DOKPgsemiconductor

MSM6355

LCD CONTROLLER LSI

GENERAL DESCRIPTION

MSM6355GS is a controller for large capacity dot matrix liquid crystal displays.
configuration of the internal register is based on the MSM#6255, it is compatible with the M5M&255

in software instructions.

This controller has more function than the MSM6255. There are scrolling per character unit in the
horizontal direction, smooth scrolling per character unit in the vertical direction and shifting the

graphic cursor. The MSM6355GS is configured to make these extra functions very easy to

implement.

FEATURES

382

Software is compatible with MSM6255.

Graphic cursor function

The cursor display up to 32 dots both horizontally and vertically is possible in the graphic

mode.

Scrolling function
Scrolling of character units in the horizontal direction is possible.
Smooth scrolling per character unitin the vertical direction is possible.

A built-in "cycle steal” circuit is provided.
Display configuration: Vertical screen division can be selected.

The screen size
Vertical : 104 dots(max.), 2048 dots(max.) when the screen is divided verticallly.
Horizontal : 2048 dots(max.)

Display duty : 1/2-1/1024
Character font
Vertical direction 1 1~32dots
Harizontal direction : 8 dots fixed
Cursor :  ON/OFF, biinking speed, form and position are programmable.
LCD driverinterface :  4bit/8bit parallel
Process . CMOS
Single powersource : 5V*10%

80 pin Plastic QFP (QFP80-P-1420-K)

Since the
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PIN CONFIGURATION

m LCD CONTROLLER LSI- MSM6355 m

,z'on_ Pin Name ,f,';‘ Pin Name E‘Q Pin Name ,ﬁ';‘ Pin Name ,f,';‘ Pin Name
1 MAs 17 As 33 UDg 49 DB, 65 RA,
2 MA, 18 Ay 34 uD; 50 DB3 66 RA3
3 MA;3 19 Az 35 UD, 59 DBg4 67 RAq
4 MA, 20 A; 36 UDs 52 DBs 68 XT
5 MA, 21 A, 37 DIEN 53 DBg 69 xT
6 MAg 22 Ag 38 [< 54 DBy 70 Vs
7 Ass 23 FRP 39 RD 55 RDp 71 MAs
8 Ay 24 LIP 40 ‘WR 56 RD4 72 MA; 4
9 A 25 CED a1 MWR 57 RD 73 MA;;
10 A1z 26 ol a2 MRD 58 RD3 74 | MA;;
1 A 27 FRMB a3 "WE 59 RD4 75 MA;,
12 Ao 28 LDg 44 RE 60 RDs 76 MA,o
13 Ag 29 LD, a5 RDY 61 RDg 77 MAg
14 Ag 30 LD, 46 RES 62 RDy 78 MAg
15 A; 31 LD 47 DBy 63 RAg 79 MA;
16 Ag 32 Vop 48 DB, 64 RA; 80 MAg
FUNCTIONAL BLOCK DIAGRAM
RD =] Input Register Rl 1 Y
=== | _ o _ ] 4 Si ] i
WR—»|Output Register, _ ,&L > gg?g{atli%:a lc.lon:ra:rezraddress
iyl it >
o —{Reger ! |
RW Control __EV___ ~ MPX [—MAs~MA;s
DBy~DB; <—* = A}f;""“w
MWR —»-1 LCDi
ALY | | CDinterface —CE
MVRV_DE ':: Cycle steal Emnurzg generatlon_,FRP
RE <1 control circuit Chalr']atctrer T . »FRMB
RDY € Y l i l—b(LP
i A 7] 4 bit parallel -
RES —> 8 bltEparaIIeI —-UDg~UDs
i —*—‘_ OR LDy~LD,
MPX
l T osc r s Q" ’
—_— ] q
xT
D Vop —a
LT I cvo™ RAG~RA, RDg~RD,
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ELECTRICAL CHARACTERISTICS

® Absolute Maximum Ratings

Parameter Symbol Condition Limits Unit
Supply voltage * Vpp Ta=25°C -0.3~6 v
Input voltage V) Ta=25°C -0.3~Vpp Vv
Storage temperature Tstq — -50~150 °C

® Operating Range

Parameter Symbol Condition Limits Unit
Supply voltage Vpp — 4.5~55 v
Working temperature Top — -20~85 °C
Operating frequency fios0) Vpp=5V*10% 0~1 MHz

¢ Input Characteristics

Vpp=5V +10%, Ta= - 20~85°C

Parameter Symbol | MIN TYP | MAX | Unit Applicable pin
High input voltage ViH 28 _ —_ vV | A0~A15,CS, RD, WR, MRD,
- MWR, DIEN RDO~RD7, RES
Low input voltage Vi —_ — 0.7 Y
High input voitage ViH 4.0 — — Y XT, DBy~DBy
Low input voltage Vi — — 1.0 Vv
High input current liH — — | -1 | pA [DBp~DBz, AO~A15, TS, RD,
3 WR, MRD, MWR, DIEN,
Low input current i —_— —_ +1 BA | RDO~RD7. RES
® Output Characteristics
Vpp=5V +10%, Ta= - 20~B5°C
Parameter Symbol Symbol MIN TYP { MAX | Unit | Applicable pin
. - _ . LDn""LDa, UDO"‘UDB‘
High output voltage Vou lo =-500pA 28 Vv MAg~Ma,s,
RAy~RA,, DB;~DB,,
Low output voltage Vo | lo=24ma | — | — | 04 | v [&PLPER RS,
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® Current Consumption

# LCD CONTROLLER LSI - MSM6355 m

Vpp =5V +10%, Ta= - 20~85°C

Parameter Symbol Condition MIN TYP MAX Unit
Static current lbos | foscy= 0 MHz, No load — — 50 pA
Operating current loos | fioscy =10 MHz, Neload — — 16 mA

Note: The input terminal shall be VDD or GND.

® Operating Frequency

Vpp=5V +10%, Ta= -~ 20~85°C

Parameter Symbol | MmN TYP MAX Unit Note
Oscillation frequency fios0) — — 1 MHz | Crystal oscillation
External clock frequency fin — — 1 MHz | External clock
Clock rise and fall times 'R - — >0 ns Crystal oscillation

tr 50 ns
Clock duty Duty 40 50 60 % External clock
. 4.0v
XT input wave form
(External ciock) 3 1.0v
—_— |- —]
tr tr
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LCD DRIVER INTERFACE TIMING CHARACTERISTICS

038 Vpp _Lr—\—/_\—
cLp __/
UDp~UD
oEEs jz“o.a Vob ><
LDo~LD3 =02 Vop

— tpa [—

cLp _/—\L 0.2Voo

0.8Vpp
LiP 0.2Vpp
<cu - tue I:_’
> tic
0.8Vpp
CEo 0.2 Vpp
<ok | teea | |teen

LIP _/—\ ; 0.2Vpp

0.8 Vpp
FRP 0.2 Vpp
trrp 1rrp
0.8 Vpp
FRMB 0.2Vpp
trRMB <—>IteRMB

{CL=30PF, Vpp =5V £ 10%, Ta= - 20~85°C)

Parameter Symbol | MIN TYP MAX Unit
Data delay time toa 0 50 ns
CLP-sLIP time tcu —_— teny/2 — ns
LIP—=CIP time e — tcHe/4, tong/2 (Note) — ns
Latch signal "H" time tue — teHg/2 — ns
CLP—CEd time teee — teHe/2 — ns
Chip enable “H" time tceg —  |tche/d — ns
CEd—LIP time tceu - teny/2 _ ns
LIP—FRP time terp — teHg/2 — ns
LIP—-FRMB time trrRMB 0 100 ns

Note: tcngféisindbit parallel mode.
tchg/2 is in 8bit parallel mode.
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PATTERN DATA TAKE TIMING

MAg~MA ;s }< ® X @ ><

RDg~RD; Data of O Data of @ X

trRDS1 troH1

Timing without skew

MAg~MA 5 }< @ x @ ‘X’

RDy~RD7 X Data of @

trRDS2 _ tRDH2

Timing with skew

(CL=30PF, Vpp =5V = 10%, Ta= - 20~85°C)

Parameter Symbol | MIN TYP MAX Unit
Pattern data setup time tRDS 100 — — ns
Pattern data hold time trRDH 30 — - ns

as?
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CPU BUS TIMING CHARACTERISTICS

AD,—C_g
t
tcs [ tAH
WRRD \J< tow [
—k— —1—
tps toH
e 3
DBy~DBy
{(WRITE)
7 o .
DBp~DB; —({Valid data
(READ) a
o tacc toH
(CL=30PF, Vpp =5V *10%, Ta= - 20~85°C)
Parameter Symbol | MIN TYP MAX Unit

Ag and C_Ssetup time tes 50 — — ns
WR and RD pulse width tew 300 — — ns
Address hold time tAR 20 — — ns
Data setup time tps 200 — — ns
Data hold time toK 20 — — ns
QOutput disable time tou 0 - 40 ns
Access time tacc 0 —_ 200 ns
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ADDRESS BUS SWITCH TIMING

(1) Synchronized Access System

4 m\
MAg~MAys )( CPU address )< Refresh address >(
T~ —

H4C
WE, RE
e | tow | e o
——t —— L
MWR/MRD /
RDY
ter trRDM

(2) CPU Priority System

4c V=
MAg~MA45  Refresh address >( CPU address >< Refresh address
A =

DIEN
tomay | [ _t‘D_MAz
(C = 50PF, Vpp = 5V * 10%, Ta = —20~85°C)
Parameter Symbol MIN TYP MAX Unit
CPU address—»WE/RE time tac -10 - 40 ns
WE/RE—CPU address time tea 0 — 50 ns
W"—E/Epulse width
(two screen display) tew tchg/d-60 - teng/d ns
WE/RE pulse width
(one screen display) tcrg/2-60 - teny/2 ns
WE/RESRDY time terD 0 — 50 ns
MWR/MRD—RDY time trom 0 —_ 50 ns
CPU address delay time tomA1 0 — 100 ns
Refresh address delay time toma2 0 — 100 ns
MWR/MRD pulse width tmw tcHg — — ns
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MEMORY ADDRESS TIMING CHARACTERISTICS

(1) Without Skew

(External clock)

4
MAg~MAs X

3=
RAg~RA;5 X\_

(2) CPU Priority System

Ve

MAg~MA; 5 >< X
2

RA (fs)

(Two screen

display) >

(C_=30PF,Vpp =5V £10%, Ta= - 20~85°C)

Parameter Symbol MIN TYP MAX Unit
Memory address delay time tva 0 — 110 ns
Raster address delay time tga 0 — 110 ns
RA;—memory address time trs 4] — 100 ns
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Classification Pin Name f]e) Function
Voo | Connectto + 5V power source
Power saurce
Vs | Connectto OV
One screendisplay Two screen display
UDg~UD3 o 4 bit parallel 8bit parallel 8bit parallel
UDg~ Display data Upper screen
UD3 output terminal | display terminal
LDp~LD3 o LDg~ | Display data Display data Lower screen
LCD driver LD3 output terminal | output terminal | display terminal
LIP (o] The latch clock for display data
CLP o] The shift clock for display data
FRMB 0 Liguid crystal drive output ACsignal
FRP o Frame signal
CEd 0 The chip enable clock of the segment driver
MAg~MA;s 0 Address output for display RAM
RAg~RA, 0] Raster address output
Display ) -
RDg~RDy | Input of the character dot data and bit map data
memory -
WE o) Control signal for writing of the display RAM
RE O | Latch clock for reading the display RAM
= | Chip select input. It is possible to read from and write
to the internal register of LCDC during “L" level.
7B | The data reading from the internal register is
possible during "L" level.
WR | The writing to the internal register is carried out on
the rise edge.
MRD I The read signal input of the display RAM
MWR | The write signal input of the display RAM
cPu RDY o Ready output. After the WE signal is output at
normal “L" level, the level becomes "H” level.
RS | Resetinput. The internal counter of LCDCis reset at
“L” level. Refertothe "RESET" for details.
DBo~DB; o 8 hit data bus -- Input/output common terminal
Ag~As | CPU address input of the memory address
The switch over signal input of the CPU address and
DIEN | refersh address bus inside LCDC. This is effective
when switching over the direct address bus using the
external signal without using the cycle steal bus.
XT | Crystal oscillator connection terminal. When using
Signal source <5 t the external clock, input to XT terminal, and

disconnect XT.
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LIST OF LCDC INTERNAL REGISTERS

The internal register has one unit of instruction register (IR) and 16 units of the data register (Rn).

The selection of the instruction register and data register is to be carried out by using Ag terminal.

Table 1 The Internal Registers of MSM6355

iR bit . ) Rn bit
CS | Ap 3210 Register Register Name RAW 7 65 4 3 2 10
1| * | > * * * Invalid
oj1j|* * ** iR instruction register RW | * | *|* |*
0|j]0ojoc o000 Ro Mode control | ' *
0j]0]0 0 01 R4 Character pitch RW L L

Number of characters

0f0joo010 R (horizontal) RIW
ojlo|0o 0 11 R3 Number of duty vy,

o|lo|0 1 00 Rs Character cursor form RW
0|l0]0 1 01 Rs Start address (lower) RIW
olo0jo1 10 Rg Start address (upper) RAW
0jo}j0 1 11 Ry Cursor address (lower) RAW
o(0o|1 000 Rg Cursor address (upper) RAW

Graphic cursor form

01031 00 11 Ry horizontal) w

olol1 01 0 Ri (Ci rear;t)ii:Lcl )cu rsor form w e | <]«

olol1 01 1 R :lcc:;iez:ntal imaginary W

olof1 100 R12 VP value extension RAW x| x] x| x|
olol1 101 Ryz :}(l;:'lsberofhorizontal VIR PO I I P I
0j011 110 R1a Mode control li W o*

ojot1r 1 11 Ris Test W o[ |« x| w|x]=

Note 1: Mark * means the invalid data hit.

Note 2: The R/W shows whether only write from the CPU to the register is possible or both
read and write are possible.
W : Only write is possible.
R/W: Both write and read are possible.

392
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INTERNAL REGISTER

To select one unit of data register out of 16 units of data registers, it is necessary to write the
address of the data register to be selected on the in struction register. The CPU carries out data

transmission to the data register corresponding to the written address.

The array of the data registers is the same as MSM6255 from Rg to Rg sa that software is compatible

with that of MSM6255. The newly provided data registers are Rg to Rys.

® Instruction Register (IR)

This register is used to specify the register number when accessing each data register.

This register is cleared when ﬁinput is at “L” level. (Thatis, RO register is to be specified.)

e Mode Control | Register {Ro)

Register Name Ag | Dy | Dg | Ds | Dg | D3 | D2 | D7 | Dg
Mode control | 0 * *
Dg | Ds | Dy | D3 | D; | Dy | Dg | OQutputsystem Mode
0 0 8 bit parallel Character
tB|OClgC|OD
i P NYE YN
rgr'\ 63 is éFs) 1 0 4 bit parallel | Character
k F Mk "l F é
F Fy 0 1 8 bit parallel Graphic
1 1 4 bit parallel Graphic

m LCD CONTROLLERLSI- MSM6355 »
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Horizontal Character Number Register (R2)

Register Name Ap | Dy | Dg | Ds | Dg | D3 | D3 | Dy Do

Horizontal character 0

number register HN-1

This register is used to specify the number of horizental display characters (HN}. Asingle
character consists of eight dots. HN can be set up for 2 1o 256 characters, so the maximum total
number of horizontal dots is 256 characters x 8 dots/character = 2048 dots.

Duty Number Register (R3)

Register Name Ag 1 Dy | Dg | Dg | Dg | D3 | Dy | Dy Do

Duty number register 0 DN-1

This register is set depending on the duty cycle of the LCD panel. The duty number (DN) can be
set up for 2 to 256 and this can be extended up to 1024. Two bits of D3 and Da of Ry are
prepared for extending the number of duty.

Note: Note that both the horizontal display character number and duty number must be set
within the range of the maximum operating frequency of LCDC.

Character Cursor Form Register (R3)

Register Name Ag | Dy | Dg | Ds | Dg | D3 | D; | Dy | Dg
Character cursor form 0 Cpu-1 Cpd-1
register

In case of character mode, the cursor is displayed form the Cputh line to the Cpd line. The
length of the cursor in the horizantal direction is equal to 8-pitch in the horizontal direction.

< Cursor form when VP =8>

0 0 0 PPPOPPPD
1 i 1 00930
2 2 2
3 3 3
5 5 5
6 Fa o ¥a i Waa¥WaaVan¥Vaa¥aa¥u 0¥ 6 :EE:{:;KI\E{\\\ 6
7 SHHOOBRPP 7 J"‘TK PPBDC 7
Cpu=8 Cpu=7 Cpu=1
Cpd=8 Cpd=8 Cpd=2
Note 1: Cpu, Cpd>Vp can not be set
Note 2: The cursor signal and pattern data are displayed after EX-OR is carried out.

Note 3: When extending Vp up for 17 to 32 (when the newly provided register Ry is used),
Cpu and Cpd values are used by using combination of D7 and Dg with register R,.
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Start Address (Lower) Register (Rs)
Start Address (Upper) Register (Rg)

Register Name Ag | D7 | Dg | Ds | Da | D3 | D2 | D1 | Dg
Start address (lower) 0 Start address (iower)
register
Start address (upper) 0 Start address (upper)
register

This register is used to specify the read top address of the display memory. It is possible to carry
out scrolling and paging by rewriting the register content.

Cursor Address (Lower) Register (R7)
Cursor Address (Upper) Register (Rg)

Register Name Ag D+ Dg | Ds Da Ds D2 D, Dy
Cursor address (lower) 0 Cursor address (lower)
register
Cursor address (upper) 0 Cursor address {upper)
register

This register is used to specify the cursor display position. The cursor appears at the position
where the cursor address is matched with the memory address.

Graphic Cursor Register {Horizontal Direction) Register (Rg}

Register Name Ag | Dy | Dg | Ds 1 Dg | D3 | D2 | D1 | Do

Graphic cursor form 0 END-1 STA-1

This register is used to define the size of the cursor in the horizontal direction. Itis possible to
display the cursor in graphic mode. The cursor can be displayed with dots ranging from the
STA dot to the END dot. The maximum number STA dot to the END dot of display dots in the
horizontal direction is 32 (dots).

Graphic Cursor Register (Horizontal Direction) Register (Ro)

Register Name Ag | D; | Dg | Ds | Dg | D3 [ Dz | D1 | Do

Graphic cursor form 0 * * * YRA-1
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This register is used to define the size of the cursor in the horizontal direction. Itis possible to
display the cursor in the graphic mode. The cursor can be displayed with dots ranging from the
STA dot to the END dot. The maximum number STA dot to the END dot of display dotsin the
horizontal direction is 32 {dots).

B 32 dots _

- >]

4—-»151-/_\ END
O OO0 00:0:0:0:0:0:0:0l0:0:0:0:Q:00:0000O000: b A
O:O:0:0:00:0:0:0:0:0:0: 000000000000 |
OOO000ROOOOOCO0OOTOO000O000: & | ¥
RN NN R R TN

32 dots

The example of the graphic cursor display (STA =4, END =27, YRA =3)

The above figure shows the example in which E3 is set to register Rg to 02 to register Ryq.

Note: The graphic cursor can be displayed only in two screen display mode and can not be
displayed in one screen display mode.

® Horizontal Imaginary Screen Register (R11)

Register Name Ay D; Dg Ds Ds D3 D, D, Dg
Horlzonta[ imaginary 0 HIN-1
register

This register is used to specify the top address of the next line by setting the screen width in the
horizontal direction on the character unit basis. It is possible to scroll the display in the
horizontal direction by setting the horizontal imaginary screen larger than the display width.

397
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-«— The number of horizontal display characters

«—————— Horizontal imaginary screen width

Y

This figure shows the example of horizontal scrolling in case of horizontal display characters;
8, horizontal imaginary screen width; 10 characters, number of duty; 4, and in one screen

display mode.

® VP Value Extension Register(R12)

-«—————— Horizontal imaginary screen width

-«— The number of horizontal display characters

Start address: 0000
Memory address map

Start address: 0602
-« Memory address map

Register Name Ag Dy Dg Dg | Dg | D3 D, | Dy Dy
VP value extension
register 0 |Cpud |Cpd4 [Vp4 | O 0 0 0 0

(1) Cpud and Cpd4

It is possible to extend the cursor form using bits D7 and Dg. This register is used by

combination with register Ry when the VP value is more than 17.

(2) Vpé

itis possible to extend the VP value using bit Ds.

Vpd : 1  VP=17~32
Vpd : 0 VP=1~16

Note: The “0" must be written into bits D4 to Dg each. If data except “0” is written, the

character cursor can not be displayed at a correct position.
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® Horizontal Stops Number Register (R13)

Register Name Ag D7 | Dg | Ds Dy D3 | D7 D, Do

Horizontal stops register 0 * * * * * HST-4

This register is used to set the shift ciock stop duration (HST) in the horizontal direction on the
character unit basis. It is possible to carry out fine adjustment of the frame frequency by
setting HST optionally up for 1 to 8 characters.

¢ Mode Control Il Register (R13)

Register Name Ag | D7 | Dg | Ds | Dg | D3 D, D Do

Mode control Il register 0 * | HS | vpj | Du9 | Du8 | Skew | U/L | Steal

(1) HS

This is the hit for setting the horizontal imaginary screen width:

HS:1 When setting the horizontal imaginary screen width, it is necessary to set
HS=1.
HS:0 Even if the horizontal imaginary screen width is set, it is invalid, and the set

value on the number of horizontal characters has top priority.
(2) Vpj
This bit is set when the display screen has odd number of lines in character mode:
Vvpj:1 To be set for odd number of lines on the display screen.

Vpj:0 To be set for even number of lines on the display screent (Note that in case
of one screen display, it is unnecessary to specify the bit.)

(3) Du9, Dus

This bit is setin combination with register R3 when extending the number of duty.

Du9 Du8 Duty

0 0 2 ~ 256
0 1 257 ~ 512
1 0 513 ~ 768
1 1 769 ~ 1024
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(4)

(5)

(6)

Skew

This bit is used to set whether the skew function is to be provided or not:
Skew:0 The skew function is provided
Skew:0 The skew function is not provided

Refer to “Skew Function” for details

U/L
This bit is used to specify whether vertical division of the LCD panel is to be provided or
not.
usL:i One screen display
u/L:0 Two screen display
Note: In case of 8 bit parallel output system, only one screen display is possible. Even if
two screen display mode is set, the IC automatically selects one screen to be
displated.
Steal
This bit is used to set whether the cycle steal function is to be provided or not:
Steal:1 The cycle steal function is provided
Steal:0 input the switch over signal of the address bus to DIEN input terminal from
external.
Note 1: When using the cycle steal function, connect DIEN terminal to Vpp or GND.
Note 2: When using no cycle steal function, connect MRD and MWR terminals to Vpp or
GND.

RESET

The RES terminal is used to determine the internal state of LCDC including the counter, register
and so on. Since the data register of MSMG355 contains the test mode, it is needed to reset
LCDC basically. When RES terminal is not used, it is needed to write zero(0} into bits Dy and Dy
of register Rys.

400

After reset

RES \ 0.8 Vpp

? Reset state € 0.2Vpp
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® The Reset State of the Register

The newly providsed data register is affected by reset. The reset state of the data register is
shownbelow.

(1) Graphic cursor form(horizontal) {Rg) = 38(H)
End =8 and STA = 1 are set.

(2) Graphic cursor form(vertical) {R1g) = 00(H)
YRA =1isset.

(3) Horizontal imaginary screen{R11) = (R3)
HIN = HN is set.

(4) VP valu extension {R;;) = 00(H)
Cpud =0 and Cpd = 0 are set.

(5) Number of horizontal stops(R43) = 07(H)
HST =8 s set.

(6) Mode control II{R43) = 00(H)
Two screen diaplay is set.

(7} Test(Ry5) = 00(H)
(8} Instruction (IR) = 00(H)
Mode control(i) is specified.
® The Reset State of the Output Terminal
{1) Tobe fixed at "L" level.
FRMB, LIP, FRP, CE}, RAg~RA4, RDY, MAg~MA 15, UD3~UDg, LD3~LDg, CLP
(2) Tobe fixed at "H" level.
WE, RE
(3) Notto be affected

DB;~DBg

LCD DISPLAY SYSTEM CONFIGURATION

The LCDC provides the following modes as the system configuration of the LCD display.
(1) Screen configuration: One or two screen display

(2) Datatransmission: 4 or 8bit data transmission

® Screen Configuration

The one screen configuration requires only half of the segment drivers for the twa screen
configuartion. So, the system configuration is achieved at low cost. But, in case of a large
numberof display dots in the vertical direction , the duty cycle is low resulting in limit of cost
reduction. In this case, the two screen configuration is more effective

401
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640 x 400 LCDd panel
(17400 duty)

Common
driver

Y

Common
driver

Segment driver

e o o = -

LCD upper screen
(1/200 duty)

b i, -

LCD lower screen
(1/200 duty)

Segment driver

System example of one
screen configuration

Segment driver

System example of two
screen configuration

402

Data Transmission

When transmitting the data to the segment driver, there are two kinds of transmission
systemns, 4bit parallel data transmission and 8bit paraliel transmission. The 8bit parallel data

The Power Down Function of the LCD Driver

transmission is half the speed compared with the 4 bit parallel data transmission.

It is possible to select the MSM5279GS chip by connecting the output terminal of CE¢ to the
ECLK input of MSM5279GS. Itis unnecessary to connect it to the MSM5299BGS which counts

the internal shift clockof LCD driver.
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XT Juyuruuunrrun iy
[Character clock] | | | | | B | | |
MAg~MA;5 1 N [ N+1 ] SN T SN+1 |
LD3 | D7 1 D3 | D7 | D3 [ D7 [ D3 |
LD, | D | D [ Dg | D; [ Ds 1 D; |
LD, [ Ds 1Dy | Ds | Dy [ Ds 1Dy |
LDg 1 Da | Dy | Da | Do [ Dy | Do
| e e o
| N-1data I N data SNdata |
Note 1: “N" indicates the end memory address of one line, "N + 1" the invalid address
of shift clock stop duration, and “SN” the start address of one line, respectively.
The character signal is inside the LCDC and is not output to the external.
Note 2: Shift clock stop duration; one character without skew.
Fig. 1 4 bit parallel data transmission (one screen display)
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XT uuuyuuUUUUyyyuUuUy L
[Character clock] | 1] | | 1 | | |
MAg~MA;s [ N T M [N+1[M+1] SN [ SM [SN+1]sm+ 1]
(Without skew)
cLp ) O0R I L
UD3 [ b 1 D3 [ Dy | D3 [ D7 [ Dy |
up; [ Dg | D; | Dg | D; [ Dg | D |
UD; | Bbs | D1 | Ds | D1 | Ds | Dy |
UDg 1 Da | Do [ Da | Do [ Da_| Do |
i:m data | N data 7ifSNdata i
LD3 [ by 1 D3 [ D | D3 10, [ D3 |
LD, ] De [ D2 | Dg | Dy {Ds | D |
LD, [ Ds [ Dy | Ds | Dy [ Os | Dy |
LDg | Da | Dg | Dy | Do | Ds | Do |
(With skew) i<M-1 data =i‘ M data :i: SM data =i
L pEgim
uD; | [ D7 | D3 | D7 | D3 [ D; [ B3 |
ub; | [ Dg | D | Ds | D; [ Dg | Dy |
uD, [ [ Ds 1 By [ Ds | D, [ Os | Dy |
UDg | [ Da [ Dy | Dy | Do [ Da | Dp |
I'<N-1data ‘;i{ N data 'i= SN data =i
LD; ! {D; | D3 | Dy | D3 1 by [ D3 |
LD; [ [ B¢ | Dy | D | D; ]| D¢ [ Dy |
LD, | [ Ds | Dy [ Ds | D; [ Ds [ Dy |
LDo | | Ds | Do | Da | Do [ Da [ Dg |
i<M-1 data 'i‘ Mdata | sMdata 'i
Fig.2 4 bit parallel data transmission (two screen display)



http://www.dzsc.com/ic/sell_search.html?keyword=MSM6355

O T MSMB355 T 1T m LCD CONTROLLER LSI- MSM6355 =

XT REpEpigipupnpupupEpipnpuinEspaRuan
[Character clock] | [ 1 1 | | | 1
MAg~MA 5 | N [ N+1 ] SN [ SN+1 |
(Without skew)
cLp 1 LI 1 l L
UD3 | Dy I Dy | D7 |
UD, l Ds | Dg [ o |
UD; | Ds | Ds | Dg |
UDy | Dg | Da | Dg |
LD3 | D3 | D3 [ D3 |
LD, | __Dp | D, [ D I
LDy | Dy | D4 I o |
LDo I Dp | Bo [ Dg |
|< |« | >
| N-1data | N data "] sndata |
Fig.3 8 bit paraliel data transmission (one screen display)
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xry U UUYUUUYUUU Uy
912 N N [ I N I O I B B B B
[Character clock]) I l 1 { | [ 1 | 1_

MAG~MA15 I N [ N+1 | SN T SN+t 1

(4 bit parallel, without skew)

cLp S N I I B
1
—

LiP

CEd

(4 bit parallel, with skew)

cLp S I I B [
1
[

LIP

CEd

(8 bit parallel, without skew)

CLp J S N R J o LT
Lip 1

Note 1: XTinputin 4 bit parallel mode
Note 2: XT inputin 8 bit parallel mode

Fig. 4 ShiftClock Stop Duration
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|~<—1stline —»I«—an Iine—>|<—3rd line —>I<—— 4th line
MAg~MAys [« T T [ T«] [ T ¢ J«l | U 0 {«0 [ [ | §
LI I 1 1 [1
FRP | 1
FRMB |
X driver | Nliine [ 1stline | 2ndline | 3rdline
Y driver Y1 ] |
v2 | |
: | 1
Yn
Note: The * mark denotes the shift stop duration.
Fig.5 The Time Chart of LIP, FRP, and FRMB
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OPERATION OF REFRESH MEMORY ADDRESS (MAg~MA 5)

MAxx is counted up even over the number of horizontal display characters, but this does not affect
the display because of the data transmission is stop duration.
The data transmission stop duration is 1 character to 8 characters, and after the duration one cycle

ends and the next cycie starts.
The figure 6 shows the memory address in character mode, and the figure 7 the memory address in

graochic mode.

Data
HN transmission

ne character \ stop
000 [0000 | 0001 > DDA4E | 004F
001 0000 | 0001 > 004E_| 004F
010 0000 | 0001 > 004E | 004F
1st | 011 L0QQQ | 0001 »- 004E | 004F
line | 100 1.0000 | 0001 > 004E_| 004F
101 10000 | 0001 > 004E_| 004F
110 L0ooo | 0001 — 004£ | 004F
111 [.0000 | 0001 > 004E_| 004F
“000 [ 0050 | 0051 > 009E_| 00F
001 |0050 § 0051 > 009E_| 009F
010 | 0050 i 0051 > 009E | 009F
and | 011 0050 | 0051 - 009E | 009F
line § 100 0050 | 0051 > 009E | 0Q9F
101 10050 | 0051 > 009E | 009F
110 10050 | 0051 > 009E | 009F
(111 [0050 | 0051 > 009E | 009F
- =
000 [03C0 [03C1 040E_| 040F
001 [03co [03cT > 040E | 040F
o010 [03co [o3C1 > 040E_| 040F
13th | 011 [03C0 [03cH > 040E_| 040F
line | 100 [03C0 [03C1 > 040E_| 040F
101 [03€0 [03C1 > 040E_| 04OF
110 {03co |o03ci > 040E | 040F
111 [03C0 f03C1 — 040E | 040F
. -
rooo 0780 |0781 > 07CE_| 07CF
001 [0780 [0781 > 07CE_|07CF
010 [0780 [0781 - 07CE | 07CF
25th | 011 [0780 [0781 > 07CE | 07CF
line | 100 {0780 [0781 —> 07CE_| 07CF
101 [0780 |0781 - 07CE_| 07CF
110 (0780 0781 > 07CE_| 07CF
111 (0780 |0781 - 07CE | 07CF

.

Note: Start address: 0000, HN: 80 characters, DN: 100 or 200, VP: 8

Fig. & Character Mode (80 characters x 25 lines)
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U O MSMoe355 T O O

Number HN ‘?r:?smission
of lines /Qng{haracter \ <)

1 | 0000 | DOQ1 - Q04E | O04F

2 10050 | 0051 > QQ09E | OD9F

200 |3E30 |3E31 > 3E7E | 3E7F

201 | 3E80 | 3E81 > 3ECE | 3ECF

20.?. 3EDO | 3ED1 > 3F2E | 3F2F

400 |7CBO | 7CB1 > 7CFE | 7CFF

Note: Startaddress: 0000, HN: 80 characters, DN: 200 {two screen display) or
400 (one screen display)

Fig.7 The Memory Address in Graphic Mode (640 x 400)
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ACCESSING THE DISPLAY RAM

When accessing the display RAM from CPU, there are two kinds of access mehtods; the CPU
priority method and the synchronized access method (cycle steal).

e CPU Priority Method

This method is to access the display RAM directly from CPU regardless of the refresh operation
of LCD controller. In this case, the address of the display RAM is switched over to the CPU
address during display, so frequent access to the display RAM may cause flickering of the
display.

Set Dy of register R14 to “0" and switch over the address bus using DIEN terminal.

Bus :> MAg~MA
arbitor 0 15

CPU address

Refresh address )

DIEN > To L.CD driver output circuit

Fig.8 The address switch over circuit inside the LCDC

DIEN \ /

MAo~MA1s  Refreshaddress X CPUaddress X Refresh address

Fig.9 The time chart of address switch over

The switch-over between the refresh address and the CPU address is carried out using DIEN
signal. When DIEN terminal goes “L” level, the CPU address is output to MAy through MA;5
terminals, and the output circuit is controlled so that the display is turned off while DIEN signal
is being at “L" level. This is done to reduce the effects on the display.
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® Synchronized Access Method
(1) Outline

This method is used to synchronize the CPU access to the display RAM with the LCD
controller refresh access cycles. The LCD controller outputs the WE, RD and address signals
to the display RAM without affecting the refresh access. This allows an uninterrupted flow
of data to the display panel which provides a clean flicker free display.

To set the synchronized access mode, set bit DO of register R14to “1”. Table 2 shows the
necessary signals for synchronized access.

Table2 The signals required for synchronized access

MWR | Display RAM write signal input from the CUP.
Connect to VDD or GND when not used.

MRD | Display RAM read signal input from the CPU.
Connect to VDD or GND when not used.

Display RAM write signal output to the display memory.
WE The MWR input is regenerated gets gated on this pin during the proper
time for synchronized access.

Display RAM read signal output to the display memory.
RE The MRD input is regenerated and gets gated on this pin during the proper
time for synchronized access.

RDY | Readyoutputtothe CPU. Thissignal is used to tell the CPU to return from
its needed wait state after the access ¢ycle has completed.

{2) Description of operation

When the LCD controller is set to the cycle steal mode, it maintains active refresh cycles
from the display RAM to the display panel. A synchronized access cycie is initiated by the
CPU when activating the MWR or MRD signal. For a single screen display the CPU access
cycle is 1/2 of the character clock cycle. For a twa screen display the CPU access cycle is 1/4
of the character clock cycle.

If the MWR/MRD is brought to “L" level by the CPU the LCD controller synchronizes the
WE, RE and address signals to the display RAM with the character clock. At the end of the
cycle WE/RE return to “H” level and the RDY signal outputs a “H" level to the CPU
enabling the CPU to resume from the wait. The RDY signal returns low after the CPU
brings MWR/WRD back to “H” level. The WE/RE signals can also be used for the proper
gating required by an external 8-bit data buffer which is needed for the display memaory
data Buss.

411


http://www.dzsc.com/ic/sell_search.html?keyword=MSM6355

7 LORRHATRILLER 11 MSME355 =

Character clock

MAg~MAss5

MWR/MRD

N

l

X CPU address XRefresh addressX CPU address Xﬁefresh add resg(

—

g

Fig. 10 The cycle stea! of one screen display

-

Character clock

B

|

412

Upper Lower

MAG~MA;g 1X CPU address XRefresh addres%( CPU addressXRefresh addres%

WA\ . S
_ >

WE/RE n___/

RDY / \‘—

Fig. 11 Cycle steal of two screen display
Note: Inthe onescreendisplay, “L” level of the MWR/MRD signal is detected when the

character clock rises, and “L" level is output to the WE/RE terminal when the next

character clock falis.
In the two screen display, “L” level of the MWR/MRD signal is detected when the
character clock falls, and “L” level is output to the WE/RE terminal when the next
character clock rises.
“H" level of MWR/MRD needs one more cycle of the character clock.
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SKEW FUNCTION

In the system that controls the large screen LCD panel, it is difficuit to access both the display RAM
and CGROM within the horizontal one character time since one cycle of the character clock is
short.

In this case, as shown in the figure 13 the method that latches the data on the display RAM once
and accesses CGROM in the next cycle(skew function) is used. Since the signal forlatching is
output from RA,, the maximum value of VP is limited to 16 when skew functionis used. The
calculation to judge whether the skew function isto be used or not is done based on the
calculation formulasin the Table 3.

Table3 Calculation formulas of memory time

Skew funciton Calculation formula Screen configuration

teH>tram + teg + tros

One screen display

Not provided
ten/2>tram + teg + tros | Two screen display
; tcn/2>tram + trs :
Provided ton/2 >tea Two screen display
Note: The setup time and delay time of latch are disregarded.

When choosing one screen display, the skew function can not be used.

Character clock wm
MAXX SN X SN+1 X sN+2 X SN+3 X
o1 | LIRS
teh |

SAY

RAM OUT X SN X SN+t X SN+2 X SN+3
Y

G OUT SN X SN+1 X SN+2 X SN+3

tee
LDxx —> 4 bit parallel data transmission
UDxx, LDxx / ———> 8 bit parallel data transmission

Fig. 14 Memory access in one screen display {without skew)
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Character clock \ / \M
MAXx SN ﬁsm XSN+1XSM+1XSN+?X§ZM+{XSN+3XSM+3X
tram PN >
RAM OUT X SN)( SM XSN+1XSM+1X5N+2XSM+2XSN+3XSM+3X
CGOUuT SN X sM X1 Xsmat Xshe2 XsMa2Xsh 43 XM +3
UDxx, LDxx —> 4 bit parallel data transmission

Fig. 15 Memory access in two screen display (without skew)

Character clock

MAXxx SN )GM XSN +1 ><5M+1X5N+2XSM+2XSN+3XSM+3)(
|
RAM OUT SN X M XS_N+_1XSM+1XSN+2XSM+2XSN+3XSM+3X

t
—H RAM

trs

RAG Y AYAYAWAWAWAW
RATCH QUT SN X SM X5N+1XSM+1Xsm+zX5M+zXSN+3XSM+3

CGOUT SN SM XSN+‘I XsM+1 XSN+2 XSM+2XSN+3 XSM+3

4

tea
UDxx, LDxx /_—" 4 bit paralliel data transmission

Fig. 16 Memory access in two screen display (with skew)
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Display cG

RAg~RA,

MSME355

RDo~RD7

UDxx

LDxx

SO

Fig.17 The system configuration without skew

Fig. 18 The system configuration with skew

L
MAG~MAys ) Display ™ ? ™ R%JGM
RAM l/ l/
C
H
A
RA4 Y
L
RAg~RA;3 P ‘:_‘
MSM6355 C
H
< RDg~RD7
> UDxx
) LDxx
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CALCULATION OF THE BASE OSCILLATION FREQUENCY (fgsc)

The base oscillation frequency is the same regardless of whether crystal oscillation is used or when
an external clock is used.

Table 4 Base oscillation calculation formulas

Calculation
Output system Formula fio0s0) example (MHz)
4 bit parallel FRPx [HN + HST) x DN x 4 9.856
8 bit parallel FRP x (HN + HST) x DN x 2 4.928

Note: The calculation examplesin Table 4 are based on FRP = 70 Hz, HN = 80
characters, HST = 8 characters, and DN = 400.

CALCULATION OF THE SHIFT CLOCK (CLP)

The calculation formulas of the shift clock for display data re shown in Table 5.

Table5 Shift clock frequency calculation formulas

Calculation
Output system Formula fiasq) example (MHz)
4 bit parallel FRP x (HN + HST) x DN x 2 4.928
8 bit parallel FRP x{HN + HST) x DN 2.464

Note: The calculation examplesin Table 5 are based on FRP = 70 Hz, HN =80
characters, HST = 8 characters, and DN = 400.
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CALCULATION OF CHARACTER CLOCK (CHO)

The character clock is the basic internal IC clock which is used as the clock of the refresh memory
address counter.

in the system that displays a large screen LCD panel, itis necessary to calculate the frequency of the
character clock in order to judge whether it is possible to access the display RAM and CGRAM
sufficiently. The formula for calculating the frequency of the character clock is shown below.

f(CH}) = FRP x (MN + HST) x DN

The calculation examples are shown in Table 6.

Table 6 Calculation exampies of character clock

HN HST

H(CH®) (MHz} | FRP (Hz) (character) | (character) PN
0.567 70 80 ! 100
1.134 70 80 ! 200
2.268 70 80 ! 200

Note: Thesame calculation formula of character clock is used for both the
4 bit parallel and 8 bit parallel modes.

DA g >: VRAM
Address ms-\ ggr ) /‘———»,Addl'ES!'»
bus—y/ g g @ Data
3 WE |~ WE
W_R — MSM6355GS
CPU RDY _CC:[ {E’Y
\l/ RE

A
Data | Data bus K Data bus

b

Fig. 19 Application Note for Synchronized Access
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