HD66520T

(160-Channel 4-Level Grayscale Display Column Driver with
Internal Bit-Map RAM)

HITACHI

Description

The HD66520 is a column driver for liquid crydal dot-matrix graphic dmay systems This LSI
incorporatesl60 liquid crysal drive circuitsand a 160« 240x 2-bit bit-map RAM, which is suitable for
LCDs in portable information device#t al® includesa general-purp@sRAM interfaceso that draw
acces can be ealy implemented from a general-pur@o€RJ. The HD66520als hasa new arbitration
method vhich preventdlicker when the CR performsdrawacces ag/nchronouly. The on-chipdisplay
RAM greatly decrea®s power consumption compared to previous liquid crystal dsplay systemsbecatse
thereis no need for highgeed data trafsr. The chip ale incorporates four-level graysale controller
for enhanced graphics capabilities, such as icons on a screen.

Features

» Duty cycle: 1/64 to 1/240
» Liquid crystal drive circuits: 160
» Low-voltage logic circuit: 3.0 to 5.5-V operation power supply voltage
» High-voltage liquid crystal drive circuit: 8 to 28-V liquid crystal drive voltage
» Grayscale display: FRC four-level grayscale display
» Grayscale memory management: Packed pixel
* Internal bit-map display RAM: 76800 bits (18@®40 linesx two planes)
+ CPU interface
O SRAM interface
O Address bus: 16 bits, data bus: 8 bits
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» High-speed draw function: Supports burst transfer mode
» Arbitration function: Implemented internally (draw access has priority)
» Access time
O 180 ns (V. =5V operation)
O 240 ns (V. = 3V operation)
* Low power consumption:
V.= 3.3-V operation
0 360 pA during display (logic circuit, liquid crystal drive circuit)
0 10 mA during RAM access (logic circuit)
V.. = 5.5-V operation
0 400 pA during display (logic circuit, liquid crystal drive circuit)
0 16 mA during RAM access (logic circuit)
» On-chip address management function
* Refresh unnecessary
» Internal display off function
» Package: 208-pin TCP

Ordering Information

Type No. TCP Outer Lead Pitch (u m)
HD66520TAQ Straight TCP 200
HD66520TBO Folding TCP 200
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Pin Arrangement
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Note : This figure does not specify the TCP dimensions.
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HD66520T

Pin Description

Classi- Number
fication  Symbol Pin Name I/0 of Pins  Function
Power Vg Ve — V..—GND: logic power supply
supply Veer Vee -
GND1 GND —
GND2 GND —
Ve, LCD drive — V..~V LCD drive circuit power supply
Ve, circuit power —
supply
V1L, LCD select Input 2 LCD drive level power supplies See
V1R high-level Figure 1.
voltage The user should apply the same
VoL, LCD select Input 2 potential to the L and R side.
V2R low-level
voltage
V3L, LCD deselect Input 2
V3R high-level
voltage
VAL, LCD deselect Input 2
V4R low- level
voltage
Control LSO, LSIID select Input 2 Pins for setting LSI ID no (refer to
LS1 switch pinO signals Pin Functions for details).
and 1
SHL Shift direction Input 1 Reverses the relationship between LCD
control signal drive output pins Y and addresses.
FLM First line Input 1 First line select signal.
marker
cL1 Data transfer Input 1 Clock signal to transfer the line data to
clock an LCD display driver block.
M AC switching Input 1 Switching signal to convert LCD drive
signal output to AC.
DISPOF Display off Input 1 Control signal to fix LCD driver outputs
F signal to LCD select high level. When low,
LCD drive outputs Y1 to Y160 are set to
V1, or LCD select high level. Display
can be turned off by setting a common
driver to V1.
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Classi- Number
fication  Symbol Pin No. Pin Name I/0 of Pins  Function
Bus A0 to Address input Input 16 Upper 9 bits (A15-A7) are used for the
interface A15 duty-directional addresses, and lower 7
bits (A6—A0) for the output-pin
directional addresses (refer to Pin
Functions for details).
DBO to Data input/ 110 8 Packed-pixel 2-bit/pixel display data
DB7 output transfer (refer to Pin Functions for
details).
CcsS Chip select Input 1 LSI select signal during draw access
signal (refer to Pin Functions for details).
WE Write signal Input 1 Write-enable signal during draw access
(refer to Pin Functions for details).
OE Output Input 1 Output-enable signal during draw
enable signal access (refer to Pin Functions for
details).
LCD Y1to LCD drive Output 160 Each Y outputs one of the four voltage
drive Y160 output levels V1, V2, V3, or V4, depending on

output

the combination of the M signal and
data levels

Note: The number of input outer leads: 48
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Pin Functions

Control Signals

LSO and LS (Input): The LS pins can assgn four (0O © 3) ID nunmbers to four LSIs, thus making it
possible to connect a maximum of four HD66520s sharing the G&min to the same bus (Figure 2.)

SHL (Input): This pin reverss the relationkip between LCD drive output pinsYl to Y160 and
addreses. There is no need to change the address assgnment for the display regardless of whether the
HD66520is mounied from the back or the front of the LCD pand. Refer to Driver Layout and Address
Management for details.

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

CL1 (Input): At each falling edge of data-trdes clock pulss input to thispin, the latch circuitdatch
display data and output it to the liquid crystal display driver section.

M (Input): AC voltage reeds to be applied to liquid crystals to prevent deteioration due to DC voltage
application. The M pin is a switch signal for liquid crystal drive voltage and determines the AC cycle.

DISPOFF (Input): A control sgnal to fix liquid crystal driver output to liquid crystal selecthigh level.
When thispin islow, liquid crydal drive outputsy'l to Y160 are st to liquid crysal ¢lect highlevel V1.
The diplay can be turned off bye#ting the output®f the commondriver to level V1. In this ca®,
display RAM data wll be retained.Therefore,if signal DISPOFF returns b high level, liquid crystal
drive outputswill return to normal diglay date. Draw acces can be executedhgn sgnal DISPOFF is
either in high or low state.

ID=0 D=2
HD66520 | [ HD66520

320

LS1 LSO IDNo. RAM Address Arrangement
L 0 Upper-left of LCD panel

,,,,,,,,,,,,,,,,,,,,,,,

L

L 1 Lower-left of LCD panel
H L 2 Upper-right of LCD panel
H 3 Lower-right of LCD panel

LCD§ panel

[ HD66503 | [ HD66503 |
~
3

L: Low level

[ HD6520 | [ HD66520 | H: High level

ID=1 ID=3

Figure 2 LS Pins and Address Assignment

1019
HITACHI

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192203/hd66520t.html

HD66520T

Power Supply Pins
V. ..,— and GND1-2:These pins supply power to the logic circuit.
V.~ and V,—,: These pins supply power to the liquid crystal circuits.

V1L, VIR, V2L, V2R, V3L, V3R, V4L, V4R: These pins are used to input the level power supply to
drive the liquid crystal.

Bus Interface

CS (Input): A basic sgnal of the RAM area. WtenCS is low (active),the ystem can acceshe on-chip
RAM of the LSl whos addres space,set by LS, LS1, and $L pins containsthe input addres When
CS is high, it is prohibited to access the RAM.

In addition, this sgnal isused for arbitration control tien drawacces from the CR) competeswith
display acces that isusedto trarsfer line data tothe liquid crystal panel. Note that there are restraints for
the pulse width, as shown in Figure 3. The example shown here is wher8V for a write operation.

A0 to A15 (Input): A busto tran$er addreses during RAM acces. Upper nine bit§A15 to A7) are
duty-direction addresses, and lower seven bits (A6 to A0) are output pin-direction addresses.

WE (Input): When WE is during low level, the RMM is in active modeand during high levelit is
prohibited to accesthe RAM. Thisis usd to wite diplay data to the RM. Only the LS| whose addres
space, set by pins LSO, LS1, and SHL, contains the input address can be written @5 whienv.

OE (Input): When OE is during low level the RM is in active modeand during high levelit is
prohibitedto acces the RAM. This is used to read digay data from the RK. Only the LS whose
addres space,set by pinsLS0, LS1, and %L, containsthe input addresscan be read from ken CS is
low.

DBO to DB7 (Input/Output): The pins function asdata input/output pinsThey can accommodate to a
data format with 2 bits/pixel, which implement packed-pixel four-level grayscale display.

180 < tep (NS) tchw: CS high-level width
180 <t w < tgs — 1000 (ns) tcLw: CS low-level width
teiw fehw,
— N v (0 N 2
FLM /. tes P
-
cu T \ ))
Note: Refer to restraints for details on pulse-width restraints.

Figure 3 CS (Input)
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Block Diagram
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Address Management Circuit: Convertsthe addreses input via A15-A0 from the gstem to the
addreses for amemorymapof theon-chip RAVI. When gveral L3s (HD665203 are ugd, only the LS

whose addres gpace,set by pinsLS0, LS1, and $IL, containsthe input address acceptghe acces from

the ystem, and enableshe insde. The addres management circuit enablesnfiguration of theLCD

display systemwith memory addresss not affected by the connection directi@mnd reduceburdensof

software and hardware in the system. Refer to the How to Use the LSL ard LSO Fins to set fns LSO,

LS1, and SHL.

Timing Control Circuit: This circuit controls aritration between display acces and draw acces.

Specifically, it controls acces timing while receiving sgnalsFLM, CL1, CS, WE, and OE as input FLM

andCL1 areusedto perform refrels (display acces), that is to tran$er line data to the liquid crie

circtit. CS, WE, and OE are ugd for the CP to perform drawoperation (dravacces), that is to read
and wite digplay data from and to the internal RIA This circuit al® generates timing sgnal for the
FRC control circuit to implement four-level grayscale display.

Line Counter: Operatesrefred functions When M is high, the counter clearthe countvalue and
generatesan addresto <lect the firs line in the RAM section. The counterincrementsits value
whenever CL1 is valid and generates an address to select subsequent lines in the RAM section.

idirectio_nal Buffer: Controlsthe tranger direction of the day data according toignalsfrom pins
WE andOE in draw operation from the system.

Word Line Decoder: Decodesduty addreses (A15to A7) and slectsone of 240 linesn the diplay
RAM section, and activates one-line memory cells in the display RAM section.

Data Line Demder: Decodespin addreses (A6 to AO) and electsa data line in the ditay RAM
section for the 7-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: 160x 240x 2-bit memorycell array.Since the memory idatic, display data can be held
without refresh operation during power supply.

FRC Circuit: Implements=RC (frame rate control) function for four-level gragde diplay. For details
refer to Half Tone Display.

Data Latch Circuit (1): Latches160-pixelgraysaledisplay data procesd by the RC control circuit
after being read from the giay RAM section byrefre$ operation.This circuit is neededto arbitrate
between display access for performing liquid crystal display and draw access from the CPU.

Data Latch Circuit (2): This circuit again outputshe data indatalatch circuit (1) synchronouby with
signal CL1.

LCD Drive Crcuit: Selectsone of LCD select/ceslect power levels V4R to VIR ard V4L to V1L
accordingto the graysale display data,AC sgnal M, and diplay-off sgnal DISPOFF. The circuit is
configured 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 graysale display, multiple bitsare needed for one pixdh the HD66520,two bits are asigned to
one pixel, enabling a four-level grayscale display.

One addres (eight bit3 specifies four pixels and pixel bitsO and 1 are managedas congcutive bits.
When graysale diplay data ismanipulated in bit unitfsone memory access sufficient, which enables
smooth high-speed data rewriting.

The bit datato input to pin IB7, DB5, DB3, and B1 becomedMSB and the bit data to input via pin
DB6, DB4, DB2, and DBO is LSB.

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

T~~~
Bt 01234567 0 7 0
[e[o[*]e]o]2]

lwuuuiNWﬁWWﬁHU
TIIT ITTT ]
1] [[o] (]| [ ](=][=z]] crayscate tevel

i e e

Note: Black is shown when the LCD select high-level power supply V1 (M = 1) and LCD select
low-level power V2 (M = 0) are selected. White is shown when the LCD non-select
high-level power supply V3 (M = 1) and LCD non-select low-level power supply V4 (M = 0)
are selected.

Physical memory

l FRC control circuit

Figure 5 Packed Pixel System
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Half Tone Display (FRC: Frame Rate Control Function)
The HD66520 incorporates an FRC function to display four-level grayscale half tone.

The FRC function utilizes liquid crystal characterstics whaose lrightnessis charged by aneffective value
of applied voltage Different voltagesare applied to each frame and half brighsnissexpresed in
addition to display on/off.

Since the HD66520 hastwo-bit graysale data per onpixel, it can display four-level graysale and
improve uer interface (gure 6).Figure 7 fows the relationBips between voltage patterrspplied to
each frame, the effective voltage value, and brightness obtained.

o |RRal | e [RAl

n

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

Figure 6 Example of User Interface Improvement
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Note: Black is shown when the LCD select high-level power supply V1 (M = 1) and LCD select
low-level power V2 (M = 0) are selected. White is shown when the LCD non-select
high-level power supply V3 (M = 1) and LCD non-select low-level power supply V4 (M = 0)

Figure 7 Effective Voltage Values vs. Brightness
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Address Management

The HD66520hasan addres management function that corpesmdsto three diplay szesall of which

are standardsizes for portable information devicesa 160-dot-wde by 240-dot-long day (small
informationdevice$; a 320-dot-wide by 240-dot-long digay (quarte?lVGA size); and a 320-dot-me by
480-dotlong dsplay (hdf VGA size). Up to four HD66520scan be connected to at a time to configure
easily liquid crystal displays with the resolutions mentioned above.

Driver Layout and Address Management

The Ylineson a liquid crygal panel and memory data in a driver ameertedhorizontallydependingon
the connectionide of the liquid cry®l panel and the drivewWhen gveraldriversareconnectedaddres
management igeeded for each driveAlthough reinverted bit-map plotting or addsesanagement by
the CS pin in each driver are psble by uing ecial wite addresing, the load on theddtware is
significantly increasd. To avoid this the HD66520 providesmemory addresss independentof
connection side, but responds to the setting of pins LSO, LS1, and SHL.

How to Use the LS1 and LSO Pins

PinsLS1 and LSO st the LSl postion (up b four) as shown in Figure 8 by adgning ID nunmbers 0 to 3
to each HD66520.

ID=0 ID=2
HD66520| | HD66520
@ 320
LS1 LSO |IDNo. Address Arrangement § |
L L 0 Upper-left side % 480
L H 1 Lower-left side § LCD! panel
H L 2 Upper-right side 9 |
H H 3 Lower-right side g
L: Loyv level HD66520| |[HD66520
H: High level D=1 ID=3

Figure 8 LSO and LS1 Pin Setting and Internal Memory Map
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How to Use the SHL Pin

It is possible to invert the relationsip between the addrsss and output pin&'1 to Y160 by &tting the
SHL pin (Fgure 9).The upper leftection on the @een can be aigined toaddres H’0000 regardles of
which side of the LCD panel the HD66520 is connected to.

The Relationship between the Data Bus and Output Pins

The 8-bit dataon the data busasa 2-bit/pixel configuration for a 4-level grayde diplay. In addition,
the 8bit data o the data us has a relationship asshown in talde regardless of the relationship between
pins LSO, LS1, and SHL.

Table 1 Data Bus and Output Pins

Data Bus Output Pins

DBO, 1 Y1 YS e Y153 Y157

DB 2,3 Y2 Y6 e Y154 Y158

DB 4,5 Y3 Y7 e Y155 Y159

DB 6, 7 Y4 Y8 e Y156 Y160
Y1----Y160 Y1----Y160 Y160---Y1 Y160---Y1

LCD panel LCD! panel

Y160---Y1 Y160---Y1 Y1---Y160 Y1---Y160

When the HD66520 is connected to the When the HD66520 is connected to the
back of the panel (SHL = Low). front of the panel (SHL = High).

Figure 9 Address Assignment and SHL Pin Setting
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Sincetherelation$ip betweendatabuspins DBO to DB7 and the output pingre fixed,connect the data
from the CPU to databuspinsDBO to DB7 according to the driver arrangement on the pangi@sn in

Figure 10.
Drive Arrangement Data Bus Connection
When Y1 is placed on the left side of the liquid
crystal panel
HD66520 data
CPU data ;
0 HD66520_ [> bus pin
DO «——= DBO
Y1 Y160 Dl ~—— DBL
D2 <«— = DB2
D3 -=«——= DB3
D4 <« » DB4
D5 «— = DB5
Liquid crystal D6 «—— DB6
a panz D7 «—— = DB7
When Y160 is placed on the left side of the
liquid crystal panel
HD66520 data
CPU data N
< éHDseszoL/L O bus pin
DO «——= DB6
[ﬁm DI <«——= DB7
Y160 Y1 D2 DB4
D3 =«———= DB5
D4 <« = DB2
o D5 «— = DB3
Liquid crystal D6 <« = DBO
panel D7 «——= DBl
Figure 10 Relationship between Data Bus Pins DBO to DB7 and Output Pins
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Application Example

The HD66520is suitable for a 160-dot-wde by 240-dot-long day (small information devicgs a 320-
dot-wide by 240-dotlong dsplay (quater VGA size); and a 320-dot-ide by 480-dot-long day (half
VGA size). All of thes are tandard mes for portable information devicedhe folloning $iows the
system configuration.

Small-size information device Quarter VGA size
160-dot-wide by 240-dot-long 320-dot-wide by 240-dot-long
HD66520 [ HDs6s20 | [ HDe6520 |
- = - = = =
< 160 160 e 160
2 'S
S ]
3 £ 3 £
9 © =] Expands 8 = =]
© 3 (240 P: © 1 3240
bat . g N horizontally fat . '3 ~
I @ I Lo
[} o
£ =
) i}
160 320
Expands
horizontally
and vertically
Half VGA size
320-dot-wide by 480-dot-long
[ HDee520 | [ HD66520 |
160 'S 160
]
o [
B 'S °
g g S
I \/ Lo
]
=
'3
N oo 480
=3
.9
' o
e} @
3 'S °
© = 54
< s ~
g \/ '8
)
=
160 1= 160
[ HDe6520 | [ HD66520 |
320

Figure 11 Application Examples

1029
HITACHI

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192203/hd66520t.html

HD66520T

Small Information Device (SHL = Low)

CPU

DO
D1
D2
D3
D4
D5
D6
D7

ID No. 0
LSO = Low
LS1 = Low
=] £HD66520L/L >
160
=4
S
3
o
? RIR Y1 Y5 Y153 Y157
3 °le Y4 8 Y156 Y160
Liquid crystal
panel
160
DBO HD66520
DB1
DB2
DB3
DB4
DB5
DB6
DB7 ] ]

[ [ ]
1[1]o]o]o]o]o]o[1]1]1]1]1]2]0]0 0
1[1]o]o]o]o]olo[1]1]o]o]o]o]0]0 0
1[1]o]oojo]olo[1]1]o]o]o]o]0[0 0
1[1]1]1]1]1]olo[1]1]1]1]2]2]00 0
o[1]1]o]1]o[1]o[o]2]o[2]0[2]2]0 o[1]oJ1]2]o[1[0
o0|1]a]oj1]o[1]olo]1]1]o]1]0[1 o[1]1]oo[1]1]0
o[1]1]o]1]o[1]o]o]1]1]o]1]o[1 o[1]1]oJo[1]1]o
o[1]o]1]o]1[1]o]o]1]o[1]0]1]1 o[1]o]1]1]o[1]o
[ T T T 11
Y1 Y2 Y3 Y4 Y5 Y6 Y7 18

Liduid crystal
display image

Duty direction
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Figure 13 Small Information Device (2)
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Quarter VGA Size (SHL = Low)
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Quarter VGA Size (SHL = High)
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Half VGA Size (SHL = Low)
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Half VGA Size (SHL = High)
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Display-Data Transfer

Display RAM data istrangerred to 160-bit data latch circuitsand 2 at eachfalling edgeof the CL1
clock pulse. Since display datatrander and RAM acces to draw data are completelyyschronous
separatedin the LS, there will be no draw data Iasss or display flickering due to display data trarsfer
timing.

The firg line data trarfer involvesthe firg line marker (FLM), which initializes a line counter,and

trangers the firg line data to data latch circuits and 2. Subsquentline data tranders involve

trangerring the secondandthe subsquentline data to data latch circuifsand 2 vkile incrementing the
line counter value.

First Line Data Transfer

The line counter ifitialized yynchronouly with an LM sgnal. The fird line istranderredto datalatch
circuits 1 and 2 at the falling edge of the CL1 (Figure 22).

Subsequent Line Data Transfer

The £cond and theubsequent line data are trdesred to data latch circuitsand 2 athefalling edgeof
the CL1 to update the line counter value (Figure 23).

cL1 \ /7
FLM / 3

Line counter X+1 >§<Z 1 >1j<z 2

Data latch circuit 1 Xth + 1 line i 1st line § >< 2nd line

Data latch circuit 2 Xth line X 1st line

(Y1 to Y160)

Figure 22 First Line Data Transfer

CL1 \ /:/7
Line counter n >§<Z Py :

Data latch circuit 1 nth line i nth + 1 line

Data latch circuit 2 nth — 1 line X nth line

(Y1 to Y160)

Note: Outputs Y1 to Y160 are converted into four levels before output according the liquid crystal altemating signal.

Figure 23 Subsequent Line Data Transfer
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Draw Access

Random Cycle

Random cycleexjuence ighe sme aghat for the general-purpesRAM interface(Figures24 and25).
It can easily be connected to a CPU address bus and data bus.

Al51t00 X X

cs

OE

WE

DB7 to 0 out Valid Dout

DB7to0in

Figure 24 Read Cycle

Al510 0 X X

cs

OE

WE

DB7 to 0 out

DB71t00in Valid Din

Figure 25 Write Cycle
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Burst Cycle

Continuousacces (burg cycle) can be performed by enabling adszeand OE or WE when CS is low
(Figures 26 and 27). Refer to restraints for the period of continuous transfer.

A151t0 0 X X X X
o ||

OE

= i

DB7 to 0 out Valid Dout Valid Dout D(ﬁ | Valid Dout
DB7to0in

Figure 26 Burst Read Cycle

Al5100 X N4 N4 N

cs

,\
S

OE

WE

DB7 to 0 out \
DB7to 0in Valid_Din Valid Din>C><7/ Valid Din )}

Figure 27 Burst Write Cycle
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Arbitration Control

The HD66520 controlghe arbitration beteen drawacces and diplay acces The drawacces reads
and wites display data of the digay memory incorporated in thelM6520.The display acces outputs
display memoryline datato theliquid crygal panel.In this ca®, drawacces is performed before diay
acces, 0 continuousacces is enabled whout having the ystem to wait. For arbitrationcontrol, draw
access is recognized as valid when sigifals low.

The following describes the typical examples of display memory access state during arbitration control.

Sequence Line Data Transfer Display Access Performed by Subsequent Line Data Transfer

If no draw access is attempted, normal display access is performed when signal CL1 is low (Figure 28).

Draw Access 1

If draw acces is attempted Wwen s$gnal CL1 ishigh, drawacces is performedregardles of the display
access (Figure 29).

CL1

Display memory / nth line data y \/" nth + 1 line data \
access state A display access A / display access a

Figure 28 Sequence Line Data Transfer

- Draw access -,

CL1
Display memory \/ nth line data y y /\ nth + 1 line data /
access state / display access \ \ Draw access \_/ display access /\

Figure 29 Draw Access (1)
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Draw Access 2

If draw acces is attempted Wwen sgnal CL1 islow, the diplay acces is suspendedto perform draw
acces (Figure 30). Afterthedrawacces, the digplay accesis performed againAs a resilt, even if draw
access is attempted asynchronously, at least one of the display accesses will be performed.

Display Access by First Line Data Transfer

If nodrawaccesis attempteddisplay acces for the firg line is performed vaen sgnal LM is high and
CL1 is low. The display access for the second line is performed when signal CL1 is low (Figure 31).

-~ Draw access -

CL1
Display memory \/ nth line data \/ Draw access / nth line data\, nth + 1 line data \
access state /\ display access /\ '\_display access /° display access /\

Figure 30 Draw Access (2)

FLM

CL1

Display memory \ 1st line data \ 2ndline data  \ /
access state / display access / display access / /\

Figure 31 First Line Data Transfer

1044
HITACHI

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192203/hd66520t.html

HD66520T

Draw Access 3

If draw acces is attempted Wwen sgnal LM is high, sop the diplay accesis suspended to perfornthe
drawacces (Figure 32). After thedrawacces, the diplay accesis performed againAs a resilt, even if
draw access is attempted asynchronously, at least one of the two display accesses will be performed.

Note: In orderto satify draw acces 3 and trani®r the firg line data,there are remintsfor the period
when pins FLM and CL1 ae both hgh and for e low level pulse width of pin CS. Rder to
Restraints for details on the restraints for the pulse width.

FLM

CL1

Display memory v D NV 2_nd line data \ Y
access state \_/\ Prawaccess A A display access __/ A
1st line data 1st line data
display access display access

"~~~ Draw access -~

Downloaded from Elcodis.com electronic components distributor
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Example of System Configuration

Figure 33 shows a system configurationfor a 320-dot-wde by 240-dot-long LCpanel usng HD66520s
and common driver BI66503 wth internal liquid crygal diglay timing control circuits All required
functionscan be prepared for liquid ctgs digplay with jus three chipsexcept for liquidcrygal display
power supply circuit functions.

CS,WE,OE—+>
DBO-DB7 —+8
Al5AO— 4168

Power supply
circuit

Il
7

1
3
<
Q
o)

LSO LSO
Ls1 HD66520 HD66520 Ls1

ID No.O, ID No.2,
SHL ( 00) ( 02) SHL

160

DOC (DISPOFF) 1
FLM, CLL, M

1

CR

Scan driver
1/240 duty
Line scan direction

240

Py
HD66503

320

Figure 33 System Configuration
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Restraints

The HD66520 can perform continuousaw acces (burg acces) when signal CS is low. As a result,
display data can be rewritten at high speed.

However, since sigral CS is necesary to perform arbitration control beagn drawacces and diglay
access to the display memory, the following restraints exist for the pulse width ofGignal

V. =3.0t0 4.5V

¢ Read operation

Item Symbol Min Max Unit

Chip select high level width tom 180 — ns

Chip select low level width ton 240 t.s — 1000 ns

* Write operation

Item Symbol Min Max Unit

Chip select high level width tw 180 — ns

Chip select low level width tew 180 t.s — 1000 ns

V,=45t055V

¢ Read operation

Item Symbol Min Max Unit

Chip select high level width tom 120 — ns

Chip select low level width ton 180 t.s — 1000 ns

* Write operation

Item Symbol Min Max Unit

Chip select high level width tw 120 — ns

Chip select low level width tew 120 t.s — 1000 ns
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Chip Select High Level Width

Display acces is performed wen sgnal CS is high during normal dravacces. Therefore,only the
minimum display access time is necessary for the chip select high level width (Figure 34).

terr (terw)

CL1

Display memory /" Draw \/ Display V\ Draw \/
access state \__access /\ access /\ access /! A

Figure 34 Chip Select High Level Width
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Chip Select Low Level Width

Whencontinuousdraw acces (burg acces) is performed wen sgnal CS is low, the maxmum display
acces time, that is t.—~1000(n9 is necesary for the chip slect lowlevel width (Fgure 35).This is
needed to secure the display access period for the first line.

When common driver HD66503 s used togeher with the HD66520, t., can be calcdated with the
following formula.

tpg= 1
4-nputy-frLm

fo.,: frame frequency
Noury: dUty

Whenwrite operationis performedwith the burs acces having a frame frequency of 7Qztand a duty
cycle of 1/240,display data of 77 bytesan be coreqjutively witten in one bursacces (write cycle is
180 ns).

toir (teLw)

T
CL1 \L

Display memory / y N y -
acczsgstate 7><T>< Draw access >< 2 >< 2nd line data access

1st line data 2nd line data
display access display access

Figure 35 Chip Select Low Level Width
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Absolute Maximum Ratings

Item Symbol Ratings Unit Notes

Power voltage Logic circuit Ve -0.3t0 +7.0 \Y 1
LCD drive circuit V. V,.—30.0toV_+0.3 \

Input voltage (1) VT1 -0.3toV_+0.3 \% 1,2

Input voltage (2) VT2 V,—-03toV, +0.3 \Y 1,3

Operating temperature Ton —20to +75 °C

Storage temperature Te —40 to +125 °C

Notes: 1. The reference point is GND (0V).

2. Applies to pins LSO, LS1, SHL, FLM, CL1, M, A0 to A15, DBO to DB7, DISPOFF, CS, WE, and

OE.

3. Applies to pins V1L, V1R, V2L, V2R, V3L, V3R, V4L, V4R.

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.
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Electrical Characteristics

DC Characteristics 1 (V. = 3.0 to 5.5V, GND = 0V, {.-V,, = 8 to 28V, Ta = —20 to +75°C

Applicable Measurement
Item Symbol Pins Min Typ Max  Unit Condition Notes
Input leakage 1, Except for -25 — 25 HA VIN =V to GND
current (1) DBO to DB7
Input leakage 1, VIL/R, V2L/R, =25  — 25 HA VIN =V to V.
current (2) V3L/R, V4AL/R
Tri-state lsr DBOtoDB7 -10 — 10 MA  VIN=V_ to GND
leakage
current
Vi-Yj on Ry Ylto Y160 — 1.0 20 kQ loy = 100 pA 1
resistance

Note: 1. Indicates the resistance between one pin from Y1 to Y160 and another pin from V1L/V1R,
V2L/V2R, V3L/V3R, VAL/V4R when load current is applied to the Y pin; defined under the
following conditions:

V.V, = 28V

VILVIR, V3L/V3R =V, — 2/10 (V V.,

VALIVAR, V2LIV2R =V, + 2/10 (V. -V.,)
V1L/VIR and V3L/V3R should be near the V. level, and V2L/V2R and V4L/V4R should be near
the V. level. All voltage must be within V. AV is the range within which R, the LCD drive
circuits’ output impedance, is stable. Note that £V depends on power supply voltage V V...

AV

< <
() B
L
Pyl Pl
AV (V)

o
~

25

,,,,,,,,,,,,,, VAL/IR
I\
,,,,,,,,,,,,,,,,, V2L/R

Relationship between Driver Output Waveform and Output Voltage

8 28
VeeVee (V)

1051
HITACHI

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/parts/6192203/hd66520t.html

HD66520T

DC Characteristics 2 (V.= 3.0 to 4.5V, GND = 0V, YV, = 810 28V, Ta=-20to +75°C

Applicable Measurement
Item Symbol  Pins Min Typ Max Unit  Condition Notes
Input high level VIH1 LSO-1, SHL, 0.8xV.,. — V \
voltage (1) FLM, CL1, M,
Input low level VIL1 DISPOFF 0 —  0.2xV \Y
voltage (1)
Input high level VIH2 DBOto DB7, 0.7xV.,. — V \Y
voltage (2) CS, A0 to
Al5,
Input low level VIL2 WE, OE 0 — 015xV,. V
voltage (2)
Output high VOH DBOtoDB7 09xV.,. — — \Y Iy, = =50 pHA
level voltage
Output low VOL — —  0.1xV \Y l,, =50 pA
level voltage
Current lee Measurement — 8 10 mA  Access time 2
consumption pin V. 600 ns
during RAM V=33V
access
Current lee Measurement — 200 300 HA VYV =28V 2,3
consumption in pin V. V=33V
LCD drive part teye = 59.5 s
Current los Measurement — 40 60 HA No access
consumption pin GND
during display
operation

Notes: 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 memory access is stopped and the still image of a zig-zag

pattern is displayed in its place.

1052

Downloaded from Elcodis.com electronic components distributor

HITACHI


http://elcodis.com/parts/6192203/hd66520t.html

HD66520T

DC Characteristics 3 (V. = 4.5 to 5.5V, GND = 0V, {.-V,, = 8 to 28V, Ta = —20 to +75°C

Applicable Measurement
Item Symbol  Pins Min Typ Max Unit Condition Notes
Input high level VIH1 LSO-1, SHL, 08xV.,. — V. \Y
voltage (1) FLM, CL1, M,
Input low level VIL1 DISPOFF 0 — 0.2xV \Y
voltage (1)
Input high level VIH2 DBOto DB7, 2.2 — V. \Y
voltage (2) CS, A0 to
A15,
Input low level VIL2 WE, OE 0 — 038 \%
voltage (2)
Output high VOH DBOtoDB7 2.4 —_ — \% lo, = =100 pA
level voltage
Output low VOL — — 04 \Y I, = 100 pA
level voltage
Current lee Measurement — 13 16 mA  Access time 2
consumption pin V. 600 ns
during RAM V.=5.5V
access
Current lee Measurement — 200 300 HA V-V ,.=28V, 2,3
consumption in pin V. V. =5.5V,
LCD drive part teye = 59.5 ps, no
access
Current los GND — 60 100 HA
consumption
during display
operation

Notes: 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 memory access is stopped and the still image of a zig-zag
pattern is displayed in its place.
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HD66520T

AC Characteristics 1 (V. = 3.0to 5.5V, GND = 0V, Y~V = 8 to 28V, Ta =-20to +75°C
» Display-Data Transfer Timing
No. Item Symbol Applicable Pins  Min Max Unit Notes
Q) Clock cycle time teve cL1 10 — us 1
2) CL1 high-level width tewn 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, cL1 — 50 ns
(6) FLM setup time to FLM, CL1 2.0 — us
©) FLM hold time t, FLM, CL1 1.0 — us
Notes: 1.
feve = Uteye
(Tl) " ) tewn O o N | Max: 100 kHz

7

0.8 Vee —

(6) trs (7) trH

FLM 770.8 Ve

When executing draw access with burst transfer, the period described in the restrains must be

satisfied in the relationship with the arbitration control.
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HD66520T

AC Characteristics 2 (V.. = 3.0 to 4.5V, GND = 0V, \.—V..= 8 to 28V, Ta = —20 to +75°F

» Draw Access Timing

0 Read Cycle

Measurement conditions:

Input level: VIH = 2.4V, VIL = 0.8V

Output level: VOH/VOL = 1.5V

Output load: 1 TTL gate + 100 pF capacitor
No. Item Symbol Min Max Unit Note
(8) Read cycle time tec 240 — ns
9) Address access time tan — 240 ns
(20) Chip select access time tea — 240 ns
(12) CS high level width term 180 — ns
(12) CS low level width teq 240 t.~1000 ns
(13) OE delay time to. — 150 ns
(14) OE delay time (low impedance) tous 5 — ns
(15) Output-disable delay time tons 0 35 ns
(16) Output hold time ton 5 — ns

O Write Cycle

Measurement conditions:

Input level: VIH =2.4V, VIL = 0.8V
No. Item Symbol Min Max Unit Note
a7) Write cycle time tye 180 — ns
(18) Address-to-WE setup time asw 30 — ns
(19) CS high level width toow 180 — ns
(20) CS low level width toiw 180 t..—~1000 ns
(21) Address-to-WE hold time tow 0 — ns
(22) CS-to-WE hold time t., 0 — ns
(23) WE low level width tow 100 — ns
(24) WE high level width torw 30 — ns
(25) Data-to-WE setup time te 80 — ns
(26) Data-to-WE hold time t,, 30 — ns
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HD66520T

AC Characteristics 3 (V.. = 4.5 to 5.5V, GND = 0V, \~V,, = 8 to 28V, Ta = —20 to +75°F

» Access Timing

0 Read Cycle

Regulation terms:

Input level: VIH = 2.4V, VIL = 0.8V

Output judge-level: VOH/VOL = 1.5V

Output load: 1 TTL gate + capa. 100 pF
No. Item Symbol Min Max Unit Note
(8) Read cycle time tec 180 — ns
9) Address access time tan — 180 ns
(20) Chip select access time tea — 180 ns
(12) CS high level width term 120 — ns
(12) CS low level width teq 180 t..—~1000 ns
(13) OE delay time to. — 100 ns
(14) OE delay time (low impedance) tous 5 — ns
(15) Output-disable delay time tons 0 35 ns
(16) Output hold time ton 5 — ns

O Write Cycle

Regulation terms:

Input level: VIH = 2.4V, VIL = 0.8V
No. Item Symbol Min Max Unit Note
a7) Write cycle time tye 120 — ns
(18) Address-to-WE setup time asw 20 — ns
(19) CS high level width toow 120 — ns
(20) CS low level width toiw 120 t..—~1000 ns
(21) Address-to-WE hold time tow 0 — ns
(22) CS-to-WE hold time t., 0 — ns
(23) WE low level width tow 80 — ns
(24) WE high level width torw 30 — ns
(25) Data-to-WE setup time te 60 — ns
(26) Data-to-WE hold time t,, 20 — ns
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HD66520T

Read Cycle 1
(8) tre
Address >§ }<
(9) tan
[
WE
N 13) t
oF (13) toe /—\—
— (15) tonz

(14) toLz (16 foy
1/0 out Valid Data
Read Cycle 2
Address >§

(12) terr \
(11) tenr

__ [ (10) tca
CS

(9) taa
WE
N 13) t
oF (13) toe

(15) tonz

(14) toLz (16) ton

DB out Valid Data —
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HD66520T

Write Cycle 1
(17) twe
Address >§ }<
(18) tasw (21) tapw
cs
L (23) twiw (24 twhw |
OE
(25) tps | [(26) ton
1/0in { Valid Data D
Write Cycle 2
(17) twe |
Address >§
(20) terw (19) tonw
Cs \ (22) teH|wu |/
(18) tasw || (23) twiw (24) twhw |
WE /| \
OE
(25) tps | |(26) tow
1/0in { Valid Data D
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