RockWorks RW1033

LCD Controller for low duty application

1. General description

The RW1033 is a peripheral device which interfaces to almost any Liquid Crystal

Display (LCD) with low multiplex rates. It generates the drive signals for any static or
multiplexed LCD containing up to four backplanes and up to 80 segment. The RW1033 is
compatible with most microprocessors or microcontrollers and communicates via a two-line
bidirectional 12C-bus or 3-SPI, 4-SPI and 8-bit parallel interface. Communication overheads
are minimized by a display RAM with auto-incremental addressing, by display memory
switching (static and duplex drive modes).

2. Features

Single-chip LCD controller and driver

Selectable Interface : Both 6800 and 8080 series MPU can directly connected by 8-bit
parallel interface, also 4 line / 3 line serial interface and 1IC interface are supportable.
Selectable backplane drive configuration: static or 2, 3 or 4 backplane multiplexing
Selectable display bias configuration: static, 12 or 1.3

Selectable Type-A or Type-B Waveform by Sofeware

Selectable frame frequency: 82 Hz or 110 Hz

Internal LCD bias generation with voltage-follower buffers

80 segment drives:

Up to 40 7-segment numeric characters

Up to 21 14-segment alphanumeric characters

Any graphics of up to 320 elements

80 x 4 bit RAM for display data storage

Auto-incremental display data

Display memory bank switching in static and duplex drive modes

Versatile blinking modes

Independent supplies possible for LCD and logic voltages

Wide power supply range: from 2.4V to 5.5V

VLCD range : from 2.4 Vt0 5.5V

Low power consumption

400 kHz 12C-bus interface

No external components

Compatible with Chip-On-Glass (COG) technology

Manufactured using silicon gate CMOS process
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3. PAD Arrangement

TBD
4. PAD Coordinate
TBD
5. Block diagram
L ) e SEG) - SEGTS
=
i TR | DISPLAY SEGNENT DUTPUTS
LCE DISPLAY REGISTER
WOLTAGE
R ‘ DspLay [T OUTPUT BANK SELECT
CONTRGL I SRD EELINE CONTROL
LT3 ELAS T
GENERATOR T ]
L=
g RW1032 Ei s
- RAM
i GLOCK SELECT ELINKER
AND Tadipg || TMMERASE
i e s §
a1 = " s -
4 FINER-ON || COndAR WRITE DATA D&TA POINTER ANDI
i FEELEATE RESET DECODE CONTADL A s BCREMENT
i
=GL ey |-
Rl Inbsrfacs Controlar[Farakll and Senal) iy
Eha —
1 [ I [ 1 |
| | I [ oL [
Hal 5a1  SHAACK L= IF1JFD RE 5B Yoo

Fig 1 Bleck Diagram of RIW1G33
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6. Pin Description

Pin Name Pin Description

SDAACK

SDA

SCL

CSB

RS

CLK

VDD

SYNC

0SsCc

FF

SAO

SA1

IF1,IFO

VSS

VO

C2, C0, C3and C1
SEGO to SEG79
DO to D7

I2C-bus acknowledge output
I2C-bus serial data input
I2C-bus serial clock input
chip select pin
data/command select pin for 4-SPI
clock input/output
supply voltage
cascade synchronization input/output
oscillator select
frame frequency select
I2C-bus slave address input
I2C-bus slave address input
Interface select Pins
ground supply voltage
LCD supply voltage
LCD backplane output
LCD segment output
data bus pads for 8-bit parallel interface
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LCD Controller for low duty application

7. Functional description

The RW1033 is a versatile peripheral device designed to interface between any
microprocessor or microcontroller to a wide variety of LCDs. It can directly drive any static
or multiplexed LCD containing up to four backplanes and up to 80 segments.

The display configurations possible with the RwW1033 depend on the required number of
active backplane outputs. A selection of display configurations is shown in Table 4.

All of the display configurations can be implemented in a typical system as shown in
Figure 2.

Table 1. Possible display configurations

Mumber of 7-segment numeric 14-zegment nUMeric Dot matrix
Backplanes |Elements Digits indicator |Characters |Indicator
symbols symbols
4 320 a0 40 20 441 320 {4 = 230)
3 240 3] a0 15 Li 240 (3 = 80)
2 160 20 20 10 20 150 (2 = 80)
| &0 {1 0 3 10 80 (1 x 80}
Voo
t f] SDAACK
Riote
“th ‘oo |0
_SDA 80 segment drives
HOST
MICRO- g e
PROCESSOR/ ¥ RW1033 LCD PANEL
MICRO- OsC 4 backplanes
CONTROLLER !
FE 7
SA1SAD| Vag
Veg

Fig.2 Typical System Configuration
The host microprocessor or microcontroller maintains the 2-line 12C-bus communication
channel with the RW1033.

The internal oscillator is selected by connecting pin OSC to VSS. The only other
connections required to complete the system are the power supplies (VDD, VSS and VLCD)
and the LCD panel selected for the application.
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7.1 Power-on reset

At power-on the RW1033 resets to the following starting conditions:

* All backplane and segment outputs are set to VSS

* The selected drive mode is 1:4 multiplex with 1/3 bias

* Blinking is switched off

* Input and output bank selectors are reset

 The bus interface is initialized

 The display is disabled

Remark: Do not transfer data on the bus for at least 1 ms after a power-on to allow the
reset action to complete.

7.2 LCD bias generator

Fractional LCD biasing voltages are obtained from an internal voltage divider of three
series resistors between VLCD and VSS. The center resistor can be bypassed to provide a
12 bias voltage level for the 1:2 multiplex configuration.

7.3 LCD voltage selector

The LCD voltage selector coordinates the multiplexing of the LCD in accordance with the
selected LCD drive configuration. The operation of the voltage selector is controlled by
mode-set commands from the command decoder. The biasing configurations that apply to
the preferred modes of operation, together with the biasing characteristics as functions of
VLCD and the resulting discrimination ratios (D), are given in Table 2.

Table 2. Discrimination ratios

LCD drive mode |Number of: LCD bias
configuration

Backplanes |Levels

static 1 2 static
1:2 multiplex 2 14
1:2 multiplex 2 4 14
1:3 multiplex 3 4 14
1:4 multiplex 4 4 14
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7.4 LCD drive mode waveforms
7.4.1 Static drive mode

LCD Controller for low duty application

The static LCD drive mode is used when a single backplane is provided in the LCD.
Backplane and segment drive waveforms for this mode are shown in Figure 3.
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(i) Resultant waveforms
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Vetate1(t) = Vinlt) — Vapolt).
Venirms) = Yico.
Watatez () = Vigne13(th — Vepoil).
Woipaz = 0V
Static drive mode waveforms

Fig 3
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7.4.2 1:2 multiplex drive mode

When two backplanes are provided in the LCD, the 1:2 multiplex mode applies. The
RW1033 allows the use of v2 bias or 13 bias in this mode as shown in Figure 4 and
Figure 5.
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Fig 4-1 Type-A Waveform
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7.4.3 1:3 multiplex drive mode
When three backplanes are provided in the LCD, the 1:3 multiplex drive mode applies as
shown in Figure 6.
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7.4.4 1:4 multiplex drive mode
When four backplanes are provided in the LCD, the 1:4 multiplex drive mode applies as

shown in Figure 7.
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7.5 Oscillator
The internal logic and the LCD drive signals of the RW1033 are timed by a frequency fcik
which either is derived from the built-in oscillator frequency fosc:

f dk="TBD 4
or equals an external clock frequency fcik(ext):
foak=TBD (5)

7.5.1 Internal clock

The internal oscillator is enabled by connecting pin OSC to Vss. In this case the output
from pin CLK provides the clock signal for cascaded RW1033s in the system. After
power-up, pin SDA must be HIGH to guarantee that the clock starts.

7.5.2 External clock

Connecting pin OSC to Vbbp enables an external clock source. Pin CLK then becomes the
external clock input.

A clock signal must always be supplied to the device; removing the clock may freeze the
LCD in a DC state.

7.6 Timing
The clock frequency fcik determines the LCD frame frequency fir and is calculated as
follows:

ffr=TBD (6)

The internal clock frequency fcik can be selected using pin FF. As a result 2 frame
frequencies are available: 82 Hz or 110 Hz (typical), see Table 3.

Table 3. LCD frame frequencies

Pin FF tied to LCD frame frequency (Hz)
VoD 82
Vag 110

The timing of the RW1033 organizes the internal data flow of the device. This includes
the transfer of display data from the display RAM to the display segment outputs.

7.7 Display register

The display register holds the display data while the corresponding multiplex signals are
generated. There is a one-to-one relationship between the data in the display register, the
LCD segment outputs and one column of the display RAM.
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7.8 Segment outputs

The LCD drive section includes 80 segment outputs (SO to S79) which must be connected
directly to the LCD. The segment output signals are generated in accordance with the
multiplexed backplane signals and with data residing in the display register. When less
than 80 segment outputs are required the unused segment outputs must be left
open-circuit.

7.9 Backplane outputs

The LCD drive section includes four backplane outputs: COMO to COM3. The backplane
output signals are generated in accordance with the selected LCD drive mode.

* In the 1:4 multiplex drive mode COMO to COM3 must be connected directly to the LCD.
If less than four backplane outputs are required the unused outputs can be left
open-circuit.

* In 1:3 multiplex drive mode COM3 carries the same signal as COM1, therefore these two
adjacent outputs can be tied together to give enhanced drive capabilities.

¢ In 1:2 multiplex drive mode COMO and COM2, COM1 and COM3 respectively carry the same
signals and may also be paired to increase the drive capabilities.

* In static drive mode the same signal is carried by all four backplane outputs and they
can be connected in parallel for very high drive requirements.

7.10 Display RAM

The display RAM is a static 80 x 4 bit RAM which stores LCD data. A logic 1 in the RAM
bit map indicates the on-state of the corresponding LCD element; similarly, a logic 0
indicates the off state. There is a one-to-one correspondence between the RAM
addresses and the segment outputs and between the individual bits of a RAM word and
the backplane outputs. The display RAM bit map Figure 8 shows rows 0 to 3 which
correspond with the backplane outputs COMO to COM3, and columns 0 to 79 which
correspond with the segment outputs SO to S79. In multiplexed LCD applications the
segment data of the first, second, third and fourth row of the display RAM are
time-multiplexed with COM0, COM1, COM2 and COMS respectively.

When display data is transmitted to the RW1033 the received display bytes are stored in
the display RAM in accordance with the selected LCD drive mode. The data is stored as it
arrives and does not wait for the acknowledge cycle as with the commands. Depending on
the current multiplex drive mode, data is stored singularly, in pairs, triplets or quadruplets.
To illustrate the filling order, an example of a 7-segment numeric display showing all drive
modes is given in Figure 9; the RAM filling organization depicted applies equally to other
LCD types.

The following applies to Figure 9:

* In static drive mode the eight transmitted data bits are placed into row 0 of eight
successive 4-bit RAM words.

* In 1:2 multiplex mode the eight transmitted data bits are placed in pairs into

row 0 and 1 of four successive 4-bit RAM words.

* In 1:3 multiplex mode the eight bits are placed in triples into row 0, 1 and 2 of three
successive 4-bit RAM words, with bit 3 of the third address left unchanged. It is not
recommended to use this bit in a display because of the difficult addressing. This last
bit may, if necessary, be controlled by an additional transfer to this address but care
should be taken to avoid overwriting adjacent data because always full bytes are
transmitted.

* In the 1:4 multiplex mode the eight transmitted data bits are placed in quadruples into
row 0, 1, 2 and 3 of two successive 4-bit RAM words.
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7.11 Data pointer

The addressing mechanism for the display RAM is realized using a data pointer.

This allows the loading of an individual display data byte, or a series of display data bytes,
into any location of the display RAM. The sequence commences with the initialization of
the data pointer by the load-data-pointer command.

Following this command, an arriving data byte is stored at the display RAM address
indicated by the data pointer. The filling order is shown in Figure 9.

After each byte is stored, the content of the data pointer is automatically incremented by a
value dependent on the selected LCD drive mode:

* In static drive mode by eight

* In 1:2 multiplex drive mode by four

* In 1:3 multiplex drive mode by three

* In 1:4 multiplex drive mode by two

If an 12C-bus data access is terminated early then the state of the data pointer is unknown.
The data pointer must be re-written prior to further RAM accesses.
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7.12 Output bank selector

The output bank selector selects one of the four rows per display RAM address for
transfer to the display register. The actual row selected depends on the particular LCD
drive mode in operation and on the instant in the multiplex sequence.

* In 1:4 multiplex mode, all RAM addresses of row 0 are selected, these are followed by
the contents of row 1, row 2 and then row 3

* In 1:3 multiplex mode, rows 0, 1 and 2 are selected sequentially

* In 1:2 multiplex mode, rows 0 and 1 are selected

* In static mode, row O is selected

The RW1033 includes a RAM bank switching feature in the static and 1:2 multiplex drive
modes. In the static drive mode, the bank-select command may request the contents of
row 2 to be selected for display instead of the contents of row 0. In the 1:2 mode, the
contents of rows 2 and 3 may be selected instead of rows 0 and 1. This gives the
provision for preparing display information in an alternative bank and to be able to switch
to it once it is assembled.

7.13 Input bank selector

The input bank selector loads display data into the display RAM in accordance with the
selected LCD drive configuration. Display data can be loaded in row 2 in static drive mode
or in rows 2 and 3 in 1:2 multiplex drive mode by using the bank-select command. The
input bank selector functions independently to the output bank selector.

7.14 Blinker

The display blinking capabilities of the RW1033 are very versatile. The whole display
can blink at frequencies selected by the blink-select command (see Table 9.1). The blink
frequencies are fractions of the clock frequency. The ratios between the clock and blink
frequencies depend on the blink mode in which the device is operating (see Table 4).

Table 4. Blink frequencies

Elink mode Blink frequency with respect to Tu {typical) ‘Unit
Frama Freguency = B0H: Frame Frgpiency = 110Hz

off blinking off blinking off Hz

1 2.5 35 H2

2 1.3 1.7 Hz

3 0.8 0.8 Hz
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An additional feature is for an arbitrary selection of LCD segments to blink. This applies to
the static and 1:2 multiplex drive modes and can be implemented without any
communication overheads. By means of the output bank selector, the displayed RAM
banks are exchanged with alternate RAM banks at the blink frequency. This mode can
also be specified by the blink-select command.

In the 1:3 and 1:4 multiplex modes, where no alternate RAM bank is available, groups of
LCD segments can blink by selectively changing the display RAM data at fixed time
intervals.

If the entire display can blink at a frequency other than the typical blink frequency. This
can be effectively performed by resetting and setting the display enable bit E at the
required rate using the mode-set command (see Table 9.1).
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MPU Interface

7.15 Characteristics of the 8-bit Parallel interface

With the RW1033 chip, data transfers are done through an 8-bit parallel data bus (D7 to DO)
or through a serial data input (SDA). Through selecting the IF1,IFO terminal polarity to the “H”
or “L” it is possible to select either parallel

data input or serial data input as shown in Table 5.

Table 5
Interface | IF1 IFO CSB RS SDA SCLK SDAACK |SA1,SAQ0| D7~-DO0
6800 H H CsSiB RS E RW - - D7~DO0
8080 H L CSi1B RS XRD XWR - - D7~ D0
4SPI L H CSi1B RS SDA SCLK -
3SPI L H CS1B L SDA SCLK -
|[e2 L L — — SDA SCLK acknowledge Slave
addr.

“—" indicates fixed to either “H” or to “L”
The Parallel Interface

When the parallel interface has been selected (PSB="H"), then it is possible to connect
directly to either an 8080-system MPU or a 6800 Series MPU (shown in Table 6) by selecting
the C86 terminal to either “H” or to “L".

Table 6
IF1=H CSB RS SDA SCLK | D7~DO
H: 6800 Series CSB RS E RW D7~DO
L: 8080 Series CSB A0 XRD XWR D7~DO

Moreover, data bus signals are recognized by a combination of A0, XRD (E), XWR (RW)
signals, as shown in Table 7

Table 7
Shared 6800 Series 8080 Series
Function
RS RW(SCLK) XRD(SDA) [XWR(SCLK)

1 1 0 1 Reads the display data

1 0 1 0 Writes the display data

0 1 0 1 Status read

0 0 1 0 Write control data (command)
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7.16 Characteristics of the [2C-bus

The 12C-bus is for bidirectional, two-line communication between different ICs or modules.
The two lines are a Serial Data line (SDA) and a Serial Clock Line (SCL). Both lines must
be connected to a positive supply via a pull-up resistor when connected to the output
stages of a device. Data transfer may be initiated only when the bus is not busy.

By connecting pin SDAACK to pin SDA on the RW1033, the SDA line becomes fully
I2C-bus compatible. Having the acknowledge output separated from the serial data line is
advantageous in Chip-On-Glass (COG) applicationsl1. In COG applications where the
track resistance from the SDAACK pin to the system SDA line can be significant, possibly
a voltage divider is generated by the bus pull-up resistor and the Indium Tin Oxide (ITO)
track resistance. It is possible that during the acknowledge cycle the RW1033 will not be
able to create a valid logic O level. By splitting the SDA input from the output the device
could be used in a mode that ignores the acknowledge bit. In COG applications where the
acknowledge cycle is required, it is necessary to minimize the track resistance from the
SDAACK pin to the system SDA line to guarantee a valid LOW level.

7.16.1 Bit transfer

One data bit is transferred during each clock pulse. The data on the SDA line must remain
stable during the HIGH period of the clock pulse as changes in the data line at this time
will be interpreted as a control signal (see Figure 10).

oa / Y \
: /N B

data fine change
stable; of data
datz valid Slowed

Bit transfer

Fig. 10
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7.16.1.1 START and STOP conditions

Both data and clock lines remain HIGH when the bus is not busy.

A HIGH-to-LOW change of the data line, while the clock is HIGH is defined as the START
condition (S).

A LOW-to-HIGH change of the data line while the clock is HIGH is defined as the STOP
condition (P).

The START and STOP conditions are shown in Figure 11.

I'___i i'___l
S04 I b} l I 5, l / I SDa
| | SR | |
-] | (i ym | | R
SCL : : Y i b / : : SCL
I 5 | [ E
PO R | { I L |
START condition STOP conddion mbeEIT
Definition of START and STOP conditions

Fig. 11

7.16.2 System configuration

A device generating a message is a transmitter, a device receiving a message is the
receiver. The device that controls the message is the master and the devices which are
controlled by the master are the slaves. The system configuration is shown in Figure 12.

MASTER 3 SLAVE = MASTER
LAVE MASTER = =
TRAMSMITTER/ RE':;,.JEE TRAMNSMITTER! Tﬂmsin == RAMNSMITTER/
RECEINVER TR RECEIVER 7 RECEIVER
SDA l l l
SCL
System configuration
Fig. 12
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7.16.3 Acknowledge

The number of data bytes transferred between the START and STOP conditions from
transmitter to receiver is unlimited. Each byte of eight bits is followed by an acknowledge
bit. The acknowledge bit is a HIGH level signal put on the bus by the transmitter during
which time the master generates an extra acknowledge related clock pulse.

* A slave receiver which is addressed must generate an acknowledge after the
reception of each byte.

* Also a master receiver must generate an acknowledge after the reception of each
byte that has been clocked out of the slave transmitter.

* The device that acknowledges must pull-down the SDA line during the acknowledge
clock pulse, so that the SDA line is stable LOW during the HIGH period of the
acknowledge related clock pulse (set-up and hold times must be taken into
consideration).

* A master receiver must signal an end of data to the transmitter by not generating an
acknowledge on the last byte that has been clocked out of the slave. In this event the
transmitter must leave the data line HIGH to enable the master to generate a STOP
condition.

Acknowledgement on the 12C-bus is shown in Figure 13
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Fig. 13

7.16.4 12C-bus controller

The RW1033 acts as an 12C-bus slave receiver. It does not initiate 12C-bus transfers or
transmit data to an 12C-bus master receiver. The only data output from the RW1033 are
the acknowledge signals from the selected devices. Device selection depends on the
I2C-bus slave address, on the transferred command data.

7.16.5 Input filters
To enhance noise immunity in electrically adverse environments, RC low-pass filters are
provided on the SDA and SCL lines.
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7.16.6 12C-bus protocol

Four 12C-bus slave addresses (0111 000 and 0111 001 and 0111 010 and 0111 011 ) are reserved for the
RW1033.

The least significant bit of the slave address is bit R/W. The RW1033 is a write-only

device and will not respond to a read access, so this bit should always be logic 0. The

second bit of the slave address is defined by the level tied at input SA1,SAQ. Two types of

RW1033 can be distinguished on the same 12C-bus which allows:

* The use of two types of LCD multiplex on the same 12C-bus

The 2C-bus protocol is shown in Figure 14. The sequence is initiated with a START
condition (S) from the 12C-bus master which is followed by one of two possible RW1033
slave addresses available. All RW1033s with the corresponding SA1,SAO0 level acknowledge
in parallel to the slave address, but all RW1033 with the alternative SA1,SAO0 level ignore the
whole 12C-bus transfer.

After acknowledgement, a control byte follows which defines if the next byte is RAM or
command information. The control byte also defines if the next byte is a control byte or
further RAM or command data.

In this way it is possible to configure the device and then fill the display RAM with little
overhead.

The command bytes and control bytes are also acknowledged by the addressed

RW1033s connected to the bus.

The display bytes are stored in the display RAM at the address specified by the data

pointer ; see Section 7.11.

After the last (display) byte, the 12C-bus master issues a STOP condition (P).

Alternatively a START may be asserted to RESTART an 12C-bus access.
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Control byte format
Fig. 15
Table 8. Load-data-pointer command bit description
Bit Symbol  Value Description
¥ co continues bit
0 last control byte
contral bytes confinue
G R3 register salacton
[ command register
data register
atod - nok redevant
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7.17 characteristics of 4-SPI

When the 4-SPI serial interface has been selected then when the chip is in active state
(CSB = “L") the serial data input SDA and the serial clock input SCLK can be received. The
serial data is read from the serial data input pin in the rising edge of the serial clocks D7, D6
through DO, in this order. This data is converted to 8 bits parallel data in the rising edge of
the eighth serial clock for the processing. The RS input is used to determine whether or the
serial data input is display data or command data; when RS = “H”, the data is display data,
and when RS = “L” then the data is command data. The RS input is read and used for
detection every 8th rising edge of the serial clock after the chip becomes active. Figure 16 is
a serial interface signal chart.

CSB !
ik €3 € € €30 € O €3, €3.€3 €0 € €Y €3

Fig 16
7.18 characteristics of 3-SPI
If 3-Pin SPI mode is selected then when the chip is in active state (CSB =“L") , SDA, and
SCLK are used. they are serial input data, and serial clock input, relatively. 3-Pin SPI mode
does not use RS for data/instruction selection. Data length instruction should be used to
realize data/instruction and data length instruction also indicates length of data. The
example of timing sequence is shown in Fig.17, data length instruction is followed by data
set.

CsB _‘\ f'_

seLk 0 23 01 7868 15 I_TI ------------ 82@_836 831
_ LU LU U | [UUL

|. 2 Bye(n) 2 Byle {2) 104 Byle
DA, H:{ Pajgs ); MSE ;( LSE ]; coC ):_R_TE Data In {

Mo. of Data length
Fig 17

* When the chip is not active, the shift registers and the counter are reset to their initial states.

* Reading is not possible while in serial interface mode.

* Caution is required on the SCLK signal when it comes to line-end reflections and external noise. We recommend that
operation be rechecked on the actual equipment.
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7.19 Command decoder

The commands available to the RW1033 are defined in Table 9.1 and Table9.2.

Table 9.1 Definition of commands (ext=0)

LCD Controller for low duty application

Instruction

‘RS‘RW‘DB?‘DBG‘ DBS | DB4 ‘DBS‘ DB2 | DB1 ‘DBO‘

Description

EXT=0

Set column
(segment)address

YS

Y4 Y3

Y2

Y1

YO

Set Display RAM column address in column address
register

Write display data 110

Write data

Write datainto DDRAM

Read display data L] 1

Read data

Read datafrom DDRAM

Mode Select
command

M1

MO

E: display on/off, 1:0on O:off

B: LCD bias set, 1: 1/2, 0:1/3
M1,MO: Set LCD Duty & Bias
M1 MO

0 0 : 14

0 1 : Static

1 0o : 12

1 1 13

LP=1: power save mode
LP=0: normal mode

bank select 0 0 1 1

I: Input Bank Selection

Static 1/2 Duty

[=0: RAM bit 0 RAM bitsO and 1
I=1: RAM bhit 2 RAM bits2 and 3

O: Output Bank Selection

Static 1/2 Duty

0=0: RAM hit 0 RAM bitsO and 1
O=1: RAM hit 2 RAM bits2 and 3

Blink Select 0 0 1 1

BF1

BFO

A: Blink Mode select

A=0: normal blinking

A=1: blinking by alternating display
RAM banks

BF1,BFO: blink mode selection
BF1 BFO

0 10

P, OO
=

f
1 01
0 2
1 3
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Table 9.2 Definition of commands (ext=1)

Instruction | RS | RW | DB7| DB6 | DB5 | DB4 | DB3 | DB2 | DB1 | DBO | Description
EXT=0or 1
Mode Set 0 0 1 0 0 0 1 1 0 EXT |set EXT mode

1 1 1 1 0 1 0 1 display control command
Display COMMAND ADC: SEG output corespondence

REV: reverse display
- - - - ADC REV | ALLON [ALLON: all point on display

1 1 1 1 0 0 0 0 |SPI3DATA Length Set

SPI3 DATA Length

SPI6 | SPIS SPI4 SPI3 | SPI2 SPI1 SPIO

7.20 Display controller

The display controller executes the commands identified by the command decoder. It
contains the device’s status registers and co-ordinates their effects. The display controller
is also responsible for loading display data into the display RAM as required by the filling
order.
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8. Internal circuitry

= Yoo — Voo
A0 CLK, 052, FF i
IF1 JFORS, 050 &
oo- 07 %
Ve Weg
— SCL 508, SOAACK
F.3
— 'u'ss
T Vico — Yo
O GO,
SERO-SES T L, *
ik
i Vg R — Wom
Device protection diagram

Fig. 18
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9. Limiting values

CAUTION

Static voltages across the liquid crystal display can build up when the LCD supply voltage
(VLep) is on while the IC supply voltage (VoD) is off, or vice versa. This may cause unwanted
display artifacts. To avoid such artifacts, VLcb and VDD must be applied or removed together.

Table 10. Limiting Value

LCD Controller for low duty application

CAUTION

Stabkic volizges acrnss the iqud crystal display can buid up when the LCD supply wolaos
VLep) & onwhde the 1T supply woltage (Voo d s off, oF wee versa. This May cawss unwanied
display anlifacie To &woid sich andaces W -p 3nd Vpg must be appied o removed fogeiher,

I accordance wih fhe Absoudte Maormirn Rpbmg Syslem (B GITM)

Symbal Parameter
Voo supphy volinge

Nico LED supply wollage
Wi voltags onanry input
Yain| voliage on any owput
I mipet cumerd

Iz autput curment

lom syupply curant

lsm qroung sapphy current
loowcm  LCO supphy current
Tuip siorage lemperatiee

Conditions

Yoo related inpuls
Yieg relatsd oulpus

Min
05
0.5
-05
0.5
T
=10
=&l
-l
=5

55
*8.5
.5
*6.5
=10
=1
1)

=5
125

i
ma,
e
ma
i
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Table 11. Static characteristics
Vop = 2. 4VIa 88V Vag =0V Vipgp =25 Vio 65V T =—40°C to +85 °C; unless otherwise specified.
Symbol Parameter Conditions Min Typ
Supplies
Voo supply voltage 2.4 :
Vico LCD supply voltage 2.4 =
Veor power-on reset voltage
looieny  LCD supply current T = 1536 Hz I} TED
lop supply current Ty = 1536 Hz mo- TED
Logic
V| input voltage Vg —05 -
Viy HIGH-level input voltage  on pins CLK , OSC, 541 540 F1 IFORS . FF Do -
ViL LOW-level input voltage  on pins CLK, OSC. SA1,5A0F1 IFORS . FF Vg -
Vau HIGH-level output voltage 08Ypp -
Var LOW-level output voltage - -
low HIGH-level output current  at pin CLK; Vo =46V, Vpp =5V 1 -
low LOWHevel output current  at pins CLK, WMo =04V, Vpp =5V - 5
I leakage current at pins OS5C, CLK, SCL, SDA, -1 -
FF. V; =Vpp of Vag
(o] input capacitance 2 5
EC-bus
Input on pins SDA and SCL
V) input voltage Vez—-05 -
Viy HIGH-lgval input voliage 0.7%oo -
WiL LOW-level input voltage Wag £
(o input capacitance . 5
lopsoay  LOW-level output curment Vo =04V, Vpp =5V = £
on pin SOA
LCD outputs
AV output voltage variation  onpins COto C3 ) Cem =35 0F —~100 i
on pins S0 10 579; Cegm =5nF 100 -
Ro output resistance Vico=58V
On ping O to3 B - TED
on pins S0 to 579 LI TED

Max

55
3.9

55
55
0.3Vpo

=100
=100

v,
W
pF
ma

my
my

k(2

[1] LCD outputs are open-circuit; inputs at Vss or Vbb; external clock with 50 % duty factor; bus inactive.
[2] Not tested, design specification only.
[3] Outputs measured individually and sequentially.
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11. Dynamic characteristics

Table 12. Dynamic characteristics
VbD=2.4Vt055V;Vss=0V; VLcp=2.5V t0 6.5 V; Tamb = —40 °C to +85 °C; unless otherwise specified.

Symbol Parameter Conditions Min Typ Max Unit

Clock

Internal: output pin CLEK

fok clock frequancy FF=V%pp [E TBD Hz
FF=Vgg [ TBD Hz

i frame frequency FF =Vpp 60 g2 110 Hz
FF =Vee 80 110 150 Hz

External: input pin CLK

fothien) external clock frequency i} TBD Hz

Lk HIGH-level clock time TED us

tawiy LOW-level clock ime TED ns

COutputs: pins BPO to BP3 and S0 to 579

tondry) driver propagaiicn delay Vicp=5Y - - 3o us

RC-hus: timingE14]

Pin SCL

facL SCL clock frequency 2 . 400 kHz

L= HIGH period of the SCL clock 0.8 - - us

teow LOW period of the SCL clock 1.3 - - us

Pin SDA

lsupar data set-up time 100 ] . ns

ten-oaT data hold time 0 ~ 5 ns

Pins SCL and SDA

taurF bus free time between a STOP and START condition 1.3 = = s

susto set-up time for STOP condition 0.6 - - ns

tuneT hotd time (repeated) START condition 0.6 ~ - us

touaTa set-up time for a repeated START condition 0.6 - - ns

t rise time of both SDA and SCL signals - - 0.3 us

F fall time of both 30A and SCL signals - - 0.3 s

Cy capacitive load for each bus line - - 400 pF

Yugspike) spike pulse width on bus - - 50 ns

[1] Typical output duty cycle of 50 %.

[2] The corresponding frame frequency is f fr = f clk/ 24

[3] All timing values are valid within the operating supply voltage and ambient temperature range and are referenced to ViL and ViH with an
input voltage swing of Vssto Vbb.

[4] For 12C-bus timings see Figure 19.
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Fig. 19
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