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1 Introduction

Liquid crystal displays (LCD) are an increasingly used component in embedded application
user interfaces. LCD display technology offers a low power method of communicating large or
complex data to the end user, using text or graphic based displays.

This application note describes an example eCOG1k embedded application for driving a
graphical LCD display. It also covers power supply considerations for the LCD display and
describes a typical hardware implementation for a 240x64 multiplexed LCD module. The
application is also downwards compatible with a smaller 128x64 display, using only a single
LCD controller.

The display used has an NJU6676 LCD controller built in. This is equivalent to the Epson
S1Dxxx controller. The LCD controller is interfaced to the eCOG1k via the PIO peripheral
function, leaving the external memory interface free for high-bandwidth applications.

Library functions are provided for reading and writing the display data and monitoring the status
of the LCD module.

2 Glossary
A table of abbreviations used in this document.
ADC Analogue to Digital Converter
DAC Digital to Analogue Converter
DRAM Dynamic Random Access Memory
eCOG1 Cyan Technology target micro controller
GPIO General Purpose Input / Output
1/0 Input / Output
LCD Liquid Crystal Display
PIO Parallel Input / Output

3 LCD Driving Considerations

The operating voltage for multiplexed LCD displays is usually far above the 3.3V logic supply of
the eCOGH1, and a negative bias voltage is also required. Current control and over-current
protection should be provided by the external supply to guarantee safe operation and avoid
damaging the device. It is necessary to ensure that the large driving voltages are not applied to
the LCD module when the internal control logic is not active, and protection must be provided to
avoid this.

In most applications, it is desirable to be able to adjust the contrast for changes in the
environmental conditions. This is usually achieved by altering the LCD bias voltage, so a
method should be provided for altering the LCD driving voltage where contrast adjustment is
required. This is most easily achieved by using a DAC controlled bias supply.

The LCD module data interface requires operation within specified timing parameters. The
LCD driver device provides common connections for attaching to a memory interface and
associated logic signals. Care must be taken to ensure that the timing requirements are not
violated by excessively fast memory interfaces. The required cycle period is 300ns for the
NJU6676, which is much larger than the 20ns cycle period for a single eCOG1 instruction cycle
when running at 25MHz. Thus, a memory interface would be required to operate at or below
3.33MHz to ensure operation within the specifications. Alternatively, as is the case with this
application, the interface can be driven directly from PIO and/or GPIO allowing timing
conditions to be met in software.
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4 The Optrex F-51851 LCD Module

The LCD module used in this application note is the Optrex F-51851" 240x64 multiplexed dot-
matrix display with white LED backlight. The module is controlled by two NJU6676° controllers,
operating two independent and adjacent displays, with each controller operating one half of the
display only.

4.1 NJU6676 Controller

The controller can be configured to operate in either master or slave mode. The difference
between master and slave operation is whether the LCD clock and timing signals are generated
internally or externally. When configured as master, the CL, FR and DOF* signals are output.
Slave mode requires these signals to be input to the module. The 51851 LCD module does not
provide direct access to the master/slave (M/S) configuration pins for either device. Instead,
signals are internally connected to configure the devices to run as a master-slave pair, with
synchronisation performed by the master. The CL, FR and DOF* signals for the two controllers
should be externally connected to synchronise the displays.

The controller can be configured to interface via a serial interface for minimum pin count or
parallel interface (PIO) for maximum operational speed. There are two types of parallel
interface; the Intel 80 type interface using the RD* and WR* signals, or the Motorola 68 type
interface which utilises the E* and R/W* (read not write) signals. This application uses the
Motorola 68 type interface.

4.2 LCD Memory Organisation

The total LCD area is organised as 240 x 64 pixels, divided between two individually
addressable display controllers and accessed independently. Figure 1 shows the internal
display memory arrangement for the LCD module, and relation to the common and segment
drivers. Each pixel has a single bit of controller DRAM associated with it.
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Figure 1. Display Memory Organisation

1 Optrex F-51851GNFJ-SLW-AEN
LCD Module Technical Specifications

2 Japan Radio Company NJU6676
64-Common x 132-segment + 1-icon common Bit Map LCD Driver
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The two halves of the display each contain a single controller, which has 8580 bits of data
memory with a 1-1 correspondence to display pixels. The entire master display memory is
used, while only the first 108 columns of the slave display memory is used (total 240 columns).
The remaining memory can be used for scratchpad access and data storage. Master and slave
devices are selected with individual external chip select signals. Software read and write
accesses to the two devices must be independent. For the master controller, the memory is
accessed as eight pages of 132 columns, arranged as groups of eight bits stored with least
significant bit first (i.e. COMO is equivalent to DO, COM1 to D1 etc.). Thus segment 0 and
common 0-7 represent the first byte, segment 1 and common 0-7 the second byte etc.. Each
page therefore contains 132 bytes of data, and represents eight complete display lines. The
slave device is similar, although only the first 108 columns are usable.

4.3 Internal LCD Drivers

The NJU6676 driver contains the necessary internal circuitry for generating the LCD bias
voltages required for driving the LCD modules. However, the internal charge-pumps generate
a variation in the LCD contrast across the display, and should not be used for this reason.
Section 6 describes example circuitry for driving the LCD display externally.

4.4 LCD Backlight

The LCD module contains a white LED backlight that requires 105mA of current for typical
operation. Current control can be applied to increase the intensity to 290 mA for high power
operation.
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Table 1 shows the connections between the eCOG1 and the LCD module. The connections
listed are those used in the example software. The descriptions demonstrate typical application
requirements for a single mode of operation, and the user is referred to the associated
technical specifications1’2 for operation under different circuit conditions.

LCD Module |Functional description eCOG1 Connection
Name

DO Data bus (LSb) 8-bit Parallel IO, (LSb)
D1 Data bus 8-bit Parallel 10

D2 Data bus 8-bit Parallel 10

D3 Data bus 8-bit Parallel 10

D4 Data bus 8-bit Parallel 10

D5 Data bus 8-bit Parallel 10

D6 Data bus 8-bit Parallel 10

D7 Data bus (MSb) 8-bit Parallel 10, (MSb)
R/W* Write Signal for LCD; GPIO 8

High = read, low = write

CS1* Chip select 1, used to clock in data to enabled GPIO 9, only one signal is used
controllers to clock both devices.
AO Data/Instruction select: High is display data, low is GPIO 10
instructions
E (Master), [This is the enable control for the master LCD controller,|GPIO 11
CS2 (Master) |used to enable the master. CS1 is used to clock data
into/out of the display when this is active.
E (Slave), This is the enable control for the slave LCD controller, |GPIO 12
CS2 (Slave) |used to enable the slave. CS1 is used to clock data
into/out of the display when this is active.
FR Timing and control signals. The two modules are NC
CL connected together externally when used in a
DOF* master/slave mode
C86 Select interface mode; GND
High = 80 mode, Low = 68 Mode
P/S Select communication type; Vo
High = Parallel, Low = Serial
RES* Hard reset for LCD controller GPIO 25

28 March 2006
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The C86 and P/S signals are connected to configure the device in 68 mode using a parallel
interface. The data bus signals are connected to an 8-bit PIO port on the eCOG1. As the
devices are permanently configured in a master slave relationship, the timing signals are
connected together externally. The remaining control signals are all under control of GPIO in
software. Figure 2 shows the timing sequence used in this application and Table 2 describes
the critical timing limits.

CYC

-

>
EWH
C51 -4 LW |
EWL
Cs2 %\ / \
RD/WR*
a0

D5 +DH
Display
data WR
> -
OH

e B
ACC

Display
data RD

Figure 2. LCD Controller Interface Timings

m

Parameter Symbol Min Max Units
System cycle time® cYcC 300 - ns
Enable high pulse width (read) EWH 120 - ns
Enable high pulse width (write) EWH 60 - ns
Enable low pulse width (read/write) EWL 60 - ns
Data set up time (write) DS 40 - ns
Data hold time DH 15 - ns
Data access time (read) ACC - 140 ns

Table 2. Timing parameters for sample implementation. Vpp = 3.3V, C68 Interface

3 ® The cycle time imposes a maximum data interface speed of 3.33 MHz.
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6 Driving the LCD Module Externally

In addition to the control logic supply, the LCD module requires negative bias voltages for
correct operation. The NJU6676 embedded controller requires a differential voltage (Vs — Vpp)
of between —6 V and —18 V, and the technical specifications for the module state a differential
operating voltage of 11.1V + 0.8V when operating at 25° C. To obtain this driving voltage, a
bias voltage of —7.8V needs to be applied to V5 when operating from 3.3V4

Four additional supplies are also required for the common and segment driving voltages,
derived from the input voltage as 1/9, 2/9, 7/9 and 8/9 of the differential voltage. It is also
possible to use 1/7 bias voltage steps in place of the above (e.g. 1/7, 2/7, 5/7 and 6/7).

Figure 3 shows a block diagram of a common supply configuration and the following
paragraphs describe the individual components in more detail.

Logic
Power
Supply
Logic
Voltages
Bias Level
Drive Violtage Bias Control
voltage
i violtage MPL
Divider
Generator
Bias
Woltages

Bias /

// voltage /
Buffer
Buffered
Bias LCD Data
\Voltages and Control
LCD Module

Figure 3. LCD Voltage Driver Overview

4 The eCOGH1 device operates at 3.3V and it is necessary to operate the F51851 at this voltage to ensure
compatibility with the logic signalling levels, which are 0.8 x Vpp and 0.2 x Vpp for high and low levels
respectively.
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6.1.1 Bias Voltage Generation

As described above, the LCD requires a negative supply voltage for the LCD drive of between
—6 and —18 V, provided by a voltage booster, inverter and regulator. The MAX686 is a
semiconductor device designed specifically to provide an efficient and safe method for
connection as a switch-mode LCD bias voltage supply. Refer to the MAX686 datasheet® for
example operational circuits.

Using the MAX686, the bias voltage is controlled internally by a 6-bit DAC which can be
externally connected to the eCOG1 to provide bias voltage adjustment down to —27.5V. This
allows software control of the LCD contrast. The SHDN* connection can be tied to the LCD
reset which is controlled by the eCOG1, providing protection by enabling on/off control of the
device (device off at reset). In the example application, the LCD and supply are both controlled
from software, and the bias voltage is supplied automatically to the LCD only after the logic
voltage has been applied.

6.1.2 Voltage Divider Network

The LCD requires bias voltages as multiples of 1/9" (or 1/7™) of the differential input voltage for
correct operation. The voltages can be generated from the bias voltage and Vpp by means of a
simple voltage divider network, as illustrated in Figure 4. In the diagram, the voltage divider
directly supplies the voltage followers, which are described in section 6.1.3.

5 DAC-Controlled Boost/Inverter LCD Bias Supply with Internal Switch
Maxim Semiconductors
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DD = Logic Supply Voltage
WSS = Ground

VDD WS = LCD Drive Bias Voltage
WLCD = W5 -WDD

—[ 3ko 3k0 15k0 3ko 3ko ]

V5

N V4=8/9 WLCD

L

—_— 1uF

W55

N W3=7/9WLCD
/ — 1uF

W55

N W2=2/9 JLCD
/ —_— 1uF

W55

N W1=1/9WLCD
/ — 1uF

W55

Figure 4. LCD Bias Voltage Divider and Voltage Follower Network

6.1.3 Voltage Followers (Buffers)

The output connections should not be connected directly to the LCD without buffering. This is
to ensure the supply voltage remains constant when the power supply requirements vary due to
LCD display content changes. A typical implementation using a quad op-amp such as the
LM324 is shown in Figure 4 along with the voltage divider network. 1uF capacitors are
included on the outputs to provide a stable output voltage.
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7 Application Software

7.1 Software Operation

Basic functions are included in the source code (and described below) to perform the following
operations;

e LCD module reset

¢ LCD module initialisation and display memory initialisation

e LCD Command Interface

e LCD Memory Interface

o MAXE86 output range resetting

o A simple fixed sized (8x8) font implementation for displaying alphanumeric characters

Images are stored as constant arrays and defined in the C header file <images.h>, and
common definitions for I/O are described in <defs.h>.

7.2 Changing the Default Software Operation

Several of the parameters used in the application are dependent on both the hardware used
and the user preferences. For this reason, common display driver settings can be updated by
editing the file <LCD_params.h>. This file contains common constant variable definitions that
directly influence the behaviour of the software and hardware.

7.2.1 Contrast Control

Contrast is under continuous control in software. The contrast can be set at any point by
adjusting VR1 on the evaluation board. The software periodically samples the position of VR1
using the on-board ADC and provides external up and down adjustment of external DAC
controls via GPIO. The example hardware (see section 6.1.1) shows how these signals can be
used to control the LCD bias voltage and thus the contrast.

7.2.2 SCROLL_LOGO_DELAY

Defines the rate at which the logo scrolls through the display for the vertical scrolling
demonstration application. The value is expressed in thousandths of seconds, and 64 lines (or
one complete image) per second require a delay of 15.6 ms.

7.2.3 CHECKERBOARD_UPDATE_DELAY

Defines the amount of time in ms between subsequent checkerboard pattern updates. Similar
to the section 7.2.2.

7.3 Demonstration Applications

Several demonstration applications are also provided within the software to illustrate the
operation of the LCD display and to demonstrate its use in some common application. The
demonstration application is chosen based on the position of the on-board DIP switches (SW3).
Switch 1 is used exclusively for display inversion as described in section Error! Reference
source not found.. The remaining three switches are used as a binary indicator for the
demonstration application to be run, as shown in Table 1.

Switch Selected Demonstration Application
3
0 0 Vertical Scrolling Demonstration
0 0 1 Checkerboard Display

28 March 2006 Cyan Technology Ltd. Page 12 of 17
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0 1 0 ADC Bar Graph Display

0 1 1 Multi-function Temperature Measurement

Table 1 - Executing Demonstration Applications

7.3.1 Display Inversion

The LCD driver module provides a command for inversion of the LCD display. This can
implemented at any time, while running any of the demonstration applications by closing DIP
switch 1. This change is automatically detected in software and the necessary action taken.

7.3.2 Vertical Scrolling

This example demonstrates the use of the LCD in providing smooth vertical scrolling without
the need to update display data. The example works by changing an internal register that
changes the line to which the COMO signal is applied. The effect is a change in the position of
the output data, without any change to the contents of the display DRAM.

The application first loads a ROM based image to the display data DRAM. Each subsequent
call simply decrements the COMO register by 1, looping after 0 to 63. The speed of the rotation
can be altered. This application could be extended by continually updating a single line of the
display on every call, and proceeding to the next display line. This would provide fresh data to
the display resulting in the appearance of new data as the image scrolls.

7.3.3 Checkerboard

The checkerboard example illustrates the LCD display operation under large load conditions,
with 50% of the display pixels active at any one time, and changes occurring at user defined
rates.

The application displays a pattern of alternating blocks of pixels in black then white in a
checkerboard pattern. The block size starts at 1 and doubles on subsequent iterations,
returning to 1 when the size exceeds 8 pixels. See section 7.2 for instructions on changing the
default time between iterations.

7.3.4 ADC Bar Graph

This application illustrates how the device can be used for monitoring other system functions
and providing a graphical display of their status.

The example uses the on-board potentiometers (VR1-VR4) as individual inputs to the on-board
ADC. The software provides multiplexed measurements on each ADC input, scales the data to
the range —101 to +102, and displays the data on one of four bar graphs on the display. Each
ADC input is sampled, and the display updated with the acquired value before acquiring the
next input. Adjusting the potentiometers illustrates the process; the height of the display bar
graph corresponds to the voltage on the input.

The potentiometers used here could be replaced by other useful measurements, such as the
on-chip temperature or the battery voltage level for graphical indication of the system status.
7.3.5 Multi-function Temperature Reading

This example provides a real-time monitoring display for the on-chip temperature sensor using
two different display methods simultaneously. User control is provided for changing the update
speed and calibration of the temperature measurement.

The display has three parts

1. Alarge display area for displaying static information. This occupies the top half of both
displays, using a total of 240x32 pixels. This area could be used for the display of
additional data.

28 March 2006 Cyan Technology Ltd. Page 13 of 17
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2. Alarge numeric digital display, comprising of three digits (20x32 pixels each) arranges
as a fixed-point XX.X reading, with an additional °C character. This displays the
temperature reading in decimal format.

3. A continuous graphical analogue of the temperature reading. This gives a reading of
+/- 32° of the offset value, in 1° steps. The entire graph is shifted right on each sample
interval, showing a visual sample history or trend display.

The software inserts a delay between each sample of the ADC, which is also the data update
rate for the display. This is controlled by VR4 on the evaluation board. VR3 provides a method
of calibrating the temperature reading. If the chip temperature were externally monitored, then
VR3 could be used to calibrate the temperature reading to the external device. This would
provide accurate measurements.

The update method of the displays is different to illustrate the device features. The digital
temperature reading is updated by overwriting the original data. The graph display is updated
using the read-modify-write command, which is provided to reduce the CPU load.

28 March 2006 Cyan Technology Ltd. Page 14 of 17
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Appendix A Application Program Interface

The software provides several basic functions for control of the LCD module. These functions
are described below. The files “S1DXXX.c” and “S1DXXX.c” contain the source code for
performing the functions listed below. It is possible to replace these files with other files for
driving

void LCD Reset (void)

Performs a hard reset of the LCD module.

Example
LCD Reset(); // Reset the LCD controller

void Reset Vout (void)

Reset the voltage control of the MAX686 to the default mid-range value.

Example

Reset Vout () ; // Reset the contrast level

void Init Display (void)

Initialise the LCD module, ready for operation. Both controllers are initialised simultaneously.

Example
LCD Reset(); // Reset the LCD controller
Init Display(); // Initialise the display

void Clear Display (void)
Clear the display memory DRAM.

Example
Clear Display(): // Clear the display DRAM

unsigned char LCD Read Status (void)

Read the current status of the LCD using the command interface. The status control can be
used to monitor the real-time status of the LCD module.

28 March 2006 Cyan Technology Ltd. Page 15 of 17
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Status Flag Value | Operation

STATUS BUSY 0x80 | Indicates if the LCD controller is currently performing an operation
STATUS_ADC 0x40 | Indicates the current direction of the ADC.

STATUS_ONOFF 0x20 | Indicates whether the display is currently on or off

STATUS _RESET 0x10 | Indicates if the controller is currently performing reset operations.

Example

while (LCD_Re
{

// Wait for the operation to complete

}

ad_Status() & STATUS BUSY)

void LCD Command (unsigned int display, unsigned char command)

Read and return a byte from the information block at the location specified.

Parameters
The display(s) to write.
' DISPLAY_1 0x01 Master
display DISPLAY 2 0x02 Slave
DISPLAY_BOTH 0x03 Both
command The command to be written
Example

LCD Command (D

ISPLAY 1, O0x40); // Set the common line number to 0

void LCD Display (unsigned int display, unsigned char pattern)

Write the display data to the LCD display DRAM, at the current position. The function writes a
single byte (one page of 8 bits). The column address is automatically incremented.

Parameters
The display(s) to write.
DISPLAY_1 0x01 Master
display
DISPLAY_2 0x02 Slave
DISPLAY_BOTH 0x03 Both
pattern The pattern to be written
Example

LCD Display (D

28 March 2006
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unsigned char LCD Read (unsigned int display)

Read the DRAM data at the current address. The column address is automatically incremented
unless the controller is in read-modify-write mode. Note that the first of a set of normal memory
reads must be preceded by a dummy read.

Parameters
The display(s) to write.
" DISPLAY_1 0x01 Master
display DISPLAY_2 0x02 Slave
DISPLAY_BOTH 0x03 Both
Returns

The LCD data at the current DRAM address.

Example

char data; // Data variable

char = LCD Read (DISPLAY BOTH, Oxff); // Read dummy
char = LCD Read(DISPLAY BOTH, Oxff); // Read data
LCD Display(DISPLAY BOTH, char); // Write data
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