HD66522

(160-Channel Column Driver with Internal Bit-Map RAM for
Reflective Color Display and Grayscale Display)

HITACHI

Preliminary

Description

The HD66522 is a column driver for liquid crystal dot-matrix graphic display system. This LSI
incorporates 160 liquid crystal drive circuit and a 160 * 240 * 2-bit bit-mapped RAM, which is suitable

for LCDs in portable information devices. It also includes a general-purpose SRAM interface so that
draw access can be easily implemented from a general-pukfele The HD66522 also has a new
arbitration method which prevents flicker when MBU performs dravaccess asynchronously. The on-

chip display RAM greatly decreases power consumption compared to previous liquid crystal display
system because there is no need for high speed data transfer. The chip also incorporates a four-level
grayscale out of 32-level grayscale palette controller for enhanced graphics capabilities and reflective
color.

Features

» Duty cycle: 1/64 to 1/240
* Liquid crystal drive circuits: 160
» Logic circuit: 2.4 to 3.6V
» Liquid crystal drive circuit: 4 to 6V
» LCD driving technique: Multi-line addressing
» Grayscale display: FRC four-level grayscale out of 32 levels grayscale palette
» Grayscale memory management: Packed pixel
» Internal bit-map display memory: 76800 bits (160 * 240 lines * two planes)
* MPU interface
SRAM interface

Address bus: 16 bits
Data bus: 8 bits
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HD66522

» High-speed draw function: Supports burst transfer mode

» Arbitration function: Implemented internally (draw access has priority)
» Access time: 120ns

* Low power consumption

» On-chip address management function

* Refresh unnecessary

 Internal display off function

» Package: TCP or die with gold bump

Orderling Information

Type No. Package Outer Lead Pitch (um)
HD66522TA0 213 pin TCP 200

HCD66522BP Die with gold bump —
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Pin Arrangement

GND1
VCL1
VM1
VCH1
Veer
GND2
LSO
LS1
LSs2
SHL
FX0
FX1
FLM
CL1
DISPOFF
RESET
cs
WE
OE
WAIT
Veea
A0

Al

A2

A3

A4

A5

A6

A7

A8

A9
Al0
All
Al2
Al13
Al4
Al5
Al16
GND3
DBO
DB1
DB2
DB3
DB4
DB5
DB6
DB7
GND4
Vees
VCH2
VM2
VCL2
GND5

Note: This figure is not drawn to a scale.

1/0 pins

LCD drive signal output pins

Y160
Y159
Y158
Y157

Y4
Y3
Y2
Y1
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HD66522

Pin Description

Classi- Number
fication Symbol Pin Name 1/0 of Pins  Function
Power V.., Ve, Ve — 3 V..—GND: logic power supply
supply Ve,
GNDL1 to GND — 5 Ground
GND5
VCH1 Column drive — 2 VCH-GND: LCD drive circuit power supply and
VCH2 selecet high- LCD drive level power supplies
level
VM1 LCD deselect — 2 LCD drive level power supplies See Figure 1.
VM2 mid-level The same level must be supplied to both pins.
voltage
VCL1 Column drive — 2 LCD Column drive selects low-level
VCL2 selecet low-level
Control LSO LSI ID select | 3 Pins for setting LSI ID No (refer to Pin
signals LS1 switch pin 0,1 functions for details).
LS2 and 2
SHL Shift direction | 1 Reverses the relationship between LCD drive
control signal output pins Y and addresses.
FLM First line marker | First line select signal.
CL1 Data transfer | Clock signal to transfer the line data to an LCD
clock display driver block.
FX0 Scan function | 2 Scan function data to select LCD driver output
FX1 data level
DISPOFF Display off | 1 Control signal to fix LCD driver outputs to LCD
signal deselect mid level. When low, LCD drive outputs
Y1 to Y160 are set to VM. Display can be turned
off by setting a common driver to VM.
RESET Reset | 1 Setting this pin low initializes the HD66522
Bus AOto A16  Addressinput | 17 Upper 9 bits (A16—A8) are used for the duty-
inter- directional addresses, and lower 8 bits (A7—A0)
face for the output-pin directional addresses (refer to
Pin Functions for details).
DBO to DB7 Data /10 8 Packed-pixel 2-bit/pixel display data transfer
input/output (refer to Pin Functions for details).
Ccs Chip select | 1 LSI select signal during draw access (refer to
signal Pin Functions for details).
WE Write signal | 1 Write-enable signal during draw access (refer to
Pin Functions for details).
OE Output Enable | 1 Output-enable signal during draw access (refer
signal to Pin Functions for details).
WAIT Wait signal (0] 1 Status output signal
LCD Y1to Y160 LCD drive 0] 160 Each Y outputs one of the three voltage levels
drive output VCH, VM or VCL, depending on the combination
output of the FXO0 or FX1 signal and data levels.
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Figure 1 LCD Drive Levels
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Pin Functions

Power Supply Pins
V. 10 V., GND1 to GND5: These pins supply power to the logic circuit.

VCH1 and VCH2: These pins supply power to the liquid crystal circuits and level supplies for LCD
driver. The same voltage must be supplied.

VM1, VM2, VCL1, VCL2: These Pins input the level supply for LCD driver. The same voltage must be
supplied to VM1 and VM2, VCL1 and VCL2.

Control Signals

LSO, LS1 and LS2 (Input): The LS pins can assign eight (0 to 7) ID numbers to eight LSIs, thus making
it possible to connect a maximum of eight HD66522s sharing the same CS pin to the same bus (Figure 2).

SHL (Input): This pin reserves the relationship between LCD drive output pins Y1 to Y160 and
addresses. There is no need to change the addresses assignment for the display regardless of whether the
HD66522 is mounted from the back or the front of the LCD panel. Refer to Driver Layout and Address
Management for details.

FLM (Input): When the pin is high, it resets the display line counter, returns the display line to the start
line, and synchronizes common signals with frame timing.

CL1 (Input): At each falling edge of data-transfer clock pulses input to this pin, the latch circuits latch
display data and output it to the liquid crystal display driver section.

FX0 and FX1 (Input): Scanning function data signal to select LCD driver output. Connect with FXO,
FX1 pins of common driver HD66523.

DISPOFF (Input): A control signal to fix liquid crystal driver output to liquid crystal deselect level.
When this pin is low, liquid crystal drive outputs Y1 to Y160 are set to liquid crystal deselect level VM.
The display can be turned off by setting the outputs of the common driver to level VM. In this case,
display RAM data will be retained. Therefore, if sigRdSPOFF returns to high level, liquid crystal
drive outputs will return to normal display state. Draw access can be executed whe®DE§OHF is

either in high or low state.

RESET (Input): Low level of RESET stops internal operation and initializes internal registers and
counters.
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Bus Interface

CS (Input): A basic signal of the RAM area. Whés is low (active), the system can access the on-chip
RAM of the LS| whose address space, set by LSO, LS1, LS2 and SHL pins, contains the input address.
WhenCS is high, the draw access is disabled.

AO to A16 (Input): A bus to transfer addresses during RAM access. Upper nine bits (A16 to A8) are
duty-direction addresses, and lower eight bits (A7 to AO) are output pin-direction addresses.

WAIT (Output): This signal outputs low during display access. The CPU must wait finishing the bus
cycle until this signal goes high. TREAIT is in high-impedance condition whis is high, so this pin
must be pulled-up with a resistor outside of the HD66522.

WE (Input): The CPU can write display data to the internal RAM wHE is low. Only the LSI whose
address space, set by pins LSO, LS1, LS2 and SHL, contains the input address can be writte€$o when
is low.

OE (Input): The CPU can read display data from the internal RAM wbHes low. Only the LS| whose
address space, set by pins LSO, LS1, LS2 and SHL, contains the input address can be read f&&8m when
is low.

DB7 to DBO (Input/Output): The pin function as data input/output pins. They can accomodate to a data
format with 2 bits/pixcel, which implement packed-pixcel four-level grayscale display.

1D=0 1D=2 ID=4 D=6 |S2 LS1 LSO ID No. RAM Address Arrangement
[HD66522]| HDB6522] [ HD66522] [ HD6E6522
L L L O
640 ;
ﬁ | L H L 2 Upper-side
g H L L 4 Left to Right
lago 1 H H L 6
§ LCD pan:el %
§ ! L H H 3 Lower-side
T : : : H L H 5 Left to Right
[ HD66522]| HD66522] [HD66522|[HDE6522] H H H 7
D=1 D=3 ID=5 Ib=7 L: Low Level  H: High Level

Figure 2 LS Pins and Address Assignment
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Block Diagram

SHL

LS2: 0 ——

Al6:0

DB7:0

FLM

cs
WE

CL1
RESET

WAIT

FX0, FX1

VCH1, VCL1,
VM1

F————\ Add
— ress Data line decoder |
7 | management,

— .

4‘ ) Bldltricf;:nal H 1/0 selector |
o}
3
Line é RAM
counter
- g 160 * 240 * 2 bits
2
=]
2
»| Timing
control FRC selector
q T
— ‘ Data latch (1) |
hl\ /
Grayscale Grayscale
timing [—>| _Ppattem Data selector (1) |
generator generator
hl\ /
[
'l Data selector (2)
e e — —
'i Data latch (2) I‘ff DISPOFF
N — -
> i VCH2 ,\VCL2,
| LCD drive outputs VM2
Y1 Y2 Y3 Y160
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Block Diagram

Timing Control Circuit: This circuit controls arbitration between display access and draw access.
Specifically, it controls access timing while receiving signals FLM, @1S,,WE andOE as input. FLM

and CL1 are used to perform refresh (display access), that is, to transfer line data to the liquid crystal
circuit. CS, WE andOE are used for the CPU to perform draw operation (draw access), that is, to read
and write display data from and the internal RAM. This circuit also generates a timing signal for the FRC
control circuit to implement four-level grayscale display.

Bidirectional Buffer: Controls the transfer direction of the display data according to signals from pins
WE andOE in draw operation from the system.

Word Line Decoder: Decodes duty addresses (A16 to A8) and selects one of 240 lines in the display
RAM section, and activates one-line memory cells in the display RAM section.

Data Line Decoder: Decodes pin addresses (A7 to AO) and selects a data line in the display RAM
section for the 8-bit memory cells in one-line memory cells activated by the word line decoder.

I/O selector: Reads and writes 8-bit display data for the memory cells in the RAM section.

Display RAM: 160 * 240 * 2-bit memory cell array. Since the memory is static, display data can be held
without refresh operation during power supply.

FRC Circuit: Implements FRC (frame rate control) function for four-level grayscale display. For details,
refer toHalf Tone Display.

Data Latch Circuit (1): Latches 160-pixel grayscale display data processed by the FRC control circuit
after being read from the display RAM section by refresh operation. This circuit is needed to arbitrate
between display access for performing liquid crystal display and draw access from the CPU.

Data Selector (1):This circuit selects data from data latch circuit (1).

Data Selector (2):The display data is generated according to the scanning function signal, FX1 and FXO,
and data from data selector (1).

Data Latch Circuit (2): This circuit again latches the data from data selector (2) synchronously with
signal CL1.

LCD Drive Circuit: Selects one of LCD select/deselect power levels VCH, VM and VCL according to
the grayscale display data, line number, frame number and display-off BIEFRDFF. The circuits are
configurated with 160 circuits each generating LCD voltage to turn on/off the display.
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Configuration of Display Data Bit

Packed Pixel Method

For grayscale display, multiple bits are needed for one pixel. In the HD66522, two bits are assigned to
one pixel, enabling a four-level grayscale display.

One address (eight bits) specifies four pixels, and pixel bits 0 and 1 are managed as consecutive bits.
When grayscale display data is manipulated in bit units, one memory access is sufficient, which enables
smooth high-speed data rewriting.

The bit data to input to pin DB7, DB5, DB3 and DB1 become MSB and the bit data to input via pin DB6,
DB4, DB2 and DBO are LSB.

4 pixels/address
Address: n Address: n+1 Address: n+2

N

B|t01234567 01234567 01234567
lolo[1olo[1]1]s][0]o[ololo[10]a]ls]o[1]o[a[1]a]a] Prysical memory

HMM HMMHMM

l l & l l l
CLLDICLTEEICELT oo

AOEE DA CICEE o

Note: Black is shown when the voltage which exceed threshold voltage is supplied
and white is shown when the voltage which is under threshold voltage is supplied at
default condition

‘ FRC control circuit

Figure 4 Packed Pixel System
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Half Tone Display (FRC: Frame Rate Control Function)

The HD66522 incorporates an FRC function to display four-level grayscale half tone. Since the
HD66522 contains 32-level tone to drive reflective colour liquid crystal, four-level would be selected
which adapt to the using liquid crystal.

The FRC function utilizes liquid crystal characteristics whose transmittance is changed by an effective
value of applied voltage.

Half tone or reflective colour liquid crystal is expressed in addition to display on/off.

Since the HD66522 has two-bit grayscale data per one pixel, it can display four level grayscale or four-
colour and improve user interface (Figure 5). Figure 6 shows the relationships between the effective
voltage value and transmittance.

mﬁA Edit |ﬂ‘ﬂ‘

N 2
a) Display with two values b) Display with four values

Figure 5 Example of User Interface Improvement

White

Black (Green)

divided by 32

Effective Voltage

Figure 6 Effective Voltage Values vs. Transmittance
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Grayscale Palette

The HD66522 is designed to generate 32 grayscale levels and provide palette registers that assign desired
levels to certain of the 4 grayscale display. These grayscale palettes are addressed to H'1FFOO to
H"1FF03 and initialized with RESET. The address and default value to grayscale palettes, and the
relationships between grayscales and corresponding effective applied voltages are shown in Table 1.

Table 1 Grayscale Palette

Address Data in memory Register Name Default value

H'1FF00 (1,1 GP11 (1,1,1,1,1)

H'1FFO1 (0,0) GP00 (0,0,0,0,0)

H'1FF02 0, 1) GPO1 0,1,0,1,1)

H'1FF03 (1,0) GP10 (1,0,0,1,1)
Value

4 3 2 1 0 Effective voltage Grayscale

0 0 0 0 0 0 White

0 0 0 0 1 2/32

0 0 0 1 0 3/32

0 0 0 1 1 4/32

0 0 1 0 0 5/32

0 0 1 0 1 6/32

0 0 1 1 0 7/32

0 0 1 1 1 8/32

0 1 0 0 0 9/32

0 1 0 0 1 10/32

0 1 0 1 0 11/32

0 1 0 1 1 12/32

0 1 1 0 0 13/32

0 1 1 0 1 14/32

0 1 1 1 0 15/32

0 1 1 1 1 16/32

1 0 0 0 0 17/32

1 0 0 0 1 18/32

1 0 0 1 0 19/32

1 0 0 1 1 20/32

1 0 1 0 0 21/32

1 0 1 0 1 22/32

1 0 1 1 0 23/32

1 0 1 1 1 24/32

1 1 0 0 0 25/32

1 1 0 0 1 26/32

1 1 0 1 0 27/32

1 1 0 1 1 28/32

1 1 1 0 0 29/32

1 1 1 0 1 30/32

1 1 1 1 0 31/32

1 1 1 1 1 32/32 Black

Note : Based on the normally white LCD panel.
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Address Management

The HD66522 has an address management function that corresponds to four display sizes all of which are
standard sizes for portable information devices: a 160-dot-wide by 240-dot-long display (small
information devices); a 320-dot-wide by 240-dot-long display (quaf@A size); a 320-dot-wide by
480-dot-long display (half VGAize); and a 640-dot-wide by 480-dot-long dispI8GA size). Up to

eight HD66522s can be connected to at a time to configure easily liquid crystal displays with the
resolutions mentioned above.

Driver Layout and Address Management

The Y lines on a liquid crystal panel and memory data in a driver are inverted horizontally depending on
the connection side of the liquid crystal panel and the driver. When several drivers are connected, address
management is needed for each driver. Although reinverted bit-map plotting or address management by
the CS pin in each driver are possible by using special write addressing, the load on the software is
significantly increased. To avoid this, the HD66522 provides memory addresses independent of
connection side, but responds to the setting of pins LSO, LS1, LS2 and SHL.

How to Use the LS2, LS1 and LSO Pins

Pins LS2, LS1 and LSO set the position (up to eight) as shown in Figure 7 by assigning ID numbers 0 to 7
to each HD66522.

D=0 D=2 D=4 D=6 LS2 LS1 LSO ID No. RAM Address Arrangement
HD66522|[HD66522 | [HDE6522][HD66522] | | L 0
o : 640 : L H L Upper-side
[V H 1
§ H L L 4 Left to Right
% 480 H H L 6
"""""" T I PO T |
- !
LCD pahel
% pai ¢ L H H 3 Lower-side
a ! H L H 5 Left to Right
HD66522 | [HD66522] [HD66522 | [HDEES22] -H—H H 7
Ib=1 ID=3 ID=5 ID=7 L: Low Level  H: High Level

Figure 7 LSO, LS1 and LS2 Pin Setting and Internal Memory Map
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How to Use the SHL Pin

It is possible to invert the relationship between the addresses and output pins Y1 to Y160 by setting the
SHL pin (Figure 8). The upper left section on the screen can be assigned to address H'00000 regardless of
which side of the LCD panel the HD66522 is connected to.

The Relationship between the Data Bus and Output Pins

The 8-bit data on the data bus has a 2-bit/pixel configuration for a 4-level grayscale display. In addition,
the 8-bit data on the data bus has a relationship as shown in table regardless of the relationship between
pins LSO, LS1, LS2 and SHL. Since the relationship between data bus pins DBO to DB7 and the output
location are fixed, connect the data from the CPU directly to data bus pins DBO to DBY.

[ HDees22 | [ HDB6522 | [ HDee522 | [ HDB6522 |
Y1 Y160 Y1 Y160 Y160 Y1 Y160 V1
[en | 320 (] 320
N i IN :
wn ' n '
[T} ' [Te} '
[fe) ' O '
8 3 a 3
=1 1480 i .| =1 1480 ]
=) | =] |
B LCD panel B LCD:panel
[T ' © '
[} ' (o] '
a ‘ 8 ‘
I ' I '
" Y10 Y1 Y160 YL YL Y160 YI Y160
[ HDees22 | [ HDB6522 | [ HDees22 | [ HDB6522 |
When the HD66522 is connected to the When the HD66522 is connected to the
back of the panel (SHL = Low) front of the panel (SHL = High)

Figure 8 Address assignment and SHL Pin Setting

Table 2 Data Bus and Output Pins

Output Pins
Data Bus SHL = Low SHL = High
DBO, DB1 Y1l Y5 Y157 Y160 Y8 Y4
DB2, DB3 Y2 Y6 Y158 Y159 = Y7 Y3
DB4, DB5 Y3 Y7 . Y159 Y158 Y6 Y2
DB6, DB7 Y4 Y8 Y160 Y157 Y5 Y1
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Application Example

The HD66522 is suitable for a 160-dot-wide by 240-dot-long display (small information devices); a 320-
dot-wide by 240-dot-long display (quarter VG&e); a 320-dot-wide by 480-dot-long display (half VGA
size); and a 640-dot-wide by 480-dot-long dispMA size). All of these are standard sizes for portable
information devices. The following shows the system configuration.

Small-size information device PDA
160-dot-wide by 240-dot-long 480-dot-wide by 240-dot-long
‘ HD66522 ‘ ‘ HD66522 ‘ ‘ HD66522 ‘
-4 b ~J L J L J L
5160 160 |ig 160 | 160
= g - ‘e
o) © N o =]
o c IN Expands > = N
N 8 5| 240 horizontally/  |R '8 & 240
(o] « R 0
[} o )
£ =1
- :J
160 480
Expands
horizontally
and vertically
VGA size
640-dot-wide by 480-dot-long
[ HDe6522 | [ HDe6522 | [ HD66522 | [ HD66522
] 160 || {5 160 | 160 ! 160
3 B | |
z 5
' N
& 8 5
IS} Lo
o ‘o ! ‘
L s
— : : : 480
S ; :
T '8 : :
' 9
e s X
N '3 ©
w '3 :
Lo : :
L] 160 | (5 160 | 160 | 160
| Hpees22 | | Hpess22 | [ Hpees22 | | Hpess22
640

Figure 9 Application Examples
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Small Information Device (SHL = Low)

ID No.0

LSO="Low" LS1="Low" LS2="Low"

CPU

D0 <€—>» DBO
D1 <«€—> DB1
D2 <> DB2
D3 <«€—> DB3
D4 «€—> DB4
D5 <€ DB5
D6 <€—>» DB6
D7 <«€—>» DB7

L1 |00000/00001
L2 |00100/00101
L3 |00200/00201,

00026100027

00126100127

00226 /00227

s 1238 [0ED00|0EDO]] 0OED260ED27]
2 -..L239 |0EE00|0EEOY| OEE260EE27]
2 NN 1240 -[0EF00|0EFO1] DEF26|0EF27
< PN Yi_ vs5 Y153 Y157
] o Y4 Y8 Y156 Y160
2]
Liquid crystal
panel
160
HD66522
T h
[ [ [N
1]1]o]ofo[olofo[1]1]1]1[1[1]o]o 11[1]1)o[ofo]d]
1]1]olojolololo|1]1]o|ojolololo 11jojofi{1folo
1]1]o]ofolololo[1]1]o]o[o[ololo 1/ajojof[a]o]d
1]1]1]1[2[1]ofo[2]1]1]1[1]1]o]o 1[1]t]1]ofo]o]o]
Display memory
o[1]1]o[1[o[1]o[o[1]o]1[o[1]1]0 o[1jo[1[1o]1]o}
o[1]1]o[1{o1]ofo]1]1]o[2]o]1]0 o[1]t]olo[1]1]o]
0]1|1/o[1{0|1]o]o]1|1|o[1{0]1]0 oj1/1]olo]1]1|o]
olalol1fo[al1lolofalol1fo[al1]0 ol1lof1[alol1lol
T T T T T Y1‘57‘Y159‘
Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Viss ¢Y160

Liquid crystal
display image

Duty direction
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Small Information Device (SHL = High)

ID No.0
LSO="Low" LS1="Low" LS2="Low"
L1 [00000]00001 00026 00027
L2 [00100]00101 0012600127
 — 00200[00201 0022600227
Y160 | (IR} Y 1 L3
160 T
< 1238 [0ED00/OEDO]] 0ED26/0ED27,
2 239 [0EE00|0EEO1] lOEE26/0EE27]
2 Ny 1240 - |OEF00|0EFO1 DEF26|0EF27]
2 S Y1 Y5 Y153 Y157
g Y4 Y8 Y156 Y160
12}
Liquid crystal
panel
CPU
DO <€—3 DBO HD66522
D1 <€—> DB1
D2 <€ DB2
D3 <> DB3
D4 <> DB4
D5 <«€—>» DB5 ) ) \
i S s N N N
b7 <> 087 [ [ [N
1]1]o]oJo[o[o]o[x]a]11]1]1]o]o 1]1]1[1]o]o]o]o]
1]1]0]ojo[o]o]o[1]1]o]olo[o]o]o 1]1)olof1]1]o]d
1]1]0]olo[o]o]o[1]1]o]olo[o]o]o 1]2l0lof1]1]o]d
1[1[1]1]1]a]o]o[1]1[1]1]1]1]o]o 1]11]1]o[olo]o]
Display memory
1]0fo[1]0[1]o[1]z]o[1]0]z[0]o]1 1ot ofo[1]ofdl
1]0jo[1]o[1]o[1]2]o[o]z]o[1]o]1 1]ojo[1]2]o]of1]
1]0lo]1]o[a]o]a[1]olo]1]o[a]o]a 1]ojo]1]a]olold]
110z ]ol1]olo[a[1]ol1ol1]olo]1 1lof1ololalolil
‘ V159 ‘ V157 ‘ viss ‘ V153 NN
Y4 Y3 Y2 Y1

Ylaw Y158 | Y156

Liquid crystal
display image

Duty direction

Figure 11 Small Information Device (2)
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Quarter VGA Size (SHL = Low)

L1 0000000001} ______ 0002600027 L1 |00028|00029| . 0004E|0004F
L2 |oo1o00l00101] . . 0012600127 L2 |00128(00129| . 0014E|0014F
L3 [00200 00201 0022600227 L3 [00228]00229 0024E|0024F

-

-

DEDO1, DED26|0ED27

L238 PEDO0O

,,,,,,, L238 |OED28PED29 DED4EOED4H
1239 EEOODEEO1| DEE26|0EE27 1239 |OEE28PEE29] DEE4E/0EE4H
L240 PEF00|0EF01 DEF26|0EF27 1240 |OEF28|0EF29 OEF4E|OEF4F]
Y1 Y5 Y153 Y157 ‘YL Y5 Y153 Y157
Y4 Y8 Y156 Y160 S Tva T vs Y156 Y160
IDNo.0 . IDNo2

LSO="Low" * / LSO="Low"

LS1="Low" *  LS1="High"

LS2="Low" " / LS2="Low"

(LTI
]

>

Y160

160

ore
ove

Scan direction

Liquid crystal panel

320

Figure 12 Quarter VGA Size (1)
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Figure 13 Quarter VGA Size (2)
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Half VGA Size (SHL = Low)
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Figure 18 Half VGA Size (3)
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Figure 22 VGA Size (3)
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Display Data Transfer

Display RAM data is transferred to 160-bit data latch circuit 1 at each falling edge of the CL1 clock
pulse. Since display data transfer and RAM access to draw data are completely asynchronous in the LSI,
there will be no draw data loss or display flickering due to display data transfertiming.

cL1 N /
Line counter [n] X [n+1]

i [n+1] ;
_Address 0 the Address from MPU Xﬁ Address from MPU !
internal RAM ) :
Data latch circuit 1 [n]th line ' X [n + 1]th line

Figure 24 Display Data Transfer

Draw Access

Random cycle

Random cycle sequence is the same as that for the general-purpose SRAM interface (Figures 25 and 26).
It can easily be connected to a CPU address bus and data bus.

A6 to A I PO
cs [N AN
OF [ N
WE [ A
DB7 to DBO out [N Valid Dout

DB7to DBOIn D o

Figure 25 Read Cycle

A16 to A X O
cs (BN AR
OE Y AU
WE Ny [ N
DB7 to DBO out D -
DB7 to DBO in Valid Din PO

Figure 26 Write Cycle
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Burst Cycle

Continuous access (burst cycle) can be performed by enabling addres§i#s @an@E whenCSs is low

(Figures 27 and 28).

Al61t00 Y X X // Y
= s I pr—
o e e

WE Yy e
DB7to O out [D)——@X Valid Dout @Y Valid Dout
pE7t00in D -

Figure 27 Burst Read Cycle

A16t0 0 [ X X // >_
cs [N

oF - \

WE \_/__
DB7 to 0 out

DB71to 0in

Valid Din Valid Din /b_

Figure 28 Burst Write Cycle
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Arbitration Control

HD66522 controls the arbitration between draw access and display access. The draw access reads and
writes display data of the display memory incorporated in the HD66522. The display access outputs
display memory line data to the liquid crystal panel. If these accesses occur at the same time, HD66522
outputsWAIT signal and halt draw access. The bus cycle must be extended until display access finishes
with using thisWAIT signal.

Display Access without Draw Accessif no draw access is attempted, normal display access is
performed after the falling edge of CL1. (Figure 29)

Collision between Display Access and Draw Access (%hen the draw access occurs during the
display accessWAIT goes low at the falling edge ®E or OE and goes high at the end of the display
access. The draw access must be extended with usiriy AiB signal.

Collision between Display Access and Draw Access (2)hen the display access occurs during the
draw access, the display access halts until the draw access fiMeéhEB.goes low at the end of the
draw access, transition point of address or the rising edd¥Eobf OE, and goes high at the end of
display access. The draw access must be extended with usiWgAlilssignal.

Bus y v
status XDisplay X Xpisplay X

Figure 29 Display Access
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Bus

X_Draw X Draw X _ Draw X _ Display X Draw X Draw__ X_ Draw

Figure 31 Collision Between Display Access and Draw Access (2)
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Example of System Configuration

Figure 32 shows a system configuration for a 320-bit-wide by 240-dot-long LCD panel using two
HD66522s and common driver HD66523 with internal liquid crystal display timing control circuits. All
required functions can be prepared for liquid crystal display with just three chips except for liquid crystal
display power supply circuit functions.

CSWEOE ——
DBOtoDB7 —— >
17
Al6to A0 ——F
Power supply
circuits
=| [m
9z Y YYYy A
ol [z LSO LSO
qg 51 HD66522 HD66522 |5
9 |1 LS2 (ID No.0) (ID No.2) Ls2
88 SHL SHL
=~ |7
v z v \/
CR 160 i 160
wn
N %R I O = 'E_:
pm— o 9 N ®
> O B a N
o o |(© E IN
c o = |0 o o
N < (S =
w o |< 8
@® 2
o
=}
320

Figure 32 System Configuration
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Power Supply circuit

To drive the LCD using multi-line technique, 5-level power supply is necessary; two for HD66522, two
for HD66523 and one for both. These levels can be generated by dividing the VRH-VRL power supply
using resistive divider and buffered with voltage followers to reduce impedance. Figure 33 shows a
example of the power supply circuit. A DC/DC convertor module which generates all voltages is used in
this circuit. The voltages which are supplied to VCL, VCH and VM must keep following equations:

GND < VCL
VM = 1/2 (VRH-VRL) = 1/2 (VCH-VCL)
4V < VCH < 6V

VLCD VLCD for HD66523

Vop

=
+
Contrast VCH
| 1R —
control DC/DC % =] v
convertor ¥ cc
VM
1R —
+ veL for HD66522
7R _
=]
GND
Ver . Vee  for HDB6523
777

Figure 33 Example of power supply circuit
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Absolute Maximum Ratings

Item Symbol Rating Unit Note

Power voltage Logic circuit Ve -0.3t0 +7.0 \Y 1
LCD drive circuit VCH -0.3t0+7.0 \Y,

Input voltage (1) V., -0.3to V. +0.3 \Y 1,2

Input voltage (2) V., -0.3to VCH +0.3 Y, 1,3

Operating temperature Topr —20to +75 °C

Storage temperature Tstg -40 to +125 °C

Notes: 1. The reference point is GND (0V).
2. Applies to pins LSO to LS2, SHL, FLM, CL1, FX0, FX1, A0 to A16, DBO to DB7, DISPOFF, CS,
WE, OE and WAIT.
3. Applies to pins VM1, VM2, VCL1 and VCL2.
4. If the LSl is used beyond its absolute maximum rating, it may be permanently damaged. It
should always be used within the limits of its electrical characteristics in order to prevent
malfunction or unreliability.

1094
HITACHI



HD66522

Electrical Characteristics

DC Characteristics 1 (V.= 2.4 to 3.6V, GND = 0V, VCH =4 to 6V, Ta=-20to +75 °C)

Measurement
Item Symbol Applicable Pins min. typ. max. Unit Condition Notes
Input high level V,, LS0-2,SHL,FLM, 0.8 xV.,. —  V \Y
voltage CL1,M,
Input low level V,, DISPOFF 0 —  02xV_, . V
voltage
Output high Vo, DBO to DB7 09%xV, — — \Y I, =—50 pA
level voltage
Output low V. — —  01xV, . V I, =50 pA
level voltage
Input leakage 1, except -25 — 25 MA  VIN =V_ to GND
current (1) DBO to DB7
Input leakage 1, VCL1,VCL2, -25 — 25 MA  VIN = VCH to GND
current (2) VM1,VM2
Tri-state ler DBO to DB7 -10 — 10 MA  VIN=V. to GND
leakage current
Vi-Yj ON R, Y1 to Y160 — 1.0 20 KQ 1,,=100 pA 1
resistance
Current lee Ve — — T.B.D. mA  access cycle time: 2
consumption 120 ns
during RAM V.=3.3V
access
Current lee Ve — — T.B.D. MA  V =3.3V 2
consumption in VCH =6V
LCD drive part teye = 59.5 s
Current L. GND — — TBD. pA (oaccessform 7y
consumption
during display
operation

Notes: 1. Indicates the resistance between one pin from Y1 to Y160 and another pin from
VCH1/2, VCL1/2, VM1/2

when load current is applied to the Y pin; defined under the following condition:
VCH = 6.0V
VM = 1/2 (VCH-VCL)
VCL =1.0V

VM1/2 should be near the center between VCH level and VCL level, and VCL should be near
the GND level. VCL must be within £V = 0.3 x VCH. AV is the range within which R, the
LCD driver circuit output impedance, is stable.

2. Input and output currents are excluded. When a CMOS input is floating, excess current flows
from the power supply through to the input circuit. To avoid this, VIH and VIL must be held to
V.. and GND levels, respectively.

3. Indicates the current when the display-operation memory access is stopped and the still image
of a checker-board pattern in displayed in its place.
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AV
7777777777777777777777 VCL1/2

GND

Relationship between Driver Output Waveform and Level Voltages
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AC Characteristic 1 (V.= 2.4 to 3.6V, GND = 0V, VCH = 4 to 6V, Ta = -20 to +75°C)

¢ Display-Data Transfer Timing

No. Item Symbol  Applicable Pins min. max. Units Notes
Q) Clock cycle time teve cL1 10 — us 1
2) CL1 high-level width e cL1 1.0 — us
(3)  CL1 low-level width tow CL1 1.0 — ps
4) CL1 rise time t, cL1 — 50 ns
(5) CL1 fall time t, CcL1 — 50 ns
(6) FLM setup time t FLM, CL1 2.0 — us
©) FLM hold time t, FLM, CL1 1.0 — us
Note: 1 f_.=1/t .
Max: 100KHz
t, te
@ @ town REICEETN @ teye |
cL1 \_‘ 0-8Vee Hx _“_\_<
0.2Vee T_S
l<®)tes (Ntey |

0.8Vce
FLM

Measurement Condition

Input level: \,,=0.8*V_, V, =0.2*V_
Output Level: VOH = 1.5V, VOL = 1.5V
Output Load: 100pF

Test
point

100pF

H
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AC Characteristics 2 (V.= 2.7 to 3.6V, GND = 0V, VCH = 4 to 6V, Ta = -20 to +75 °C)

* Access Timing

0 Read Cycle
No. Item Symbol  min. max. Units Notes
(8) Read cycle time tec 120 — ns
(9)  Address access time tan — 120 ns
(10) Chip select access time tea — 120 ns
(11) Access-time from output-enable to output toe — 60 ns
(12) Set-time from output-enable to outpu to — ns
(13) Floating-time from output-disable to output  t_,, 40 ns
(14) Output hold time ton 10 — ns
O Write Cycle
No. Item Symbol  min. max. Units Notes
(15) Write cycle time tye 120 — ns
(16) Chip select time tew 85 — ns
(17) Address setup time [ — ns
(18) Address hold time tr — ns
(19) WE low-level width t,e 70 — ns
(20) Input data set time tow 50 — ns
(21) Input data hold time to,, 0 — ns
«  WAIT Output Timing
No. Item Symbol  min. max. Units Notes
(22) WAIT delay time (low impedance) ty, 10 — ns
(23) WAIT delay time (Read) toe 50 — ns
(24) WAIT low level width (Read) toun — 240 ns
(25) WAIT output-disable time tnr — 30 ns
(26) WAIT access time towe 60 — ns
(27) WAIT delay time (Write) tye 50 — ns
(28) WAIT low level width (Write) torw — 150 ns
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AC Characteristics 3 (V.= 2.4 t0 2.7V, GND = 0V, VCH = 4 to 6V, Ta = -20 to +75 °C)

* Access Timing

0 Read Cycle
No. Item Symbol  min. max. Units Notes
(8) Read cycle time tec 160 — ns
(9)  Address access time tan — 160 ns
(10) Chip select access time tea — 160 ns
(11) Access-time from output-enable to output toe — 80 ns
(12) Set-time from output-enable to output tos 5 — ns
(13) Floating-time from output-disable to output  t,, 0 50 ns
(14) Output hold time ton 10 — ns
O Write Cycle
No. Item Symbol  min. max. Units Notes
(15) Write cycle time tye 160 — ns
(16) Chip select time tew 100 — ns
(17) Address setup time the 0 — ns
(18) Address hold time tr 0 — ns
(19) WE low-level width t,e 100 — ns
(20) Input data set time tow 70 — ns
(21) Input data hold time to,, 0 — ns

¢ WAIT Output Timing

No. Item Symbol  min. max. Units Notes
(22) WAIT delay time (low impedance) ty, 10 — ns
(23) WAIT delay time (Read) toe 70 — ns
(24) WAIT low level width (Read) tou — 300 ns
(25) WAIT output-disable time tr — 40 ns
(26) WAIT access time towe 100 — ns
(27) WAIT delay time (Write) tye 70 — ns
(28) WAIT low level width (Write) torw — 200 ns
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Read Cycle
®) tpe
Address >7 X
A
(10) tpcs J/
Cs X /
9) tan
(1D)toe |
o \ /7
X
(3 tonz
14
(12) to, > At on
DB out ’\ )i Valid Data >
Write Cycle
(15) tye
Address >< §<
49 tow 8) twe
= 22
cs \ @) ten > /
(A7) t s (19) typ

wE N /
OE / o

(20)t by toH
/O in Valid Data :>

1100

HITACHI




HD66522

WAIT Output Timing (Read Cycle)

Address ><

\

(23) ¢
RWE (24)twa (25)twhz
(22) ty 2
WAIT [ —— ;
(26) towe

WAIT Output Timing (Write Cycle)
Address X X
_ 4
cs X /
WE /
oF /

(27 twwe 29, (25) twz
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