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Description

FT1509 is a single-chip 262k-color TFT LCD panel driver IC with built-in 233,280 bytes RAM, a
720-channel source driver, a 432-channel gate driver, and power supply circuit capable of supporting
WQVGA (240RGBx432-dot) resolution display.

The dithering image processing is implemented in the FT1509 to provide 262K-color display quality and
the Multi-domain Vertical Alignment (MVA) wide view angle display is also supported in the FT1509.

For efficient data transfer, the FT1509 supports 4 kinds of system interfaces which are i80-system MPU
interface via 8-/9-/16-/18-bit bus, VSYNC interface (system interface + VSYNC, internal clock,
DB17-DB0), serial data transfer interface (SPI), and RGB 6-/16-/18-bit interface (VSYNC, HSYNC,
DOTCLK, ENABLE, DB17-DB0).

In VSYNC interface modes, the combined use of widow address function enable displaying a moving
picture at a position specified by a user and still pictures in other areas on the screen simultaneously,
which makes it possible to display the refresh data only to minimize the amount of data transfer and the
total power consumption.

FT1509 can operate at low voltage up to 1.65V I/O interface voltage, and an internal voltage follower
circuit to generate voltage levels for driving LCD panel. The FT1509 also supports different power
management functions (through software control) such as CABC—Content adaptive Backlight Control,
8-color display mode, sleep mode, standby mode, and deep standby mode to make the FT1509 an ideal
LCD driver for medium or small size portable products such as digital cellular phones, smart phone,
PDA and PMP where long battery life is a major concern.
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Features

Single chip controller driver for 240RGB x 432-dot a-Si TFT LCD display supporting true
262K-color

Dithering image processing improvement to support 16.7M-color display quality
Supporting MVA (Multi-domain Vertical Alignment) wide view display
CABC: Content Adaptive Backlight Control
Sharpness enhancement mode
No MDDI support, but the interface pins will be reserved for future use
Display sharpness enhancement
Incorporate 720-channel source driver and 432-channel gate driver
Internal 233,280 bytes graphic RAM
System interfaces
B 80 system interface via 8-/ 9-/16-/18-bit bus
B Serial Peripheral Interface (SPI)
B Endian free interface, enabling switching endian by software
) Moving picture display interface
B RGB interface (VSYNC, HSYNC,DOTCLK,ENABLE,DB17~0) via 6-,16-,18-bit bus
B VSYNC interface (System interface + VSYNC)
B FMARK interface (System interface + FMARK)
High speed GRAM burst write function
Internal oscillator and hardware reset
Resizing function (x1/2, x1/4)
Reversible source/gate driver shift direction
Window address function to specify a rectangular area for internal GRAM access
Abundant color display and drawing functions
B y-correction function enabling display in 262,144 colors
B 1 line-unit vertical scrolling function
Incorporate step-up circuits for stepping up a liquid crystal drive voltage level up to 6 times (x6)
) N-line-inversion liquid crystal drive to invert polarity of liquid crystal at an interval of arbitrary number
of line period (N=0~127)
° Internal NVM (OTP): User identification code (4 bits), Vcom level adjustment (12 bits)
a-TFT LCD storage capacitor: Cst only
o Power saving functions
W 8-color display mode: close source local buffer
B Sleep mode: Oscillator and Regulator are on, other modules are off
B Standby mode: Regulator is on, other modules are off.
B Deep standby mode: All modules are off.
° Input power supply voltages:
B Vcc = 2.5v ~ 3.3v (Logic regulator power supply)
B |OVce1=1.65v~3.3v (Interface I/O power supply)
B Vci = 2.5v ~ 3.3v (Liquid crystal analog circuit power supply)
B Vdd= 1.65v~1.75v (Digital circuit power supply)
) LCD driver output voltage:
B Source/VCOM power supply voltage
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¢ DDVDH -GND =4.5v ~ 6.0v
¢ VCL-GND=-2.5v~-3.3v
¢ Vci-VCL = 6.0v
W Gate driver output voltage
¢ VGH-AGND =10.0v ~ 20.0v
¢ VGL-AGND =-5.0v~-15.0v
¢ VGH-VGL = 28.0v
B VCOM driver (VCOM power supply)
4 VcomH =3.0v~ (DDVDH-0.5)v  (3v~5v)
¢ VcomlL = (VCL+0.5)v ~ Ov (-2.5v ~ 0v)
¢ VcomH-VcomlL = 6.0v
Table 1 FT1509 power supply main specifications
No. | Item FT1509
1 TFT data lines 720 output
2 TFT gate lines 432 output
3 TFT display storage capacitor Cst only (Common Vcom formula)
S1~S720 V0 ~ V63 grayscales
A Liquid crystal G1~G432 VGH-VGL
drive output A supply voltage to the common electrode of TFT panel.
Vcom VCOM is AC voltage alternating signal between the VCOMH

and VCOML

1.65v ~ 3.30v Power supply to IMO/ID, IM1-3, RESET,
DB17-DBO0, RDN, SDI, SDO, WR/SCL, RS, CSN, VSYNC,
HSYNC, DOTCLK, ENABLE, FMARK

Connect to Vci on the FPC when I0Vcc and Vci are at the same

IOVce
(interface power)

5 Input voltage electrical potential.
Vci (liquid crystal drive | 2.40v ~ 3.30v Connect to IOVcc on the FPC when 10Vcc and
power) Vci are at the same electrical potential.
6 Regulated VDD 1.7v
voltage
DDVDH Vil x 2
Internal VGH Vil x 6, x 5, x 4
7 step-up .
circuits VGL Vcil x-3, x4, x-5
VCL Veil x -1
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Pin Function

Table 2 Interface

Connect When
Signal [NUM | I/O to Function not in
use
Selects MPU interface format. ~ Amplitude: IOVcc-GND.
When selecting clock synchronous serial interface, IMO pin is used to
set the device code ID.
m2 | m1 | mo | MPU interface DB pins
format
0 0 0 803ystem 18-bit DB17-DBO
interface
o | o | 1 | B8OsystemS-bit DB17-DB9
interface.

— 80-system 16-bit . All pins
IM2 4 | GND or 0 1 0 interface DB17-DB10,DB[8:1] can't be
IMO/ID Iovee 80-system 8-bit floating.

0 1 1 Y/ DB[17:10]
interface
Clock
0 1 1 synchronous SDI/SDO
serial interface
(SPI)
1 0 ID Setting disabled -
1 1 1 Setting disabled -
Note1: 65,536 colors in 1 transfer, 262,144 colors in 2 transfer
Note2: 65,536 colors in 2 transfer, 262,144 colors in 3 transfer
Chip select signal. Amplitude: I0Vcc-GND
CSN 1 MPU Low: the FT1509 is selected and accessible IOVce
High: the FT1509 is not selected and not accessible.
Register select signal. Amplitude: |IOVcc-GND
RS 1 MPU Low: select Index or status register IOVce
High: select control register
Write strobe signal in 80-system bus interface operation and enables
write operation when WRN is low.
WRN/SCL L MPU Synchronous clock signal (SCL) in serial interface operation. IOVee
Amplitude: IOVcc-GND
Read strobe signal in 80-system bus interface operation and enables
RDN 1 MPU read operation when RDN is low. I0Vce
Amplitude: IOVcc-GND
Serial data input (SDI) pin in serial interface operation. The data is GND
SDI 1 | MPU inputted on the rising edge of the SCL signal. or
Amplitude: IOVcc-GND I0OVce
Serial data output (SDO) pin in serial interface operation. The data is
SDO 1 O MPU outputted on the falling edge of the SCL signal. OPEN

Amplitude: IOVcc-GND
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Table 3 Interface (continued)
Connect When
Signal NUM| I/O to Function not in
use
Parallel bi-directional data bus for 80-system interface
operation (Amplitude: IOVcc-GND).  Fix unused pins to either
I0OVcc or GND level.
8-bit I/F: DB17-DB10 are used.
9-bit I/F: DB17-DB9 are used. GND or
DB0-DB17 18 1/0 MPU 16-bit I/F: DB17-DB10 and DB8-1 are used. IOVee
18-bit I/F: DB17-DBO0 are used.
RGB interface:
6-bit I/F: DB17-DB12 are used.
16-bit I/F: DB17-DB13 and DB11-DB1 are used.
18-bit I/F: DB17-DBO0 are used.
Low: accessible (select)
High: Not accessible (Not select) GND or
ENABLE ! MPU The polarity of ENABLE signal can be inverted by setting the | 10Vcc
EPL bit.
Frame synchronous signal . Low active. (Amplitude: GND or
VSYNC | 1 MPU 1 |ovce-GND). IOVee
Line synchronous signal. Low active. (Amplitude: GND or
HSYNC | 1 MPU | |0Vce-GND). IOVee
Dot clock signal. The data is inputted on the rising edge of GND or
DOTCLK | 1 MPU | boTCLK. (Amplitude: I0Vcc-GND). IOVee
Frame head pulse to synchronize RAM data writes operation
FMARK 1 o MPU with the frame head position. (Amplitude: IOVcc-GND). Open
ledon 1 (0] LED Control LED lighting or not Open
Driver
ledpwm | 1 | o | LEP [ Backiight control signal by PWM Open
P Driver 9 9 y P
Table 4 Reset and oscillator
Connect When
Signal NUM | /O to Function not in
use
MPU or | Reset signal Initializes the FT1509 when RESET input is low.
RESETB 1 | external Make sure to execute a power-on reset when turning on the -
RC circuit | power supply. (Amplitude: IOVcc-GND).
0SC1 1 I Oscillator | Allow external clock input Open
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Table 5 Power supply
Connect When
Signal | NUM | I/O to Function not in
use
Ve 1 ) Power Power supply to internal logic regulator circuit: Vcc = |
supply 2.5V~3.3V. Vcc = 10Vcee
GND of Internal logic and GRAM.
GND 1 ) Power GND of interface pins: RESETB; CSN; WR; RDN; RS; )
supply DB17-DBO0; VSYNC; HSYNC; DOTCLK; ENABLE.
GND = Qv
Stabilizing | Internal regulator output used for logic and GRAM power
VDD 1 (0] ; S : -
capacitor | supply. Connect a stabilizing capacitor.
Power Power supply to interface pins: RESETB; CSN; WR; RDN; RS;
I0OVce 1 * | suppl DB17-DBO0; VSYNC; HSYNC; DOTCLK; ENABLE. -
il IOVce = 1.65v ~ 3.3v.
Reference | VciLVL and Vci must be at the same electrical potential.
VciLVL 1 | power Connect VciLVL to an external power supply of 2.5V ~3.3V.In | -
supply case of COG, connect to Vci on the FPC to prevent noise.
Power Analog GND (for liquid crystal power supply circuit): AGND =
AGND 1 - Ov. In case of COG, connect to GND on the FPC to prevent | -
supply :
noise.
. Power Power supply to liquid crystal power supply analog circuit.
Vci 1 | -
supply Connect to an external power supply of 2.4v ~ 3.3v.
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Table 6 Step-up circuit

Connect When
Signal NUM | /O to Function not in
use

Normal mode: Reference voltage for step-up circuit 1. Vci1
Normal must be set for the output voltages DDVDH, VGH, VGL to be

mode: generated within the respective setting ranges. See Page 118
Stabilizing | --Strongly recommended mode.

Vet ; /o SS(F;ZCItor Fixed mode: Directly connected Vci. In this case, the Vciout
mode: adjustment circuit is not available. (Please be careful register
Directl-y VC[2:0] setting to avoid conflict. -See Page 47 .It's potential
connected negative factor for picture quality) but the efficiency of the
Vi step-up operation can be enhanced. More detail Circuit see

page 119

VCL 1 (0] Stablllglng Power Supply for VCOML drive, internally generated -

capacitor

Source driver unit liquid crystal drive voltage and Vcom drive
Stabilizing | power supply. DDVDH is generated from Vci1 in the step-up
capacitor | circuit 1. The step-up factor is set by instruction (BT). DDVDH
=4.5v ~6.0v

DDVDH 1 o

Stabilizing | Liquid crystal drive power supply generated from Vci1 and
VGH 1 O | capacitor, | DDVDH in the step-up circuit 2. The step-up factor is set by -
LCD panel | instruction (BT). VGH = max. 20.0v

Stabilizing | Liquid crystal drive power supply generated from Vci1 and
VGL 1 O | capacitor, | DDVDH in the step-up circuit 2. The step-up factor is set by -
LCD panel | instruction (BT). VGL = max. -15.0V

C11A,
C11B Step-up . . . - _
C12A, 5 110 capacitor Capacitor connection pins of the step-up circuit 1.
C12B
C13A, Step-up . . . - _
C13B 4 1/0 capacitor Capacitor connection pins of the step-up circuit 3.
C21A, . . . N
Capacitor connection pins of the step-up circuit 2. Connect

C21B Step-up : ) ;

7 1/0 . capacitors where they are required according to the step-up -
C22A, capacitor f
C22B actor.
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Table 7 Liquid crystal drive

Signal | numper | 1O | COMM€Ct | Eynction When not
to in use
VREG10UT is generated from Vci, and the output level is set by
instruction (VRH) and used for
(1) source driver grayscale reference voltage,
VREG10UT 1 o Stabnh;mg (2) VcomH Ievgl reference voltage, Open
capacitor | (3) Vcom amplitude reference voltage
(4) liquid crystal drive electrical potential in 8-color display mode.
Connect to a stabilizing capacitor when it is in use.
VREG10UT = 2.4v ~ (DDVDH - 0.5)v
TFT Power supply to TFT common electrode. Vcom voltage is
defined by VcomH and VcomL. The alternating cycle can be
Vcom 1 O | common ) . Open
changed by setting register. Also Vcom output can be controlled
electrode . h
by instruction (COM).
VcomH 1 o Stablllglng The hllgh level of Vcom Wh.ICh can be char)ged by either internal Open
capacitor | electric volume or connecting variable resistor (VcomR)
VcomL 1 o] Stablllglng The low level of Vcom. Connect to a stabilizing capacitor Open
capacitor
Var_lable Connect a variable resistor between VREG10UT and GND when
VcomR 1 I resistor or I Open
open adjusting the VcomH level externally.
GND  or Reference level of grayscale voltage generating circuit. The
VGS 1 I external ) . -
) VGS level can be changed by connecting to an external resistor
resistor
Liquid crystal application voltage. To change the shift direction
of segment signal output, set the SS bit as follows.
S1~ 8720 720 O | LCD When SS = 0, the data in the RAM address h00000 is output from | Open
S1.  When SS =1, the data in the RAM address h00000 is
output from S720.
Gate output signal
G1~ G432 432 O | LCD Gate select level: VGH Open
Gate non-select level: VGL
Table 8 test and dummy
Signal Number | /O | Connect to Function When not in use
PTEST1 -2 2 (0] Test pin. Leave it open. Open
TESTM1 -3 3 | GND Test pin. GND or Open
TS0-9 10 O Test pin. Leave it open. Open
OSC_TEST 1 - Test pin. Leave them open. Open
Dummy pads. Available for
DUMMY14 - 15 2 ] measuring the COG contact Open
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resistance. Dummy14 and Dummy15
are short-circuited within the chip.
DUMMY1 - 13
DUMMY16 - 25 23 Dummy pads. Leave them open. Open
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.Chip Size: 21.544 mm X 0.91 mm
.Chip Thickness: 300um (typ.)

.Pad Coordinate: Pad Center
.Coordinate Origin: chip center

.Au BUMP size:

(1) 50 um * 80 um

Input / Output
(No.1 ~ No.299)

(2) 18 um * 110 um

Staggered LCD output side
(No. 300 ~ No. 1467)

Alignment Mark:

1-a 10 5
B
10 T
P —
5
30 15 20 15 30
5 10
1b
8
30 15 20 15 30
T View <
or BUMP
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FT1509 PAD coordinates 1 (Unit: ym)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
1 TS9 -10430 -359 51 DB16 -6930 -359
2 TS8 -10360 -359 52 DB15 -6860 -359
3 OSCH1 -10290 -359 53 DB14 -6790 -359
4 VCCDUMA1 -10220 -359 54 DB13 -6720 -359
5 DUMMY1 -10150 -359 55 DB12 -6650 -359
6 DUMMY2 -10080 -359 56 DB11 -6580 -359
7 DUMMY3 -10010 -359 57 DB10 -6510 -359
8 DUMMY4 -9940 -359 58 DB9 -6440 -359
9 VPP -9870 -359 59 GNDDUM20 -6370 -359
10 VPP -9800 -359 60 DB8 -6300 -359
11 VPP -9730 -359 61 DB7 -6230 -359
12 VPP -9660 -359 62 DB6 -6160 -359
13 VPP -9590 -359 63 DB5 -6090 -359
14 DUMMY5 -9520 -359 64 DB4 -6020 -359
15 DUMMY®6 -9450 -359 65 DB3 -5950 -359
16 DUMMY7 -9380 -359 66 DB2 -5880 -359
17 DUMMY8 -9310 -359 67 DB1 -5810 -359
18 DUMMY9 -9240 -359 68 DBO -5740 -359
19 GNDDUM!1 -9170 -359 69 IOVCCDUM2 | -5670 -359
20 GNDDUM2 -9100 -359 70 SDO -5600 -359
21 GNDDUM3 -9030 -359 71 SDI -5530 -359
22 GNDDUM4 -8960 -359 72 RDN -5460 -359
23 GNDDUM5 -8890 -359 73 WRN_SCL -5390 -359
24 GNDDUM®6 -8820 -359 74 RS -5320 -359
25 GNDDUM7 -8750 -359 75 CSN -5250 -359
26 GNDDUMS8 -8680 -359 76 FMARK -5180 -359
27 GNDDUM9 -8610 -359 77 TSC -5110 -359
28 GNDDUM10 -8540 -359 78 GNDDUM21 -5040 -359
29 GNDDUM11 -8470 -359 79 TS7 -4970 -359
30 GNDDUM12 -8400 -359 80 TS6 -4900 -359
31 GNDDUM13 -8330 -359 81 IOVCC -4830 -359
32 GNDDUM14 -8260 -359 82 IOVCC -4760 -359
33 GNDDUM15 -8190 -359 83 IOVCC -4690 -359
34 GNDDUM16 -8120 -359 84 IOVCC -4620 -359
35 GNDDUM17 -8050 -359 85 IOVCC -4550 -359
36 GNDDUM18 -7980 -359 86 IOVCC -4480 -359
37 GNDDUM19 -7910 -359 87 IOVCC -4410 -359
38 TESTM1 -7840 -359 88 IOvVCC -4340 -359
39 TESTM2 -7770 -359 89 lovee -4270 -359
40 TESTM3 -7700 -359 90 IOVCC -4200 -359
41 IMO_ID -7630 -359 91 IOVCC -4130 -359
42 IM1 -7560 -359 92 VCC -4060 -359
43 IM2 -7490 -359 93 VCC -3990 -359
44 RESETB -7420 -359 94 VCC -3920 -359
45 VSYNC -7350 -359 95 VCC -3850 -359
46 HSYNC -7280 -359 96 VCC -3780 -359
47 DOTCLK -7210 -359 97 VCC -3710 -359
48 ENABLE -7140 -359 98 VCC -3640 -359
49 IOVCCDUM1 -7070 -359 99 VCC -3570 -359
50 DB17 -7000 -359 100 VCC -3500 -359
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Focal l2ch

FT1509
FT1509 PAD coordinates 2 (Unit: pm)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
101 VCC -3430 -359 151 DUMMY17 70 -359
102 VCC -3360 -359 152 IOGND2DUM®6 140 -359
103 VCC -3290 -359 153 DUMMY18 210 -359
104 AGNDDUM1 -3220 -359 154 DUMMY19 280 -359
105 TS5 -3150 -359 155 IOGND2DUM7 350 -359
106 TS4 -3080 -359 156 IOGND2DUMS8 420 -359
107 TS3 -3010 -359 157 VTEST 490 -359
108 TS2 -2940 -359 158 VGS 560 -359
109 TS1 -2870 -359 159 DUMMY20 630 -359
110 OSC_TEST -2800 -359 160 VMON 700 -359
111 TS0 -2730 -359 161 DUMMY21 770 -359
112 DUMMY10 -2660 -359 162 GND 840 -359
113 AGNDDUM2 -2590 -359 163 GND 910 -359
114 VDD -2520 -359 164 GND 980 -359
115 VDD -2450 -359 165 GND 1050 -359
116 VDD -2380 -359 166 GND 1120 -359
117 VDD -2310 -359 167 GND 1190 -359
118 VDD -2240 -359 168 GND 1260 -359
119 VDD -2170 -359 169 GND 1330 -359
120 VDD -2100 -359 170 GND 1400 -359
121 VDD -2030 -359 171 GND 1470 -359
122 VDD -1960 -359 172 GND 1540 -359
123 VDD -1890 -359 173 GND 1610 -359
124 VDD -1820 -359 174 GND 1680 -359
125 VDD -1750 -359 175 GND 1750 -359
126 VDD -1680 -359 176 GND 1820 -359
127 VDD -1610 -359 177 AGND 1890 -359
128 IOVCC2 -1540 -359 178 AGND 1960 -359
129 I0VCC2 -1470 -359 179 AGND 2030 -359
130 I0VCC2 -1400 -359 180 AGND 2100 -359
131 IOVCC2 -1330 -359 181 AGND 2170 -359
132 IOVCC2 -1260 -359 182 AGND 2240 -359
133 IOVCC2 -1190 -359 183 AGND 2310 -359
134 GND -1120 -359 184 AGND 2380 -359
135 GND -1050 -359 185 VCOM 2450 -359
136 GND -980 -359 186 VCOM 2520 -359
137 GND -910 -359 187 VCOM 2590 -359
138 GND -840 -359 188 VCOM 2660 -359
139 GND -770 -359 189 VCOM 2730 -359
140 IOGND2DUM!1 -700 -359 190 VCOMH 2800 -359
141 DUMMY 11 -630 -359 191 VCOMH 2870 -359
142 IOGND2DUM2 -560 -359 192 VCOMH 2940 -359
143 IOGND2DUM3 -490 -359 193 VCOMH 3010 -359
144 DUMMY12 -420 -359 194 VCOMH 3080 -359
145 LEDON -350 -359 195 VCOML 3150 -359
146 IOGND2DUM4 -280 -359 196 VCOML 3220 -359
147 DUMMY14 -210 -359 197 VCOML 3290 -359
148 LEDPWM -140 -359 198 VCOML 3360 -359
149 IOGND2DUM5 -70 -359 199 VCOML 3430 -359
150 DUMMY16 0 -359 200 VREG10UT 3500 -359
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Focal l2ch

FT1509
FT1509 PAD coordinates 3 (Unit: pym)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
201 DUMMY22 3570 -359 251 AGNDDUM3 7070 -359
202 VCOMR 3640 -359 252 VGL 7140 -359
203 DUMMY23 3710 -359 253 VGL 7210 -359
204 VCL 3780 -359 254 VGL 7280 -359
205 VCL 3850 -359 255 VGL 7350 -359
206 VCL 3920 -359 256 VGL 7420 -359
207 VCL 3990 -359 257 VGL 7490 -359
208 DDVDH 4060 -359 258 VGL 7560 -359
209 DDVDH 4130 -359 259 VGL 7630 -359
210 DDVDH 4200 -359 260 VGL 7700 -359
211 DDVDH 4270 -359 261 VGL 7770 -359
212 DDVDH 4340 -359 262 AGNDDUM4 7840 -359
213 DDVDH 4410 -359 263 AGNDDUM5 7910 -359
214 DDVDH 4480 -359 264 VGH 7980 -359
215 DDVDH 4550 -359 265 VGH 8050 -359
216 VCH 4620 -359 266 VGH 8120 -359
217 VCI1 4690 -359 267 VGH 8190 -359
218 VCH 4760 -359 268 VGH 8260 -359
219 VCI1 4830 -359 269 VGH 8330 -359
220 VCI1 4900 -359 270 DUMMY24 8400 -359
221 vCH 4970 -359 271 C13B 8470 -359
222 VCI1 5040 -359 272 C13B 8540 -359
223 VCILVL 5110 -359 273 C13B 8610 -359
224 VClI 5180 -359 274 DUMMY25 8680 -359
225 VCl 5250 -359 275 C13A 8750 -359
226 VCl 5320 -359 276 C13A 8820 -359
227 VCl 5390 -359 277 C13A 8890 -359
228 VClI 5460 -359 278 DUMMY26 8960 -359
229 VClI 5530 -359 279 C21B 9030 -359
230 VClI 5600 -359 280 C21B 9100 -359
231 C128B 5670 -359 281 C21B 9170 -359
232 C128B 5740 -359 282 C21A 9240 -359
233 C128B 5810 -359 283 C21A 9310 -359
234 C128B 5880 -359 284 C21A 9380 -359
235 C128B 5950 -359 285 C22B 9450 -359
236 C12A 6020 -359 286 C22B 9520 -359
237 C12A 6090 -359 287 C22B 9590 -359
238 C12A 6160 -359 288 C22A 9660 -359
239 C12A 6230 -359 289 C22A 9730 -359
240 C12A 6300 -359 290 C22A 9800 -359
241 C11B 6370 -359 291 C23B 9870 -359
242 C11B 6440 -359 292 C23B 9940 -359
243 C11B 6510 -359 293 C23B 10010 -359
244 C11B 6580 -359 294 C23A 10080 -359
245 C11B 6650 -359 295 C23A 10150 -359
246 C1A 6720 -359 296 C23A 10220 -359
247 C1A 6790 -359 297 DUMMY27 10290 -359
248 C1A 6860 -359 298 DUMMYR5 10360 -359
249 C1A 6930 -359 299 DUMMYR®6 10430 -359
250 C11A 7000 -359 300 DUMMY28 10647 340
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Focal l2ch

FT1509
FT1509 PAD coordinates 4 (Unit: pym)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
301 DUMMY29 10629 205 351 G93 9729 205
302 DUMMYR7 10611 340 352 G95 9711 340
303 DUMMYRS8 10593 205 353 G97 9693 205
304 VGLDMY1 10575 340 354 G99 9675 340
305 G1 10557 205 355 G101 9657 205
306 G3 10539 340 356 G103 9639 340
307 G5 10521 205 357 G105 9621 205
308 G7 10503 340 358 G107 9603 340
309 G9 10485 205 359 G109 9585 205
310 G11 10467 340 360 G111 9567 340
311 G13 10449 205 361 G113 9549 205
312 G15 10431 340 362 G115 9531 340
313 G17 10413 205 363 G117 9513 205
314 G19 10395 340 364 G119 9495 340
315 G21 10377 205 365 G121 9477 205
316 G23 10359 340 366 G123 9459 340
317 G25 10341 205 367 G125 9441 205
318 G27 10323 340 368 G127 9423 340
319 G29 10305 205 369 G129 9405 205
320 G31 10287 340 370 G131 9387 340
321 G33 10269 205 371 G133 9369 205
322 G35 10251 340 372 G135 9351 340
323 G37 10233 205 373 G137 9333 205
324 G39 10215 340 374 G139 9315 340
325 G41 10197 205 375 G141 9297 205
326 G43 10179 340 376 G143 9279 340
327 G45 10161 205 377 G145 9261 205
328 G47 10143 340 378 G147 9243 340
329 G49 10125 205 379 G149 9225 205
330 G51 10107 340 380 G151 9207 340
331 G53 10089 205 381 G153 9189 205
332 G55 10071 340 382 G155 9171 340
333 G57 10053 205 383 G157 9153 205
334 G59 10035 340 384 G159 9135 340
335 G61 10017 205 385 G161 9117 205
336 G63 9999 340 386 G163 9099 340
337 G65 9981 205 387 G165 9081 205
338 G67 9963 340 388 G167 9063 340
339 G69 9945 205 389 G169 9045 205
340 G71 9927 340 390 G171 9027 340
341 G73 9909 205 391 G173 9009 205
342 G75 9891 340 392 G175 8991 340
343 G77 9873 205 393 G177 8973 205
344 G79 9855 340 394 G179 8955 340
345 G81 9837 205 395 G181 8937 205
346 G83 9819 340 396 G183 8919 340
347 G85 9801 205 397 G185 8901 205
348 G87 9783 340 398 G187 8883 340
349 G89 9765 205 399 G189 8865 205
350 G91 9747 340 400 G191 8847 340
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Focal l2ch

FT1509
FT1509 PAD coordinates 5 (Unit: pym)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
401 G193 8829 205 451 G293 7929 205
402 G195 8811 340 452 G295 7911 340
403 G197 8793 205 453 G297 7893 205
404 G199 8775 340 454 G299 7875 340
405 G201 8757 205 455 G301 7857 205
406 G203 8739 340 456 G303 7839 340
407 G205 8721 205 457 G305 7821 205
408 G207 8703 340 458 G307 7803 340
409 G209 8685 205 459 G309 7785 205
410 G211 8667 340 460 G311 7767 340
41 G213 8649 205 461 G313 7749 205
412 G215 8631 340 462 G315 7731 340
413 G217 8613 205 463 G317 7713 205
414 G219 8595 340 464 G319 7695 340
415 G221 8577 205 465 G321 7677 205
416 G223 8559 340 466 G323 7659 340
417 G225 8541 205 467 G325 7641 205
418 G227 8523 340 468 G327 7623 340
419 G229 8505 205 469 G329 7605 205
420 G231 8487 340 470 G331 7587 340
421 G233 8469 205 471 G333 7569 205
422 G235 8451 340 472 G335 7551 340
423 G237 8433 205 473 G337 7533 205
424 G239 8415 340 474 G339 7515 340
425 G241 8397 205 475 G341 7497 205
426 G243 8379 340 476 G343 7479 340
427 G245 8361 205 477 G345 7461 205
428 G247 8343 340 478 G347 7443 340
429 G249 8325 205 479 G349 7425 205
430 G251 8307 340 480 G351 7407 340
431 G253 8289 205 481 G353 7389 205
432 G255 8271 340 482 G355 7371 340
433 G257 8253 205 483 G357 7353 205
434 G259 8235 340 484 G359 7335 340
435 G261 8217 205 485 G361 7317 205
436 G263 8199 340 486 G363 7299 340
437 G265 8181 205 487 G365 7281 205
438 G267 8163 340 488 G367 7263 340
439 G269 8145 205 489 G369 7245 205
440 G271 8127 340 490 G371 7227 340
441 G273 8109 205 491 G373 7209 205
442 G275 8091 340 492 G375 7191 340
443 G277 8073 205 493 G377 7173 205
444 G279 8055 340 494 G379 7155 340
445 G281 8037 205 495 G381 7137 205
446 G283 8019 340 496 G383 7119 340
447 G285 8001 205 497 G385 7101 205
448 G287 7983 340 498 G387 7083 340
449 G289 7965 205 499 G389 7065 205
450 G291 7947 340 500 G391 7047 340
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Focal l2ch

FT1509
FT1509 PAD coordinates 6 (Unit: pm)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
501 G393 7029 205 551 $693 5913 340
502 G395 7011 340 552 $692 5895 205
503 G397 6993 205 553 $691 5877 340
504 G399 6975 340 554 $690 5859 205
505 G401 6957 205 555 $689 5841 340
506 G403 6939 340 556 $688 5823 205
507 G405 6921 205 557 S687 5805 340
508 G407 6903 340 558 $686 5787 205
509 G409 6885 205 559 S685 5769 340
510 G411 6867 340 560 S684 5751 205
511 G413 6849 205 561 $683 5733 340
512 G415 6831 340 562 $682 5715 205
513 G417 6813 205 563 S681 5697 340
514 G419 6795 340 564 $680 5679 205
515 G421 6777 205 565 S679 5661 340
516 G423 6759 340 566 S678 5643 205
517 G425 6741 205 567 S677 5625 340
518 G427 6723 340 568 S676 5607 205
519 G429 6705 205 569 S675 5589 340
520 G431 6687 340 570 S674 5571 205
521 VGLDMY2 6669 205 571 S673 5553 340
522 DUMMY30 6651 340 572 S672 5535 205
523 DUMMY31 6417 340 573 S671 5517 340
524 $720 6399 205 574 S670 5499 205
525 S719 6381 340 575 $669 5481 340
526 S718 6363 205 576 S668 5463 205
527 S717 6345 340 577 S667 5445 340
528 S716 6327 205 578 S666 5427 205
529 S715 6309 340 579 $665 5409 340
530 S714 6291 205 580 S664 5391 205
531 S713 6273 340 581 $663 5373 340
532 S712 6255 205 582 $662 5355 205
533 S711 6237 340 583 S661 5337 340
534 S710 6219 205 584 $660 5319 205
535 S709 6201 340 585 $659 5301 340
536 S708 6183 205 586 S658 5283 205
537 S707 6165 340 587 S657 5265 340
538 S706 6147 205 588 S656 5247 205
539 S705 6129 340 589 $655 5229 340
540 S704 6111 205 590 $654 5211 205
541 $703 6093 340 591 $653 5193 340
542 $702 6075 205 592 $652 5175 205
543 $701 6057 340 593 $651 5157 340
544 S700 6039 205 594 $650 5139 205
545 S699 6021 340 595 $649 5121 340
546 S698 6003 205 596 $648 5103 205
547 S697 5985 340 597 S647 5085 340
548 S696 5967 205 598 S646 5067 205
549 S695 5949 340 599 $645 5049 340
550 S694 5931 205 600 S644 5031 205
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Focal l2ch

FT1509
FT1509 PAD coordinates 7 (Unit: pm)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
601 S643 5013 340 651 S593 4113 340
602 S642 4995 205 652 S592 4095 205
603 S641 4977 340 653 S591 4077 340
604 S640 4959 205 654 S590 4059 205
605 S639 4941 340 655 S589 4041 340
606 S638 4923 205 656 S588 4023 205
607 S637 4905 340 657 S587 4005 340
608 S636 4887 205 658 S586 3987 205
609 S635 4869 340 659 S585 3969 340
610 S634 4851 205 660 S584 3951 205
611 S633 4833 340 661 S583 3933 340
612 S632 4815 205 662 S582 3915 205
613 S631 4797 340 663 S581 3897 340
614 S630 4779 205 664 S580 3879 205
615 S629 4761 340 665 S579 3861 340
616 S628 4743 205 666 S578 3843 205
617 S627 4725 340 667 S577 3825 340
618 S626 4707 205 668 S576 3807 205
619 S625 4689 340 669 S575 3789 340
620 S624 4671 205 670 S574 3771 205
621 S623 4653 340 671 S573 3753 340
622 S622 4635 205 672 S572 3735 205
623 S621 4617 340 673 S571 3717 340
624 S620 4599 205 674 S570 3699 205
625 S619 4581 340 675 S569 3681 340
626 S618 4563 205 676 S568 3663 205
627 S617 4545 340 677 S567 3645 340
628 S616 4527 205 678 S566 3627 205
629 S615 4509 340 679 S565 3609 340
630 S614 4491 205 680 S564 3591 205
631 S613 4473 340 681 S563 3573 340
632 S612 4455 205 682 $562 3555 205
633 S611 4437 340 683 S561 3537 340
634 S610 4419 205 684 S560 3519 205
635 S609 4401 340 685 S559 3501 340
636 S608 4383 205 686 S558 3483 205
637 S607 4365 340 687 S557 3465 340
638 S606 4347 205 688 S556 3447 205
639 S605 4329 340 689 S555 3429 340
640 S604 4311 205 690 S554 3411 205
641 S603 4293 340 691 S553 3393 340
642 S602 4275 205 692 S552 3375 205
643 S601 4257 340 693 S551 3357 340
644 S600 4239 205 694 S550 3339 205
645 S599 4221 340 695 S549 3321 340
646 S598 4203 205 696 S548 3303 205
647 S597 4185 340 697 S547 3285 340
648 S596 4167 205 698 S546 3267 205
649 S595 4149 340 699 S545 3249 340
650 S594 4131 205 700 S544 3231 205
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Focal l2ch

FT1509
FT1509 PAD coordinates 8 (Unit: pym)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
701 S543 3213 340 751 $493 2313 340
702 $542 3195 205 752 $492 2295 205
703 S541 3177 340 753 $491 2277 340
704 $540 3159 205 754 $490 2259 205
705 S539 3141 340 755 $489 2241 340
706 S538 3123 205 756 S488 2223 205
707 S537 3105 340 757 S487 2205 340
708 S536 3087 205 758 S486 2187 205
709 $535 3069 340 759 $485 2169 340
710 S534 3051 205 760 S484 2151 205
711 S533 3033 340 761 $483 2133 340
712 $532 3015 205 762 S482 2115 205
713 $531 2997 340 763 S481 2097 340
714 $530 2979 205 764 $480 2079 205
715 $529 2961 340 765 S479 2061 340
716 $528 2943 205 766 $478 2043 205
717 $527 2925 340 767 S477 2025 340
718 $526 2907 205 768 $476 2007 205
719 $525 2889 340 769 $475 1989 340
720 $524 2871 205 770 S474 1971 205
721 $523 2853 340 771 $473 1953 340
722 $522 2835 205 772 S472 1935 205
723 $521 2817 340 773 S471 1917 340
724 $520 2799 205 774 $470 1899 205
725 $519 2781 340 775 $469 1881 340
726 $518 2763 205 776 5468 1863 205
727 $517 2745 340 777 S467 1845 340
728 S516 2727 205 778 S466 1827 205
729 S515 2709 340 779 $465 1809 340
730 S514 2691 205 780 S464 1791 205
731 S513 2673 340 781 $463 1773 340
732 S512 2655 205 782 $462 1755 205
733 S511 2637 340 783 S461 1737 340
734 $510 2619 205 784 $460 1719 205
735 $509 2601 340 785 $459 1701 340
736 $508 2583 205 786 $458 1683 205
737 $507 2565 340 787 S457 1665 340
738 S506 2547 205 788 S456 1647 205
739 S505 2529 340 789 $455 1629 340
740 $504 2511 205 790 S454 1611 205
741 S503 2493 340 791 $453 1593 340
742 $502 2475 205 792 $452 1575 205
743 $501 2457 340 793 $451 1557 340
744 $500 2439 205 794 $450 1539 205
745 $499 2421 340 795 $449 1521 340
746 $498 2403 205 796 $448 1503 205
747 $497 2385 340 797 S447 1485 340
748 S496 2367 205 798 S446 1467 205
749 $495 2349 340 799 $445 1449 340
750 S494 2331 205 800 S444 1431 205

FocalTech Systems Co., Ltd CONFIDENTIAL Page 23 of 137




Focal l2ch

FT1509
FT1509 PAD coordinates 9 (Unit: pym)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
801 S443 1413 340 851 $393 513 340
802 S442 1395 205 852 $392 495 205
803 S441 1377 340 853 S391 477 340
804 $440 1359 205 854 $390 459 205
805 S439 1341 340 855 $389 441 340
806 $438 1323 205 856 $388 423 205
807 S437 1305 340 857 S387 405 340
808 S436 1287 205 858 $386 387 205
809 S435 1269 340 859 $385 369 340
810 S434 1251 205 860 S384 351 205
811 $433 1233 340 861 $383 333 340
812 $432 1215 205 862 $382 315 205
813 S431 1197 340 863 $381 297 340
814 $430 179 205 864 $380 279 205
815 S429 1161 340 865 $379 261 340
816 $428 1143 205 866 $378 243 205
817 S427 1125 340 867 $377 225 340
818 $426 1107 205 868 $376 207 205
819 $425 1089 340 869 $375 189 340
820 S424 1071 205 870 $374 171 205
821 $423 1053 340 871 $373 153 340
822 S422 1035 205 872 $372 135 205
823 S421 1017 340 873 S371 117 340
824 $420 999 205 874 $370 99 205
825 $419 981 340 875 $369 81 340
826 S418 963 205 876 $368 63 205
827 S417 945 340 877 $367 45 340
828 S416 927 205 878 $366 27 205
829 S415 909 340 879 $365 9 340
830 S414 891 205 880 S364 9 205
831 S413 873 340 881 $363 -27 340
832 S412 855 205 882 $362 -45 205
833 S411 837 340 883 S361 -63 340
834 $S410 819 205 884 $360 -81 205
835 $409 801 340 885 $359 -99 340
836 $408 783 205 886 $358 -117 205
837 $S407 765 340 887 $357 -135 340
838 S406 747 205 888 $356 -153 205
839 $405 729 340 889 $355 -171 340
840 $404 711 205 890 $354 -189 205
841 $403 693 340 891 $353 -207 340
842 $402 675 205 892 $352 -225 205
843 $401 657 340 893 $351 -243 340
844 $400 639 205 894 $350 -261 205
845 S399 621 340 895 $349 -279 340
846 $398 603 205 896 $348 -297 205
847 $397 585 340 897 $347 -315 340
848 $396 567 205 898 S346 -333 205
849 $395 549 340 899 S345 -351 340
850 $394 531 205 900 S344 -369 205
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Focal l2ch

FT1509
FT1509 PAD coordinates 10 (Unit: ym)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
901 $343 -387 340 951 $293 -1287 340
902 $342 -405 205 952 $292 -1305 205
903 S341 -423 340 953 $291 -1323 340
904 $340 -441 205 954 $290 -1341 205
905 $339 -459 340 955 $289 -1359 340
906 $338 -477 205 956 5288 -1377 205
907 $337 -495 340 957 $287 -1395 340
908 $336 -513 205 958 $286 -1413 205
909 $335 -531 340 959 $285 -1431 340
910 $334 -549 205 960 $284 -1449 205
911 $333 -567 340 961 $283 -1467 340
912 $332 -585 205 962 $282 -1485 205
913 $331 -603 340 963 $281 -1503 340
914 $330 -621 205 964 $280 -1521 205
915 $329 -639 340 965 $279 -1539 340
916 $328 -657 205 966 $278 -1557 205
917 $327 -675 340 967 S277 -1575 340
918 $326 -693 205 968 $276 -1593 205
919 $325 711 340 969 $275 -1611 340
920 $324 -729 205 970 S274 -1629 205
921 $323 -747 340 971 $273 -1647 340
922 $322 -765 205 972 $272 -1665 205
923 $321 -783 340 973 S271 -1683 340
924 $320 -801 205 974 $270 -1701 205
925 $319 -819 340 975 $269 -1719 340
926 S318 -837 205 976 $268 -1737 205
927 $317 -855 340 977 S267 -1755 340
928 S316 -873 205 978 $266 1773 205
929 $315 -891 340 979 $265 -1791 340
930 S314 -909 205 980 S264 -1809 205
931 $313 -927 340 981 $263 -1827 340
932 S312 -945 205 982 $262 -1845 205
933 S311 -963 340 983 S261 -1863 340
934 $310 -981 205 984 $260 -1881 205
935 $309 -999 340 985 $259 -1899 340
936 $308 -1017 205 986 $258 -1917 205
937 $307 -1035 340 987 $257 -1935 340
938 $306 -1053 205 988 $256 -1953 205
939 $305 -1071 340 989 $255 -1971 340
940 S304 -1089 205 990 S254 -1989 205
941 $303 -1107 340 991 $253 -2007 340
942 $302 -1125 205 992 $252 -2025 205
943 S301 -1143 340 993 S251 -2043 340
944 $300 -1161 205 994 $250 -2061 205
945 $299 -1179 340 995 $249 -2079 340
946 $298 -1197 205 996 $248 -2097 205
947 $297 -1215 340 997 $247 -2115 340
948 $296 -1233 205 998 $246 -2133 205
949 $295 -1251 340 999 $245 -2151 340
950 $294 -1269 205 1000 S244 -2169 205
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FT1509 PAD coordinates 11 (Unit: pm)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
1001 S243 -2187 340 1051 S193 -3087 340
1002 S242 -2205 205 1052 S192 -3105 205
1003 S241 -2223 340 1053 S191 -3123 340
1004 S240 -2241 205 1054 S190 -3141 205
1005 S239 -2259 340 1055 S189 -3159 340
1006 S238 -2277 205 1056 S188 -3177 205
1007 S237 -2295 340 1057 S187 -3195 340
1008 S236 -2313 205 1058 S186 -3213 205
1009 S235 -2331 340 1059 S185 -3231 340
1010 S234 -2349 205 1060 S184 -3249 205
1011 S233 -2367 340 1061 S183 -3267 340
1012 S232 -2385 205 1062 S182 -3285 205
1013 S231 -2403 340 1063 S181 -3303 340
1014 S230 -2421 205 1064 S180 -3321 205
1015 S229 -2439 340 1065 S179 -3339 340
1016 S228 -2457 205 1066 S178 -3357 205
1017 S227 -2475 340 1067 S177 -3375 340
1018 S226 -2493 205 1068 S176 -3393 205
1019 $225 -2511 340 1069 8175 -3411 340
1020 S224 -2529 205 1070 S174 -3429 205
1021 $223 -2547 340 1071 S173 -3447 340
1022 S222 -2565 205 1072 S172 -3465 205
1023 S221 -2583 340 1073 S171 -3483 340
1024 S220 -2601 205 1074 S170 -3501 205
1025 S219 -2619 340 1075 S169 -3519 340
1026 S218 -2637 205 1076 S168 -3537 205
1027 S217 -2655 340 1077 S167 -3555 340
1028 S216 -2673 205 1078 S166 -3573 205
1029 S215 -2691 340 1079 S165 -3591 340
1030 S214 -2709 205 1080 S164 -3609 205
1031 S213 -2727 340 1081 S163 -3627 340
1032 S212 -2745 205 1082 S162 -3645 205
1033 S21 -2763 340 1083 S161 -3663 340
1034 S210 -2781 205 1084 S160 -3681 205
1035 S209 -2799 340 1085 S159 -3699 340
1036 S208 -2817 205 1086 S158 -3717 205
1037 S207 -2835 340 1087 S157 -3735 340
1038 S206 -2853 205 1088 S156 -3753 205
1039 S205 -2871 340 1089 S155 -3771 340
1040 S204 -2889 205 1090 S154 -3789 205
1041 S203 -2907 340 1091 S153 -3807 340
1042 S202 -2925 205 1092 S152 -3825 205
1043 S201 -2943 340 1093 S151 -3843 340
1044 S200 -2961 205 1094 S150 -3861 205
1045 S199 -2979 340 1095 S149 -3879 340
1046 S198 -2997 205 1096 S148 -3897 205
1047 S197 -3015 340 1097 S147 -3915 340
1048 S196 -3033 205 1098 S146 -3933 205
1049 S195 -3051 340 1099 S145 -3951 340
1050 S194 -3069 205 1100 S144 -3969 205
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FT1509 PAD coordinates 12 (Unit: um)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
1101 S143 -3987 340 1151 S93 -4887 340
1102 S142 -4005 205 1152 S92 -4905 205
1103 S141 -4023 340 1153 S91 -4923 340
1104 S140 -4041 205 1154 S90 -4941 205
1105 S139 -4059 340 1155 S89 -4959 340
1106 S138 -4077 205 1156 S88 -4977 205
1107 S137 -4095 340 1157 S87 -4995 340
1108 S136 -4113 205 1158 S86 -5013 205
1109 S135 -4131 340 1159 S85 -5031 340
1110 S134 -4149 205 1160 S84 -5049 205
1111 S133 -4167 340 1161 S83 -5067 340
1112 S132 -4185 205 1162 S82 -5085 205
1113 S131 -4203 340 1163 S81 -5103 340
1114 S130 -4221 205 1164 S80 -5121 205
1115 S129 -4239 340 1165 S79 -5139 340
1116 S128 -4257 205 1166 S78 -5157 205
117 S127 -4275 340 1167 S77 -5175 340
1118 S126 -4293 205 1168 S76 -5193 205
1119 8125 -4311 340 1169 S75 -5211 340
1120 S124 -4329 205 1170 S74 -56229 205
1121 S123 -4347 340 171 S73 -5247 340
1122 S122 -4365 205 1172 S72 -5265 205
1123 S121 -4383 340 1173 S71 -5283 340
1124 S120 -4401 205 1174 S70 -5301 205
1125 S119 -4419 340 1175 S69 -5319 340
1126 S118 -4437 205 1176 S68 -5337 205
1127 S117 -4455 340 177 S67 -5355 340
1128 S116 -4473 205 1178 S66 -5373 205
1129 S115 -4491 340 1179 S65 -5391 340
1130 S114 -4509 205 1180 S64 -5409 205
1131 S113 -4527 340 1181 S63 -5427 340
1132 S112 -4545 205 1182 S62 -5445 205
1133 S111 -4563 340 1183 S61 -5463 340
1134 S110 -4581 205 1184 S60 -5481 205
1135 S109 -4599 340 1185 S59 -5499 340
1136 S108 -4617 205 1186 S58 -6517 205
1137 S107 -4635 340 1187 S57 -56535 340
1138 S106 -4653 205 1188 S56 -5553 205
1139 S105 -4671 340 1189 S55 -56571 340
1140 S104 -4689 205 1190 S54 -5589 205
1141 S103 -4707 340 1191 S53 -5607 340
1142 S102 -4725 205 1192 S52 -5625 205
1143 S101 -4743 340 1193 S51 -5643 340
1144 S100 -4761 205 1194 S50 -5661 205
1145 S99 -4779 340 1195 S49 -5679 340
1146 S98 -4797 205 1196 S48 -5697 205
1147 S97 -4815 340 1197 S47 -5715 340
1148 S96 -4833 205 1198 S46 -5733 205
1149 S95 -4851 340 1199 S45 -5751 340
1150 S94 -4869 205 1200 S44 -5769 205

FocalTech Systems Co., Ltd CONFIDENTIAL Page 27 of 137




Focal l2ch

FT1509
FT1509 PAD coordinates 13 (Unit: ym)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
1201 S43 -5787 340 1251 G424 -6759 340
1202 S42 -5805 205 1252 G422 -6777 205
1203 S41 -5823 340 1253 G420 -6795 340
1204 S40 -5841 205 1254 G418 -6813 205
1205 S39 -5859 340 1255 G416 -6831 340
1206 S38 -5877 205 1256 G414 -6849 205
1207 S37 -5895 340 1257 G412 -6867 340
1208 S36 -5913 205 1258 G410 -6885 205
1209 S35 -5931 340 1259 G408 -6903 340
1210 S34 -5949 205 1260 G406 -6921 205
1211 S33 -5967 340 1261 G404 -6939 340
1212 S32 -5985 205 1262 G402 -6957 205
1213 S31 -6003 340 1263 G400 -6975 340
1214 S30 -6021 205 1264 G398 -6993 205
1215 S29 -6039 340 1265 G396 -7011 340
1216 S28 -6057 205 1266 G394 -7029 205
1217 s27 -6075 340 1267 G392 -7047 340
1218 S26 -6093 205 1268 G390 -7065 205
1219 S25 -6111 340 1269 G388 -7083 340
1220 S24 -6129 205 1270 G386 -7101 205
1221 S23 -6147 340 1271 G384 7119 340
1222 S22 -6165 205 1272 G382 -7137 205
1223 S21 -6183 340 1273 G380 -7155 340
1224 S20 -6201 205 1274 G378 7173 205
1225 S19 -6219 340 1275 G376 7191 340
1226 s18 -6237 205 1276 G374 -7209 205
1227 s17 -6255 340 1277 G372 -7227 340
1228 S16 -6273 205 1278 G370 -7245 205
1229 S15 -6291 340 1279 G368 -7263 340
1230 S14 -6309 205 1280 G366 -7281 205
1231 S13 -6327 340 1281 G364 -7299 340
1232 S12 -6345 205 1282 G362 7317 205
1233 S11 -6363 340 1283 G360 -7335 340
1234 S10 -6381 205 1284 G358 -7353 205
1235 S9 -6399 340 1285 G356 -7371 340
1236 S8 -6417 205 1286 G354 -7389 205
1237 s7 -6435 340 1287 G352 -7407 340
1238 S6 -6453 205 1288 G350 -7425 205
1239 S5 -6471 340 1289 G348 -7443 340
1240 S4 -6489 205 1290 G346 -7461 205
1241 S3 -6507 340 1291 G344 -7479 340
1242 S2 -6525 205 1292 G342 -7497 205
1243 S1 -6543 340 1293 G340 -7515 340
1244 DUMMY32 -6561 205 1294 G338 -7533 205
1245 DUMMY33 -6651 340 1295 G336 -7551 340
1246 VGLDMY3 -6669 205 1296 G334 -7569 205
1247 G432 -6687 340 1297 G332 -7587 340
1248 G430 -6705 205 1298 G330 -7605 205
1249 G428 -6723 340 1299 G328 -7623 340
1250 G426 -6741 205 1300 G326 -7641 205
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FT1509 PAD coordinates 14 (Unit: pym)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
1301 G324 -7659 340 1351 G224 -8559 340
1302 G322 -7677 205 1352 G222 -8577 205
1303 G320 -7695 340 1353 G220 -8595 340
1304 G318 -7713 205 1354 G218 -8613 205
1305 G316 -7731 340 1355 G216 -8631 340
1306 G314 -7749 205 1356 G214 -8649 205
1307 G312 -7767 340 1357 G212 -8667 340
1308 G310 -7785 205 1358 G210 -8685 205
1309 G308 -7803 340 1359 G208 -8703 340
1310 G306 -7821 205 1360 G206 -8721 205
1311 G304 -7839 340 1361 G204 -8739 340
1312 G302 -7857 205 1362 G202 -8757 205
1313 G300 -7875 340 1363 G200 -8775 340
1314 G298 -7893 205 1364 G198 -8793 205
1315 G296 -7911 340 1365 G196 -8811 340
1316 G294 -7929 205 1366 G194 -8829 205
1317 G292 -7947 340 1367 G192 -8847 340
1318 G290 -7965 205 1368 G190 -8865 205
1319 G288 -7983 340 1369 G188 -8883 340
1320 G286 -8001 205 1370 G186 -8901 205
1321 G284 -8019 340 1371 G184 -8919 340
1322 G282 -8037 205 1372 G182 -8937 205
1323 G280 -8055 340 1373 G180 -8955 340
1324 G278 -8073 205 1374 G178 -8973 205
1325 G276 -8091 340 1375 G176 -8991 340
1326 G274 -8109 205 1376 G174 -9009 205
1327 G272 -8127 340 1377 G172 -9027 340
1328 G270 -8145 205 1378 G170 -9045 205
1329 G268 -8163 340 1379 G168 -9063 340
1330 G266 -8181 205 1380 G166 -9081 205
1331 G264 -8199 340 1381 G164 -9099 340
1332 G262 -8217 205 1382 G162 -9117 205
1333 G260 -8235 340 1383 G160 -9135 340
1334 G258 -8253 205 1384 G158 -9153 205
1335 G256 -8271 340 1385 G156 -9171 340
1336 G254 -8289 205 1386 G154 -9189 205
1337 G252 -8307 340 1387 G152 -9207 340
1338 G250 -8325 205 1388 G150 -9225 205
1339 G248 -8343 340 1389 G148 -9243 340
1340 G246 -8361 205 1390 G146 -9261 205
1341 G244 -8379 340 1391 G144 -9279 340
1342 G242 -8397 205 1392 G142 -9297 205
1343 G240 -8415 340 1393 G140 -9315 340
1344 G238 -8433 205 1394 G138 -9333 205
1345 G236 -8451 340 1395 G136 -9351 340
1346 G234 -8469 205 1396 G134 -9369 205
1347 G232 -8487 340 1397 G132 -9387 340
1348 G230 -8505 205 1398 G130 -9405 205
1349 G228 -8523 340 1399 G128 -9423 340
1350 G226 -8541 205 1400 G126 -9441 205
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FT1509 PAD coordinates 15 (Unit: pm)

PAD NO. | PAD NAME X Y PAD NO. | PAD NAME X Y
1401 G124 -9459 340 1451 G24 -10359 340
1402 G122 -9477 205 1452 G22 -10377 205
1403 G120 -9495 340 1453 G20 -10395 340
1404 G118 -9513 205 1454 G18 -10413 205
1405 G116 -9531 340 1455 G16 -10431 340
1406 G114 -9549 205 1456 G14 -10449 205
1407 G112 -9567 340 1457 G12 -10467 340
1408 G110 -9585 205 1458 G10 -10485 205
1409 G108 -9603 340 1459 G8 -10503 340
1410 G106 -9621 205 1460 G6 -10521 205
1411 G104 -9639 340 1461 G4 -10539 340
1412 G102 -9657 205 1462 G2 -10557 205
1413 G100 -9675 340 1463 VGLDMY4 | -10575 340
1414 G98 -9693 205 1464 DUMMYR9 | -10593 205
1415 G96 -9711 340 1465 | DUMMYR10 | -10611 340
1416 G94 -9729 205 1466 DUMMY34 | -10629 205
1417 G92 9747 340 1467 DUMMY35 | -10647 340
1418 G90 -9765 205
1419 G88 -9783 340
1420 G86 -9801 205
1421 G84 -9819 340
1422 G82 -9837 205
1423 G80 -9855 340
1424 G78 -9873 205
1425 G76 -9891 340
1426 G74 -9909 205
1427 G72 -9927 340
1428 G70 -9945 205
1429 G68 -9963 340
1430 G66 -9981 205
1431 G64 -9999 340
1432 G62 -10017 205
1433 G60 -10035 340
1434 G58 -10053 205
1435 G56 -10071 340
1436 G54 -10089 205
1437 G52 -10107 340
1438 G50 -10125 205
1439 G48 -10143 340
1440 G46 -10161 205
1441 G44 -10179 340
1442 G42 -10197 205
1443 G40 -10215 340
1444 G38 -10233 205 Alignment Marks
1445 G36 -10251 340
1446 G34 -10269 205 1-a Left -10655 -333
1447 G32 -10287 340 1-b Right 10655 -333
1448 G30 -10305 205
1449 G28 -10323 340
1450 G26 -10341 205
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Bump Arrangement
(1) 1/0O pin (No. 1 ~ No. 243)
50um 20um
80um
. 2
BUMP area:4000um :
Min. 70um
16um 16um
S1~S720
G1~ G320
DUMMY 98um
DUMMYR
(No. 244 ~ No. 1291)
19um
BUMP area:1568 um?
Figure 3
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Block Function
1. System Interface

The FT1509 supports the following system interfaces: 80-system high-speed interface via 8-, 9-, 16-,
18-bit bus and clock synchronous serial interface. The interface is selected by setting the IM3-0 pins.

The FT1509 has 16-bit index register (IR), 18-bit write-data register (WDR), and 18-bit read-data register
(RDR). The IR is the register to store index information from control register and the internal GRAM.
The WDR is the register to temporarily store the data to be written to the internal GRAM. The RDR is
the register to temporarily store the data read from the GRAM. The data from the MPU to be written to
the internal GRAM is first written to the WDR and then automatically written to the internal GRAM in
internal operation. The data is read via the RDR from the internal GRAM. Therefore, invalid data is
sent to the data bus when the FT1509 performs the first read operation from the internal GRAM. Valid
data is read out when the FT1509 performs the second and subsequent read operations.

The instruction execution time except starting oscillation takes 0 clock cycle and instructions can be
written consecutively.

Table 9 Register Selection (80-system 8/9/16/18-bit bus Interface)

WRN RDN RS Function
0 1 0 Write index to IR
0 0 Read internal status
0 1 1 Write to control register/internal GRAM via WDR
1 0 1 Read from the internal GRAM via RDR

Table 10 Register Selection (clock synchronous serial interface - SPI)
Start byte

R/W RS Function
Write index to IR

Write to control register/internal GRAM via WDR
Read from the internal GRAM via RDR

0 0
1 0 Read internal status
0 1
1 1

2. External Display Interface (VSYNC interfaces)

The FT1509 supports VSYNC interface as the moving picture display interface (external display
interface). In VSYNC interface operation, the display operation is synchronized with the internal clock
and VSYNC signal, which is used for frame synchronization. The display data is written to the internal
GRAM via system interface but there are restrictions in setting the speed and the method to write data to
the internal RAM. For details, see the “External Display Interface” section.

The FT1509 allows switching between the external display interface operation and the system interface
operation by instruction so that the optimal interface is selected for the kind of picture on the panel (still
and/or moving picture). The FT1509 writes the display data to the internal GRAM to enable
transferring data only when the frame data is updated, which contributes to the reduction of data to be
transferred from the system and power consumption required for moving picture display.

3. Address Counter (AC)
The address counter (AC) gives an address to the internal GRAM. When the address setting

instruction is written in the IR, the address information is sent from the IR to the AC. When the data is
written to the internal GRAM, the AC is automatically incremented (plus one) or decremented (minus
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one). The window address function enables writing data only within the rectangular area specified in
GRAM by setting.

4. Graphics RAM (GRAM)

GRAM is graphics RAM, which is used to store graphic pattern data.

5. Grayscale Voltage Generating Circuit

The grayscale voltage generating circuit generates liquid crystal drive voltages according to the
grayscale data in the y-correction registers to enable a maximum 262k-color display.

6. Timing Generator

The timing generator generates timing signals to operate internal circuits such as GRAM. The
FT1509 generates timing signals for display operation such as the RAM read operation and for
internal operation such as RAM access from MPU and outputs them separately to avoid mutual
interference. Also FMARK is generated internally and output from the timing generator.

7. Oscillator (OSC)

The FT1509 generates the RC oscillation clock signal by internal RC oscillator. No external resistor is
needed. Adjust the frame frequency by command setting. In deep standby mode, RC oscillation is halted
to reduce power consumption. For details, see “Oscillator”.

8. Liquid crystal driver Circuit

The liquid crystal driver circuit of the FT1509 consists of a 720-channel source driver (S1 ~ S720) and a
432-output gate driver (G1 ~ G432). The display pattern data is latched when 720 bits of data are input.
The latched data control the source driver and generates liquid crystal drive waveform. The shift
direction of 720-bit source output from the source driver is determined by instruction (SS bit). The shift
direction of gate output from the gate driver can be changed by setting the GS bit. The gate pin
assignment can be changed by setting the SM bit. Set SM and GS bits to select the optimal scan mode
for the module.

9. Internal logic power supply regulator
The internal logic power supply regulator generates internal power supply for RAM: VDD.

10. Liquid crystal drive power supply circuit

The liquid crystal drive power supply circuit generates the voltage levels to drive liquid crystal:
VREG10UT, DDVDH, VGL, VGH, Vcom.

FocalTech Systems Co., Ltd CONFIDENTIAL Page 33 of 137



Focal l2ch

FT1509

GRAM Address MAP

Instruction

The FT1509 adopts 18-bit bus architecture to interface to high-performance microcomputer. The
FT1509 starts internal processing when the control information sent via 18-, 16-, 9-, 8-bit ports is stored
in the instruction register (IR) and the data register (DR). Since the internal operation of the FT1509 is
controlled by the signals sent from the microcomputer, register selection signal (RS), read/write signal
(R/W), and internal 16-bit data bus signals (IB15 to IBO) are called instruction. The FT1509 accesses
the internal GRAM in units of 18 bits. The instructions of the FT1509 are categorized into the following
8 groups.

1. Index specification

2. Status Read

. Display control

. Power management control

. GRAM address setting

. Transfer data to/from the internal GRAM

. y-correction
. EPROM control

Normally, the instruction to write data in the GRAM is used the most often. In order to minimize the data
transfer and lessen the programming load on the microcomputer, the FT1509 rewrites data only within
the window address area and updates internal GRAM address in the address counter automatically as
it writes data in the internal GRAM. The FT1509 writes instruction consecutively by executing the
instruction within the cycle when it is written (instruction execution time: 0 cycle).

O~NO O W

As the following figure shows, the data bus used to transfer 16 instruction bits (IB[15:0]) is different
according to the interface format. Make sure to transfer the instruction bits according to the format
of the selected interface.

Instruction data format

The following are detail descriptions of instruction bits (IB15-0). Note that the instruction bits IB[15:0] in
the following figures are transferred according to the format of the selected interface as shown below.
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80 system 18-bit interface
oE |DB |DB |pB |o6 |DB |oB |oB |oe |(pe |DB |pB |oeE |oe |oe |oeB |DB | DB
17 |16 [ 15 |14 |13 |12 11|10 ] @ 8 7 6 5 4 3 2 1 [1]
> 4 NN
¥ ¥ J‘ h 4 v h 4 h h 4 v
Instruction bt | 1B | 1B [ IB IB‘IB IB|IB|IB| |IB|IB‘IB|IB|IB|IB|IB|IB|
{1B) 15 | 14 [ 13 11211 li0] @ 8 7 [ 5 4 3 2 1 a
B0 system 16-bit interface
DE |OBE |DE |DBE |DE |DE |DE | DB DE |DBE |DE |DB |DE |DB |DE | DB
17 |16 [ 15 | 14 | 13 | 12 | 11 ] 10 8 7 [ 5 4 3 2 1
| T
Ve v v v e v v e v
Instruction bit IB|IB|IB|IB‘IB|IB|IB|IB| |IB|IB‘IB|IB|IB|IB|IB|IB|
(8} 15 | 14 [ 13 112 | 11 ] 10 ] @ ] 7 6 5 4 3 2 1 o]
80 system 9-bit interface
15t transfar 2nd transfar
DB|D3|DB|DB‘DB DBlDBlDBlDB DBlDB‘DBlDB|DB DB|DB|DB|DB
17 | 16 [ 15 | 14 | 13 | 12 | 11 ] 10 9 17 | 16 | 15 | 14 [ 13 | 12 | 11 | 10 9
v I I I
l l v v l v v hd h 4’
Instructon bit | |B B 1B B ‘ 1B | 1B | B | B | | B | B ‘ 1B | B | 1B | B | B | IB |
(18] 15 | 14 [ 13 11211110l g 8 7 6 5 4 3 2 1 o]
80 system 8-bit interface / Serial interface (2/3 transfers)
15t transfar 2nd transfar |
DB|DB|DB|DB‘DB DBlDBlDBl DBlDB‘DBlDB DB DB|DB|DB|
17 | 16 [ 15 ) 14 | 13 | 12 | 11 | 10 17 |16 | 15 14 | 13 | 12 | 11 | 10
| | I
l l i l L 4 h 4 l h ¥ 4 h ¢
|I'l61l'l-lcii0ﬂhﬂIB|IB|IB|IB‘IB|IB|IB|IB| |IB|IB‘IB|IB|IB|IB|IB|IB|
{1B) 15 | 14 [ 13 12 111 10 ] g 8 7 [} 5 4 3 2 1 a

Figure 4: Instruction format
The following are detail descriptions of instruction bits (IB15-0). Note that the instruction bits IB[15:0] in
the following figures are transferred according to the format of the selected interface (see Figure 10
Instruction format).

Index specification/Status read/Display control instructions

Index (IR)

RW RS 1IB15 1IB14 1IB13 IB12 IB11 IB10 B9 IB8 IB7 I1B6 IB5 B4 B3 B2 IB1 IBO
w 0 * * * * * * * * ID7 | ID6 | ID5 | ID4 | ID3 | ID2 | ID1 | IDO
The index register represents the index of the control register to be accessed (RO0Oh ~ RFFh) and for
RAM control using binary numbers from “0000_0000" to “1111_1111". The access to a register and
instruction bits in it is prohibited unless the index is specified in the index register.

Status read (SR)

RW RS IB15 IB14 IB13 IB12 IB11 IB10 B9 B8 IB7 1IB6 IB5 1IB4 1IB3 B2 IB1 1IBO
R 0 L7 L6 LS L4 L3 L2 L1 LO | O 0 0 0 0 0 0 0
The internal status of the FT1509 can be read out from the SR register.

L[7:0]: represents the line where the FT1509 drives liquid crystal.

Start Oscillation (R00h)

RW RS 815 IB14 IB13 IB12 IB11 IB10 B9 B8 IB7 IB6 IB5 B4 B3 1B2 IB1 IBO
W 1 . . . * . . . . . . . P « . 1
R 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

The start oscillation instruction starts the oscillator from a halt in standby mode. After executing this
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instruction, wait at least 10 ms to stabilize the oscillator before issuing next instruction.

*The device code “0001”’H is read out when reading out this register.

Driver Output Control (R01h)
RW RS IB15 IB14 IB13 [B12 IB11 IB10 1B9 I1B8 IB7 IB6 IB5 1IB4 B3 IB2 IB1 1IBO

W|1 0 0 0 0 0 SM 0 SS 0 0 0 0 0 0 0 0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

SS: Sets the shift direction of output from the source driver.
When SS = “0” , the source driver output shift from S1 to S720.
When SS = “1” | the source driver output shift from S720 to S1.

The combination of SS and BGR settings determines the RGB assignment to the source driver pins S1 ~
S720.

When SS = “0” and BGR = “0”, RGB dots are assigned one to one from S1 to S720.

When SS = “1” and BGR = “1”, RGB dots are assigned one to one from S720 to S1.
When changing the SS and BGR bits, RAM data must be rewritten.

SM: Sets the gate driver pin arrangement in combination with the GS bit (R60h) to select the optimal
scan mode for the module. See “Scan mode setting”.

LCD Driving Wave Control (R02h)
RW RS IB15 IB14 IB13 B12 IB11 IB10 B9 I1B8 IB7 IB6 IB5 B4 B3 IB2 IB1 IBO

w 1 0 0 0 0 0 1 B/IC |EOR | O 0 0 0 0 0 0 0

Default 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

EOR: By setting EOR = “1”, the polarity of C pattern waveform (n-line inversion waveform) is inverted
according to the result of EOR (exclusive OR) between the odd/even-number frame select signal and the
n-line inversion signal. Set EOR = 1 when the number of lines to drive liquid crystal is not compatible
with n-line inversion waveform. For details, see “n-line inversion AC drive”.

B/C: When B/C = “0”, the liquid crystal drive signal becomes frame-inversion waveform and inverts the
polarity of liquid crystal in every frame cycle. When B/C = “1”, liquid crystal drive signal becomes n-line
inversion waveform and inverts the polarity of liquid crystal in every (n+1)-line cycle. For details, see
“n-line inversion AC drive”.

Internal Source output Control (R91h)
RW RS IB15 IB14 IB13 IB12 IB11 [B10 B9 B8 IB7 I1B6 IB5 B4 B3 B2 IB1 1IBO

w Eqi1 | Eqi0 Sdti2| Sdti1| Sdtio

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

EQI: Define internal source equalize cycles, EQI=0 that is no equalize cycle, otherwise EQI cycles.

SDTI: define internal source output delay based on the gate falling edge, SDTI=0:0one cycle, otherwise
SDTI+1 cycles.
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Internal Source output Control (R98h)
RW RS IB15 1IB14 IB13 [B12 IB11 IB10 B9 IB8 IB7 IB6 IB5 IB4 IB3 1B2 IB1  IBO
w LS11 | LS10 VCOM_SK1| VCOM_SKO0 LS01| LS00
Default 0 0 0 0 0 0 0 0 0| 0] o0 0 ol 0| o0 0

LS0: Define the source OP work cycle. LS0=0 is one “dfosc” cycle, otherwise LS0+1 cycles.
LS1: Define source overshoot work cycle. LS1=0 is one “dfosc” cycle, otherwise LS1+1 cycles.

VCOM_SK: define VCOM overshoot work cycle. VCOM_SK is a half dfosc cycle, otherwise
VCOM_SK/2 cycles.

Entry Mode (R03h)
RW RS IB15 IB14 IB13 IB12 IB11 IB10 1B9 B8 IB7 1B6 IB5 B4 IB3 IB2 IB1 IBO

w | 1| T |[DpFM| 0 |BeR| 0| o 0 o| o | o|w1]|wo| avm | o ET Eg
Default 0 0 0 o o o 0 o| o [ o 1 1 o o] oo

AM: Sets either horizontal or vertical direction in updating the address counter
automatically as the FT1509 writes data in the internal GRAM.

AM=“0", sets the horizontal direction.

AM = “1”, sets the vertical direction.

When a window address area is specified in GRAM, the FT1509 writes data within the window
address area in the direction determined by the 1/D1-0, AM settings.

1/D[1:0]: The RAM address is automatically incremented (+1) when I/D = “1” and decremented (-1)
when I/D = “0” as the FT1509 writes data in the GRAM. The I/D[0] bit sets either increment or
decrement of RAM address (AD[7:0]) in horizontal direction. The I/D[1] bit sets either increment
or decrement of RAM address (AD[15:8]) in vertical direction. (Recommended value:
IID[1]="1")The AM bit sets either horizontal or vertical direction in updating RAM address
automatically when writing data in the internal RAM.

BGR: Reverses the order of assigning 18-bit RGB data to the data bus (DB17-0) from RGB to BGR

DFM: In combination with the TRI setting, sets the interface format to transfer 18-bit data via
80-system 16-/8-bit bus interface. Make sure to set DFM = “0”, when not using 16-/8-bit
interface.

EPF: Set data format when 16bpp (R,G and B) to 18 bpp (r,g,b) is stored in internal RAM. EFP
settings are effective when:

1. 80-system 16-bit interface, TRI=0
2. 80-systems 8-bit interface, TRI=0
3. MDDI, DFM=1
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EPF Expand 16bpp (R,G,B) to 18bpp(r,g,b)

2’h0 Same value as MSB is inputted to LSB of R and B
r[5:0] = {R[4:0],R[4]}

g[5:0]={G[5:0]}

b[5:0]={B[4:0],B[4]}

2’h1 “0” is inputted to LSB of rand b

r[5:0]= {R[4:0],1’h0}

g[5:0]={G[5:0]}

b[5:0]={B[4:0],1’h0}

Except,

R[4:0], B[4:0]=5'h1F - r, b[5:0]=6’'h3F
G[5:01=6'h3F > g[5:0]=6’h3F

2’h2 “1” is inputted to LSB of rand b
r[5:0]1={R[4:0], 1’'h1}

g[5:0]={G[5:0]}

b[5:0]={B[4:0], 1’h1}

Except,

R[4:0], B[4:0]=5’h0 - r,b[5:0]=6’h00
G[5:0]=6'’h0 > @g[5:0]=6'h00

2’h3 Setting disabled.

TRI: Sets the interface format when transferring 18-bit data via 80-system 16-/8-bit interface in
combination with DFM bit.

In 8-bit interface operation, TRI =0: 16-bit RAM data is transferred in two transfers via 8-bit interface.
TRI =1: 18-bit RAM data is transferred in three transfers via 8-bit interface.

In 16-bit interface operation, TRI =0: 16-bit RAM data is transferred in one-transfer via 16-bit interface.
TRI =1: 18-bit RAM data is transferred in two transfers via 16-bit interface.

Make sure to set TRI = “0”, when not using 16-/8-bit interface. Also, set TRI = “0” in read operation.

YDA -0 = “00° 11D1-0 = 01" 1fD1-0 = 10" 1DA-0 = 11"
Horizontal: Decrement Horizontal: Incrament Horizontal: Decrement Harizontal: Incremeant
Vertical: Decrement Vertical: Decrement Wertical: Increment Vertical: Increment
00000k 0000h 00000k 00000k
AN = D" -

Honzontal :;_’___,__-—-—"—"'_'_—
<

=
e _,_,d_-—-—"_'_:;“_v.-

= -
1 3FEFhL 13FEFhL 13FEFhL
O0000L O0000L 00000L noo0oh
o W b " - ~
AM =1 ) I
Wertical 1| 1
- - p N
- - N ryv r \ B ¥
3FEFh 1 3FEFh 1SFEFh FFEFh

Figure 5: Automatic address transition direction setting (AM, 1/D[1:0])
Note: When a window address area is specified in the GRAM, the data is written within the window address area.

Resizing Control (R04h)
RW RS IB15 1IB14 IB13 [B12 IB11 I[B10 B9 B8 IB7 IB6 IB5 B4 IB3 IB2 IB1  1BO

w 1 0 0 0 0 0 0 RCV1| RCVO| O 0 RCH1| RCHO| O 0 RSZ1 | RSZ0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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RSZ[1:0]: Sets the resizing factor. When the RSZ bits are set for resizing, the FT1509 writes the data
according to the resizing factor so that the original image is displayed in horizontal and vertical
dimensions, which are contracted according to the factor respectively. See “Resizing function”.

Table 13 Resizing factor (RSZ)

RSZ [1:0] | Resizing Scale RSZ [1:0] Resizing Scale
2’h0 No resizing (x1) 2’h2 Setting prohibited
2’'h1 x1/2 2’h3 x 1/4

RCHI1:0]: Sets the number of remainder pixels in horizontal direction when resizing a picture. By
specifying the number of remainder pixels by RCH bits, the data can be transferred without taking the
remainder pixels into consideration. Make sure that RCH = 2’h0 when not using the resizing function
(RSZ = 2’h0) or there are no remainder pixels.

Table 14 Remainder Pixels in Horizontal Direction (RCH) Note: 1 pixel = 1RGB
RCHI[1:0] Number of remainder Pixels in Horizontal Direction
2’h0 0 pixel
2’h1 1 pixel
2’h2 2 pixels
2’h3 3 pixels

RCVI[1:0]: Sets the number of remainder pixels in vertical direction when resizing a picture. By
specifying the number of remainder pixels by RCV bits, the data can be transferred without taking the
reminder pixels into consideration. Make sure that RCV = 2’h0 when not using the resizing function
(RSZ = 2'h0) or there are no remainder pixels.

Table 15 Remainder Pixels in Vertical Direction (RCV) Note: 1 pixel = 1RGB

RCVI[1:0] | Number of remainder Pixels in Vertical Direction
2'h0 0 pixels
2’h1 1 pixels
2’h2 2 pixels
2’h3 3 pixels
180-i/F Endian Control (R05h)
RW RS IB15 1IB14 IB13 IB12 IB11 IB10 B9 IB8 IB7 [B6 IB5 B4 IB3 IB2 IB1  1BO
wl1|0o |o o o |o |0 |o o o |o o| oo 0 \T,ﬁ?E \T,E)TE
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
TCREV[1:0]: SControls the endian setting (big/little endian: the order of receiving data) when
transferring one-pixel data via i80 interface in multiple times. When setting a new value to TCREV[1:0],
the order is changed from when the next instruction is executed.
Bigl/little Endian Control (TCREV)
TCREV 2 Transfers/Pixel 3 transfers/Pixel
[1:0]
2’h0 Upper to lower (1% Upper to lower
to 2nd ) (151’2nd’3rd)
2’h1 Setting disabled Setting disabled
2’h2 Setting disabled Setting disabled
2’h3 Lower to upper (2™ Lower to upper
to 151 ) (3rd,2nd,1St )
Display Control 1 (R07h)
RW RS IB15 [B14  IB13 IB12  1B11 IB10  IB9 IB8 IB7 IB6 IB5 B4 B3 IB2 IB1 IBO
w |1/ 0| o |PmDE1|PTDEO| 0 | O o |B5F] 0| o |Gon|DTE|CL| 0 |D1|DO
Default | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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D[1:0]: A graphics display is turned on the panel when writing D[1] = “1”, and is turned off when writing
D[1]="0". When writing D[1] = “0”, the graphics display data is retained in the internal GRAM and the
FT1509 displays the data when writing D[1] = “1”.  When D[1] = “0”, i.e. while no display is shown on
the panel, all source outputs becomes the GND level to reduce charging/discharging current, which is
generated within the LCD while driving liquid crystal with AC voltage.

When the display is turned off by setting D[1-0] = 2'b01, the FT1509 continues internal display operation.
When the display is turned off by setting D[1-0] = 2'b00, the FT1509’s internal display operation is halted
completely. In combination with the GON, DTE setting, the D[1:0] setting controls display ON/OFF.
For details, see “Instruction Setting”.

Table 18 D[1:0] | BASEE | Source output (S1~S720) | FMARK signal | Internal operation
2'h0 * GND Halt Halt
2’h1 * GND Operation Operation
2’h2 * Non-lit display level Operation Operation
’ 0 Non-lit display level Operation Operation
2h3 1 Base image display Operation Operation

Notes: 1.The data write operation from the microcomputer to the internal RAM is performed irrespective

of the setting of the D[1:0] bits.
2. The internal state of the FT1509 in standby mode become the same as when D[1:0] = 2’b00.
This does not mean the D[1:0] setti[\g is chdanged when setting the standby mode.

3. The D[1:0] setting is valid on both 1 and 2 displays.
4. The non-lit display level from the source output pins is determined by instruction (PTS).

CL: When CL= “1” ,the FT1509 enters the 8-color mode. Follow the 8-color mode setting
sequence when setting the 8-color mode. In 8-color mode, the grayscale amplifiers other than
those for the VO and V63 level are halted. If used in combination with frame-inversion liquid
crystal drive, the power consumption will be further reduced.

Table 17 DTE, GON: Controls the output of liquid crystal panel output signal.
GON | DTE G1~ G320
0 0 VGH
0 1 VGH
1 0 VGL
1 1 VGH/VGL

BASEE: Base image display enable bit. When BASEE = “0”, no base image is displayed. The
FT1509 drives liquid crystal at non-lit display level or displays only partial images. When BASEE = “1”,
the base image is displayed, and the partial display is inactive. The base image indicates the whole
display screen. The D[1:0] setting has precedence over the BASEE setting.

PTDEO: Partial image 1 enable bit

PTDE1: Partial image 2 enable bit

PTDEO0/1 = 0: turns off partial image. Only base image is displayed.

PTDEO/1 = 1: turns on partial image. Set the base image display enable bit to 0 (BASEE = 0).
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Display Control 2 (R08h)
RW RS IB15 IB14 I1B13 IB12 IB11 IB10 B9 IB8 IB7 IB6 IB5 B4 B3 B2 IB1 IBO

W 1 0 0 0 0 FP3 | FP2 | FP1 | FPO 0 0 0 0 BP3 | BP2 | BP1 | BPO

Default 0 0 0 0 0 0 1 1 0 0 0 0 0 0 1 1

FP [3:0]: Sets the number of lines for a front porch period (a blank period following the end of display).

BP [3:0]: Sets the number of lines for a back porch period (a blank period made before the beginning of
display).

In external display interface operation, a back porch (BP) period starts on the falling edge of the VSYNC
signal and the display operation starts after the back porch period. A blank period will start after a front
porch (FP) period and it will continue until next VSYNC input is detected.

Note on Setting BP and FP  Set the BP and FP bits as follows in respective operation modes.
Table 18 BP and FP Settings

Internal clock operation mode BP = 2 lines FP = 2 lines FP + BP < 16 lines
VSYNC interface operation BP = 2 lines FP = 2 lines FP + BP = 16 lines
Table 19 Front and Back Porch period (Line periods)
FP[3:0] or | Front or Back Porch period | FP[3:0] or | Front or Back Porch period
BP[3:0] (Line periods) BP[3:0] (Line periods)

4’h0 2 lines 4’h8 8 lines

4’h1 2 lines 4’h9 9 lines

4’h2 2 lines 4’hA 10 lines

4’h3 3 lines 4’hB 11 lines

4’h4 4 lines 4'hC 12 lines

4’h5 5 lines 4’hD 13 lines

4’h6 6 lines 4’hE 14 lines

4'h7 7 lines 4’hF 14 lines

VSYNC

j Back porch

Display area

Front porch

-

Mote : The output timing to the LCD panel is delayed by two line periods
from the synchronous signal (VSYNC) input timing.

Figure 6: Front, Back Porch periods
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Display Control 3 (R09h)

RW RS IB15 IB14 IB13 IB12 IB11 IB10 B9 IB8 IB7 1IB6 IB5 B4 B3 1B2 IB1 B0
w | 1] 0 0 0 0 0 | PTS2 | PTS1 | PTSO | © 0 | PTG1 | PTGO | ISC3 | ISC2 | ISC1 | ISCO
Default 0 0 0 0 0 0 0 0 0| o 0 0 0 0 0 0

ISC[3:0]: Set the scan cycle when PTG[1:0] selects interval scan in non-display area drive period. The
scan cycle is defined by n frame periods, where n is an odd number from 3 to 31. The polarity of liquid
crystal drive voltage from the gate driver is inverted in the same timing as the interval scan cycle.
Table 20

ISC[3:0] Scan cycle E&ifg;:;t)inég:_lz ISC[3:0] Scan cycle E&ifg;:;t)inég:_lz
4’h0 0 frame - 4’h8 17 frames 284ms
4’h1 3 frames 50ms 4’h9 19 frames 317ms
4’h2 5 frames 84ms 4’hA 21 frames 351ms
4’h3 7 frames 117ms 4’hB 23 frames 384ms
4’h4 9 frames 150ms 4'hC 25 frames 418ms
4’h5 11 frames 184ms 4'hD 27 frames 451ms
4’h6 13 frames 217ms 4’hE 29 frames 484ms
4'n7 15 frames 251ms 4’hF 31 frames 518ms

Table 21 PTG[1:0]: Sets the scan mode in non-display area.

Prain | proio | Senmodeln | Source suputievel | Veom outpu
0 0 Normal scan PTS[2:0] setting alternating output
0 1 VGL (fixed) PTS[2:0] setting alternating output
1 0 Interval scan PTS[2:0] setting alternating output
1 1 Interval scan PTS[2:0] setting alternating output

PTS[2:0]: Sets the source output level in non-display area drive period (front/back porch period and
blank area between partial displays). When PTS[2] = 1, the operation of amplifiers which generates the
grayscales other than VO and V63 are halted and the step-up clock frequency becomes half the normal
frequency in non-display drive period in order to reduce power consumption.

Table 22 Source output level and voltage generating operation in non-display drive period

Source output level Grayscale amplifier

Preteal Positive polarity Negative polarity in operation Step-up clock frequency
3’ho V63 VO V0 to V63 Register setting (DCO, DC1)
3’h1 V63 VO VO to V63 Register setting (DCO, DC1)
3’h2 GND GND VO to V63 Register setting (DCO, DC1)
3’h3 Hi-Z Hi-Z VO to V63 Register setting (DCO, DC1)
3’h4 V63 VO V0 and V63 1/2 the frequency set by DCO, DC1
3’h5 V63 VO V0 and V63 1/2 the frequency set by DCO, DC1
3’h6 GND GND V0 and V63 1/2 the frequency set by DCO, DC1
3’h7 Hi-Z Hi-Z V0 and V63 1/2 the frequency set by DCO, DC1

Notes: 1. The power efficiency improvement from halting grayscale amplifiers and slowing down the
step-up clock frequency can be obtained in non-display drive period.
2. The gate output level in non-display area drive period is determined by PTG[1:0].

CONFIDENTIAL
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Display Control 4 (ROAh)

RW RS IB15 IB14 IB13 IB12 IB11 IB10 B9 1IB8 IB7 1IB6 IB5 IB4 IB3 B2 1B1  IBO
w |1] 0 0 0 0 0 0 0 0 0 0 0 0 | FMARKOE | FMI2 | FMI1 | FMIO
Default 0 0 0 0 0 0 0 o | oo 0 0 0 0 0 0

FMI[2:0]: Set the output interval of FMARK signal according to the display data rewrite cycle and data
transfer rate.

FMARKOE: When FMARKOE = 1, the FT1509 starts outputting FMARK signal from the FMARK pin in
the output interval set by FMI[2:0] bits. See “FMARK” for details.

Table 23
FMI[2] FMI[1] FMI[0] Output interval
0 0 0 1 frame
0 0 1 2 frames
0 1 1 4 frames
1 0 1 6 frames
Other settings Setting disabled
Display interface Control 1 (ROCh)
R/W RS 1B15 1B14 IB13 IB12 IB11 IB10 IB9 [IB8 IB7 IB6 IB5 1B4 IB3 IB2 1B1 1BO
w 1 0 0 0 0 0 0 0 RM 0 0 DM1 | DMO 0 0 RIM1 | RIMO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DM[1:0]: Selects the interface for the display operation. The DM[1:0] setting allows switching between
internal clock operation mode and external display interface operation mode.

Table 25 Display Interface

DMI[1:0] | Display Interface

2’h0 Internal clock operations
2’h2 VSYNC interface

2’h3 VSYNC interface

RM: Selects the interface for RAM access operation. RAM access is possible only via the interface

selected by the RM bit. When RM = 0, it is possible to write data via system interface.
Table 26 RAM Access Interface
RM

0

RAM Access Interface
System interface/VSYNC interface

The FT1509 selects the optimum interface according to the displayed image by setting instruction as
follows.

Table 27

The state of display Operation Mode RAM Access (RM) Display Operation Mode (DM)
Still pictures Internal clock | System interface Internal clock operation
P operation (RM = 0) (DM1-0 = 2°’h0)
aR;V;mt\?vh“:m:jis plft?r:e Svstem interface System interface Interanl clock operation
| wh! playing | sy (RM = 0) (DM1-0 = 2°h1)
moving pictures.
. . . System interface VSYNC interface
Moving pictures VSYNC interface (RM = 0) (DM1-0 = 2'h2)
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Notes: 1. Instructions are set only via system interface.
2. The VSYNC interfaces cannot be used simultaneously.
3. See the “External Display Interface” section for the sequences when switching from one
mode to another.
Internal clock operation
The display operation is synchronized with signals generated from internal oscillator’s clock (OSC) in this
mode. All input via external display interface is disabled in this operation. The internal RAM can be
accessed only via system interface.

VSYNC interface operation

The internal display operation is synchronized with the frame synchronous signal (VSYNC) in this mode.
This mode enables the FT1509 to display a moving picture via system interface by writing data in the
internal RAM at faster than the calculated minimum speed via system interface from the falling edge of
frame synchronous (VSYNC). In this case, there are restrictions in speed and method of writing RAM
data. For details, see the “VSYNC Interface” section.

As external input, only VSYNC signal input is valid in this mode. Other input via external display
interface becomes disabled.

The front porch (FP), back porch (BP), and the display (NL) periods are automatically calculated from the

frame synchronous signal (VSYNC) inside the FT1509 according to the instruction settings for these
periods.

Frame Marker Position (RODh)

RW RS IB15 IB14 IB13 1B12 IB11_I1B10 B9 1B8 IB7 1B6 I1B5 1B4 I1B3 1B2 IB1 1BO
w 1 0 0 0 0 0 0 0 FMP8 | FMP7 | FMP6 | FMP5 | FMP4 | FMP3 | FMP2 | FMP1 | FMPO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

FMP[8:0]: Sets the output position of frame cycle signal (frame marker). When FMP[8:0] = 9’h00, a
high-active pulse FMARK is outputted at the start of back porch period for 1H period (I0Vcc-GND
amplitude signal). FMARK can be used as the trigger signal for frame synchronous write operation.
See “FMARK” for details.

Make sure the setting restriction 9°’h000 < FMP < BP+NL+FP.

Table 29
FMP[8:0] FMARK output position
9’h000 0" line
9'h001 1% line
9°’h002 2" line
9’h14E 334" line
9'h14F 335" line
9’h150~1FF Setting disabled
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Power control

Power control 1 (R10h)

RW RS I1B15 IB14 IB13 IB12 IB11 I1B10 IB9 IB8 IB7 IB6  IB5 1B4 IB3 1B2 1B1 1BO
W 1 0 0 0 SAP 0 BT2 | BT1 | BTO | APE | AP2 | AP1 | APO 0 DSTB | SLP | STB
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

STB: When STB = 1, the FT1509 enters the standby mode. In standby mode, the FT1509 halts RC
oscillation and receiving external clock signal to halt the display operation completely. In setting the
standby mode, follow the standby mode setting sequence. The instruction register setting is retained

in standby mode. The FT1509 accepts only the following instructions in standby mode:
1. Exit standby mode (STB = 0)
2. Start oscillation

SLP: When SLP = 1, the FT1509 enters the sleep mode. In sleep mode, the internal display operation
except RC oscillation is halted to reduce power consumption. No change to the GRAM data and
instruction setting is accepted and the GRAM data and the instruction setting are maintained in sleep
mode.

DSTB: When DSTB = 1, the FT1509 enters the deep standby mode. In deep standby mode, the
internal logic power supply is turned off to reduce power consumption. The GRAM data and instruction
setting are not maintained when the FT1509 enters the deep standby mode, and they must be reset after
exiting deep standby mode.

AP[2:0]: Adjusts the constant current in the operational amplifier circuit in the LCD power supply circuit.
The larger constant current enhances the drivability of the LCD, but it also increases the current
consumption. Adjust the constant current taking the trade-off into account between the display quality
and the current consumption. In no-display period, set AP[2:0] = 3’h0 to halt the operational amplifier
circuits and the step-up circuits to reduce current consumption.

Table 30 constant current in operational amplifiers

AP[2:0] | Gamma driver amplifiers

3'h0 Halt

3'h1 Disable

3'h2 2

3'h3 3

3'h4 4

3'h5 5

3'h6 6

3'h7 Disable

Note: The values in the table represent the ratios of currents in respective settings to the current.

APE: Liquid crystal power supply enable bit. Set APE =“1”" when starting the generation of liquid crystal
power supply according to the liquid crystal power supply startup sequence. After starting up the power
supply circuit, set APE = “1”.

BT[2:0]: Sets the factor used in the step-up circuits. Select the optimal step-up factor for the operating
voltage. To reduce power consumption, set a smaller factor.
Table 31 Step-up factor for step-up circuits

BT[2:0] | DDVDH | VCL VGH VGL
, Vi1 : -(Vci+2 x
Fh0 we | Ve DDVDH
3hi Vel | v 3xDDVDH ~(2xDDVDH)
3h2 +Vci ~(VCi+DDVDH)
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3h3 -(Vci+2xDDVDH)
3h4 | Vcil+Vai | -Vai | Vci+2xDDVDH -2xDDVDH
3h5 ~(Vci+DDVDH)
3h6 veit | v | oxoovoH -2xDDVDH
3h7 +Vai ~(Vci+DDVDH)

Notes:
1. Connect capacitors where required when using DDVDH, VGH, VGL and VCL voltages.
2. Set the following voltages within the respective ranges:

DDVDH = 6.0V (max.) VGH = 15.0V (max.)

VGL =-12.5V (max.) VCL =-3.0V (max.)

SAP: Source driver output control

SAP = 0, Source driver is disabled.

SAP =1, Source driver is enabled.

When starting the charge-pump of LCD in the Power ON stage, make sure that SAP = 0, and set the
SAP = 1, after starting up the LCD power supply circuit.

Power control 2 (R11h)

RW RS I1B15 IB14 1B13  IB12 IB11 1B10 1B9 1B8 1B7 1B6 IB5 1B4 B3 1B2 1B1 I1BO
W 1 0 0 0 0 0 DC12 | DC11 | DC10 0 DC02 | DCO1 | DCOO 0 VC2 | VC1 | VCO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

VCJ[2:0]: Sets the factor of Vci to generate the reference voltages VciOUT, Vci1.

Table 32 Reference voltage setting (Vci1)

VCI[2:0] VciOUT (reference voltage) Vci1 voltage

3'h0 0.90 x Vci
3’h1 0.80 x Vci
3’h2 0.70 x Vci
3'h3 0.60 x Vci
3'h4 0.50 x Vci
3'h5 0.40 x Vci
3’h6 \ci

3'h7 Vi

DCO[2:0]: Selects the operating frequency of the step-up circuit 1. The higher step-up operating
frequency enhances the drivability of the step-up circuit and the quality of display but increases the
current consumption. Adjust the frequency taking the trade-off between the display quality and the
current consumption into account.

DC1[2:0]: Selects the operating frequency of the step-up circuit 2. The higher step-up operating
frequency enhances the drivability of the step-up circuit and the quality of display but increases the
current/power consumption. Adjust the frequency taking the trade-off between the display quality and
the current/power consumption into account.

Table 33 operating frequencies of step-up circuits 1/2

DCO0[2:0] | Step-up circuit1 Operating frequency DC1[2:0] Step-up circuit 2 Operating frequency
(focoe1) (focoez)
3'h0 fosc 3'h0 fosc/4
3’'h1 fosc/2 3’'h1 fosc/8
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3’h2 fosc/4 3’h2 fosc/16
3’h3 fosc/8 3’h3 fosc/32
3’h4 fosc/16 3’h4 fosc/64
3’h5 fosc/32 3’h5 fosc/128
3’h6 fosc/64 3'h6 fosc/256
3'h7 Halt set-up circuit 1 3’'h7 Halt set-up circuit 2

Note: Make sure fococ12 fococ2. when setting the operating frequencies of DC0[2:0] and DC1[2:0]

Power control 3 (R12h)

RW RS IB15 IB14 IB13 IB12 IB11 [B10 B9 B8 IB7 1B6 IB5 B4 B3 IB2 IB1 IBO
w 1 0 0 0 0 0 0 0 | VCMR | 0 0 0 | PON | VRH3 | VRH2 | VRH1 | VRHO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

VRH[3:0]: Sets the amplifying rate (1.6 ~ 1.9) of Vci to generate the output of VREG10UT, which is a

reference level of VCOM and grayscale voltage.

VRH[3:0] | VREG10UT

4h0 Halt(Hi-Z)

4'h1 Vei x1.4

4'h2 Vci x1.45

4'h3 Veix1.5

4'h4 Vci x1.55

4'h5 Vci x1.6

4'h6 Vci x1.65

4h7 Vai x1.7

4'h8 Vci x1.75

4h9 Vci x1.8

4h10 Vi x1.85

4h11 Disable

4’h12 Disable

4h13 Disable

4’h14 Disable

4h15 Disable

PON: Controls ON/OFF of VGH/VGL. When setting the PON bit, follow the power supply startup

sequence.

PON = “0”: Stop the step-up operation to generate VGH/VGL.
PON = “1”: Start the step-up operation to generate VGH/VGL.

VCMR: Selects either external resistor (VcomR) or internal electric volume (VCM) to set the electrical

potential of VcomH.

Table 35

VCMR | VCOMH1 electrical potential
0 VCOMR (variable resistor)
1 Internal electronic volume
Power control 4 (R13h)
RW RS IB15 IB14 IB13__ IB12 _ IB11__ IB10__ IB9 IB8 IB7 IB6 IB5 B4 B3 B2 IB1 IBO
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w 1 0 0 0 VDV6 | VDV5 | VvDV4 | VDV3 | VDV2 0 0 0 0 0 0 VDV1 | VDVO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

VDV[6:0]: Sets the factor of VREG10UT to set the amplitude of Vcom alternating voltage from 0.685 to

1.32 x VREG1OUT.
Table 36 VDV: Vcom amplitude

FocalTech Systems Co., Ltd

VDV[6:0] | Vcom amplitude VDVI[6:0] | Vcom amplitude

7’h00 VREG10UT x 0.685 | 7°’h40 VREG10UT x 1.005
7’h01 VREG10UT x 0.690 | 7’h41 VREG10UT x 1.010
7’h02 VREG10UT x 0.695 | 7°’h42 VREG10UT x 1.015
7’h03 VREG10UT x 0.700 | 7°’h43 VREG10UT x 1.020
7’h04 VREG10UT x 0.705 | 7’h44 VREG10UT x 1.025
7’h05 VREG10UT x 0.710 | 7’h45 VREG10UT x 1.030
7’h06 VREG10UT x 0.715 | 7’h46 VREG10UT x 1.035
7’h07 VREG10UT x 0.720 | 7’h47 VREG10UT x 1.040
7’h08 VREG10UT x 0.725 | 7°’h48 VREG10UT x 1.045
7’h09 VREG10UT x 0.730 | 7’h49 VREG10UT x 1.050
7'h0A VREG10UT x 0.735 | 7’h4A VREG10UT x 1.055
7'h0B VREG10UT x 0.740 | 7’h4B VREG10UT x 1.060
7’hoC VREG10UT x 0.745 | 7’h4C VREG10UT x 1.065
7’hoD VREG10UT x 0.750 | 7’h4D VREG10UT x 1.070
7'hOE VREG10UT x 0.755 | 7’h4E VREG10UT x 1.075
7'hOF VREG10UT x 0.760 | 7’h4F VREG10UT x 1.080
7’h10 VREG10UT x 0.765 | 7°’h50 VREG10UT x 1.085
7h11 VREG10UT x 0.770 | 7°’h51 VREG10UT x 1.090
7h12 VREG10UT x 0.775 | 7°’h52 VREG10UT x 1.095
7h13 VREG10UT x 0.780 | 7°’h53 VREG10UT x 1.100
7h14 VREG10UT x 0.785 | 7’h54 VREG10UT x 1.105
7’h15 VREG10UT x 0.790 | 7°’h55 VREG10UT x 1.110
7h16 VREG10UT x 0.795 | 7°’h56 VREG10UT x 1.115
7h17 VREG10UT x 0.800 | 7°’h57 VREG10UT x 1.120
7’h18 VREG10UT x 0.805 | 7°’h58 VREG10UT x 1.125
7h19 VREG10UT x 0.810 | 7°’h59 VREG10UT x 1.130
7h1A VREG10UT x 0.815 | 7’h5A VREG10UT x 1.135
7h1B VREG10UT x 0.820 | 7’h5B VREG10UT x 1.140
7h1C VREG10UT x 0.825 | 7’h5C VREG10UT x 1.145
7h1D VREG10UT x 0.830 | 7’h5D VREG10UT x 1.150
7h1E VREG10UT x 0.835 | 7’h5E VREG10UT x 1.155
7h1F VREG10UT x 0.840 | 7’h5F VREG10UT x 1.160
7'h20 VREG10UT x 0.845 | 7°’h60 VREG10UT x 1.165
7h21 VREG10UT x 0.850 | 7°’h61 VREG10UT x 1.170
7'h22 VREG10UT x 0.855 | 7°’h62 VREG10UT x 1.175
7h23 VREG10UT x 0.860 | 7°’h63 VREG10UT x 1.180
7'h24 VREG10UT x 0.865 | 7’h64 VREG10UT x 1.185
7'h25 VREG10UT x 0.870 | 7°’h65 VREG10UT x 1.190
7'h26 VREG10UT x 0.875 | 7°’h66 VREG10UT x 1.195
7h27 VREG10UT x 0.880 | 7°’h67 VREG10UT x 1.200
7'h28 VREG10UT x 0.885 | 7°’h68 VREG10UT x 1.205
7'h29 VREG10UT x 0.890 | 7°’h69 VREG10UT x 1.210
7h2A VREG10UT x 0.895 | 7’h6A VREG10UT x 1.215
7'h2B VREG10UT x 0.900 | 7’h6B VREG10UT x 1.220
7h2C VREG10UT x 0.905 | 7’h6C VREG10UT x 1.225
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7’h2D VREG10UT x 0.910 | 7’h6D VREG10UT x 1.230
7’h2E VREG10UT x 0.915 | 7'h6E VREG10UT x 1.235
7’h2F VREG10UT x 0.920 | 7’h6F VREG10UT x 1.240
7°’h30 VREG10UT x 0.925 | 7'h70 VREG10UT x 1.245
7°’h31 VREG10UT x 0.930 | 7'h71 VREG10UT x 1.250
7’h32 VREG10UT x0.935 | 7'h72 VREG10UT x 1.255
7’h33 VREG10UT x 0.940 | 7'h73 VREG10UT x 1.260
7°’h34 VREG10UT x 0.945 | 7'h74 VREG10UT x 1.265
7°’h35 VREG10UT x 0.950 | 7'h75 VREG10UT x 1.270
7°’h36 VREG10UT x 0.955 | 7'h76 VREG10UT x 1.275
7’h37 VREG10UT x 0.960 | 7'h77 VREG10UT x 1.280
7°’h38 VREG10UT x 0.965 | 7'h78 VREG10UT x 1.285
7°’h39 VREG10UT x 0.970 | 7'h79 VREG10UT x 1.290
7’h3A VREG10UT x 0.975 | 7'h7A VREG10UT x 1.295
7°’h3B VREG10UT x 0.980 | 7'h7B VREG10UT x 1.300
7’h3C VREG10UT x 0.985 | 7’h7C VREG10UT x 1.305
7’h3D VREG10UT x 0.990 | 7’h7D VREG10UT x 1.310
7’h3E VREG10UT x 0.995 | 7'h7E VREG10UT x 1.315
7’h3F VREG10UT x 1.000 | 7’h7F VREG10UT x 1.320

Note: Set the Vcom amplitude from 2.5V to (DDVDH-0.5)V.

RAM access instruction

RAM Address set horizontal address (R20h),
RAM Address set vertical address (R21h)
R/W RS 1B151B141B131B121B111B10 B9 B8 1B7 1B6 IB5 B4 IB3 1B2 1B1 1BO

wil1|o|Jo]Jojojofjo|o 0 AD7 AD6 AD5 AD4 AD3 AD2 AD1 | ADO

W[ 1 ofo0o|lO|lO]J]O]|] O] O| AD16 | AD15 | AD14 | AD13 | AD12 | AD11 | AD10 | AD9 | AD8

Defaut | 0 O[O |O|O|JO]O 0 0 0 0 0 0 0 0 0

Top: R20h, Bottom: R21h

ADI[16:0]: A GRAM address set initially in the AC (Address Counter). The address in the AC is
automatically updated according to the AM, 1/D[1:0] settings as the FT1509 writes data to the internal
GRAM so that data can be written consecutively without resetting the address in the AC. The address
is not automatically updated when reading data from the internal GRAM.

Note : In internal clock operation and VSYNC interface operation (RM = “0”), the address
AD16-0 is set when executing the instruction.
Table 37 GRAM address range
AD[16:0] GRAM Setting
17°’h00000 ~ 17’h000EF Bitmap data on the first line

17’h00100 ~ 17°'h001EF Bitmap data on the second line

17°’h00200 ~ 17’h002EF Bitmap data on the third line
17°’h00300 ~ 17’h003EF Bitmap data on the fourth line
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17°’h13C00 ~ 17°’h13CEF Bitmap data on the 317 " line
17’h13D00 ~ 17°’h13DEF Bitmap data on the 318 " line

17’h13E00 ~ 17°h13EEF Bitmap data on the 319" line

17’h13F00 ~ 17°’h13FEF Bitmap data on the 320 " line

Write/Read RAM data

Write Data to GRAM (R22h)
RW RS IB15 IB14 IB13 IB12 IB11 IB10 IB9 IB8 IB7 IB6 IB5 IB4 B3 IB2 IB1 IBO

W 1 RAM write data WD[17:0] is transferred via different data bus in different interface operation

WDI[17:0]: The FT1509 expands data into 18 bits internally in write operation. The format to expand data
into 18 bits is different in different interface operation.

The GRAM data represents the grayscale level. The FT1509 automatically updates the address
according to AM and 1/D[1:0] settings as it writes data in the GRAM. In deep standby mode, GRAM
access is disabled. In 8-/16-bit interface operation, the MSBs of R and B dot are written as the LSBs of
respective dot to expand data into 18 bits. In this case, 65,536 colors are available.

Table 38 GRAM data and LCD output level (REV = “0”)

GRAM data Selected grayscale GRAM data Selected grayscale
(RGB) Negative Positive (RGB) Negative Positive
000000 Vo V63 100000 V32 V31
000001 V1 V62 100001 V33 V30
000010 \ V61 100010 V34 V29
000011 V3 V60 100011 V35 V28
000100 V4 V59 100100 V36 Va7
000101 V5 V58 100101 V37 V26
000110 V6 V57 100110 V38 V25
000111 V7 V6 100111 V39 V24
001000 V8 V55 101000 V40 V23
001001 V9 V54 101001 Va1 V22
oo1010 V10 V53 101010 V42 V21
001011 V11 V52 101011 V43 V20
001100 V12 V51 101100 Va4 V19
001101 V13 V50 101101 V45 V18
001110 V14 V49 101110 V46 V17
001111 V15 V48 101111 Va7 V16
010000 V16 V47 110000 V48 V15
010001 V17 V46 110001 V49 V14
010010 V18 V45 110010 V50 V13
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010011 V19 V44 110011 V51 V12
010100 V20 V43 110100 V52 V11
010101 V21 V42 110101 V53 V10
010110 V22 V41 110110 V54 V9
010111 V23 V40 110111 V55 V8
011000 V24 V39 111000 V56 V7
011001 V25 V38 111001 V57 V6
011010 V26 V37 111010 V58 V5
011011 V27 V36 111011 V59 V4
011100 V28 V35 111100 V60 V3
011101 V29 V34 111101 V61 V2
011110 V30 V33 111110 V62 V1
011111 V31 V32 111111 V63 VO
RAM Access via System interface
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Frame rewrite Frame rewrite
r—M 1
1
Yo U s U L U U
1
ENABLE
I 1
1 |
DB17-0
I I
I 1
I 1
: 1 MNote 2)
! H = RAM Rewrita data outside RAM 5
System noley I i RN address the moving picture address Ri=1 Index
Interface R22 1 1 sef RAM area sef R22
P
Rewrite < > Rewrite
moving picture Rewrite still picture maoving picture
area area

MNote 1) In RGB interface operation, RAM address (AD16-0) is set in the address counter on the falling edge of VEYNC.
Mote 2) Set a RAM address (AD16-0) and the index to R22h before starting RAM access via RGB interface.
Note 3) Use high-speed write function (HWM = "1"} when writing data via RGB interface.

ao0ie0ie7 0000~ 11,

Moving picture
area

(= [[»>]

Figure 7

Read Data from GRAM (R22h)
RW RS IB15 IB14 1B13 IB12_ [B11 IB10_IB9 B8 IB7 IB6 IB5 IB4 B3 IB2 IB1 IBO

R 1 RAM read data RD[17:0] is transferred via different data bus in different interface operation.

RD[17:0]: 18-bit data read from the GRAM. RAM read data RD[17:0] is transferred via different data bus
in different interface operation.

When the FT1509 reads data from the GRAM to the microcomputer, the first word, which is read
immediately after the RAM address set instruction is executed, is taken in the internal read-data latch
and invalid data is sent to the data bus. Valid data is sent to the data bus when the FT1509 reads out the
second and subsequent words.

When either 8-bit or 16-bit interface is selected, the LSBs of R and B dot data are not read out.
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First word

Second word

First word

Second word

Set I/D, AM,
HSA, HEA, VSA, and VEA bits

v

| Set address N (AD16-0) |

Dummy read (invalid data to DB17-0)
Transfer GRAM data to read data latch

v

Read (data of address N)
From read data latch to DB17-0

v

| Set address M (AD16-0) |

Dummy read (invalid data to DB17-0)
Transfer GRAM data to read data latch

Read (data of address M)
From read data latch to DB17-0

Read out data to
the microcomputer

Power control 7 (R29h)

RW RS 1B15 IB14 IB13  1B12

Figure 8: GRAM read sequence

IB11__IB10_1B9 IB8 IB7 1B6 IB5 1B4

1B3

1B2

1B1

1BO

W 1 0 0 0

0 0 0 0

0

0

0 VCM5 | VCM4

VCM3

VCM2

VCM1

VCMO

Default 0 0 0

VCM][5:0]: Selects the internal electronic volume applied to VREG10UT to set the VcomH electrical

potential.

Table 39 VCM: internal electronic volume adjustment

VCMI[5:0] VcomH VCM[5:0] VcomH
6’h00 VREG10UT x 0.685 6’'h20 VREG10UT x 0.845
6’h01 VREG10UT x 0.690 6'h21 VREG10UT x 0.850
6’h02 VREG10UT x 0.695 6'h22 VREG10UT x 0.855
6’h03 VREG10UT x 0.700 6'h23 VREG10UT x 0.860
6'h04 VREG10UT x 0.705 6’h24 VREG10UT x 0.865
6’h05 VREG10UT x 0.710 6’'h25 VREG10UT x 0.870
6’h06 VREG10UT x 0.715 6'h26 VREG10UT x 0.875
6’h07 VREG10UT x 0.720 6’'h27 VREG10UT x 0.880
6’h08 VREG10UT x 0.725 6'h28 VREG10UT x 0.885
6’h09 VREG10UT x 0.730 6’'h29 VREG10UT x 0.890
6’h0A VREG10UT x 0.735 6’'h2A VREG10UT x 0.895
6'h0B VREG10UT x 0.740 6'h2B VREG10UT x 0.900
6’'h0C VREG10UT x 0.745 6'h2C VREG10UT x 0.905
6’h0D VREG10UT x 0.750 6'h2D VREG10UT x 0.910
6’hOE VREG10UT x 0.755 6'h2E VREG10UT x 0.915
6’hOF VREG10UT x 0.760 6'h2F VREG10UT x 0.920
6’h10 VREG10UT x 0.765 6’'h30 VREG10UT x 0.925
6’'h11 VREG10UT x 0.770 6’h31 VREG10UT x 0.930
6'h12 VREG10UT x 0.775 6'h32 VREG10UT x 0.935
6’'h13 VREG10UT x 0.780 6'h33 VREG10UT x 0.940
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6'h14 VREG10UT x 0.785 6'h34 VREG10UT x 0.945
6'h15 VREG10UT x 0.790 6'h35 VREG10UT x 0.950
6'h16 VREG10UT x 0.795 6'h36 VREG10UT x 0.955
6'h17 VREG10UT x 0.800 6'h37 VREG10UT x 0.960
6'h18 VREG10UT x 0.805 6'h38 VREG10UT x 0.965
6'h19 VREG10UT x 0.810 6'h39 VREG10UT x 0.970
6'h1A VREG10UT x 0.815 6'h3A VREG10UT x 0.975
6'h1B VREG10UT x 0.820 6'h3B VREG10UT x 0.980
6'h1C VREG10UT x 0.825 6'h3C VREG10UT x 0.985
6'h1D VREG10UT x 0.830 6'h3D VREG10UT x 0.990
6'h1E VREG10UT x 0.835 6'h3E VREG10UT x 0.995
6'h1F VREG10UT x 0.840 6'h3F VREG10UT
Notes: Set VcomH from 2.5V to (DDVDH-0.5)V.
Frame Rate and Color Control (R2Bh)
RW RS IB15 IB14 1B13 IB12 IB11_IB10_ IB9 B8 IB7 IB6 IB5 B4 B3 _IB2 _IB1 _ IBO
W [ 1 [ 16M_EN | Dither [ 0 0 0 0 oJoJoJoJoJ]oTl] o [Rr2]RCT]RCO
Default 0 0 0 0 0 0 olof[oflofloloflo 0 0 0

RC[2:0]: Set the internal oscillator frequency.
Table 40 RC: OSC frequency

RC2 RC1 RCO (fosc) OSC frequency
(kHz)
0 0 0 452
0 0 1 536
0 1 0 652
0 1 1 821
! 0 0 400
! 0 1 336
! 1 0 284
! 1 1 External Clock

16M_EN: Select the color depth. 16M_EN=0 (262K color, default), 16M_EN=1 (16.7M color dither)

Dither: Dithering function control. When the dithering function is enabled, the 24-bit input data will be
dithered into 18-bit and the display quality is closed to 16.7M color. Dither=0 (Disable, default), Dither=1
(Enable). The dithering input data transfer format is as below (16M_EN=1, Dither=1).

) 18-bit interface: 2 transfer mode
m 1% transfer; DB17 ~ DB10, DB8 ~ DB1
m 2" transfer: DB17 ~ DB10
) 16-bit interface: 2 transfer mode (TRIREG=1, DFM=0)
m 1% transfer; DB17 ~ DB10, DB8 ~ DB1
m 2" transfer: DB17 ~ DB10
®  8-bit interface: 3 transfer mode (TRIREG=1, DFM=1)
m 1% transfer: DB17 ~ DB10
m 2" transfer: DB17 ~ DB10
m 3" transfer: DB17 ~ DB10
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y Control Instruction
y Control (1) ~ (10) (R30h ~ R3Dh)
RW RS IB15 IB14I1B13 IB12 IB11 _IB10 B9 B8 IB7IB6IB5 B4 IB3 B2 _IB1 _ IBO
R30 PKP1 [ PKP1 | PKP1 PKPO | PKPO | PKPO
wl1|[o]o]o]| o 0 2] (] A Y S 0 2] (] (0]
Defaut | 0 [ 0 [0 | o 0 0 0 o [ofofo] o 0 0 0 0
R31 PKP3 | PKP3 [ PKP3 PKP2 | PKP2 | PKP2
wl1|lo]o]o] o 0 2] (] o] [°]9]o] © 0 2] (] (0]
Default [ 0 [ 0 |0 | o 0 0 0 o [ofofo] o 0 0 0 0
R32 PKP5 | PKP5 | PKP5 PKP4 | PKP4 | PKP4
wl1]o]lofof o 0 2] (] o [°fefel o 0 2] (] (0]
Default [ 0 [ 0 |0 | o 0 0 0 o [ofofo] o 0 0 0 0
R35 PRP1| PRP1| PRP1 PRPO | PRPO | PRPO
wl1]o]lofof o 0 2] (] o |ofefo| o 0 2] (] (0]
Defaut [ 0 [ 0 |0 | o 0 0 0 o [ofofo] o 0 0 0 0
R36 VRP1 |VRP1 [VRP1 [VRP1 [VRP1 VRPO | VRPO | VRPO | VRPO | VRPO
YA @ e @ | m o 2% || @ | m | o
Defaut | 0 [ 0 [0 | o 0 0 0 o [ofofo] o 0 0 0 0
R37 PKN1 [ PKN1 | PKN1 PKNO [ PKNO | PKNO
wl1]o]lofof o 0 2] (] o ool o 0 2] (] (0]
Default [ 0 [ 0 |0 | o 0 0 0 o [ofofo] o 0 0 0 0
R38 PKN3 | PKN3 [ PKN3 PKN2 [ PKN2 | PKN2
wl1]o]lofof o 0 2] (] i Y S 0 2] (] (0]
Default [ 0 [ 0 |0 | o 0 0 0 o [ofofo] o 0 0 0 0
R39 PKN5 | PKN5 [ PKN5 PKN4 | PKN4 | PKN4
wl1]o]lofof] o 0 2] (] o |°fefel o 0 2] (] (0]
Default [ 0 [ 0 |0 | o 0 0 0 o [ofofo] o 0 0 0 0
R3C PRN1| PRN1| PRN1 PRNO [ PRNO | PRNO
wl1|lo]o]o] o 0 2] (] o] [°]9]°] © 0 2] (] (0]
Default [ 0 [ 0 |0 | o 0 0 0 o [ofofo] o 0 0 0 0
R3D VRN1 [ VRN1 | VRN1| VRN1| VRN1 VRNO | VRNO [ VRNO | VRNO [ VRNO
YA e @ | m o |20 w @ @ | m | o
Default [ 0 [ 0 |0 | o 0 0 0 o [ofofo] o 0 0 0 0
KP5-0[2:0] y fine adjustment register for positive polarity
RP1-0[2:0] gradient adjustment register for positive polarity
KN5-0[2:0] y fine adjustment register for negative polarity
RN1-0[2:0] gradient adjustment register for negative polarity
VRPO0[4:0] amplitude adjustment register for positive polarity
VRP1[4:0] amplitude adjustment register for positive polarity
VRNO[4:0] amplitude adjustment register for negative polarity
VRN1[4:0] amplitude adjustment register for negative polarity

See “yCorrection function” for details.
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Window address control instruction

Window horizontal RAM start address (R50h), Window horizontal RAM end address (R51h)

Window vertical RAM start address (R52h), Window vertical RAM end address (R53h),

R/W RS IB151B14 1B13 1B12 1B111B10 IB9 IB8 IB7 I1B6 1B5 1B4 1B3 I1B2 IB1 1BO
R50
WR|1|]O0OflO]J]O|J]O]JO]|]O]|O 0 HSA7 | HSA6 | HSA5 | HSA4 | HSA3 | HSA2 | HSA1 | HSAO
Default | 0 OO [O]JO]O]|O 0 0 0 0 0 0 0 0 0
R51
WR|1|]O0OflO]J]O|J]O]JO]|]O]|O 0 HEA7 | HEA6 | HEAS | HEA4 | HEA3 | HEA2 | HEA1 | HEAO
Default | 0 O[O [O]JO]O]|O 0 1 0 1 0 1 1 1 1
R52
WR|1|0|[O0O]|]O0O|]O]O]|] O] O] VSA8 | VSA7 | VSAG | VSA5 | VSA4 | VSA3 | VSA2 | VSA1 | VSAO
Default | 0 O[O [O]JO]O]|O 0 0 0 0 0 0 0 0 0
R53
WR|1|0|[O0O]|]O|]O]O]| O] O] VEA8 | VEA7 | VEA6 | VEA5 | VEA4 | VEA3 | VEA2 | VEA1 | VEAO
Default | 0 O] O | O] O] O]O 0 1 1 0 1 1 0 1 1

HSA[7:0)/HEA[7:0]: HSA[7:0] and HEA[7:0] are the start and end addresses of the window address
area in horizontal direction, respectively. HSA[7:0] and HEA[7:0] specify the horizontal range to write

data. Set HSA[7:0] and HEA[7:0] before starting RAM write operation. In setting, make sure that “00’h <
HSA[7:0] < HEA[7:0] < “EF”h and “04”h < HEA - HSA

VSA[8:0]/VEA[8:0]: VSA[8:0] and VEA[8:0] are the start and end addresses of the window address area
in vertical direction, respectively. VSA[8:0] and VEA[8:0] specify the vertical range to write data.

VSA[8:0] and VEA[8:0] before starting RAM write operation.
VSA[8:0] < VEA[8:0] < “13F"h.

VSA

VEA

HEA

0o0ach

Window Address

GRAM address space

1 3FEFh

Note 1) Make window adcress area within the GRAM address area.

Window address setting area
"00"h= HSAT-0= HEAT-0= "EF'h
"000"h=VSAS-0= VEAB-D="13F"h

FocalTech Systems Co., Ltd

Figure 9: GRAM address map and window address area
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Base image display control instruction
Driver output control (R60h), Base image display control (R61h),
Vertical scroll control (R6Ah)

RW RS IB151B141B13 [B12 IB11IB10 B9 B8 IB7 IB6 IB5 B4 B3 IB2  IB1 IBO
wrlilaslo I\éL I\LL NSL NzL N1L N | o 0 S(;N sgN 3(3:N 3(2:N S?N sgN
Defaut | o ol o | o] o] o] o 0 0 0 0 0 0 0 0 0
WR|1| 0o |o]lo|o]o]|]o]fo 0 0 0 0 0 0 NDL | VLE | REV
Defaut | 0 ol o | o] o] o] o 0 0 0 0 0 0 0 0 0
WR|1| o0o|lolo|[o]o]|of o] w8 |v7]|wve]| ves | vi4a | v3 | vz | vL1 | vio
Defaut | 0o ol o | o] o] o] o 0 0 0 0 0 0 0 0 0

REV: Enables the grayscale inversion of the image by setting REV = 1. This enables the FT1509 to
display the same image from the same set of data whether the liquid crystal panel is normally black or
white. The source output level during front, back porch periods and blank periods is determined by

register setting (PTS).
Table 42 GRAM Data-grayscale level inversion

Source Output Level in Display Area
REV GRAM Data Positive Polarity Negative Polarity

18’h00000 V63 VO

0 : : :
18’'h3FFFF VO V63
18’h00000 VO V63

1 : : :
18’'h3FFFF V63 VO

GS: Sets the direction of scan by the gate driver in the range determined by SCN[5:0] and NL[5:0].
The scan direction determined by GS = 0 can be reversed by setting GS = 1.
When GS = 0, the scan direction is from G1 to G320.
When GS = 1, the scan direction is from G320 to G1

NL[5:0]: Sets the number of lines to drive the LCD at an interval of 8 lines. The GRAM address mapping
is not affected by the number of lines set by NL[5:0]. The number of lines must be the same or more than

the number of lines necessary for the size of the liquid crystal panel.

Table 43
NL[5:0] | LCD driveline | NL[5:0] | LCD driveline | NL[5:0] Lc'ﬁ::"e NLI5:0] Lc'ﬂ:;“’e
6'h00 0 line 6’h0D 112 lines 6’h1A 216 lines 6'h27 320 lines
6’h01 16 lines 6'hOE 120 lines 6'h1B 224 lines 6'h28—6'h3F 320 lines
6’'h02 24 lines 6’hOF 128 lines 6'h1C 232 lines
6'h03 32 lines 6’h10 136 lines 6'h1D 240 lines
6’'h04 40 lines 6’h11 144 lines 6'h1E 248 lines
6’'h05 48 lines 6’h12 152 lines 6’h1F 256 lines
6'h06 56 lines 6'h13 160 lines 6’h20 264 lines
6'h07 64 lines 6'h14 168 lines 6'h21 272 lines
6’h08 72 lines 6’h15 176 lines 6'h22 280 lines
6’h09 80 lines 6'h16 184 lines 6'h23 288 lines
6’h0A 88 lines 6'h17 192 lines 6'h24 296 lines
6'h0B 96 lines 6'h18 200 lines 6'h25 304 lines
6’h0C 104 lines 6'h19 208 lines 6'h26 312 lines

SCN[5:0]: Specifies the gate line where the gate driver starts scan.

FocalTech Systems Co., Ltd
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Table 44
Scan start position
SCN [5:0] SM=0 SM=1

GS=0 GS=1 GS=0 GS=1
6’h00 G1 G320 G1 G320
6’h01 G9 G312 G17 G304
6'h02 G17 G304 G33 G288
6’h03 G25 G296 G49 G272
6’h04 G33 G288 G65 G256
6'h05 G41 G280 G81 G240
6'h06 G49 G272 G97 G224
6'h07 G57 G264 G113 G208
6’h08 G65 G256 G129 G192
6’h09 G73 G248 G145 G176
6’h0A G81 G240 G161 G160
6’h0B G89 G232 G177 G144
6’h0C G97 G224 G193 G128
6’h0D G105 G216 G209 G112
6’hOE G113 G208 G225 G96
6’hOF G121 G200 G241 G80
6'h10 G129 G192 G257 G64
6’h11 G137 G184 G273 G48
6’h12 G145 G176 G289 G32
6'h13 G153 G168 G305 G16
6’h14 G161 G160 G2 G319
6’h15 G169 G152 G18 G303
6'h16 G177 G144 G34 G287
6'h17 G185 G136 G50 G271
6’h18 G193 G128 G66 G255
6'h19 G201 G120 G82 G239
6'h1A G209 G112 G938 G223
6'h1B G217 G104 G114 G207
6’h1C G225 G96 G130 G191
6’h1D G233 G88 G146 G175
6'h1E G241 G80 G162 G159
6’'h1F G249 G72 G178 G143
6’h20 G257 G64 G194 G127
6’h21 G265 G56 G210 G111
6’h22 G273 G48 G226 G95
6'h23 G281 G40 G242 G79
6'h24 G289 G32 G258 G63
6’h25 G297 G24 G274 G47
6'h26 G305 G16 G290 G31
6’h27 G313 G8 G306 G15

6'h28-6’h3F Disabled Disabled Disabled Disabled

VLE: When VLE1 = 1, a vertical scroll is performed in the base image from the line (of the physical
display) determined by VL[8:0] bit. VL[8:0] sets the amount of scrolling, which is the number of
lines to shift the start line of the display from the first line of the physical display. Note that the
partial image display position is not affected by the base image scrolling.

The vertical scrolling is not available in external display interface operation. In this case, make
sure to set VLE=0.

VLE base image
Fixed display
1 Scrolling

NDL: Set the source driver output level in the non-display area.
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The vertical scrolling is not available in external display interface operation. In this case, make
sure to set VLE=0.

NDL Non-display area
Positive Polarity | Negative Polarity
0 V63 VO
1 VO V63

VL[8:0]: Sets the amount of scrolling of the base image. The base image is scrolled in vertical direction
and displayed from the line which is determined by VL[8:0] in this case. Make sure that VL[8:0] < 160.

Partial control instruction
Partial image 1 display position (R80h)

Partial image 1 RAM start address (R81h), Partial image 1 RAM end address (R82h)
Partial image 2 display position (R83h)
Partial image 2 RAM start address (R84h), Partial image 2 RAM end address (R85h),
RW RS IB15 IB141B13 IB121B11 IB10 IB9 B8  IB7 _ IB6 _ IB5 B4 1B3 __1B2 __ IB1 IBO

wltolofo]ofofolofze! | rue/| ros | ro | ro | ro | ror | poo
Defaut [ 0 [ o[ o[ oo ]| o] o 0 0 0 0 0 0 0 0 0
W ololololololo]|P™s |PTs|Prs [Prs |PTS |PTS |PTs [PTS | PTS

Aos] | Aoz | Aoel | Aors) | Aor4l | Ao3) | Ao | Aol | Aofo)
Default [ 0 [ o[ o[ oo ]| o] o 0 0 0 0 0 0 0 0 0
W ololololololo|PE |PTE|PTE [PTE |PTE | PTE | PTE [PTE | PTE

Ao8] | Ao7) | Aorel | Aors) | Aor4] | Ao3 | Aorz) | Aort) | Aojo]

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PTD | PTD | PTD | PTD | PTD | PTD | PTD | PTD | PTD
P1[8] | P1[7] | P1[6] | P1[5] | P1[4] | P1[3] | P1[2] | P1[1] | P1[0]

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PTS | PTS | PTS | PTS [ PTS | PTS | PTS [ PTS | PTS
A18] | a1171 | A1[6] | A1[5] | A1[4] | A1[3] | A1[2] | AM[1] | A1[O]

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PTE | PTE | PTE | PTE | PTE | PTE | PTE | PTE | PTE

WL PO ofoofo] 00 |ans]|aim|ate | as | a4 | a1 | a2 | a1 | At

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PTDPO0[8:0]: Sets the display position of partial image 1.
PTDP1[8:0]: Sets the display position of partial image 2.

The display areas of the partial images 1 and 2 must not overlap each another. In setting, make sure
Partial image 1 display area < Partial image 2 display area, and

Coordinates of partial image 1 display area: (PTDPO, PTDPO+(PTEAO — PTSAOQ))
Coordinates of partial image 2 display area: (PTDP1, PTDP1+(PTEA1 — PTSA1))

If PTDPO is set to “9’h000”, the partial image 1 is displayed from the 1st line of the panel on the base
image.

PTSAO0[8:0] PTEAO0[8:0]: Sets the start line address and the end line address of the RAM area storing
the data of partial image 1. Make sure PTSAOQ[8:0] < PTEAOQ[8:0]. Make sure PTSAO[8:0]
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<PTDPO[8:0].

PTSA1[8:0] PTEA1[8:0]: Sets the start line address and the end line address of the RAM area storing
the data of partial image 2. Make sure PTSA1[8:0] < PTEA1[8:0]. Make sure PTSA1[8:0]
<PTDP1[8:0].

Panel interface control instruction

Panel interface control 1 (R90h)
RW RS IB15 IB141B13 IB121B11 IB10 B9 _ IB8 IB7 IB6 IB5  IB4 IB3 IB2 IB1 IBO

w 1 0 0 0 0 0 0 | DIvi1 | DIVIO 0 0 0 | RTNI4 | RTNI3 | RTNI2 | RTNI1 | RTNIO

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RTNI[4:0]: Sets 1H (line) period. This setting is enabled while the FT1509’s display operation is
synchronized with internal clock signal.
Table 45 Clocks per Line

RTNI[4:0] p%':’l‘_’:‘nse RTNI[4:0] p(;'r"l‘_’:‘:e RTNI[4:0] C'°I‘_’:‘:epe’
5’h00—5’'hOF | Disabled 5h15 21 clocks 5h1B 27 clocks
5’h10 16 clocks 5’h16 22 clock 5h1C 28 clocks
5h11 17 clocks 5h17 23 clocks 5h1D 29 clocks
5’h12 18 clocks 5’h18 24 clocks 5’h1E 30 clocks
5’h13 19 clocks 5’h19 25 clocks 5h1F 31 clocks
5h14 20 clocks 5h1A 26 clocks

Note: internal clock operation: the frequency of which is determined by instruction (DIVI), from the reference point.

DIVI[1:0]: Sets the division ratio of internal clock frequency. The FT1509’s internal operation is
synchronized with the frequency-divided internal clock, the frequency of which is divided by the division
ratio set by DIVI[1:0]. When changing the DIVI[1:0] setting, the width of the reference clock for liquid
crystal panel control signals is changed.

Table 46 Division ratio of the internal operation clock

DIVI[1:0] Division Ratio Internal Operation Clock Frequency
2ho 171 fosc /1
2h1 1/2 fosc /2
2’h2 1/4 fosc /4
2h3 1/8 fosc /8

Note: fosc: RC oscillation frequency

The frame frequency can be adjusted by register setting (RTNI and DIVI bits). When changing the
number of lines to drive the liquid crystal panel, the frame frequency must be adjusted. See
“Frame-Frequency Adjustment Function” for details.

Frame Frequency Calculation
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Frame frequency = fosc [HZ]

Clocks per line x division ratio X (line + BP + FP)
fosc : RC oscillation frequency
Line: Number of lines to drive the LCD (NL bits)
Division ratio: DIVI
Clocks per line: RTNI

Panel interface control 2 (R92h)
RW RS IB15 IB14 IB13 IB12 IB11 IB10 IB9 B8 IB7 IB6 IB5 B4 B3 _IB2 IB1 _IBO

W 1 0 0 0 0 0 NOI2 | NOI1 | NOIO 0 0 0 0 0 0 0 0

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

RAO

RA1

RA4

NOI[2:0]: Sets the non-overlap period of gate output when the FT1509’s display operation is
synchronized with internal clock signal.

Table 47
NOI[2:0] Gate non-overlap period  NOI[2:0] Gate non-overlap period
3’h0 0 clocks 3’h4 4 clocks
3'h1 1 clocks 3’h5 5 clocks
3'h2 2 clocks 3'h6 6 clocks
3'h3 3 clocks 3’'h7 7 clocks

Note: The gate output non-overlap period is defined by the number of frequency-divided internal clocks, the
frequency of which is determined by instruction (DIVI), from the reference point.

EPROM control

EPROM access control 1 (RAOh), EPROM access control 2 (RA1h), Calibration control (RA4h)

RW RS IB15 1B14 1B13 IB12 IB11 IB10 IB9 I1B8 IB7 1B6 IB5 1B4 IB3 IB2 1B1 1BO

EOP | EOP EAD | EAD
w1 ofofofofofofofofTE] O 0 0
1| o [ [0]
Default ofofofofofofofo 0 0 0 0 0 0 0 0
ED | ED | ED | ED | ED | ED | ED | ED
w ofofofofofofofo
(71|61 | B[ @ | B R [0]
Default ofofofofofofofo 0 0 0 0 0 0 0 0
w1 ofofofofofofofo 0 0 0 0 0 0 0 | CALB
Default ofofofofofofofo 0 0 0 0 0 0 0 0

TE: Enable internal EPROM control bit (EOP). Follow the PROM control sequence when setting TE.
When resetting register (loading EOP = 2'h2) and executing calibration, TE is set automatically
according to the internal automatic sequence and it does not have to be set.

EOP[1:0]: Internal EPROM control bit. Follow the PROM control sequence when setting EOP[1:0].

Table 51
EOP[1:0] EPROM control
2’h0 Halt
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2’h1

Write

2’h2

Reset register (load)

EAD[1:0]: Internal EPROM address. Set EAD[1:0] = 00 ~ 10 when writing to the internal EPROM. The
EAD[1:0] setting determines the register (R28h, R29h, R2Ah) to write the data ED[7:0] (see Table 59).

EDI[7:0]: Internal EPROM write data.

Table 52

EAD[1:0] | ED7 ED6 ED5 ED4 ED3 ED2 ED1 EDO
2’h0 0 0 0 0 0 0 0 0
2'h1 EVCMEO* 0 0 EVCMO[4] | EVCMO[3] | EVCMO[2] | EVCMO[1] | EVCMOI0]
2'h2 EVCME1* 0 0 EVCM1[4] | EVCM1[3] | EVCM1[2] | EVCM1[1] | EVCM1[0]

Note*: Make sure to write “1” to EVCMEOQO, EVCMEA1.

CALB: When CALB = 1, the FT1509 executes calibration to the internal operation. Set
CALB =1 after power-on reset. The CALB setting is automatically returned to “0”.

FT1509 Instruction list
Main Sub Upper code Lower code
category category
Upper index index | Command | 1815 | 1814 | 1813 | 1B12 | 1B11] 1B10] 1BY 8'B 187 186 B85 | B4 | 183 'g’ 181 180
R index ID7 ID6 s | o4 | o3 | D ID1 Do
g Status read 7 | | L4 13| L2 L1 Lo 0 0 0 0 0 0 0 0
Start
oscillatio
00h 0
Device
code 0 0 0 0 o] o 0 0 0 0 0 0 0 0 0 1
read
Start
00h oscillation 1
o1n | Driveroutput] 4 0 0 0 o |sm| o ss 0 0 0 0 0 0 0 0
control (1)
o2 |LCD driving 0 0 0 0 0 o | Bc |Eeor 0
control
03h [Entry mode| TRI| oFm | o BGR | 0 o |o 0 0 0 w1 | wo | am | o | epr1 | EPFo
04h R:;r"fﬁjl ol o 0 0 o | o |Rrevi|RrRevo| o 0 RCH1 | RcHO | 0 o | rszt | Rszo
: Setting TCREV
o Dlstpl?()f] 05h disablnd o| o 0 0 o] o 0 0 0 0 0 0 0 0 i |TcREVO
contro
06h Edge e9moq aAvstz | Avstt | Avst Adstz| A9t adsto] Dthut Dthuo Dthi1| Dthio Dth2 | Dhtt Dtho
) Enhance e 1
Display
07h o | o |proeEt|PTDEO| 0 | © o Ppasee| o 0 GoN | DTE | cL 0 D1 DO
control (1)
ogn | Display o] o 0 0 FP3| FP2 | FP1 | FPO 0 0 0 o |sr3 | BP2| BP1 BPO
control (2)
Display
09h o| o 0 0 o |prs2| prst| PTso 0 0 PTGt | PTGO |1scs | isc2| 1sct | 1sco
control (3)
Display FMARK
0An | oniral (4) o| o 0 ol of o 0 0 0 0 0 o [Yog | Fmiz] Fmit | Fmio
Setting
0Bh deable o| o 0 ol of o 0 0 0 0 0 0 0 0 0 0
RGB display
och interface | ENC2 | ENC1 | ENCO o] o 0 o | R 0 0 pom1 | oMo 0 o | rRM1 | RIMO
control (1)
Frame
0Dh Mark o| o o]l of o o | rmpe| FvP7 | EMPs | FMPs | EMP4 | FMP3 | FMP2 | FMPA FMPO
Position
oEn | Setting of o o o] o 0 0 0 0 0 0 0 0 0 0
disabled
OFh vspL | HspL| EPL | DPL
* Power
1 Power | 1on [ oW ) SAP T2 | BT1| BTO| APE | AP2 APt | apo | o |DstB| stp | sTB
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contro | 11n Power 0 0 0 o | o [obci2| bc11 | bcto 0 pco2 | bcot | bcoo | o ve2 | vet vCo
| control (2)
12h Power 0 0 0 Vol o 0 0 |veMrR 0 0 0 PON |VRH3 | VRH2| VRH1 | VRHO
control (3) N
13n | Power o | o |vovz |vove| PV vova| vovs [ vovz| o 0 0 0 0 o | VBV ey
control (4) 5 1 0
an1pr|  Setting o] o 0 o]l of o 0 0 0 0 0 0 0 0 0 0
disabled
17h pcm| bemo |oeTs | pete| pett | peto
RAM address
20h (hori;:r‘“al 0 0 0 o] o 0 0 o | Ap7 AD6 AD5 | AD4 | AD3 | AD2 | AD1 ADO
direction)
RAM address
21h (Ve:ii‘a‘ 0 0 0 of| o 0 o |Apie| ADt15 | AD14 |AD13 | AD12 [AD11 [AD10| AD9 | AD8
direction)
RAM data . ; ‘, — - ”
o RAM 22h write/read RAM write data(WD17-0)/Read data(RD17-0) bits are transferred via different data bus in different interface operation
access - Setting
pan-2en oo 0 0 0 o] o 0 0 0 0 0 0 0 0 0 0 0
29h Power 0 0 0 o] o 0 0 0 0 0 vems | vems | vems | vemz| vemt | vemo
control (7)
2Ah EPROM o] o 0 o o] o 0 0 0 0 0 0 0 o| o 0
read
Frame rate and "
2Bh |Frame e andliem_EN| Dither [ 0 of| o 0 0 0 0 0 0 0 0o |Rrc2 |Ret RCO
2Ch-2F Setting
: eatd 0 0 0 o] o 0 0 0 0 0 0 0 0 0 0 0
Gamma
aoh | ool () 0 0 0 o | o [pkp12|PkPi1|PkPi0] 0 0 0 0 o |pkpoz| PxPo1 | PKPOO
31h Gamma 0 0 0 0 0 |PkP32| PKP31 |PKP30 0 0 0 0 o |Pkp22| PKP21 | PKP20
control (2)
Gamma
32h 0 0 0 o | o [pkps2|Pkpst|PkPso| o 0 0 0 0 |Pkpa2| PkP41 | PKP40
control (3)
ah-aan]  Setting 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
disabled
ssh | Gamma | pipid PP pipgq| pLpid o |PrRe12|PRP11|PRP10| PHPO | PHPO | PHPQ PHPO 1o lprpoa| pRPO1 | PRPOD
control (4) 2 3 2 1 0
36h 2::;33(5) 0 0 o |vrp14|vrRP1gvRe 12VRP11 kRP10 0 0 o |vrros |VRPO3[VRPO2| VRPO1 | VRPOO
3 Gamma 37h Gamma 0 0 0 0 0 [PkN12| PKN11 |PKN1O] 0O 0 0 0 0 |Pkno2| PKNO1 | PKNOO
control control (6)
38h Gamma 0 0 0 0 0 |PkN32| PKN31 |PKN3O| 0 0 0 0 0 |Pkn22| PKN21 | PKN20
control (7)
Gamma
39h 0 0 0 o | o [pkns2|PkNstT|PKNSO| 0 0 0 0 0 |Pkna2| PKN41 | PKN40
control (8)
3Ah-3B Setting
. i 0 0 0 o] o 0 0 0 0 0 0 0 0 0 0 0
Gamma 1PN PRNT PRNT| PHNO | PHNO PHNJ PHNO PRNO
sch | el o] PN TS | PLNtt] Pivig o 5 |PRN11] PR 3 2 ) o 0 % | PrRNo1 [ PRNOO
3Dh c%i?g:?m) 0 0 0 |VvRN14| VRN1{VRN 1VRN11 fRN10 0 0 0 |vRNo4 |VRNO3[VRNOZ| VRNOT | VRNOO
Setting
BER-3FH ey 0 0 0 o] o 0 0 0 0 0 0 0 0 0 0 0
Instruction list (continued)
Main category Sub category Upper code Lower code
Upper index index Command 1815 | 1B14 | 1813 | 1812 | 1B11| B10| B9 | 1B | 1B7 | 1B | B5 | B4 | B3 | B2 | BT | 1BO
4 40h-4Fh Setting disabled of o o] o 0 0 0 0 0 0 0 0 0 0 0 0
5 |Window 50h Horizontal RAM address o] o ol o 0 0 0 0 |Hsa7 | Hsas | Hsas | Hsaa [Hsas | Hsaz| Hsat | Hsao
address start position
Horizontal RAM address
control 51h and position of o o] o 0 0 0 0 |HEA7 | HEAG | HEAS | HEA4 | HEA3 | HEA2| HEAT | HEAO
Vertical RAM address
52h start positon of o o] o 0 0 0 |vsas|vsa7 |vsae | vsas | vsas [vsas | vsaz| vsat | vsao
53h Vertical RAM address o] o ol o 0 0 o |veas |vear |vens | veas | veas |veas | veaz| vear | veao
end position
54h-5Fh Setting disabled of o o] o 0 0 0 0 0 0 0 0 0 0 0 0
=
. river output control
Display 60h Dri trol (2 es| o |ns | Nea | N | N2 | Nt | o 0 0 |scns | scna|scns | sonz| sent | scno
control(2)| 61 | gase image display control ol o 0 0 0 0 0 0 0 0 0 0 0 NDL | VLE | REV
&
Base [62n-69n Setting disabled of o o] o 0 0 0 0 0 0 0 0 0 0 0 0
image
display | Vertical scroll control of o 0 0 0 0 0 vis | viz vie | vis | via | vis | vz | vi1 | vio
control oo e Setting disabled of o o] o 0 0 0 0 0 0 0 0 0 0 0 0
7 70h-7Fh Setting disabled of o o] o 0 0 0 0 0 0 0 0 0 0 0 0
= -
Partial 80h |Pertial image 1 display position | IORIG o | o 3 2 o |ProrolpTorolpToRO[PTDRO[PTDRO[PTORO [PTOPO[PTDPO L oo
image 8 7 6 5 4 3 2 1
Partial image 1 RAM area PTSAQ [PTSAO [PTSAO [PTSAQ [PTSAQ [PTSAC [PTSAC [PTSAO
control | sth e s of o o] o 0 0 0 3 > o 2 A 3 > 270 |pTsaco
azh Partial image 1 RAM o | o o | o 3 2 o |PTEAO [PTEAD [PTEAO [PTEAD [FTEAD [PTEAO [PTEAD [FTEAO [ 5ren00
end line 8 7 6 5 4 3 2 1

FocalTech Systems Co., Ltd

CONFIDENTIAL

Page 63 of 137




Focal l2ch

FT1509

83h |Partial image 2 display positon| 0 | © o] o 0 0 0 PTZPW PTBPW PT%’” PT'?)'” PT‘PM PT%’” PTZDPW PIDPW PTDP10
partial image 2 RAM area PTSAT|PTSAT [PTSAT [PTSAT [PTSAT [PTSAT [PTSAT |PTSAT
B start line el 0] ¢ S | 8 | 7 | 6 | 5 |4 3 | 2 |1 |PTSAI0
Partial image 2 RAM PTEAT |PTEAT |[PTEAT [PTEAT [PTEAT [PTEAT [PTEAT |PTEAT
85h image - o] o ol o 0 0 0 p ° c AP PPTEAT|PTEAT [PTEAT0
86h-8Fh Setting disabled o] o o[ o 0 0 0 0 o | o 0 o | o o | o 0
o Panel | 9h | Panel interface control (1) o[ o o[ o 0 o [ovafovio| o | o 0 o |rTniz | RTNiZ[RTN [ RTNIO
interface | o1n Setting disabled of o o] o o |eaz| ean| ead o 0 0 0 o | sorz SD1T' SDTIO
control
92h | Panel interface control (2) o] o ol o o |Nowiz|nowit|nowio| o | o 0 o | o o | o 0
93h-94h Setting disabled 0 0 0 0 0
95h | Panel interface control (4) ol o o[ o 0 o [overfoveo] o | o |rTnes [rTnes [RTnes RTnez [RTNET[RTNED
96h Setting disabled o] o o[ o 0 0 ) 0 o | o 0 o | o o | o 0
NOH}
97h Setting disabled o] o o | o | Nnoez| noe| noed o | o 0 o | o o | o 0
1
98-9Fh Setting disabled o o o[ o 0 0 0 0 o | o 0 o [ o o | o 0
Adh EPROM control (1) o| o o[ o 0 0 0 o | e[ o [eori|eoro] o 0 |EaAD1 | EADO
Ath EPROM control (2) o o o[ o 0 0 0 o | ep7|eos [ eps | eps [eps | ep2| ept | Epo
A2h VCN_En o| o o[ o 0 0 0 0 o | o 0 o | o o | o [venEn
Adh Calibration control o| o o[ o 0 0 0 0 o | o 0 o | o o | o [cas
EVCM EVCM | EvC | EveM|  EVCL EVCM EVC I EVCM| EVC
AE EPROM read EVCM14 EVCM1 EveMig ups | upz2| uib1 | upo
~ | EPROM 4| 3| M1 Mo 13 11 E0_| ME!
control Asrkﬁﬁ' Setting disabled ol o o] o 0 0 0 0 0 0 0 0 0 0 0 0
EVC EVC
EVC EVCM Evemt | Evew EVCM1
2Ah EPROM read o] o oo 0 o o |o wer | o |5 [an]1 el Rt [l\1A]1 il
coh 0 0 o] Ppwm| o |o DB peis{o o 0 |epond o o | o |[PBLENA
st LE
WM
NUM NUM
Cth 0 0 o o os [ P perid Pedo o _TH UM THNOMLL T fUMCTH NOMCTH
ss 0 5 2
TAV_ TAV TAV_A TAV_
C2h 0 0 of vm[ o | tave| a0 TAVq ADA VAT apa [AYAD] DaPT aDA [AYADTAVEAD
ODE PT7 PT5 3 PT2
TH_ [H_tow| TH_Ld TH_L [H_LO
CABC C3h 0 0 K5| K4 K3 | K2 K1 Kofo 0 LOW 2 | wa oWz 7 |TH_Low
c control 5
register | . PwD_RlPwD_R| PWD P‘ggé ;vg/gi ;vg/gé ;\g’é D_RE PR‘,’é%— PWD_R PV&E bwp_R| PWD_ PV;E bwp_R|PWD_R
Eczr| Eczef REG2] REG | REGZ) K > 20| RECEets | £E| eciq eors| LE[ ect| oo
csh PwD_RPWD_R| PWD P‘Q’é’é Evé’g; E‘é’gz ;\gg D_RE P&’:’Eg— PWD_R PV&E bwp_R| PWD_ PV;E bwo_R|PwD_R
EGa7| ecas|Rece] REC | REGH] R o 40| RECEeas | BE| ecad ecx| Lo Ec| o0
ceh PwD_RPWD_R| PWD P‘Q’é’é Evé’gg E"é’gé ;\gg D_RE P&’:’Eg— PWD_R PV&E bwp_R| PWD_ PV;E bwo_R|PwD_R
Ece7| Eces|Rece] REC | RECE) R & 60| RECEGss | o[ Ecsd Ecs3| 0| EGsi|  Gso
o 0 0 ol o o | o 0 o | meApwo R P2 pwo R pwp_{ PR pwo R PWD_RY
REGEers | &t | ecrd ecra| Lo Eer| oo
csh 0 0 ol o o |o 0 o | %%V[oscve| PBEY oacva| pecvq PESY foscvi | pecvo
con mesp7|ussps| MBS MBSD | MBSD) MBS MBSfygsnel LABC | ascs | MAEC [LaBca | Lascy MASC Jasct | Lasco
oA 5 o o o o | o o 5 |PWMDI{PWIDIPWNDIPWMDIPWMDIPWMDIPWHDH e
7 6 5 4 3 2 1
oUT TEDPW
CBh 0 0 ol o o ]o putse] o 0 0 0 0 0 0 !

Reset Function

The FT1509 is initialized by the RESET input.

During reset period, the FT1509 is in a busy state and

instruction from the MPU and GRAM access are not accepted. The FT1509’s internal power supply

circuit unit is initialized also by the RESET input.

In case of power-on reset, wait until the RC oscillation frequency stabilizes (for 10 ms).
period, GRAM access and initial instruction setting are prohibited.

1. Initial state of instruction bits (default)

During this

See the instruction tables. The default value is shown in the parenthesis of each instruction bit cell.

2. RAM Data initialization

FocalTech Systems Co., Ltd

CONFIDENTIAL

Page 64 of 137

The RESET period must be secured for at least 1ms.



Focal l2ch

FT1509

The RAM data is not automatically initialized by the RESET input. It must be initialized by software
in display-off period (D1-0 = “00”).

3. Output pin initial state (see note)

1. LCD driver S1~S720 : GND
G1~G320 : VGL (= GND)
2.Vcom : GND
3. VcomH : Vci
4. \VcomL :GND
5. VREG10UT :VGS
6. VciOUT : Hi-z
7. DDVDH 2 Vi
8. VGH : DDVDH (= Vci)
9. VGL : GND
10. VCL : GND
11. FMARK : Halt (GND output)
12. Oscillator : Oscillate
13. SDO : High-level (I0Vcc) when IM[3:1]=010(serial interface),

: Hi-z when IM[(E:t1]<>O10(other than serial interface).
4. Initial state of input/output pins*

1.C11A : Hi-z
2.C11B : Hi-z

3.C12A : Hi-z

4.C12B : Hi-z

5.C13A - Veil (= Hi-z)
6.C13B :GND

7.C21A : DDVDH (= Vci)
8.C21B :GND

9. C22A : DDVDH (= Vci)
10. C22B :GND

11. VDD 1.7V

Note: The initial states of output and input pins become the state mentioned above when the FT1509’s

power supply circuit is connected as exemplified in “Connection example”.
5. Note on Reset function

® When a RESET input is entered into the FT1509 while it is in deep standby mode, the FT1509
starts up the internal logic regulator and makes a transition to the initial state. During this
period, the state of the interface pins may become unstable. For this reason, do not enter a
RESET input in deep standby mode.

® When transferring instruction and data in either two or three transfers via 8-/9-/16-bit
interface, make sure to execute data transfer synchronization after reset operation.

Interface and data format

The FT1509 supports system interface for making instruction and other settings, and external display
interface for displaying a moving picture. The FT1509 can select the optimum interface for the display
(moving or still picture) in order to transfer data efficiently.

As external display interface, the FT1509 supports VSYNC interface, which enables data rewrite
operation without flickering the moving picture on display.

In VSYNC interface operation, the internal display operation is synchronized with the frame
synchronization signal (VSYNC). The VSYNC interface enables a moving picture display via system
interface by writing the data to the GRAM at faster than the minimum calculated speed in
synchronization with the falling edge of VSYNC. In this case, there are restrictions in setting the
frequency and the method to write data to the internal RAM.
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The FT1509 operates in either one of the following four modes according to the state of the display.
The operation mode is set in the external display interface control register. When switching from one
mode to another, make sure to follow the relevant sequence in setting instruction bits.

Table 53

Operation Mode RAM Access Setting (RM) Display Operation Mode (DM1-0)
Internal operating clock only System interface Internal operating clock
(Displaying still picture) (RM = 0) (DM1-0 = 00)
VSYNC interface System interface VSYNC interface
(Displaying moving pictures) (RM = 0) (DM1-0 = 10)

Notes: 1. Instructions are set only via system interface.

2. The VSYNC interfaces cannot be used simultaneously.
3. See “External Display Interface” section for sequences switching from one mode to another.

oSN
-

WEIT
) EDTT

System
mrersace

Swvstem - — DB17-
=L FT1500

- EMNABLE

] SETIC
RCB

imperface HSYTIC
| DOTCLED

Figure 10

Internal clock operation

The display operation is synchronized with signals generated from internal oscillator’s clock (OSC) in
this mode. All input via external display interface is disabled in this operation. The internal RAM can be
accessed only via system interface.

VSYNC interface operation

The internal display operation is synchronized with the frame synchronous signal (VSYNC) in this mode.
This mode enables the FT1509 to display a moving picture via system interface by writing data in the
internal RAM at faster than the calculated minimum speed via system interface from the falling edge of
frame synchronous (VSYNC). In this case, there are restrictions in speed and method of writing RAM
data. For details, see the “VSYNC Interface” section.

As external input, only VSYNC signal input is valid in this mode. Other input via external display
interface becomes disabled.

The front porch (FP), back porch (BP), and the display periods (NL) are automatically calculated from the
frame synchronous signal (VSYNC) in FT1509 according to the instruction setting for these periods.

System Interface

The following kinds of system interface are available with the FT1509 and the interface is selected by
setting the IM3/2/1/0 pins. The system interface is used for instruction setting and RAM access.

Table 54 IM bits settings and system interface

M2 | IM1 | IMO Interface operation DB Pins
0 0 0 80-system 18-bit interface DB17-DBO0-
0 0 1 80-system 9-bit interface
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0 1 0 80-system 16-bit interface DB17-10, DB8-1
0 1 1 80-system 8-bit interface DB17-10
0 1 1 Clock synchronous serial interface SDI/SDO
1 0 ID Setting disabled
1 1 1 Setting disabled
Note 1: 65,536 colors in 1 transfer, 262,144 colors in 2 transfers
Note 2: 65,536 colors in 2 transfers, 262,144 colors in 3 transfers
Note 3: ‘Setting disabled’ option is operating under 80-system 18-bit interface.
80-system 18-bit interface
D300 = 1010
CSn= | CS1T
MPU HWE. o WEN  FT1509 C
(RD*) | (FDIT)
D310 |y | DE17-0
18
Figure 11
Instruction write
nput OB |CB|DE|DB|OB | DB | DB | OB OB (DB |DE |DOB | DB | DB | DE | OB
17 |16 |15 | 14 [ 13 12 | 11 |10 3 7 A ] 4 3 2 1
nstruation B |IB|IB|IB B |IB |IB |IB IB |IB|IB|[IB|IB|IB |IB|IB
' 15114113 j12 1111101 9 B 7 G & 4 3 2 1 0
Instruction code
Device code read
B [1B|IB [IB |IB|IB|IB|IB 0 B |IB|IB|IB|[IB|IEB|IB|IB 0
Devicacode | 15 | 44 | 13 | 12 11 | 10 2] 8 7 [ 5 4 3 2 1 0
¥ h 4 h 4 l h r h 4 ¥ h v h l r ¥ h J h J b J
DE|DBE|DB|DEB|DB |DE|DB|OB|DEB|DEB |DB|DE|DE (DB | OB | DB | DB | DB
Output 17 116 |15 | 14 13 [ 12 | 11 J10] 9 8 7 3] 5 4 3 2 1 0
Instruction code

FocalTech Systems Co., Ltd
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RAM data write

b (DB (DB |[DB (DE (DB (DE| DB | DB | DB |DB |DB (DB (DB (DB (DE |DE | DB
Input i7 |16 [15 |14 13 | 12 1110 ] @ B 7 B 5 4 3 2 1 0

GRAM
wrile data

1 pixal Note:Marmal display in 262,144 colors
RAM data read

GRAM
dala

h J L

Read data |RD |RD \RD |RD |RD |RD [RD [ RD| RD| RD| RD| RD | RD|RD | RD | RD | RD | RD
(7] (V8] | (15] (1] |[03) | (V2] | ()| [100] (€] | (81| (70| [6] | (80 | (1| [31 | (& [[1] ][]

S S S A N Y A D A A

ping DE (DB |DE |(DE (DB |DBE | DE| DB |DE|DE (DB |DB |DE (DE |DE (DE |DE |DE
17 |18 (15 (14 13|12 11| 10| 9 8 7 [} 5 4 3 2 1 0

Figure 13: RAM data write/read (18-bit interface)

80-system 16-bit interface

ME-0] = 0010

CSn* ....CST‘-'
MPU HWE. | WEI FT1509
(RD*) | (RDIN)
D150 | p| DE17-10, 5-1
16
Figure 14
Instruction
ot o (0B |DBE | DB | DB DB | DB | DB pe (DB |DB| DB |oe | o8B | DB | DB
i 17 |16 |15 | 14 [ 13 [ 12 | 11 | 10 g |7 |l6]5]4l3flz2]1
mstuction | BB 1B LIB|IB|IB|IB |IB B | |i|E[|IB]IB|IB]|IB
15 | 14 |13 |12 |11 |10 ] 9 | & 7 6 [s5]4]l3l211]o
Instruction coda

Device code read

B |IB |[IB [IB |[IB |IB |IB |IB o | B B 1B B 0
15 114 113 |12 |11 |10 | 9 8 7 5 3 1

0 O B A

Davica mda

DE |DB |DB |DB |DB | DB |DB |DB | DB | DB DB DB DB DB
Quiput 17 |18 |15 |14 [13 |12 |11 |10 | 9 | 8 6 |5 |4 |32 |10

Instruction code Mote: Davice coda cannot ba read in 2 transfar moda.

Figure 15: Instruction/Device code read (16-bit interface)
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RAM data write (single transfer mode: TRI = 0)
Input De|DB|DB|DB|DB|DB | DB | DB OB |DB |DB |DB | DB |DB | DB | DB
17|16 11514131 12])11] 10 8 7 =] 5 4 3 2 1

N\ N\

MNote: B5 536-color display

RAM data write (two transfer mode: TRI =1, DFM=0)

1at trarater

2nd wanater
Input DB|DEB|DE|DB|DB|DB |DB |DB|DB |DB |DB | DB |DB |DB |DB | DB | DB | DB
17 | 16 15 | 14 | 13 ] 12 11 10 8 7 6 5 4 3 2 1 17 16

1 pxal Note: 262 144 color display

RAM data write (two transfer mode: TRI = 1, DFM= 1)
Tl wanafer

and iranaar

Input De|DB|DBlpB|DE|DB |DB | DB |DB | DB bp DB |DB (DB | DB (DB
211|615 ]14 |3 ]12]11]10

1 pixal Note: 262,144 -color display

RAM data read

GRAM data

Rosd dsts |RD |RO |RD (RO |RD |RD RO (RO |RD [RD |RD |RD |RD [RD [RD |RD |RD |RD
(7] | (18] (4] (03] (2] ) (o) f e [ e (@ ofE (B || R jE (T o]

2 EAVAV A I I |

L DB |DB |DB | DB |DB | DB | DB | DB DB | DB | DB
Ouiputpins | 17 16 15 14 13 12 n 10

DB |DB (DB | DB | DB
8 7 6 5 4 3 2 1

Figure 16: RAM data write/read (16-bit interface)
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80-system 9-bit interface

When transferring 16-bit instruction via 9-bit interface (DB17~DB9), it is divided into upper and lower 8
bits (DB9 is not used) and the upper 8 bits are transferred first. The RAM write data are divided into
upper and lower 9 bits and the upper 9 bits are transferred first. The unused DB8-0 pins must be fixed
at either IOVcc or GND level. When writing in the index register, make sure to write the upper byte (8
bits).

TW3:0] = 1011
CSn= .
HS8/2245 HWR » wEx  FT1509
(RD*) | (RO
5 LE17-8
B 9 1 pEeo
9
Figure 17
Instruction write
First transfer Second transfer
ot ce|DB|DB|DoB|DB |DB |DB|DB|DB (DB |DB|DB|DB |DB |DB |DB | DB | DB
a 17| 16| 5] 14131211 |10)] 9 17| 6]15]14]13]12]11]10] 9
EHECEECEER IR EREE EHEEE IR IR EREREE
Instruct
R V45 14| 13|12 )11 |10]9 |8 7165|4321 ]0

Instruction coda

Device code read

sl EB]EB]IEB][B[E]B EHIEEEREBEREREERE
Instuction | 45 | 14 | 13 |12 |11 [0 ] 9 ]| & 7161514 ]a3lz211]a0
IR NN
First transfer Second transfer
oe|Ce|oe|oe|oe (DB |DB|DB|DB [DB|DBE|DB| DB (DB |DB [ DB | DB | DB
Cutpix 17| 6] 15) 14|13 |12 |11 lw0) o |17 ] w]15]14 131211 ]0] 9

instruction coda

Figure 18: Instruction/Device code read (9-bit interface)
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RAM data write

1st transfer 2nd transfer
| DE DB |DE |DB e (DB | DE|)DE|(DB|DE | DE (DB |DE |DE (DB |DE |DE |DB
nput 17 |16 |15 |14 |13 [12 [ 11| 10| 9 [17 |16 |15 [14 |13 |12 |11 |10 | @
GRAM
wrile data
1 pixel MNate: 262,144-color display

RAM data read

GRAM
data

Read data |72 |FD |RD | RD |RD |RD |RD | Ro| RD| RD| RD| RD | RD | RD | RD | RD | RD | RD
(7] |[16] | 115) | [14) | [13) | (12) | (1) | (101 (91| (81| [7) | (61 | [8) | (41 | [3] | [2] | (1] | [9)

S Y Y Y Y I

DB |DB |DB |DB | DB (DB | DE| DB | DB DB |DE |DB |DB |DB |DE | DB
17 |16 |15 |14 | 13 [12 [ 11| 10| 9 17 16| 15| 14 |13 |12 |11 |10 | 9

1sttransfer 2nd transfer

Ouitput
pins

Figure 19: RAM data write/read (9-bit interface)

The FT1509 supports data transfer synchronization function to reset the counters, which count the
number of upper and lower 9 bits when transferring data via 9-bit bus interface. If a mismatch occurs in
transferring upper and lower 9 bits due to noise and so on, “00”H instruction is written 4 times
consecutively to reset the counters so that data transfer can resume from upper 9 bits from the next
frame. The synchronization function, when executed periodically, can prevent the runaway operation of
the display system.

RS '\l /
RD / \

\ —\ / Ty
WR \\ xj \/ \\ IR \\ / \ [N

DB17~9 ] m X \{]ﬂ‘Hﬂ{]ﬂ‘H MGG‘H/_\GG‘H/ X Upper X Lower X Upper K

{9-bit transfer synchronization)

Figure 20: Data transfer synchronization (9-bit)

Make sure to execute transfer synchronization after reset operation, when starting instruction
bit transfer.
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80-system 8-bit interface

When transferring 16-bit instruction via 8-bit interface (DB17~DB10), it is divided into upper and lower 8

bits and the upper 8 bits are transferred first.
bits and the upper 8 bits are transferred first.
GND level. When writing in the index register, make sure to write the upper byte (8 bits).

The RAM write data are divided into upper and lower 8

The unused DB9-0 pins must be fixed at either IOVcc or

IM[3:0] = 0011
c*_s:.m* | 5
Al »| B
HS/2245  mum | WEN FT1509
(RD*) | (FD*)
D150 |- | DE17-10
a8 DES-O
= 10
Lrrh
Figure 21
Instruction write
First transfer Second fransfer ]
Input be |oe|oe |oe [oB | o6 | DB | DB DeE (DB |[DB |DB | DB |DB | DB | DB
17 |16 |15 114 | 13 L 12 | 11 |10 17 [ 16 |15 | 14 [ 13 [ 12 [ 11 | 10
¥ v l l L 4 L 4 L 4 v k L 4 L 4 l k3 L 3 v v
1B 1B B IB | IB B | IB 1] 16 16 16 16 1] 16 16 16
Instruction | 45 | 14 | 13 |12 |11 ] 10| o | 8 716 |5 143z ]1]o
Instruction code
Device code read
metucton | 1B [ BB B ]IB]IB]IE|IB B [ ||, |.e e |6|®B
15 14 |13 |12 | 11 10 2] 8 7 [ 5 4 3 2 1 0
I A O IR
First transfer Second transter |
Inout DB |DE |DB |DEB |DB |DB | DB | DB De |DB |DB |DB |DB | DB | DB | DB
np 1716 [ 15 | 14 |13 12 ] 11 ] 10 17 } 16 [ 15 | 14 |13 12 ] 11 | 10

Note: Data cannot be read in 3-transfer mode.

FocalTech Systems Co., Ltd
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RAM data write (2-transfer mode: TRI = 0)
First ransler Second lransier
Input DB|DB|DB (DB |DB |D8 |DB | DB DB |jpe |DOB DB (OB DB | CB | DB
17 116 1 1S | 14 J13 [ 12 | 11 | 10 17 | 18 | 15 | 14 | 13 | 12 | 11 ] 1D
v 1 v \A\I\ + ¥

1 pimal Note: 65 536-cokor display

RAM data write (3-transfer mode: TRI=1,DFM = ()

Flira? tranafer Sacond der Thira iranster

06 (D8 |CB |DB |DB |DB |DB (DB DS | DB |DB D8 |OB DB |OB | D8 | DB
16 | 15 | 4 13 | 12 | 11 | 10 ) 17 13 12 |11 ] 10

Input

8
-
(1]
=

NN

GRAM
dala wete

1 pixel Nole: Normal display in 262, 14 colors

RAM data write (3-transfer mode: TRI=1,DFM =]1)

First ranslar Second lransfer Third transter

Ingut OB [Dé o [oce [OB OB |oe[oB|oe |os|os | Os DB |OB |o& |08 |08 | OB

17 |16 |15 |14 | 13 | 12 | 17 16 | 15 | 14 13 | 12 {17 |96 [ 15 J 14 | 13 [ 12
RN
dala wrte

1 pinel Role. Normal display in 202, 144 colors
RAM data read

GRAM
data
coas s |R2 |RD [RO |RO |RO |RE [RO | Ro| RO| RO| RO RO | RO [ RO [ RO | RO [ RO | RO

(07 |6 (OS] [pa o) o | @ @ .|| e eI o
oupss |DB |CB (DB |DB | DB (DS | D8 | DB DB |D8 |OCE |DB |DE |DB (DB |DB
pm: 17 |16 |15 |14 |13 12 | 11| 10 wl w15l 1413 |12 [11] 10

1st transfer 2nd transfer

Note: Data cannot be read in 3-transfer mode.
Figure 23: RAM data write/read (8-bit interface)

The FT1509 supports data transfer synchronization function to reset the counters, which count the
number of upper and lower 8 bits when transferring data via 8-bit bus interface. If a mismatch occurs in
transferring upper and lower 8 bits due to noise and so on, “00”H instruction is written 4 times
consecutively to reset the counters so that data transfer can resume from upper 8 bits from the next
frame. The synchronization function, when executed periodically, can prevent the runaway operation of

the display system.
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RS A /
RD / \
WR "\...\#Il_,." ‘"-.l__,."; .\"\.4,- i .\"-.4,"{! ‘."\4;"{.. ‘-\.-;!,-"’ ‘I".__,- ! 1."-.._‘3!
DB17~10 :}:'WK—\;UUW1!f—\;;uu'|1j/'—\;;uu'||f"—\uu'n/ X Upper ";: Lower ‘;: Upper ‘lﬁ"
L (8-bit transfer synchronization)

Figure 24: Data transfer synchronization (8-bit)

Make sure to execute transfer synchronization after reset operation, when starting instruction
bit transfer.

Serial interface

The serial interface is selected by setting the IM3/2/1 pins to GND/IOVcc/GND levels, respectively. The
data is transferred via chip select line (CS), serial transfer clock line (SCL), serial data input line (SDI),
and serial data output line (SDO). In serial interface operation, the IMO/ID pin functions as the ID pin,
and the DB17-0 pins, not used in this mode, must be fixed at either IOVcc or GND level.

The FT1509 recognizes the start of data transfer on the falling edge of CS input and starts transferring
the start byte. It recognizes the end of data transfer on the rising edge of CS input. The FT1509 is
selected when the 6-bit chip address in the start byte transferred from the transmission unit and the 6-bit
device identification code assigned to the FT1509 are compared and both 6-bit data match. Then, the
FT1509 starts taking in subsequent data. The least significant bit of the device identification code is
determined by setting the ID pin. Send "01110” to the five upper bits of the device identification code.
Two different chip addresses must be assigned to the FT1509 because the seventh bit of the start byte is
register select bit (RS). When RS = 0, either index register write or status read operation is executed.
When RS = 1, either instruction write operation or RAM read/write operation is executed. The eighth bit
of the start byte is R/W bit, which selects either read or write operation. The FT1509 receives data
when the R/W = 0, and transfers data when the R/W = 1.

When writing data to the GRAM via serial interface, the data is written to the GRAM after it is transferred
in two bytes. The FT1509 writes data to the GRAM in units of 18 bits by adding the same bits as the
MSBs to the LSB of R and B dot data.

After receiving the start byte, the FT1509 starts transferring or receiving data in units of bytes. The
FT1509 transfers data from the MSB. The FT1509’s instruction consists of 16 bits and it is executed
inside the FT1509 after it is transferred in two bytes (16 bits: DB15-0) from the MSB. The FT1509
expands RAM write data into 18 bits when writing them to the internal GRAM. The first byte received by
the FT1509 following the start byte is recognized as the upper eight bits of instruction and the second
byte is recognized as the lower 8 bits of instruction.

When reading data from the GRAM, valid data is not transferred to the data bus until first five bytes of
data are read from the GRAM following the start byte. The FT1509 sends valid data to the data bus when
it reads the sixth and subsequent byte data.

Table 55 Start Byte Format

Transferred bits S 1 2 3 4 5 6 7 8

Device ID code
Start byte format Transfer start ‘ p ‘1‘ 1 ‘ 0 | D

RS | RIW
0

Note: The ID bit is selected by setting the IMO/ID pin.
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Table 56
RS R/W Function
0 0 Set index register
0 1 Read status
1 0 Write instruction or RAM data
1 1 Read instruction or RAM data
instruction
First transfer (upper) Second transfer (lower)
D D D D D D
input 15 | 1al13 12|11 ] 10 D9 | D& D7 | D6 | D5 | D4 | D3 | D2 | D1 | DO
1B 1B 1B | IB B 1B 1B B 1B 1B IB 1B 1B 1B 1B 1B
mstuictn 15 ) 1af13f12]11]1w0]9|s 71l6]lslalalal1]o
instruction code
RAM data write
First transfer (upper) Second transfer (lower) |
t D D D D D D D D D D D D D D D D
ki 15 14 |13 |12 |41 |10 ] 9| 8 71le]ls]lalalz]li]lo
|
¥ ¥ ¥ ¥ ¥ “'\. \ \ l l l Yy ¥ ¥ ¥ ‘J‘ “
GRAM wrile data RE R4 |R3I|R2|R1T|RO(GH| G4 | G3 ([G2|G1 |G| BS | B4 | B3 | B2 | B1 | BS
Tpixel 65,536 colors
Figure 25

FocalTech Systems Co., Ltd CONFIDENTIAL Page 75 of 137



Focal l2ch

FT1509

A)Basic data transfer via Serial interface

End of dafa transfer

Skarf daka frarsier

[ LY r
[ 1/
Ta [
T )
3 4 5 910 11 12 13 4 15 16 1718 19 20 21 22 23 24
s

{input)

NN i J

Starthpe Il oot rogistor ek, Instructions, FUAM cata wits

(Qutgut @@933@@@@@@@@@

Ehabus mad . e brudion read, FAM daka mad

B)Consecutive data transfer via Serial interface

cs [~

Hole: The slal byle is folloaed by upper 8 bits of instruction.

{input)
S 1 I
{input)
S0 henrudnn 1 Instruction {1 Instruction hahudmn
{lnput) |Eﬂarlhy'lﬁ H h‘IzE:IHbﬂHBIZIw{:I|‘ er 8 hits {Z:IH {\2?‘
Start Erd
Execution tims
of instrucion {1)

C) RAM data read transfer

e
{input) ||
-!hpuﬂl
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Walid dala is sent lo fe dala bus when the Gih and subsequenibyles are read from the irdemal GRAM.

D) Status read/instruction read

car
{Ingut) '\ f

s JUUTULULU LU Ui o
{Ingui)

soI
(ingut)
Stalus Read Hals Reaad
v
(otput) | Dureny read (1) ‘ Upper B bils | Lower 8 ks ‘
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Figure 26: Serial interface data transfer timing

FocalTech Systems Co., Ltd CONFIDENTIAL

Page 76 of 137



Focal l2ch

FT1509

VSYNC Interface

The FT1509 supports VSYNC interface, which enables displaying a moving picture via system interface
by synchronizing the display operation with the VSYNC signal. VSYNC interface can realize moving
picture display with minimum modification to the conventional system operation.

WEYRC

Y

LCDC/MPU

Y

Cs5N
RS

WEHN

FT1509

DE17-0, B-1

16
Figure 27: VSYNC interface

The VSYNC interface is selected by setting DM1-0 = 10 and RM = 0. In VSYNC interface operation, the
internal display operation is synchronized with the VSYNC signal. By writing data to the internal RAM at
faster than the calculated minimum speed (internal display operation speed + margin), it becomes
possible to rewrite the moving picture data without flickering the display and display a moving picture via
system interface.

The display operation is performed in synchronization with the internal clock signal generated from
the internal oscillator and the VSYNC signal. The display data is written in the internal RAM so that
the FT1509 rewrites the data only within the moving picture area and minimize the number of data

transfer required for moving picture display.

1 |

| Rewrile fame data

s e~ OO

VEYNC

L

| Rewnite frame data

S

ey WY

B

S 000 0000000001000 000E00000EY

Mala: Usa high-spaed wrile fundion (HWM=1) whan wriling data via VSYNC inlarfaca.

Figure 28: Moving picture data write via VSYNC

The VSYNC interface has the minimum for RAM data write speed and internal clock frequency,
which must be more than the values calculated from the following formulas, respectively.

Internal clock frequency (fosc) [Hz]
= FrameFrequency % ( DisplayLines(NL) + FrontPorch(FP)+ BackPorcl(BP))x 16(clocks) x var innce

240 x DisplayLines(NL)

RAMWrireSpeed(min .)[Hz] >
(BackPorch(BP) + DisplayLines(NL)— m argins) = 16(clocks) x

fose

Note: When RAM write operation is not started right after the falling edge of VSYNC, the time from the
falling edge of VSYNC until the start of RAM write operation must also be taken into account.

An example of calculating minimum RAM writing speed and internal clock frequency in VSYNC interface
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operation is as follows.

Notes: 1. When setting the internal clock/oscillator frequency (through register RC[2:0]), possible
causes of fluctuation must also be taken into consideration. In this example, the internal
clock/oscillator frequency allows for a margin of £10% for variances and guarantee that display
operation is completed within one VSYNC cycle.

2. This example includes variances attributed to LSI fabrication process and room temperature.
Other possible causes of variances, such as differences in external resistors and voltage change
are not considered in this example. It is necessary to include a margin for these factors.
Minimum speed for RAM writing [Hz] > 240 x 320/ {((14 + 320 - 2) lines x 16
clock) /394 kHz} = 5.7 MHz

Notes: 1. In this example, it is assumed that the FT1509 starts writing data in the internal RAM on
the falling edge of VSYNC.
2. There must be at least a margin of 2 lines between the line to which the FT1509 has just
written data and the line where display operation on the LCD is performed.

In this example, the RAM write operation at a speed of 5.7MHz or more, which starts on the falling edge
of VSYNC, guarantees the completion of data write operation in a certain line address before the
FT1509 starts the display operation of the data written in that line and can write moving picture data
without causing flicker on the display.

VEYNC RAM
i ot [line) RC oscillation
i Back porch Display 390 £10%
i (14 lines) operaton ~  Y¢/%, — " _:159.1,, cperaion
[ g iy :
2 g
Main panel § Display
Maoving picture a operation
display i

i (320 lines) =
i
i
E Front porch (2 lines) _— - 667 e
i Blank period VEY NG (60 Hz)
L] 1
i
i

Notes to VSYNC Interface operation

1. The above example of calculation gives a theoretical value. Possible causes of variances of
internal oscillator should be taken into consideration. Make enough margins in setting RAM
write speed for VSYNC interface operation.

2. The above example shows the values when writing over the full screen. Extra margin will be
created if the moving picture display area is smaller than that.
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RAM
write

Display

operation

Back porch (14 lines)

(16 lines)

Base image
Mowiing picure

digplay
{188 Enaa)

(16 lines)
Front porch (2 lines)

fline]
320

RC oscillation
+10%

i
FR=2H

[ms]
16.67
(60 Hz)

Figure 30: RAM write speed margin

operation modes and vice versa are enabled from the next frame period.

interface operation.

The front porch period continues from the end of one frame period to the next VSYNC input.
The instructions to switch from internal clock operation (DM1-0 = 00) to VSYNC interface

The partial display and vertical scroll functions and interlaced scan are not available in VSYNC

In VSYNC interface operation, set AM = 0 to transfer display data correctly.

Internal clock operation

‘ HWIM = 1 and AM =0 ‘
|

‘ RAM address set ‘

Set DM1-0=10 andRM =0
for VSYNC interface mode
|

Set index register to R22h

|
Wait ane frame period
or mone

Write data to RAM
via VSYNC interface

Internal Clock Operation to VSYNC Interface

Display operation in
aynchronizaton
with inlemal docks

*Changss in fe DM1-0
and RM bt (to VEYNG
Interface mods) ars enabled
from e next frame.

VSYNC Interface to Intemal Clock Operation

Operation via
WVEYNC interface

-
Set ODM1-0=00 and RM=0
for internal clock operation

Wait one frame period
ar mane

Intemal clock operation

Mote: Continus the WEYNC aignal for at least one frame penod afier sstting
DikA1-0 and RM bits o intemal clod operation mods.

= Display operation
! In aynchronizalon with VSYNC
1
Operation via
WSYNC interface —
! Mote: Input e VEYNC signal befors seting e DM 1-0 and RM bits to W EYNC interface mode.

D=y oparation
in synchronizalon
with VSYNC

*Changss in fe DMI-0

and RM bits (to infemal dock
operafion mode) are enabled
from the next frame.

Désplay op=raton in
synchronization
with intemal chock

Figure 31: Sequence to switch between VSYNC and Internal clock operation modes
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External Display Interface

ENABLE signal function

The following table shows the relationship between the ENABLE, EPL setting and RAM access
operation. Whenever the FT1509 performs write operation, ENABLE must be “Low” to allow write
operation but this is not the determinant of enabling automatic address update in RAM write operation.
EPL controls the active polarity of ENABLE signal.

Table 58
EPL ENABLE | RAM write | RAM address
0 0 Enable Update
0 1 Disable Retain
1 0 Disable Retain
1 1 Enable Update
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e La
VSYNC
HLW = 30LK
HSYNC
I CLE
— i.._
DOTCLK __1 L_
DTST & 3CLK
4 £
EMNABLE
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b Valid data "
Figure 34

Notes 1:  VLW: VSYNC “Low” period HLW:
HSYNC “Low” period DTST: data
transfer setup time
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Mota 2) Sat a RAM address (AD16-0) and the index lo R22h bafore starling RAM access via RGE interface.
Mole 3) Usa high-spaed wrile fundion (HWM = "17) whan wriling dala via RGE inlerfacea.

=~ .

Moving picture
area

[= ][]

Figure 35: Updating a still picture area while displaying a moving picture

1. The following functions are not available in external display interface operation.

Table 59 Functions Not Available in External Display Interface operation

Function External Display Interface Internal Clock Operation

Partial display Not available Available

Scroll function Not available Available

Interlaced scan Not available Available

Graphics operation Not available Available

2. The VSYNC, HSYNC, and DOTCLK signals must be supplied during display period.

RAM Address and Display Position on the Panel

The FT1509 has memory to store display data of 240RGB x 320 lines. The FT1509 incorporates a
circuit to control partial display, which allows switching driving methods between full-screen display
mode and partial display mode.

The FT1509 makes display design setting and panel driving position control setting separately and
specifies RAM area for each image displayed on the panel. For this reason, there is no need to take the
mounting position of the panel into consideration when designing a display on the panel.

The following is the sequence of setting full-screen and partial display.
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Set (PTSAx, PTEAX) to specify the RAM area for each partial image

Set the display position of each partial image on the base image by setting PTDPx.

Set NL to specify the number of lines to drive the liquid crystal panel to display the base image
After display ON, set display enable bits (BASEE, PTDEO0/1) to display respective images

Normal display BASEE = 1
Partial display BASEE = 0, PTDEO/1 = 1

Rl

5. Change BASEE, PTDEO/1 setting to switch display modes (full-screen and partial display
modes).

In driving the liquid crystal panel, the clock signal for gate line scan is supplied consecutively via
interface in accordance with the number of lines to drive the liquid crystal panel (NL setting).

When switching the display position in horizontal direction, set SS bit when writing RAM data.

Table 60

Display ENABLE

Numbers of lines

RAM area

BASEE

Base image

NL

(BSA, BEA) = (9'h000, 9'hODB)

Notes 1: The base image is displayed from the first line of the panel.

2: Make sure NL < 320 (lines) = BEA — BSA when setting a base image RAM area. BSA and

Table 61

BEA are fixed to 9’h000, 9°’hODB, respectively.

Display ENABLE

Display position

RAM area

Partial image 1 PTDEO PTDPO (PTSAOQ, PTEAO)
Partial image 2 PTDE"1 PTDP1 (PTSA1, PTEA1)
Panel display Display data Base image Partial image RAM Write
position output position RAM Address RAM Address Address
. 1 [HSAHEA)
i BSA ", y
- oo |- N
.ol PTSA0
.-\“'_ - "-::,;: . parfial image 1 Windaw
w FTEAD Addrass
¢ PTDP1 S SAVER)
v - partial imags 2
\ \!]BE‘\ \q

Figure 41: RAM Address, display position and drive position
Restrictions in setting display control instruction

Partial image display
Set the partial image RAM area setting registers (PTSAx, PTEAX bits) and the partial position setting
registers (PTDPx bits) so that the RAM areas and the display positions of partial images can be
controlled independently.

0 < PTDPO < PTDPO+ (PTEAO - PTSAO0) < PTDP1 < PTDP1+ (PTEA1 - PTSA1) < NL

The following figure shows the relationship among the RAM address, display position, and the lines
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driven for the display.

Dispiay LCD panel
data output | )
order physical ine address RAM line address
. Display panel
B - A -] 0 [3cline) --—-- ESh = 9 hooo
z |4 1 (2nd ine)
N 2 (3rd ine)
= |0
1 | H e P TOPD
1 -
v O 0S50 Image 1
: L] Digpiay area
1 — o c— . —_ o — .5 .5 - .. el
1 - PTDP1 BAZSE Image
: L L f—ere—ere—e e RAM @rea
[ H | in ines 050 Image 2
: H Cisplay area
1 H P ————
i -
1 -
i
: ]
! ]
] -
1 —
1
H -
T | mhj i . L _J
PISAD
Partial Image 1
FAM 3783
BIEAD -
BTaAT )
Partial Image 2
AAM 3ed
PTEA] ]
EEA = 9 h13F

Figure 42: Display RAM address and panel display position
Note: This figure shows the relationship between RAM line address and the display position on the
panel. In the FT1509’s internal operation, the data is written in the RAM area specified by the
window address setting (HEA/HSA[8:0], VEA/VES[8:0]).

Instruction setting example
The followings are examples of display design setting for 240(RGB) x 432(lines) panels.
1. Full screen display (no partial)

The following is an example of full screen display setting.
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Table 62
Base image display instruction
BASEE 1
NL[5:0] 6'h27
PTDEO 0
PTDE1 0
Display
ata o LCD panel .
gfifuw . physical line address RAM line address
1| Y T (Tstine) et ESA=UHO00 ~
2 | 1 (2nd line}
3| 2 (3rd line)
4 |
o NL
(320 fines)
] Base image
o BASE image
- RAM area
sz 1Y 319 (3201 lina) BEA=9ni3F y
Figure 43: Full screen display (no partial)
2. Partial only

The following is an example of setting for partial image 1 only and turning off the base image. The partial
image 1 is displayed at the position specified by PTDPO bit.

Table 63

CONFIDENTIAL
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Base image display instruction
BASEE 0
NL[5:0] 6'h27
Partial image 1 display instruction Partial image 2 display instruction
PTDEO 1 PTDEA1 0
PTSAQ[8:0] 9’h000 PTSA1[8:0] 9’h000
PTEAQ[8:0] 9’h00F PTEA1[8:0] 9’h000
PTDPOI[8:0] 9'’h080 PTDP1[8:0] 9’h000
Display LCD panel )
data cutput physical line address RAM line address
arger
1 -"1 """"" Tie0 Rl ~
2 i 1 Ezitd ffi,
3 2 (3rd Ene)
4 [0 Partal image 1
s ] ) =AM ares
u ’ FIEAD=BU0F
_ et ap e ee s pomm s g sp e .. PTDP
] Partial image
- display area
L] — BASE mage
: NL RAM area
L | [t220 lines)
- Basze image
o (non-it display level)
320 : " 2190(320th line) EEi = 9 hi3F

Figure 44: Partial display

Resizing function

The FT1509 supports resizing function (x 1/2, x 1/4), executed when writing image data. The
resizing function is enabled by setting a window address area and the RSZ bit, which sets the
contraction factor (x1/2 or x1/4) of the image. This function enables the FT1509 to write the resized
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image data (Original resolution < 240*320) directly to the internal RAM, while allowing the system to
transfer the original-sized image data.

The resizing function allows the system to transfer data as usual even when resizing of the image is
required. This feature makes a resized image easily available with various applications such as
camera display, sub panel display, thumbnail display and so on.

The FT1509 processes the contraction of an image simply by selecting pixels from original image data.
For this reason, the resized image may appear distorted when compared with the original image.
Check the resized image before use.

Original image data RAM data
0 1 2 3 4 5 8 112 resiz 0 1 2 3
0 00 | 01 | (02 | (03) | 04 | 05 | w06 resizing o oo | w2 | wa | w0s
1 oo lon o2l oa]oa | os | 0e |::>1 20 | 22 | 2a | 28
2 (2,0) (2,1) (2,2) (2,3) i2.4) (2,5) (2.8) 2 (4,0) 4,2) (4,4) (4,8)
3 (3.0) ] (3,1) | (3.2) | (33) | (34) | (3,5) | (3.6) 3 (6,0) | 16,2) | (6.4) | (68)
4 (4,00 {4,1) (4,.2) (4,3) (4,4) (4,5) (4,8)
5 50 | s | 52 | 53 | 54 | 55 | 58
8 w0y | 81y | w2 | 83 | e | 85 | s
Figure 45: Resizing
Original data Panel Display
. I = [
Tl D8th Dec 2002
b 23:-50
REZ=Th1 0
320 o
|]|:| RAM Wite
1 160
Y
Figure 46: Resizing transfer, display example
Table 64

Original image size (X x Y)

Resized image size

1/2 (RSZ = 2’h1) 1/4 (RSZ = 2'h3)

240x320 (QVGA) 120x160 60x80

176x220 (QCIF) 88x110 44x55
120x160 60x80 30x40
132x176 66x88 33x44

Resizing setting

The RSZ bit sets the resizing (contraction) factor of an image. When setting the RAM area using the
window address function, the window address area must be just the size of the resized picture. If
resizing creates surplus pixels, which are calculated from the following equations, set them with the RCV,
RCH bits before writing data to the internal RAM.
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Fermulas for calculadng che sumber of surplus pizels

k
Tke gumber of surplus pixals i borizootal direction
L=Xmod
o Thke pumber of surplus pixals i veriical direction
Tt - M= mod M
(KD=Fx-1,¥0+Ry-1) Rasized picture sizs in besnizo=ial direction
Rx=(3-LyN
r Rasizad pichurs sizs in vurtical disection
Ry = (¥-MyN
Figure 47: Resizing Setting, surplus pixel calculation
Table 65
Image (before resizing) Register setting in the FT1509
Number of data in horizontal direction X Resizing setting RSZ N-1
Number of data in vertical direction Y Number of data in horizontal direction RCV L
Resizing ratio 1IN Number of data in vertical direction RCH M
RAM writing start address AD (X0, Y0)
RAM window address HSA X0
HEA X0+Rx - 1
VSA YO
VEA YO0+Ry - 1
Example of 1/2 resizing
__ =040 o
A = FT1505C
L
GRAM addreas
Ea=160
Ciriginal
Y=320 Image I—lh::’
240 x 320
v
Figure 48: Resizing setting example (x 1/2)
Table 66
Image to transmit Register setting in the FT1509
Number of data in horizontal direction X 176 Resizing setting RSZ 2'h1
Number of data in vertical direction Y 320 Number of data in horizontal direction RCV 2'h0
Resizing ratio 1/N 112 Number of data in vertical direction RCH 2'h0
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RAM writing start address AD 17°'h00000
HSA 8'’h00
HEA 8h77
RAM window address
VSA 9'’h000
VEA 9hO9F
Resizing instruction bits
Table 67 Resizing factor
RSZ[1:0] | Contraction factor
2h’0 No resizing (x 1)
2h™ 1/2 resizing (x 1/2)
2h'2 Setting disabled
2h’3 1/4 resizing (x 1/4)
Table 68 Surplus pixels
Vertical direction 1 pixel = 1 RGB horizontal direction 1 pixel = 1 RGB
RCV[1:0] Surplus pixels RCHI[1:0] Surplus pixels
2h'0 0 2h'0 0
2h1 1 pixel 2n1 1 pixel
2h'2 2 pixels 2h'2 2 pixels
2h’3 3 pixels 2h’3 3 pixels
Notes to Resizing function
1. Set the resizing instruction bits (RSZ, RCV, and RCH) before writing data to the internal RAM.
2. When writing data to the internal RAM using resizing function, make sure to start writing data
from the first address of the window address area in units of lines.
3. Set the window address area in the internal RAM to fit the size of the resized image.
4. Set AD16-0 before start transferring and writing data to the internal RAM.
5. Set the RCH, RCV bits only when using resizing function and there are remainder pixels.

Otherwise (if RSZ = 2’h0), set RCH = RCV = 2’h0.

Resizing instruction
[RSZL RCH, RCW)

!

Set a window address arsa
Set the window sddress area
(HSA , HEA, VSA, VEA) 1o it the size of the resized image

!

RAM address set (AD16-0)

w
Wirite data to RAM

Figure 49: RAM write with resizing

FMARK Function

The F1505 outputs an FMARK pulse when the FT1509 is driving the line specified by FMP[8:0] bits.
The FMARK signal can be used as a trigger signal to write display data in synchronization with display
operation by detecting the address where data is read out for display operation.
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The FMARK output interval is set by FMI[2:0] bits. Set FMI[2:0] bits in accordance with display data
rewrite cycle and data transfer rate. Set FMARKOE = 1 when outputting FMARK pulse from the FMARK

pin.

Table 69
FMP[8:0] FMARK output position
9’h000 0" line
9'h001 1*line
9’h002 2" line
Oh14E 334" line
9h14F 335" line
9'h150~1FF Setting disabled
Table 70
FMI[2] FMI[1] FMI[0] Output interval
0 0 0 1 frame
0 0 1 2 frames
0 1 1 4 frames
1 0 1 6 frames
Other settings Setting disabled

FMP setting example
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FMARK output position
FMP = 9'h008

Line address

0 {Tsilne)

1 {ZndEne)

(3rd ne)

3 (4ih Ene)

4 {5th Bne)

5 {Bth Bne)

6 (Tin Bne)

7 (&th Bna)

FMP=8'h008
NL=6'h27 320th line
FP=4"h8

BP=4'h8

VL=8h00

Back porch

RAM physical line address

8 (1stbne)

ADT6:8]= On0a0

B (ZndEne)

10 (3rd Bng)

Base image

NL = 6'h27

327 (3200h lna)

Display area

AD[16:8] = Or001

AD[16:8] = 9D

AD[16:8] = Shi3F

328 {1stBna)

320 (2nd ne)

330 {3rd e )

331 {4th Bno)

X3P (Sih Bne)

333 (Gth Bne)

334 (Tth Ene)

335 (BT e )

Front porch

Figure 50

Display operation synchronous data transfer using FMARK

The FT1509 uses FMARK signal as a trigger signal to start writing data to the internal GRAM in
synchronization with display scan operation.

LCDC/MPU

—
-

FMARK
| TSN
_|ns  FTIS05C
- WEN
| DB17-10, 8-1

16

Figure 51: Display synchronous data transfer interface

In this operation, moving picture display is enabled via system interface by writing data at higher than
the internal display operation frequency to a certain degree, which guarantees rewriting the moving
picture GRAM area without causing flicker on the display. The data is written in the internal GRAM in
order to transfer only the data written over the moving picture display area and minimize the data
transfer required for moving picture display.
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Mota: Usa high-spaed write function (HWM=1) whan wrling data via FMARK intadaca.

Figure 52: Moving Picture Data Transfers via FMARK function

When transferring data in synchronization with FMARK signal, minimum GRAM data write speed and
internal clock frequency must be taken into consideration. They must be more than the values
calculated from the following equations.

Internal clock/oscillator frequency (fosc) [Hz]
= FrameFrequency * (DisplayLInes(NL) + FrontPorch(FP) + BackPorch(BP)) * 16(clocks) * variance

RAMWrieSpeed(min.)[Hz] > : N Ul T __
P ( )Hz] ETRRIERTR .r'F.'ni‘fi;-iﬁ;-”;'..i'rf.'nPa’.-',:lairimf.-'..‘ﬁ.‘--“ii-”;r;ﬁ.f.'ii-.ra;;a;;ﬁ-.rf;

Note: When RAM write operation is not started immediately following the rising edge of FMARK, the
time from the rising edge of FMARK until the start of RAM write operation must also be taken into
account.

Notes:

1. When setting the internal clock frequency, possible causes of fluctuation must also be taken into
consideration. In this example, the internal clock frequency allows for a margin of £+10% for
variances and guarantee that display operation is completed within one FMARK cycle.

2. This example includes variances attributed to LSI fabrication process and room temperature.
Other possible causes of variances, such as differences in external resistors and voltage change
are not considered in this example. It is necessary to include a margin for these factors.

Minimum speed for RAM write [Hz] > 240 * 320 / {((2+14+320-2) lines * 16 clocks) * 1/394 kHz} = 5.67
MHz

Notes:

1. In this example, it is assumed that the FT1509 starts writing data in the internal RAM on the rising
edge of FMARK.

2. There must be at least a margin of 2 lines between the line to which the FT1509 has just written
data and the line where display operation on the LCD is performed.

3. The FMARL signal output position is set to the line specified by FMP[8:0] bits.

In this example, RAM write operation at a speed of 5.67 MHz or more, when starting on the rising edge
of FMARK, guarantees the completion of data write operation in a certain line address before the
FT1509 starts the display operation of the data written in that line and can write moving picture data
without causing flicker on the display.
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FMARK

Back parch (14 lines)

Front porch (2 lines)

Main panel
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Figure 53: Write/Display Operation Timing

Notes to display operation synchronous data transfer using FMARK signal

1. The above example of calculation gives a theoretical value.
internal oscillator should be taken into consideration.

write speed for this operation.

Window Address Function

Possible causes of variances of
Make an enough margin in setting RAM

The window address function enables writing display data consecutively in a rectangular area (a
window address area) made in the internal RAM. The window address area is made by setting the
horizontal address register (start: HSA7-0, end: HEA 7-0 bits) and the vertical address register (start:
The AM and I/D bits set the transition direction of RAM address (either
increment or decrement, horizontal or vertical, respectively). Setting these bits enables the FT1509 to
write data including image data consecutively without taking the data wrap position into account.

VSA8-0, end: VEAS-0 bits).

The window address area must be made within the GRAM address map area. Also, the AD16-0 bits
(RAM address set register) must be set to an address within the window address area.
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[Window address areal]
(horizontal direction) 8'h00 < HSA < HEA < 8'hEF
(vertical direction) 9’h000 < VSA < VEA < 9'h13F
[RAM address (AD16-0)]

HSA < AD7-0 < HEA
(RAM address) VSA < AD16-8 < VEA

GRAM address map

17h000) EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEE {ThOO0EF

Window address area

[ ] [ ]
| |
[ o
B |
B |
- 17h02010 IF > 17'h0202F -
m 17002110 4= »- 17'h0212F .
| ] [ ]
m " .t m
] ] ] =
[ | ] '] | ]
J n - ™ [
o 5 g n o
| ] '] |
| | = , . [ ] | |
= » e ", " u
u n ~——»  n u
m 17h05F10 | »{ 17'h05F2F "
= u
| |
B |
B |

17h13F00 F-l--l-------l--lIIIIIIIlIIlI.I..I.l..{ 1T'h13FEF

Window address area

HSA = 8'h10, HEA = 8'h2F D = 2'h3 (increment)
WVSA = B'h020, VEA = 9'h05F AM = 1'hD (horizontal writing)

ORG = 0 RAM address set = 17'02010 (arbitrary) Both are set to the sams RAM address.
ORG = 1 RAM address set = 17'00000

Figure 57: Automatic address update within a Window Address Area

Content Adaptive Backlight Control

The FT1509 supports CABC (Content Adaptive backlight control) function to control brightness of
backlight and to process image dynamically. This function enables to reduce backlight power and
minimize the effect of reduced power on the display image.

The display image is dynamically controlled by CABC function. The availability of this function
ranges from moving picture such as TV image to still picture such as menu. The histogram of display
data is analyzed by CABC function, according to the brightness range of backlight set by parameters.
The brightness of backlight and image processing coefficient are calculated so that image data is
optimized. Backlight power is reduced without changing display image.

Note 1: The CABC setting is enable by RCOh IBO bit setting.
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Note 2: The effect of CABC function on power efficiency and display quality depends on image data
and the setting. Check display quality on the panel.

Note 3: The CABC function is not available in Partial Mode On and Idle Mode On.

® Control backlight dynamically according to the image histogram.

® PWM pin for LED backlight adjustment

® PWAM signal control register set by the host processor. Control dimmer for backlight by
combinating PWM setting value internally controlled by the CABC function and maximum PWM

setting set by the host processor.

System configuration

Option1: Without ambient light sensor

Content
Adaptive
BackLight

>120% Contrast

Keep Peak brightness
control

i-80 system/RGB
interface

60%-80% Power
consumption

Option 2: with ambient light sensor

P P

I

! Ambient
: ﬁ Light

I

|
I
Sensor i
i Content
Adaptive Processed Image Data
BackLight
control

>120% Contrast

»
Ll Keep Peak brightness

i-80 system/RGB
interface

q

60%~80% Power
consumption

CABC parameter setting

The content adaptive backlight control function has the following four functions.
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® Picture histogram analysis and display data processed
® Backlight PWM control
® Expand the grayscale of the display image that is turned into white
® Enhanced dynamic picture contrast
el
R
- .
Image Process G
GnTh Tav K Scale »> =
—_
R
—_—
G Color space converter 6 bit
, > Histogram Calculator |__|
B RGB-> YUV
_—
Thup  Th_down . Back L(lg\r;\;M():ontrol ™
>

AN

PWM regl~PWM reg7

These functions are set by the following parameters

Global control register (RCOh)
RW RS IB15 IB14 IB13 IB12 IB11 IB10 B9 B8 IB7 I1B6 IB5 B4 IB3 _IB2 IB1  IBO

W/R | 1 0 0 0O | PWMon | O | O DBLs | DBLs | O 0 0 | LEDonR | O 0 0 | DBL_Enable

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

PWMon: Sets the ON/OFF of PWM control signal. “1"—LED PWM output “0”—No PWM output

DBLs[1:0]: DBL mode select

Value Operation

2’b00 Manual backlight control by register DBCV (RC8h)

2'b01 Dynamic backlight control just by ambient brightness information

2'b10 Dynamic backlight control just by content information

2’b11 Dynamic backlight control by ambient brightness and content information

LEDonR: control the “LEDON” pin of LED driver chip. “0” means LEDON='1"; "1” means

LEDON="0".
DBL_Enable:
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Value Operation
1’b0 Disable “CABC” function.
1b1 Enable “CABC” function

Image process setting register1 (RC1h)
RW RS IB15 [B14 IB13 IB12 IB11 1B10 B9 IB8 IB7 IB6 IB5 (B4 IB3 B2 IB1__ IBO

w/[1]0]0]0]0]O 0 Per_lo Per_lo Per_ lo | O Num_t | Num_t | Num_t | Num_t | Num_t | Num_t
R ss[2] ss[1] ss[0] h[5] h[4] h[3] h[2] h[1] h[0]

De];amoooooo1 0 o |° o 0 1 0 0 0

Per_loss: the maximum percentage number of effective peak area. The percentage number is
Per_loss/32.

Num_th: the threshold number in picture histogram processing. The threshold number is
Num_th /4.

Image process setting register2 (RC2h)
RW RS IB15 [B14 IB13 IB12 IB11 1B10 B9 IB8 IB7 IB6 IB5 B4 IB3 B2 IB1 _ IBO

W\|l1[0]0]0 n\1/o_ d 0 Z X X Tav_a Tav_a Tav_a Tav_a Tav_a Tav_a Tav_a Tav_a
/R e v v |v dapt[7] | dapt[6] | dapt[5] | dapt[4] | dapt[3] | dapt[2] | dapt[1] | dapt[0]
Defau 1 040101 o %L1 ofo]| o 0 1 1 0 1 0 0

V_mode: 1’b0 means still picture mode. 1’b1 means video mode.

TAV: |In still picture mode, this register indicates “PWM value™'s corresponding response to picture
load.

Image process setting register3 (RC3h)
RW RS IB15 IB14 IB13 IB12 IB11 IB10 B9 IB8 IB7 IB6 IB5 (B4 IB3 B2 IB1 __IBO

wi[1folofk[Kk|K|K|[K[K[g]o] ™iowt | Thiowl | Thiowl | Thiowf | Th_iowl | Th_iow
R s|lalal21]o0 5] 4] 3] 2] 1] 0]
Default | %[Ol o[ 1] 1]lofo]1|o0]o 0 1 0 0 0 1

K: the radio value for alpha adjustment.

Th_low: the minimum value of “pwmvlaue”.
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Power
consumption
A
Th_up
Gn_th=10 K_Scale=1
Gn_th=20 Better picture quality
Gn_th=30
Gn_th=10 K_Scale=2
Gn_th=20
Lower power consumption
Gn_th=30
1 0
>
Display load
Gamma setting register1 (RC4h)
RW RS IB15 IB14 IB13 IB12 IB11_IB10__ IB9 B8 IB7 1B6 IB5 B4 IB3 B2 IB1_IBO
WIR | 1 PWd2[7]~PWd2[0] PWd1[7] | PWd1[6] | PWd1[5] | PWd1[4] | PWd1[3] | PWd1[2] | PWd1[1] | PWd1[0]
pefautt [0 |oofo|1]1]ofo]| o 0 0 0 0 0 1 0
PWd2[7:0]: coefficients value of Gamma adjustment
PWd1[7:0]: coefficients value of Gamma adjustment
Gamma setting register2 (RC5h)
RW RS IB15 IB14 IB13 IB12 IB11_IB10 _ IB9 IB8 IB7 IB6 IB5 B4 IB3 B2 IB1__IBO
WIR | 1 PWd4[7]~PWd4[0] PWd3[7] | PWd3[6] | PWd3[5] | PWd3[4] | PWd3[3] | PWd3[2] | PWd3[1] | PWd3[0]
Default 0|0|1|1|0|1|1|1 0 0 0 1 1 1 0 1
PWd3[7:0]: coefficients value of Gamma adjustment
PWd4[7:0]: coefficients value of Gamma adjustment
Gamma setting register3 (RC6h)
RW RS IB15 IB14 IB13 IB12 IB11_IB10 _ IB9 IB8 IB7 IB6 IB5 B4 IB3 B2 IB1_IBO
WIR | 1 PWd6[7]~PWd6[0] PWd5[7] | Pwd5[6] | PWd5[5] | PWd5[4] | PWd5[3] | PWd5[2] | PWd5[1] | PWd5[0]
Default 1|o|0|0|0|1|1|1 0 1 0 1 1 0 1 0
PWd5[7:0]: coefficients value of Gamma adjustment
PWd6[7:0]: coefficients value of Gamma adjustment
Gamma setting register4 (RC7h)
RW RS IB15 IB14 IB13 IB12 IB11 _IB10 _ IB9 B8 IB7 1B6 IB5 B4 IB3 _1B2 IB1__ IBO
W/R | 1 0 PWd7[7] | PWd7[6] | PWd7[5] | PWd7[4] | PWd7[3] | PWd7[2] | PWd7[1] | PWd7[0]
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| Default |O |

ofofofofofofof « [ o J « [ + | @ ] 1 |

PWd7[7:0]:

coefficients value of Gamma adjustment

Manual backlight setting register (RC8h)
RW RS IB15 [B14 IB13 IB12 IB11 1B10 B9 IB8 IB7 IB6 IB5 (B4 IB3 B2 IB1__ IBO

pecv | oeev | pecv | peev | pecv | peev | peev
WIR | 1 0 DBCVITL | ") [5] (4] 3] 2] (1] (0]
Default o|o|0|o|0|o|0|o 1 1 1 1 1 1 1 1
DBCV[7:0]: coefficients value of manual backlight control

Backlight setting register9 (RC9h)
RW RS IB15 IB14 IB13 IB12 I1B11 IB10_ B9 B8 IB7 I1B6 IB5 B4 IB3 _IB2 IB1 _ IBO

) LABC | LABC | LABC | LABC | LABC | LABC | LABC
WIR | 1 MBSD[7:0] LABC[7] (6] 5] 4] 3] 2] ] (0]
Default 0 |1|0|0|0|1|0|0 1 1 1 1 1 1 1 1
LABC[7:0]: coefficients value of manual backlight control
MBSD[7:0]: Minimum backlight brightness

PWM setting register1 (RCAh)
RW RS IB15 [B14 IB13 IB12 IB11 IB10 B9 I1B8 IB7 IB6 IB5 (B4 IB3 B2 IB1 _ IBO

PWMDIV | PWMDIV | PWMDIV | PWMDIV | PWMDIV | PWMDIV | PWMDIV
WIR 11 0 PWMDIVIZT |~ " fg] [5] 4] [3] 2] 1] [0]
Default 0|0|0|0|0|0|0|0 1 1 1 1 1 1 1 1

PWMDIV[7:0]: the clock divided value of PWM

PWM setting register2 (RCBh)
RW RS IB15 IB14 1B13 I1B12 IB11 IB10 B9 B8 IB7 IB6 IB5 B4 B3 IB2 IB1 IBO

WR|1|O0 Out_sel | Out_sel 0 0 0 0 0 0 0 PWM_pol
Defaut [0 [ 0|0 |0]0O]O 0 0 1 1 1 1 1 1 1 0
PWM_pol: the PWM polarity control (“1”: high means LED lights; “0”: low means LED lights)
Out_sel: CABC control signal Output pin configuration

Value Operation

2’b00 Normal

2’b01 LEDPWM > “FMARK” pin LEDON --

2'b10 LEDPWM >  “TS4” pin LEDON - *“TS3”pin

PWM setting register3 (RCFh)
RW RS IB15 [B14 IB13 [B12 IB11 IB10 B9 IB8 IB7 IB6 IB5 (B4 IB3 IB2 IB1__IBO

R 110

ojojojojofjoy|o PWM_value [7:0]

Default 0

00000001|1|1|1|1|1|1|

PWM_value [7:0]: DBL calculation result, it could be read by CPU.
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Edge Enhancement

The FT1509 supports edge enhancement function. Still picture and movie can be enhance their details
edge, can be written onto the RAM by setting image processing parameters, AVST, ADST, DTHU and
DTHL and EGMODE=1 and then transfer original data to designated window address.

The characteristics of algorithm used in this function may not fit some types of data to unexpectative
result.

wdr_out

gram_c%
gram_wr Outline gram din

- bég Sharpening
reset_int
_1nt

The theory of edge enhancement

In the characteristics of algorithm AVST, ADST, DTHU and DTHL bits set parameters that
adjust image data.

The following figure shows how the parameters and each stages of operational sequence
interact.

[a] Original image .

|
[b] Delay a clock image :

T
[c] Calculate the difference L Ll Upper threshold " The range between these
between [a] and [b] Lower threhold are to be sharpened

[d] Add [a] and [c] me—ﬂ—IJ—A o
->image with sharpened outli i dded coefficients
[e] Add [d] and [c] ﬂ

->image with sharpened outline

Image process setting register12 (R06h)
RW RS IB15 IB14 IB13 IB12 I1B11 IB10_ B9 B8 IB7 I1B6 IB5 B4 IB3 IB2 IB1 IBO

w|©° EG'\é'OD AVST[2:0] | 0 | ADST[2:0] | DTHU[1:0] D“T'aj 0 DTH([2:0]
Default 0 o|1|1oo|1|1 0| 0|1 0 o|1|1

EGMODE: Enable/Disable control of edge enhancement function. When 1’h0 means “Disable”, when 1’h1
means “Enable”.

AVST: Coefficients
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AVST coefficients

3’h00 0.125(=1/8)

3h01 | 0.250(=2/8)

3h02 | 0.375(=3/8)

3h03 | 0.500(=4/8)

3h04 | 0.625(=5/8)

3h05 | 0.750(=6/8)

3h06 | 0.875(=7/8)

3h07 | 1.000(=8/8)

ADST: Added coefficients

ADST Addedcoefficients

3h00 | 0.0(Off)

3h01 | 0.5(=1/2)

3h02 | 1.0(=2/2)

3h03 | 1.5(=3/2)

3h04 | 2.0(=4/2)

3h05 | 2.5(=5/2)

3h06 | 3.0(=6/2)

3h07 | 3.5(=7/2)

DTHU: High threshold of the brightness band

DTHU Higher threshold

2’h00 15

2’h01 31
2’h02 47
2’h03 63

DTHL: Lower threshold of the brightness band

DTHL Lower threshold

2’h00 0

2'h01 Setting Disabled

2’h02 1

2’h03 2

Restriction to outline sharpening function

1. Outline sharpening instruction should be set before writing data to RAM.

2. When writing data to RAM, dummy write must be done 1 times consecutively right after

transferring data of one frame that is set by window address setting.
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Data transferring RGB mode/FMARK mode/80 system 16/18 bit

Transfer data frame
Index except R22h

by frame dex R22 ¥
Jﬂ N frame - =/‘“‘C\ R22 M frame i
>
> >
- |
System interface 3 !
RAM data write
. . write x2 write x2
Display operation "
synchronized with X X X X
internal clock —
Transfer N frame /unuu R22h
data 1 frame
i Nl frame Index except R22h
| el N frame N
- g e
i i
System interface /A \
RAM data write AYAVAVAYAVAVAVAVAVAVAVAVAVAVAN

ummy
WIite X

Data transferring RGB mode/FMARK mode/80 system 8/9 bit (2-transfer mode)

Display operation | \

internal clock

Transfer data frame nd -
. ndex except R22h
 fram ndex R22 g
by frame ‘»}' N frame p Jrdex k2 M frame |
! )
I et}
i |
System interface i i
RAM data write
——Dummy ‘ my
X . write x4 write x4
Display operati \
synchronized with
internal clock- — —
Index R22h
Transfer N frame ¥ | frame
Index except R22h
N frame |
-

System interface
RAM data write

§

WRN

! wrltex4

Display operat \
synchronized with X A X
internal clocl —/
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Data transferring 80 system 8 bit (3-transfer mode)

Index R22h
o >
Transfer data frame ,}“d“ R2 N frame ¥ JriexR22
by frame L

System interface
RAM data write

l

|
|
L A
System interface \ A
RAM data write

v HHH\W

Display operati
synd chronized with
internal cloc

Scan Mode Setting
The FT1509 allows for changing the gate-line/gate driver assignment and the shift direction of gate line

scan in the following 4 different ways by combination of SM and GS bit settings. These combinations
allow various connections between the FT1509 and the LCD panel.
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8-color Display Mode

3 Scan ditection
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Figure 58

In 8-color display mode, the y-adjustment registers PKP0-PKP5, PKNO-PKN5, PRPO, PRP1, PRNO,
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PRN1 are disabled and the power supplies to V1 to V62 are halted. The FT1509 does require GRAM
data rewrite for 8-color display by writing the MSB to the rest in each dot data to display in 8 colors.

1Y ] = T RN LSB

YYVYYYY YYVYYYY YYVVVY

Display data ‘R5‘R4‘R3JR2‘R1‘RO‘ ‘05‘04‘03@2‘@1‘@0‘ ‘85‘84‘83JB2‘B1‘BO‘

VO
&
g- Two-level grayscale Two-level grayscale Two-level grayscale
g 2 control <R> control <G> control <B>
3
[
>
© V63
O LCDdriver | |  LCDdriver | |  LCDdriver
Figure 59

n-line Inversion AC Drive

The FT1509, in addition to the frame-inversion liquid crystal alternating current drive, supports the n-line
inversion alternating current drive to invert the polarity of liquid crystal in every n-line periods, where n
takes a number from 1 to 64. The n-line inversion can provide a solution when there is a need to improve
the display quality.

In determining “n”(the value represented by NW bits +1), check the quality of display on the liquid crystal
panel in use. Note that setting a smaller number of lines will raise the frequency of liquid crystal polarity
inversion and increase charging/discharging current on liquid crystal cells.
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Frame-inversion
AC drive

+ 320 line driwve

N-line inversion
AC drive -
+ 320 line driwve
* 3dine inversion

"EOR =1

One frame One frame
Back porch Front parch  |Back porch Front porch
" | [ [T * | i

Note: Make sure to set EOR = “1”

n-line inversion drive.

Alternating Timing

Figure 60

to prevent direct bias on liquid crystal when selecting

The following figure illustrates the liquid crystal polarity inversion timing in different LCD driving methods.
In case of frame-inversion AC drive, the polarity is inverted as the FT1509 draws one frame, which is

followed by a blank period lasting for (BP+FP) periods.

In case of n-line inversion AC drive, polarity is

inverted as the FT1509 draws n line, and a blank period lasting for (BP+FP) periods is inserted when the

FT1509 draws one frame.

N-line inversion
Flame-inversion AC drive AC drive
Alemnaling Bming
Back porch Aternatng Srring Back porch
Alemaling Bming nlines
; n linas
Alermnaling Bming
Atemnating Smin nlines
E Allermnaiing fming n lines §
Frame 1 § Aternaing Sming | n lines §
5 i E
g Altemaiing Sming nlines [
gl Allermnaiing fming n lines g‘
Q - 5
Abernating Eein nlines
Aesnafing Eeing n lines
Allermiadng Abenatng Gming | n lines
rning » L
Alemaing Bming ) Front porch ——-—
Front porch !
k.
Figure 61
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Frame-Frequency Adjustment Function

The FT1509 supports a function to adjust frame frequency. The frame frequency for driving liquid
crystal can be adjusted by setting the DIVI, RTNI bits without changing the oscillation frequency.

The FT1509 allows changing the frame frequency depending on whether moving picture or still picture is
displayed on the screen. In this case, set a high oscillation frequency. By changing the DIVI and RTNI
settings, the FT1509 can operate at high frame frequency when displaying a moving picture, which
requires the FT1509 to rewrite data in high speed, and it can operate at low frame frequency when
displaying a still picture.

Relationship between liquid crystal drive duty and frame frequency

The following equation represents the relationship between liquid crystal drive duty and frame
frequency. The frame frequency can be changed by setting the 1H period adjustment bit (RTNI) and
the operation clock frequency division ratio setting bit (DIVI).

(Formula to calculate frame frequency)
Frame frequency = fosc/[Clock cycles per line x division ratio x (Line+BP+FP)] [Hz]

fosc: RC oscillation frequency
Line: number of lines to drive a panel (NL bits)
Clock cycles per line: RTNI bits
Division ratio: DIVI bits
Number of lines for front porch: FP
Number of lines for back porch: BP
Example of Calculation: when maximum frame frequency = 60 Hz

Number of lines to drive a panel: 320 lines
1H period: 16 clock cycles (RTNI4-0 = “10000”)
Operation clock division ratio: 1/1
Front porch (FP): 2 line periods
Back porch (BP): 14 line periods
fosc = 60 (Hz) x (0+16) (clocks) x 1/1 x (320 + 2+ 14) (lines) = 323 (kHz)

In this case, the RC oscillation frequency is 323k Hz. Set register (RBOh) RC[2:0] = “100” for internal
oscillator or adjust the external RC oscillator to set the frequency to 323k Hz.

Partial Display Function

The partial display function allows the FT1509 to drive lines selectively to display partial images by
setting partial display control registers. The lines not used for displaying partial images are driven at
non-lit display level to reduce power consumption.

The power efficiency can be enhanced in combination with 8-color display mode. Check the
display quality when using low power consumption functions.
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Non-display area

Ga1—

Partial image 1
=2l 19 lines

G59

Non-display area

Number of lines to drive LCD : NL = 8'h07 {64 lines)

Base picture display ENABLE : BASEE =0

Partial image 1 display RAM area 1 {PTSAD, PTEAO) = (8'h00, 8'h13)
Partial image 1 display position :PTDPO = 8'h28

Partial image 1 display ENABLE :PTDEO =1

Note: See the “RAM Address and Display Position on the Panel” for details on the relationship between
the display position on the panel and the RAM area setting for partial image.
Figure 62

Low power consumption drive settings

The FT1509 supports the following low power consumption drive methods to drive the panel with less
power requirement. Generally, there is a trade-off between power efficiency and quality of display. Also,
the power efficiency depends on the characteristics of the panel. Check which of the following methods
can achieve the optimal balance between power consumption and display quality.

1. 8-color display mode (COL)

In this mode (CL = “1”), the FT1509 halts power supplies except for VO and V63. In this mode, the
FT1509 display in 8 colors to save power.

2. Partial display

In this mode, the data is displayed as partial image and the base image is turned off (BASEE = 0). The
normal display operation is limited to the partial display area to save power.

The source output level in non-display area can be changed by instruction (PTS[2:0]). The PTS[2:0]
setting allows halting the operation of grayscale voltage generating amplifiers except for VO, V63

and slowing down the clock frequency for step-up operation to half the normal operation frequency.

Table 72 Source outputs in non-display area

Source output in non-display area | Non-display area Non-display area Step-up clock
Grayscale amp frequency
PTS [2'0] Positive polarity Negative polarity operation
3'h0 V63 Vo VO to V63 Set by DCO, DC1 bits
3'h1 Setting disabled Setting disabled - -
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3'h2 GND GND VO to V63 Set by DCO, DC1 bits
3'h3 Hi-Z Hi-Z VO to V63 Set by DCO, DC1 bits
3'h4 V63 VO VO, V63 1/2 the frequency set by DCO, DC1 bits
3’'h5 Setting disabled Setting disabled - -
3’'h6 GND GND Vo0, V63 1/2 the frequency set by DCO, DC1 bits
3'h7 Hi-Z Hi-Z V0, V63 1/2 the frequency set by DCO, DC1 bits

See also “Partial Display Function” for details.

3. Frame frequency setting

The FT1509 allows changing the liquid crystal polarity inversion cycle by changing the frame frequency
by setting DIVI, RTNI bits. To improve power efficiency, set a lower frequency in partial display
operation, which requires small power consumption. See also “Frame-Frequency Adjustment
Function” for details.

Generally, there is a trade-off between power efficiency and quality of display. The power efficiency
also depends on the characteristics of the panel. Check the optimal balance between the quality of
display on the panel and the power efficiency before use.

4. Liquid crystal inversion drive

The FT1509 allows selecting liquid crystal inversion drive method from frame-inversion AC drive or
line-inversion AC drive by setting B/C, NW bits. Select either appropriate LCD driving method for the
kind of display on the panel. Also, see “n-line Inversion AC Drive” for details.

Generally, there is a trade-off between power efficiency and quality of display. The power efficiency
also depends on the characteristics of the panel. Check the optimal balance between the quality of
display on the panel and the power efficiency before use.

5. Optimizing step-up factor

There are cases that power loss in driving liquid crystal can be minimized by optimizing the step-up
factor. Whether this method proves to be effective or not depends on the characteristics of the liquid
crystal panel. The step-up factor is set by BT[3:0].

LCD panel interface timing

The following are the relationships between external display interface signals and LCD panel signals
when the display operation is synchronized with the internal clock signal.

Internal clock operation
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Figure 63

Oscillator

The FT1509 internally incorporates necessary RC elements for oscillator, eliminating the need to
connect external elements for RC oscillation. The typical oscillation frequency (fosc) is 358 kHz
when using the internal RC oscillator. Adjust the setting of register (RBOh) RC[2:0] to change the
oscillation frequency (fosc). To change frame frequency by the RTNI and DIVI settings (Frame
frequency adjustment registers).

Open 05C1
Open osC2
FT1505C
Figure 65

yCorrection function

The FT1509 provides the gamma adjustment function to display 262,144 colors simultaneously.
The gamma adjustment executed by the gradient adjustment register and the micro-adjustment
register that determines 8 grayscale levels. Furthermore, since the gradient adjustment register
and the micro-adjustment register have the positive polarities and negative polarities, adjust them
to match LCD panel respectively.
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MSB

Graphics RAM(GRAM)

LSB

YYVYVYVY

YYYYYY YYVYVYY

Display data ‘RS‘R4‘R3‘R2‘R1‘RO‘ ‘GS‘G4‘GG‘G2‘G1‘GO‘ ‘85‘84‘83‘82‘81‘80

Positive
Polarity
Register

[ PKPO2 | PKPO1 | PKPOO |

| PKP12 | PKP11 | PKP10 |

| PKP22 | PKP21 | PKP20 |

| PKP32 | PKP31 | PKP30 |

PKP42 | PKP41 | PKP40 |

[ PKP52 | PKP51 | PKP50 |

| PRP02 | PRPOT | PRPOO |

| PRP12 | PRP11 | PRP10 |

[ VRP0O4 | VRPO3 | VRP02 | VRPOT | VRPOO |

| VRP14 | VRP13 | VRP12 | VRP11 | VRP10 |

[ PKNOZ | PKNOT | PKNOO

) [ PKN12 | PKNT1 | PKN10
Negative [ PKN22 | PKN21 | PKN20
Polarity } PKN32 } PKN31 | PKN30

- PKN42 | PKN41 | PKN40
Register | oxNsa [ prN5T [ PRNSO
PRNOZ | PRNOT | PRNOO

PRN12 | PRNTT | PRN10

[VRNO4 | VRNO3 | VRNOZ | VRNOT | VRNOO
[ VRN14 | VRN13 | VRN12 | VRNT1 | VRN10

- VO
z > 3 Y
_g- V1| | 64-level grayscale 64-level grayscale | | 64-level grayscale
c| 64| - control <R> control <G> control <B>
k)
o DAC DAC DAC
@ .
> ; . :
(%s V63 LCD driver LCD driver LCD driver

\

v

G
LCD

Figure 66: Grayscale control

RAM data (RGB dot data bits) and the source output level

Vo

Output
level

V63

MNegative polarity

Positive polarity

000000

RAM data

MNote: The source output and RAM data relationship is the same for all RGB dot

111111
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Negative polarity
Veom
Positive polarity

Figure 68: Source output waveform and Vcom polarity

Power Supply Generating Circuit

The following is the configuration of LCD drive voltage generating circuit of the FT1509.
Power supply circuit connection example1 (Vci1=VciOUT)

The VciOUT output circuit changes the VciOUT level in this example.
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3
T 2 |
- VREG1 Grayscale
vel| vow, | IGt voltage
regutator generating
A circuit
1 VCI 4‘;
Y
e vCiiou Sdo_urce 515720 ) e—
T rver
circuit
VCOMH—[]—I h
Ne [ VCIT ] | VCOM —
output | \com
N C11- - q
= _§ circuit
- VCOML-
T 4 oy | SePwe |ﬁ7
. 1 Vc_om level _
adjustment
AN circuit
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— O [oE]
> Step-up
— T circuit Regulator [vec Jm <
— o= | 2 D -
-
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Figure 69

Specifications of external elements for the power supply circuit

The specifications of external elements connected to the power supply circuit of the FT1509 are as

follows.

Table 73 Capacitor
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Capacitance ILierr):i)ter voltage Pin connection
6V Vci, VCL, VREG10UT, VciOUT, VcomH, VcomlL, C11B/A, C12B/A, C13B/A

1uF
Characteristics B 10V

DDVDH, C21B/A, C22B/A

25V

VGH, VGL

Notes: 1. Checking with the LC module is required.
2. The numbers in the parentheses correspond to the numbers in Figure 79 and Figure 80.

Table 74 Schottky dio

de

Specification

Pin connection

VF < 0.4V/20mA@25°C,
VR =25V (Recommended
diode: HSC226)

NO NEEDED !

Table 76 Internal logic power supply

Capacitor Recommended Pin connection
voltage proof
IuF (B characteristics) | 3V VDD

Voltage generation diagram

The following are the diagrams of voltage generation in the FT1509 and the TFT display application

voltage waveforms and

electrical potential relationship.
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VGH(10.0-20.0V)

BT[3:0]

DDVDH4.5-6.0V)
o
' VCl
o
GND(0)

BT[3:0]

VREGIOUT(4.0~(DDVDH-0.5)) \

VRH[3:0]

\
\
\vcm[s:O]
—{ VCOMH(3.0~(DDVDH05V)) \

174{ VCOML((VCL+05)-1V) |
| VGL45~135V) |

Figure 71: Pattern diagram for voltage setting

BT[3:0]

Notes: 1. The DDVDH, VGH, VGL output voltages will become lower than their theoretical levels (ideal voltages)
due to current consumption at each output level. Make sure that output voltage levels in operation do
not conflict with the following conditions: (DDVDH — VREG10UT) > 0.5V, (DDVDH - VcomH) > 0.5V,
(VcomL — VCL) > 0.5V. When the alternating cycle of Vcom is high (e.g. polarity inverts every line cycle),
current consumption will increase. In this case, check the voltage before use.

2. In operation, setting voltages within the respective voltage ranges are recommended.

VGH
. ) VREGIOUT
v e T N )TE ) Veoam
;/’ Ycomh Vcoml
Snf Source driver oufpuf)
Gni
{Pansl Interface cutput) WGEL

Figure 72: TFT display application voltage waveform and electrical potential

Power Supply Setting sequence

The following are the sequences for setting power supply ON/OFF instructions. Set power supply
ON/OFF instructions according to the following sequences in Display ON/OFF, Sleep set/exit sequences
(in case of not using internal power supply sequencer).
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Power ON sequence Power supply OFF sequence

Power supply (Veg, Vei, 10Ves) ON
| Normal display DTE=1, D=2'h3, G0H=1, VOK=1

Wi
oo
Wee l
GHD

Vo — 10Voe — Vel | Display OFF s-r:qucnr:el

or Voo, I0Wee, Vol simuitanzsoushy *
LT O T AT N U LT LCD
i Power supply Halt softing |2 power supply
3 RAdh: AP =2 O, 5AP=0 '
Pirar supply OFF safiing h i OFF sequence
| Power OM reset ‘ TOTE = 0, 0=zh0, GoM=) RA1R: DGO = 3hE : 4
BON =0, ¥ON=0 RAZh POM =0 i

S v
Transfor synchronization

RE=0, OE=16n0000

¥

Power supply Halt setting
Ridh: APE=0

1 rame
F_ar mare

F3=0, DE=16M0000
R9=0, DB=16M0000
RE=0, DE=1EH0000

CLLLL L T T T T T

-“I..ll

T S

RAdh: CALB =1 L 4
1Mesc 8 * Power supply (oo, Vo, 10Ves) OFF

walt
Usar satting [1 fei oo
Initial instruction setting | nL, &r, 7, Gamra sstings Voo
and ol
L SiRTESI A RIseNRrSsERaRTasNRsaee .

ROTH: D=2h1

Vel = 10Vos — Yee
orVee, I0Voe, Vel simultan soushy

Power supply user setting
A0h: AFE = 1, 4F, BT, 8AF=1

AR VT, OCD, OC1

R1Zh: WRH, FOR=1, VOMR = 1, W=

R3OV

RZ3h: WCHMI
A
i o
LCD
Power supply ) Power supply
startup fime Other mode setting ON sequence

1
I
i
1
1
1
I
1 - -
(8 frames x 1/0SC) : instruction
i
i
i
1
1
i
i
i

L T ———_

¥

-
Fusssssmmnnssus s R nnrnnnnr nn et

Display ON sequence

Figure 73

Instruction Setting

The following are the sequences for various instruction settings. When setting instruction in the FT1509,
follow the sequence below.

FocalTech Systems Co., Ltd CONFIDENTIAL Page 116 of 137



Focal l2ch

FT1509
Display ON/OFF
Display OFF sequence Display ON sequence
Display ON LCD Power supply ON
RO7: GON=1 DTE=1D=2b11
sequence
2frame ¢ ¢ ¢
ormore i
Display OFF Display OFF

RO7: GON=0 DTE=0D=2'h01

6H period
ormore

¢

'

Display OFF
R07: GON=0 DTE=0 D=2h00

¢

LCD Power supply OFF
sequence

'

Display OFF

FocalTech Systems Co., Ltd

RO7: GON=0 DTE=0D=2'h00

5H period
or more

'

'

Display OFF
RO7: GON=0 DTE=0 D=201

2frame
or more

¢

CONFIDENTIAL

Display ON
RO7: GON=1 DTE=1D=2h11

'

Display ON
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Sleep/Standby mode

Standby mode Sleep mode sequenca
T ey
Display OFF Display OFF
SEQUENCE" we tae Set Standby SEQUENCE" wmerom Set Sleep
. L : mode } l | maode
'E?na_t_ﬁ_ SET [ siesn SET
L . - Bi0n 5 . P
- :
. N : 7 Exit 51
. I 1 it Sleep
Stant ascillation Exit Standby Eleep EXIT minds
——l | mode RI0n 5LP =
" stangey EXIT ' T
B | Display OMN
l SEQUENECE" wmeraus
Display ON )
SEQUENCE™ e Hose o TR
Figure 75
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Deep standby mode

( Display off sequence )

Set deep standby mode
R10:dstb=1'b1

CSN=1'00(1)
CSN=1'b0(2) VDD setup and
1ms i oscillator stable

or more Exit deep standby mode

input 6 CSN low

CSN=1'00(3)
CSN=1'00(4)
CSN=1'00(5)
CSN=1'00(6)

!

Read OTP data
Ra0:EOP=2'b10

!

9

Note:1.see AC characteristics in  “Electrical characteristics’

Initial instruction setting for details on low width(PWLW),high width(PWHW),and
RAM data setting cycle(tCYCW)periods.
2 leave at least 1ms between the 3rd in puts of CSN=1'b0.
¢ 3.see display ON/OFF setting sequences

Display on sequence

Figure 76

EPROM control

The FT1509 incorporates 8-bits x 3 addresses EPROM. User identification code is written in the
EPROM address 0’h. VcomH setting instruction is written in the EPROM addresses 1'h, 2’'h. By
preparing two addresses to write VcomH setting, it allows changing the VcomH setting. When writing
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the VcomH setting for the first time, write the setting in the address 1’h. Write the setting in the
address 2’h when writing the setting for the second time. Make sure to write “1” to EVCMEO and
EVCME1 bits. When the second VcomH setting is written in the address 2’h, the second setting is
enabled.

The VCM_En bit in the RA2h register determines whether the setting in EPROM or the VCM[5:0]
setting (externally input instruction) is enabled to set the VcomH level. Set VCM_En = 1, when
enabling the EPROM setting. Set VCM_En = 0, when not using the EPROM setting.

When writing the setting to EPROM, make sure to follow the EPROM write sequence.

By performing EPROM read operation, the setting written in EPROM is read out. In this case, follow the
EPROM read sequence. In case of setting CALB = 1 (RA4h: calibration to internal operation) after
power-on reset, the data written in EPROM is stored in EPROM read register.

EPROM data write control register

1B151B14 1B13 1B12 I1B11 IB10 1B9IB8 1B7 1B6 1B5 1B4 1B3 1B2 1B1 1BO
RAOH|O]O|O|JO]JO]O|O]O TE 0 EOP[1] | EOP[ 0] 0 0 EADI[1] EADI[O0]
RAMTH|O]O|O|JO]JO]O|O]O
RA2H
EOP[1:0] EPROM control bit EAD[1:0] EPROM write address
2’h0 Halt 00 User ID code
2’h1 Write 01 VcomH level setting 1
2’h2 Reset register (load) 10 VVcomH level setting 1
TE EPROM write control | ED[7:01 | EPROM write data |
0 Data write end
1 Data write start
EADI[1:0] | ED7 ED6 ED5 ED4 ED3 ED2 ED1 EDO
2'h0 0 0 0 0 UID[3] UID[2] UID[1] UID[0]
2’h1 EVCMEO | O EVCMO[5] | EVCMO[4] | EVCMO[3] | EVCMO[2] | EVCMO[1] | EVCMOIO]
2’'h2 EVCME1 | O EVCM1[5] | EVCM1[4] | EVCM1[3] | EVCM1[2] | EVCM1[1] | EVCM1[0]

EPROM data read register

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
Rﬁs 0 0 0 0 0 0 00| O 0 0 0 uib@] | uibR] | uib] | uID[O]
RAE \E/ \E/
H C cl cl c om | EV =7 || BY c c
a6 | e | e | e e ||| B] & | & | s | o | vow | e | vew | von
3 2
R2A -t
o | o | o | o | o |ofofofue| o fEEelEaeEE fae | e | e
1
EVCME1/0 VCM_En
01 Enable EVCMO0[4:0] setting(R29h) 0 Enable VCM[5:0] setting(R13h)
11/10 Enable EVCM1[4:0] setting(R2Ah) 1 Enable EVCMO0[4:0] or EVCM1[4:0] setting
EPROM write sequence
(1)EAD=01;
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Iltem Instructions Value Note

1 Power supply, VCI=IOVCC=2.80V DDVDH: No external voltage

2 Reset

3 Initial code setup
0x00A0 . . .

4 EPROM CONTROL (RA0) Set EPROM Write function & EPROM write address
0x0011

5 DDVDH: external 7.5V

6 Wait 10ms or more
0x00A0 . . .

7 EPROM CONTROL (RA0) Set EPROM Write function & EPROM write address
0x0011
0x00A1 Set EPROM Write DATA & Set EVCMEO=1, SET

8 EPROM DATA (RA1) DATA=20h(for example data=20h).
0x00A0

9 Wait 1ms or more

10 | EPROM CONTROL (RAO) 0x00A0 Set EPROM Start Write function
0x0091

11 Wait 10ms or more

12 DDVDH: no external voltage

13 Wait 100ms or more

14 | EPROM CONTROL (RA0) 0x00A0 Loading EPROM data
0x0021

15 | EPROM CONTROL (RA0) 0x00A0 Loading EPROM data end
0x0001

16 Wait 1ms or more

17 Load data (RA2) 0x00A2 Loading tr_1e EPROM data to replace the R29h register data.

VCM_EN=1

0x0001

18 Wait 1ms or more

19 Read the data 0x00AE See the datasheet "EPROM data write control register" section.

(2)EAD=02;
Item Intructions Value Note

1 Power supply, VCI=IOVCC=2.80V_DDVDH: No external voltage

2 Reset

3 Initial code setup
0x00A0 . . .

4 EPROM CONTROL (RA0) Set EPROM Write function & EPROM write address
0x0012

5 DDVD: external 7.5V voltage

FocalTech Systems Co., Ltd
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6 Wait 10ms or more
0x00A0 . . .
7 EPROM CONTROL (RA0) Set EPROM Write function & EPROM write address
0x0012
0x00A1 Set EPROM Write DATA & Set EVCME1=1, SET
8 EPROM DATA (RA1) DATA=2Bh(for example data=2bh)
0x00AB
9 Wait 1ms or more
10 | EPROM CONTROL (RAO) 0x00A0 Set EPROM Start Write function
0x0092
11 Wait 10ms or more
12 DDVDH: No external voltage
13 Wait 100ms or more
14 | EPROM CONTROL (RAO) 0x00A0 Loading EPROM data
0x0022
15 | EPROM CONTROL (RAO) 0x00A0 Loading EPROM data end
0x0002
16 Wait 1ms or more
17 Load data (RA2) 0x00A2 Loading ttle EPROM data to replace the R29h register data.
VCM_EN=1
0x0001
18 Wait 1ms or more
19 Read the data 0x002A See the datasheet "EPROM data write control register" section.
(3)EAD=00;Write/Read USER ID
ltem Instructions value Note
1 Power supply, VCI=IOVCC=2.80V DDVDH: No external voltage
2 Reset
3 Initial code setup
0x00A0 . . .
4 EPROM CONTROL (RAO) Set EPROM Write function & EPROM write address
0x0010
5 DDVDH: external7.5V voltage
6 Wait 10ms or more
0x00A0 . . .
7 EPROM CONTROL (RA0) Set EPROM Write function & EPROM write address
0x0010
0x00A1 Set EPROM Write DATA & Set EVCMEO=1, SET
8 EPROM DATA (RA1) UID=0011h(for example)
0x0083
9 Wait 1ms or more
10 | EPROM CONTROL (RAO) 0x00A0 Set EPROM Start Write function
0x0090

Wait 10ms or more
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12 DDVDH: No external voltage
13 Wait 100ms or more
14 | EPROM CONTROL (RAO) 0x00A0 Loading EPROM data
0x0020
15 | EPROM CONTROL (RAO) 0x00A0 Loading EPROM data end
0x0000
16 Wait 1ms or more
17 Load data (RA2) 0x00A2 Loading trle EPROM data to replace the R29h register data.
VCM_EN=1
0x0001
18 Wait 1ms or more
19 Read USER ID 0x0028 Read out the USER ID.The LSB is the USER ID.

Figure 77: EPROM write sequence

FT1509 Recommended resistance and connection example
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Figure 78
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Absolute Maximum Ratings

Table 77

Item Symbol Unit | Value Notes
Power supply voltage (1) I0Vce \% -0.3~+4.6 1,2
Power supply voltage (2) | Vci -AGND Vv -0.3~+46 1,3
Power supply voltage (3) DDVDH - AGND \% -0.3~+6.5 1,4
Power supply voltage (4) | VGH - VGL \% +11.0~+27.0 1,4
Power supply voltage (5) | AGND - VGL \Y +3.0 ~+13.0 1,7
Power supply voltage (6) DDVDH - VGL \Y +7.0 ~+19.0 1,5
Power supply voltage (7) | Vci- VGL \Y +5.5~+16.8 1,7
Input voltage Vit Vv -0.3~Vci+0.3 1
Operating temperature Topr °C -40 ~+ 85 1,8
Storage temperature Tstg °C -55~+ 110 1

Notes: 1. If used beyond the absolute maximum ratings, the LS| may permanently be damaged.
It is strongly recommended to use the LSI under the condition within the electrical

characteristics in normal operation.

characteristics, it may affect the reliability of the device.

ONOOTA WD

FocalTech Systems Co., Ltd

Make sure Vci (high) =2 GND (low) and I0Vcc (high) = GND (low).
Make sure Vci (high) =2 AGND (low).
Make sure DDVDH (high) 2 AGND (low).
Make sure DDVDH (high) = VGL (low).
Make sure VGH (high) = AGND (low).
Make sure AGND (high) = VGL (low).
The DC/AC characteristics of die and wafer products are guaranteed at 85 °C.
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Electrical Characteristics
DC Characteristics
see Note 1
Table 78 (Vci = 2.4V ~ 3.3V, IOVcc = 1.65V ~ 3.3V, Ta = -40°C ~ 85°C) )
Item Symbol | Unit | TestCondition Min. Typ. Max. Notes
Input high-level voltage VIH \% IOVcc =1.65V ~3.3V 0.8 x IOVce — I0Vce 2,3
Input low-level voltage VIL \% IOVecc =1.65V ~3.3V -0.3 — 0.2 x I0Vce 2,3
Output high voltage VOH Y IOVcc =1.65V ~3.3V 0.8 x IOVce — — 2
(DBO-17 pins, FMARK) IOH = -0.1mA
Output low voltage VoL \ IOVcc =1.65V ~3.3V — — 0.2 x I0Vce 2
(DB0-17 pins, FMARK) IOL = 0.1mA
/0 leak current ILi pA | Vin=0~I0Vcc -1 — 1 4
Current consumption: I0P1 MA fosc=358kHz (320 lines), — 175 295 5,6
(IO0Vee-GND) fFLM=70Hz,
Normal operation mode, IOVee=Vci= 3.0V
262K color Ta=25°C o
RAM data: 18’h00000
Current consumption: 10P2 MA fosc=358kHz (64 line partial), — 140 — 5,6
(IOVce-GND) fFLM=40Hz,
8-color mode, I10Vece=Vci= 3.0V,
64-line partial display Ta=25°C,
RAM data: 18’h00000
Current consumption: IRAM1 mA tCYCW=150ns, — 2.0 — 6
(IOVee-GND) IOVce=2.40V,Vci= 2.4V,
RAM access mode 1 Ta=25°C
normal operation mode 80-8bit I/I‘: TRI=1
Consecutive RAM access
during display
VCM1=5'h1D, AP=3'h3,
BC0=0, FP=5, BP=8,
gamma registor:0 (default)
CL=0 (8 color)
Current consumption: ISLP MA Vce=Vci=3.00V 45
(I0Vce-GND)+(Vci-GND) SLP="1’
S| Ta=25c
eep mode
Current consumption: ISTB MA Vce=Vci=3.00V 20
(IOVce-GND)+(Vci-GND) STB="1’
Standby mode Ta=25¢
Current consumption: IDST MA Vce=Vci=3.00V — 0.1 1.0 5
(IOVce-GND)+(Vei-GND) DSTB="1’
Deep Standby mode Ta=25¢c
DC Characteristics
Item Symbol | Unit | TestCondition Min. Typ. Max. | Notes
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LCD power supply current
(VCI-GND) 260k color display

lci1

mA

10Vee=Vci=3.0V,

fosc =358kHz (320 lines),
fFLM=70Hz, Ta=25°C,

RAM data:18’'h00000, REV=0,
SAP=1, AP=100, DC0=000,
DC1=010, VRP14-00=0,
VRN14-00=0, PKP52-00=0,
PKN52-00=0 PRP12-00=0,
PRN12-00=0 B/C=0, BT=001,
VC=001, VRH=0011,
VCM=100110, VDV=100000, CL=0
No load on the panel

2.8

3.3

5,6

LCD power supply current
(VCI-GND) 8-color mode

lci2

mA

10Vce=Vci=3.0V,

fosc =358kHz (64 lines)
fFLM=40Hz, Ta=25°C,

RAM data:18’'h00000, REV=0,
SAP=1, AP=010, DC0=001,
DC1=011, VRP14-00=0,
VRN14-00=0, PKP52-00=0,
PKN52-00=0 PRP12-00=0,
PRN12-00=0 B/C=0, BT=001,
VC=001, VRH=0011,
VCM=100110, VDV=011100,
CL=1, PTG=10, ISC=0111
No load on the panel

1.0

5,6

Source Output voltage
dispersion

AVo

mV

Source Average output
voltage variance

AV

mV

35

Step-up circuit Characteristics

Table 79
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Item Unit Test Condition Min Typ Max | Notes
- DDVDH IOVee=Vci= 3.0V, 4.57 4.84 — 11
Step up v fosc =358kHz, Ta=25°C,
output voltage VC=3'h7, AP=100,SAP=1, BT=000, DC0=001
C11=C21=C22=1[uF] / B Characteristics,
DDVDH=VGH=VGL=1[uF] / B Characteristics
No load on the panel, lioad1 = -1[mA]
VGH \% IOVee=Vci= 3.0V, 13.72 | 14.40 — 11
fosc =358kHz, Ta=25°C,
VC=3'h7, AP=100,SAP=1, BT=000,
DC0=000,DC1=010
C11=C21=C22=1[uF] / B Characteristics,
DDVDH=VGH=VGL=1[uF]/ B
Characteristics,
No load on the panel, lioadt = -100[mA]
VGL \% IOVee=Vci= 3.0V, -6.86 | -7.13 — 11
fosc =358kHz, Ta=25°C,
VC=3'h7, AP=100,SAP=1, BT=000,
DC0=000,DC1=010
C11=C21=C22=1[uF] / B Characteristics,
DDVDH=VGH=VGL=1[uF]/B
Characteristics,
No load on the panel, lioadt = +100[mA]
VCL V IO0Vee=Vcee= 3.0V, -2.25 -2.30 — —
fosc =358kHz, Ta=25°C,
VC=3'h7, AP=100,SAP=1, BT=000,
DC0=000,DC1=010
C11=C21=C22=1[uF] / B Characteristics,
DDVDH=VGH=VGL=1[uF]/ B
Characteristics,
No load on the panel, lioad1 = 200[mA]
Input voltage Vci \ 24 — 3.3 —
AC Characteristics
(Vci=2.4V ~ 3.3V, IOVcc = 1.65V ~ 3.3V, Ta = — 40°C ~ +85°C*) *
Table 80 Clock Characteristics
Item Symbol Unit | Test Condition Min Typ Max Notes
A IOVce=Vci=3.0V
RC oscillation clock fosc kHz 250G 250 | 400 630 9
80-system Bus Interface Timing Characteristics (18/16-bit I/F)
Table 81 Normal write operation
IOVcc = 1.65V ~ 3.3V, Vci= 2.4V ~ 3.3V
. Timing .
Item Symbol | Unit Diagram Min. | Typ. Max.
Bus cycle time | Write teyew ns Figure 87 125 - -
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| Read tcycr ns Figure 87 450 - -
Write low-level pulse width PWww ns Figure 87 45 - -
Read low-level pulse width PWLr ns Figure 87 170 - -
Write high-level pulse width PWhw ns Figure 87 70 - -
Read high-level pulse width PWHR ns Figure 87 | 250 - -
Write/Read rise/fall time twRr, WRf ns Figure 87 - - 25
Setup time Write (RS~CSN, WRN)  tas ns Figure 87 0 - -
Read (RS~CSN, RDN) 10
Address hold time taH ns Figure 87 2 - -
Write data setup time tosw ns Figure 87 25 - -
Write data hold time tHwr ns Figure 87 10 - -
Read data delay time DR ns Figure 87 - - 150
Read data hold time {DHR ns Figure 87 5 - -
80-system Bus Interface Timing Characteristics (9/8-bit I/F)
Table 83 Normal Write function
IOVcc = 1.65V ~ 3.3V, Vci= 2.4V ~ 3.3V
. Timing .
Item Symbol Unit Diagram Min. | Typ. Max.
. Write tCYCW ns Figure 87 70 - -
Bus cycle time
Read tCYCR ns Figure 87 450 - -
Write low-level pulse width PWLW ns Figure 87 50 - -
Read low-level pulse width PWLR ns Figure 87 170 - -
Write high-level pulse width PWHW ns Figure 87 25 - -
Read high-level pulse width PWHR ns Figure 87 250 - -
. . . tWRr, .
Write/Read rise/fall time WRF ns Figure 87 - - 25
Write (RS~CSN, WRN 0
Setup time rite ( ) tAS ns Figure 87 - -
Read (RS~CSN, RDN) 10
Address hold time tAH ns Figure 87 2 - -
Write data setup time tDSW ns Figure 87 25 - -
Write data hold time tHWR ns Figure 87 10 - -
Read data delay time tDDR ns Figure 87 - - 150
Read data hold time tDHR ns Figure 87 5 - -
Serial interface Timing Characteristics
Table 84 I0Vcc = 1.65V ~ 3.3V, Vci = 2.4V ~ 3.3V
. Timing .
Item Symbol Unit Diagram Min. | Typ. Max.
Serial clock cycle Write (received) tscye ns Figure 88 100 - 20,000
time Read (transmitted) tscve ns Figure 88 | 350 - 20,000
Serial clock Write (received) tscH ns Figure 88 40 - -
high-level - ]
pulse width Read (transmitted) tscH ns Figure 88 150 - -
Serial clock low-level | Write (received) tscL ns Figure 88 40 - -
pulse width Read (transmitted) tscL ns Figure 88 | 150 - -
Serial clock rise/fall time tscr, tscr ns Figure 88 - - 20
Chip select setup time tcsu ns Figure 88 20 - -
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Chip select hold time teH ns Figure 88 60 - -
Serial input data setup time tsisu ns Figure 88 30 - -
Serial input data hold time tsiH ns Figure 88 30 - -
Serial output data delay time tsob ns Figure 88 - - 130
Serial output data hold time tsoH ns Figure 88 5 - -
Reset Timing Characteristics
Table 85 IOVce = 1.65V ~ 3.3V, Vci= 2.4V ~ 3.3V
. Timin .
Item Symbol Unit . 9 Min Typ Max
diagram
Resetlow-levelwidth trRES ms Figure89 1 — —
Resetrisetime trRES us Figure89 — — 10
LCD driver output Characteristics
Table 88
Item Symbol Unit Test condition Min Typ Max | Note
Vci=IOVce =3.0V, DDVDH=5.5V,
VREG10UT=5.0V, fosc=358kHz (320 lines),
Ta=25°C
REV=0, SAP=010, AP=010,
: VRP14-00=0, VRN14-00=0, _ _
Source Dnver_ taas HS PKP52-00=0, PKN52-00=0 17 10
output delay time PRP12-00=0, PRN12-00=0
Load resistance R=10kQ,
Load capacitance C=20pF Time to reach the
target voltage level £35mV from the timing of
Vcom polarity inversion Transition from the
same grayscale level at all source pins
Vci=IOVce =3.0V, DDVDH=5.5V,
VREG10UT=5.0V, fosc =358kHz (320 lines),
Ta=25°C
REV=0, SAP=010, AP=010,
VRP14-00=0, VRN14-00=0,
VCOM output t PKP52-00=0, PKN52-00=0 17 11
delay time ddv s PRP12-00=0, PRN12-00=0 - -
Load resistance R=100Q,
Load capacitance C=20pF Time to reach the
target voltage level £35mV from the timing of
Vcom polarity inversion Transition from the
same grayscale level at all source pins
Table 89 Display test
Item Symbol | Unit | TestCondition Min. Typ. Max. Notes
LCD power supply current Ipartial1 mA | |OVce=Vci=2.8V, — 3.7 —

Partial 32-Line Display
Load 2.8” Panel
White pattern

fFLM=62Hz, Ta=25°C,

SAP=1, BT=001, APE=1, AP=001,
DC0=100, DC1=010, VC=000,
VRH=1000, VDV=0x15,
VCM=0x21, RC=010,
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LCD power supply current Ipartial2 mA I0Vce=Vci=2.8V, . 45 _
Partial 32-Line Display fFLM=62Hz, Ta=25°C,
Load 2.8" Panel SAP=1, BT=001, APE=1, AP=001,
Black Pattern DC0=100, DC1=010, VC=000,
VRH=1000, VDV=0x15,
VCM=0x21, RC=010,
LCD power supply current Ipartial3 mA | I0Vce=Vci=2.8V, 4.2 —
Partial 32-Line Display fFLM=62Hz, Ta=25°C,
Load 2.8" Panel SAP=1, BT=001, APE=1, AP=001,
Snow Pattern DCO0=100, DC1=010, VC=000,
VRH=1000, VDV=0x15,
VCM=0x21, RC=010,
LCD power supply current Ipartialt mA | !OVce=Vei=2.8V, 7 —
8-color mode fFLM=62Hz, Ta=25°C,
Load 2.8" Panel SAP=1, BT=001, APE=1, AP=001,
Black pattern DC0=100, DC1=010, VC=000,
VRH=1000, VDV=0x15,
VCM=0x21, RC=010,
R91=0300, R98=0103
LCD power supply current Ipartial2 mA | IOVec=Vci=2.8V, 10 _
Normal Display fFLM=62Hz, Ta=25°C,
Load 2.8" Panel SAP=1, BT=001, APE=1, AP=001,
Black Pattern DC0=100, DC1=010, VC=000,
VRH=1000, VDV=0x15,
VCM=0x21, RC=010,
R91=0300, R98=0103
Notes to Electrical Characteristics
1. The DC/AC electrical characteristics of bare die and wafer products are guaranteed at 85°C.
2. The following figures illustrate the configurations of input, 1/0, and output pins.
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Pins: RESET* IM3-1 IMIID Pinz: FMARK, 5DO
WEYNC HSYNC DOTCLK ENABLE CS,
RS, s8DI
IOVCC I C
PMOS PMOS
Input dircuit Input data
NMOS NMOS
IOGND 15 GHD

Pins: WRISCL RD

Iovee
m—c—{ PMOS
Input enable (CS) I PMOS
L
——————————— [Inpui circust
—I NMOS \_{ NMOS

IOGND

Pina: DB17- DBO
IQWGC

5—4| PMOS
Ingit ensbis{GS) } PMOS

| o L

Input cincuit

IOGND
Output circle; Thiee siales
IOWCC

os — o
NMOS
10GHND
Figure 79
3. The TEST1, TEST2 pins must be grounded (GND). The IM3/2/1 and IMO/ID pins must be fixed
at either IOVcc or GND.

4. This excludes the current in the output-drive MOS.
5. This excludes the current in the input/output units. Make sure that the input level is fixed

because through current will increase in the input circuit when the CMOS input level takes a
middle range level. The current consumption is unaffected by whether the CSN pin is “High” or
“Low” while not accessing via interface pins.

6. The relationship between voltages and the current consumption is as follows.
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T.B.D.

Figure 80

7. The output voltage deviation is the difference in the voltages from adjacent source pins for the
same display data. This value is shown just for reference.

8. The average output voltage dispersion is the variance of average source-output voltage of
different chips of the same product. The average source output voltage is measured for each
chip with same display data.

9. This applies to internal oscillators when using external oscillation resistor Rf.

0sCcH
Osdillation frequency depends on the capacitances OSC1 and OSC2.
Rf { Make the wiring between OSC1 and OSC2 as short as possible.
08C2
Figure 81

10. Just for reference. The wiring resistance when the FT1509 is mounted on the glass substrate is
not taken into consideration. No load is applied on pins except those for measurement. See
the reference data “Load current characteristics (T.B.D.)".

11. Just for reference. The liquid crystal driver output delay time depends on the load on the liquid
crystal panel. Adjust the frame frequency and the cycle per line by checking the quality of
display on the actual panel in use.

12. Just for reference. The “DDVDH-VREGOUT=0.5V” should be mostly followed in normal case,

but the actual DDVDH will be a little lower than idea DDVDH due to different loading pattern, so
it may be little loose sometimes, meanwhile that “DDVDH-VREG10UT>0.3V” should be

always followed in all actual case.

Figure 82
Test Circuits
@ Test circuit for AC characteristics @ Testcircuitfor LCD output characteristics
[Data bus: DB17-DBO] [LCD output: $1-5720]
Load resistance R: 10k£2
Test Point Test Point O ’W‘g l
l Load capacitance C:20pF
50pF :|_
Figure 83
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Timing Characteristics 80-system Bus Interface

|
RS VIH VIH
WIL WIL
NS tAH
-« T - Y el

VIH VIH
e VI& \JIL/

See Note 1)
-(—F‘WLW,F'WLR—>| HWHW,F‘WHR—)-‘

" AN\ 7//4
twnf_)_ii *I_wr

tCYOW, ICYCR,

- (DSW I [ — 1H —»
See Note 2)

ViR VIH
DB17-0 .
X v Write data VIL K

{DOR |

€ tDHR

Ses Note 2) FVoH

DB17-0 Read data von
VoL VoL

Note 2) Unused DB pins must be fixed at "IOVec 1" or "IOGND 17,

Mate 1) PWLW and PWLR are defined by the overlap period when CS* is "Low” and WR" or RD" is "Low

Figure 84
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Clock synchronous serial interface
cs*
tscr,
VIH
SCL
VIL-\; VIL?
;_glgu
WIH
SDI Input data Input data
VIL 7
t50D SOH
e —
WOH VOH
SDO Output data Output data
WioL WoL
Figure 85
Reset operation
trRES
. IRES ol
- _ -
lI'I".I'IH
RESET* /
WIL WIL
Figure 86
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External display interface
trgbf
trghbr EYNCE
VSYNC WIH WIH
HSYNC WIL WIL
-€— {ENS —2»| |[<— (ENH —3»
ENABLE VIH WIH
VIL WIL
trgbf trgbr 5, | lg
PWDL — | [€<—— PWDH — >
y
DOTCLK VIH / WVIH WIH
VIL VIL & WIL
ICYCD
tPDS >| < tPDH
DB17-0 : Write data
Figure 87

LCD driver outputs

- tDDv — | TargetVolttage £35mV

oo <] <

T Target Voltage £35mV

< 'DDs ——3»| TametVoltage £35mV

T e B S

Target Violtage £35mV

Figure 88

** May be revised without notice
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REVISION TABLE
version | Revisions Date
®  Add “Content Adaptive Backlight Control” function
0.5 ®  Add “Edge enhancement” function 2008-08-01
The above is the difference comparing with FT1505C.
® Page 8: Update block diagram
® Page 14: Update Pad arrangement Top view 0.
0.6 ® Page 15~Page 29: Update pad coordinate 2008-9-9
® Page 14: correct bump size
0.65 ® Remove OSC2 pin. OSC1 for external clock input not support 08-09-12
) external Resistor (Page 8 and Page 10, page 52)
® Add VCILVL and VCC description on page 11
0.70 ® Update Table 36 VDV: VCOM amplitude on page 48 08-10-08

END OF DATABOOK

FocalTech Systems Co., Ltd CONFIDENTIAL

Page 137 of 137



