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M66271FP

OPERATION PANEL CONTROLLER

DESCRIPTION

The M66271FP is a graphic display-only controller for displaying a
high duty dot matrix type LCD which is used widely for PPC,FAX
and multi-function telephones.

It is capable of controlling a monochrome STN LCD system of up
to 320 x 240 dots.

The IC has a built-in 9600-byte VRAM as a display data memory.
All of the VRAM addresses are externally opened. Address
mapping in the MPU memory space allows direct addressing of all
display data from the MPU,thus providing efficient display data
processing such as drawing.

The built-in arbiter circuit (cycle steal system) which gives priority
to display access allows timing-free access from MPU to VRAM,
preventing display screen distortion.

The IC_provides interface with a 8-bit/16-bit MPU with a
READY (WAIT) pin.

And this IC has a function for LCD module built-in system by
lessening connect pins between MPU.

FEATURES
e Displayable LCD
Monochrome STN dot matrix type LCD of up to 76800
dots (equivalent to 320 x 240 dots)
*Maximum display duty : 1/240 (set to 240 Line)
: 1/255 (Max)
e Display memory
*Built-in 9600-byte(76800-bit)VRAM (equivalent to one
screen of 320 x 240 dots LCD)
*All addresses of built-in VRAM are externally opened.

e Interface with MPU
*Capability of switching 8-bit type MPU/16-bit type MPU
*With WAIT output pin (Accessing register from MPU without
WAIT output. Accessing VRAM from MPU with WAIT output.)
*Capability of controlling BHE or LWR/ HWR at the interface
with a 16-bit MPU.

o Interface with LCD
L CD display data are 4-bit parallel output
*4 kinds of control signals: CP,LP,FLM and M

e Display functions
*Graphic display only (characters drawn graphically)
Binary display only (without tone display function)
*Vertical scrolling is allowed within memory range

(small size LCD only)

® Additional function for LCD module built-in system o
+15 kinds of interface with MPU : A<4:1>,D<7:0>,10CS,LWR,RD
*Accessing VRAM from MPU through I/O register
«Capability of interfacing with 8-bit type MPU only

® 5V single power supply

e 80-pin QFP

APPLICATION
*PPC/FAX operation panel,display/operation panel of other OA
equipment
*Multi-function/public telephones
*PDA/electronic notebook/information terminal
*Other applications using LCD of 76800 dots or less

PIN CONFIGURATION(TOP VIEW) -
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BLOCK DIAGRAM 1
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PIN DESCRIPTIONS

Pin Input/ . Number
Item name Oﬁtput Function of pins
Input/ MPU data bus
D<15:0> oStput Connect to MPU data bus. 16
Selecting 8bit MPU by MPUSEL input, D<15:8> connect to VoD or Vss.
MPU address bus
A<13:0> |Input Connect to MPU address bus. When selecting 8-bit MPU, use A<13:0>. And selecting 14
’ pu 16-bit MPU, use A<13:1> for the address bus with combining A<0> and BHE by the method
of access to internal VRAM (Refer to Figure-1). Use A<4:0> for selecting address of control register.
OcsS Inout Chip select input of control register 1
npu When this pin is "L", select the internal control register. Assign to I/O space of MPU.
cs Inout Chip select input of VRAM 1
npu When this pin is "L", select the internal VRAM. Assign to memory space of MPU.
High-Write strobe input
HWR Input | When this pin is "L", data write to the internal VRAM. HWR is valid only in using 16-bit MPU 1
controlled byte access by LWR and HWR. (Refer to Figure-1)
TWR Inbut Low-Write strobe input 1
MPU P When this pin is "L", data write to the internal control register or VRAM. (Refer to Figure-1)
interface .
RD Input Read strobe input 1
When this pin is "L", data read from the internal control register or VRAM.(Refer to Figure-1)
MPUSEL |input 8/16-b|F MPU select input _ ' 1
According to MPU, set "Vss" for 8bit MPU and set "Vbp" for 16bit MPU.
RESET |inout Reset input 1
npu Use reset signal of MPU.When this pin is "L", initialize all internal control register and counter.
MPUCLK | Input MPU clock 1
Input of MPU clock.
Bus-High-Enable input
BRE This pin is valid when using 16-bit MPU controlled byte access by A<0> and BHE (Refer to Figure- 1
Input 1). Connect to "Vpp" when using 8-bit MPU.
Set to "L" when using the additional function for the LCD Module built-in system.
WAIT output for MPU
WAIT Output This signal malfef WAIT for MPU_. _ _ L 1
Change WAIT "L" at timing of falling edge of overlapping with MCS and (RD or LWR or HWR).
And return to "H" at synchronizing with the rising edge of MPUCLK after internal processing.
(Output WAIT only when requested access from MPU to VRAM during cycle steal access.)
Display data bus for LCD
UD<3:0> |Output | Transfer the LCD display data with 4-bit parallel signal. 4
Mutually output upper/lower data every CP output.
Display data transfer clock
CP Output | Shift clock for the transfer of display data to LCD. 1
Take the display data of UD<3:0> to LCD at falling edge of CP.
Display data latch pulse
LP Output This clock use both as the latch pulse of display data for LCD and the transfer of scanning signal. 1
LP output when finish the transfer of display data of a line.
LCD Latch of display data and the transfer of scanning signal at falling edge of LP.
interface First line marker signal
FLM Output | Output the start pulse of scanning line. 1
This signal is "H" active,the IC for driving scanning line catch FLM at falling edge of LP.
LCD alternating signal output
M 1
Output Signal for driving LCD by alternating current.
LCD(ON/OFF) control signal output
LCDENB |Output | Output data which is set at bit"0 " of mode register(R1) in control register. This signal can use 1
for controlling the LCD power supply, because LCDENB set to "L" byRESET.
oscillator | O>CE|nput | Input pin for oscillator Generate an internal clock L
Scillator B
0SC2 Output | Output pin for oscillator For crystal oscillator or external clock signal. 1
VoD —— | Power supply.(source +5V ) 7
Others | Vss —— | Ground 12
N.C —— | No connection 10
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OUTLINE

M66271FP is graphic display only controller for displaying a dot

matrix type LCD. This IC has a built-in display data memory

(VRAM) which is equivalent to 320%240 dots LCD.

e Control register
When access the control register from MPU side, use I0CS,
LWR,RD,A<4:0> and D<7:0>. Refer to Table-1,when set control
type inputs.
Control registers are R1 — R8 for the normal mode function and
R9 — R11 for the exclusive register for the LCD module built-in
system.

o VRAM
When access VRAM from MPU side, use MCS,HWR,LWR,
RD,BHE, A<13:0> and D<15:0>. And enable to correspond to
both 8-bit and 16-bit MPU by using MPUSEL input. Refer to
Figure-1 and Table-2 — 6 for a form of VRAM and input setting
for 8/16-bit MPU.

e Cycle steal system
Cycle steal is interact method of transferring display data for
LCD from VRAM and accessing VRAM from MPU on the basic
cycle of OSC.
Basic timing is two clocks of OSC,and assign first clock to the
access from MPU to VRAM and second clock to the transfer of
display data from VRAM to LCD.

Difference in VRAM between 8-bit and 16-bit MPU

In accessing VRAM from MPU,output WAIT. Change WAIT to
"L" at the timing of the falling edge of overlapping with MCS and
(RD or LWR/HWR). And return to "H" at synchronizing with
rising edge of MPUCLK after internal processing.
Cycle steal system can transfer data with more efficient. This
function access with the cycle steal method as taking WAIT for
MPU during the display term with necessity for the display data
transfer from built-in VRAM to LCD. On other side, don't output
WAIT for keeping throughput of MPU during horizontal
synchronous term with no necessity for the display data transfer
from VRAM to LCD side.
Refer to the following description of cycle steal.

e Output to LCD side
LCD display data UD<3:0> output synchronized with the rising
edge of CP output per 4bits.
LP output synchronized with the falling edge of OSC when finish
the transfer of display data for a line.
Enable to adjust the fittest value of the frame frequency
requested by the LCD PANEL side with adjusting pulse width by
LPW register.
FLM output, when finish the transfer of display data of 1st line.
M output is the LCD alternating signal which is signal for driving
LCD by alternating current.
M-cycle enable to set variably by M-cycle variable register in
line unit, and enable to utilize for preventting LCD from being
inferior.

(1) When accessing built-in VRAM by 8-bit MPU
(MPUSEL="L",BHE="H",HWR="H" :set)

A<13:0> >»| A<13:0>
MCS +—>dcEc
VRAM
LWR +——>gWEC  gg0onyte

D<7:0> J1e—>{DI<7:0>
DO<7:0>

RD

(2) When accessing built-in VRAM by 16-bit MPU
(2-1) In case MPU use A<0> and BHE for byte access
(MPUSEL="H",HWR="H":set)

(2-2) In case MPU use LWR and HWR for byte access
(MPUSEL="H",BHE="H",A<0>="H":set)

A<13:1> > A<13:1>
A<0> >0 A<0>
_ VRAM
MCS > CEC
_ 4800byte
LWR >C WEC (Lower byte)
D<7:0> * DI<7:0>
L_§ < DO<7:0>
— A<13:1>
BHE >0 A<0>
VRAM
—>»Q CEC
4800byte
—>Q WEC
(Upper byte)
D<15:8> * >| DI<15:8>
Li](— DO<15:8>
RD

A<13:1> > A<13:1>
R VRAM
MCS »Q CEC
I 4800byte
LWR >C WEC (Lower byte)
D<7:0> 3| DI<7:0>
Li}: DO<7:0>
3| A<13:1>
VRAM
—>»(Q CEC
4800byte
HWR >0 WEC
(Upper byte)
D<15:8> * > DI<15:8>
L%](— DO<15:8>
RD

Figure-1 Difference in VRAM between 8-bit and 16-bit MPU
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Combination of control input pins for MPU interface

Table-1 — 6 show conditions of input setting when access the control register and VRAM from MPU

(1) Access control register (Use address=A<4:0>,Data=D<7:0>)

Table-1

IOCS | LWR | RD Operation
L L H Write to control register
L H L Read from control register
H X X Invalid

(2) Writing to VRAM
(2-1) When use 8-bit MPU (MPUSEL="L",BHE=HWR="H":set)

Table-2

tf |MCS | BHE |A<0> [HWR |[LWR | Odd address | Even address | oy dabus
L L H L H L Invalid Write 8-bi
_ -bit
H Write Invalid
X H Invalid Invalid
H X X

(2-2) When use 16-bit MPU (In MPU

Table-3

——

wrl | MCS | BHE |A<0> |[HWR|LWR | Upper byte Lower byte ﬁi?&:ﬂs
H L L L H L Write Write 16-bit
H Invalid Invalid
H L Write Invalid Upper 8-bit
H Invalid Invalid
L Invalid Write Lower 8-bit
L - -
H H Invalid Invalid
H L Invalid Write Lower 8-bit
H . .
H X X X Invalid Invalid

(2-3) When use 16-bit MPU (In MPU

Table-4

controls byte access with LWR and HWR.

MPU

Valid data bus

seL | MCS |BHE |A<0>|HWR [LWR | Upper byte Lower byte width of MPU
H L H H L L Write Write 16-bit
H Write Invalid Upper 8-bit
H L Invalid Write Lower 8-bit
H Invalid Invalid
H X X

(3) Reading from VRAM
(3-1) When use 8-bit MPU (MPUSEL="L",BHE="H":set)

Table-5

Table-6

we” | MCS |BHE | A<0> RD Odd address | Even address Vvvi;'tf] iﬂ;gﬁs
L L H L L Invalid Reaq 8-bit
H Read Invalid
X H . .
0 X Invalid Invalid
(3-2) When use 16-bit MPU (MPUSEL="H":set)
st |MCS |BHE |A<0> RD Upper byte Lower byte Vvvi:';:] i?l,ast'f
H L X X L Read Read 16-bit
H Invalid Invalid
H X

Note:Avoid setting combination except above,as cause of error action

X="L"or "H"

controls byte access with A<0> and BHE. MPUSEL=HWR="H":set)

Even if A<O>="H",
enable to write

PUSEL=BHE=A<0>="H":set)
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Description of cycle steal

BASIC TIMING
Basic timing of M66271FP is two clocks of OSC
(internal clock after dividing OSC1 input).
Assign first clock to accessing from MPU to VRAM
and second clock to transferring of display data
from VRAM to LCD

oscC
(Internal clock after | | | | | | | | |

dividing OSC1 input)

CP output
(Display data transfer)

Access Data transfer
fromMPU  from VRAM MPU LCD
to VRAM to LCD

‘ Basic cycle >

Figure-2 BASIC TIMING

Operation cycle of MPU access(during WAIT output)

Writing or Reading operation for VRAM during cycle steal
needs 1 cycle in best case or 3 cycles in worst case,

according to the condition of the internal cycle steal at staring
access requested from MPU.

Ex.) Assuming that MCS input is later than RD,LWR and HWR input.
Cycle of | Cycle of I Cycle of I Cycle of | Cycle of |
Best case LCD ! MP! ! LCD access ! MPU access ! LCD access !
| | } | | |
s T | ) [ ; ;
I ! d I I I
I ! ! I I I
WAIT 1 1 /I } 1 1
| : {1 cancel WAIT when synchronize | |
i i i with rising edge of MPUCLK | |
I | I I I I
| meuctk [ ] N | | | | |
I I I I
I I ! ] I I
Worst case
s T —
| | / | | | |
— 1 | | | I—l
WA'T | | # | | | |
| | . . . Cancel WAIT,when synchronize
, , , ' ' with rising edge of MPUCLK
| | | | | |
| | | MPUCLK |

Figure-3 Operation cycle of MPU access

Function of cycle steal control
M66271FP has a function for processing data of a line with
more efficient. This function access with the cycle steal
method as taking WAIT for MPU during the display term
with necessity for the display data transfer from built-in
VRAM to LCD.
On other side, don't output WAIT for keeping throughput of

MPU during the horizontal synchronous term with no necessity
for the display data transfer from VRAM to LCD side.

But certainly set a term of accessing with the cycle steal
method by CSW register, for controlling an error action near
the end of horizontal synchronous term.

Output when finish transfer

of display data with a line

Output every transfer of
a display data

4bit transfer

Ex.) Assuming 320%240 dots LCD
1Line
l‘ d
N >
Lp | Y
T
1 2 3 78 79 80 1
CP I_
S - -
UD<3:0> __X_X__X \’SSQ Y X X X
Setting by CR register Setting by LPW register
Displaying term (Cycle steal method) Horizontal synchronous term
(Necessity for data transfer from VRAM to LCD side) (No necessity for data transfer from VRAM to LCD side)
CSE |
(Internal signal)
Setting by CSW register
Start WAIT for MPU according to Access with bus timing of MPU Start WAIT for MPU in timing of CSE  "H"
cycle steal access. without WAIT for MPU. according to bus timing of MPU.

Figure-4 Function of cycle steal control
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Handling of oscillator pin

<1> Crystal oscillator

Crystal oscillator
10SC1
C1
1 Rf M66271FP
|OSC2
C2 Rd

As far as possible, connect C,R and the crystal oscillator at near the pin.

<2> Input from external clock directly

Clock
generator

—>» OSC1

M66271FP

Open «— OSC2

Figure-5 Oscillator pin

Additional function for LCD module built-in system

As all of the VRAM address in M66271FP are
externally opened for addressing VRAM from MPU
directly.

When consider the LCD module built-in system,connect
pins are increased.

But M66271FP has an additional function for the LCD
module built-in system by lessening connect pins.

Outline of the additional function for the LCD module built-in system
e Interface pins with MPU
15 kinds of Interface with MPU:A<4:1>,D<7:0>,|0CS,LWR,RD
o Method of accessing the internal VRAM
Access the internal VRAM through the VRAM address index
register (IDXL,IDXH) and the Data port register (DP) which are
used for /O register.
The following show the process of accessing VRAM.

Setting to MPUSEL,BHE="L"

—>»1 Select VRAM address index register (IDXL,
IDXH),and write access address(14bit) as
data.

Select Data port register (DP).
Reading/Writing data for appointed
VRAM address.

; VRAM address is increased of +1.

e No use pins set the following.
HWR="H",MCS="H",WAIT= open,MPUCLK="L",MPUSEL="L",
BHE="L",A<0>="L",A<13:5>="L",D<15:8>="L",

e RESET=Power on reset or soft ware reset.
(In case of soft ware reset RESET ="H" :set)

e Enable to change IDXL and IDXH,even if either.

e Access the DP after writing the mode register (DISP(R1-D2)) =" 0".
Always enable to access (CSES register ="0"),because the display
signal fix "H" or "L" in DISP="0" and a term is no wait access.

e Access DP without WAIT function.

o VRAM address is automatically increased of +1 ,when finished
access to DP.
When access to continuous address,it doesn't need to set IDXL
and IDXH.

Application

MPU side LCD side

Common
<4:1> .
A<4:l driver

D<7:0>

Graphic LCD PANEL

I0CS M66271FP
LWR

RD

(IR

Crystal
Oscillator

|

Segment driver

LCD module of small size for only graphics
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Control register

M66271FP has 9 kinds of control register.
To set mode from MPU to control register,use IOCS,
LWR,RD,A<4:0> and D<7:0>.

(1) Kind of control register

Control register Table

Kind of register Address Data
Functions of register R/W
No. Name A4‘A3‘A2‘A1‘AO D7 | D6 DS‘ D4‘ D3| D2 | D1 | DO
D6 — DO set the basic mode. R/W
R1 [Mode register 0 O O O O |CsEs RESET— OSCC —» DISP | REV |LCDE | )7 js the status register of cycle steal D7=0nly
state. "R"
Horizontal display . .
R2 |character number |0 0 0 1 0 CR > Set the number _of horizontal display W
. characters per line.
register
Horizontal
R3 |synchronouspulse [0 0 1 0 O &——— LPW ————— | Set the pulse width of LP per line. W
width register
Cycle steal enable Set the term of cycle steal enable access
R4 |width register 00110 CSw » during horizontal synchronous term. W
R5 Vertical Ilne_ 0100 Ole SLT > Set.the ngmbgr of display line of W
number register vertical direction.
R6 01010 4= SAL >
: Set the display start address of VRAM.
Display start ; .
address register Set lower 8-bit to SAL and upper 6-bitto | R/IW
SAH. Max=257FH
R7 01100 — SAH —p
RS M c_ycle variable 01110He MT > Set the cycle of LCD alternating signal W
register from M.
RO Dat.a port 10000e«——— DP »| Dataport register for accessing VRAM R/W
register through the register.
R10 10010k IDXL > Set the addre§s for accessing VRAM.I
Set lower 8-bit to IDXL and upper 6-bit to
VRAM address IDXH. Max=257FH R/W
index register And automatically increase in continuous
R11 10100 l@— IDXH —— | address .

Note:Data port register(DP) and VRAM address index register(IDXL,IDXH) are exclusive register,when using this IC for
the LCD module built-in system.
When RESET ,each register is initialize the setting which is assumed LCD size of 320%240 dots.

Then,even if each register has not setting,output the signal to LCD side ,it is possible to be alternation of LCD.
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(2) Description of register
(2-1) Mode register [R1]

Address |R/W Function Reset
D7l csSEs -fStatu; register for identifying active or inactive in cycle steal
unction.
o| No wait access »Set "1" during active with cycle steal function. 0
* CSES is for only reading,not for writing.
Cycle steal access
« Software reset.
D6| RESET « Surely return to reset off after reset on.
0| Reset OFF 0
Reset ON
OSCC . ivisi i i
Division of OSC1 Set the .d'V'S'on of OSC clock for internal operation from
D5 | D4 | D3 OSC1 input pin.
*When reset,0SCC=000,0SC1 clock doesn't divide.
0 0 0|1 .
— +Don't set except left table. 000
0 0 1 | 1/2 Division
R/W P
00000 - 0 1 0 | 1/4 Division
gr71l_y 0 [ 1] 1 [ 18 Division
"R" 1 0 | 0 [ 1/16 Division
« Control the displaying ON/OFF of LCD.
D2 D!SP *When reset,DISP=0,set display OFF.
0 | Display OFF *REV(D1) set"1", and when DISP="0" display data UD<3:0> output "1" in 0
Display ON reversal mode.
« Control normal/reversal of LCD display.
D1| REV *When reset,REV=0,set normal display .
0 [ Normal display *In using LCD of permeation method,REV="1" has effect. 0
1 | Reversal display
« Set the output data from LCDENB output pin.
DO| LCDE *When reset,LCDE=0,LCDENB output "0"(Vss potential).
LCDENB="0"output | This function is prepared for controlling the voltage of LCD.
e When the power supply is ON after finish each register setting ,LCDE="1",supply 0
1 | LCDENB="1"output voltage of LCD. Conversely for setting power supply OFF,first LCDE="0",the
voltage of LCD is OFF. Therefore enable to prevent LCD from being unusual
voltage as DC.
This function use for satisfy the need of LCD.
(2-2) Horizontal display characters number register [R2]
Address |[R/IW Function Reset
CR )
Character Display dot
D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO | number number
0O 0 O O O — —
0O 0 0O O 0 1 1 8
00010 | W 0 0 0 0 1 0 2 16 28H
1 1 1 1 1 1 63 504
«The number of horizontal display characters per line can set to the extent of max=504 dots(=63 characters)
*When reset,CR= "28H"(=40 characters =320 dots)

Note: Definition of the number of display characters

The number of display characters means data which is corresponding with 1 byte of VRAM.

In case of binary,1 bit of VRAM corresponds to 1 dot of display,then 1 character means 8 dots of display.




MITSUBISHI <DIGITAL ASSP>

M66271FP

OPERATION PANEL CONTROLLER

(2-3) Horizontal synchronous pulse width register [R3]

Reset

Function

Address |R/W

00100 | W

LPW Character
D7| D6| D5| D4| D3| D2 | D1 DO| number
0O 0 0O O O O 0 o —
0O 0O 0O O 0O 0O o0 1
0O 0O 0 © . 0O 0 1 o0

Y
1 1 1 1 1 1 1

O fe - N |2

1 25

« Set the length of horizontal synchronous pulse width which appeared per line in character unit.

Horizontal synchronous pulse output from LP output pin,and use for changing serial/parallel of displaying data

Adjusting this pulse width is possible to set frame frequency the fittest value.
And the actual LP output pulse is (LPW setting value - 1CP) in consideration of timing with CP output.

*When reset,LPW= "01H"(=1 character)

01H

(2-4) Cycle steal enable width register [R4]

Reset

Function

Address |R/W

00110 | w

Character
number

CSW
D7| D6 | D5| D4 [ D3| D2 | D1] DO
0O 0 0 0 06 0o 0o o
0O 0 0 0o 0 0o o0 1
0

0O 0 0O 0O 0 1 o

Y
1 1 1 1 1 1 1 1] 28

«During the horizontal synchronous term, set term of access by cycle steal method in character number unit.

Setting value of CSW sets below LPW value.
*When reset,CSW= "00H".
Note: Be careful with first and second byte of display data UD<3:0> output indefinite data when setting

value of CSW is still reset (O0H).

Surely CSW set over 01H.

(When select 8-bit MPU,1 byte is indefinite.

When 16-bit and SAL:D<0>=0, 2 byte are indefinite.
When 16-bit and SAL:D<0>=1, 1 byte is indefinite.)

- - {1 |~ |

OO0H

(2-5) Vertical

line number register [R5]

Reset

Address |R/W

Function

01000 | W

SLT Vertical line
06| D5| Da| D3| D2 | D1| DO| number
0O 0 O

)
olo|o|8

| - -
$ - -4 |

11 1 1 1 1 1 1 2

*SLT combine the setting of display driving duty of LCD.
« Setting of SLT is sure to adjust to the number of display line of LCD.

*When reset,SLT= "FOH"(=240 lines).

FOH
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(2-6) Display start address register [R6,R7]

Address |R/W Function Reset
SAH SAL Display start
p7| p6| D5| D4| D3] D2] D1| D0 | D7] D6 D5] D4| D3| D2 D1 | DO | Address
01010 0 0 0 0 0 0[O0 O O O O O O O | 0000H
SAL 0 0 0 0 0 0[O 0 O 0 O O 0 1 [ 000lH
0O 0 0 o 0O 0OJ]O O O O O O 1 o0 | o002H
Y y y
1 0 o 1 o0 1,0 1 1 1 1 1 1 1 | 257FH
RIW *D6 and D7 output "0" when read SAH. 0000H
« It is possible to set display start address to the extent of 257FH (=9600 address).
*Don't set over 2580H.
*When reset,SAL and SAH= "0000H".
«Display start address is established by the writing data to SAH register. Even if only change SAL,
01100 surely set SAH after SAL.
SAH *When select 8-bit MPU,start address set in SAL <D7 — DO> + SAH <D5 — DO>.
When select16-bit MPU,start address set in SAL <D7 — D1> + SAH <D5 — DO0>.
«Even if selecting 16-bit MPU,enable to set display start address in character unit.
In case the display reading data from VRAM start at D<15:12>,set SAL <D0>="0",
and if start at D<7:4>,set SAL <D0>="1". (Refer to Figure-8)
(2-7) M cycle variable register [R8]
Address |R/W Function Reset
MT
Cycle of M
pD7| D6 D5 Da| D3| D2 ] D1 DO y
0O O O O O O O O] Togglechange atevery 1 frame.
0O O O O O O O 1| Togglechange ateveryl line(1LP).
0O O O O O O 1 0] Togglechange atevery?2 lines.
01110 |W T T 00H
Y
1 1 1 1 1 1 1| Togglechange atevery 255 lines.
« Set the cycle of M. In case of MT=01H,M repeat reversal(toggle) at every 1 line (at every 1 count of LP).
*When reset,MT="00H",toggle M signal at every 1 frame.
«We recommend this register set suitable value for user's LCD.
(2-8) Data port register [R9]
Address |R/W Function Reset
DP
Data port (8bit)
7| pe| D5] pa] D3] 2] D1] DO
10000 |R/W XX
(indefinite)

« Exclusive data port register for the LCD module built-in system.
Reading or writing 8bit data between MPU and VRAM through this register.
*VRAM address index register (IDXL,IDXH) is increased of +1,when finished access to DP.

« Output indefinite data when reset.
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(2-9) VRAM address index register [R10,R11]

Address |R/W Function Reset
IDXH IDXL Accessing
10010 pD7| D6 | D5 | Da| D3| D2| D1 Do| D7| D6 | D5 | D4 | D3| D2] D1 | DO |VRAM address
IDXL 0 0 0 0 0O 0OJ]O O O O O o o o 0000H
0O 0 0 0 0O 0j]0O O O O O O o0 1 0001H
0O 0 0 0O 0O 0O O O O 0 o 1 o 0002+
RIW Y Y Y 0000H
i1 0 0 1 0 10 1 1 1 1 1 1 1 257FH
« Exclusive VRAM address index register for the LCD module built-in system.
10100

«Itis possible to change the register only one side,because IDXH and IDXL are independent each other.
IDXH «Itis possible to set VRAM access address to the extent of 257FH (=9600 address).

«Don't set address over 2580H.

*D6 and D7 output "0" when read IDXH

*When reset,IDXL and IDXH="0000H".

Description of LCD display
Relation between setting of control register and LCD displaying

' ¢— 1 horizontal line —————»»

«———— CR 4*—LPW —p

P
Csw

Expectant .. .
LCD PANEL SLT Condition of control register

(CR x 8)x SLT <76800 dots

A

1 horizontal line | . .
R LPW x Vertical line number g| T
Character number of horizontal display Horizontal syncronous pulse width
osc AREpEinipinipipipipinipipin

1 2

1 2 3 n2  ni n
CP 0 l_l l_
Up<a:0> X XXX XXX
>

1 Character number=8 dots display

LP |

(1) Time for proccessing a horizontal line(TH) CR, LPW,CSW : Unit of character number
2 x SLT : Unit of line number
TH = fosc (CR+LPW) fosc : Internal OSC clock frequency

after dividing OSC1 input

(2) Time for proccessing a frame(TFR) I . i
By adjusting LPWi,it is possible to set a frame frequency

TFR=TH x SLT which is requested from LCD PANEL the fittest value.

Figure-6 Relation between setting of control register and LCD displaying
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Relation between address of VRAM and LCD display

ex.1) When display start address =0000H

0000+ IOOOlH I

VRAM
9600byte

]
L

b3
X

/

ex.2) When display start address =1000H
0000+ [0001H |—p»

VRAM

9600byte
[zooo- A

b))
L

(—>| 257En | 257FH |

Remark) VRAM address counter return to "0000H",
after count up address to "257FH".

|

VRAM address mapping on the LCD PANEL

|0000 Joooix | A
~ LCD e |SLTline
PANEL
[257En [257F | ¥
< CRx8 dots >

| Looox 1001+ |
LCD D
PANEL
v %25794 ] 0000+ | 0001+ bﬁ

»
'

b3
LY

Figure-7 Relation between address of VRAM and LCD display

Relation between VRAM data ,LCD display and display start address register

(1) When select 8-bit MPU

I UD3 ! UD2 ! UD1 'UDO luos 'UD2 ! UD1 ! UDO I<—LCD display data

D6

D3

D2

D1

DO

l«—— Data of one address for VRAM

0

1

[

(2) When select 16-bit MPU (SAL :D0="0")
IUDS : UDZ: ubD1 :UDO IUD3 : uD2 : ub1l : uDo I uD3 : ubD2 : ubD1 :UDO IUD3 : uD2 : uD1 :UDO l‘— LCD d|Sp|ay data

LCD PANEL A

LY

D15 D11 | D10 | D9 D8 D7 | D6 D5

l«—— Data of one address

LCD PANEL

>
<

[

(3) When select 16-bit MPU (SAL :D0="1")
Invalid display data

IUD3 'UD2 | UD1 'UDO luos 'Up2 ! UD1 ! UDO ld—LCD display data

D6

D15 D5 | D4 D1

1 0 1 0 0 1 0 1 0 0 0 0 1 1 1 1

D14 | D13 | D12 | D11 | D10 D8 D7

l«— Data of one address

LCD PANEL

« Only upper byte data of the display start address is invalid data(cut off data).
« Output the display data normally from next address of the display start address.

for VRAM

for VRAM

Figure-8 Relation between VRAM data ,LCD display and display start address register
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Output signal of LCD side
Ex.) Assuming 320x240 dots LCD
(In setting of CR=40characters,LPW=2characters,SLT=240lines,0SCC=1division,MT=1toggle per line)

(1) Output signal per line

0OSsC1 « ')S """""""""" S ') " Division of OSC1 = 1.
1 2 79 80 1 2
CP 5 SS ------------------- SS ! Output every display data transfer.

UD<3:0> _X Y ) SN L \ RETTRRRTRR N—X N —X 4bit parallel output

L] LX)
|—6‘1—| I—‘yS—I Output when finish the transfer of
LP one line of display data.

(2) Output signal per frame
239 240

LP —I ]_l I_l+ SS ________________ Ss—l I_l ﬁ Output at finishing the transfer of
[ []

first line display data.

FLM

Cycle of reversing output of M is
M SS ------------------- SS able to be set by MT register.
(3) LCDENB output signal

osci™ LML A LI L L L ‘migigiyiniint
LCDENB R b

(4) Reset — 1st line of 1st frame

RESET
0OSC1

<L

LCDENB 7
LP

FLM nn
M |

cP (LT LT LT L L

1st line of 1st frame

(5) 1st line — 2nd line

0OSC1 | I_II_II_II_II—ll—II—II—
LP

FLM | |
M |
76 77 78 79 80 1 2 3 4 5 6 7 8
CP _l ]_I I_l I_I u
-
1st line 2nd line

(6) 240th line of 1st frame — 1st line of 2nd frame

0OSC1 I_ll_ll_ll_ll_lul—ll—
LP

FLM oL

M |

76 77 78 79 80
CP |_| I_I I_I u

240th line of 1st frame 1st line of 2nd frame

.
N
w
~
o
o
~
[«

A
A
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ABSOLUTE MAXIMUM RATINGS (Ta=0-+70°C unless otherwise noted)

Symbol Parameter Conditions Ratings Unit
VDD | Supply voltage -0.3-+6.5 Y,
Vi Input voltage —-0.3 - VbD+0.3 Vv
Vo Output voltage -0.3 - Vbp+0.3 \Y,
lo Output current +10 mA
Pd Power dissipation 600 mw
Tstg Storage temperature -55 - +150 °C

RECOMMENDED OPERATING CONDITIONS (Ta=0 - +70°C unless otherwise noted)
Limits

Symbol Parameter Conditions vin. — - Unit
VDD | Supply voltage 4.5 5.0 5.5 \
Vss Supply voltage 0 \%
Vi Input voltage 0 VDD \%
Vo Output voltage 0 VDD \Y
Topr | Operating temperature 0 +25 +70 °C

ELECTRICAL CHARACTERISTICS (VDD=5V+10%, Ta=0 — +70°C unless otherwise noted)

. Limits .
Symbol Parameter Conditions - Unit
Min. Typ. Max.
VIH High-level input voltage ~ |Allinputs Vbp=5.5V 2.2 \Y
except for
OSC1,RESET
ViL Low-level input voltage ~ [F"4MPUSEL |\/pp=4.5V 0.8 \%
VIH High-level input voltage VpD=5.5V 35 \
OSC1
ViL Low-level input voltage Vbp=4.5V 1.0 \Y
Positive-going
+ —
VT threshold voltage MPUSEL, Vop=5.0V 23 3.7 v
_ | Negative-going RESET _
vT threshold voltage Vop=5.0V 125 23 v
) All outputs
VOH  |High-level output voltage | except for loH=—4mA 4.1 \%
0sc2and |VDD=4.5V
VoL  |Low-level output voltage | outputs of loL= 4mA 0.4 \%
D<15:0>
VOH  |High-level output voltage loH=—50uA 41 Vv
0SsCc?2 VbD=4.5V
VoL |Low-level output voltage loL= 50uA 0.4 \V;
IiH High-level input current VbD=5.5V,VI=VDD 10 HA
liL Low-level input current Vbp=5.5V,VI=Vss -10 HA
Off-state high-level _ _
lozH output current Vbp=5.5V,Vo=VDD 10 MA
Off-state low-level D<15:0>
s - B ~ _
lozL output current Vbp=5.5V,Vo=Vss 10 HA
Operating supply current VDD=5.5V,VI=VDD or VSS
IDD(A) (Average) fosc=10MHz,0utput=open 40 mA
VDD=5.5V,
IDD(S) | Stand-by supply current OCS,MCS=VDD 500 HA
other's VI=VDD or VSS (valid)
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SWITCHING CHARACTERISTICS (VDD=5V+10%, Ta=0 - +70°C)

Limits .
Symbol Parameter Test_ . - Unit
condition Min. Typ. Max.
ta(locs-D) IOCS data access time
ta(mcs-D) MCS data access time 70 ns
ta(RD-D) RD data access time
tdis(10CS-D) Output disable time after IOCS
tdis(MCS-D) Output disable time after MCS 20 ns
tdis(RD-D) Output disable time after RD
tpHL(MCS-WAIT) | WAIT output propagation time after MCS
tpHL(WR-WAIT) | WAIT output propagation time after WR 40 ns
tpHL(RD-WAIT) | WAIT output propagation time after RD
tpLH(CLK-WAIT) | WAIT output propagation time after MPUCLK 20 ns
tpd(OSC-CP) CP output propagation time after OSC CL=50pF 40 ns
%gng:gts; LP output propagation time after OSC 40 ns
ta(up) UD access time 40 ns
:gngggitm; FLM output propagation time after OSC 40 ns
tpd(0sC-M) M output propagation time after OSC 40 ns
tpLH(OSC-LE) N
tpHL(OSC-LE) LCDENB output propagation time after OSC 40 ns
tpd(D-WAIT) Data definite time before cancelling WAIT 0 ns
TIMING REQUIREMENTS  (VDD=5V%10%, Ta=0 — +70°C)
(1) Accessing to control register
Limits .
Symbol Parameter Test_ . - Unit
condition Min. Typ. Max.
tw(ocs) IOCS pulse width 70 ns
tW(LWR) LWR pulse width
tsu(D-10CS) | pata set up time before falling edge of I0CS 0 ns
tsu(D-LWR) | Data set up time before falling edge of LWR
th(ocs-D) Data hold time after rising edge of IOCS
thwr-D) | Data hold time after rising edge of LWR 15 ns
tsu(a-locs) | Address set up time before falling edge of IOCS
tsu(A-LWR) | Address set up time before falling edge of LWR 15 ns
tsu(A-RD) Address set up time before falling edge of RD
th(oCs-A) | Address hold time after rising edge of IOCS
thLWR-A) | Address hold time after rising edge of LWR 15 ns
th(RD-A) Address hold time after rising edge of RD
(2) Accessing to VRAM
Limits .
Symbol Parameter Test . - Unit
condition Min. Typ. Max.
tw(mcs) MCS pulse width 70 ns
tw(WR) WR pulse width
tsu(d-MCs) | Data set up time before falling edge of MCS 0 ns
tsu(D-WR) Data set up time before falling edge of WR
th(mcs-D) Data hold time after rising edge of MCS 15 ns
th(WR-D) Data hold time after rising edge of WR
tsu(A-MCS) | Address set up time before falling edge of MCS
tsu(A-WR) Address set up time before falling edge of WR 15 ns
tsu(A-RD) Address set up time before falling edge of RD
th(Mcs-A) Address hold time after rising edge of MCS
th(WR-A) Address hold time after rising edge of WR 15 ns
th(RD-A) Address hold time after rising edge of RD
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(3) Clock and accessing to LCD display

L. Limits )
Symbol Parameter Test condition Unit
Min. Typ. Max.
tc(cLK) MPUCLK cycle time 50 ns
tWH(CLK) MPUCLK "H" pulse width te(cLK)
ns
2
tWL(CLK) MPUCLK "L" pulse width
tc(osc) OSC cycle time 50(note) ns
twH(osc) OSC "H" pulse width tc(osc) .
twL(osC) OSC "L" pulse width 2
. tc(osc)
tccp
(CP) CP cycle time ) ns
tWH(CP) CP "H" pulse width tc(osc)
_— ns
twi(cP) CP "L" pulse width 2+(1/m)
. +tC(0SC)*
tw(FLM) FLM pulse width 2:10(0SC)-LPW ns
(1/n)
Note: Clock frequency of OSC1 input is less than fmax=20MHz. 1/n =Division of OSC1
Limit of OSC clock for the internal operation is fmax=10MHz. LPW=Setting value of LPW register
When OSC1 is more than 10MHz from external input, set OSC clock
up to 10MHz by using division of OSCC register.
Division is set with rising edge of OSC1 input.
Test circuit
Vob
Input Vob Parameter SwW1l Sw2
RL=1KQ -
T tdis(Lz) Closed Open
swi tdis(Hz) Open Closed
D<15:0> tazy) Closed Open
SW2 ta(zn) Open Closed
CL
P.G ‘ DUT RL=1KQ (1) Input pulse level : 0 — 3V
Input pulse rise/fall time : tr,tf=3ns
Input decision voltage : 1.5V
50Q Output decision voltage : Vbp/2
1 Outputs (However,tdis(LZ) is 10% of output amplitude and tdis
except for (HZ) is 90% of that for dezision.)

Vss CL D<15:0>
(2) Load capacity CL include float capacity of connection
and input capacity of probe.
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TIMING DIAGRAM

(1) Write to control register (RD = "H")

Without WAIT
w(I0CS)
I0CS
tW(LWR)
LWR
e
WAIT tsu(D-10CS) th(10CS-D)
u(DILWR) | (LWR-D)
D<7:0>—< Data input is established
t54(A-10CS), (IOCS-A),
tsu(A-LWR) th(LWR-A)
A<4:.0> ( Address is established (
(2) Read from control register (LWR="H")
Without WAIT
I0CS /
RD
e
WAIT
ta(l0CS-D) > dis(I0CS-D)
ta(RD-D) _dis(RD-D), |
D<7:0> Data output is established
su(A-10CS) (n1OCS-A)
tsu(A-RD) th(RD-A)
A<4:0> ( Address is established (

Note 1: Writing/Reading operation for the control register is performed during overlapping IOCS and (LWR or RD).
Limits of IOCS,LWR and RD are prescribed by the input signal of last change to "L" in starting access,
and by the input signal of first change to "H" in ending access.
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(3) Write to VRAM ( RD = "H")

Term of non cycle steal access

tw(MCS)
MCS
twW(WR)
LWR \ ]
(+HWR)
"y
WAIT tsu(D-MCS) th(MCS-D)
u(DIWR) | $(WR-D)
D<7:0> —( Data input is established
(D<15:0>)
tsy(A-MCS) (NMCS-A) ),
tsu(A-WR) th(WR-A)
A<ﬂ)> ( Address is established (
(+BHE)
(4) Read from VRAM (LWR,HWR ="H")
Term of non cycle steal access
MCS
RD
"
WAIT
ta(MCS-D) g dis(MCS-D)
ta(RD-D) 4dis(RD-D),_
D<7:0> — \
(D<15:0>) Data output is established
tiu(A»MCSi (NMCS-A) ),
tsu(A-RD) th(RD-A)
A<13:.0> ( Address is established (

Note 2: Writing/Reading operation for VRAM during non cycle steal access is performed during overlapping MCS and
[LWR(+HWR) or RD].

Limits of MCS,LWR(+HWR) and RD are prescribed by the input signal of last change to “L" in starting access,
and by the input signal of first change to "H" in ending access.




MITSUBISHI <DIGITAL ASSP>

M66271FP

OPERATION PANEL CONTROLLER

(5) Write to VRAM (RD ="H")
Term of cycle steal access

tC(CLK)
tWH(CLK)| tWL(CLK)
wuee [~ \_[ N\ S\
. tw(MCS) R —
MCS
. tw(WR) _
LWR
(+HWR)
d—by
WAIT tpHUMCS WAIT tpLH(CLK-WAIT,
tsu(D-MCS) > th(MCS-D)
<> tpHL(WR-WAIT)
U(DIWR),, <«"WRD)
DZ?_;?; —< Data input is established )—
( 0>) t5g(A-MCS) | (NMCS-A) |
tSU(A-WR) th(WR-A)
A<1i0> ( Address is established (
(+BHE)

(6) Read from VRAM (LWR,HWR ="H")

Term of cycle steal access
tC(CLK)

WH(CLK) WL(CL

MPUCLKJ_\ 3\ \_/_\ lﬁ_\ /_\_

(&)

MCS
RD
\AATT ‘>
WAIT tpHL(MCSIWAIT tpLH(CLK-WAIT)
{pHL(RD-WAIT) _
ta(MCS-D) o tpd(D-WAIT) is(MCS-D)
" learDD) ) < > dis(HD-D)
D<7:0> ( < ( ( < < < < < (Data output is established )—
(D<15:0>) SU(A-MC3) (DMCS-A)
tsu(A-RD) th(RD-A)
A<13:0> ( Address is established (

Note 3: Reading/writing operation for VRAM during cycle steal needs 1tc(Internal) in best case or 3tc(Internal) in worst
case,according to the condition of the internal cycle steal at starting access requested from MPU.
tc(Internal) = Clock cycle time after setting division of OSC1.
Data output D in reading is established before changing WAIT to "H".

4: Limits of MCS,LWR(+HWR) and RD are prescribed by the input signal of last change to "L" in starting access,
and by the input signal of first change to "H" in ending access.

5: Always once return MCS,LWR(+HWR) or RD to "H" after canceling WAIT output.
In case of latching "L",as don't output next WAIT,this is cause of error action.
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(7) Interface timing with LCD (OSCC = 1 division : set)
* When OSCC =1 division ,O0SC clock for internal operation = OSC1 input.

tC(0SC)

<7-1> Transfer of LCD display data

osc1 WAWA WAWAWAWAWAWAN
tpd(OSC-CP)
tWH(CP) tWL(CP)
cP ; { aWalaWal AVAVAVAWAWE
tpLH(OSC-LP) tpHL(OSC-LP)
LP
ta(UD,

UD<3:0> Y X ¥ ¥ X ¥ Y Y W paaisindefinite X{ ¥ X X Y X

<7-2> LCD control signal

S AVAY AWAVAVAVAVAVAUAVAVAWANAWAWAWAWAN
A VAVAVAWAVAWAWAWA AVAVAVAWVAWE
LP [T\

tpLH(OSC-FLM pHL(OSC-FLM)

FLM
B tW(FLM)
tpd(OSC-M)
M
tpLH(OSC-LE) tpHL(OSC-LE)
<> N
LCDENB 4§

Note 6: Output signal to LCD side is syncronized with OSC clock for internal operation.
When division is set to 1/2 — 1/16 by OSCC register, switching characteristics is defined by rising edge of OSC1.




