electron multipliers

* These handbooks will not be reissued.
** Not yet issued with the new code in this series of handbooks.

\ mllay 1990
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MATERIALS

This series of data handbooks comprises:

current  new handbook title

code code
ca | . .
F
cs5 | MAO1 Soft Ferrites
C16 MAO2** Permanent magnet materials
c19 MAOQO3** Piezoelectric ceramics

* Handbooks C4 and C5 will be reissued as one handbook having the new code
MAO1.

** Not yet issued with the new code in this series of handbooks.
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Philips Components — a worldwide company

Argentina: PHILIPS ARGENTINA S.A., Div. Philips Components,
Vedia 3892, 1430 BUENOS AIRES, Tel. (01)541-4261.

Australia: PHILIPS COMPONENTS PTY Ltd, 11 Waltham Street,
ARTARMON, N.S.W. 2064, Tel.(02) 4393322.

Austria: OSTERREICHISCHE PHILIPS INDUSTRIE G.m.b.H.,
UB Bauelemente, Triester Str. 64, 1101 WIEN,
Tel.(0222) 60 101-820.

Belgium: N.V PHILIPS PROF. SYSTEMS — Components Div.,

80Rue Des Deux Gares, B-1070 BRUXELLES, Tel. (02)5256 111.

Brazil: PHILIPS COMPONENTS (Active Devices) Av. das Nacoes
Unidas, 12495-SA0 PAULO-SP, CEP 04578, P.O. Box 7383,
Tel.(011)534-2211.

PHILIPS COMPONENTS (Passive Devices & Materials)
Av. Francisco Monteiro 702, RIBEIRAO PIRES-SP,
CEP 09400, Tel. (011)459-8211.

Canada: PHILIPS ELECTRONICS LTD., Philips Components,
601 Milner Ave., SCARBOROUGH, Ontario, M1B 1M8,
Tel.(416)292-5161.

(IC Products) SIGNETICS CANADALTD., 1 Eva Road, Suite 411,
ETOBICOKE, Ontario, MIC 475, Tel. (416) 626-6676.

Chile: PHILIPS CHILENA S.A., Av. Santa Maria 0760, SANTIAGO,
Tel.(02)773816.

Colombia: IPRELENSO LTDA., Carrera 21 No. 56-17, BOGOTA,
D.E., P.O. Box 77621, Tel.(01) 24976 24.

Denmark: PHILIPS COMPONENTS A/S, Prags Boulevard 80,
PB1919, DK-2300 COPENHAGEN S, Tel.01-64 11 33.

Finland: PHILIPS COMPONENTS, Sinikalliontie 3, SF-2630
ESPOO, Tel. 358-0-50261.

France: PHILIPS COMPOSANTS, 117 Quai du Président
Roosevelt, 92134 ISSY-LES-MOULINEAUX Cedex,
Tel.(01)40938000.

Germany (Fed. Republic): PHILIPS COMPONENTS UB der
Philips G.m.b.H., Valvo Haus, Burchardstrasse 19,

D-2 HAMBURG 1, Tel. (040)3296-0.

Greece: PHILIPS HELLENIQUE S.A., Components Division,

No. 15, 25th March Street, GR 17778 TAVROS,
Tel.(01)4894339/4894911.

Hong Kong: PHILIPS HONG KONG LTD., Components Div.,
15/F Philips Ind. Bldg., 24-28 Kung Yip St., KWAI CHUNG,
Tel.(0)-4245121.

India: PEICO ELECTRONICS & ELECTRICALS LTD.,
Components Dept., Shivsagar Estate ‘ABlock, P.O. Box 6598,
254-D Dr. Annie Besant Rd., BOMBAY — 400025,

Tel.(022) 4921 500-4921515.

Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Components Div.,

Setiabudi Il Building, 6th Fl., Jalan H.R. Rasuna Said
(P.O. Box 223/KBY) Kuningan, JAKARTA 12910,
Tel.(021)517995.

Ireland: PHILIPS ELECTRONICS (IRELAND) LTD.,
Components Division, Newstead, Clonskeagh, DUBLIN 14,
Tel.(01)693355.

Italy: PHILIPS S.p.A., Philips Components,

Piazza IV Novembre 3, 120124 MILANO, Tel.(02)6752.1.

Japan: PHILIPS JAPAN LTD,. Components Division,

Philips Bldg 13-37, Kohnan 2-chome, Minato-ku, TOKYO 108,
Tel.(03) 740-5028.

Korea (Republic of): PHILIPS ELECTRONICS (KOREA) LTD.
Components Division, Philips House, 260-199 Itaewon-dong,
Yongsan-ku, SEOUL, Tel. (02) 794-5011.

Malaysia: PHILIPS MALAYSIA SDN BHD, Components Div.,

3 Jalan SS15/2A SUBANG, 47500 PETALING JAYA,
Tel.(03)7345511.

Mexico: PHILIPS COMPONENTS, Paseo Triunfo de la Republica,
No 215 Local 5, Cd Juarez CHI HUA HUA 32340 MEXICO
Tel.(16) 18-67-01/02.

Netherlands: PHILIPS NEDERLAND B.V., Marktgroep Philips
Components, Postbus 90050, 5600 PB EINDHOVEN,
Tel.(040)783749.

New Zealand: PHILIPS NEW ZEALAND LTD.,

Components Division, 110 Mt. Eden Road, C.P.O. Box 1041,
AUCKLAND, Tel.(09)605-914.

Norway: NORSK A/S PHILIPS, Philips Components, Box 1,
Manglerud 0612, OSLO, Tel. (02)680200.

Pakistan: PHILIPS ELECTRICAL CO. OF PAKISTAN LTD.,
Philips Markaz, M.A. Jinnah Rd., KARACHI-3,
Tel.(021)725772.

Peru: CADESA, Carretera Central 6.500, LIMA 3, Apartado 5612,
Tel.51-14-350059.

Philippines: PHILIPS INDUSTRIAL DEV. INC.,

2246 Pasong Tamo, P.O. Box 911, Makati Comm. Centre,
MAKATI-RIZAL 3116, Tel. (02)868951 to 59.

Portugal: PHILIPS PORTUGUESA S.A.R.L,, Av. Eng. Duarte
Pacheco 6, 1009 LISBOA Codex, Tel.(019)6831 21.

Singapore: PHILIPS SINGAPORE, PTE LTD., Components Div.,
Lorong 1, Toa Payoh, SINGAPORE 1231, Tel. 3502 000.

South Africa: S.A. PHILIPS PTY LTD., Components Division,
JOHANNESBURG 2000, P.O. Box 7430.

Spain: PHILIPS COMPONENTS, Balmes 22,08007 BARCELONA,
Tel.(03)3016312.

Sweden: PHILIPS COMPONENTS, A.B., Tegeluddsvégen 1,
S-11584 STOCKHOLM, Tel. (0)8-78 21 000.

Switzerland: PHILIPS A.G., Components Dept.,
Allmendstrasse 140-142, CH-8027 ZURICH,
Tel.(01)4882211.

Taiwan: PHILIPS TAIWAN LTD., 581 Min Sheng East Road,
P.O. Box 22978, TAIPEI 10446, Taiwan, Tel. 886-2-5005899.

Thailand: PHILIPS ELECTRICAL CO. OF THAILAND LTD.,
283 Silom Road, P.0. Box 961, BANGKOK,

Tel. (02)233-6330-9.

Turkey: TURK PHILIPS TICARET A.S., Philips Components,
Talatpasa Cad. No. 5, 80640 LEVENT/ISTANBUL,
Tel.(01)1792770.

United Kingdom: PHILIPS COMPONENTS LTD.,

Mullard House, Torrington Place, LONDON WC1E 7HD,
Tel.(071)5806633.

United States: (Colour picture tubes — Monochrome & Colour
Display Tubes) PHILIPS DISPLAY COMPONENTS COMPANY,
1600 Huron Parkway, P.O. Box 963, ANN ARBOR,
Michigan 48106, Tel. 313/396-9400.

(IC Products) SIGNETICS CORPORATION, 811 East Arques
Avenue, SUNNYVALE, CA 94088-3409, Tel. (408)991-2000.
(Passive Components, Discrete Semiconductors, Materials
and Professional Components) PHILIPS COMPONENTS,
Discrete Products Division, 2001 West Blue Heron Bivd.,
P.0. Box 10330, RIVIERA BEACH, Florida 33404,
Tel.(407)881-3200.

Uruguay: PHILIPS COMPONENTS, Coronel Mora 433,
MONTEVIDEOQ, Tel. (02) 70-4044.

Venezuela: MAGNETICA S A, Calle 6, Ed. Las Tres Jotas,
CARACAS 1074A, App. Post. 78117, Tel.(02) 241 7509.

Zimbabwe: PHILIPS ELECTRICAL (PVT) LTD.,

62 Mutare Road, HARARE, P.O. Box 994, Tel.47211.

For all other countries apply to: Philips Components Division,
Strategic Accounts and International Sales, P.O. Box 218, 5600 MD
EINDHOVEN, The Netherlands, Telex 35000 phtcnl,

Fax. +31-40-723753
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