HD66108

(RAM-Provided 165-Channel LCD Driver for Liquid
Crystal Dot Matrix Graphics)

HITACHI

Description

The HD66108T under control of an 8-bit MPU can
drive a dot matrix graphic LCD (liquid-crysta
display) employing bit-mapped display with
support of an 8-hit MPU.

Use of the HD66108T enables a simple LCD
system to be configured with only a small number
of chips, since it has all the functions required for
driving the display.

The HD66108T aso enables highly-flexible
display selection due to the bit-mapped method, in
which one bit of datain a display RAM turns one
dot of an LCD panel on or off. A single
HD66108T can display a maximum of 100 x 65
dots by using its on-chip 165 x 65-bit RAM. Also,
by using several HD66108T's, a display can be
further expanded.

The HD66108T employs the CMOS process and
TCP package. Thus, if used together with an MPU,
it can provide the means for a battery-driven
pocket-size graphic display device utilizing the low
current consumption of LCDs.

Features

* Four types of LCD driving circuit configurations
can be selected:

No. of

Column No. of Row
Configuration Type  Outputs Outputs
Column outputs only 165 0

Row outputs from the 100
left and right sides

65 (from left: 32,
from right: 33)

Row outputs from the 100 65
right side 1
Row outputs from the 132 33
right side 2

» Seven types of multiplexing duty ratios can be
selected: 1/32, 1/34, 1/36, 1/48, 1/50, 1/64, 1/66
Notes: The maximum number of row outputs is

65.

 Built-in bit-mapped display RAM: 10 kbits (165
x 65 hits)

» The word length of display data can be selected
according to the character font: 8-bit or 6-bit

» A standby operation is available

» The display can be extended through a multi-
chip operation

* A built-in CR oscillator

* An 80-system CPU interface: =4 MHz

» Power supply voltage for operation: 2.7 V to
6.0V

» LCD driving voltage: 6.0V to 15.0 V

* Low current consumption: 400 pA max (at fosc
=500 kHz, fogc is externa clock frequency)

Ordering Information

Type No.
HD66108T00

Package
208 pin TCP

Note: The details of TCP pattern are shown in
“The Information of TCP.”
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Note: The above view is seen from the back-ground surface of the chip, not TCP.
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Pin Description

No. No.
Classification of Pins Symbol /0 of Pins  Function
Power 8,9,35 36 Vccl-Vecd — 4 Connect these pins to Vc.
supply 12to 14 GND1-GND3 — 3 Ground these pins.

1,43 Veel, Vgg2 — 2 These pins supply power to the LCD
driving circuits and should usually be set
to the V6 level.

2,7 V6L, V1L, — 12 Apply an LCD driving voltage V1 to V6 to

37, 42 V1R, V6R, these pins.

4,5 V4, V3,

6, 39, 38 VMH1-VMH3,

3,40, 41 VML1-VML3

CPU 23 [ [ 1 Input a chip select signal via this pin.

interface A CPU can access the HD66108T's
internal registers only while the CS signal
is low.

25 WR I 1 Input a write enable signal via this pin.

26 RD I 1 Input a read enable signal via this pin.

24 RS | 1 Input a register select signal via this pin.

27t0 34 DB7-DBO /10 8 Data is transferred between the
HD66108T and a CPU via these pins.

LCD driving 44 to 208 X164-X0 (0] 165 These pins output LCD driving signals.

output The X0-X31 and X100-X164 pins are
column/row common pins and output row
driving signals when so programmed.
X32-X99 pins are column pins.

LCD 21 FLM /1o 1 This pin outputs a first line marker when

interface the HD66108T is a master chip and
inputs the signal when the chip is a slave
chip.

20 CcL1 o 1 This pin outputs latch clock pulses of
display data when the chip is a master
chip and inputs clock CL1 pulses when
the chip is a slave chip.

22 M /o 1 This pin outputs or inputs an M signal,

which converts LCD driving outputs to
AC,; it outputs the signal when the
HD66108T is a master chip and inputs
the signal when the chip is a slave chip.

HITACHI
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Classification

No.
of Pins

Symbol

No.
/0 of Pins

Function

Control
signals

10

0OSsC1

| 1

Input system clock pulses via this pin.

11

0SC2

@] 1

This pin outputs clock pulses generated
by the internal CR oscillator.

19

(0]

This pin outputs the same clock pulses as
the system clock pulses, the OSC1 pin of
a slave chip.

Connect with the OSC1 pin of a slave
chip.

18

M/S

This pin specifies master/slave. Set this
pin low when the HD66108T is a master
chip and set high when the chip is a slave
chip; must not be changed after power-
on.

17

Input a reset signal via this pin. Setting
this pin low initializes the HD66108T.

15, 16

TEST1,
TEST2

These pins input a test signal and should
usually be set low.
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Internal Block Diagram

VML1 VMH1 VMH3 VML3 V6R
Veel VBL VA V3 V1Vl Xf XT TZ ng Too XTM Vecd VI VMH2 VHL2 Vg2
Row/column Column Row/column
driver driver driver
Level shifter l«
Lol Data latch circuit |
] S
y
Row
5] counter
g7 j
165 x 65-bit display memory 2 [*+AMPX
E L Y address|_
counter
Memory T
Y decoder 1/0 buffer
]
3 st iyl
_ _—D | C—— 2 .
Vee?-Vecd » 8- to 6-bit converter
GND1-GND3 X address
counter |\ T ‘
] Hi
X address |+
S O N B register
[ Y address
register jj
Mt+-———» - Ll Control
Timing HEN B
CLl «————  generator register
FLM -——> L Mode
M/S ——————————» N— o register
b j F L C select
H H register N—
RESET —MM» /1
1 Address
/\;
CO "7 MPX \1 register [N—
OSC2 «—————— Clock pulse T £
ST p— BUSY S %
MPX
TEST1 > i L
y
TEST2 —
1/O controller » 1/0 buffer
CSWRRD RS DB7-DBO0
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Register List
Reg. No. Reg. Register Read/ Data Bit Assignment
CS RS 2 1 0 Symbol Name  Write 7 6 5 4 3 2 1 0 |[Busy Time Notes
1 — _ — = Invalid — — 1
0 O — — AR Address R Busy|STBY|DISP Register No. |None
w
0 1 0 0 DRAM Display R D7 | D6 | D5 |D4 | D3 | D2 | D1 | DO |8 clocks max 2
memory W 3
0 1 0 1 XAR X R XAD None
address w 1.5 clocks max
0 1 1 0 VYAR Y R YAD None
address w 1.5 clocks max
0 1 1 1 FCR Control R INC |WLS [PON| ROS DUTY None
w
0 1 0 0 MDR Mode R FFS DWS None
w
0o 1 0 1 CSR Cselect R EOR CLN None
w
0 1 1 0 — Invalid — —
0 1 11 — Invalid — —
Notes: Shaded bits are invalid. Writing 1 or 0 to invalid bits does not affect LS| operation. Reading
these bits returns 0.
DRAM is not actually a register but can be handled as one.
Setting the WLS bit of control register to 1 invalidates D7 and D6 bits of the display memory
register.
DRAM must not be written to or read from until a time period of tc ; has elapsed rewriting the
DUTY bit of FCR or the FFS bit of MDR. t 1 can be obtained from the following equation; in
general, a time period of 1 ms or greater is sufficient if the frame frequency is 60-90 Hz.
teL1 = L (MS) v Equation 1
Ni-fc k (kHz)
D2 (duty correction value 2): 192 (duty = 1/32, 1/34, or 1/36)
128 (duty = 1/48 or 1/50)
96 (duty = 1/64 or 1/66)
Ni (frequency-division ratio specified by the mode register’s FFS bits):
2,1,1/2,1/3,1/4, 1/6, or 1/8
Refer to “6. Clock and Frame Frequency.”
feuk:  Input clock frequency (kHz)
890
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System Description

The HD66108T can assign a maximum of 65 out
of 165 channels to row outputs for LCD driving. It
also incorporates a timing generator and display
memory, which are necessary to drive an LCD.

If connected to an MPU and supplied with LCD
driving voltage, one HD66108T chip can be used
to configure an LCD system with a 100 x 65 dot
panel (figure 1). In this case, clock pulses should
be supplied by the internal CR oscillator or the
MPU.

Using LCD expansion signals CL1, FLM and M
enables the display size to be expanded. In this
case, LCD expansion signal pins output corre-
sponding signals when pin M/S is set low for
master mode and conversely input corresponding
signals when pin M/S is set high for slave mode;
LCD expansion signal pins of both master chip and
dave chips must be mutually connected. Figure 2
shows a basic system configuration using two
HD66108T chips.

65-row

100 x 65-dot LCD
output

Control bus

100-co|umm

MPU

Data bus

HD66108T

LCD driving
power supply

Figurel Basic System Configuration (1)
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Control bus

MPU

Data bus

265 x 65-dot LCD 65-row
output
165-column 100-column
output ‘ ‘ output
HD66108T HD66108T
(Master chip) \ (Slave chip)
LCD expansion signals t
LCD driving

power supply

892

Figure2 Basic System Configuration (2)
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Functional Description
1. Display Size Programming

A variety of display sizes can be programmed by
changing the system configuration and internal
register settings.

(1) System Configuration Using One HD66108T
Chip

When the 65-row-output mode is selected by
internal register settings, a maximum of 100 dots
in the X direction can be displayed (figure 3 ().
Display size in the Y direction can be selected
from 32, 34, 36, 48, 50, 64, and 65 dots according
to display duty setting. Note that Y direction
settings does not affect those in the X direction
(100 dots).

When the 33-row-output mode is selected by
internal register settings, a maximum of 132 dots
in the X direction can be displayed (figure 3 (b)).

Table 1 shows the relationship between display
sizes and the control register’'s (FCR) ROS and
DUTY bits. ROS and DUTY bhit settings determine
the function of X pins. For more details, refer to
“4.1 Row Output Pin Selection.”

(2) System Configuration Using One HD66108T

Chip and One HD61203 Chip as Row Driver
A maximum of 64 dotsin the Y direction and 165
dots in the X direction can be displayed. 48 or 64
dots in the Y direction can be selected by
HD61203 pin settings (figure 3 (c)).

(3) System Configuration Using Two or more
HD66108T Chips

X direction size can be expanded by 165 dots per

chip. Figure 3 (d) shows a 265 x 65-dot display. Y

direction size can be expanded up to 130 dots with

2 chips;, a 100 x 130-dot display provided by 2

chipsisshown in figure 3 (e).

Table 1

ROS Bit Setting

Relationship between Display Size and Register Settings (No. of Dots)

Duty Bit Setting (Multiplexing Duty Ratio)

(X0-X164 Pin Function) 1/32 1/34 1/36 1/48 1/50 1/64 1/66
165-column-output Specified by a row driver

65-row-output from the X: 100 X:100 X:100 X:100 X:100 X:100 X:100
right side Y: 32 Y: 34 Y: 36 Y: 48 Y: 50 Y: 64 Y: 65
65-row-output from the X: 100 X:100 X:100 X:100 X:100 X:100 X:100
left and right sides Y: 32 Y: 34 Y: 36 Y: 48 Y: 50 Y: 64 Y: 65
33-row-output from the X:132 X:132 X:132 X:132  X:132 X:132  X:132
right side Y: 32 Y: 33 Y: 33 Y: 33 Y: 33 Y: 33 Y: 33
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[«—— X: 100 dots ——=] le——— X: 132 dots ———
T T
Y: 33 dots
Y: 65 dots -
(b) Configuration Using One HD66108T Chip (2)
(33-Row Output from the Right Side)

(@) Configuration Using One HD66108T Chip (1)
(65-Row Output from the Right Side)

X: 165 dots ——»|

!

Y: 64 dots

|

(c) Configuration Using One HD66108T Chip and One HD61203 as Row Driver
(165-Column OQutput)

e X: 265 dots -

|

Area displayed by Y: 65 dots
chip 2 '

Area displayed by
chip 1

(d) Configuration Using Two HD66108T Chips (1)

|=——- X: 100 dots ——=]

Area displayed by
chip 1

______________________ Y: 130 dots

Area displayed by
chip 2

(e) Configuration Using Two HD66108T Chips (2)

Figure3 Relationship between System Configurations and Display Sizes
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2. Display Memory Construction and Word
Length Setting

The HD66108T has a bit-mapped display memory
of 165 x 65 bhits. As shown in figure 4, data from
the MPU is stored in the display memory, with the
MSB (most significant bit) on the left and the LSB
(least significant bit) on the right.

The sections on the LCD panel corresponding to
the display memory bits in which 1's are written
will be displayed as on (black).

Display area size of the internal RAM is
determined by control register (FCR) settings
(refer to table 1).

The start address in the Y direction for the display
area is aways YO, independent of the register
setting. In contrast, the start address in the X
direction is X0 in the modes for 165-column-
output, 65-row-output from the right side, and 33-

row-output from the right side, and is X32 in the
65-row-output mode from the left and right sides.

Each display area contains the number of dots
shown in table 1, beginning from each start
address.

For more detail, refer to “4.2 Row Output Data
Setting,” figures 15 to 19.

In the display memory, one X address is assigned
to each word of 8 or 6 bits long in X direction.
(Either 8 or 6 bits can be selected as word length of
display data.) Similarly, one Y address is assigned
toeachrow in'Y direction.

Accordingly, X address 20 in the case of 8-bit
word and X address 27 in the case of 6-bit word
have 5 and 3 bits of display data, respectively.
Nevertheless, data is also stored here with the
MSB on the left (figure 5).

Displ)lay on

com1 !:H::H:H,_
CoM2

165 x 65-dot LCD

comes

X0 X1 X2 X3 X4 X5 X6 X7

X164

Yolafoafofofsfo]s]

T o

Y direction

Y64

H DB7 ... DBO
i [(vsB) (LSB)
156 x 65-bit

display memory

Figure4 Relationship between Memory Construction and Display
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0($00)
1($01)

63($3F)
64($40)
Y address

0($00)
1($01)

63($3F)
64($40)
Y address

($00) ($01) ($02)
0 1 2

8 bit

X address
($12) ($13) (%149
18 19 20

(@) Address Assignment When 1 Word Is 8 Bits Long

($00) ($01) ($02) ($03)
0 1 2 3

6 bit

X address

($18)($19)($1A)($1B)
24 25 26 27

(b) Address Assignment When 1 Word Is 6 Bits Long

896

Figure5 Display Memory Addresses
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3. Display Data Write register since it can be handled as other
registers.

3.1 Display Memory and Data Register Accesses
To access a data register, the register address

(1) Access assigned to the desired register must be written
Figure 6 shows the relationship between the into the address register's Register No. hits.
address register (AR) and interna registers The MPU will access only that register until
and display memory in the HD66108T. the register address is updated.

Display memory shall be referred to as a data

Registers accessible with pin RS =0
Address register

Bit 7 6 5 4 3 2 1 0

Register No.
Registers accessible with pin RS = 1
Data registers
Register No.
=0 | =1 =2 =3 =4 =5
Display X address Y address Control Mode C select
memory register register register register register

Figure 6 Relationship between Address Register and Register No.

HITACHI 897



HD66108

(2) Busy Check time. Subsequent data must be input after
A busy time period appears after display confirming ready mode by reading the address
memory read/write or X or Y address register register. The busy time period is a maximum
write, since post-access processing is per- of 8 clock pulses after display memory read/
formed synchronously with internal clock write and a maximum of 1.5 clock pulses after
pulses. Updating data in registers other than X orY address register write (figure 7).

the address register is disabled during this

HD66108T

|
oSsc 3

Ready | Busy 8 clock pulses max Ready

! P Operates internally

RS |

Figure7 Relationship between Clock Pulsesand Busy Time (Updating Display Data)
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out after one dummy read, which is performed
after setting the X and Y addresses desired

(figure 8).

(3) Dummy Read

When reading out display data, the data which

isread out immediately after setting the X and

Y addresses is invalid. Valid data can be read

sassalppe
VA azewx) X A Tax) X (UA 'wx) X (4 'wx) N uc_wvx
wazew)| A Tewx) | waw) | x| :%ﬂmu
peal Awwnp (X :uonosalip JuswalIdul ssaippe) nAno

Kowsw Aeidsig UA SSalppe A e s1as WX Ssaippe X ue s19s 00s cm%_uwmw

—ivaa )R ) e ) e ) e )i ) ke i ) )—Clne -l )G )—Clne )~ aa
ST [ ] [ ] [ ad

[ ] LT LT HMm

] L L] sy

_| SO

Figure8 Display Memory Reading
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(4) Limitationson Access

As shown in figure 9, the display memory
must not be rewritten until a time period of
ter 1 Or longer has elapsed after rewriting the
control register’s DUTY bits or the mode
register’s FFS bits. However, display memory
and registers other than the control register
and mode register can be accessed even during
this time period. tc) 1 can be obtained from the
following eguation. If using an LSl with a
frame frequency of 60 Hz or greater, a time
period of 1 ms should be sufficient.

D2

t =——— X (ms) ...... Equation 1
CL = Nido x (kH2) (ms) q

D2 (duty correction value 2):
192 (duty = 1/32, 1/34, or 1/36)
128 (duty = 1/48 or 1/50)
96 (duty = 1/64 or 1/66)
Ni (frequency-division ratio specified by the
mode register’s FFS bits):
2,1, 1/2,1/3, 1/4, 1/6, or 1/8
foLk: Input clock frequency (kHz)

3.2 X and Y address Counter Auto-Increment-
ing Function

As described in “2. Display Memory Construction
and Word Length Setting,” the HD66108T display
memory has X and Y addresses. Internal X address
counter and Y address counter both employ an
auto-incrementing function. After display data is
read or written, the X or Y address is incremented
according to the address increment direction
selected by interna register.

Although X addresses up to 20 are valid when 8
bits make up one word (up to 27 when 6 bits make
up one word), the X address counter can count up
to 31 since it is a 5-hit free counter. Similarly,
although Y addresses up to 64 are valid, the Y
address counter can count up to 127. Consequently,
X or Y address must be reset at an appropriate
point as shown in figure 10.

( Rewriting DUTY or FFS bits >
‘ |

( Accessing other registers > tcL1 or longer
| ‘

( Rewriting display memory >

Figure9 Rewriting Display Memory after Rewriting Registers
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Y
X address counted 0 Set address
1 Write display data
? Valid addresses
1
1
i
1
1
i
1
Y
20—>| Reset X address —
21 Dummy read/write
1
1
1
!
i Invalid addresses
1
1
!
Y
31
1

(1) Example of X Address Counter Increment
(Word Length: 8 Bits)

'
Y address counted 0 Set address
1 Write display data
? Valid display area
]
I
i
]
I
i
]
\
31—>| Reset Y address —
32 Dummy read/write
]
]
I
|
i Invalid display area
|
|
v
127
L

(2) Example of Y Address Counter Increment
(Multiplexing Duty Ratio: 1/32)

Figure10 X/Y Address Counter Increment
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4. Selection for LCD Driving Circuit
Configuration

4.1 Row Output Pin Selection

The HD66108T can assign a maximum of 65 pins
for row outputs among the 165 pins named
X0-X164. The X0-X164 pins can be classified
into four blocks labelled A, B, C, and D (figure
11 (@)). Blocks A, C, and D consist of row/column
common pins and block B consists of column pins
only. The output function of the LCD driving pins
and the combination of blocks can be selected by
internal registers.

Figure 11 shows an example of 165-column-output
mode. This configuration is useful when using
more than one HD66108T chip or using the
HD66108T as a dlave chip of the HD61203.

Figure 12 shows an example of 65-row-output
mode from the right side. Blocks A and B are used
for column output and blocks C and D
(X100-X164 pins) for row output. This configura-
tion offers an easy way of connecting row output

lines in the case of using one or more HD66108T
chips.

Figure 13 shows an example of 65-row-output
mode from the left and right sides. 32 pins of
X0-X31 and 33 pins of X132-X164 are used for
row output here. This configuration offers an easy
way of connecting row output lines in the case of
using only one HD66108T chip.

Figure 14 shows an example of 33-row-output
mode from the right side. Block D, i.e,
X132-X164 pins, is used for row outputs. This
configuration provides a means for assigning many
pins to column outputs when 1/32 or 1/34
multiplexing duty ratio is desired.

In all modes, it is row data and multiplexing duty
ratio that determine which pins are actually used
among the pins assigned to row output. Y values
shown in table 1 indicate the numbers of pins that
are actually used. Pins not used must be left
disconnected.
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Column driver

Column driver Column driver Column driver

Block A

Row driver

Block B Block C Block D

(@) LCD Driving Circuit Configuration

LCD

165-column output

HD66108T

(b) System Configuration

Figure11l 165-Column-Output Mode
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Column driver Column driver Row driver Row driver

Block A Block B Block C Block D

(a) LCD Driving Circuit Configuration

LCD 65-row
output
100-co|umm
HD66108T

(b) System Configuration

Figure12 65-Row-Output Mode from the Right Side
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Row driver Column driver Column driver Row driver

Block A Block B Block C Block D

(&) LCD Driving Circuit Configuration

32-row
output
LCD
33-row
output
100—co|umm
HD66108T

(b) System Configuration

Figure 13 65-Row-Output Mode from the L eft and Right Sides
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Column driver Column driver Column driver Row driver

Block A Block B Block C Block D

(a) LCD Driving Circuit Configuration

33-row
LCD output
132-co|umm
HD66108T

(b) System Configuration

Figure 14 33-Row-Output-Mode from the Right Side
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4.2 Row Output Data Setting

If certain LCD driving output pins are assigned to
row output, data must be written to display
memory for row output. The specific areato which
this data must be written depends on the row-
output mode and the procedure of writing row data
to the display memory (0 or 1 to which bits?)
depends on which X pin drives which line of the
LCD. Row data area is determined by the control
register’s (FCR) ROS and DUTY bits and is
identical to the protected area, which will be
described below. (165-column-output mode has no
protected area, thus requiring no row data to be
written (figure 15).)

Procedure of writing row data to the display
memory is as follows. First, 1 must be written to
the bit at the intersection between line Yj and line
(column) Xi (column). Line Yj is filled with data
to be displayed on the first line of the LCD and
line Xi is connected to pin Xn, which drives the
first line of the LCD. Following this, Os must be
written to the remaining bits on line Yj in the row
data area. This rule applies to subsequent lines on
the LCD.

Table 2 shows the relationship between FCR
settings and protected areas.

Figure 16 shows the relationship between row data
and display. Here the mode is 65-row output from
the right side. Display data on YO is displayed on
the first line of the LCD and data on Y64 is
displayed on the 65th line of the LCD. If X164 is
connected to the first line of the LCD and X100 is
connected to the 65th line of the LCD, 1s must be
written to the bits on the diagonal line between
coordinates (X164, Y0) and (X100, Y64) and Os to
the remaining bits. Row data protect function must
be turned off before writing row data and be turned
on after writing row data. Turning on the row data
protect function disables read/write of display
memory area corresponding to the row output pins,
i.e, prevents row data from being destroyed. In
figure 16, display memory area corresponding to
pins X100 to X164 is protected.

Figures 17 to 19 show examples of row data
settings. Some multiplexing duty ratios result in
invalid display areas. Although an invalid display
area can be read from or written to, it will not be

displayed.

Table 2

Control Register (FCR)

Relationship between FCR Settings and Protected Areas

ROS LCD Driving Signal Output Pins Connected to
PON 4 3 Mode Protected Area of Display Memory Figures
1 0 0 165-column No area protected 15
1 0 1 65-row (R) X100-X164 16, 19
1 1 0 65-row (L/R) X0-X31 and X132—X164 17
1 1 1 33-row (R) X132-X164 18
65-row (R) :  65-row-output mode from the right side

65-row (L/R): 65-row-output mode from the left and right sides

33-row (R):  33-row-output mode from the right side

HITACHI
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.............. L] mEE
1 Lo u EE m
' . ' N u 1]
) ) ' Row driver | m= =
Control register ROS bit = 00 ] beee || AN e TELLT
DUTY bit = 101
LCD driving voltages:
165-col
VMHL1 = V3, VML1 = V4, dﬁ\(/)eurmn
VMH2 = V3, VML2 = V4,
VMH3 = V3, VML3 = V4 - -
HD66108T
XO._.. X31 ;(32 -..X99 X100... ...X131 X132_.. ___x1?4

X address

8 bits/1 word

Column driver

Column driver

Column driver

Column driver

Block A (32 bits)

Block B (68 bits)

Block C (32 hits)

Block D (33 hits)

4 bytes

8 bytes + 4 bits

4 bits + 3 bytes +
4 bits

4 bits + 3 bytes +
5 bits i

o 1273

[11 712 [13 T 14 [ 15 [16 [ 17 [ 18 [ 19 [ 20 |

5 words + 2 bits

4 bits + 10 words + 4 bits

2 bits + 5 words

E 5 words + 3 bits :

6bits’lword [0 [ 112 [3 145161

[15T16[17]18]19[20[21[22]23[24[25[26[27]

H
o
o
x
o
Y
o
o)
=)
=
(@)
o)

X0 | x2 xt, xjeoijez X164
| xa | x| [xast | xass |
vo[o 1]ofo 1[1]1]o]o
vil1 olalo| T 1lolo|1]0
v2[1 1tlo| T 1l1|1]o]o
va[elofofa]o| T 1]o]ofo]o
va[tlofola]o| T 1]o]ofo]|0] vald
o TTTTTTTT Tt v 7] display area
T Display data A
v62|0 o T olofo 1
ve3[0 o < TTTTTTTTTTTTTTTTTTThTTTYt ofofof1]z] |
Y64 Invalid display data H[gnd
display area
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Figure 15 Relationship between Row Data and Display
(165-Column Output, 1/64 Multiplexing Duty Ratio)
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am EE EEEE
1} EE EE
1] L1 L]
. . 1] L1 L]
Control register ROS bit = 01 - i .
DUTY bit =110 - muae
LCD driving voltages:
VMH1 = V3, VML1 = V4, 100-column
VMH2 = V2, VML2 = V5, driver

VMH3 = V2, VML3 = V5 65-row

driver

HD66108T

X0 X31 X32_ _.-X99 X100__. _.-X131 X132___ ... X164

Column driver Column driver Row driver Row driver

Block A (32 bits) Block B (68 bits) Block C (32 bits) : Block D (33 bits)

X address ! - Row data profected blocks ------ -
, , . 4 bits + 3 bytes + | 4 bits + 3 bytes +
! 4 bytes ' 8 bytes + 4 bits ' 4 bits ' 5 bits '
8hits/lword [ 0 [ 1 [ 2 [ 3T 4T . __ [11 12 T13 1415 [T16 [ 17 [ 18 [ 19 [ 20 |
. Swords +2bits | 4bits+10words +4 bits | 2bits+5words | 5words + 3 bits |
6hits/lword [0 [1 [ 23456 _ _ ~ [15]16]17]18]19]20[21]22]23[24[25]26]27]

XOT >Iz T X4 Txle xgsTxmo X102 X160 | X162 | X164
‘x; ‘ x;‘ XQS‘XW X99 x;m‘ ‘x;el‘x;&‘
YO[O|1]1]0(Of . 1f{1j1jojojofojof| __|ojofofof1
vijijojofrjof 1]0j0j1jojofojO| __|OfojOf1]0
v2|1|1|a|afof i1|1f1|ofojojojo| |ofof1[0]0O
y3|jijojofrjof 1{ojojojojofojof __jojifofofoO

va{1folo]2]o] 1{ofofo]ofofofo] 1{olo]o[o]| Display

Vo Cor o a4 | memory
I Display data op o r o Rowdata o
vez|oJof1fofo] ~___~_________________JofofoJoJ1Jofof1] fofofoJoJo
ve3|o|1|of1|o| olojoj1|1]of1fof |ojolo|oO]O
ve4|1[{ofofo|1 o|lo|1|o|o0|1|0f0 ojlo|o|o0]|0
Accessible area Area protected with PON = 1

Figure 16 Relationship between Row Data and Display
(65-Row Output from the Right Side, 1/66 M ultiplexing Duty Ratio)
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Control register ROS bit = 10
DUTY bit = 110
LCD driving voltages:
VMH1 = V2, VML1 = V5,
VMH2 = V3, VML2 = V4,
VMH3 = V2, VML3 = V5

100-column
driver

33-row
driver

32-row
driver

HD66108T

X0.___ _..X31 X32___ _.-X99 X100.__. _.-X131 X132__. _.-X164

Row driver Column driver Column driver Row driver

Block A (32 bits) Block B (68 bits) Block C (32 bits) Block D (33 bits)

X address i Row data i ' '« Rowdata—

i protected block | ) . 4bits +3bytes+ | protected block |

' 4 bytes : 8 bytes + 4 bits : bits 14 bits + 3 bytes + 5 bits;
8bits/Aword[ 0 [ 1 T 2 [ 3[4 - [11 T12 J13 14 15 [ 16 [ 17 [ 18 [ 19 [ 20 ]

E 5 words + 2 bits : 4 bits + 10 words + 4 bits : 2 bits + 5 words : 5 words + 3 bits :
G6bhitssAiword[ 0 [1[2[3[4]5][6] [15J16 1718192021 [22[23[24]25]26]27]

X0 xsﬂ X32TX34TX36 Txus x130Tx132 X164
X1 \xgl \ X33 \ xgs\ x;z7\x;29 X131 | x133 X163
vo[1]o oJo[of1]1]0]0 1]1[1]o]ofo]0 oo
vafola] —Jofo[afoJolafof ~~~~_~~~~~_ [1fofo[s]olofo[ ~__fofo
! Row data | .+ 1 1 1 Display data I o
vao[ofo| ~~[zfo[z]ofofafo] T 1]ofo]ofolo]o] oo
var{o[o| ~~Tolz[x]ofofxfof 7T 1lofofo]ofofo] o|o
va2[olo| ~~lololo]o|z|o]o| T ololofo|z]ofo] 0|1
vazfofo[ ~Jofofafofofofaf ~~ " -~~~ [ofo]a]ofoJofo[ __f1]o
ENREIERERE L [rRowdaa
ves[olo| ~~Tololo|z]ofz[o] T olololz]z]ofz] olo
vealolo| ~~Tolo|z]ofofof2| T olo[z]o]o]z|of olo
Area protected Accessible area Area protected
with PON =1 with PON =1

Figure17 Relationship between Row Data and Display
(65-Row Output from the Left and Right Sides, 1/66 M ultiplexing Duty Ratio)
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Control register ROS bit = 11
DUTY bit = 001
LCD driving voltages:
VMH1 = V3, VML1 = V4,
VMH2 = V3, VML2 = V4,
VMH3 = V2, VML3 = V5

132-column
driver

HD66108T

33-row
driver
X0... _..X31 X32___ _._X99 X100.._. _..X131 X132___ _._X164

Column driver Column driver Column driver Row driver

Block A (32 bits) Block C (32 bits) : Block D (33 bits)

Block B (68 bits)

+—Row data ——w
4 bits + 3 bytes + |  protected block !
4 bits

X address :
4 bytes 8 bytes + 4 bits 14 bits + 3 bytes + 5 bits}
[

8 bits/1 word

0] 12314 ~— =77 [11 J12 J13 J14 J 15 16 [ 17 J 18 [ 19 [ 20 |
5 words + 2 bits 4 bits + 10 words + 4 bits 2 bits + 5 words 5 words + 3 bits
0J1[]2[3[4]5]6] - [15J16 1718192021 [22[23[24]25]26]27]

6 bits/1 word

Txua X130| X132| X134 X162 | X164
x127 | 120 | 131 | x133 | X163

1[1]1]ofofo[o]o olo[1
1]{olo]z]ofofoo] 0|10
1{1[z]ofofofolo] 1[o]o
D] rowda | i | vald
e 1| display area
v29|{ofof1]o[o olofofolz]ofofe] o[ofo
vatfo[z[ofafof T olofjo[z[zofz]o] olofo
va2[1|ofolofa| T olo|z[ofofzfo]o| " olofo
vasl[ofofofofof T ololofofofolofo] olofo T
vaa [T 1T 7 777TTTTTTTTTT T T
T CoToTTTT eI T T | Invalid
I Invalid display data I . i 1 | displayarea
Y63
vea| | | [T T rrrur l
Accessible area Area protected with
PON=1

Figure 18 Relationship between Row Data and Display
(33-Row Output from the Right Side, 1/34 M ultiplexing Duty Ratio)
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Control register ROS bit = 01
DUTY bit = 011
LCD driving voltages:
VMH1 = V3, VML1 = V4,
VMH2 = V2, VML2 = V5,
VMH3 = V2, VML3 = V5

100-column
driver

=
65-row
driver

X131 X132

HC66108T

48-row
driver used

X31 X32 X99 X100 X164

Column driver Column driver Row driver Row driver

Block A (32 bits) Block B (68 bits) Block C (32 bits) | Block D (33 bits) !

X address : : «——— Row data proltected blocks ———

' ' ) \ 4 bits+3bytes+ | 4bits+3bytes+ |

' 4 bytes ' 8 bytes + 4 bits ' 4 bits ' 5 bits '
8bits/dword [ 0 | 1 [ 2 | 3 | 4 [~~~ [12 T12 T 13 [ 14 [ 15 [ 16 [ 17 [ 18 [ 19 | 20 |

\ Swords +2bits | 4bits+10words+4 bits | 2bits+5words | 5words + 3 bits |

6bits/Aword [0 [1 234576 ] [15T16 1718192021 [22]23[24[25[26[27]

TXll7 X119 X162 | X164
X;lﬁ‘x;ls‘ ‘X163‘
o|lojofo 0|01
o|ojofo 0|1{0
o|ojofo 1]0|0
. | Rowdata i i ! | valid
i |1 Validrowdata : | displayarea
Y45|0|0(1(0|0 o|jojofofz1]0 olofol1] of(ofo0
Y46|0|1(0f1]0 ofofof1]1]0 ofof1{o0 0o|0fo0
Y47|11|0(0f0|1 ofof1f{0|0]0 o|1|/0{o0 0|0f0
Y48
Y49
o A v | Invalid
P I A I i i 1 | displayarea
ves[ [ [ [ [ |~~~ T TTTT T 7
Y64
Accessible area Area protected with PON = 1

Note: Pins X100-X116 are left disconnected here.

Figure19 Relationship between Row Data and Display
(65-Row Output from the Right Side, 1/48 M ultiplexing Duty Ratio)
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4.3 LCD Driving Voltage Setting

There are 6 levels of LCD driving voltages ranging
from V1 to V6; V1 is the highest and V6 is the
lowest. As shown in figure 20, column output
waveform is made up of a combination of V1, V3,
V4, and V6 while row output waveform is made up
of V1, V2, V5, and V6. This means that V1 and
V6 are common to both waveforms while mid-
voltages are different.

To accommodate this situation, each block of the
HD66108T is provided with power supply pins for

mid-voltages as shown in figure 21. Each pair of
VIR and V1L and V6R and V6L are internaly
connected and must be applied the same level of
voltage. Block B is fixed for column output and
must be applied V3 and V4 as mid-voltages. The
other blocks must be applied different levels of
voltages according to the function of their LCD
driving output pins; if the LCD driving output pins
are set for row output, VMHnN and VMLn must be
applied V2 and V5, respectively, while they must
be applied V3 and V4, respectively, if the pins are
set for column output (n=1to 3).

Table 3

Control Register (FCR)

Relationship between FCR Settings and L CD Driving Voltages

LCD Driving Voltage Pins

ROS4 ROS3 Mode VIRVIL V3 V4

VMH1 VML1 VMH2 VML2 VMH3 VML3 V6R/V6L

0 0 165-column V1 V3 V4 V3 V4 V3 V4 V3 V4 V6
0 1 65-row (R) V1 V3 V4 V3 A\ V2 V5 V2 V5 V6
1 0 65-row (L/R) V1 V3 V4 V2 V5 V3 A2 V2 V5 V6
1 1 33-row (R) V1 V3 V4 V3 V4 V3 V4 V2 V5 V6
65-row (R):  65-row-output mode from the right side

65-row (L/R): 65-row-output mode from the left and right sides

33-row (R):  33-row-output mode from the right side

HITACHI
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HD66108

row

(non

selected
waveform)
Column-

row

(selected
waveform)

1 frame

Figure20 LCD Driving Voltage Waveforms
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5. Multiplexing Duty Ratio and LCD Driving
Waveform Settings

A multiplexing duty ratio and LCD driving
waveform can be selected viainternal registers.

A multiplexing duty ratio of 1/32, 1/34, 1/36, 1/48,
1/50, 1/64, or 1/66 can be selected according to the
LCD panel used. However, since there are only 65
row-output pins, only 65 lines will be displayed
even if 1/66 multiplexing duty ratio is selected.

There are three types of LCD driving waveforms,
as shown in figure 22: A-type waveform, B-type
waveform, and C-type waveform.

The A-type waveform is called per-haf-line inver-
sion. Here, the waveforms of M signal and CL1
signal are the same and alternate every LCD line.

The B-type waveform is called per-frame inver-
sion; in this case, the M signal inverts its polarity
every frame so as to aternate every two LCD

frames. Thisisthe most common type.

The C-type waveform is called per-n-line inversion
and inverts its polarity every n lines (n can be set
as needed within 1 to 31 via the internal registers).
The C-type waveform combines the advantages of
the A-and B-types of waveforms. However, some
lines will not be alternated depending on the
multiplexing duty ratio and n. To avoid this,
another C-type waveform is available which is
generated from the EOR of the C-type waveform
M signa mentioned above and the B-type
waveform M signal. Since the relationship between
n and display quality usually depends on the LCD
panel, n must be determined by observing actual
display results.

The B-type waveform should be used if the LCD
panel specifies no particular type of waveform.
However, in some cases, the C-type waveform may
create a better display.

LCD driving output pins

X0 ------ X31 X32------ X99 X100 ----- X131 X132----- X164
Block A Block B Block C Block D
V1L V6L VMH1 VML1 V3 V4 VMH2 VML2 VMH3 VML3 V6R VIR

LCD driving power supply pins

Figure21 Relationship between Blocksand L CD Driving Voltages
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SveaT|SvecdT

awelyy T W

ux

ux

(§=u)
UO UoROUN} YOI

(uoisianul
aul-u-1ad)
wiojanem adA1-o

(g=u)
40 uonouny 403

(uoisianul
aul-u-1ad)
wiojanem adA1-o

(uoisianul
awreJj-1ad)
wiojanem adA-g

(uoisianul
aull-yrey-iad)
wiojanem adAl-y

Figure 22 LCD Driving Waveforms (Row Output with a 1/32 Multiplexing Duty Ratio)
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6. Clock and Frame Frequency

Aninput clock with a 200-kHz to 4-MH frequency
can be used for the HD66108T. Note that raising
clock frequency increases current consumption
although it reduces busy time and enables high-
speed operations. An optimum system clock
frequency should thus be selected within 200 kHz
to 4 MHz.

The clock frequency driving the LCD panel
(= frame frequency) is usually 70 Hz to 90 Hz.
Accordingly, the HD66108T is so designed that the
frequency-division ratio of the input clock can be
selected. The HD66108T generates around 80-Hz
LCD frame frequency if the frequency-division
ratio is 1. The frequency-division ratio can be
obtained from the following equation.

iz 20
 fok 80

Ni: Frequency-division ratio

fe: Frame frequency required for the LCD
panel (Hz)

fcLk: Input clock frequency (kHz)

D1:  Duty correction value 1
D1 = 1 when multiplexing duty ratio is
132, Y48 or 1/64
D1 = 32/34 when multiplexing duty
ratiois /34
D1 = 32/36 when multiplexing duty
ratiois 1/36
D1 = 48/50 when multiplexing duty
ratiois 1/50
D1 = 64/66 when multiplexing duty
ratio is 1/66

The frequency-division ratio nearest the value
obtained from the above equation must be selected;
selectable frequency-division ratios by interna
registersare 2, 1, 1/2, 1/3, 1/4, 1/6, and 1/8.

7. Display Off Function

The HD66108T has a display off function which
turns off display by rewriting the contents of the
internal register. This prevents random display at
power-on until display memory isinitialized.

8. Standby Function

The HD66108T has a standby function providing
low-power dissipation. Writing a 1 to bit 6 of the
address register starts up the standby function.

The LCD driving voltages, ranking from V1 to V6,
must be set to V¢ to prevent DC voltage from
being applied to an LCD panel during standby
state.

The HD66108T operates as follows in standby
mode.

(1) Stops oscillation and external clock input
(2) Resetsall registersto O's except the STBY hit

Here, note that the display memory will not
preserve data if the standby function is turned on;
the display memory as well as registers must be set
again after the standby function is terminated.

Table 4 shows the standby status of pins and table
5 shows the status of registers after standby
function termination.

Writing a O to bit 6 of the address register termi-
nates the standby function. Writing values into the
DISP and Register No. bits at this time is ignored;
these bits need to be set after the standby function
has been completely terminated.

Figure 23 shows the flow for start-up and
termination of the standby function and related
operations.

HITACHI o1
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Table4 Standby Status of Pins

Pin Status

0SsCc2 High

CcoO Low

CL1 Low (master chip) or high-impedance (slave chip)
FLM Low (master chip) or high-impedance (slave chip)
M Low (master chip) or high-impedance (slave chip)
Xn V4 (column output pins)

Xn’ V5 (row output pins)

Table5 Register Status after Standby Function Termination

Register Name Status after Standby Function Termination
Address register Reset to 0’s except for the STBY bit

X address register Reset to O's

Y address register Reset to O’s

Control register Reset to 0's

Mode register Reset to O's

C select register Reset to O’s

Display memory Data not preserved

918 HITACHI
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Start-up

Set the LCD driving voltages to V¢ level

y

Set the STBY bitto 1
(turn on the standby function)

Termination

’

Wait until external clock pulses stabilize

*
[E

'

Set the STBY bitto 0
(turn off the standby function)

'

Supply the LCD driving voltages

'

Set registers again

'

Wait for a time period of tc| ; or longer

*
N

'

N N N YN 7N YN YN MY

Set the display memory

'

)

Set the DISP bit to 1 (turn on LCD)

NN N N AN N N N

Notes: 1. Not necessary in the case of using internal oscillation.
2. Refer to equation 1 (section 3.1).

Figure23 Start-Up and Termination of Standby Function and Related Operations
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9. Multi-Chip Operation

Using multiple HD66108T chips (= multi-chip

oper
num

ation) provides the means for extending the
ber of display dots. Note the following items

when using the multi-chip operation.

@

@

©)

4

The master chip and the slave chips must be
determined; the M/S pin of the master chip
must be set low and the M/S pin of the slave
chips must be set high.

All the HD66108T chips will be slave chips if
HD61203 or its equivalent is used as a row
driver.

The master chip supplies the FLM, CL1, and
M signals to the slave chips via the corre-
sponding pins, which synchronizes the dave
chips with the master chip.

Since a master chip outputs synchronization
signals, all data registers must be set.

(5) Thefollowing bits for slave chips must always
be set:

INC, WLS, PON, and ROS (control register)
FFS (mode register)

It is not necessary to set the control register’s
DUTY bhits, the mode register’s DWS bits, or
the C select register. For other registers
settings, refer to table 6.

(6) All chips must be set to LCD off in order to
turn off the display.

(7) The standby function of slave chips must be
started up first while that of the master chip
must be terminated first.

Figure 24 to 26 show the connections of the
synchronization signals for different system con-
figurations and table 6 lists the differences between
master mode and slave mode.

Table 6 Comparison between Master and Slave Mode
Iltem Master Mode Slave Mode
Pin: M/S Must be set low Must be set high
0OSC1, 0sc2 Oscillation is possible Oscillation is possible
(6{0] =0SC1 =0Cs1
FLM, CL1, M Output signals Input signals
Register: AR Valid Valid
XAR Valid Valid
YAR Valid Valid
FCR Valid Valid except for the DUTY bits
MDR Valid Valid except for the DWS bits
CSR Valid (only if the DWS bits are Invalid

set for the C-type waveform)

Notes: Valid: Needs to be set

920

Invalid: Needs not be set
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Row
output
LCD
Column Column
output output
HD66108T HD66108T
Slave mode Master mode
M M
OSC1 FLM CL1 OSC1 FLM CL1

Ao i

Clock

Note: Clock pulses for the slave chip can be supplied from the master chip CO pin.

Figure24 Configuration Using 2 HD66108T Chips (1)
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LCD

Row
output

Column
output

HD66108T
Master mode

OSC1 FLM CL1

Column
output

[

HD66108T
Slave mode

OSC1 FLM CL1

i i

Clock

Note: Clock pulses for the slave chip can be supplied from the master chip CO pin.

922
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HD66108

Row output

HD61203
Row driver

CR FRM CL2

LCD

Column output

i

HD66108T
Slave mode

OSC1 FLM CL1

i

Clock

Notes: 1. The slave chip can oscillate CR clock pulses. In this case, the clock pulses must be

J J

supplied to the HD61203 from the HD66108T's CO pin.

2. The HD61203's control pins must be set in accordance with the type of RAMs.

Figure26 Configuration Using 1 HD66108T Chip with Another Row Driver (HD61203)
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Internal Registers

All HD66108T's registers can be read from and
written into. However, the BUSY FLAG and
invalid bits cannot be written to and reading
invalid bits or registersreturns 0's.

1. AddressRegister (AR) (Accessed with RS = 0)

This register (figure 27) contains Register No. bits,
BUSY FLAG bhit, STBY bhit, and DISP hit.

Register No. hits select one of the data registers
according to the register number written. The
BUSY FLAG hit indicates the internal operation
state if read. The STBY bit activates the standby
function. The DISP bit turns the display on or off.
Thisregister is selected when RS pinis 0.

Bits D4 and D3 areinvalid.

D7 D6 D5 D4 D3 D2 D1 DO
BUSY .
FLAG STBY DISP Register No.
(1) sTBY

1: Standby function on
0: Normal (standby function off)

Note: When standby function is on, all registers are reset to 0's.

(2) DISP
1: LCDon
0: LCD off

(3) Register No.
Bit

No. Register

Display memory
X address register
Y address register
Control register
Mode register

C select register

O~ wWwNEO

PRPOOOO|N
OCORFRPPFPLPOO|R
POPFPOFR,O|O

(4) BUSY FLAG (can be read only)
1: Busy state
0: Ready state

Figure27 AddressRegister
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2. Display Memory (DRAM) (Accessed with
RS =1, Register Number = (000),)

Although display memory (figure 28) is not a
register, it can be handled as one. 8- or 6-bit data
can be selected by the control register WLS bit
according to the character font in use. If 6-bit data
is selected, D7 and D6 hits are invalid.

3. X Address Register (XAR) (Accessed with
RS =1, Register Number = (001),)

This register (figure 29) contains 3 invalid bits (D7

to D5) and 5 valid bits (D4 to DOQ). It sets X
addresses and confirms X addresses after writing
or reading to or from the display memory.

4. Y Address Register (YAR) (Accessed with
RS =1, Register Number = (010),)

This register (figure 30) contains 1 invalid bit (D7)
and 7 valid bits (D6 to DO). It sets'Y addresses and
confirms Y addresses after writing or reading to or
from the display memory.

D7 D6 D5 D4 D3 D2 D1 DO
8-bit data
* * 6-bit data

Reading bits marked with * return Os and writing them is invalid.

Figure28 Display Memory

D7 D6 D5 D4 D3 D2

D1 DO

— XAD

XAD: 0 to 20 ($00 to $14) when display data is 8 bits long and 0 to 27 ($00 to $1B) when display
data is 6 bits long. A maximum of $1F is programmable.

Figure29 X AddressRegister

D7 D6 D5 D4 D3 D2

D1 DO

— YAD

YAD: 0 to 64 ($00 to $40)

Figure30 Y Address Register
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5. Control Register (FCR) (Accessed with RS =
1, Register Number = (011),)

This register (figure 31), containing eight bits, has
a variety of functions such as specifying the
method for accessing RAM, determining RAM
valid area, and selecting the function of the LCD
driving signal output pins. It must be initialized as
soon as possible after power-on since it determines

the overall operation of the HD66108T. The PON
bit may have to be reset afterwards. If the DUTY
bits are rewritten after initialization at power-on (if
values other than the initial values are desired), the
display memory will not preserve data; the display
memory must be set again after a time period of
tc 1 Or longer. For determining tgy 1, refer to equa-
tion 1 (section 3.1).

D7 D6 D5 D4 D3 D2

D1 DO

INC | WLS | PON ROS

DUTY

(1) INC (address increment direction select)
1: X address is incremented
0: Y address is incremented

(2) WLS (word length (of display data) select)

1: 6-bit word
0: 8-bit word

(3) PON (row data protect on)
1. Protect function on
0: Protect function off

(4) ROS (row output (function of LCD driving output pins) select)

Bit
No. 4 3 Contents
0 00 165 column outputs
1 0 1 65 row outputs from the right side
2 10 65 row outputs from the left and right sides
3 11 33 row outputs from the right side

(5) DUTY (multiplexing duty ratio)

__Bit Multiplexing

Duty Ratio

pd
e

1/32
1/34
1/36
1/48
1/50
1/64
1/66
Testing mode

~NOoOUMAWNEREO

PR RPRPROOOO|N
PP OORRFRPROO|R
PORORORO|O

Figure31 Control Register
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6. Mode Register (MDR) (Accessed with RS=
1, Register Number = (100),)

This register (figure 32), containing 3 invalid bits
(D7 to D5) and 5 valid bits (D4 to DO), selects a
system clock and type of LCD driving waveform.
It must also be initialized after power-on since it
determines overall HD66108T operation like the

FCR register. If the FFS bits are rewritten after
initialization at power-on (if values other than the
initial values are desired), the display memory will
not preserve data; the display memory must be set
again after a time period of tg 4 or longer. For
determining tc| 1, refer to equation 1 (section 3.1).

D7 D6 D5 D4 D3 D2

D1 DO

— FFS

DWS

(1) FFS (frame frequency select)

Bit Frequency-
Division Ratio

z
©

1

1/2
1/3
1/4
1/6
1/8
2

~No o~ WNEO

PRPPRPPOOOCO |~
PRPOORPPFPOO|W
P OPFRPORFRPORFRPROI|N

(2) DWS (LCD driving waveform select)

Bit
No. 1 O Driving Waveform
0 0 0 A-type waveform
1 0 1 B-type waveform
2 10 C-type waveform
3 11 —

Figure32 Mode Register
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7. C Select Register (CSR) (Accessed with RS = and D6) and 5 valid bits (D5 to DO). It controls C-
1, Register Number = (101),) type waveforms and is activated only when MDR
register’'s DWS bits are set for this type of

This register (figure 33) contains 2 invalid bits (D7 \yaveform.

D7 D6 D5 D4 D3 D2 D1 DO

— EOR CLN

(1) EOR (B-type waveform M signal ® no. of counting lines on/off)
1: EOR function on
0: EOR function off

(2) CLN (No. of counting lines in C-type waveform)
1 to 31 should be set in these bits; 0 must not be set.

Figure33 C Select Register
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Reset Function

The RESET pin starts the HD66108T after power- (1) Reset Status of Pins

on. A RESET signal must be input via this pin for Table 7 shows the reset status of output pins.
a least 20 ps to prevent system failure due to The pins return to normal operation after reset.

excessive current created after power-on. Figure 34
shows the reset definition.

Table7 Reset Status of Pins

Pin Status
OSC2 Outputs clock pulses or oscillates
CO Outputs clock pulses
CL1 Low (master chip) or high-impedance (slave chip)
FLM Low (master chip) or high-impedance (slave chip)
M Low (master chip) or high-impedance (slave chip)
Xn V4 (column output pins)
Xn’ V5 (row output pins)
RESET 0.15 x Ve
At reset During reset After reset
(reset status)

Figure 34 Reset Definition
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@

©)

Reset Status of Registers

The RESET signal has no effect on registers
or register bits except for the address register’s
STBY bhit and the X and Y address registers,
which are reset to 0's by the signal. Table 8
shows the reset status of registers.

Status after Reset

The display memory does not preserve data
which has been written to it before reset; it
must be set again after reset.

A RESET signal terminates the standby
mode.

Precautionary Notes When Using the
HD66108T

@

Install a 0.1-uF bypass capacitor as close to

2

©)

4

©)

the LSl as possible to reduce power supply
impedance (Ve —GND and V¢ — VEg).

Do not leave input pins open since the
HD66108T is a CMOS LSI; refer to “Pin
Functions” on how to deal with each pin.

When using the internal oscillation clock,
attach an oscillation resistor as close to the
LSl as possible to reduce coupling capaci-
tance.

Make sure to input the reset signal at power-on
so that internal units operate as specified.

Maintain the LCD driving power a Ve
during standby state so that DC is not applied
to an LCD, in which Xn pins are fixed at V4
or V5 level.

Table8 Reset Statusof Registers

Register

Status

Address register

Pre-reset status with the STBY bit reset to 0

X address register

Reset to 0's

Y address register

Reset to O's

Control register

Pre-reset status

Mode register

Pre-reset status

C select register

Pre-reset status

Display memory

Preserves no pre-reset data

930
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Programming Restrictions (2) Although the maximum output rows is 33
when 33-row-output mode from the right side
(1) After busy time is terminated, an X or Y is specified, any multiplexing duty ratio can be
address is not incremented until 0.5-clock time specified. Therefore, row output data suffi-
has passed. If an X or Y addressis read during cient to fill the specified duty must be input in
this time period, non-updated data will be the Y direction. Figure 35 shows how to set
read. (The addresses are incremented even in row data in the case of 1/34 multiplexing duty
this case)) In addition, the address increment ratio. In this case, Os must be set in Y33 since
direction should not be changed during this data for the 34th row (Y 33) are not output.

time sinceit will cause malfunctions.
(3) Do not set the C select register’s CLN bitsto O
for the M signal of C-type waveform.

X132 X164
_____ X131 X133 X163
Yo ojof 01
Yyr oo 1|0
Y2 oo 00
Ys oo 00

] ] I ] ]

I I I I I

i P -

] ] I ] ]
vso [ foJol ~~—__JoJo
Y3 oj2, 00
Y32 o 00
Y33 o)joy .~~~ 0|0l«——Allos

| |
Display data area Row data area

Figure35 How to Set Row Data for 33-Row Output from the Right Side
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Absolute Maximum Ratings

Item Symbol Ratings Unit
Power supply voltage (1) Vel to V3 -0.3to +7.0 Y,
Power supply voltage (2) Vee — Vee -0.3t0 +16.5 \%
Input voltage Vin —0.3t0 Ve +0.3 \Y
Operating temperature Top —20to +75 °C
Storage temperature Tstg —20to +125 °C

Notes: 1. Permanent LSI damage may occur if the maximum ratings are exceeded.

Normal operation should be under recommended operating conditions (Vcc = 2.7 t0 6.0 V,
GND =0V, Ta = -20 to +75°C). If these conditions are exceeded, LS| malfunctions could occur.

2. Power supply voltages are referenced to GND = 0 V. Power supply voltage (2) indicates the
difference between V¢ and Vgg.
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Electrical Characteristics

DC Characteristics (1) (Vcc =5V +20%, GND =0V, Vcc—VEge = 6.0t0 15V, Ta=-20t0 +75°C,
unless otherwise noted)

Item Symbol Min Typ Max Unit Test Conditions  Notes
Input high 0OSC1 Viyl 08xVee — Vect03 V
voltage M/S, CL1, FLM, V42 07%xVee — Vec+03 V
M, TEST1,
TEST2
RESET Viy3 0.85%xVee — Ve t03  V
The other inputs V4 2.0 — Veet+t03 V Vee =5V 0% 5
Input low 0OSC1 V1 -0.3 — 02x%xVge V
voltage M/S, CL1, FLM, V42  -0.3 —  03xVee V
M, TEST1,
TEST2
RESET V.3 -0.3 — 015%xVge V
The other inputs  V, 4 -0.3 — 038 \Y Vee =5V 0% 6
Output high CO, CL1, FLM, Vpul 09%xVee — — \Y —loy = 0.1 mA
voltage M
DB7-DBO Von2 24 —- — \Y —loy = 0.2 mA 7
VCC =5V #10%
Output low CO, CL1, FLM, Vg1 — — 01xVee V loo =0.1 mA
voltage M
DB7-DBO Vo 2 — — 04 \Y loL = 1.6 MA 8
VCC =5V #10%
Input leakage  All except m -2.5 — 25 MA Vi, =010 Ve
current DB7-DBO,
CL1, FLM, M
Tri-state DB7-DBO, CL1, Irg -10 — 10 MA Vi, =0to Ve
leakage FLM, M
current
V pins V1, V3,V4,V6, |y -10 — 10 MA Vi, = VEg to Ve
leakage VMHnN, VMLn
current
Current During display  Iccl — — 400 HA  External clock 1
consumption fosc = 500 kHz
lcc2 — — 10 mA Internal oscillation 1
Rf =91 kQ
During standby  Igg — — 10 HA 1,2
933
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Item Symbol Min Typ Max Unit Test Conditions  Notes

ON resistance X0-X164 Ron — — 10 kQ  #l p=50pA 3

between Vee—Vge =10V

Vi and Xj

V pins voltage range AV — — 35 % 4

Oscillating frequency fosc 315 450 585 kHz Rf=91kQ

Notes: 1. When voltage applied to input pins is fixed to V¢ or to GND and output pins have no load
capacity.

2. When the LSl is not exposed to light and Ta = 0 to 40°C with the STBY bit = 1. If using external
clock pulses, input pins must be fixed high or low. Exposing the LSI to light increases current
consumption.

3. I p indicates the current supplied to one measured pin.

4. AV =0.35 % (Vcc — Vgg). For levels V1, V2, and V3, the voltage employed should fall between
the V¢ and the AV and for levels V4, V5, and V6, the voltage employed should fall between the
Veg and the AV (figure 36).

5. V|3 (min) = 0.7 x V¢ when used under conditions other than Ve =5V £10%.

6. V| 3 (max) = 0.15 x Vcc when used under conditions other than Ve =5 V £10%.

7. Vop2 (Min) = 0.9 x V¢ (—loy = 0.1 mA) when used under conditions other than Ve =5V
+10%.

8. Vg2 (max) = 0.1 x Ve (Io. = 0.1 mA) when used under conditions other than Ve =5V £10%.

934

HITACHI



HD66108

DC Characteristics (2) (Vcc=2.7t04.0V,GND =0V, Vcc—VEge =6.0t0 15V, Ta=-20t0 +75°C,
unless otherwise noted)

Item Symbol Min Typ Max Unit Test Conditions  Notes
Input high RESET Vil 0.85xVee — Vec+03 V
voltage
The other VK2 0.7%XVee —  Vec+03 V
inputs
Input low M/S, 0SC1, V1 -0.3 — 03xVge V
voltage CL1, FLM,
TEST1,
TEST2, M
The other V.2 -0.3 — 015%xVge V
inputs
Output hlgh VOLl 0.9 x VCC — — \Y _IOH =50 HA
voltage
Output low Vo 1 — — 0.1 x Vee V loL = 50 pA
voltage
Input leakage All except I -2.5 — 25 MA Vi, =010 Ve
current DB7-DBO,
CL1, FLM, M
Tri-state DB7-DBO, ItsL -10 — 10 MA Vi, =0to Ve
leakage CL1, FLM, M
current
V pins V1, V3, V4, v -10 — 10 MA Vi, = VEg to Ve
leakage V6, VMHn,
current VMLnN
Current During display Iccl — — 260 HA  External clock 1
consumption fosc = 500 kHz
lcc2 — — 700 MA  Internal oscillation 1
Rf=75kQ
During Isg — — 10 HA 1,2
standby state
ON resistance X0-X164 Ron — — 10 kQ =+l p=50pA 3
between VCC - VEE =10V
Viand Xj
V pins voltage range AV — — 35 % 4
Oscillating frequency fosc 315 450 585 kHz Rf=75kQ

Notes: 1. When voltage applied to input pins is fixed to V¢ or to GND and output pins have no load

capacity. Exposing the LSI to light increases current consumption.

2. When the LSl is not exposed to light and Ta = 0 to 40°C with the STBY bit = 1. If using external
clock pulses, input pins must be fixed high or low.

3. I p indicates the current supplied to one measured pin.

4. AV =0.35x (Ve — Vep). For levels V1, V2, and V3, the voltage employed should fall between
the V¢ and the AV and for levels V4, V5, and V6, the voltage employed should fall between the
Ve and the AV (figure 36).
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AV | V1, V2, V3 levels

AV | V4, V5, V6 levels

Figure36 Driver Output Waveform and Voltage L evels
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AC Characteristics (1) (Vcc=4.5t06.0V, GND = 0V, Ta=-20to +75°C, unless otherwise noted)

1. CPU BusTiming (Figure 37)

Item Symbol Min Max Unit

RD high-level pulse width twRH 190 — ns

RD low-level pulse width twRL 190 — ns

WR high-level pulse width twwi 190 — ns

WR low-level pulse width L 190 — ns

WR-RD high-level pulse width bW WRH 190 — ns

CS, RS setup time tas 0 — ns

CS, RS hold time tan 0 — ns

Write data setup time tosw 100 — ns

Write data hold time toHw 0 — ns

Read data output delay time topR — 150 ns Note
Read data hold time {DHR 20 — ns Note
External clock cycle time tcve 0.25 5.0 ps

External clock high-level pulse width tweH 0.1 — ps

External clock low-level pulse width twel 0.1 — ps

External clock rise and fall time tr, tf — 20 ns

Note: Measured by test circuit 1 (figure 39).

2. LCD Interface Timing (Figure 38)

Item Symbol Min Max Unit Notes
M/S=0 CL1 High-level pulse width twenl 35 — us 1,4
CL1 Low-level pulse width twerl 35 — ps 1,4
FLM Delay time (Y= -2.0 +2.0 ps 4
FLM Hold time thrLl -2.0 +2.0 ps 4
M output delay time tomol -2.0 +2.0 ps 4
M/S=1 CL1 High-level pulse width twen2 35 — Us 4
CL1 Low-level pulse width tweL2 11 x teye — ps 2,4
FLM Delay time toFL2 -2.0 15%Xtcye  Ms 3,4
FLM Hold time tHEL2 -2.0 +2.0 ps 4
M delay time tomi -2.0 +2.0 ps 4

Notes: 1. When Rpgc is 91 kQ (Ve =4.01t0 6 V) or 75 kQ (V¢ = 2.0 to 4.0 V) and bits FFS are set for 1.
2. When bits FFS are set for 1 or 2. The value is 19 x tcyc in other cases.
3. When bits FFS are set for 1 or 2. The value is 8.5 x tcyc in other cases.
4. Measured by test circuit 2 (figure 39).
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AC Characteristics (2) (Vcc=2.7t04.5V, GND =0V, Ta=-20to +75°C, unless otherwise noted)

1. CPU BusTiming (Figure 37)

Item Symbol Min Max Unit

RD high-level pulse width twRH 1.0 — us

RD low-level pulse width twRL 1.0 — us

WR high-level pulse width twwi 1.0 — us

WR low-level pulse width L 1.0 — us

WR-RD high-level pulse width bW WRH 1.0 — us

CS, RS setup time tas 0.5 — Us

CS, RS hold time tan 0.1 — us

Write data setup time tosw 1.0 — ps

Write data hold time toHw 0 — ps

Read data output delay time topR — 0.5 ps Note
Read data hold time {DHR 20 — ns Note
External clock cycle time tcve 1.6 5.0 ps

External clock high-level pulse width tweH 0.7 — ps

External clock low-level pulse width twel 0.7 — ps

External clock rise and fall time tr, tf — 0.1 us

Note: Measured by test circuit 2 (figure 39).

2. LCD Interface Timing (Figure 38)

Item Symbol Min Max Unit Notes
M/S=0 CL1 High-level pulse width twenl 35 — us 1,4
CL1 Low-level pulse width twerl 35 — ps 1,4
FLM Delay time (Y= -2.0 +2.0 ps 4
FLM Hold time thrLl -2.0 +2.0 ps 4
M output delay time tomol -2.0 +2.0 ps 4
M/S=1 CL1 High-level pulse width twen2 35 — Us 4
CL1 Low-level pulse width tweL2 11 x teye — ps 2,4
FLM Delay time toFL2 -2.0 15%Xtcye  Ms 3,4
FLM Hold time tHEL2 -2.0 +2.0 ps 4
M delay time tomi -2.0 +2.0 ps 4

Notes: 1. When Rpgc is 91 kQ (Ve =4.01t0 6 V) or 75 kQ (V¢ = 2.7 to 4.0 V) and bits FFS are set for 1.
2. When bits FFS are set for 1 or 2. The value is 19 x tcyc in other cases.
3. When bits FFS are set for 1 or 2. The value is 8.5 x tcyc in other cases.
4. Measured by test circuit 2 (figure 39).
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CS ViH =
RS Vi -
tas twwe o tan || fas | tan
— /
WR Viy Z fh
ViL - >
bwwRrH
twRrH L twrL
RD Vi N i
Vie |
DB0-DB7
Figure37 CPU BusTiming
tweni/twerz tweLi/twere
Vor/ViH A
cti VouVi ¢
torL/toFL2 tHFL/tHFL2
R — (-~
Vou/Vin
FLM Vou/ViL
tomo/tomi
[,
M Vor/ViH
Vou/ViL

Figure38 LCD Interface Timing
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50V

All diodes are 152074®

RL= 2.4 kQ
R =11kQ
C =130 pF

Test Circuit 1

777~ C=50pF

Test Circuit 2

Figure39 Load Circuits
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TCP Sketchesand Mounting

The following shows TCP sketches and TCP
mounting on a printed circuit board. These draw-
ings do not restrict TCP shape.

Potting resin Solder resist

LT [T [T LT LT LT/LT LT LT

yavs

—r——————
/ Z7TIT I

&/ a/a/a/a/a/a/a/e/a/e/a/e/o/e/

Pattern-formed
surface

[ 77— _
) . S—— ]‘ A'

[T [T [T [T LT LT LT LT LT LT Tape base

TCP Rough Sketch

Wiring-pattern-plated
surface

L

!

T e

(Chip back-ground surface)

Tape base

A-A' Cross-Sectional View

Chip back-ground surface

Solder Tape base
/ Tape base
I 1 LSl ¢ / T
PC board | i

Potting resin  Pattern-formed surface

¢ Tape base

Pattern-formed surface

TCP Mounting on PC Board
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