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TR LCD ¥ & 5 +LED 5 )6+ERHE+PCB B 5)) it % (SMT)
STZN 5 FSIN IE[ /R, ARKERT
N PR LOD+ A
Yoy A 160160
AN RS (i) 84.0>84.0>8.50
ATALIX RSE (mm) 62.30>62.40
DOT FRY Cmm) 0.335>0.335
DOT silAJEE Cmm) 0.35>0.35
W 6 O’clock 120’ clock [ %
2 (Duty) 1/160
fwJE L (Bias) 1/10
15 il 4% UC1698U
o AmE Ryt 8fLIF I, H O, #idE
R 3.3V/5.0V
TARREE (C) -20~+70
AR (C) -30~+80
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4-1 WIR B ES$
Item Symbol Min Max Unit Note
R Y5 L Vvdd-Vss | -0.3 5.0 V
LCD IXZH & Vdd-Vee 8.0 18.0 Vv
/0 H¥ N & - Vss Vdd -
4-2 KPR ES
Item Min Max Unit Note
TAERE -20 70 C
R -30 80 C
IR - 90 %RH
5. Y ERFPE
5-1 A4 R E S5
ltem Symbol | Condition Min Typ Max Unit Note
ZHH vdd 2.7 3.3 5.0 Y
LCD IXZNEEJE vdd-Vo 16 16.5 17 Y
VIH 2.0 vdd Y,
LGN
VIL Vss 0.8 Y,
LIS FELM vVdd=5V 65 78 85 Hz
5-2 TS
Item Symbol Min Typ Max Unit | Condition Note
1E 7] B Vf 2.8 3.0 3.2 v If=70mA
5-3 N4 S % (MIRFFEE25°C)
Item Symbol Condition Min Typ Max Unit Note
Viewing angle 0 K=2.0¢ 40 - --- deg
Contrast ration K 0 =50 ¢ - 5 - ---
Response Tr 0 =50¢ - 100 120 ms
Response time(fall) Tf 0 =50 ¢ - 60 80 ms
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@® Definition of Optical Response Time
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Non—select Signal

1
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Brightness
100%

~

\

907
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Select Signal

Non—select Signal

/

J

Ir

Rise Time

In case of Negative twvpe,
wave from of changing brightness becomes reverse

(Non Select Signals:0%, Select Signals:100%

® Definition of Contrast Ratio (CR)

Brightness

=
na

B1| !

Ld

Decay Time

} —_—

B2

Driving Voltage

Brightness

In Non—Select Signal

__Brightness

In Select Signal
(Positive Type)

Driving Voltage

Brightness
_In Select Signal

Brightness
In Non—Select Signal

(Negative Type)

@® Definition of Viewing Angle ¢ and ¢
g=0°

Time

Bl: Brightness
In Select Signal
B2: Brightness
In Non—5Select
Signal
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6.8 1 & XK i B
6-1 FHE#En

Pin Symbo | Level Function Note
1 FG | - BRreih

2 VDD 3.3V | BHHEIFEIE

3 VSS ov 14 Y

4 P/S H/L | o03fd.1: $0,

5 C86 H/L 1:6800/8BIT;0:8080/8BIT; H [} :1: = £k & [1 $9,0:PULk 5 1 58

6 /CS L LCD %iEfES, KA

7 CD H/L | sk e, mor: BdE, RBr &

8 WR1 H/L 80 WP ENILMES, 68 WP NEREE S, FEIRBUE, BT 4% vss.
9 WRO H/L 80 MFMIENEES: 68 IR REEEE Sk, H1777 3k vss
10 /RST L BhifET, A

11 DBO H/L | #BdEfE 540

12 DB1 H/L HESL1

13 DB2 H/L | BdEfE 54 2

14 DB3 H/L | #5543

15 DB4 H/L HES4 4

16 DB5 H/L | #5545

17 DB6 H/L | BUEfE 546

18 DB7 H/L | BUEfE 547

19 LED+ 3.3V | BGHIRIEN

20 LED- oV | kAL IE

PIN 8080/8{B800/84L M %k £ O = %& & O
P/S 0 0 1 1
C86 0 1 0 1
/CS /CS /CS /CS /ICS
CD CD RS CD

WR1 RD E 0

WRO W R R/W 0
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6-2 B
6-2-1MPU i3/ 5 i /(8080 i )
cD e p 4
tasso _ tanso
Cs0 i - >
Ccs1
tcssacol toveoo tecspao
| tewrao. tewwso tuPwao
WRO - - |- -
WR1 N re ~
tosan toran ,
Write — iy
D[7:0] lk <
taccao tooso
Read
D[7:0]
6-2-2MPU1/ 5 i (68001 )
cD X
lagss _ fanse
CS0 — | -
CS1
lcyss lcses
[ towrss, towwss tiowse
WR1 N ) " S
toses  lopes _a
Write - 'i_(
D[7-0] X
lacces looss
Read
D[7:0] I
6-2-3MPU It} JF%
ITEM SYMBOL CONDITION | MIN. |MAX. | UNIT
C/D SET UP TIME {cos 0
C/D HOLD TIME tcpH 0
C/D, RD, WR PULSE WIDTH tce. trp. tur 50
DATA SET UP TIME tps VDD=3.3V 30 ns
DATA HOLD TIME oy VS5=0V 0
ACCESS TIME tace TA=25C = 60
OUTPUT HOLD TIME loH 15 30
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7. MPU #8419

7-1 Display control instruction

UC1698u contains registers which control the chip operation. The following table is a summary of these
control registers, a hrief description and the default values. These registers can be modified by commands,
which will be described in the next two sections, starting with a summary table, followed by a detailed
instruction-by-instruction description.

Name:  The Symbolic reference of the register.
Note that, some symbol name refers to hits (flags) within another register.

Default:  Numbers shown in Bold font are default values after Power-Up-Reset and System-Reset.

Name Bits Default Description

SL 2 0H Scroll Line. Scroll the displayed image up by SL rows. The valid SL value is
betwesn 0 (for no scrolling) and (158 — 2x{FLT+FLB)). Setting 5L cutside of
this range causes undefinad effect on the displayed image.

FLT 4 oH Fixed Lines. The first FLT=2 lines and the last FLBx2 lines (relative 1o CEN)
FLB 4 OH of each frame are fixed and ars not affected by scrolling (SL).

When FLT andlor FLB are non-zero, the screen is effectively separated into
three regions: one scrollable, surrounded by two non-scrollable regions.

When partial display mode is activated, the display of these 2xFLT and
2xFLE lines is also controlled by LC[0]. When LC[0)=1, the display will have
three sections: 2xFLT on one side non-scrollable, 2xFLB on the other side
also non-scrollable, and scrollable DET~0DEN in the middle.

CA 7 oH Display Data RAM Column Address (counted in RGB triplet)
(Used in Host to Display Data RAM access)
RA 2 OH Display Data RAM Row Address
(Used in Hos: to Display Data RAM access)
BR 2 3H Bias Ratio. The ratio between Vico and Vass.
00b: & 01b: 10
10b: 11 11b: 12
TC 2 oH Temperature Compensation (per °C)
00b: -0.00% 01b: -0.05%
10b: -0.15% 11b: -0.25%
PM 2 40H Elacironic Potentiometer to fine tune Vews and Vico
PMO 7 0CH PM offset.
PMO[E]=1b: The effective PM value, PMV = PM - PMO[5:0]
FMO[E]=0b: The effective PM value, FMV = PM + PMO[Z:0]
PC 2 2H Power Control.
PC[0]: Ob: LCD = 13nF 1b: 13nF < LCD = 22nF
PC[1]: 0b: External Viico 1b: Intermnal Vicp (10x charge pump)
AC 4 iH Address Control.

AC[O: WA: Automatic column/row Wraparound (Defaul: 1 : ON)
AC[1]: Auto-Increment order
Ob : Column (CA) first
1b : Row (RA) first
AC[2Z]: RID: RA (row address) Auto Increment Direction (L : #1 H:-1)
AC[2] : Window Frogram Maode
0b : Inside Mode: Writs to SRAM within the window
dafined by (WFPCO,WPPD) and (WPC1,WFP1)
1b : Qutside Mode: Write to SRAM but skip the window
dafined by (WPCO,WPFD) and (WPC1,WPP1)
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Name Bits Darault Description
oc 5 18H Dispiay Control:
OC0]: PXV: Pixels Inverse. BR-aise dala Inversion. {(Default 0: OFF)
OC[1]: APD: All Pixels ON (Default 0: OFF)
O<C[2]: Dasplay ONAOFF (Default 8- OFF)
OC[3]: Gray-shaoe Modulation moge.
0 - OniON mode
1:32-shade Mode
DC4]): Green Enhance Mode. Only vaidd i 4K-color moge.
0 - Enabde. Allows an exira gispiay tit for green codor.
1 : Digable
LC ] o9pH LCD Control:
LC[O]: Enatde the top FLTx2 and bottom FLBExX2 Wines In partial display
mode (Default 0 OFF)
LC[1) MX, Mirror X SEG/Column sequence Inversion (Default: 0: OFF)
LC[2): MY, Mimor ¥. COM/Row seguence inverslon {Default 0: OFF)
LC[£:3]) Line Rate (Kips: Kilo-Line-per-second)
0ab: 252 KIps 01b: 30.5 Kips
10b: 37.0 Kips 11b: 44.3 Kips
Line Rate (for Cn/Of mode)
00b: &.5 Kips d1b: 10.£ lIps
10b: 12.5 Kipe 1ib: 15.2 KlIps
[LIne-Rate = Frame-Rate x Mux-Rate)
LC[5] : RGE fiter order (35 mapp=d o SEG1, SEGZ, SEG3)
0: BGR-BGR 1: RGB-RGB
LC[7:6] : Color and input mode
whnen DC[4]=1:
01b - 4K color mooe. 4R-<4GLEB (12-bRRGB)
10b : E4K codor mods. SR-6G-5B (15-bi'RGH)
when DCid]=0:
01b © 4K color moge. 4R-5G-3B (12-bRRGH)
10b : 64K colar mode. SR-6G-5B (16-bRMRGB)
LC[3] : Partial Dispiay Controd
0b: Dlzable Mux-Rate = CEN+1 (D57, DEN not used)
1b: Enabled  Mux-Fate = DEN-DST+1+LC0] x (FLT+FLE) x 2
NIV S 1DH N-Line Inversion:
MNIWVT220]: 000b: 11 ines O1b: 12 lines
210bc 21 nes 11k 25 lines
100k: 23 nes 101b: 31 Ilnas
110k 37 Ines 111b: £3 lines
NIVE3]: Jo: no-XOR 1b: XOR
NIVE4]: Jo: Disable NIV 1b: Enable NIV
CS5F 2 OH COM Scan Function
CSF[0): interiace Scan Function
0b: LEM seguenca: AEECD-AEBCD
10C LRM seguence: AESCD-ESCDA
CSF[1}: FRC function
0: DIsable FRC
1: Enable FRC
CSF[2): Shade-1 / Shage-30 cption
0: Dither directly on Input data (SRAM Changs)
1: PWM (Fulse-wiath modulation) on SEG cutput stage

QMD5160160V02AKW
TEL : 010-82928608
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Name | Bits Default Description
CEN 3 aFH COM scanning end (last COM with full line cycle, 0 based index)
DST 8 00H Display start (first COM with active scan pulse, 0 based index)
DEN 3 9FH Display end (last COM with active scan pulse, 0 hased index)
Please maintain the following relationship:
CEN = the actual number of pixel rows on the LCD - 1
CEN = DEN = DST+9
WPCOD 7 00H Window program starting column address. Value range: 0 ~127.
WPPO 3 00H Window program starting row address. Value range: 0~159.
WPC1 7 TFH Window program ending column address. Value range: 0~127.
WPP1 3 9FH Window program ending row address. Value range: 0~159
MTPC 5 10H MTP Programming Control:
MTPC[2:0] : MTP command
000 : Idle 001 : Read
010 : Erase 011 : Program
13 - For UltraChip’s debug use only
MTPCI3] : MTP Enahle (automatically cleared after each MTP command)
MTPC[4] : Ignore/Use MTP. 0:lgnore  1: Use
MTF 7 - Multiple-Time Programming. For Vico fine tune.
MTFID 2 -- Multiple-Time Programming. For LCM manufacturer's configuration.
MTFM 7 00H MTP Write Mask. Bit =1: program, Bit=0: no action.
MTPM1 2 OH MTP Write Mask. Bit =1: program, Bit=0: no action.
APC N/A Advanced Program Control. For UliraChip only. Please do not use.
Status Registers
oM 2 - Operating Modes (Read only)
00b: Resst 01h: (Not used)
10b: Sleep 11h: Normal
MD 1 - MTP option flag: 1 for MTP version, 0 for non-MTP version.
MS 1 - MTP programming in-progress
WS 1 - MTP Operation Succeeded
D 2 PIN Access the connected status of ID pins.
-2 HBYR
COMMAND TABLE
The following is a list of host commands supported by UC1693u
C/D:  0: Control, 1. Data
WIR: 0 Write Cycle, 1: Read Cycle
# Useful Data bits — Don't Care

QMD5160160V02AKW
TEL : 010-82926608
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Command CD/WRID7 |DE | DS | D& D3] D2 D1 ] D0 Action Dafault
| 1 Jwirtte Data Byle 1 D # # F 2 # # # ¥ Wit 1 byta NIA
2 [FRead Data Bye 1 1| = [# | = | = | 2| | % | & Fead 1 bye FiA
GE | MX | MY | WA | DE | WS | MD | MS et {Status, Ver,
3 | Gel Status & PM o er PMOC{E0] PMO, Product Code, KA
Froguct Code (En) PID{1:0] | MID[1:0) PID, MIC)
& Sel Column Agdress LSEB 1] d 1] D D 0 # = = F Sal CAL30) 0
Set Column Aodress MSE | O Y [1] 0 D 1 [1] z =2 7 Sal CAE L 1]
5 |S&l Temp. Compensation 1] a 1] L L 0 1] 1 # # Set TC[1:0] 1]
6 | Sel Power Contral [1] 0 [1] & 1 ] 1 0 2 # SatPC[1] 10b
-+ |5&t Adv. Program Control] O C 0 C 1 1 1] 0 0 i Set APC[R][7:0]. MUA
" |idousble-byie command) ] 0 z = | & | = = = = = Fo=0oar s .
s Set Scroll Line LSE 1] D a 1 D d # g g 7 Set SL[E:0 1]
Set Scroll Line MS5 1] D a 1 D 1 £ 2 2 F Set SL[7:4 1]
o | 582 Row Adoress L35 ] D a 1 1 a 2 = = il Sat RARO 1]
" |Set Row Adoress MSH o 8 a 1 1 2 | = | = i Sat RAIT4) 0
5 1561 Vas Poizntiometar o C 1 C D 0 1] 0 L 1 n T
: [double-byie commang) [n] o 2 g | & | = # | & i o e o
11)5et Pardal Display Comirel | O a 1 ] L 0 1] 1 0 fad Set LCIE) 1]
12| 5et RAM Address Conbrod | O d 1 C D a0 1 g g 7 Sat ACT2] abik
. i . 1] D 1 C D 1 a 0 o C
13|56t Fmag Lines aleco] = slzlalzelzlz|=z Z2t{FLT, FLE] 0
1£ )56t Line Rate ] a 1 O 1 i a 0 = i Set LC[4:3] 10b
15 | Set All-2 a0 0 0 1 1 1 0 1] 1 0 = Sat 0C1] 0
15 | St Inwerse Display 1] d 1 C 0 1] i i F Set Do) ]
17 | Set Display Enable 1] 0 1 C 1 0 1 b = fad Sel DCj4:-3] 1100
15]5et LED Mapging Contral | O a 1 1 D i a 2 7 F Set LC[2:0] 1]
o [EE 5N BE 1 |oD|o0|1|@| 00D PR
19| St M-Uine Inversion Bl S| 2 s | e lw] £ s Sat NIV40] 10k
210 | Set Color Battiam ] D 1 1 D 1 a a 0 = Set LCIS] 0 (BGR)
21)5el Color Mode 1] d 1 1 L 1 1] 1 g i SEL LC[TIE] 108
22 | Sef COM Scan Function 1] o 1 1 D 1 1 g s £ Set CSF[2:0 acae
23 | System Resst 1] o] 1 1 1 a0 a 0 1 C SyElem Resst RiA
22 | KOP [1] ¥ 1 1 1 a0 [1] 0 1 1 No aperation KA
o | 5€1 Test Contro 1] 1] 1 1 a 1] 1 1T For t2sting only. A
T {double-byie command) [i] D = E = E = = = Do not wse. .
25 | Set LCD Blas Ratio [1] d 1 1 0 1 1 = = Set SR[110] 11bc 12
27 |5t com Ena HE-S BN - RN N 158
= Pt " o D 1 1 1 1 a 0 1 L ST
28 | Set Partial Display Star o C i z |zl 2 p z| 2l = Set DST[E:0) o
. . oo 1 |11 ]1]o]ofa]1 Zat DENE: 1589
29| 5et Partial Display Eng o C - |z 2 pr 2| 2l = St DENED 158
a0 Set Window Program o b 1 1 1 1 a 1 i} C Set o
Slarting Column Adoress o L - # & . # L # # WPCD
Set Window Program [1] i 1 1 1 1 a 1 1] 1 S 5eq
3 Staring Row Aodress olcolzl=s]l=sl=]lz2z]l=]|=]|= h‘;;“;f.l?p WEED q
25 | 561 Window Program 1] C 1 1 f 1 a 1 1 O )oormnanes | 35 i
““|Ending Column Agdrass 0 C : B 2| = 7| # WPCH =
33|58 Window Program 1] C 1 i i 1 ] 1 i i Set PES
== |Ending Row Adaress 0 o # # # # # & # # WPE1 o
22 [Window Program hoos 1] ] 1 1 1 1 1 0 1] = Set AC[3] 0: Inside
- 3 =
35 | Set MTR Operation control g E 1 E . ; - g i Set MTPC[2:0] 10H
Command CDIWR|D7 | D6 |D5 | D4 |D3 | D2 (D1 | DO Action Default
0 0 1 0 1 1 1 0 0 1 2
36 | Set MTF Wiie Mask 0 a - # # # # ka3 # # SE}FSLP#}%?] 1}
0 0 - - - - - - # # )
L ] 0 0 1 1 1 1 0 1 0 0 Set s
37| Set V= Potentiomster 0 a # # # # # # 2 # MTP1 NiA
i . 0 0 1 1 1 1 1] 1 0 1 | Shared with| Set .
38| Set Vymez Potentiometer 0 0 # # # # # # # # Window | MTP2 MNFA
i I 0|01 1 1 1 o | 1|1 | o | Program | Set ]
35| Set MTF Write Timer 0 0 # & # # # # # # | commands | paTp3 NIA
= = = 0 a 1 1 1 1 0 1 1 1 Set
40]Set MTP Read Timer 0 0 # # # # # # # # MTP4 NFa
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NOTE:
« All other bit patterns other than commands listed above may result in undefined hehavior.

* The interpretation of commands (36)~(40) depends on the setting of register MTPC[3].

o Commands (37)~(40) are shared with commands (30)~(33). These two sets of commands share
exactly the same code and confrol registers. When MTPC[3]=0, they are interpreted as Window
Program commands and registers. When MTPC[3]=1, they function as MTP Control commands
and registers.

« After MTP ERASE or PROGRAM operation, before resuming normal operation, please always
a) Remove TST4 power source,
h) Do a full Voo ON-OFF-ON cycle.

« Under 16-bit bus mode and CD=0, D[15:8] is ignored and only D[7:0] is used. As a result, the bus cycles
for commands under 16-bit bus and 3-bit hus are the same, and double-byte commands still need two
hus cycles under 16-bit bus mode.

Example:
8-hit bus mode:
SetPL[1:0)=2b11:  D[7:0]=[0010 1011
Set PM[7-:0] = 8'h8b - 1% D[7-0] =[1000 0001]
2™ D[7:0] =
16-bit bus mode:
SetPL[1:0]=2b11:  D[15:0] =0D00 0000 0010 1011]
Set PM[7:0] = 8'h8b: 1% D[15:0] = [DDD0 0000 1000 0001|
2™ D[15:0] =]D000 0000 ___ 1000 1011]

COMMAND DESCRIPTION
(1) WriTE DATA To DispLAY MEMORY
Action C/D|WR D.’I]DG]D5|D4|03]DZID1|DO
Write data 1 0 &-hit data written to SRAM

UC1698u will convert input RAM data to 16-bit of RGB data. Please refer o command 5=t Color Mods
for detail of data-write sequence.
(2) Reap Data From DisPLAY MEMORY

Action ciofwr|p7| D6 |D5|D4]D3|D2|D1]|DO
Read data 111 8-bit data read from SRAM

Each RGB ftriplet is stored as 16-bit in the display RAM. Each 16-bit of RGB data takes 1 (/ 2) RAM read
cycles for 16 (/ 8) —bit bus mode, respectively. The read out RGB data is affer-extension for 64K color mode.

R4 |R3I|R2|R1|RO[G5 [ea|[ea|Ge|er|ao]|Ba[B3|B2|B1] 80
1% 8-bit Read 2" 8-bit Read

Write/Read Data Byte (commands (1) and (2)) operation uses internal Row Address register (RA) and
Column Address register (CA). RA and CA can be programmed by issuing commands Set Row Address
and Set Column Address. If wrap-around (WA, AC[0]) is OFF (0), CA will stop incrementing after
reaching the CA boundary, and sysiem programmers need o set the values of RA and CA explicitly. If WA
is ON (1), when CA reaches end of column address, CA will be reset 1o 0 and RA will be increased or
decreased, depending on the setting of Row Increment Direction (RID, AC[2]). When RA reaches the
boundary of RAM (i.e. RA =0 or 127), RA will be wrapped around to the other end of RAM and continue.

For 8-bit / 16-bit interface, the first 1 byte / 2 bytes of read, respectively, is a dummy read. Please ignore the
data read out.
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(3) GeT StATUS & PM

Action co|wRr|p7|D6|D5|D4] D3| D2 | D1 DO
0 | 1 |sE[Mx|mY|wA|DE |ws|MD|MsS
Get Status 0 1 | Ver PMO[B:0]
0|1 Product Code | PID[1:0] | MID[1:0]

Status1 definitions:

GE :
X -
MY :
WA -
DE :
Ws :
MD :
MS -

Green Enhancing enable flag. Green Enhance Mode is disabled when GE = 1.
Status of register LC[1], mirror X.

Status of register LC[2], mirror Y.

Status of register AC[0]. Automatic column/row wrap around.

Display enable flag. DE=1 when display is enabled

MTP Operation succeeded

MTP Option (1 for MTP version, O for non-MTP version)

MTP action status

Status2 definitions:
Ver : IC Version Code. Oor 1.
PMO[6:0] . PM offset value.

Status3 definitions:
Product Code : 1000b (8h)
PID[1:0] - Provide access to 1D pins connection status.
MID:0f - LCM manufacturer's configuration.
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If multiple Get Status commands are izsued consecutively within one single CD 1=:0=1 transaction, the
Gzt Status command will return {Status1, Status2, Status3, Statusi1, Status2, Status3, Statusi1.}
alternately.

(4) SET COLUMN ADDRESS

Action CIDIWR| D7 |D6|D5|D4| D3| D2|D1| DO

Set Column Address LS8 CA[3:0] 0l1a]0]0] 0] 0 |CASCAZ|ICATICAD

Set Column Address M5B CA[7:4] 01010100 1] 0 |CAGICAS|ICA4

Set SRAM column address for read/write access. CA is counted in RGB triplets, not individual SEG
electrode.

CA value range: 0~127

(5) SET TEMPERATURE COMPENSATION

Action CID|WR|D7 |D6|D5|D4| D3 |D2 |D1|D0

Set Temperature Comp. TC[1:0] glofjojoy10)0]1 TCHTCO

Set Vaas temperature compensation coefficient (%-per-degree-C)

Temperature compensation curve definition: .
00b = -0.00%/°C 01b = -0.05%/°C 10b = -0.15%/°C 11b = -0.25%/°C

(6) SET POWER CONTROL

Action CID|W/R|D7 | D6 |D5|D4| D3| D2|D1| D0

Set Panel Loading PC[1:0] gjojojoj1107]1] 0 |RPCIPCO

Set PC[0] according to the capacitance loading of LCD panel.
Panel loading definition: 0b: LCD = 13nF 1b:13nF < LCD = 22nF

Set PC[1] to program the build-in charge pump stages. Before changing PC[1] value, always ensure the IC
is in a RESET state. Avoid changing PC[1] when the display iz enabled.

Pump confrol definition: 0b = External Vico 1b = Internal Vieo (x10)

(7) SET ADVANCED PROGRAM CONTROL

Action CD|WR|D7|D6|D5|D4| D3| D2|D1| D0
Set APC[R][7:0] ofololola]1]o]olo]lr
(Double-byte command) olo APC register parameter

For UltraChip only. Please do NOT use.

15/37



LN

REACERT

ItEEABEFREFIRAF QMDS160160V02AKW

TEL : 010-82926608

(8) SET SCROLL LINE

Action CD|WR| D7 |D6|D5|D4| D3| D2|D1| D0
Set Scroll Line LSB SL[3:0] 0jojoy 1] 0] 0 |SL3|SL2|5L1|SLO
Set Scroll Line M58 SL[7:4] O|lojo1] 0] 1 |SLV|SLE|SLS|SLS

Set the scroll line number.

Scroll line setting will scroll the dizplayed image up by SL rows. The valid value for 5L is between
0 (no scrolling) and 159-2x(FLT+FLB) (full scrolling). FLT and FLB are the register values programmed by
the Sec Fixed Lines command.

Fixed Area: " ° Fixed Area; " °
; tEEkt ) srow 2xFLT-1 g (BFLT ) 3 row 2xFLT-1
Image row 0 row 2xFLT Image row N row 2xFLT
- Scroll Area - : Scroll Area -
Image row N-1 - :
Image row N Image row 159-2xFLT
: Image row 0
Image row 159-2xFLT row 159 Image row N-1 row 159
SL=0 SL=N
(9) SET ROW ADDRESS
Action C/ID|WR| D7 |D6|D5|D4 | D3| D2| D1 | DO
Set Row Address LSB RA [3:0] ag|lojo0o] 1] 1] 0 |RA3RAZIRAT|RAD
Set Row Address MSEB RA [7:4] ojojogp1]1 1 |RAT|IRAG|RAS|RAS

Set SRAM row address for read/write access.

Posgible value = 0~159

{10) SET Vews POTENTIOMETER

Action CDIWR|D7|D6|D5| D4 | D3 |D2|D1|D0
Set Vg as Potentiometer. PM [7:0] 010 1 0Jo] o 0Joj]o0 1
(Double-byte command) 0 | 0 |PM7IPME|IPMEIPMA|PMIIPM2IPIM1|EMD

Program Vgaz Potentiometer (PM[7:0]). See section LCD Voifage Seffing for more detail.

Effective range: 0 ~ 255
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(11) ST PARTIAL DisPLAY CONTROL

Action C/D|W/R| D7 | D6 |D5| D4 | D3 | D2 | D1 | DO

Set Partial Display Enable LC[8] ojofrtjofjojojoj1|o0]LCa

This command is used to enable partial display function.

LC[8] . 0b: Disable Partial Display, Mux-Rate = CEN+1 (DST, DEN not used.)
1h: Enable Parfial Display, Mux-Rate = DEN-DST+=1+ LC[0]x(FLT=FLB)x2

(12) SET RAM ADDRESS CONTROL

Action CDIWR|D7|D6|D5|D4|D3|D2|D1)|D0

Set AC [2:0] DO 1T)p0f0] 0] 1 |ACZHACTIACD

Program registers AC[2:0] for RAM address control.

AC[0]: WA, Automatic column/row wrap around.
0: CA or RA (depends on AC[1]= 0 or 1) will stop incrementing after reaching boundary
1: CA or RA (depends on AC[1]= 0 or 1) will restart, and RA or CA will increment by one step.

AC[1]: Auto-Increment order
0: column (CA) increment (+1) first until CA reaches CA boundary, then RA will increment by (+/-1).
1 :row (RA) increment (+/-1) first until RA reach RA boundary, then CA will increment by (+1).

ACI2l: RID, row addrass (RA) auto increment direction (01 =+/-1)
When WA=1 and CA reaches CA boundary, RID controls whether row address will be adjusted by
+1or-1.

AC[2:0] controls the auto-incremeant behavior of CA and RA. For Window Program mode (AC[3]=0N), ses
section Command Description (32) ~ (35) for more details. If WPC[1:0] and WPP[1:0] values are the default
values, the hehavior of CA, RA auto-increment will be the same, no matter what the setting of AC[3] is.
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(13) SeT Fixep LINES
Action CD|WR|D7 |D6|D5|D4 | D3 |D2|D1| DO
Set Fixed Lines {FLT,FLB} o|l0] 1 0] 0 1 0Jojo] o
(Double-hyte command) olo FLT[3:0] FLB[3:0]

The fixed line function is used to implement the partial scroll function by dividing the screen into scroll and
fixed area. The Set Fixesd Lines command will define the fixed area, which will not he affected by the SL
scroll function. The fixed area covers the fop 2xFLT and bottom 2xFLB rows for mirror Y (MY) is 0, or covers
the top 2xFLB and bottom 2xFLT rows for MY=1. One example of the visual effect on LCD is illusirated in
the figure below.

Fived Area 1 Fixed Area 1

(2xFLT) (2xFLB)

Scroll Area Scroll Area

Fixed Area Fixed Area ‘

(2xFLB) 160 (2xFLT) 160
MY =0 MY =1

When partial display mode is activated, the display of these 2x(FLT+FLB) lines is also confrolled by LC[O].
Before tuming on LC[0], ensure:

MY=0 DST = FLTx2 MY=1 DST = FLBx2
DEN = (CEN-FLBx2). DEN = (CEN-FLTx2)
(14) SET LINE RATE
Action C/DIWR|D7| D6 |D5|D4 |D3|D2|D1|DO
Set Line Rate LC [4:3] ojJojf1 0 1 0| 0| 0 |LC4|LC3

Program LC [4:3] for line rate setting (Frame-Rate = Line-Rate / Mux-Rate). The line rate is automatically
scaled down by 2/3, 1/2, 1/3 and 1/4 at Mux-Rate = 108, 80, 56, and 40.

The following are line rates at Mux Rate = 109 ~ 160.

00b: 25.2 Klps 01b: 30.5 Klps 10b: 37.0 Kips 11h: 44 8 Klps
In On/Off Mode

00b: 8.5 Kips 01b: 104 Klps 10b: 12.6 Klips 11b: 15.2 Klps

(Klps: Kilo-Line-per-second)
(15) SeET ALL PixeL ON
Action CDIWR|D7|D6 |D5| D4 | D3| D2| D1 | DO

Set All Pixel ON DC [1] 0 0 1 0 1 0 0 1 0 |DC1

Set DC[1] to force all SEG drivers to output ON signals. This function has no effect on the existing data

stored in display RAM.

(16) SET INVERSE DISPLAY

Action C/DIWR|D7 | D6 |D5|D4 |D3 | D2| D1 | DO
Set Inverse Display DC [0] ojojf1 0 1 0]0 1 1 |DCO

Set DCI0] to force all SEG drivers to output the inverse of the data (bit-wise) stored in display RAM. This
function has no effect on the existing data stored in display RAM.
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(17) SeT DisPLAY ENABLE

Action CD|WR|D7 | D6 |D5|D4 | D3| D2|D1|DO0

Set Display Enable DC [4:2] gcjoj|l1]0]1] 0] 1 |DC4DC3|DC2
This command is for programming register DC[4:2].

When DC[2] is set to 0, the IC will put itself into Sleep mode. All drivers, voltage generation circuit and timing
circuit will be halted to conserve power. When DC[2] is set to 1, UC1698u will first exit from Sleep mode,
restore the power and then turn on COM drivers and SEG drivers. There is no other explicit user action or
timing sequence required to enter or exit the Sleep mode.

DC[3] controls the gray shade modulation modes. UC1698u has two gray shade modulation modes: an
On/Off mode and a 32-shade mode. The modulation curves are shown below. Horizontal axes are the gray
shade data. The vertical axes are the ON-OFF ratio.

EU ---—-l-_—r——J—--J.——-’———L———'-—
1 | 1 I | 1 1
45 f==q-==p==q==-T==m=—=—[ == -
I I 1 I 1 I
A0 O A R L L [ B g Sy
1 I 1 1 I I I
a5 Jo L e
s 1 ] 1 [] 1 1
Bl 1 | 1 | I
gntOﬁ a0 .-_....:....-Ip.....q_--.:.__ ] -:._....:.._-
atlo |
25 e el | e
[} ] 1 ] [} 1 1
1 ] | I I I
o0 e T e s
1 1 1 1 | 1
SEgmud b= o S i el o ol i sl it e e D
15 I 1 I I
1 [
10 P e e e
1 | 1 | I ) I
5 P T e e
1 | 1 | 1 1 1
0 | i i i | | 1
a - g 12 16 20 24 28

Gray-shade data
DC[4] Green Enhance Mode. Refer to command Set Color Mode for more information.
0b: Green Enhancing Mode enabled  1b: Green Enhancing Mode disabled

NoOTE:

1. For red and blue colors, when PWM is off, the shades mapped to data 1 and 30 (shown as red points
above) are achieved by special dithering. When PWM is on, these shades are produced by PWM.

2. Green shades are created by combining FRC (default: Off) and special dithering. When PWM is off, six
of the shades (1, 2, 3, 59, 60, and 61) are created by special dithering while they are created by PWM
when PWM is on. Data 62 and 63 are mapped to the same shade.

3. When the internal DC-DC converter starts to operate and pump out current to Vico, there will be an in-
rush pulse current between Vaooz and Vesz initially. To avoid this current pulse from causing potential
harmful noise, do NOT issue any command or write any data to UC1698u for 5~10mS after setting DC[2]
to1.
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(18) SET LCD MaAPPING CONTROL

Action

C/D |W/R| D7

D6 | D5 | D4 | D3

D2 | D1 | DO

Set LCD Mapping Control LC [2:

00| 1

0]

1 0jJojo0

MY | MX |LCO

This command is used for programming

(NVEX).

LC[2] controls Mirror Y (MY): MY is implemented by reversing the mapping order between RAM and COM
electrodes. The data stored in RAM is not affected by the MY action. MY will have immediaie effect on

the display image.

LC[1] controls Mirror X (MX): MX is implemented by selecting the CA or 127-CA as write/read (from host
interface) display RAM column address so this function will only take effect after rewriting the RAM

data.

LC[0] controls whether soft icon sections (2xFLT, 2xFLB} are displayed during partial display mode.

(19) SET N-LINE INVERSION

L C[2:0] to control

COM (row} mirror (M

Y}, SEG (column) mirror

Action CDIWR|D7 |D6|D5| D4 | D3| D2 |D1| DO
Set N-line inversion NIVI3:0] 0 0 1 1 0 0 1 0 1] 0
(Double-byte command) 0 0 2 - - [NV NP NIV NIV NIV
N-Line Inversion:
NIVT2:01: 000b: 11 lines 001b: 19 lines 010b: 21 lines 011b: 25 lines
100b: 29 lines 101b: 31 lines 110h: 37 lines 111b: 42 lines
NIV[3]:  Ob: non-XOR 1b: XOR
NIV[4]:  Ob: Disable NIV 1b: Enable NIV
3| .31 5 |26 31
NIV[3]=0 | | [ |
31 31
3 31 5] 31
NIV[3]=1 | l == M
31 26 31
B Frame 1 > Frame 2 il
(20) SET COLOR PATTERN
Action CD|WR|D7| D6 |D5| D4 |D3 | D2|D1|DO0
Set Color Pattern LC [5] gloj1y11j011})0]0]| 0|LCE
UC1698u supports on-chip swapping of R+=B data mapping to the SEG drivers.
LC[5] | SEG1 | SEG2 | SEG3 | SEG4 | SEGH | SEGSE SEG382 | SEG383 | SEG384
0 B G R B G R B G R
1 R G B R G B R G B
The definition of R/G/B input data is determined hy LC[7:8], as described in S5t Color Mod= below.
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Note: For serial bus modes, please refer to 8-bit fables below.

Green Enhance Mode disabled (DC[4]=1):

LC[7:6] =01b ( RRRR-GGGG-BBBB, 4K-color )
12 hits of input RGB data are stored to 16 RAM bits. No dither is performed. Every 3 bytes of input data
will be merged into 2 sets of RGB data.

-

Data Write Sequence (8-bit) D[7:0]
1% Write Data Cycle R3|R2|[R1|R0|G2]|G2[G1][ G0
2™ Write Data Cycle B3|B2|B1|B0O|[R2|R2|R1|RO
3 Write Data Cycle G3|G2|G1|Go|B3|B2(B1|B0
Data Write Sequence (16-bit) | Df15:0]
¥ Write Data Cycle 0(0|(0]0|R3|R2|R1|R0|G3|G2(G1|G0|B3|B2|B1|B0
2™ \Write Data Cycle 0|0|0)|0|R3|R2Z|R1|RO|G3|G2|G1|G0|B3|B2|B1|B0
C[7:6] =10b ( RRRRR-GGGGGG-BBEBB, 64K-color )
16 bits of input data are stored o 16 RAM bits directly.
Data Write Sequence (8-bit) D[7:0]
| 1¥ Write Data Cycle R4|R3|R2|R1|RC|G5|G4|G3
2™ \Write Data Cycle G2|G1|G0|B4|B3|B2(B1(B0
Data Write Sequence (16-bit) | D[15:0]

1% Write Data Cycle

R4|R3|R2 |R1[R0|G5|G4 [G3|G2|c1|co[B4 [Ba|B2|B1]B

=

Green Enhance Mode enabled (DC[4]=0):

LC[7:6] = 01h ( RRRR-GGGGG-BBB, 4K-color )
12 bits of input data are extended and stored o 16 RAM bits

. Every 3 bytes of input data will be merged

into 2 sets of RGB data.

Darta Write Sequence (8-bit) D[7:0]

1% Write Data Cycle R3|R2(R1|RO (G4 |G3|G2|G1

2™ Write Data Cycle G0O|B2|B1[BO|(R3|RZ[(R1(RD

3™ Write Data Cycle G4|G3|G2|G1|(G0|B2|B1|BO

Darta Write Sequence (16-bit) | D[15:0]

1% Write Data Cycle 0|0|0|0|R3|R2Z(R1|RD(G4|G3|G2|G1|G0|B2|B1|B0
[ 2™ Write Data Cycle 0|0|0|0|R3|R2(R1|RO(G4|G3|G2|G1|G0|B2|B1|B0

LC[7:6] = 10b ( RRRRR-GGGGGG-BBBBB, 64K-color )

The behaviors of 8-hit input mode and 16-bit input mode do not change with DC[4] setling. Refer to
previous section for more information on these two input modes.

. = B : INS
- EEBRRFREERAT QMDSIOIEOUZAW
TEL : 010-82926608
{21) SeT CoLor Mope
Action CD|WR|D7|D6|D5|D4|D3|D2|D1|D0
Set Color Mode LC [7:6] ojoj1]1]0]1]0]1]|LC7|LCB
Program color mode and RGE input pattern. Color mode (LC[7:6]) definition:
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(22) SET COM ScAN FUNCTION

Action CDIWR|D7 |D6|D5| D4 | D3| D2| D1 |DO0

Set COM Scan Function CSF[2:0] 0 0 1 1 0 1 1 |csF2|csFi|csFo

COM scan function
CSF[0]: Interlace Scan Function
Ob: LRM sequence: AEBCD-AEBCD
1b: LRM sequence: AEBCD-EBCDA
CSF[1]: FRC Function
Ob: FRC Disable
1b: FRC Enahle
CSF[2]: Shade-1, Shade-30 option
0 : Dither directly on input data(SRAM Change)
1: PWM on SEG output stage

(23) SysTEM RESET

Action CD|WR|D7|D6|D5|D4|D3|D2)|D1|D0

System Reset 0 0 1 1 1 0 0 0 1 0

This command will activate the system reset. Control register values will be reset o their default values.
Data stored in RAM will not be affected.

(24) NOP

Action CDWR|D7| D6 |D5|D4 | D3| D2| D1 | D0

No Operation 0 0 1 1 1 0 0 0 1 1

This command is used for “no operation”.

(25) SET TEST CONTROL

Action CDIWR|D7 |D6|D5| D4 | D3| D2 | D1 I Do
SetTT 0 0 1 1 1 0 0 1
(Double-byte command) D|o Testing parameter

This command is usad for UltraChip production testing. Do NOT use.

(26) SET LCD Bias RaTIO
Action CDIWR|D7|D6|D5|D4 | D3| D2|D1|DO0
Set Bias Ratio BR [1:0] ojof(111]110}|1]| 0 |BRIBRO
Bias ratio definition:
00h =5 01h=10 10b=11 11b =12
(27) SeT COM EnD
Action CDIWR|D7| D6 |D5|D4 | D3| D2| D1 | DO
Set CEN pjo1y1j111jofjojoj1
(Double-byte command) ojo] - CEN register parameter

This command programs the ending COM electrode. CEN defines the number of used COM electrodes, and
it should correspond fo the number of pixel-rows in the LCD. When the LCD has less than 160 pixel rows,
the LCM designer should set CEN to N-I (where N is the number of pixel rows) and use COM1 through
COM-N as COM driver electrodes.
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(28) SET PARTIAL DisPLAY START

Action CD|WR|D7| D6 |D5|D4|D3|D2| D1 | DO
Set DST 0 0 1 1 1 1 0 0 1 0
(Double-byte command) olo] - DST register parameter

This command programs the starting COM electrode, which has been assigned a full scanning period and
will output an active COM scanning pulse.

(29) SET PARTIAL DisPLAY END

Action CD|WR|D7| D6 |D5|D4 | D3| D2|D1|DO
Set DEN 0|0 1 1 1 1 010 1 1
(Double-byte command) ojo] - DEN register parameter

This command programs the ending COM elecirode, which has been assigned a full scanning period and
will output an active COM scanning pulse.

CEN, DST, and DEN are 0-hased index of COM electrodes. They control only the COM electrode activity,
and do not affect the mapping of display RAM to each COM electrodes. The image displayed by each pixel
row is therefore not affected by the setting of these three reqgisters.

When LC[8]=1b, the Mux-Rate is narrowed down to DST-DEN+1+(FLT+FLB)xLC[0]x2. When MUX rate is

reduced, reduce the line rate accordingly to reduce power. Changing MUX rate also require BR and Vico to
be reduced.

For minimum power consumption, set LC[8]=1b, set (DST, DEN, FLT, FLB, CEN) to minimize MUX rate, use
slowest line rate which satisfies the flicker requirement, use On/Off mode, set PC[0]=0b, disable N-Line
Inversion, and use lowest BR, lowest Vicp which satisfies the contrast requirement. When Mux-Rate is
under 40, it is recommended fo set BR=5 for optimum power saving.

In either case, DST/DEN defines a small subsection of the display which will remain active while shutting
down all the rest of the display to conserve energy.

0
DST
Display Area
DEN Pulse Disable:
CEN Pulse Enable:
\ \ Not Scanned: N\
NN \\ I & ot Scanned:
159 |38 R v
{Scan Method) (Display Result)
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(30) SET WiNnDow PROGRAM STARTING COLUMN ADDRESS

Action

C/D

W/R

D7

D6

D5

D4

D3

D2

D1

DO

Set WPCO
(Double-byte command}

0

0

1

1

1

1

0

1

0

0

0

0

WPCO[6:0] register parameier

This command is to program the starting column address of RAM program window.

(31) SET WinDow PROGRAM STARTING Row ADDRESS

Action CDWR|D7| D6 |D5| D4 | D3| D2| D1 | DO
Set WPPO 0 0 1 1 1 1 0 1 0 1
(Double-byte command) olo WPPO[7:0] register parameter
This command is to program the staring row address of RAM program window.
(32) SET WinDow PrRoGRAM ENDING COLUMN ADDRESS
Action CDIWR|D7| D6 |D5|D4 | D3| D2| D1 | DO
Set WPC1 0 0 1 1 1 1 0 1 1 0
{Double-byte command) ool - WPC1[6:0] register parameter

This command is to program the ending column address of RAM program window.

(33) SeET WinDow PrROoGRAM ENDING ROW ADDRESS

Action CDWR|D7| D6 |D5|D4|D3|D2)|D1|D0O
Set WPP1 0 0 1 1 1 1 0 1 1 1
{Double-byte command) oo WPP1[7:0] register parameter

This command is to program the ending row address of RAM program window.

24/37



QUL
o=t

- FHERTFREARAD L

(34) SET WinDow ProGRAM MoDE

Action CDWR|D7| D6 |D5|D4|D3|D2|D1]|DO
Set Window Program Enable AC[3] glofj1]1f1|1]1]0]0 JAC3

This command controls the Window Frogram function.

AC[3]=0: Inside Mode

‘When Window Programming is under “Inside” mode , the CA and RA increment and wrap-around will
be performed automatically around the boundaries as defined by registers WPCO, WFPC1, WPPO, and
WFP1, so that the CA/RA address will stay within the defined window of SRAM address, and therefore
allow effective data update within the window.

AC[3]=1: Outside Mode

‘When Window Programming is under “Outside” mode, the CA and RA increment and wrap-around
boundary will cover the entire UC1698u SRAM map (CA: 0~127, RA:0~159). However, when CA/RA
points to a memory location within the window defined by registers WPCO, WPC1, WPPO, and WPP1,
the SRAM data update operation will he suspended, the exisfing data will be retained and the input data
will be ignored.

The direction of Window Program will depend on the WA (AC[0]), RID (AC[2]), auto-increment order (AC[1])
and MX (LC[1]) register setting.

« WA (ACID]) decides whether the program RAM address advances to next row / column after reaching
the specified window column / row boundary.

« RID (AC[2]) controls the RAM address increasing from WPPO toward WPP1 (RID=0) or the reverse
direction (RID=1).

. Auto—(izccrﬁTeur;t Order (AC[1]) directs the RAM address increasing vertically (AC[1]=1) or horizontally

«  MX (LC[1]) results the RAM column address increasing from 127-WPCO to 127-WPC1 (MX=1) or from
WPCO to WPC1 (MX=0).

By different combination of RID, AC[1], MX, and by setting CA, RA at proper corners of the "window”, effecis
such as mirrors and rotations can be easily achieved.

Setting or resetting AC[3] does not affect the values of CA and RA. So, always remember to reposition CA
and RA properly after changing the setting of AC[3].
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Auto-increment order=0 MX=0 RID=0

(WPPO,WPCO)
®

v

=

(WPP1,WPC1)

Auto-increment order=0 MX=0 RID=1
(WPPO,WPCO)

:l

L 2 —»

(WPP1,WPC1)

Auto-increment order=0 MX=1 RID=0
(WPPQ,127-WPC0)

2|

<
-

(WPP1,127-WPC1)

Auto-increment order=0 MX=1 RID=1
(WPPO0,127-WPC0)

3

4
L]

(WPP1,127-WPC1)

Auto-increment order=1 MX=0 RID=10
(WPPO,WPCO)

(WPP1,WPC1)

Auto-increment order=1 MX=0 RID =1
(WPPO,WPCO0)

(WPP1,WPC1)

Auto-increment order=1 MX=1 RID=0
(WPP0,127-WPC0)

(WPP1,127-WPC1)

Auto-increment order=1 MX=1 RID=1
(WPPO0,127-WPC0)

(WPP1,127-WPC1)
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(35) SET MTP OrPerATION CONTROL

Action C/ID|WR|D7 | D6 |D5|D4 | D3| D2|D1| D0

Set MTPC 0010111’0.00
{Double-hyte command) g lal=|=l: MTPC reqister
parameter

This command is for MTP operation control:

MTPC[2:0] : MTP command

000 : Sleep 001 : MTP Read
010 : MTP Erase 011 : MTP Program
1xx : For UltraChip use only.

MTPC[3] . MTP Enable ( automatically cleared each time after MTP command is done )

MTPC[4] . MTP value valid (ignore MTP value when L )

DCI[2] and MTPCI[3] are mutually exclusive. Only one of these two control flags can be set to ON at any time.
In other words, when DC[2] is ON, all MTP operations will be blocked, and, when MTP operation is active,
set DC[2] to 1 will be hlocked.

The following commands, (37) ~ (41), are used as MTP commands only when MTPC[3]=1.

(36) SET MTP WriTe Mask
Action CDIWR|D7|D6|D5|D4| D3| D2|D1| D0
oj1jo1)1]1jo0j]o]1
~ SetMTPM clo] - MTPM[6:0] register parameter
(Triple-byte command) VTP
010t f-f-1-1-1-1 no

This command enables Write to each of the 7 individual MTP bits.
When MTPM[x]=1, the x-th bit of the MTF memory will be programmed to “1°. MTPM[x]=0 means no Write
action for x-th bit. And the content of this bit will not change.

The amount of “programming current” increases with the number of 1°s in MTPM. If the “programming
current” appears to be too high for the LCM design (e.g. TST4 ITO trace is not wide enough to supply the
current), use multiple write cycles and distribute the 1's evenly into these cycles.

MTPM[E:0] - Set PMO value

MTPM1[1:0]: Set MID value

This command is only valid when MTPC[3]=1.
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(37) SET Viere1 POTENTIOMETER
Action CDWR|D7|D6|D5| D4 |D3 | D2|D1|DO
Set MTP1 0 o 1 1 1 1 0 1 0 0
(Double-byte command) Do Shared register parameter

(38) SET Viurrz POTENTIOMETER

This command is for fine tuning Vuer setting (

use with BR=00) and is only valid when MTPC[3]=1.

Action CDWR|D7|D6|D5| D4 |D3|D2|D1]|DO
Set MTP2 0 0 1 1 1 1 0 1 0 1
(Double-byte command) olo Shared register parameter

This command is for fine tuning Vurez PM setting (u

se with BR=01) and is only valid when MTPC[3]=1.

(39) SET MTP WriTE TIMER
Action CID|WR|D7| D6 |D5|D4 |D3|D2| D1 | DO
Set MTP3 0 0 1 1 1 1 0 1 1 0
(Double-byte command) o|lo Shared register parameter
This command is only valid when MTPC[3]=1.
(40) SET MTP ReaAD TIMER
Action CID|WR|D7| D6 |D5|D4 |D3 | D2| D1 | DO
Set MTP4 0 0 1 1 1 1 0 1 1 1
(Double-byte command) njlo Shared register parameter

This command is only valid when MTPC[3]=1.

LCD VOLTAGE SETTING
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MuLTIPLEX RATES

Multiplex Rate is completely software
programmable in UC1698u via registers CEN,
DST, DEN, FLT, FLB, and partial display control
flags LC[8] and LC[0].

Combined with low power partial display mode
and a low bias ratio of §, UC1698u can support
wide variety of display control options. For
example, when a system goes into stand-by
maode, a large portion of LCD screen can be
turned off to conserve power.

Bias RATIO SELECTION

Bias Ratio (BR) is defined as the ratio between
Vicp and Vg, i.e.

BR = Vicp/Vuss,
where Vgias = Va1 — Va1- = Vaps — Vao-

The theoretical optimum Bias Ratio can be
estimated by ‘.Mfu.\' +1. BR of value 15~20%

lowerfhigher than the optimum value calculated
above will not cause significant visible change in
image quality.

Due to the nature of STN operation, an LCD
designed for good gray-shade performance at
high Mux Rate (e.g. MR=160), can generally
perform very well as a black and white display, at
lower Mux Rate. However. it is also true that such
technique generally can not maintain LCD’s
quality of gray shade performance, since the
contrast of the LCD will increase as Mux Rate
decreases, and the shades near the two ends of
the spectrum will start to lose visibility.

UC1698u supports four BR as listed below. BR
can be selected by software program.

BR 0 1 2 3
BiasRatio| 5 10 11 12

Table 1: Bias Ratios

TEMPERATURE COMPENSATION

Four different temperature compensation
coefficients can be selecied via software. The
four coefficients are given below:

TC 0 1 3 3
%per c | -0.00|-005[-015]-025

Table 2: Temperature Compensation

Vico AND CONTRAST FINE TUNING

Color STN LCD is sensitive to even a 0.5%
mismatch between IC driving voltage and the Ve
of LCD. Itis very difficult for LCD makers to
guarantee such high precision matching of parts
from different venders. It is therefore necessary
to adjust Vico to precisely match the actual Vee
of each LCD.

For the best results, sofiware or MTP based V co
adjustment is the recommended method for Vico
fine tuning. System designers should always
consider the contrast fine tuning requirement
hefore finalizing on the LCM design.

Loap DRIVING STRENGTH FOR COG

The power supply circuit of UC1698u is designed
to handle LCD panels with loading up to ~18nF
using 7-¥/Sq ITO glass with Vopas = 2.8V. For
larger LCD panels, use lower resisiance ITO
glass.

Due to crosstalk consideration, ~18nF is also the
recommended maximum LCD panel loading for
COG applications. Using 4 5-0/Sq low resistance
ITO glass will help improve image quality and
operation tolerance.
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depends on the setting of BR register, as
illustrated in the table on the next page,

Cris the temperature compensation coefficient as
selected by TC register.

Cyp and Cpy are two constants, whose value
FPM is the numernical value of PM register,
Tis the ambient temperature in °c, and

where

(Cyo + Cpay x PMYx (1+ (T - 25)x C; %)

LCD

When Vico is generated internally, the voliage level
of V_cp is determined by three control registers: BR

(Bias Ratio), PAM (Potentiometer), and TC
(Temperature Compensation), with the following

pump or by external power supply. The source of
relationship:

W, cp may he supplied either by internal charge
Vicp is controlled by PC[1].

Vico GENERATION

r?

7 IERBRABEFHRKARAA
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BR Cva (V) Cem (mV) PM_reg Vico (V)
5 6.154 e 225 g';?g
10 12457 e 225 :'21;22
0 13.360
11 13.369 i 129 17.991
0 14,680
12 14.520 sl 128 17.086

Vico-PM-BR relationship at 25°C

NoTE:

1. For good product reliability, please keep Vico under 18V over all temperature.

2. The integer values of BR above are for reference only and may have slight shift.

LCD DisPLAY CONTROLS

CrLocK & TIMING GENERATOR

UC1698u contains a built-in system clock. All
required components for the clock oscillator are
buili-in. No external parts are required.

Four different line rates are provided for system
design flexibility. The line rate is controlled by
register LC[4:3]. When Mux-Rate is above 109,
frame rate is calculated as:

Frame Rate = Line-Rate / Mux-Rate.

When Mux-Rate is lowered to 108, 80, 56 and 40,
line rate will be scaled down automatically by 1.5,
2, 3 and 4 times to reduce power consumption.

Flicker-free frame rate is dependent on LC
material and gray-shade modulation scheme.
Line rate 37.0 Klps or higher is recommended for
32-shade mode. Choose lower frame rate for
lower power, and choose higher frame rate to
improve LCD contrast and minimize flicker.

When switching from 32-shade modulation to
On/Off Mode, line rate will be scaled down
automatically to reduce power.

Under most situations, flicker behavior is similar
between these two modulation schemes.
However, it is recommended to test each mode
to make sure the result is as expecied.

D=iver EnaBLE (DE)

Driver Enable is controlled by the value of DC[2]
via the Set Display Enable command. When
DC[2] is set to OFF (logic “07), both COM and
SEG drivers will become idle and UC1698u will
put itself into Sleep mode to conserve power.

When DC[2] is set to ON, the DE flag will become
“1", and UC1698u will first exit from Sleep mode,
restore the power (Vico, Vo etfc.) and then turn on
COM and SEG drivers.

ALL PixeLs ON (APOQ)

When set, this flag will force all SEG drivers fo
output ON signals, disregarding the data stored
in the display buffer.

This flag has no effect when Display Enable is
OFF and it has no effect on data stored in RAM.
INVERSE (PXV)

When this flag is set to ON, SEG drivers will
output the inverse of the value it received from
the display buffer RAM (bit-wise inversion). This
flag has no impact on data stored in RAM.

ParTiaL ScroLL
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DRrRIVER MODES

COM and SEG drivers can be in either Idle mode
or Active mode, controlled by Display Enable flag
({DC[2]). When SEG drivers are in Idle mode, they
will be connectad together to ensure zero DC
condition on the LCD.

DRIVER ARRANGEMENTS

The naming convention is COM(x), where
X =1~160, referring to the COM driver for the
-th row of pixels on the LCD panel.

The mapping of COM(x) to LCD pixel rows is
fixed and it is not affected by SL, CST, CEN, DST,
DEN, MX or MY settings.

DisPLAY CONTROLS

There are three groups of display control flags in
the control register DC: Driver Enable (DE), All-
Pixel-ON (APO) and Inverse (PXV). DE has the
overriding effect over PX\V and APO.

INPUT COLOR FORMATS

UC1698u supports the following two differant
input color formats.

4KC (12-bit/RGBE}: In this color mode, RIG/B will
be extended and the input data will be converied
into 5R-6G-5B format before they are stored to
display RAM.

64KC (16-bit'RGB). This is the native color mode.

Data will be stored directly to on-chip SRAM in
SR-6G-5B (16-bit) format (except shade1 and

shade30, which are achieved by special dithering.

See command Set Display Enable for more
details). This is the default input format mode.

Changing color mode does not affect the content
already stored in the display buffer RAM. Users
can mix several color modes together and switch
among them in real time.

For example, the menu portion can be painted in
4K-color mode for fast update speed, and then
switch to 64K-color mode, together with window
programming function fo effectively produce
smooth graphics images.

Control register FLT and FLB specify two regions
of rows which are not affected by the SL register.
Since SL register can be usad to implement scroll
function. FLT and FLB registers can he used to
implement fixed regions when the other part of
the display is scrolled by SL.

ParTiaL DisePLay

UC1698u provides flexible control of Mux Rate
and active display area. Please refer fo
commands St COM End, Set Partiazl
Display Start,and Set Partial Display
End for more detail.

GRaYy-sHADE MopuLaTion MobE

UC1698u has two gray-shade modulation modes:
32-shade and On/Off Mode.

The On/Off mode will consume roughly 40~45%
less power than the 32-shade mode, and can be
used for situations where power consumption is
more critical than color fidelity.

Changing gray-shade modulation mode does not
affect the content of SRAM display buffer, and
the image data will remain the same after
switching back and forth between On/Off mode
and 32-shade mode.

32/37



QUYL

R ET

tREBEXERFREBRAA

DisPLAY DATA RAM

DaTA ORGANIZATION

The input display data (depend on color mode)
are stored to a dual port static RAM (RAM, for

Display Data RAM) organized as 160x128X16.

After setting CA and RA, the subsequent data
write cycles will store the data for the specified
pixel to the proper memaory location.

Please refer to the map in the following page
between the relation of COM, SEG, SRAM, and
varicus memory control registers.

DispLaYy Data RAM AccEss

The Display RAM is a special purpose dual port
RAM which allows asynchronous access to both
its column and row data. Thus, RAM can be
independently accessed both for Host Interface
and for display operations.

DispLay Data RAM ADDRESSING

A Host Interface (HI) memory access operation
starts with specifying Row Address (RA) and
Column Address (CA) by issuing 5=t Row
Addressand Set Column Address
commands.

fwrap-around (WA, AC[O]) is OFF (0). CA will
stop incrementing after reaching the end of row
159), and system programmers need to set the
ralues of RA and CA explicitly.

fWA is ON (1), when CA reaches the end of a
‘ow, CA will be reset to 0 and RA will increment
ir decrement, depending on the setiing of row
ncrement Direction (RID, AC[2]). When RA
‘eaches the houndary of RAM {ie. RA=0or
159), RA will be wrapped around fo the other end
f RAM and continue.

VIX IMPLEMENTATION

Zolumn Mirroring (MX) is implemented by
selecting either (CA) or (127-CA) as the RAM
:olumn address. Changing MX affects the daia
writien to the RAM.

3ince MX has no effect on the data already
stored in RAM, changing MX does not have
mmediate effect on the displayed pattern. To
‘efresh the display, refresh the data stored in
IAM after setting MX.

Row MAPPING

COM electrode scanning orders are not affected
by Start Line (SL), Fixed Line (FLT & FTB) or
Mirror Y (MY, LC[3]). Visually, register SL having
a non-zero value is equivalent to scrolling the
LCD display up or down {depends on MY) by SL
rows.

RAM ADDRESS GENERATION

The mapping of the data stored in the display
SRAM and the scanning COM electrodes can be
obtained by combining the fixed COM scanning
seguence and the following RAM address
generation formula.

When FLT & FLB=0, during the display operation,
the RAM line address generation can be
mathematically represented as following:

For the 17 line period of each field
Line = SL

Otherwise
Line = Mod(Line+1, 160)

Where Mod is the modular operator, and Line is
the bit slice line address of RAM to be outputted
to SEG drivers. Line O corresponds to the first bit-

e e ettt e e me e men e e

slice of data in RAM.

The above Line generation formula produces the
“loop around” effect as it effectively resets Line o
0 when Line+1 reaches 160. Effects such as
scrolling can bhe emulated by changing SL
dynamically.

MY IMPLEMENTATION

Row Mirroring (MY) is implemented by reversing
the mapping order between COM electrodes and
RAM, i.e. the mathematical address generation
formula becomes:

For the 1¥ line period of each field
Line = Mod(SL + MUX-1, 160)
where MUX = CEN + 1
Otherwise
Line = Mod(Line-1, 160)
Visually, the effect of MY is equivalent to flipping

the display upside down. The data stored in
display RAM are not affected by MY.

QMD5160160V02AKW
TEL : 010-82926608
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WINDOW PROGRAM

Window program is designed for data write in a
specified window range of SRAM address. The
procedure should start with window boundary
registers setting (WPFP0, WPP1, WPCO and
WPC1) and AC[3] sefting for inside/outside
window mode. When AC[3] is set fo ‘0 (default
value), data can be written to SRAM within the
window address range which is specified by
(WPF0, WPCO) and (WPP1, WPCT). When
AC[3] is set to *1’, data will be written to whole
SRAM excluding the specified window area.

Example1 (AC[2:0] = 001):
AC[3]=0 MX=0

column

W

(0,0 (127, 0)

(WPPO,_WPC()

—

(WPP1,WPC1)

row

A4
(0, 159)

Example1-1:
AC[3]=1 MX=0

column

0 (127, 0)

(WPPO, WPCQ)

row
£

W /WPM, WecT)
>

(0, 159)

W\

The data write direction will be determined hy
AC[2:0] and MX settings. When AC[0]=1, the
data write can be consecutive within the range of
the specified window. AC[1] will control the data
write in either column or row direction. AC[2] will
result the data write starting either from row
WPP0 or WPP1. MX is for the initial column
address either from WPCO to WPC1 or from
(MC-WPC0 to MC-WPC1).

Example 2 (AC[2:0] = 111):
AC[31=0 MX=0

(WPPQ_WPCO)

(WPP1,WPC1)

Example 2-1:
AC[3]=1 MX=0

A A
e, wego)

\

MWPP?, WPC1)
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Row RAM MY=0 MY=1
Adderss SL=0 SL=1E SL=0 SL=16
00 COM1 COM17 JCOMI60| COMIE
014 COM2 COM15 JCOM159| COM1IS
02+ COM3 COM18 JCOM1I58| COM14
034 COM4 COM20 JCOM157| COM13
044 COMS COM21 JCOM156| COM12
05+ COM6G COM22 JCOM155| COM11
06 COM7 COM23 JCCM154| COM1D
07H COME COM24 JCOM153] COMS
08+ COM9 COM25 JCOM152] COME
09H COMI0 | COM26 JCOMIST| COMT7
0AH ComMit | COM27 JCOMISO[ COME
0BH COM1Z2| COM238 JCOM148]| COMS
0CH COM12 | COM29 JCOM148| COM4
00H COM14 | COM30 JCOM147
0EH COM1S | COM31 JCOM146
OFH COM1IE | COM32 JCOM145
104 COM17 | COM33 JCOM144]| ¢«
11H COM18 | COM34 JCOM143|C
12H COMi2 | COM35 JCOM142
134 COM20 | COM36 JCOM141
144 COM21 COM37 JCOM140
154 COM22 | COM38 JCOM139|C
164 COM23 ] COM33 JCOMI3
174 COP_JZS COM40
184 comas | COM41
194 COM2E | COM42
1AH COM27 | COM43
18H COM2E | COM44
1CH COM23 | COM4S
88+ COM137| COM153 | COM24
894 COM133| COM154 ) COM23
3AH COM139] COM1SS ) COM22 |
38H comidol com1ss ] COM21
GCH COM141] COM15T COME:
80OH COM142] COM1E3 COM‘;
3EH COM143| COM1E3 ) COM1E
EFH COM144| COM1E0 | COM1T
S0H COM145| COM1 COM1E
a1H COM145] COM2 COM1S | COM3t
924 COM147| COM3 COM14 | COM3ID
a3+ COM143] COM2 COM13 | COM23
a4+ COM148| COMS COM12 | COM22
a5+ COM150| COME COM11 | COM27
a6+ COM151] COM7 COM10 | COM2E
a7H COM152] COMS COMS | COM25S
a5+ COM153] COMS3 COME | COM23
Qo+ COM154] COM10 COM7 COM22
3AH COM155] COM11 COME | COM22
38H COM156] COM12 COMS | COM21
9CH COM157] COM13 COM4 | COM20
90H COM153| COM14 COM3 | COM13
3EH COM159| COMI15 COM2 | COM18
SFH COM160| COM16 COM1 COM17
g g AEAEARAR:
o B 3
§ w (2] w w w
sl2 |8 |58 s|sl|la|a| s
1812888 b § % (m’
o w (]
Example for memory mapping: let MX =0, MY =0, SL = 0, LC[7:6] = 10b ( RRRRR-= 5G4 5-BBBBB,

64K-color ), according to the data shown in the above table (R: 11111b, G: 111111b, B: 11111b):
= 1% Byte write data: 11111111b
= 2™ Byte write data: 11111111b
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