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Displaying gray shades in passive matrix LCD
using Amplitude modulation

Synopsis

Liquid crystal displays , since their advent , have moved into a variety of applications like
notebook computers, palm-tops, mobile phones, digital and video cameras , monitors and
televisions. LCD's are well suited for mobile and portable applications wherein low
power consumption, low voltage operation ,compactness and good readability are

desirable.

A typical LCD panel comprises of an array of pixels (picture elements) arranged in the
form of a matrix. Every pixel in the matrix is connected to a row address and column
address line .The row and column address lines form a matrix with the individual pixels
at their intersections. Since a number of pixels share a common row or column line, a

non-linear electro-optic characteristic is essential to drive the pixels to the desired states.

Alt and Pleshko technique (APT) is one of the simplest techniques for addressing matrix
displays. APT is a line by line addressing technique . Here the rows are selected in a
sequential manner one at a time by a voltage (Vr) and the rest of the rows are grounded.
Column voltage depends upon the data to be displayed in the selected row. It has the
same polarity as the row select voltage for an off pixel and opposite polarity for an on
pixel. APT gives maximum discrimination between on and off pixels (i.e maximum
selection ratio). The time required to scan all rows once, is called the frame period. The
display must be addressed with a.c fields to ensure long life. The polarity of row and
column waveforms are reversed periodically to ensure d.c free operation.

With increased use of multimedia applications, comes the added responsibility of faithful
representation of images. This demands capability to control the brightness of pixels over

a wide range of gray shades.



Amplitude modulation (AM) can be used in conjunction with APT to generate a large
number of gray shades without flicker, as compared to conventional methods like frame

modulation or pulse width modulation.

The aim of this project is to display gray shades using the AM (amplitude modulation)
technique using a 16 x 16 passive matrix display. The drive electronics will be
implemented on an EPLD (Erasable Programmable Logic Device) based on FPGA

architecture.
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- CHAPTER 1
INTRODUCTION
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INTRODUCTION

The CRT has been the mainstay of information display technology for a number of

applications, but on advances in microelectronics and growing trend in miniaturization in
electronics, it has become necessary to have flat panel alternatives to the CRT. CRTs are
bulky in size and consume considerable power. One important alternative to the CRT is
liquid crystal display (LCDs). The main advantages of LCDs are reduction in size, low power
consumption, flexibility in size and format and portability.

LCDs do not emit light but modulate light passing through them depending upon the electric
field applied to the pixels. They exhibit non-linear electro-optic characteristics required for
displaying images in matrix displays. LCDs are slow responding devices, which are not
sensitive to the polarity of the applied electric field. Therefore they exhibit rms response to
the applied field. There are two types of matrix LCDs. Active matrix LCDs are popular in the
high information content applications. They have an external non-linear element like a diode
or thin film transistor associated with each pixel but this makes the fabrication of these
displays elaborate and expensive. Passive matrix LCDs utilize the intrinsic nonlinear electro-
optic characteristics for addressing the displays. They have a simple construction and offer
good display performance.

The objective of this project is to display eight levels of gray shades using Amplitude
Modulation technique on a 16x16 passive matrix display.

This report is organized into five chapters. Following this chapter of introduction the second
chapter presents an overview of TNLCDs. The third chapter describes the various techniques
used for addressing and gray shade generation. The fourth describes the hardware used in
implementation of the display system .All results and conclusions and results have been
enumerated in chapter five. Appendix—A and Appendix-B provide some mathematical

proofs and data sheets for ease of reference.
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CHAPTER 2
TNLCDs:
AN OVERVIEW
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2.1 BACKGROUND

Liquid crystals are states of condensed matter in which the molecular organizations are
intermediate between those of a crystal with a periodic arrangement and of the isotropic
liquid in which the arrangement is random. Liquid crystals made of rod-like molecules were
discovered by Reinitzer in 1888.
Liquid crystalline materials used in practical displays must be stable in liquid crystalline state
over a wide range of temperatures. In this regard two temperatures can be defined for any
liquid crystal namely
1) melting point which is the temperature at which the liquid crystal material melts from
solid phase to liquid crystalline phase.
2) clearing point which is the temperature at which the liquid crystal material undergoes
transition from liquid crystalline phase to isotropic
liquid.
For LC mixtures used in displays, melting point ranges from -30° to 0° and clearing point
ranges from 60° to 90°.
Nematics are the simplest liquid crystalline materials known. The have a rod like molecular
structure and align themselves spontaneously in one direction called the optical axis or the
director. Nematics have two dielectric constants one in the direction of the director and the
other perpendicular to the director. Dielectric anisotropy is the difference between these two
dielectric constants. LC materials with positive dielectric anisotropy align themselves parallel
to an external electric field while those with negative dielectric anisotropy align themselves

with their director perpendicular to the electric field.
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2.2. ELECTRO-OPTIC EFFECT IN TNLCD

The twisted nematic liquid crystal display (TNLCD) cell is made up of two glass plates
treated for planer alignment. The cell is assembled such that the direction of alignment in one
of the plates is perpendicular to that of the other plate of the cell. This display cell is filled
with a NLC mixture having a positive dielectric anisotropy. The liquid crystal molecules
confined in the cell form a 90° twisted structure as shown in the fig. 2.1(a). This twisted
structure acts like a wave-guide and gradually rotates the plane of polarization of incident
light by 90°. Hence, a linearly polarized light incident on the cell emerges linearly polarized
in a orthogonal direction when the following conditions are satisfied:-

-The plane of polarization of the incident light is parallel or perpendicular to the director at
the surface of the cell; and

-The product of the optical anisotropy (An) and the pitch (P) is high as compared to the
wavelength of the incident light, where P is four times the thickness of the cell.
The cell is in the unexcited state (OFF) rotates the plane of polarization of the incident light
by 90°. Hence; the cell appears-

- dark, when viewed between two polarizers parallel to each other; and

- transparent ,when viewed between two polarizers perpendicular to each other(Fig.2.1(a))
The 90° twist in the cell is lost when a sufficiently strong electric field is applied to the cell
(ON). Hence the cell appears —

- transparent between two polarizers ; and

- dark between two polarizers (Fig.2.1(b))
The difference in transmission between the unexcited and the excited states is exploited in
TNLCDs. Only one optical mode is excited here by placing the polarizers parallel or

perpendicular to the director at the surface of the cell.
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TNLCDs require low power to operate; (~luw/cm2) since they modulate the incident light
and do not emit light. A voltage in the range of 2-5 volts is enough to excite the ON pixels.
The TNLCDs can be of the following types:

-Transmissive type with the light source at the back and the observer in the front of the
display. This type of display is preferred for use in dark environments;

-Reflective type with both the light source and the observer in the front of the display. A
polarizer with a reflector is used at the back of the display. This type of display is suitable for
use in well-lit, bright environment.

-Transreflective type with a transreflector instead of reflector at the back. This type of
display is suitable for both dark and bright environments. The transreflector allows sufficient
light from the back illumination to fall on the display, for a good readability in a dark
environment.

The displays can be operated in the following modes:-

-Positive contrast mode with dark symbols against a bright background. This is achieved by
placing the top and bottom polarizers perpendicular to each other in TNLCDs; and

-Negative contrast mode with bright symbols against a dark background. This is achieved by
placing the top and bottom polarizers parallel to each other in TNLCDs.

A positive contrast mode is preferred in a reflective type of display, while a negative contrast

mode is preferred in a transmissive type of display.

2.3 MATRIX LCDs

A matrix display consists of an array of picture elements (pixels) arranged in a rectangular
matrix format. The information being displayed depends on the collective state of the pixels.
The intersection of a row and a column uniquely defines a pixel. A pixel in the row 1 and

column j is represented by Pj;. Figure 2.3 gives the schematic diagram of a matrix display.
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column electrodes

row electrodes

Fig2.2) Passive matrix displays

The size of the pixel determines the resolution of the display. An image can be faithfully
displayed if the intensity of each pixel can be controlled independently. In a display with a
limited number of pixels, each pixel can be directly connected to the drive electronics
(drivers). Hence the pixels are driven to the desired state without affecting the other pixels.
This approach is called direct drive or static drive. However, if the number of pixels is very
large then it is not possible to connect each pixel separately to the drive electronics. This
problem is surmounted by using the matrix display and the technique used for driving such
displays is called matrix addressing or multiplexing. A matrix display with N rows and M
columns has N*M pixels while the number of connections is just (N+M). A row address line
connects one terminal of the pixels in a given row while a column address line is connected
to the other terminal of pixels in a given column. Thus pair of row and column address lines

uniquely defines a pixel located at the intersection of these address lines.
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The advantages of multiplexing are

1) Reduction in number of external connections

2) Reduction in the number of display drivers

3) Better reliability
The intrinsic non-linear electro-optic characteristics of the LCD are exploited in driving
matrix panels with moderate complexity and such displays are called Passive Matrix LCDs
(PMLCD). If the matrix is large, a non-linear device like a thin film transistor is
incorporated with each pixel. These displays are called Active Matrix LCDs (AMLCD).

The equivalent circuit of a pixel is just a capacitor. The electrical conductance of the

liquid crystal is very low and the capacitance of the pixel depends on the dielectric constant
of the liquid crystal material, size of the pixel and the cell gap of the display. The two
terminals of a pixel are connected to the drive electronics. The response of the liquid
crystalline material is independent of the polarity of the electric field. Although LCDs can be

driven by a DC (direct current) field, this will result in migration of ionic impurities to the

electrodes in the display. Application of a DC field over a long period of time leads to
electrochemical reactions near the electrodes resulting in loss of alignment of the molecules
and permanent damage to the cell. Hence LCDs are always driven by AC (alternating
current) fields to ensure a long life of the display. The shape of the AC field is not very
important since the liquid crystals respond relatively slowly to the applied electric field.
Hence the instantaneous variations in the electric field are not important for the overall
response of a pixel but they contribute to the energy delivered to the pixels. The root-mean-
squared (RMS) value of the field determines the state of the pixels as long as the period of
the waveform is small compared to the response time of the LCD. While we can drive a pixel
with sine, triangular or any other arbitrarily shaped waveforms, square or pulse shaped
waveforms are preferred since they are easy to generate. LCDs are low power devices and it
is important to make sure that the drive electronics do not consume excessive power.
Complimentary Metal Oxide Semiconductor (CMOS) devices are well suited for driving

LCDs since they consume very little power to operate.
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2.4. ELECTRO-OPTIC RESPONSE OF L.CDs
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Fig 2.3

The performance of the display in terms of the contrast, gray shades and response time
depends on the electro-optic response of the LCD as well as the addressing technique used to
drive the display. A non-zero threshold voltage and a sharp electro- optic characteristic are
essential in the case of passive matrix LCDs. Fig.2.3 shows the electro-optic response of a
TNLC cell.

The threshold voltage (¥, or Vj) is the voltage below which further change in the optical
characteristic (transmission or reflection) is relatively small i.e. the voltage at which the
luminance has changed by 10% of the maximum change in luminance.

The saturation voltage (Vy, or Vy) is the voltage above which the change in the optical
characteristic is relatively small i.e. the voltage at which the luminance has changed by 90%

of the maximum change in luminance.
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The sharpness of the electro-optic characteristic () is a measure of the slope of the electro-
optic response expressed as (Vso-Vig)/Vio;

where Vj is the voltage at which the luminance has changed by 50% of the maximum
change in luminance.

The contrast ratio is defined as a ratio of luminance of a liquid crystal device under bright
state to that in dark state under conditions of constant illumination.

Selection ratio is defined as the ratio of the RMS voltage across an ON pixel (Von) to that of
an OFF pixel (Vorr). Selection ratio together with the sharpness determines the contrast in a
passive matrix display. The contrast is the ratio of the brightness of the ON pixel to that of
the OFF pixel.

2.5 IMPORTANT DISPLAY PARAMETERS

In addressing a passive matrix display, the intrinsic non-linear characteristics of the electro-
optic response are exploited. Sharpness of the electro-optic response, angle of viewing, the
selection ratio (of the drive technique) and the response times are the important parameters
that decide the performance of the display.

The response time of the display is another parameter of interest especially in video
applications. The turn ON delay, rise time, turn OFF delay and the fall time determine the
response time of the display. Switching times between gray shades should also be considered
while displaying graphics. Although all these parameters are necessary to describe the
response of the display, often the average of turn ON and turn OFF times is the only
parameter that is found in most of the product specifications.

The change in contrast depending on the angle of viewing is another important characteristic
of the display. The viewing angle is usually small in a multiplexed display as compared to a
display using static drive. The contrast in LCDs also depends upon the quality of polarizers
(both transmission as well as the polarization efficiency), reflection of light at the various
surfaces in the display cell, light leakage through the area surrounding the pixels and the
brightness of the back light if any as well as its uniformity.

Dept. of Electronics and Communication Engineering
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2.6 EXPERIMENTAL SETUP FOR ELECRO-OPTIC RESPONSE
MEASUREMENT

The experimental setup for measuring the electro optic response is shown in Fig.2.4 It
consists of a programmable waveform generator, light source, polarizers, test cell, photo

diode and a logging multi-meter.

Light ANVAVANEEN ™

Diod
- Polarizef \/ \/Avﬁlyzer i
Test cell /

Waveform

Logging

Generator .
Multi-meter

Fig.2.4

The LC cell under test is placed between the polarizer and analyzer. Light from a light source
is passed through the cell. The polarizer and analyzer are adjusted for minimum transmission
of light through the cell. The light passing through this combination (polarizer, cell, analyzer)
is measured using a photodiode to give the equivalent d.c voltage. The voltage across the cell
is varied and photodiode reading logged down. A plot of the transmission across the pixel
(photodiode reading) versus the rms voltage across the pixel gives the electro-optic response

of the LC cell.
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3.1 Addressing techniques

The process of transmitting information to all pixels &activating the appropriate ones called
addressing

Addressing techniques can be broadly classified into

1] Direct addressing

2] Line by line addressing

3] Multi-line addressing techniques

Desirable characteristics of addressing techniques.

. Minimisation of crosstalk.
. Ensuring uniforms rms voltage across pixels in identical states.
. Selection ratio should be high for high contrast.

R= Von(rms)
Vogr (rms)

. Selection ratio

. Should have dc free operation, thus ensuring long life of display.
. Supply voltage requirement should be low since LCD’s are mostly used in portable

applications.

Dept. of Electronics and Communication Engineering



M.S. Ramaiah Institute of Technology, 2002 16

3. 2 Alt & Pleshko Technique

Alt & Pleshko discovered this technique in 1974. In this technique the instantaneous
voltage across an OFF pixel can far exceed threshold voltage (V) if the following
constraints are satisfied:

e Its duration is small compared to the response time of the display and

¢ The rms voltage across the pixel is lower than Vy,
The rows are sequentially selected with row voltage ¥, while the unselected rows are
grounded. The column voltage depends upon the data to be displayed in the selected row as
given below.

e Itis Vci.e. in phase with row select voltage OFF the pixels.

e Itis-V,i.e. out of phase with row select voltage for ON pixels. The

instantaneous voltages across the pixel for various combinations of the row and

column voltages are given below in the Table 3.1.

Applied voltages Resultant voltage across
Row Column pixels
+Vr, (-Vr) -Ve, (+Ve) Vr+Ve, -(Vr+Vc)
Selected Selected ON pixels
+Vr, (-Vr) +Ve, (-Ve) Vr-Ve, -(Vr-Vc)
Selected Unselected OFF pixels
0, (0) -Ve, (+Vc) +Ve, -(Ve)
Unselected Selected Both ON and OFF Pixels

Table 3.1 Voltages across pixels in APT

The theoretical background of this technique is as follows:
Consider a matrix with N rows, let ¥,, and ¥, be the rms voltage OFF and ON pixels the in a

particular column, the instantaneous voltage across the selected pixel is (¥,+V,) for ON state
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of (V,-V) for OFF state respectively, while the voltage across the pixel for the rest of (N-1)

time intervals will be +Ve.

Row (Signals) LCD Matrix

-Vr
_r—] — » oN

V_] 1 J F T
LI L Irr
m Column signals

Waveforms of APT with polarity reversal after 6 rows

Fig 3.1
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A frame is completed when N rows are scanned once. In the analysis, the frame period T is
divided into N subintervals of duration ‘t’ and within this interval both the row and column
voltages remain constant.

The rms voltage across the ON and OFF pixels are given as follows:

(Vr +Ve)? + (N -1)e?
N

Von(rms)= J

V. girms)= \/(Vr—Vc)z ;V(N—I)ch

where N=Number of lines multiplexed in the given display.

Selection ratio (SR) is defined as rms voltage across ON pixel to that across an OFF pixel.

Von(rms)
Selection ratio = Voff (rms)

Selection ratio gives a measure of the discrimination achieved between ON and OFF pixel

and it is preferable to have a high SR.

Selection Ratio is maximum when Vr = \/ﬁ Ve

JN +1
JN -1

From the above equation we see that select ratio is a function of N. The plot of SR versus N

(SR)max =

is given in the Graph 3.1.

It is seen from the plot that the selection ratio asymptotically approaches one for large N. For
N=50, SR=1.1530 and for N=100, SR=1.1055. These voltage margins of 15.30 % are quite
narrow. Hence a very steep electro optic characteristic is necessary to achieve adequate

contrast in display.
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Reversing the polarity of the row and the column voltages simultaneously in a periodic
manner ensures DC free operation. The polarity maybe changed

e within the row select time or

e after selecting N rows or

e after selecting a few rows

The supply voltage is determined by maximum voltage swing in the addressing waveform.

The supply of voltage for the APT is given in the following equation.

Veupp(APT)=2Vr= 2:/NVc = Vih

Alt and Pleshko technique is simple and it achieves maximum Selection Ratio.The maximum

instantaneous voltage across any pixel is (Fr+Vc).
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3.3Displaying Grey Shades

Bi-level displays where the pixels are either on or off cater to some applications
like calculators and watches, however the capability to display intermediate gray
shades is desirable in most of the applications.

A pixel can be made to display intermediate gray shades by applying appropriate
voltage in the range of threshold voltage to saturation voltage of the LCD used. While
this appears simple care must be taken to ensure that changing the voltage for a given
pixel does not alter the state of other pixels in a matrix display. The conventional
approaches for gray shade generation are pulse width modulation and Frame
modulation. The time duration for which a pixel is ON is varied in both these

techniques to achieve the required gray shade.

Pulse width modulation

Figure below shows the pulse width modulation. The row select time is divided into (2" - 1)
time intervals to display 2" gray shades. The width of the pulse becomes smaller and smaller
as the number of gray shades are increased. This results in brightness non-uniformity of

pixels.

+Vr
-Vr
Vc
-V
¢ >« >« >« |
ON OFF ON OFF

Fig 3.3 Pulse width modulation
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Frame modulation

In the case of frame modulation shown in Fig 3.4 the pixels are turned ON or OFF in
different frames to obtain the necessary gray shades. In general, (2" —1) frames are used to

display 2" gray shades. The display exhibits flicker as the number of gray shades in increased

1 2 N
Frame
pumber | | | eeeees

On/ | On/ On/
Pixel
state off | off Off

Fig 3.4 Frame modulation for generating gray shades in LCD.

In the conventional addressing techniques 2n time intervals are necessary for d.c free
operation. In the general (n+1) gray shades can be displayed when the row select time is
divided in to n time intervals in pulse width modulation. Both these techniques thus have
practical limit of about eight gray shades. An alternative approach to display gray shade is

Amplitude modulation

3.4.Amplitude Modulation

In the conventional addressing techniques, the amplitude of the column voltage is the same
(Vc) while sign or polarity of this voltage is changed depending on the data. This is
necessary to make rms voltage across the pixels to be independent of the data displayed in a

column. In amplitude modulation the amplitude of the column voltage is varied in
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accordance with the data. The principle of amplitude modulation applied to conventional Alt

and Pleshko technique is outlined below.

Amplitude modulation (for APT)

The amplitude of the column voltage maybe changed to change the rms voltage across a
pixel, however this results in a change of rms voltage across all the pixels in that column.

Let k¥Vc be the column voltage applied to display the gray shade in a pixel (the value of &

ranges from —1 to 1). The rms voltage will depend on the value & and is given by

(Ve =k Ve )2 +(N =1)Vc?
Vpixel: N

The rms voltage across another pixel in the same column is given by,

(Vr =Ve)? +(k-Ve)> + (N =-2)re?
Veotoumn = N

From the above expression it is clear that the rms voltage across all other pixels in the same
column has also changed. There is thus the need to choose a voltage scheme such that rms
voltage is changed only for the desired pixel and does not affect the other pixels in the
unselected rows.

This is possible when the row select time is split into two time intervals. The column

voltages for these two time intervals are different as given below:

VaVo=(k £ J(1 - k *) Ve

When these two column voltages are used the rms voltage of the pixel in the selected row is

changed without altering the rms voltage across the other pixels. The second term in the
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above equation i.e./(1— k) can be thought of as correction term which is added in one time

slot and subtracted in the other. The rms voltage across the pixel is now given by:

(Ve =Vey )2 + (Ve =Veoy )2 + (N = 1)Fc 2
Vpixel= IN

This reduces to the following expression,

_\/Vr2 — 2k -Vr Ve + NV 2
Vpixel_
2N

Note: Detailed mathematical derivation provided in section 2 of Appendix -A

From the above expression it is clear that the rms voltage across a pixel can be varied to
achieve gray shades. The value (k =-1) corresponds to the fully ON state while (k =+1)
corresponds to fully OFF. Assigning appropriate values for k within this range can generate
any intermediate gray shade. The column voltage has many voltage levels and an analog type
column driver is necessary.

The main advantage of this technique is that large number of gray shades can be displayed
without any flicker, since only two frames are necessary to complete the cycle.

All the schemes listed in (which are modifications of schemel) can be used to achieve
similar results. For the project schemes 3 and 4 have been considered. This is because in
these schemes the net dc voltage error to be corrected during polarity reversal frame is much
smaller.

A combination of schemes 3 and 4 has been used to achieve a reduction in hardware. Scheme
3 is used for the first four gray shades while scheme 4 has been used for the remaining gray
shades. The various voltage levels to be applied during various time slots are given in tables

33and 3.4
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Norm alize
pulse ht

-1.5

-1 -0.5 0

Gray level fraction k

0.5

Graph 3.2

Graph 3.2 shows a plot of normalized column voltages versus gray level fraction k for

values of k ranging between —1 and 1.

Slot 1 Slot 2
Scheme
Row Column voltage Row Column voltage
voltage voltage
! T ke =k e | T | k=1 = k2 e
2 +Vr +Vr
(k=1-k2 Ve (k+V1=k2 Ve

3 o=k wrkge | 7T (W= k2 ke

+Vi -Vi
N A N R 7 B I (R Ry 7

Table 3.2
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SCHEME 3 Frame 1 Frame? (polarity reversal)
k (I-%) ”* Slotl Slot2 Slot1 Slot2
Row voltage +JN -JN -JN +JN
Col voltage (1-8) "+ k | (1-B)%k (1-F)"-k | -(1-K)"+k
000 -1 0 -1 1 1 -1
001 «(5/7) | 0.6998 -0.0144 1.4141 0.0144 -1.4141
010 -(3/7) | 0.9035 0.4750 1.3320 -0.4750 -1.3320
011 «(1/7) | 0.9897 0.8470 1.1326 -0.8470 -1.1326
100 +1/7) | 0.9897 1.1326 0.8470 -1.1326 -0.8470
101 +(3/7) | 0.9035 1.3320 0.4750 -1.3329 -0.4750
110 +(5/7) | 0.6998 1.4141 -0.0144 -1.4141 0.0144
111 +1 0 1 -1 -1 1
TABLE 3.3
SCHEME 4 Frame 1 Frame2 (polarity reversal)
k (I-K) * Slot1 Slot2 Slot1 Slot2
Row voltage +JN -JN -JN +JN
Col voltage (1-80) "+ k| (1-D)%k | -(1-B)" -k | «(1-K)"+k
000 -1 0 -1 1 1 -1
001 «(5/7) | 0.6998 -1.4141 0.0144 1.4141 -0.0144
010 -(3/7) | 0.9035 -1.3320 -0.4750 1.3320 0.4750
011 -(1/7) | 0.9897 -1.1326 -0.8470 1.1326 0.8470
100 +(1/7) | 0.9897 -0.8470 -1.1326 0.8470 1.1326
101 +(3/7) | 0.9035 -0.4750 -1.3329 0.4750 1.3320
110 +(5/7) | 0.6998 0.0144 -1.4141 -0.0144 1.4141
111 +1 0 1 -1 -1 1
TABLE 3.4

NOTE: All entries in tables are referenced to a column voltage (Vc) of 1 volt.
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VOLTAGE LEVEL GENERATOR

16 voltages
TRUE/
COMPLEMENT 4 ARRAY OF 2:]1 ANALOGMUX J
* 8 Voltages
Data hits
EPROM
P COLUMN DRIVER
prom BOARD
ddresses Control
OPTION Signals
SELECT CONTROLLER
INPUT EPLD
—N
L
ROW PASSIVE
DRIVER MATRIX LCD
* control
) BOARD
CLK signals
GENERATOR

BLOCK DIAGRAM OF DISPLAY SYSTEM

FIG4.1
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V1 T V8 VI WS V1 VL VZ VIIVIZ V9 VI3 Vé V1h V3 VT
0 ARAL DG 20 ANALOG 21 AlaLod 2V AHALG 21 ANALGE L1ANALDE LIAMALDG 31 8UL0G
g U1 8 g N1 HEX (o]} X HEX Nux HUX
X9 X Kz X3 Xt Xb X6 X7

Fig.4.2b Array of 2:1 analog multiplexers
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4.1 VOLTAGE LEVEL GENERATOR

The voltage levels necessary for the amplitude modulation technique are generated using a
resistive divider network. This enables changing absolute values of the row and column
voltages without changing their relative ratios. Optional buffer amplifiers may be used for
row and column voltages to reduce the source impedance and is especially useful in large
displays. Capacitors are incorporated to provide stability of voltages. Accuracy of resistor
values is vital to achieve properly spaced gray shades. A potentiometer is used at the lower

end of the resistive divider network to adjust the contrast of the display.

4.2 ARRAY OF 2:1 MULTIPLEXERS

It is seen that at any given instant of time only a definite eight of the sixteen column voltage
levels are required i.e. eight voltages are required during the first slot and rest of the eight
voltages during the second time slot. This is achieved by feeding the sixteen voltages derived
from the voltage level generator to an array of eight 2:1 analog multiplexers. The eight
multiplexer outputs are fed to the column driver board. The controller generates the signal to

control the select inputs of the 2:1 multiplexer.

4.3 EPROM

The information to be displayed may be taken from any memory source. In the project,
image information to be displayed is stored in an EPROM. Intel’s 2764A(8k x 8) EPROM
has been used. A minimum of 3 bits is required to distinguish between eight gray shades.
Thus for a given image each pixel in the matrix display will have a 3-bit code corresponding
to the gray shade to be displayed on it. The 3-bit information for each pixel in the display is
stored in a separate byte. Since there are (16 x 16)= 256 pixels, 256 bytes are required to

store data for a single frame.

The design requires complementing of data bits (in alternate frames) to obtain d.c free
operation. This is achieved by ex-oring the data bits from the EPROM with a control signal

that alternates between as high and low levels as required.
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4.4.COLUMN DRIVER BOARD
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Column Driver (SED1180):

Column Drivers need to handle higher data rates than row drivers, as they have to accept
complete row of data within a row select interval. So SED1180 is provided with four data

inputs for faster operation. The architecture of the column driver is given in fig 4.2

0 1 ggTTT
o T f T
01 LCD Oriver 32 bits  —
b2 Level Shifter 32 bits
03 Latch 32 bits
LP . : .4
Shift Register 32 bits *—|
X8CL
Voltage Control —®
£l Enable _J
Control EQC
ECL = } ,
o Shift Régfﬁéf 32 bits ») TEST
™ Latch 32 bits
FR Level Shifter 32 bits
Vg LCD Driver 32 bits [
Voo
V2
V3
Vash
32 33 ____é_EE} """ 63
Fig 4.3

The logic power supply for the column driver is +5v(Vpp) and GND (Vss). The LCD drive
voltages are Vpp, V2, V3 and Vgsp.

The various input and control signals to the driver are:
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Shift clock for data (XSCL)
The EPSON column driver can shift in a nibble of data in parallel. Only three bits are used

for eight gray levels, one bit is left unused. Three bits of column data is shified into the shift
registers at the negative edge of the shift clock. There are 16 x16x 2 sets of three bit data for
each frame. So for a refresh rate of 50 frames/second we require [50x16x 16x2] sets of three-
bit data. Therefore the frequency of XSCL is [50 x 16 x16 x 2] i.e. 25.6kHz. This signal is
derived from pinl1 of astable multi-vibrator (CD4047). The R and C components of 4047 are

calculated using the formula:

=1
f= Nas-r-C)
Assuming the value of C=33pf, we get R=270k

Latch Pulse (LP)

After shifting one complete row of data of 16 columns, a latch pulse initiates the parallel
transfer of 16 sets of three bit data into a latch register. Since the data is to be latched after

sixteen shift clocks, the LP frequency will be =25.60kHz/16=1.60kHz.This signal is derived

from the control circuitry.

Enable Input (EI
The clock (XSCL) is enabled when this pin is high, and disabled when low. This input is

maintained high.

ECL
It is clock pulse for propagation of enable signals. This input signal is generally used in
driving large displays where a number of column drivers are to be cascaded. For our

operation, only a single column driver is sufficient and hence this pin is grounded.

Phase control or polarity control (FR)
The FR signal is used for DC free operation. The latch outputs set the switch positions in the

analog multiplexers to apply the appropriate voltages to column electrodes simultaneously

during a select interval. Although the driver can support four different voltage levels, only
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two output levels are available at any time. The FR selects which of the two levels are to be

switched as shown in the TABLE 4.1.

DATA | FR (Polarity | COLUMN
Signal) VOLTAGE
H L Vbp
H ' H Vssu (Ref)
L L A\
L H V3
Table 4.1

With polarity control being separately provided FR is maintained at logic high level.

Data bits DO
in column driver D1
D2
v Mux select inputs
8:1
VO—> ANALOG —» TO COLUMN
Vi—  Mux
V2—
(8 voltages from the array of V3i—p
2:1 analog muxes) V4>
V5—p
V6—P
V7i—p
Fig4.4
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8:1 analog multiplexers are the other components that constitute the column driver board.
One 8:1 analog multiplexer is necessary for each column of the display. CD4051-single 8:1

analog multiplexer IC package is used.

The eight analog voltages are derived from the array of eight 2:1 multiplexers and are
common to all the multiplexers. The select bits for each multiplexer are obtained from the
three-bit set that has been shifted in parallel into the column driver. These bits are available
at the driver outputs and are fed to the select inputs of the mux as indicated in fig.4.4.
Depending on the select inputs one of the eight analog voltages is connected to the respective

column line.

4.5 ROW DRIVER BOARD

Row Driver (SED1190)

The rows are used for scanning display, with one row selected at one time. The row driver

need not handle the high data rates, so they can work at lower frequencies than the
corresponding row column drivers. Hence the complexity of the driver is greatly reduced
.The APT has three voltage levels in the row waveforms taking the DC free operation into
consideration. The internal block diagram of SED1190F shown in the fig 4.5

The four voltage levels are Vpp, V1, V4, Vssu and the logic power supply is +5v (Vpp) and

(Vss). Some of the controls required for the row driver are

Data Inputs (DI)

This serial data input should go high only once at the start of every frame so that it is shifted
in by the shift clock for row driver (YSCL) and thereafter shifted 16 times to sequentially

scan of 16 rows one at a time. The controller generates signal for DI
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0 =~ comM " 3
LAT LCD Driver 2 bils
Level Shifter 32 bits
oi Latch B Shift Register 32 bits
iNH O -
I Valtage Contral ¢
S =
YSCL ¢ .
Lt Shift Register 32 bils »0D0
Level Shifter 32 bits
FR LCD Driver 32 bils |
5
Vss
Voo
V2
V3
WV3sH
32 -=---- coMm =" 63
Fig 4.5

Serial data shift clock (YSCL)
DI is shifted through the driver on the falling edge of this signal. The operation of the YSCL

should be such that a particular row is scanned when the data required for that particular row
is present at the column driver output. Hence the latch pulse (LP) of the column driver and
YSCL should be synchronized. The frequency of this shift clock is the same as that as that of
LP i.e. 1.6khz. The controller generates signal for YSCL.

Frame Signal (FR)
The FR signal is used for DC free operation. The latch outputs set the switch positions in the

analog multiplexers to apply the appropriate voltages to row electrodes simultaneously

during a select interval. Although the driver can support four different voltage levels, only
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Two output levels are available at any time. The FR selects which of the two levels are to be

switched as shown in the TABLE 4.2

INH FR DI Outputs
(active low)
H H H Vssh
H H L Vob
H L H Vi
H L L V4
L X H Vi
L X L V4

Table 4.2

4.6) THE CONTROLLER

The controller has been designed using VHDL and implemented on an EPLD. The various
aspects involved in controller design in VHDL can be summarized as follows-

Decomposing the system into suitable blocks or modules with one or more levels of
hierarchy. )

Developing code for each of these modules.

Code compilation followed by simulation and functional verification of each module.
Integration of lower level modules into higher-level blocks, which are then configured to
yield the system.

At various stages in the design process one may need to back track and iteratively repeat the
design flow process for purposes of debugging, modification and optimization.

The pof file corresponding to the final system after testing may be downloaded onto a

suitable EPLD package for hardware implementation.
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a) Objectives of design

To design a general purpose lcd controller capable of

-generating control signals for line-by line addressing of variable sized matrix displays.
-generating control signals required for AM method of gray shade generation for variable
sized matrix displays.

-generating EPROM addresses for given matrix size.

-providing a flexible phase control options.

b) The platform
The MAX-PLUS design package from ALTERA has been used as the platform for all the

VHDL coding, debugging and simulation involved in the project.

¢) Capabilities of the developed design

Taking into account the above listed objectives the following design has been developed,
successfully tested and implemented on chip. In its final form it requires 96 logic cells and
has been fit on ALTERA’s EPM5128JC-1 chip (appendix). The pin out diagram of the
programmed EPLD is given in fig 4.5.

The functions of the various in/out pins and their respective functions are listed below.

1) MROW (7) to MROW (0)-8 pins
MCOL (7) to MCOL (0)-8 pins

These two 8 bit select inputs lines enable the user to select matrix displays of any size

ranging from a single pixel with a single row and column to matrix displays with a maximum
of 256 rows and 256 columns (256x256).
Any particular size can be selected by applying the binary equivalent of the number of

rows/columns along the respective 8-bit select lines.

2) CLKA
This is the input master clock with respect to which all internal operations are

synchronized.
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3) EPROM (16)-EPROM (0)
These sixteen output lines carry EPROM addresses.

4) STR
The negative edge of this strobe pulse enables both latching and shifting row data and

latching of column data.

5) OPT. MODE

These select inputs specify different modes of operation.

OPT MODE | Size catered Comments

to

Generates addresses for one image of variable size
specified by mrow(7-0) and mcol(7-0).
0 X Variable Provides a pulse after each frame for external address

generating circuitry.

Dedicated 16x 16 operation.
1 0 16 x 16 Allows presetting of address bits eprom(11)-
eprom(8)for scanning of single images with variable

starting addresses.

Dedicated 16x 16 operation.

Allows presetting of address bits eprom(11)-

1 1 16 x16 eprom(8)for scanning of upto 16 different images
successively with starting addresses 0000h.

Table 4.3
6) RINZ
This signal provides the frame marker or frame synchronization pulse .It is fed to the serial

input DI of the row driver chip.
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7) EXR

This signal is used to complement the data bits during alternate frames before shifting into
the column driver

8) ROWINV
This signal is used to polarity inversion in alternate frames

9) RESET
This is an asynchronous system reset pin. It can be configured as power on reset by

connecting it as shown in fig 4.6

Vop TO RESET

GND

Fig. 4.6 Power on reset configuration
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Fig 4.7 Pin out diagram of programmed EPLD
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RESULTS

This chapter discusses the various results obtained during course of the project, conclusions
inferred from them and also various improvements possible.

The electro-optic response of the liquid crystalline material used in the 16 x 16

matrix display namely ZLI2701 has been measured as shown in fig 5.1. The threshold
voltage reading estimated from the electro-optic characteristic has been used for all supply
voltage calculations.

The hardware implementation has been successfully realized to -

Display pictures (patterns) with eight distinct gray shades on a 16x16 matrix display.

The RMS voltage generated across a pixel for each of the eight gray shades has been
measured using a RMS meter for different supply voltages. The readings are tabulated in the
following pages.

A few sample simulation waveforms of the controller are shown in Fig 5.1 and 5.2
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Graph 5.1 electro-optic response of z1i2701 test cell

Applied rms | Measured dc

voltage (v) Voltage (v)
0 5.198
0.0994 5.195
0.3016 5.201
0.7981 5.220
0.9973 5.222
1.3079 5.236
1.5072 5.508
1.7059 5.563
1.8050 5.174
1.8550 4.876
1.9040 4.466
1.9540 4.090
2.0050 3.680
2.055 3.270
2.1040 2.894
2.2070 2.240
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Applied rms | Measured dc

voltage(v) voltage(v)
2.307 1.691
2.406 1.3943
2.506 1.0761
2.608 0.9637
2.709 0.8452
2.807 0.7561
3.01 0.6485
3.194 0.5999
3.49 0.5582
3.988 0.5241
4.983 0.5119
5.97 0.5109
6.964 0.5081
7.953 0.5099
8.947 0.5121
9.946 0.5108
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—a— practical

RMS VOLTAGE
ACROSS PIXEL(volts
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SUPPLY VOLTAGE(volts)

14 15

Graph 5.2

GRAY SHADE 1:

Vsupply(V) Vrms(theoretical)(v) Vrms(practical)(v)
5 0.7656 0.6976
6 0.9186 0.8404
7 1.0762 0.9805
8 1.2247 1.1202
9 1.3778 1.2553
10 1.5309 1.3879
11 1.6840 1.5180
12 1.8371 1.6500
13 1.9902 1.7813
14 2.1433 1.9110
15 2.2961 2.0450
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GRAY SHADE 2

—o—theoretical

—m— practical

RMS YOLTAGE
ACROSS PIXEL(volts
)

5 6 7 8

9 10 11 12

13 14 15

SUPPLY VOLTAGE (volts)

Graph 5.3
GRAY SHADE 2:
Vsum)lv(v) Vrms(theoretical)(v) VMctical)(V)
5 0.8011 0.7271
6 0.9613 0.8747
7 1.1215 1.0195
8 1.2817 1.1623
9 1.4420 1.2993
10 1.6022 1.444
11 1.7623 1.5766
12 1.9226 1.7116
13 2.0828 1.8414
14 2.2430 1.9790
15 2.4032 2.1200
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2.5

1.5

RMS VOLTAGE
ACROSS PIXEL(volts
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GRAY SHADE 3

]

L _e_theoretical

// —a— practical

5 6 7 8

9 10 11 12 13 14 15

SUPPLY VOLTAGE(valts)

GRAY SHADE 3:
Vsupplv(v) Vrrns(theoretical)(v) Vrms(nractical)(v)
5 0.8352 0.7542
6 1.0022 0.9091
7 1.1693 1.0611
8 1.3363 1.2129
9 1.5033 1.3560
10 1.6704 1.5008
11 1.8374 1.6569
12 2.0045 1.7934
13 2.1715 1.9200
14 2.3385 2.0690
15 2.5055 2.2090

Graph 5.4
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GRAY SHADE4
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Graph 5..5
GRAY SHADE 4:
Vsupplv(V) Vrms(theoretical)(v) Vrms(practical)(V)
5 0.8680 0.7860
6 1.0415 0.9466
7 1.2151 1.1037
8 1.3887 1.2602
9 1.5623 1.4045
10 1.7359 1.5596
11 1.9095 1.7080
12 2.0831 1.8446
13 2.2567 1.9960
14 2.4303 2.1410
15 2.6038 2.2910
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Graph 5.6
GRAY SHADE 5:

Vsupnlv(v) Vrms( theoretical)(V) Vrms( practical)(v)
5 0.8990 0.8135
6 1.0794 0.9795
7 1.2593 1.1441
8 1.4392 1.3051
9 1.6192 1.4606
10 1.7991 1.6146
11 1.9789 1.7607
12 2.1588 1.9180
13 2.3387 2.0830
14 2.5187 2.2080
15 2.6985 2.3760
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GRAY SHADE 6
3
w 25 /“
s -
8% o
< 4
B'E | 5 ] —e—theoretical
o —m—practical
2s | g
o
[&]
<05
0
5 6 7 8 9 10 11 12 13 14 15
SUPPLY VOLTAGE (volts)
Graph 5.7
GRAY SHADE 6:

Vsupply(v) Vrms( theoretical)(V) Vrms( practical) (V)
5 0.9300 0.8430
6 1.1160 1.0086
7 1.3020 1.1839
8 1.4881 1.3517
9 1.6740 1.5116
10 1.8601 1.6687
11 2.0461 1.8261
12 2.2321 1.9840
13 2.4180 2.1450
14 2.6041 2.3070
15 2.7901 2.4440
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GRAY SHADE 7

,f —e— Series

1.5 —m— Series?

RMS VOLTAGE
ACROSS PIXEL(volts

5 6 7 8 9 10 11 12 13 14 15
SUPPLY VOLTAGE(volts)

Graph 5.8

GRAY SHADE 7:

Vsuggly(v) Vrms( theoretical)(\D Vrmsg practical )ﬂ \4 2
5 0.9596 0.8686
6 1.1515 1.0462
7 1.3434 1.2211
8 1.5353 1.3950
9 1.7272 1.5594
10 1.9191 1.7242
11 2.1110 1.8840
12 2.3029 2.0440
13 2.4949 2.2070
14 2.6868 2.370
15 2.8787 2.5340
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GRAY SHADE 8

,0/‘,/'

U]

—o—theoretical

—m— practical

RMS VOLTAGE
ACROSS PIXEL(volts

5

6 7

8 9 10 11 12 13 14 15

SUPPLY VOLTAGE (volts)

GRAY SHADE 8:

Graph 5.9

Vsupply(v) \/Lm@eoretical)(v) Vrms(practical)(v)
5 0.9882 0.8900
6 1.1855 1.0722
7 1.3490 1.2514
8 1.5811 1.4281
9 1.7787 1.5969
10 1.9764 1.7643
11 2.1740 1.9290
12 2.3717 2.0910
13 2.5693 2.2570
14 2.7669 2.4260
15 2.9646 2.5770
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CONCLUSION

The circuits have been successfully designed and implemented to display eight levels of gray
shades on al6x 16 displays. A display with greater picture details can be obtained by
increasing the number of gray shades using AM technique. Same circuit with proportionate

change in clock, mémory size, voltage generator etc. can be used for this purpose.

FUTURE SCOPE

Work can be done to increase the number of gray shades for a given number of voltage
levels. Schemes involving non-linear spacing of gray levels can be experimented upon to
increase number of gray shades and improve contrast. The effect of variations in voltage

levels on the accuracy of information displayed can also be studied.
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D SELECTION RATIO MAXIMIZATION

Vo o) \/(Vr +Ve)* +(N —)Ve?
N
Y, strms)= \/(Vr— Ve)? + (N -1)e
N
Von(rms)

Selection ratio = Voff (rms)

R (Vr+Ve)* + (N -DVc* _ |(Vr® +2VrVe+ NVC?)
Vr=Ve)? +(N-1DVe (Vr* =2VrVc+ NVe )

Put a= V%/c

(a®> —=2a+ N)
Differentiating above equation and equating to zero to obtain maxima
(a’-2a+N)(2a+2N)-(a’+2a+N)(2a-2N)=0
(a*-2a+N)(a+2)-(a’+2a+N)(a-2)=0
a(a’-2a +N-a’-2a-N)+ a(az -2a+N+a’+2a+N)=0
a(-4a)+2a°+2N=0
a’=N
a=JN

Substituting for a in expression for SR
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SR= (N+2\/W+N)
(N -2+N +N)

(N +1)
N -1)

SR=

2) AMPLITUDE MODULATION

Expression for rms voltages across pixel over one row select interval

Ve=(k + ~J(1 - k2 )Ve

Ve=(k - ~f(1 — k *)Ve

where 2T=row select time

(Vr =Vey )2 T +(Vr =Ve o )T
Vpixel= T

Vz,,ixe,=o.5{Vr kL= k2 Wer +[Vr - (k-1 - kz)Vc]z}
2V o= {Vrz C(k+N1=k2)Ve? = 2VrVe (k +4J1 - kz)]}+
{Vr2 —(k=1-k>)Ve? - 2VrVe (k-,/l—kz)]}

2V el = {ZVr 2_ Ve (k+N1-k*> +k-1-k’ ]}4_

{ch(zk2 +2 -2k + 2kN1 -k - 2kN1- K }

2V piver=2Vr? — 8kVrVe + 2Vc?
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SED1180

CMOS LCD 64-SEGMENT DRIVER

H DESCRIPTION

The SED1180 is a dot matrix LCD segment (column) driver for driving high-capacity LCD panel at duty cycles
higher than 1/64. The LSI contains 64-bit shift register for display data. The display data is supplied through
4-bit bus, and serially transferred through 16 x 4 bit shift register. The display data is held in a 64-bit latch
circuit. The LS| converts the level of the latched data to an LCD drive waveform.

The SED1180 is used in conjunction with the SED1190 (64-bit row driver) to drive a large-capacity dot matrix

LCD panel.

B FEATURES
¢ Low-power CMOS technology ® Wide range of LCD voltage .......... —14V to -25V
® 64-bit segment (column) driver ® Supply voltage .........ccccevircccrcnnnnns 5.0V £10%
o High-speed 4-bit data ® Package.........coeeeeveieeninniennns QFP1-80 pin (Foa)
® DULY CYCIE oo 1/64 to 1/128 DIE_Q;PE"SO ’F:,'" (SSA)
@ Daisy chain enable support + Al pad chip (Doa)

B SYSTEM BLOCK DIAGRAM

DO~ D3
XSCL
LCD LP, FR
CONTR
YSCL
YD
YvYy YVYYy YyYY Yy Y Vv Y
SED1180 » SED1180 » SED1180 » SED1180
Yy
:'|> 256 SEG x 64 COM
SED11%0 184 DUTY: 1/64
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SED1180
o

Number Name Number Name Number Name Number Name
1 SEG27 21 SEG7 41 SEG36 61 SEG56
2 SEG26 22 SEG 6 42 SEG37 62 SEG57
3 SEG25 23 SEG 5 43 SEG38 63 SEG58
4 SEG24 24 SEG 4 44 SEG39 64 SEG59
5 SEG23 25 SEG 3 45 SEG40 65 SEG60
6 SEG22 26 SEG 2 46 SEG41 66 SEG61
7 SEG21 27 SEG 1 47 SEG42 67 SEG62
8 SEG20 28 SEG 0 48 SEG43 68 SEG63
9 SEG19 29 EO 49 SEG44 69 VSSH
10 SEG18 30 D3 50 SEG45 70 V2
1 SEG17 31 D2 51 SEG46 71 V3
12 SEG16 32 D1 52 SEG47 72 Vss
13 SEG15 33 DO 53 SEG48 73 Vob
14 SEG14 34 XSCL 54 SEG49 74 TEST
15 SEG13 35 LP 55 SEG50 75 El
16 SEG12 36 FR 56 SEG51 76 ECL
17 SEG11 37 SEG32 57 SEG52 77 SEG31
18 SEG10 38 SEG33 58 SEG53 78 SEG30
19 SEG 9 39 SEG34 59 SEG54 79 SEG29

20 SEG 8 40 SEG35 60 SEG55 80 SEG28

M PIN DESCRIPTION

Pin Name Ffmction

SEGO to SEGB3 Outputs to segment pins of LCD. Output level changes at each latch pulse
LP falling edge.

XSCL Data shift clock input: display data is shifted in on the falling edge of this signal.

LP Latch pulse for displayed data, falling edge trigger: display data is latched on the
falling edge of this signal.

FR LCD AC-drive signal

El Active high daisy chain enable input

EQ Active high daisy chain enable output

ECL Daisy chain enable clock: the daisy chain enable is propagated on the falling
edge of this clock.

DO to D3 4-bit display data input

TEST Test output

VoD, Vss Logic power inputs

V2, V3, VSsH LCD drive power inputs
VssH: —14V to —23V
Vbp 2V2 2 V32 VssH
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B ELECTRICAL CHARACTERISTICS
@ DC Electrical Characteristics

SED1180

(Voo =0V, Vss =-5.0 V + 10%, Ta = -20 to 756°C)

pins are open.

N Rating .
Parameters Symbol Condition - Unit
Min Typ Max
Supply voltage (1) Vss -55 -5.0 —45 \'
V2 VssH — VoD Vv
V3 VssH — VoD \
Supply voltage (2)
v Recommended VssH -25.0 — -14.0 \'
SSH
Operable VssH (see note) -25.0 — -5.0 \"
HIGH-level input voltage ViH 0.2vss| — |Voo-03] V
LOW:-level input voltage ViL Vss-0.3] — |0.8vss| V
HIGH-level output voltage | Vor loH = -0.6 ma -04 — — \%
LOW-level output voltage VoL loL=0.6 ma — — |Vss+04] V
Input leakage current N} 0V<VISVss — 0.05 2.0 pA
Output leakage current Lo 0V<Vo<Vss — 0.05 5.0 pA
Shift clock XSCL — — 6.0 MHz
Frame signal FR — 1/60 — S
Input capacitance Ci Ta=25°C — 5.0 8.0 pF
v v 05V VssH=-200V| — 1.9 29
Segment output on RsEG Vg:j =— VS:H—= _,_6.5 y|VssH=-14.0V| — 24 3.9 Q
resistance SEG bit VssH=-90V | — 36 | 70
VssH=-5.0V — 11.5 | 500.0
Quiescent current la VssH=-25V,VssH=-55V, Vi=Vop — 0.05 30 pA
Vss=-50V,
VIH = VDD,
VIL = Vss,
LP cycle=130 uS,
Operating current for the FR cycle = 16.7 ms XSCL=1.5 MHz,
logic Isso Y (duty 50%) — 90 200 HA
ECLoycle=13uS | All data input
reversed bit by
bit. All output
pins are open.
Vss=—-45V,
V2=-40V,
Vi=-16.0V,
VssH=-20.0V,
Operating current for the _ | ViH = VoD,
LCD lssno | ER eS0TI [Vi=ves, — | 40 | 80 | paA
XSCL=1.5 MHz,
(duty 50%),
all data input
reversed bit by
bit. All output

(continued)
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o e

® AC ELECTRICAL CHARACTERISTICS
® Data /O Timing

1 line period
" — 3 ed-rle >+61mlw620 ’>|<<- >e2+]
1 a2 >l 3o dofe - 1ol G2rle63r]ebarlet le2
S I I N I OO ) N ) O D
Enlar;;ed\\\\\“\
FR X
LP [
El X valid X X valid X X Valid X
ec. [ { [y It
XscL ﬂ_mmm .......... Jrfefy
i 1 2— n—w
potons 16 X 1 X2 X3 | X15X16 X1 X2 16 X1 X
g0 X )( X
\\¢ .
FR RS
<—ty pH —>|+— tfR —

LP /

fips [ t‘i’ﬂ t: twip
ety tH —»

=
El >@Ti Valid ><
e—1teps e—tepH—1

tr —»| |e—twEcH»| [e—t-
B
ECL N fwect
tebrR

tecs tee
—
XSCL f j/
T~ |

le—tweLH—e|  [*—tweLL

(¢— tps —»| |e—— toH
-
DO to D3 X Valid >< valid ><
L
‘4—
Vi
EO M jl}<

431



SED1180

B TYPICAL SYSTEM CONNECTION
(64 x 640 pixels, 1/64 duty ratio)

2
LP ————|ygpp SEO110 0
YSCL—————1|AT N LCD PANEL
YO —— (DN T COM o
YDIS —————»|iNH< : 64 x 640 Full Dot Graphic Display
z¢ l
Vss Y 63
—%_‘ y 0----- 63 64 -~ 127 128--- 191----- 576 - -~ - 639
[} K
®
Voo < ‘SEG 7 [sec SEG SEG
;R;z < 63 —[o 631--0 637-r0 63--10
V1 i 5 '
1 @ SED1180 SED1180 SED1180 SED1180
Re#C 1 2 3 10
V2 + 4 ™ El  EO[™El EO[*™E& EO[—"""—- ~—*El EO
cl*
B i;sR FR LP FRLP FR LP FRLP
v3 Y
+ J% Voo, Vss RN N N I I
ZC TR Vo Vs | g 1 4
V4 - 2
+ L 8
l ¢ ])R 2 1000 !
VssH Wt e L
FRR————————————————— ¢ %%
p e ————— -
ECLXSCQL———Mm -~
. 2 2 2 ) 2
DO to D3 " 7 o "
Notes:

1. Current limiting resistors

2. Bypass Vss and Vssi with capacitors of at least 0.01 pF
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CMOS LCD 64-COMMON DRIVERS

B DESCRIPTION

The SED1190 is a dot matrix LCD common (row) driver for driving high-capacity LCD panel at duty cycles
higher than 1/64. The LS uses two serially connected, 32-bit shift registers to hold the display data, and level
shifter converts the TTL level 64-bit parallel data from the shift registers to levels suitable for use by the LCD
drive circuitry. The SED1190 generates common drive signals using the voltages supplied to LCD drive
voltages pins.

The SED1180 is used in conjunction with the SED1180 (64-bit row driver) to drive a large capacity dot matrix
LCD panel.

B FEATURES
® Low-power CMOS technology ® Wide range of LCD voltage: —14V to —25V
® 64-bit common (row) driver o Supply voltage: 5.0V £10%
@ Display blanking ® Package:......c.ccceveuvereneennnnens QFP1-80 pin (FoA)
® Duty cycle: 1/64 to 1/128 QFP5-80 pin (F5a)

® Daisy chain enable support DIE: Al pad chip (Dox)

B SYSTEM BLOCK DIAGRAM

DO~ D3
XSCL
LCD LP, FR
CONTR
YSCL
YD
Yy vy Y Yy ¥ Y Yy v vy \ 4 ¥ ¥
SED1180 SED1180 » SED1180 »{ SED1180F
Yyy
:]’> 256SEG x 64 COM
SED1190 | 64 DUTY: 1/64
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SED1190

Number Name Number Name Number Name Number Name
1 COM31 21 COM11 41 COM40 61 COM860
2 COM30 22 COM10 42 COM41 62 COM®61
3 COM29 23 COM 9 43 COM42 63 COM62
4 CcOoM28 24 coMs 44 COM43 64 COM63
5 COM27 25 COM7 45 COM44 65 DO
6 COM26 26 COM 6 46 COM45 66 VSsH
7 COM25 27 COMS5 47 COM46 67 V4
8 COM24 28 COM 4 48 COM47 68 NC
9 COM23 29 COM 3 49 COM48 69 NC
10 COM22 30 COM 2 50 COM49 70 NC
11 COM21 31 COM1 51 COMS50 71 NC
12 COM20 32 COMO 52 COM51 72 \'Al
13 COM19 33 COM32 53 COM52 73 Vss
14 CcOM18 34 COM33 54 COMS53 74 Vob
15 COM17 35 COM34 55 COM54 75 NC
16 COM186 36 COM35 56 COM55 76 DI
17 COM15 37 COM36 57 COM56 77 LAT
18 COM14 38 COM37 58 COM57 78 iNH
19 COM13 39 com3s 59 COMS58 79 FR
20 COM12 40 COM39 60 COM59 80 YSCL
NC = Not connected
H PIN DESCRIPTION
Pin Name Function
COMO to COM63 LCD common drive outputs
Di Serial data input
Transparent latch control input:
LAT DI DI latch output
LAT H H H
L L
L X Dl latch
DO Serial data output
Serial data shift clock. Data is shifted through the controller on the falling
vscl edge of this clock
FR LCD AC-drive signal input
INH Active-low blanking input
VDD, Vss Logic power supply inputs
V1, V4, VssH LCD drive power inputs
VoD 2 V12>V4 > VssH
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SED1190

® DC Characteristics
(VoD =0V, Vss = -5.0 V £10%, Ta = —20 to 75°C)

Parameter Symbol Conditions Rating Unit
Min Typ Max
Supply voltage (1) Vss -55 | -5.0 | 4.5 \'J
\A VssH — VoD Vv
V4 VssH — VoD \'
Supply voltage (2) Recommended VSsH 250 | — | -140) V
VssH Operable VssH (see note) -25.0 — -5.0 \4
High level input voltage ViH 0.2Vss| — |Voor0.y V
Low level input voltage ViL vVss—0.3] — |0.8Vss \'
High level output voltage VOH | loH =-0.6 mA —0.4 — — Vv
Low level output voltage VoL |loL=0.6 mA — — |Vvss+04] V
Input leakage current [N} 0V2Vi2Vss — 0.05 2.0 pA
Output leakage current o [0V2>VozVss — 0.05 5.0 pA
Shift clock YSCL — — 2.5 MHz
Frame signal FR — 1/60 — S
Input capacitance Ci Ta=25°C — 5.0 8.0 pF
VoH = VoD —0.5 V VssH=-200V]| — 0.8 1.0
Common output on RCoM |yoL = Vesn +0.5V | VSSH=-140V] — 0.9 1.3
resistance COM bit VssH=-9.0V | — 13 | 20 |
VssH = 5.0V — 3.0 30.0
; SED | VssH=-25V,VssH=-65V,| __
Quiescent current la 1190 | Vi= Voo 0.05 30 MA
Vss=-50V,
VIH = VDD,
VIL = Vss,
YSCL cycle =
Operating current for lss |FRcycle=16.7 ms| 130 us — 3.0 8.0 uA
the logic (duty 50%), All
“H” output
terminals are
opened at every
data input all
1/128 duty.
Vss=—45V,
Vi=-20V,
Va=-18.0V,
YSCL cycle =
Operating currentfor LCD | IssH | FR cycle = 16.7 ms | 130 us — 3.0 8.0 pA
(duty 50%), All
“H” output
terminals are
opened at every
data input of
1/128 duty.
Pull up MOS current dp | VSS=50V. V=50V 100 | 250 | 500 | pA

Applicable to LAT input terminals

Note: Errorfree operation is guaranteed in this range but the output resistance of the LCD drivers is higher than in the recommended
operating range. It is suggested that the driver is tested with the target LCD panel to determine if performance is acceptable.
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® Common Drive

SED1190

YSCL ——\

L(Vu.

VIH
FR Vi
4= tFRCD
le——tcLCD —»
K o5v VooV
COM out ><(Vn +0.5V
V1, V4, VssH
tiHcD —»
INH
VIH=0.2xVss
VIL=0.8xVss
VoD = 0V, Vss = -5.0V  10%, Ta = -20 to 75°C
Parameter Symbol Conditions Min Typ Max Unit
YSCL — COM output delay time tcLcD VssH = —14.0 to — — 3.0 us
RF — COM output delay time tFRCD -25.0V — — 3.0 us
INH — COM output delay time tiHCD CL = 100pF — — 3.0 us
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“.’? Texas
INSTRUMENTS

CD4051B, CD4052B, CD4053B

Data sheet acquired from Harris Semiconductor ust 1 B . arch 2000
SCHS047D August 1998 - Revised M

CMOS Analog Multiplexers/Demultiplexers
with Logic Level Conversion

The CD4051B, CD4052B, and CD4053B analog multiplexers
are digitally-controlled analog switches having low ON
impedance and very low OFF leakage current. Control of
analog signals up to 20Vp_p can be achieved by digital
signal amplitudes of 4.5V to 20V (if Vpp-Vgg = 3V, a
Vpp-Veg of up to 13V can be controlled; for Vpp-VEEg level
differences above 13V, a Vpp-Vgg of at least 4.5V is
required). For example, if Vpp = +4.5V, Vgg = 0V, and
VEg = -13.5V, analog signals from -13.5V to +4.5V can be
controlled by digital inputs of OV to 5V. These multiplexer
circuits dissipate extremely low quiescent power over the
full Vpp-Vgs and Vpp-Vgg supply-voltage ranges,
independent of the logic state of the control signals. When
a logic “1” is present at the inhibit input terminal, all
channels are off.

The CD4051B is a single 8-Channe! multiplexer having three
binary control inputs, A, B, and C, and an inhibit input. The
three binary signals select 1 of 8 channels to be turned on,
and connect one of the 8 inputs to the output.

The CD4052B is a differential 4-Channel multiplexer having
two binary control inputs, A and B, and an inhibit input. The
two binary input signals select 1 of 4 pairs of channels to be
turned on and connect the analog inputs to the outputs.

The CD4053B is a triple 2-Channel multiplexer having three
separate digital control inputs, A, B, and C, and an inhibit
input. Each control input selects one of a pair of channels
which are connected in a single-pole, double-throw
configuration.

When these devices are used as demultiplexers, the
“CHANNEL IN/OUT” terminals are the outputs and the
“COMMON OUT/IN” terminals are the inputs.

Ordering Information

Features

» Wide Range of Digital and Analog Signal Levels
- Digital ......... ... 3Vio 20V
-Analog. ... <20Vp_p

+ Low ON Resistance, 125 (Typ) Over 15Vp_p Signal Input
Range for Vpp-Vgg = 18V

+ High OFF Resistance, Channel Leakage of +100pA (Typ)
at Vpp-Vgg = 18V

Logic-Level Conversion for Digital Addressing Signals of
3V to 20V (Vpp-Vss = 3V to 20V) to Switch Analog
Signals to 20Vp_p (Vpp-VEg = 20V)

+ Matched Switch Characteristics, ron = 5 (Typ) for
Vop-VEg = 15V

+ Very Low Quiescent Power Dissipation Under All Digital-
Control Input and Supply Conditions, 0.2uW (Typ) at
Vpp-Vss = Vpp-VeE = 10V

+ Binary Address Decoding on Chip
» 5V, 10V and 15V Parametric Ratings
* 10% Tested for Quiescent Current at 20V

« Maximum Input Current of 1pA at 18V Over Full Package
Temperature Range, 100nA at 18V and 25°C

+ Break-Before-Make Switching Eliminates Channel
Overlap

Applications

* Analog and Digital Multiplexing and Demuitiplexing

» A/D and D/A Conversion

+ Signal Gating

TEMP.RANGE

PART NUMBER (°c) PACKAGE
CD4051BF, CD4052BF, -551t0 125 16 Ld CERAMIC
CD4053BF DIP
CD4051BE, CD4052BE, -55 to 125 16 Ld PDIP
CD4053BE
CD4051BM, CD4051BNS -651t0 125 16 Ld SOIC
CD4051BPW, CD4052BPW, -55t0 125 16 Ld TSSOP
CD4053BPW

1 CAUTION: These devices are sensitive to electrostatic discharge; follow proper IC Handling Procedures.

Copyright © 2000, Texas Instruments Incorporated



CD4051B, CD4052B, CD4053B

Functional Block Diagrams (Continued)
CD4052B

X CHANNELS IN/OUT
32 1 0!

OO @

Vop

| i |

COMMON X
OUT/IN

At . [ BINARY

LOGIC TO E_ @
Bt LEVEL — 10F 4 COMMON Y
DECODER OUT/N
CONVERSION WITH
N+ (O)— —  INHIBIT D—
T6 ]
OO
W9 1 2 3,
(®v. Vee
ss Y CHANNELS INJOUT
CD4053B
BINARY TO
10F2 INJOU
LoGIC DECODERS T
LEVEL @ Voo WITH ( Y
CONVERSION INHIBIT cy o¢cx by bx ay ax
\ | |/ ©®000a® comon
OUT/IN

ax OR ay

AT@—

COMMON

[ OUT/IN
] ] bx OR by
8 + (19—
COMMON
W OUTI/IN
TG cx OR ¢y
ct (:)—— ] ]
TG
INH @-——

0 vss VEE “

TAllinputs are protected by standard CMOS protection network.
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CD4051B, CD4052B, CD4053B

Absolute Maximum Ratings Thermal Information
Supply Voltage (V+ to V-) Thermal Resistance (Typical, Note 1) 83a (CCW) 8¢ (°CW)
Voltages Referenced to Vgg Terminal . .......... -0.5V to 20v EPackage ...................... 67 N/A
DC Input VoltageRange .................. -0.5V to Vpp +0.5V FPackage ...................... 115 45
DC Input Current, AnyOne fnput. . .................... +10mA DPackage ...................... 73 N/A
NSPackage..................... 64 N/A
Operating Conditions " PYV Pacj(agcet: . T ...... t. . (C e .P « 10)8 N-{’;SOC
aximum Junction Temperature (Ceramic Package) . ........
Temperature Range......................... -55°C to 125°C Maximum Junction Ter:perature (Plastic Pack:ge) ........ 150°C
Maximum Storage Temperature Range.......... -65°C to 150°C
Maximum Lead Temperature (Soldering10s) ............. 265°C

(SOIC - Lead Tips Only)

CAUTION: Stresses above those listed in “Absolute Maximum Ratings” may cause permanent damage to the device. This is a stress only rating and operation of the
device at these or any other conditions above those indicated in the operational sections of this specification is not implied.

NOTE:
1. The package thermal impedance is calculated in accordance with JESD51.

Electrical Specifications Common Conditions Here: If Whole Table is For the Full Temp. Range, Vsuppry = 15V, Ay = +1,
Ry = 100Q, Unless Otherwise Specified (Note 3)

CONDITIONS LIMITS AT INDICATED TEMPERATURES (°C)
25
PARAMETER Vis(V) | VEe(V)|Vss(V)|Vpp (V)| -55 -40 85 125 MIN l TYP | MAX UNITS
SIGNAL INPUTS (Vig) AND OUTPUTS (Vgs)
Quiescent Device _ - - - 5 5 5 150 150 - 0.04 5 HA
Current, ipp Max ; ; R 10 10 | 10 | 300 | 300 | - 0.04 10 WA
- - - 15 20 20 600 600 - 0.04 20 pA
- - - 20 100 100 | 3000 | 3000 - 0.08 100 nA
Drain to Source ON - 0 0 5 800 850 | 1200 | 1300 - 470 1050 Q
Resistance ron Max
0<Vis <Vpp - 0 0 10 310 330 520 550 - 180 400 Q
- 0 0 15 200 210 300 320 - 125 240 Q
Change in ON - 0 0 5 - - - - - 15 - Q
Resistance (Between
Any Two Channels), B 0 0 10 B B N B B 10 B Q
AroN - 0 0 15 - - - - - 5 - Q
OFF Channel Leakage - 0 0 18 +100 (Note 2) | +1000 (Note 2) - +0.01 +100 nA
Current: Any Channel (Note 2)
OFF (Max) or ALL
Channels OFF (Common
OUT/IN) (Max)
Capacitance: - -5 5- 5
Input, Cig - - - - - 5 - pF
Output, Cog
CD4051 - - - - - 30 . pF
CD4052 - - - - - 18 - pF
CD4053 - . - - - 9 . pF
Feedthrough
Cios - - - - . 0.2 - pF
Propagation Delay Time Vbbb Ry =200kQ, 5 - - - - - 30 60 ns
(Signal Input to Output Cy = 50pF,
JL ty. tr=20ns 10 - - - - - 15 30 ns
15 - - - - - 10 20 ns




CD4051B, CD4052B, CD4053B

Electrical Specifications

TEST CONDITIONS LIMITS
PARAMETER Vis(V}) | Vpbp(V) | RL (kQ) TYP UNITS
Total Harmonic Distortion, THD | 2 (Note 3) 5 10 0.3 %
3 (Note 3) 10 0.2 %
5 (Note 3) 15 0.12 %
VEE = Vgs, fig = 1kHz Sine Wave %
-40dB Feedthrough Frequency | 5 (Note 3) l 10 I 1 Vos at Common OUT/IN CD4053 8 MHz
All Channels OFF
( ) VEE = Vgs, CD4052 10 MHz
20Log\\//os= —40dB CD4051 12 MHz
1S Vos at Any Channel 8 MHz
-40dB Signal Crosstalk 5 (Note 3) I 10 l 1 Between Any 2 Channels 3 MHz
Frequenc
9 y VEE = Vss. Between Sections, Measured on Common 6 MHz
4052 Onl
20'_09\/03= _40dB CD4052 Only Measured on Any Chan- 10 MHz
Vis nel
Between Any Two In Pin 2, Out Pin 14 25 MHz
tions, CD40: -
g?\fylons CD4058 In Pin 15, Out Pin 14 6 MHz
Address-or-Inhibit-to-Signal - 10 10 65 mVpEAK
Crosstalk (Note 4)
VEe=0,Vsg=0,t;, ty=20ns, Vo 65 mVpEaAK
=Vpp - Vss (Square Wave)
NOTES:
3. Peak-to-Peak voltage symmetrical about ~ Vpp—Veg
2
4. Both ends of channel.
Typical Performance Curves
600 . Y 300 T T
3 Vpp - VEE = 5V _ Vpp - VEg = 10V
S S
w 500 A o 250
Q TN o
E ™ — Zz
© 400 / AN 2 200 st Ta = 125°C |
2 4 (] N
A/INU N\ pa
Z 30 / \ Ta=125°C | z 150 N ~
3 \ N Il 1 P N Ta=25°C
z N [\ Ta=25%C o |
Y. 4
g %0 > Pl g 10 N 1, =.85%C
5 ™ Tp =-55°C 5 A
f; 100 5 50
0 0
4 3 2 A ] 1 2 3 4 5 A0 75 5 25 0 25 5 75 10
Vis, INPUT SIGNAL VOLTAGE (V) Vis, INPUT SIGNAL VOLTAGE (V)
FIGURE 1. CHANNEL ON RESISTANCE vs INPUT SIGNAL FIGURE 2. CHANNEL ON RESISTANCE vs INPUT SIGNAL
VOLTAGE (ALL TYPES) VOLTAGE (ALL TYPES)




CD4051B, CD4052B, CD4053B

Test Circuits and Waveforms

Vpp = 15V Vpp = 7.5V Vpp =5V Vpp =5V
) f f f
[\ ] 7.5V [\ | _l v [\ | _I v _\j——J
16 16 i 16 16
| e -
Vgg =0V Vgg =0V
Vgs = OV

VEg =0V

7 o— 7 ° 7 ° 7

8 VEg=-75V L3 VEE=-10V L g Vg =-5V L—]g
Vgg =0V

(A) (B) ©) (D)

NOTE: The ADDRESS (digital-control inputs) and INHIBIT logic levels
are: “0" = Vgg and “1” = Vpp. The analog signal (through the TG) may
swing from Vgg to Vpp.

FIGURE 9. TYPICAL BIAS VOLTAGES

=20ns - = 20ns — tf= 20ns
90%*‘5
50%
9 10%
\=1o % 0
<=—— TURN-ON TIME
10% Y 10% J 10%
|[—=[~TURN-OFF TIME —»|  |=—TURN-ON
TURN-OFF TIME 4 TIME
PHZ
FIGURE 10. WAVEFORMS, CHANNEL BEING TURNED ON FIGURE 11. WAVEFORMS, CHANNEL BEING TURNED OFF
(RL = 1kQ) (R = 1kQ)
Vbp Vbp Vbp

N 1 1 16 1 :Gé i

2 2 15 2 5
3 3 14 3 14
5 = 5 12 -~ 5 12 —
6 11 6 11 6 11
7 10 7 10 +—l7 10

_F W i 93_ J gy —

= CD4051 == — = = CD4053

CD4052 = = =

FIGURE 12. OFF CHANNEL LEAKAGE CURRENT - ANY CHANNEL OFF




CD4051B, CD4052B, CD4053B

Test Circuits and Waveforms (Continued)

v,
Vop DD
T 76 2 15
2 15 3 14
3 14 4 13
4 13 5 12
5 12 —6 11
6 1" 7 10 o
— 7 10 | —¢
=i 8 9 '\T
CD4051 9 CD4052
CD4053 L

FIGURE 17. QUIESCENT DEVICE CURRENT

Voo

ol

Voo

Vss

O NN A WN =
-
~n

T

Vss CD4051 |—>
CD4053 NOTE: Measure inputs sequentially,
to both Vpp and Vgg connect all

unused inputs to either Vpp or Vgg.

Vop KEITHLEY
160 DIGITAL
l MULTIMETER
- TG |, s
10kQ e A *a ~
RANGE | .
Vss X-Y
PLOTTER
H.P. X
MOSELEY
T030A

FIGURE 18. CHANNEL ON RESISTANCE MEASUREMENT

CIRCUIT
Vop
1 16 —T
2 15
3 14
4 13
5 12
v,
6 1 oo
7 10 —» 4-—@—0\0
8 9>
Vss
Vss CD4052

r NOTE: Measure inputs sequentially,

to both Vpp and Vgg connect all
unused inputs to either Vpp or Vgs.

FIGURE 19. INPUT CURRENT

RF
CHANNEL

Vbp

4
7
hi

FIGURE 20. FEEDTHROUGH (ALL TYPES)

5Vp.
N CHANNEL IN X
— onoroFF

VPP TCHANNEL

CHANNEL
ON w OFF RF
COMMON Ry w
~
RL

CHANNEL RF CHANNEL
OFF VM ON =
Ry R

FIGURE 21. CROSSTALK BETWEEN ANY TWO CHANNELS

(ALL TYPES)
CHANNEL INY RF
ON OR OFF VM
RL RL

FIGURE 22. CROSSTALK BETWEEN DUALS OR TRIPLETS (CD4052B, CD4053B)
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INSTRUMENTS

Data sheet acquired from Harris Semiconductor
SCHS044

CMOS Low-Power
Monostable/Astable
Multivibrator

High Voitage Types (20-Volt Rating)

8 CD4047B consists of a gatable
astable multivibrator with logic techni-
ques incorporated to permit positive or
negative edge-triggered monostable
multivibrator action with retriggering and
extarnal counting options.

Inputs include + TRIGGER, —TRIGGER,
ASTABLE, , RETRIGGER, and
EXTERNAL RESET. Buffered outputs are
A4, Q, and OSCILLATOR. in all modes of
operation, and externai capacitor must be
connected between C-Timing and RC-
Common terminals, and an external
resistor must be connected between the
R-Timing and RC-Common terminals.

Astable operation Is enabled by a high
level on the ASTABLE input or a low level
on the ASTABLE input, or both. Theg
period of the square wave at the Q and Q
Outputs in this mode of operation is a
function of the external components
employed. “True" input pulses on the
ASTABLE ln%ut or “Complement’’ pulses
on the ASTABLE input allow the circuit to
be used as a gatable muitivibrator. The
OSCILLATOR output period will be half of
the Q terminal output in the astable
mode. However, a 50% duty cycle is not
guaranteed at this output.

The CD4047B triggers in the monostable
mode when a positive-going edge occurs on
the + TRIGGER-input whilethe -TRIGGER is
held low. Input pulses may be of any duration
relative to the output pulse.

it retrigger capability is desired, the
RETRIGGER input is pulsed. The retrig-
gerable mode of operation is limited to
positive-going edge. The CD4047B will
retrigger as long as the RETRIGGER-input
is high, with or without transitions (See
Fig. 34).

An external countdown option can be im-
plemented by coupling “Q" to an external
N counter and resetting the counter
with the trigger puise. The counter output
pulse is fed back to the input
and has a duration equal to N times the
period of the multivibrator.

A high level on the EXTERNAL RESET in-
put assures no output puise during an
“ON" power condition. This input can
also be activated to terminate the output
pulse at any time, For monostable opera-
tion, whenever VDDIS applied, an internal
power-on reset circuit will clock the Qout-
put low within one output period (tyy).

The CD4047B-Series types are supplied in
14-tead hermetic dual-in-line ceramic pack-
ages (D and F suffixes), 14-lead dual-in-line
plastic packages (E suffix), and in chip form
(H suffix).

CD4047B Types

Features:

& [Low power consumption: special CMOS
oscillator conliguration

® Monostable (one-shot) or astable (free-running)
operation

u True and complemented buffered outputs

® Only one external R and C required

m Buftered inputs

wm 700% tested for quiescent current at 20 V

8 Standardized, symmetrical output ’
characteristics

® 5-V, 10-V, and 15-V parametric ratings

® Meets all requirements of JEDEC
Tentative Standard No. 138,
“Standard Specifications for
Description of '8’
Series CMOS. Devices””

TOP VIEW

92CS 2143 IR

Terminal Diagram

Monostable Muitivibrator Features:

W Positive- or negative-edge trigger

® Output pulse width independent of
trigger pulse duration

B Retriggerable option for pulse width
expansion

w Internal power-on reset circuit

® Long pulse widths possible using small
RC components by means of exter-
nal counter provision

W Fast recovery time essentially indepen-
dent of pulse width

® Pulse-width accuracy maintained at
duty cycles approaching 100%

® Oscillator output available
B Good astable frequency stability:
Frequency deviation:
= *2% + 0.03%/*C @ 100 kHz
= 205% +0.015%/°C @ 10 kHz
(circuits “trimmed" to frequency
Vpp = 10V £ 10%)

Applications:

Digital equipment where low-power
dissipation andfor high noise immunity
are primary design requirements:

® Envelope detection

@ Frequency multiplication

@ Frequency division

B Frequency discriminators

® Timing circuits

8 Time-delay applications

Astable Multivibrator Features:

8 Freerunning or gatable operating
modes
u 50% duty cycle

';«‘;- RN . Lo X8 Yo

RECOMMENDED OPERATING CONDITIONS -

For maximum reliability, nominal operating conditions should be solecnd so
that operation is always within the. Iollowlng ranges. - .

R « . . '.. I N

CHARACTERISTIC wiN, | MAK] IS

Supply-Voitage Range (For T, Ta = mgckage-‘rmpeufura ] s
Range) .31 18 -V

NOTE: IF AT 15 V OPERATION A 10 M@ RESISTOR 18 USED THE OPERATING.
TEMPERATURE SHOULD BE BETWEEN -25'C and 100°C -

MAXIMUM RATINGS, Absolute-Maximum 'V&luoc:

DC SUPPLY-VOLTAGE RANGE, {(Vpp)
Voltages referencad to Vgg Terminal) .......
INPUT VOLTAGE RANGE, ALLINPUTS i ..., ivveeenniannnnnncs

DC INPUT CURRENT, ANY ONEINPUT ......... U tIOUI\A
POWER DISSIPATION PER PACKAGE (Pny A R .

ForTa=~559Cto+100%C ............., EECIETED et eraneenieeaiersaraaes Lieeeent ‘500mW

ForTa = +100°C 10 +125°C., . ....... O R AN reree Bcr.lol.lmarnyanzmwMW
DEVICE DISSIPATION PER OUTPUT TRAmTOR N

FOR T = FULL PACKAGE-TEMPERATURE RANGE {AllPackage Types) ............. Geeeennes 100mW
OPERATING-TEMPERATURE RANGE (Ta) e -55°p o +1289C
STORAGE TEMPERATURE RANGE (Tgtg) - -+ o oo voieiniiieiian i renriincecnietnenns -85°C 10 +150°C
LEAD TEMPERATURE (DURING SOLDERING):

At distance 1/16 = 1/32inch (1.59 £ 0.79mm)from casafor 108 max ..........ccoovviiiviaennas +265°C
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CD4047B Types

R2 Rb . - ) : DRA-T0-SOURCE VOLTAGE (Vpgl—V

-] =0 =5 1]
ARRIENT TEWPERATORE (Tals 23 sc IO
> GATE-TO-SOURCE VOLTAGE (vgg)=-3' ,;,1
R - I
: 5227 22 pl
{ sa
cL o 8
‘ seng §
g = P "%
at T 2
; i
R1 R2 i 1258
FFI, FF3 ] @ : §
B s
cL _ 5
(o) cl_ S G H
E
&L s * .
{ : 3 )
' o Fig. 6—Typical output high (source) current
p—l characteristics.
% [ oL '
& % * DRAIN-TO-SOURCE VOLTAGE (Vpgi—V
FF2,FF4 =18 . ] =8 9
. o T T T
o | ] ' HEHHHHH TR
¥ R R ¥ GATE-T0- SOURCE VOLTABE (igg)» -5 ViR ELI] ‘li
a a H 3
b Hh
( ) 920M - 29040 "“’!’5

Fig. 3—Detail logic diagram for flip-fiops FF1 and FF3 (a) and for tip-flops FF2 and FF4 (b). b

b

CUTPUT HIGH (SOURCE) CURRENT

] WT T (TawaseC] 7 ] R =25°C
H AL
] T -
2 B L
s TE-TO-SOURCE VOLTAGE (Vgg)-I3 3
z H H e \TE - TO-SOUACE VOLTAGE fvgs1eia v 1111]
H rws z 2 1
§ ¥ . - 92032032003
s g § H Fig. 7—Minimum output high (source) current
z iaa: H B characteristics.
e HEH oy z . H 10V :
; :
S 9 s AMIIENT TEMPERATURE (T,):25°C 1) 'J
2 - Hd iaesissansaonss "]
§ £ oof e
FHH 3 b e
o [« [ [¢ = 5 <) 5
DRAIN-TO-SOURCE VOLTAGE (Vp§}—V ]CS- 24380y DRAN-TO~SOURCE VOLTAGE (Vpg}—V 928 24nem
Fig. 4—Typical output low (sink) current Fig. 5—Minimum output low (sink) current saa3
characteristics. characteristics. T FHHH
STATIC ELECTRICAL CHARACTERISTICS i SAILRsE
CHARAC- CONDITIONS LIMITS AT INDICATED TEMPERATURES (9C) i
TERIS- : i il
TICS Vo| Vvin |VoD +25 UNITS 29 oab carsermance (cL1—or e sev
- - 3 . . Fig. 8—Typicai propagation delay time as &
V) (V) V) 55 40 | +85 | +125| Min. | Typ. | Max g tunction of load capacitance (Astable,
Quiescent | — 0,5 5 1 1 30 30 — |o002] 1 Astable fo Q, T).
Device Cur- | — 0,10 { 10 2 2 80 60 — 1 0.02 2 WA
rent, Ipp — 0,15 | 15 4 4 120 | 120 — |0.02 4 s |wment (Tatez8c
Max. — 0,20 | 20 20 20 600 | 600 — (004 | 20 1
Output Low | 0.4 0,5 5 0.64 | 0.61 | 0.42 | 0.36 | 0.51 1 — ‘5 it
(Sink) 05| 010 ] 10| 168 |15 [ 11 ] 09 |13 | 26 | — H T Cocraee Mook
Current {4 5| 015 | 15 | 42 | 4 |28 | 24 |34 |68 | — Y
loL Min. mA 2 :
Output High | 4.6 0,5 5 -0.64} -0.61] -0.42} -0.38] -0.51] -1 | — 8 LY
(Source) 25 0,5 5 | -2 |-181-13}-115{-16]|-32] — § FAEH
Current, [ 951 010 [ 10 | —16 | -15] -1.1] -09| -1.3]-2.68] — § " H :
oy Min. |135] 015 | 15 | -4.2| -4 | -28] -24]|-3.4]-68| — T
Output Volt- | — 0,5 5 0.05 — 0 0.05 H is s = -
age: Low- - 0,10 | 10 0.05 — 0 0.05 LOAD CAPACITANGE (i} oF  sacy-sewie
Lavel V, v Fig. 9—Typical propagation deiay time as &
oL} - 0,15 15 0.05 — 0 0.05 tunction of load capacitance (+ or
Max. ) — trigger to Q, Q).

3-132



CD4047B Types

T TIIIT —
Cx™toF T Hex-0l pF
R Cx *O01 uF
.,.'uxgl 5+ L.. Ry= 1vg Rx*100 &)
2z N, V8
T «8Y T3 1
~ Y H H oV
oY 1T - o, o B!
i TR 3 i g
& Hopa H 3 v «
: H : o ¢
§ FHEO L N B EPEe, :
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£ : *
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£ B ] s 55 -3 % 29 45 €5 8% W03 128 148 8 35 18 8 13 45 #9858 28 14

AMQIENT TEMPERATURE (T4 1~ °C  *watses
Fig. 14—Typica! astable oscillator or Q, T
pariod accurecy vs. ambient temper-
ature (ultra-low frequency).

AMBENT TEMPERATURE (T4 )—"C  #2cs-disea
Fig. 15—Typical astdble osclllator or Q, G
period accuracy vs. ambient temper-
ature (low lrequency).

AMBIENT TEMPERATURE (Ta)—"C  secs-sevis
Fig. 16—Typical astable oxsciliator or Q, a
period accurecy vs. amblent temper-
ature (medium Ircqu_uncy)

BT - 1000 oF HEHH Ry 10 k8 AMBIENT TEMPERATURE (Ty) »25°C
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Fig. 17—Typicai astable oscillator or Q,
period accuracy vs. ambient temper-

Fig. 18—Typical astable oscilator or Q, &
period accuracy vs. ambient

Fig. 19— Typicatoutput pulse-width variations
vs. supply voltage.

ature (high-trequency). temperature.
0 . VaMBIENT TEMPERATURE (T4 128 c T
b AMBIENT TEMPERATURE (Tg1028°C - A <1008
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SUPPLY YOLTAGE VgV 220532909 SUPPLY VOLTAGE X ¥pp! =V ecs-3vec AMBIENT TEMPERATURE (T3)=°C szes-som
Fig. 20— Typical output pulse-width variations Fig. 21—Typical output pulse-width Fig. 22— Typical outpuf puise-width variations
g.

vs, supply voltage.

OUTPUT PULIE - WIOTH VAIMATION— PER CENY

2ch- 32982

AMSIINT TEMPERATURE (T4 1~ *C

Fig. 23—Typical output pulse-width variations
vs. ambient tempsrature.

variations v8. supply voitage.

vs. ambient temperature.
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Fig. 24—Typical output-pulse-width variations
vs. ambient temperature.
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Fig. 25—Typical output pulse-widith variations
vs. ambient temperature.



ll. Retrigger Mode Operation
The CD4047B can be used in the retrigger
mode to extend the output-puise duration,
or to compare the fraquency of an input
signal with that of tha internal oscilfator.
In the retrigger mode the input pulise is
applied to terminal 12, and the output is
taken from terminal 10 or 11, As shown in
Fig. 34 normal monostable action is ob-
tained when one retrigger puise is ap-
plied. Extended puise duration is obtain-
ed when more than one pulse is applied.
+TRIGGER &
RETRIGQER
TERMINALS
ski2
08C OUTPUT

Jo Juu

CD4047B Types

larger than the CMOS “ON" resistance
in serles with it, which typically ishundreds
of chms. In addition, with very large values
of R, some short-term instability with
respect to time may be noted.

The recommended values for these com-
ponents to maintain agresment with

Julke=-=dL J L

g [t gRLFIJR U
ovconeut Flul  _Fafiel [Tl e Fla iz

Q OUuTPUT
TERMINAL 10 m— -

e L. J

RE L.J we L-

92C5 - 20029R1

Fig. 34—Retrigger-mode wavseforms.

For two input pulses, tpg = t1' + t1 +
2t;la. For more than two pulses, the output
pulse width is an integral number of time
perlods, with the first time period being
t1’ + to, typically, 2.48RC, and all subse-
quent time periods being t4 + t3, typical-
ly, 2.2RC.

IV. Extemal Counter Option

Time t# can be extended by any amount
with the use of external counting clr-

cuitry. Advantages include digitally con-
trolled pulse duration, small timing
capacitors for long time periods, and ex-
tremely fast recovery time. A typical im-
plementation is shown in Fig. 35. The
puise duration at the output is

toxt = (N = 1)ta) + ty + ta2)

where tgyy = pulse duration of the cir-

cuitry, and N is the number of counts
used.
AST OPTIONAL
. BUFFER
Q » O out
CD40478 _r"‘_L

$2C3-29041

Fig. 35—implementation of external counter .
option. : '

V. Timing-Component Limitations

The capacitor used in the circuit should
be non-polarized and have low leakage
{i.e. the parallel resistance of the
capacitor should be at least an order of
magnitude greater than the external
resistor used). There is no upper or fower
limit for either R or C value to maintain
oscillation.’

However, in consideration of accuracy, C
must be much larger than the inherent
stray capacitance in the system (unless
this capacitance can be measured and
taken into account). R must be much

previously calculated formulas without
trimming should be:

C > 100 pF, up to any practicai value, for
astable modes;

C > 1000 pF, up to any practical value for
monostable modes.
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Vi. Power Consumption

In the standby mode (Monostable or
Astable), power dissipation will be a func-
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tion of leakage current in the circuit, as
shown in the static electrical
characteristics. For dynamic operation,
the power needed to charge the sxternal
timing capacitor C is given by the follow-
ing formulae:
Astable Mode:

P = 2CV2f, (Output at

terminal No. 13)-

P = 4CV2f, (Output at

terminal Nos. 10 and 11)

Monostable Mode:
p= (2.9CV2) (Duty Cycle)
- T

(Output at terminal Nos. 10 and 11)

The circult is designed so that most of the
totat power is consumed in the external
components. In practice, the lower the
values of frequency and voltage used, the
closer the actual power dissipation wiil
be to the calculated value.

Because the power dissipation does not
depend on R, a design for minimum power
dissipation would be a smail value of C.
The value of R would depend on the
desired period (within the limitations
discussed above). See Figs. 27, 28, and 29
for typlcal power consumption in astable
modae.
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Chip dimensions and pad layout for CD40478

L

are in millimeters and

A in par
are derived fmr';r' the basic inch dimensions as in-

dicated. Grid graduatlons are in mils (10—3 inchj.
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