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1 Description

FT1505C is a single-chip 262k-color TFT LCD panel driver IC with built-in 172,800 bytes RAM, a 720-channel source
driver, a 320-channel gate driver, and power supply circuit capable of supporting QVGA (240RGBx320-dot) resolution
display.

The dithering image processing is implemented in the FT1505C to provide 16.7M-color display quality and the
Multi-demain”Vertical Alignment (MVA) wide view angle display is also supported in the FT1505C.

Forefficientdata transfer, the FT1505C supports 4 kinds of system interfaces which are i80-system MPU interface via
84/9-/16-/18bit bus/ ¥ SYNC interface (system interface + VSYNC, internal clock, DB17-DB0), serial data transfer
interface (SPI)/and RGB/6-/16</48-bit\interface (VSYNC, HSYNC, DOTCLK, ENABLE, DB17-DB0).

In VSYNClinterface/mades, thé combined use of widow address function enable displaying a moving picture at a position
specified-by’auser ahd still pictures;in other areas on the screen simultaneously, which makes it possible to display the
refresh dataonly 16, minimize thé-amount of data’transfer and the total power consumption.

FT1505C can operate” atlow voltage“dp’to71.65V I/Q.interface voltage, and an internal voltage follower circuit to
generate voltage levels/fordfiving LCDpanel. The’'FF1505C also supports different power management functions
(through software controf) stch as8-Color display'mode¢sleep mode, standby mode, and deep standby mode to make
the FT1505C an ideal LCD_driver fof medium or small size portable products such as digital cellular phones, smart
phone, PDA and PMP where‘long battery/ife’is a majer-concern.
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2 Features

Single chip controller driver for 240RGB x 320-dot a-Si TFT LCD display supporting true 262K-color
Dithering image processing improvement to support 16.7M-color display quality

Supporting MYA (Multi-domain Vertical Alignment) wide view display
Incorporate’720-¢ghannel source driver and 320-channel gate driver

Internal 472,800 bytes graphic RAM

System.interfaces

i80 systemvinterface via 8-/ 9-/16-/18-bit bus

Serial Peripheralinterface (SPJ)

VSYNC interface((System interface+ VSYNC)

FMRK interface (System interfacé # FMARK)

Internal/oscillator-and hardware resét

Resizing fuhction’(¥1/2, x 1/4)

Reversible soutce/gatedrivershift direetion

Window address function to,specify’a’rectangular area for.internal GRAM access

Abundant color display and drawing fuhetions

y-correction function enabling display/in’ 262,144 colors

1 line-unit vertical scrolling'function

Partial drive function, enabling*pattially driving an LCB panel at positions_specified by user
Incorporate step-up circuits for stepping’up a liquid eryStaldrive voltage leyvel up to 6 times (x6)
® N-line-inversion liquid crystal drive tolinvert/polarity of Jiquid cfystal at‘an interval of arbitrary number of line period
Internal EPROM (EPROM): User identification’ eode/(4'bits), Vcom' level adjustment (12 bits)
a-TFT LCD storage capacitor: Cst only

Power saving functions

8-color display mode

Sleep mode

Standby mode

Deep standby mode

Input power supply voltages:

IOVce = 1.65v ~ 3.3v (interface 1/0 supply)

Vci = 2.4v ~ 3.3v (Logic regulator and LCD analog circuit power supply)

LCD driver output voltage:

Source/VCOM power supply voltage

DDVDH - GND = 4.5v ~ 6.0v

VCL — GND =-2.0v ~ -3.0v

Vci—-VCL = 6.0v

Gate driver output voltage

VGH - AGND = 10.0v ~ 20.0v

VGL — AGND =-5.0v ~ -15.0v

VGH -VGL = 28.0v

VCOM driver output voltage
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VcomH = 3.0v ~ (DDVDH-0.5)v
VcomL = (VCL+0.5)v ~ Ov
VcomH —VcomL = 6.0v

Table 1 ET1505Cpower supply main specifications

No. jltem FT1505C

1 TFT data’lines 720 output

2 TF ¥ gatedines 320 output

3 TET display storage capacitor Cst only (Common Vcom formula)
Kiquid S1~8720 V0 ~ V63 grayscales

4 crystal G1G320 VGH-VGL
drive
output Vcom VcomH / VcomL

1.65v ~ 3,30v-Rawer supply to IMO/ID, IM1-3, RESET, DB17-DBO,
RDN, SDI'SDO,/WR/SCL, RS, CSN, VSYNC, HSYNC, DOTCLK,

'(icr)]:gcr?ace ey /| ENABLE, FMARK
5 Input P Connect to Vci on the FPC when I0Vcc and Vci are at the same
voltage electrical potential.
Vci (liquid crystal |_2.40v # 3.30v'Connect'tg I0Vcc onthe FPC when IOVcce and Vci are
drive power) at the same electrical potential.
6 Regulated VDD 1.7y
voltage
DDVDH Vil x 2
Internal 'y, Vcil x 6, x 5, ¥/4
7 step-up ;
circuits VGL Vci1l x -3, x -4, x <6
VCL Vi1 x -1
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4 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.
M3 | IM2 | IM1 IMO MPU interface format DB pins Colors
0 0 0 X Setting disabled - -
- _bi -~ 65,536 or
0 0 1 0 80 s.ytStffm 16-bit Dgég_%BBzo, 262,144
interiace. see Note1
65,536 or
0 0 1 1 80-system 8-bit interface DB17-DB10 262,144
i see Note2 All pins
IM3-IM1 4 GIND or 0 4 0 ip | Clock synchronous serial SDISDO 65,536 can't be
IMO/D, IOVce interface (SPI) floating.
0 1 1 X Setting disabled - -
1 0 0 0 Setting disabled - -
1 0 0 1 Setting disabled - -
1 0 1 0 80-system 18-bit DB17-DBO 262,114
interface
1 0 1 1 80-system 9-bit interface DB17-DB9 262,114
1 1 X X Setting disabled

Note: 65,536 colors’inA transfer, 262,144 colors)in 2 transfer
Note2: 65,536/Colors/in 2 transfer;262,144 colors'in'3 transfer
Chipsselect signals’ ,Amplitude;/10Vce-GND

CSN 1 MPU Lew: the' ET 1505C is"seleeted’and accessible I0OVce
High! the FT1505C is net seleCted and not/accessible.

Registef.selectsignal’ Amplitude/10Vcc-GND
RS 1 MPU Low: select.IndexX or statustedister I0Vce
High: select control register

Write strobe signal’in’ 80<system/businterface/operation ‘and enables write
operation when WRNis_low/

WRN/SCL 1 MPU Synchronous clock signal (SCLY'in’setial intefface operation.

Amplitude: IOVcc-GND

I0OVce

Read strobe signal in 80-system bus/interface’ operation ahd enables read
RDN 1 MPU operation when RDN is low. I0Vce
Amplitude: IOVcc-GND

Serial data input (SDI) pin in serial interface operation. The data is inputted
SDI 1 MPU on the rising edge of the SCL signal.
Amplitude: IOVcc-GND

GND or
I0OVce

Serial data output (SDO) pin in serial interface operation. The data is
SDO 1 (0] MPU outputted on the falling edge of the SCL signal. OPEN
Amplitude: IOVcc-GND
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Table 3 Interface (continued)

. . When not
Signal NUM [ /O | Connectto Function in use
Parallel bi-directional data bus for 80-system interface operation
(Amplitude: IOVcec-GND).  Fix unused pins to either IOVcc or GND level.
8-bit I/F: DB17-DB10 are used.
9-bit I/F: DB17-DB9 are used. GND or
DBO0-DB1Z 18 /0 MPU 16-bit I/F: DB17-DB10 and DB8-1 are used. lOVee
18-bit I/F: DB17-DBO0 are used.
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) GND or
ENABLE 1 | MPU High: Not accessible (Not select) lOVee
The/olarity of ENABLE signal can be inverted by setting the EPL bit.
. . . . GND or
VSYNC 1 | MPU Frame’synchronods signal . Low active. (Amplitude: IOVcc-GND). IOVee
. . . . . GND or
HSYNC 1 MPU Lihe synchrenous signal. Low active. (Amplitude: IOVcc-GND). IOVee
DotclocK signal/ The'data’is inputted on the rising edge of DOTCLK. GND or
DOTCLK 1 ! MPU (Amplitude: I0VcG-GND). IOVce
Frame-head pulsetasynchronize/RAM data writes operation with the
FMARK 1 o MPU frame’head’position. / (Amplitude: I0Vcc-GND). Open
Table 4 Reset and oscillator
Signal NUM /0 | Connectto Function W_hen not
in use
MPU or Reset signal Initializes the FT1505€ when'RESET input is low.
RESETB 1 | external Make sure to execute a power-on reset' when tlrning on the -
RC circuit power supply. (Amplitude:lOVec-GND).
0OSCH1 .
0SC2 2 10 Oscillator Leave them open Open
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Table 5 Power supply
When
Signal NUM /0 | Connectto | Function not in
use
GND of Internal logic and GRAM.
GND 1 ) Power GND of interface pins: RESETB; CSN; WR; RDN; RS; DB17-DBO0; )
supply VSYNC; HSYNC; DOTCLK; ENABLE.
GND = Ov
VDb 1 o Stabilizing Internal regulator output used for logic and GRAM power supply. )
capacitor Connect a stabilizing capacitor.
Powér Power supply to interface pins: RESETB; CSN; WR; RDN; RS; DB17-DBO0;
I0Vce 1 z syt VSYNC; HSYNC; DOTCLK; ENABLE. -
Y IOVce = 1.65v ~ 3.3v.
AGND 1 / Power Analog GND (for liquid crystal power supply circuit): AGND = 0v. Incase |
supply of COG; connect to GND on the FPC to prevent noise.
Vei Power Power supply to liquid crystal power supply analog circuit. Connect to an
ci 1 J -
supply external power supply of 2.4v ~ 3.3v.
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Table 6 Step-up circuit

When
Signal NUM 110 Connect to | Function not in
use

Normal mode: Reference voltage for step-up circuit 1. Vci1 must be set for

Normal the output voltages DDVDH, VGH, VGL to be generated within the respective
mode: setting ranges. See Page 118
Stabilizing --Strongly recommended mode.
Vi1 1 1/0 C_apac:ltor Fixed mode: Directly connected Vci. In this case, the Vciout adjustment -
Fixed mode: o . . . .
Directly circuit is not available. (Please be careful register VC[2:0] setting to avoid
connected conflict. —-See Page 47 .It's potential negative factor for picture quality) but
Vai the efficiency of the step-up operation can be enhanced. More detail Circuit
see page 119
VCL 1 (o) Stablllglng Power Supply for VCOML drive, internally generated -
capacitor
Stabifigin Source driver unit liquid crystal drive voltage and Vcom drive power supply. -
DDVDH 1 O ca acitorg DDYDH is generated from Vci1 in the step-up circuit 1. The step-up factor is
p Set by instruction (BF). DDVDH = 4.5v ~ 6.0v
Stabilizing Liquid crystal drive power supply generated from Vci1 and
VGH 1 o capacitof, DDPVDH in the step-up circuit 2. The step-up factor is set by instruction (BT). -

LCD panel N GH = max./20.0v

Stabilizing Ligtid erystal dfive power'supply generated from Vci1 and
VGL 1 (0] capacitor, DDVDH in' thestep-up,Circuit’2, Fhe Step-up factor is set by instruction (BT). -
LCD panel VGL =-max.~15.0V

C11A,

C11B Step-up . / ‘ ) )
C12A, 5 I/O capacitor Capacitor connection pins of thestép-up eircuit 1«

C12B

C13A, Step-up . . . e )
C13B 4 I/O capacitor Capacitor connection pins of the step-up circuit 3:

C21A,

C21B 7 /0 Step-up Capacitor connection pins of the step-up circuit 2. Connect capacitors where )
C22A, capacitor they are required according to the step-up factor.

C22B
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Doc# : D-FT1505C_B-0811 (Version : 2.0)
DDCN# : DC-0812005

Focallech

Table 7 Liquid crystal drive

Signal number | /0 | €OMMeCt | 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,

Stabilizing | (2) VcomH level reference voltage,

VREG10U¥ 1 (0] - - 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
TRT Power supply to TFT common electrode. Vcom voltage is defined by
VcomH and VcomL. The alternating cycle can be changed by
Veom 1 O | ecommon ; . ? . Open
setting register. Also Vcom output can be controlled by instruction
eleCtrode
(COM).
Vedmh 1 o Stablllglng The hllgh level of Vcom whllch can be char)ged by either internal Open
Capacitor electric volume or connecting variable resistor (VcomR)
VcomL 1 (0] Stablllglng The low level of Vcom. Connect to a stabilizing capacitor Open
capdcitor
Variable

) Connegt avariable’resistor between VREG10UT and GND when
VcomR 1 1 resistor/ of A Open
adjusting the VeomH level externally.

open
GND or . L
Reference level/of grayscale voltage generating circuit. The VGS
VGS 1 I external Z : -
; level canbe’ changed by connégting-to an external resistor
resistor
Liquid/crystal/application voltage. To change the shift direction of
segment’signal output; sét the’SS bit dsfollows.
S1~8720 720 O | LCD When'SS 0/thé data’inthe RAM address h00000 is output from S1. | Open
When-SS'7"1/the data’inthé RAM ,address h00000 is output from
S720.

Gate output sighal
G1~ G320 320 O | LCD Gate select level: VGH Open
Gate non-select level: YGL

Table 8 test and dummy

Signal Number | 1/0O | 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 measuring
the COG contact resistance. Dummy14

DUMMY14 - 15 2 ) ) and Dummy15 are short-circuited within Open
the chip.

DUMMY1 - 13

DUMMY416 - 25 23 - - Dummy pads. Leave them open. Open
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.Chip Size: 18.08 mm X 0.83 mm
.Chip Thickness: 400um (typ.)
.Pad Coordinate: Pad Center
.Coordinate Origin: chip center
Au BUMP size:
(1) 50 um * 80 um

Input / Output

No.1 — No.243)
(2) 16 um * 98 um

Staggered LCD output side

(No. 244 — No. 1291)
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5 FT1505C PAD coordinates 1 (Unit: um)

PAD NO. |PAD NAME X Y PAD NO. |PAD NAME (X Y

1 OSC_TEST |-8610 -307.5 51 RS -4830 -307.5
2 0OSC1 -8540 -307.5 52 CSN -4760 -307.5
3 BUMMY1 -8470 -307.5 53 DUMMY5 -4690 -307.5
4 0SC2 -8400 -307.5 54 DUMMY®6 -4620 -307.5
5 TSO -8330 -307.5 55 FMARK -4550 -307.5
6 51 »8260 -307.5 56 DUMMY7 -4480 -307.5
7 IMO7ID <8190 -307.5 57 TESTM1 -4410 -307.5
8 M1 -8120 -307.5 58 TESTM2 -4340 -307.5
9 M2 -8050 -307.5 59 TESTM3 -4270 -307.5
10 IM3 >7980 -307.5 60 DUMMY8 -4200 -307.5
11 DSTB_TEST./<7910 -307.5 61 DUMMY9 -4130 -307.5
12 TS2 -7840 -307.5 62 DUMMY10 |-4060 -307.5
13 TS3 1770 -307.5 63 VTEST -3990 -307.5
14 TS4 ~7700 -307.5 64 VMON -3920 -307.5
15 TS5 =7630 -307.5 65 DUMMY11  |-3850 -307.5
16 TS6 -7560 -307.5 66 DUMMY12 |-3780 -307.5
17 TS7 -7490 23075 67 IovVCC -3710 -307.5
18 TS8 -7420 3075 68 IOvVCC -3640 -307.5
19 RESETB -7350 -307%5 69 loyecC -3570 -307.5
20 RESETB -7280 -307.5 70 IOVCC -3500 -307.5
21 VSYNC -7210 -307.5 71 IovVeeG -3430 -307.5
22 HSYNC -7140 -307.5 72 IOYCe -3360 -307.5
23 DOTCLK -7070 -307.5 73 VDD <3290 -307.5
24 ENABLE -7000 -307.5 74 VDD -3220 -307.5
25 DB17 -6905 -307.5 75 VDD -3150 -307.5
26 DB16 -6825 -307.5 76 VDD -3080 -307.5
27 DB15 -6745 -307.5 77 VDD -3010 -307.5
28 DB14 -6665 -307.5 78 VDD -2940 -307.5
29 DB13 -6585 -307.5 79 VDD -2870 -307.5
30 TS9 -6495 -307.5 80 VDD -2800 -307.5
31 DB12 -6405 -307.5 81 VDD -2730 -307.5
32 DB11 -6325 -307.5 82 VDD -2660 -307.5
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33 DB10 -6245 -307.5 83 VDD -2590 -307.5
34 DB9 -6165 -307.5 84 DUMMY13 |-2520 -307.5
35 DB8 -6085 -307.5 85 AGND -2450 -307.5
36 DUMMY?2 -5990 -307.5 86 AGND -2380 -307.5
37 DUMMY3 -5920 -307.5 87 AGND -2310 -307.5
38 DB7 -5825 -307.5 88 AGND -2240 -307.5
39 DB6 -5745 -307.5 89 AGND -2170 -307.5
40 DB5 -5665 -307.5 90 AGND -2100 -307.5
41 DB4 -55685 -307.5 91 AGND -2030 -307.5
42 DB3 -5505 -307.5 92 AGND -1960 -307.5
43 bB2 -5425 -307.5 93 VGS -1890 -307.5
44 DB1 -5345 -307.5 94 VGS -1820 -307.5
45 DBO -5265 -307.5 95 GND -1750 -307.5
46 DUMMY4 -5180 -30775 96 GND -1680 -307.5
47 SDO -5110 =307.5 97 GND -1610 -307.5
48 SDI -5040 -307.5 98 GND -1540 -307.5
49 RDN “4970 -307.5 99 GND -1470 -307.5
50 VWRN/SCL -4900 3075 100 GND -1400 -307.5

FT1505C PAD coordinates 2 (Unit: um)

PAD NO. |PAD NAME X Y PAD NO/|PAB_NAME (X Y

101 GND -1330 -307.5 151 VGt 2470 -307.5
102 GND -1260 -307.5 152 VCI 2240 -307.5
103 GND -1190 -307.5 153 \VCl 23810 -307.5
104 GND -1120 -307.5 154 V/CI 2380 -307.5
105 DUMMYR1 |-1050 -307.5 155 \VCI 2450 -307.5
106 PTEST3 -980 -307.5 156 VCl 2520 -307.5
107 DUMMYR2 |-910 -307.5 157 VCI 2590 -307.5
108 VCOM -840 -307.5 158 VCI 2660 -307.5
109 VCOM -770 -307.5 159 VCI 2730 -307.5
110 VCOM -700 -307.5 160 VCI 2800 -307.5
111 VCOM -630 -307.5 161 VCI 2870 -307.5
112 VCOM -560 -307.5 162 VCI 2940 -307.5
113 VCOM -490 -307.5 163 DUMMY14 |3010 -307.5
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114 VCOM -420 -307.5 164 DUMMY15 |3080 -307.5
115 VCOMH -350 -307.5 165 C12B 3150 -307.5
116 VCOMH -280 -307.5 166 C12B 3220 -307.5
117 VCOMH -210 -307.5 167 C12B 3290 -307.5
118 VCOMH -140 -307.5 168 C12B 3360 -307.5
119 VCOMH -70 -307.5 169 C12B 3430 -307.5
120 VCOMH 0 -307.5 170 C12A 3500 -307.5
121 VCOML 70 -307.5 171 C12A 3570 -307.5
122 VEOML 140 -307.5 172 C12A 3640 -307.5
123 VCOML 210 -307.5 173 C12A 3710 -307.5
124 VCOML 280 -307.5 174 C12A 3780 -307.5
125 VREG10UT” /350 -307.5 175 C11B 3850 -307.5
126 VREG10QUT. 420 -307.5 176 C11B 3920 -307.5
127 VREG10UT /490 -30775 177 C11B 3990 -307.5
128 PTEST1 560 ~307.5 178 C11B 4060 -307.5
129 VCOMR 630 -307.5 179 C11B 4130 -307.5
130 PTEST2 700 -307.5 180 C11A 4200 -307.5
131 VCL 770 3075 181 CHMA 4270 -307.5
132 VCL 840 <3075 182 C11A 4340 -307.5
133 VCL 910 <3075 183 C11A 4410 -307.5
134 VCL 980 -307& 184 C1AA 4480 -307.5
135 VCL 1050 -307.5 185 \je;n 4550 -307.5
136 DDVDH 1120 -307.5 186 VGL 4620 -307.5
137 DDVDH 1190 -307.5 187 VGL 4690 -307.5
138 DDVDH 1260 -307.5 188 VGL 4760 -307.5
139 DDVDH 1330 -307.5 189 VGL 4830 -307.5
140 DDVDH 1400 -307.5 190 VGL 4900 -307.5
141 DDVDH 1470 -307.5 191 VGL 4970 -307.5
142 VCI1 1540 -307.5 192 VGL 5040 -307.5
143 VCI1 1610 -307.5 193 VGL 5110 -307.5
144 VCI1 1680 -307.5 194 VGL 5180 -307.5
145 VClI 1750 -307.5 195 GND 5250 -307.5
146 VClI 1820 -307.5 196 GND 5320 -307.5
147 VClI 1890 -307.5 197 GND 5390 -307.5
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148 VCI 1960 -307.5 198 VGH 5460 -307.5
149 VCI 2030 -307.5 199 VGH 5530 -307.5
150 VCI 2100 -307.5 200 VGH 5600 -307.5

FT1505C PAD coordinates 3 (Unit: um)

PADNO. |PAD NAME X Y PAD NO. |PAD NAME (X Y

201 VGH 5670 -307.5 251 G308 8547 319.5
202 VGH 5740 -307.5 252 G306 8531 202.5
203 VGH 5810 -307.5 253 G304 8515 319.5
204 DUMMYAG 5880 -307.5 254 G302 8499 202.5
205 BUMMY17 / |5950 -307.5 255 G300 8483 319.5
206 C13B 6020 -307.5 256 G298 8467 202.5
207 C13B 6090 -307.5 257 G296 8451 319.5
208 C13B 6160 -307:5 258 G294 8435 202.5
209 C13B 6230 <307.5 259 G292 8419 319.5
210 C13A 6300 -307.5 260 G290 8403 202.5
211 C13A 6370 -307.5 261 G288 8387 319.5
212 C13A 6440 23075 262 G286 8371 202.5
213 C13A 6510 -307/5 263 G284 8355 319.5
214 C21B 6580 <3075 264 G282 8339 202.5
215 C21B 6650 -307.6 265 G280 8323 319.5
216 C21B 6720 -307.5 266 G278 8307 202.5
217 C21B 6790 -307.5 267 G276 8291 319.5
218 C21B 6860 -307.5 268 G274 8275 202.5
219 C21B 6930 -307.5 269 G272 8259 319.5
220 C21B 7000 -307.5 270 G270 8243 202.5
221 C21A 7070 -307.5 271 G268 8227 319.5
222 C21A 7140 -307.5 272 G266 8211 202.5
223 C21A 7210 -307.5 273 G264 8195 319.5
224 C21A 7280 -307.5 274 G262 8179 202.5
225 C21A 7350 -307.5 275 G260 8163 319.5
226 C21A 7420 -307.5 276 G258 8147 202.5
227 C21A 7490 -307.5 277 G256 8131 319.5
228 C22B 7560 -307.5 278 G254 8115 202.5
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229 C22B 7630 -307.5 279 G252 8099 319.5
230 C22B 7700 -307.5 280 G250 8083 202.5
231 C22B 7770 -307.5 281 G248 8067 319.5
232 C22B 7840 -307.5 282 G246 8051 202.5
233 G22B 7910 -307.5 283 G244 8035 319.5
234 C22B 7980 -307.5 284 G242 8019 202.5
235 C22A 8050 -307.5 285 G240 8003 319.5
236 C22A 8120 -307.5 286 G238 7987 202.5
237 C22A 8190 -307.5 287 G236 7971 319.5
238 C22A 8260 -307.5 288 G234 7955 202.5
239 C22K 8330 -307.5 289 G232 7939 319.5
240 C22A 8400 -307.5 290 G230 7923 202.5
241 C22X 8470 -307.5 291 G228 7907 319.5
242 DUMMY 18/ /8540 -30775 292 G226 7891 202.5
243 DUMMYRS _, |8610 =307.5 293 G224 7875 319.5
244 DUMMYR4~ /8659 202.5 294 G222 7859 202.5
245 G320 8643 3195 295 G220 7843 319.5
246 G318 8627 2025 296 G218 7827 202.5
247 G316 8611 319.6 297 G216 7811 319.5
248 G314 8595 202.5 298 G214 7795 202.5
249 G312 8579 319% 299 G212 7779 319.5
250 G310 8563 202.5 300 G210 7763 202.5

FT1505C PAD coordinates 4 (Unit: um)

PAD NO. |PAD NAME X Y PAD'NO/ JPADNAME /X Y

301 G208 7747 319.5 351 G108 6947 319.5
302 G206 7731 202.5 352 G106 6931 202.5
303 G204 7715 319.5 353 G104 6915 319.5
304 G202 7699 202.5 354 G102 6899 202.5
305 G200 7683 319.5 355 G100 6883 319.5
306 G198 7667 202.5 356 G98 6867 202.5
307 G196 7651 319.5 357 G96 6851 319.5
308 G194 7635 202.5 358 G94 6835 202.5
309 G192 7619 319.5 359 G92 6819 319.5
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310 G190 7603 202.5 360 G90 6803 202.5
311 G188 7587 319.5 361 G88 6787 319.5
312 G186 7571 202.5 362 G86 6771 202.5
313 G184 7555 319.5 363 G84 6755 319.5
314 3182 7539 202.5 364 G82 6739 202.5
316 G180 7523 319.5 365 G80 6723 319.5
316 G178 7507 202.5 366 G78 6707 202.5
7 G176 7491 319.5 367 G76 6691 319.5
318 GA74 475 202.5 368 G74 6675 202.5
319 GA72 7459 319.5 369 G72 6659 319.5
320 G170 7443 202.5 370 G70 6643 202.5
321 G168 17427 319.5 371 G68 6627 319.5
322 G166 7411 202.5 372 G66 6611 202.5
323 G164 7395 3195 373 G64 6595 319.5
324 G162 7379 202.5 374 G62 6579 202.5
325 G160 7363 319.5 375 G60 6563 319.5
326 G158 7347 20275 376 G58 6547 202.5
327 G156 7331 31956 377 G56 6531 319.5
328 G154 7315 202.5 378 G54 6515 202.5
329 G152 7299 319.5 379 G52 6499 319.5
330 G150 7283 20213 380 G50 6483 202.5
331 G148 7267 319.5 381 G48 6467 319.5
332 G146 7251 202.5 382 G46 6451 202.5
333 G144 7235 319.5 383 G4a4 6435 319.5
334 G142 7219 202.5 384 G42 6419 202.5
335 G140 7203 319.5 385 G40 6403 319.5
336 G138 7187 202.5 386 G38 6387 202.5
337 G136 7171 319.5 387 G36 6371 319.5
338 G134 7155 202.5 388 G34 6355 202.5
339 G132 7139 319.5 389 G32 6339 319.5
340 G130 7123 202.5 390 G30 6323 202.5
341 G128 7107 319.5 391 G28 6307 319.5
342 G126 7091 202.5 392 G26 6291 202.5
343 G124 7075 319.5 393 G24 6275 319.5
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344 G122 7059 202.5 394 G22 6259 202.5
345 G120 7043 319.5 395 G20 6243 319.5
346 G118 7027 202.5 396 G18 6227 202.5
347 G116 7011 319.5 397 G16 6211 319.5
348 G114 6995 202.5 398 G14 6195 202.5
349 G112 6979 319.5 399 G12 6179 319.5
350 G110 6963 202.5 400 G10 6163 202.5

FT1505C/PAD coordihates-5(Unit: um)

PAD NO. PAD'NAME /X Y PAD NO. |PAD NAME (X Y

401 G8 6147 319.5 451 S676 5327 202.5
402 G6 6131 202.5 452 S675 5311 319.5
403 G4 6115 319.5 453 S674 5295 202.5
404 G2 6099 2025 454 S673 5279 319.5
405 DUMMYAY/ 16083 319.5 455 S672 5263 202.5
406 DUMMY20- /6047 319.5 456 S671 5247 319.5
407 S720 6031 20275 457 S670 5231 202.5
408 S719 6015 31956 458 S669 5215 319.5
409 S718 5999 202.5 459 S668 5199 202.5
410 S717 5983 3195 460 S667 5183 319.5
411 S716 5967 202:5 461 5666 5167 202.5
412 S715 5951 319.5 462 5665 5151 319.5
413 S714 5935 202.5 463 3664 5135 202.5
414 S713 5919 319.5 464 S663 5119 319.5
415 S712 5903 202.5 465 $662 5103 202.5
416 S711 5887 319.5 466 S661 5087 319.5
417 S710 5871 202.5 467 S660 5071 202.5
418 S709 5855 319.5 468 S659 5055 319.5
419 S708 5839 202.5 469 S658 5039 202.5
420 S707 5823 319.5 470 S657 5023 319.5
421 S706 5807 202.5 471 S656 5007 202.5
422 S705 5791 319.5 472 S655 4991 319.5
423 S704 5775 202.5 473 S654 4975 202.5
424 S703 5759 319.5 474 S653 4959 319.5
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425 S702 5743 202.5 475 5652 4943 202.5
426 S701 5727 319.5 476 S651 4927 319.5
427 S700 5711 202.5 477 S650 4911 202.5
428 S699 5695 319.5 478 5649 4895 319.5
429 3698 5679 202.5 479 5648 4879 202.5
430 S697 5663 319.5 480 S647 4863 319.5
431 S696 5647 202.5 481 S646 4847 202.5
432 S695 5631 319.5 482 S645 4831 319.5
433 S694 5615 202.5 483 S644 4815 202.5
434 S693 5599 319.5 484 5643 4799 319.5
435 5692 5583 202.5 485 S642 4783 202.5
436 S691 5567 319.5 486 S641 4767 319.5
437 S690 5551 202.5 487 S640 4751 202.5
438 S689 55635 3195 488 S639 4735 319.5
439 S683 5519 202.5 489 S638 4719 202.5
440 S687 5503 319.5 490 S637 4703 319.5
441 S686 5487 20275 491 S636 4687 202.5
442 S685 5471 31956 492 S635 4671 319.5
443 S684 5455 202.5 493 S634 4655 202.5
444 S683 5439 319.5 494 S633 4639 319.5
445 S682 5423 20215 495 5632 4623 202.5
446 S681 5407 319.5 496 S631 4607 319.5
447 S680 5391 202.5 497 8630 4591 202.5
448 S679 5375 319.5 498 $629 4575 319.5
449 S678 5359 202.5 499 S628 4559 202.5
450 S677 5343 319.5 500 S627 4543 319.5

FT1505C PAD coordinates 6 (Unit: um)

PAD NO. |PAD NAME X Y PAD NO. |PAD NAME (X Y

501 S626 4527 202.5 551 S576 3727 202.5
502 S625 4511 319.5 5562 S575 3711 319.5
503 S624 4495 202.5 553 S574 3695 202.5
504 S623 4479 319.5 554 S573 3679 319.5
505 S622 4463 202.5 555 S572 3663 202.5
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506 S621 4447 319.5 556 S571 3647 319.5
507 S620 4431 202.5 557 S570 3631 202.5
508 S619 4415 319.5 558 5569 3615 319.5
509 S618 4399 202.5 559 S568 3599 202.5
510 3617 4383 319.5 560 S§567 3583 319.5
511 S616 4367 202.5 561 S566 3567 202.5
512 S615 4351 319.5 562 5565 3551 319.5
3 S6/14 4335 202.5 563 5564 3535 202.5
514 3613 4319 319.5 564 S563 3519 319.5
515 S612 4303 202.5 565 5562 3503 202.5
516 5611 4287 319.5 566 S561 3487 319.5
517 S610 42771 202.5 567 S560 3471 202.5
518 S609 4255 319.5 568 S559 3455 319.5
519 S608 4239 2025 569 S558 3439 202.5
520 S607 4223 319.5 570 S557 3423 319.5
521 S606 4207 202.5 571 S556 3407 202.5
522 S605 4191 3195 572 S555 3391 319.5
523 S604 4175 2025 573 S554 3375 202.5
524 S603 4159 319.6 574 S653 3359 319.5
525 S602 4143 202.5 575 S552 3343 202.5
526 S601 4127 319% 576 5551 3327 319.5
527 S600 4111 202.5 577 §550 3311 202.5
528 S599 4095 319.5 578 8549 3295 319.5
529 S598 4079 202.5 579 5548 3279 202.5
530 S597 4063 319.5 580 S547 3263 319.5
531 S596 4047 202.5 581 5546 3247 202.5
532 S595 4031 319.5 582 S545 3231 319.5
533 S594 4015 202.5 583 S544 3215 202.5
534 S593 3999 319.5 584 S$543 3199 319.5
535 S592 3983 202.5 585 S542 3183 202.5
536 S591 3967 319.5 586 S541 3167 319.5
537 S590 3951 202.5 587 S540 3151 202.5
538 S589 3935 319.5 588 S539 3135 319.5
539 S588 3919 202.5 589 S538 3119 202.5
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540 5587 3903 319.5 590 S§537 3103 319.5
541 5586 3887 202.5 591 5536 3087 202.5
542 S585 3871 319.5 592 5535 3071 319.5
543 5584 3855 202.5 593 5534 3055 202.5
544 3583 3839 319.5 594 S§533 3039 319.5
545 5582 3823 202.5 595 §532 3023 202.5
546 S581 3807 319.5 596 5531 3007 319.5
547 S580 3791 202.5 597 S§530 2991 202.5
548 8579 3775 319.5 598 §529 2975 319.5
549 S578 3759 202.5 599 5528 2959 202.5
550 8577 3743 319.5 600 8527 2943 319.5

FT1505C PAD coordinates’ 7 (Unit: dm)

PAD NO. |PAD NAME” /X Y PAD NO. |PAD NAME (X Y

601 S526 2927 202.5 651 S476 2127 202.5
602 S525 291 319.5 652 S475 2111 319.5
603 S524 2895 20275 653 S474 2095 202.5
604 S523 2879 31956 654 S473 2079 319.5
605 S522 2863 202.5 655 S472 2063 202.5
606 S521 2847 3195 656 S471 2047 319.5
607 S520 2831 202:5 657 $470 2031 202.5
608 S519 2815 319.5 658 §469 2015 319.5
609 S518 2799 202.5 659 3468 1999 202.5
610 S517 2783 319.5 660 S467 1983 319.5
611 S516 2767 202.5 661 $466 1967 202.5
612 S515 2751 319.5 662 S465 1951 319.5
613 S514 2735 202.5 663 S464 1935 202.5
614 S513 2719 319.5 664 S463 1919 319.5
615 S512 2703 202.5 665 S462 1903 202.5
616 S511 2687 319.5 666 S461 1887 319.5
617 S510 2671 202.5 667 S460 1871 202.5
618 S509 2655 319.5 668 S459 1855 319.5
619 S508 2639 202.5 669 S458 1839 202.5
620 S507 2623 319.5 670 S457 1823 319.5
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Focallech

621 S506 2607 202.5 671 5456 1807 202.5
622 S505 2591 319.5 672 5455 1791 319.5
623 S504 2575 202.5 673 5454 1775 202.5
624 S503 2559 319.5 674 5453 1759 319.5
625 3502 2543 202.5 675 5452 1743 202.5
626 S501 2527 319.5 676 S451 1727 319.5
627 S500 2511 202.5 677 5450 1711 202.5
628 SA99 2495 319.5 678 5449 1695 319.5
629 S498 2479 202.5 679 5448 1679 202.5
630 S497 2463 319.5 680 S447 1663 319.5
631 3496 2447 202.5 681 S446 1647 202.5
632 S495 2431 319.5 682 S445 1631 319.5
633 S494 2415 202.5 683 S444 1615 202.5
634 S493 2399 3195 684 S443 1599 319.5
635 S492 2383 202.5 685 S442 1583 202.5
636 S491 2367 319.5 686 S441 1567 319.5
637 S490 2351 20275 687 S440 1551 202.5
638 S489 2335 31956 688 S439 1535 319.5
639 S488 2319 202.5 689 S438 1519 202.5
640 S487 2303 319.5 690 S437 1503 319.5
641 S486 2287 20215 691 5436 1487 202.5
642 S485 2271 319.5 692 §435 1471 319.5
643 S484 2255 202.5 693 8434 1455 202.5
644 S483 2239 319.5 694 S433 1439 319.5
645 S482 2223 202.5 695 $432 1423 202.5
646 S481 2207 319.5 696 S431 1407 319.5
647 S480 2191 202.5 697 S$430 1391 202.5
648 S479 2175 319.5 698 S429 1375 319.5
649 S478 2159 202.5 699 S428 1359 202.5
650 S477 2143 319.5 700 S427 1343 319.5

FT1505C PAD coordinates 8 (Unit: um)
PAD NO. |PAD NAME X Y PAD NO. |PAD NAME (X Y
701 S426 1327 202.5 751 S376 527 202.5
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702 S425 1311 319.5 752 S375 511 319.5
703 S424 1295 202.5 753 S374 495 202.5
704 S423 1279 319.5 754 S373 479 319.5
705 S422 1263 202.5 755 S372 463 202.5
706 3421 1247 319.5 756 S371 447 319.5
707 S420 1231 202.5 757 S370 431 202.5
708 S419 1215 319.5 758 S369 415 319.5
709 SAN8 1199 202.5 759 S368 399 202.5
710 S417 1183 319.5 760 S367 383 319.5
711 S416 1167 202.5 761 S366 367 202.5
712 S415 1151 319.5 762 S365 351 319.5
713 S414 1135 202.5 763 S364 335 202.5
714 SM3 19 319.5 764 S363 319 319.5
715 S412 1103 2025 765 S362 303 202.5
716 S411 1087 319.5 766 S361 287 319.5
717 S410 101 202.5 767 DUMMY21 271 202.5
718 S409 1055 3195 768 DUMMY22 |-271 202.5
719 S408 1039 2025 769 S360 -287 319.5
720 S407 1023 319.6 770 S359 -303 202.5
721 S406 1007 202.5 711 S358 -319 319.5
722 S405 991 319% 772 §357 -335 202.5
723 S404 975 202.5 773 §356 £351 319.5
724 S403 959 319.5 774 8355 -367 202.5
725 S402 943 202.5 775 S354 -383 319.5
726 S401 927 319.5 776 S353 -399 202.5
727 S400 911 202.5 777 S352 -415 319.5
728 S399 895 319.5 778 S351 -431 202.5
729 S398 879 202.5 779 S350 -447 319.5
730 S397 863 319.5 780 S349 -463 202.5
731 S396 847 202.5 781 S348 -479 319.5
732 S395 831 319.5 782 S347 -495 202.5
733 S394 815 202.5 783 S346 -511 319.5
734 S393 799 319.5 784 S345 -627 202.5
735 S392 783 202.5 785 S344 -543 319.5
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Focallech

736 S391 767 319.5 786 5343 -559 202.5
737 S390 751 202.5 787 S342 -575 319.5
738 S389 735 319.5 788 5341 -591 202.5
739 S388 719 202.5 789 S§340 -607 319.5
740 3387 703 319.5 790 S§339 -623 202.5
741 S386 687 202.5 791 S338 -639 319.5
T42 S385 671 319.5 792 S§337 -655 202.5
743 S384 655 202.5 793 5336 -671 319.5
744 35383 639 319.5 794 S§335 -687 202.5
TAS S382 623 202.5 795 S334 -703 319.5
746 8381 607 319.5 796 S§333 -719 202.5
747 S380 5N 202.5 797 S332 -735 319.5
748 S379 575 319.5 798 S331 -751 202.5
749 S378 559 2025 799 S330 -767 319.5
750 S377 543 319.5 800 S329 -783 202.5

FT1505C PAD coordinates 9 (Unit um)

PAD NO. |PAD NAME X Y PAD NO? |PAD NAME (X Y

801 S328 -799 319.5 851 S278 -1599 319.5
802 S327 -815 2025 852 S277 -1615 202.5
803 S326 -831 319% 853 5276 -1631 319.5
804 S325 -847 202.5 854 8275 £1647 202.5
805 S324 -863 319.5 855 8274 -1663 319.5
806 S323 -879 202.5 856 S273 ~1679 202.5
807 S322 -895 319.5 857 S272 -1695 319.5
808 S321 -911 202.5 858 S271 -1711 202.5
809 S320 -927 319.5 859 S270 -1727 319.5
810 S319 -943 202.5 860 S$269 -1743 202.5
811 S318 -959 319.5 861 S268 -1759 319.5
812 S317 -975 202.5 862 S267 -1775 202.5
813 S316 -991 319.5 863 S266 -1791 319.5
814 S315 -1007 202.5 864 S$265 -1807 202.5
815 S314 -1023 319.5 865 S264 -1823 319.5
816 S313 -1039 202.5 866 S263 -1839 202.5
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817 S312 -1055 319.5 867 5262 -1855 319.5
818 S311 -1071 202.5 868 S261 -1871 202.5
819 S310 -1087 319.5 869 S260 -1887 319.5
820 S309 -1103 202.5 870 5259 -1903 202.5
821 3308 -1119 319.5 871 5258 -1919 319.5
822 S307 -1135 202.5 872 S257 -1935 202.5
823 S306 -1151 319.5 873 5256 -1951 319.5
824 S305 -1167 202.5 874 5255 -1967 202.5
825 3304 ~1183 319.5 875 5254 -1983 319.5
826 S303 -1199 202.5 876 5253 -1999 202.5
827 3302 -1215 319.5 877 5252 -2015 319.5
828 S301 1231 202.5 878 S251 -2031 202.5
829 S300 1247 319.5 879 S250 -2047 319.5
830 S299 -1263 2025 880 S249 -2063 202.5
831 S298 A279 319.5 881 5248 -2079 319.5
832 S297 -1295 202.5 882 S247 -2095 202.5
833 S296 <1311 3195 883 S246 -2111 319.5
834 S295 -1327 2025 884 S5245 -2127 202.5
835 S294 -1343 319.5 885 S244 -2143 319.5
836 S293 -1359 202.5 886 S243 -2159 202.5
837 S292 -1375 319% 887 §242 -2175 319.5
838 S291 -1391 202.5 888 §241 £2191 202.5
839 S290 -1407 319.5 889 8240 -2207 319.5
840 S289 -1423 202.5 890 5239 -2223 202.5
841 S288 -1439 319.5 891 5238 -2239 319.5
842 S287 -1455 202.5 892 S237 -2255 202.5
843 S286 -1471 319.5 893 S236 -2271 319.5
844 S285 -1487 202.5 894 S$235 -2287 202.5
845 S284 -1503 319.5 895 S234 -2303 319.5
846 S283 -1519 202.5 896 S$233 -2319 202.5
847 S282 -1535 319.5 897 S$232 -2335 319.5
848 S281 -1551 202.5 898 S231 -2351 202.5
849 S280 -1567 319.5 899 S230 -2367 319.5
850 S279 -1583 202.5 900 S229 -2383 202.5
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Focallech

FT1505C PAD coordinates 10 (Unit: um)

PAD NO. |PAD NAME X Y PAD NO. |PAD NAME (X Y

901 S228 -2399 319.5 951 S178 -3199 319.5
902 3227 -2415 202.5 952 S177 -3215 202.5
903 S226 -2431 319.5 953 S176 -3231 319.5
904 S225 -2447 202.5 954 S175 -3247 202.5
905 S224 -2463 319.5 955 S174 -3263 319.5
906 8223 =2479 202.5 956 S173 -3279 202.5
907, S222 -2495 319.5 957 S172 -3295 319.5
908 8221 -2511 202.5 958 S171 -3311 202.5
909 5220 2527 319.5 959 S170 -3327 319.5
910 S219 22543 202.5 960 S$169 -3343 202.5
911 S218 -2559 3195 961 S168 -3359 319.5
912 S217 2575 202.5 962 S167 -3375 202.5
913 S216 -2591 319.5 963 S166 -3391 319.5
914 S215 -2607 20275 964 S165 -3407 202.5
915 S214 -2623 31956 965 S164 -3423 319.5
916 S213 -2639 202.5 966 S163 -3439 202.5
917 S212 -2655 3195 967 S$162 -3455 319.5
918 S211 -2671 202:% 968 $164 -3471 202.5
919 S210 -2687 319.5 969 $160 £3487 319.5
920 S209 -2703 202.5 970 3159 -3503 202.5
921 S208 -2719 319.5 971 5158 +3519 319.5
922 S207 -2735 202.5 972 S157 -3535 202.5
923 S206 -2751 319.5 973 5156 -3551 319.5
924 S205 -2767 202.5 974 S155 -3567 202.5
925 S204 -2783 319.5 975 S154 -3583 319.5
926 S203 -2799 202.5 976 S153 -3599 202.5
927 S202 -2815 319.5 977 S152 -3615 319.5
928 S201 -2831 202.5 978 S151 -3631 202.5
929 S200 -2847 319.5 979 S150 -3647 319.5
930 S199 -2863 202.5 980 S149 -3663 202.5
931 S198 -2879 319.5 981 S148 -3679 319.5
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932 S197 -2895 202.5 982 S147 -3695 202.5
933 S196 -2911 319.5 983 5146 -3711 319.5
934 S195 -2927 202.5 984 S5145 -3727 202.5
935 S194 -2943 319.5 985 S144 -3743 319.5
936 3193 -2959 202.5 986 5143 -3759 202.5
937 S192 -2975 319.5 987 S142 -3775 319.5
938 S191 -2991 202.5 988 S141 -3791 202.5
939 5190 -3007 319.5 989 S$140 -3807 319.5
940 S189 -3023 202.5 990 S$139 -3823 202.5
941 S188 -3039 319.5 991 5138 -3839 319.5
942 5187 -3055 202.5 992 S137 -3855 202.5
943 5186 -3071 319.5 993 S136 -3871 319.5
944 S185 ~3087 202.5 994 S135 -3887 202.5
945 S184 -3103 3195 995 S134 -3903 319.5
946 S183 -3119 202.5 996 S133 -3919 202.5
947 S182 -3135 319.5 997 S132 -3935 319.5
948 S181 -3151 20275 998 S131 -3951 202.5
949 S180 -3167 31956 999 S130 -3967 319.5
950 S179 -3183 2025 1000 S$129 -3983 202.5

FT1505C PAD coordinates 11 (Unit: um)

PAD NO. |PAD NAME X Y PAD NO’/|PAD NAME™ X Y

1001 S128 -3999 319.5 1051 378 -4799 319.5
1002 S127 -4015 202.5 1052 S77 4815 202.5
1003 S126 -4031 319.5 1053 S76 -4831 319.5
1004 S125 -4047 202.5 1054 S75 -4847 202.5
1005 S124 -4063 319.5 1055 S74 -4863 319.5
1006 S123 -4079 202.5 1056 S73 -4879 202.5
1007 S122 -4095 319.5 1057 S72 -4895 319.5
1008 S121 -4111 202.5 1058 S71 -4911 202.5
1009 S120 -4127 319.5 1059 S70 -4927 319.5
1010 S119 -4143 202.5 1060 S69 -4943 202.5
1011 S118 -4159 319.5 1061 S68 -4959 319.5
1012 S117 -4175 202.5 1062 S67 -4975 202.5
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1013 S116 -4191 319.5 1063 S66 -4991 319.5
1014 S115 -4207 202.5 1064 S65 -5007 202.5
1015 S114 -4223 319.5 1065 S64 -5023 319.5
1016 S113 -4239 202.5 1066 S63 -5039 202.5
1017 3112 -4255 319.5 1067 S62 -5055 319.5
1018 S111 -4271 202.5 1068 S61 -5071 202.5
1019 S110 -4287 319.5 1069 S60 -5087 319.5
1020 S109 -4303 202.5 1070 S59 -5103 202.5
1021 3108 -4319 319.5 1071 S58 -5119 319.5
1022 S107 -4335 202.5 1072 S57 -5135 202.5
1023 5106 -4351 319.5 1073 S56 -5151 319.5
1024 5105 ~4367 202.5 1074 S55 -5167 202.5
1025 S104 ~4383 319.5 1075 S54 -5183 319.5
1026 S103 -4399 2025 1076 S53 -5199 202.5
1027 S102 4415 319.5 1077 S52 -56215 319.5
1028 S101 -4431 202.5 1078 S51 -5231 202.5
1029 S100 “4447 3195 1079 S50 -56247 319.5
1030 S99 -4463 2025 1080 S49 -5263 202.5
1031 S98 -4479 319.56 1081 S48 -56279 319.5
1032 S97 -4495 202.5 1082 S47 -5295 202.5
1033 S96 -4511 319% 1083 546 -5311 319.5
1034 S95 -4527 202.5 1084 §45 £5327 202.5
1035 S94 -4543 319.5 1085 S44 -5343 319.5
1036 S93 -4559 202.5 1086 S43 -5359 202.5
1037 S92 -4575 319.5 1087 S42 -6375 319.5
1038 S91 -4591 202.5 1088 S44 -5391 202.5
1039 S90 -4607 319.5 1089 S40 -5407 319.5
1040 S89 -4623 202.5 1090 S39 -5423 202.5
1041 S88 -4639 319.5 1091 S38 -5439 319.5
1042 S87 -4655 202.5 1092 S37 -5455 202.5
1043 S86 -4671 319.5 1093 S36 -5471 319.5
1044 S85 -4687 202.5 1094 S35 -5487 202.5
1045 S84 -4703 319.5 1095 S34 -5503 319.5
1046 S83 -4719 202.5 1096 S33 -5519 202.5
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1047 S82 -4735 319.5 1097 832 -5535 319.5
1048 S81 -4751 202.5 1098 S31 -5551 202.5
1049 S80 -4767 319.5 1099 S30 -5567 319.5
1050 S79 -4783 202.5 1100 S29 -5583 202.5

FT1505C PAD coordinates 12 (Unit: um)

PAD NO) |PAD NAME X Y PAD NO. |PAD NAME (X Y

Mo S28 -5599 319.5 1151 G4 -6419 202.5
1102 S27 -5615 202.5 1162 G43 -6435 319.5
1103 S26 -5631 319.5 1153 G45 -6451 202.5
1104 825 -5647 202.5 1154 G471 -6467 319.5
11065 S24 -5663 319.5 11565 G49 -6483 202.5
1106 S23 -5679 202.5 1156 G51 -6499 319.5
1107 S22 -5695 3195 11567 G53 -6515 202.5
1108 S21 -5711 202.5 1158 G55 -6531 319.5
1109 S20 -5727 319.5 1159 G57 -6547 202.5
1110 S19 -5743 20275 1160 G59 -6563 319.5
1111 S18 -5759 31956 1161 G641 -6579 202.5
1112 S17 -5775 202.5 1162 G63 -6595 319.5
1113 S16 -5791 3195 1163 G65 -6611 202.5
1114 S15 -5807 20215 1164 GbB7. -6627 319.5
1115 S14 -5823 319.5 1165 G69 ‘6643 202.5
1116 S13 -5839 202.5 1166 GM -6659 319.5
1117 S12 -5855 319.5 167 G73 L6675 202.5
1118 S11 -5871 202.5 1168 G75 -6691 319.5
1119 S10 -5887 319.5 1169 G717 -6707 202.5
1120 S9 -5903 202.5 1170 G79 -6723 319.5
1121 S8 -5919 319.5 1171 G81 -6739 202.5
1122 S7 -5935 202.5 1172 G83 -6755 319.5
1123 S6 -5951 319.5 1173 G85 -6771 202.5
1124 S5 -5967 202.5 1174 G87 -6787 319.5
1125 S4 -5983 319.5 1175 G89 -6803 202.5
1126 S3 -5999 202.5 1176 G9a1 -6819 319.5
1127 S2 -6015 319.5 1177 G93 -6835 202.5
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1128 S1 -6031 202.5 1178 G95 -6851 319.5
1129 DUMMY23 |-6047 319.5 1179 Go7 -6867 202.5
1130 DUMMY24  |-6083 319.5 1180 G99 -6883 319.5
1131 G1 -6099 202.5 1181 G101 -6899 202.5
1132 G3 -6115 319.5 1182 G103 -6915 319.5
1133 G5 -6131 202.5 1183 G105 -6931 202.5
1134 G7 -6147 319.5 1184 G107 -6947 319.5
1135 G9 -6163 202.5 1185 G109 -6963 202.5
1136 Gl -6179 319.5 1186 G111 -6979 319.5
1137 G113 -6195 202.5 1187 G113 -6995 202.5
1138 G15 -6211 319.5 1188 G115 -7011 319.5
1139 G17 -6227 202.5 1189 G117 -7027 202.5
1140 G19 ~6243 319.5 1190 G119 -7043 319.5
1141 G21 -6259 2025 1191 G121 -7059 202.5
1142 G23 ;6275 319.5 1192 G123 -7075 319.5
1143 G25 -6291 202.5 1193 G125 -7091 202.5
1144 G27 “6307 3195 1194 G127 -7107 319.5
1145 G29 -6323 2025 1195 G129 -7123 202.5
1146 G31 -6339 319.56 1196 G131 -7139 319.5
1147 G33 -6355 202.5 nar G133 -7155 202.5
1148 G35 -6371 319% 198 G135 -7171 319.5
1149 G37 -6387 202.5 1199 GA37 £1187 202.5
1150 G39 -6403 319.5 1200 G139 -7203 319.5

FT1505C PAD coordinates 13 (Unit: um)

PAD NO. |PAD NAME X Y PAD NO. <{|PAD NAME” /X Y

1201 G141 -7219 202.5 1251 G241 -8019 202.5
1202 G143 -7235 319.5 1252 G243 -8035 319.5
1203 G145 -7251 202.5 1253 G245 -8051 202.5
1204 G147 -71267 319.5 1254 G247 -8067 319.5
1205 G149 -7283 202.5 1255 G249 -8083 202.5
1206 G151 -7299 319.5 1256 G251 -8099 319.5
1207 G153 -7315 202.5 1257 G253 -8115 202.5
1208 G155 -7331 319.5 1258 G255 -8131 319.5
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1209 G157 -7347 202.5 1259 G257 -8147 202.5
1210 G159 -7363 319.5 1260 G259 -8163 319.5
1211 G161 -7379 202.5 1261 G261 -8179 202.5
1212 G163 -7395 319.5 1262 G263 -8195 319.5
1213 3165 -7411 202.5 1263 G265 -8211 202.5
1214 G167 -7427 319.5 1264 G267 -8227 319.5
1215 G169 -7443 202.5 1265 G269 -8243 202.5
1216 G171 ~7459 319.5 1266 G271 -8259 319.5
1217 GA73 ~T475 202.5 1267 G273 -8275 202.5
1218 G5 -7491 319.5 1268 G275 -8291 319.5
1249 Gy -7507 202.5 1269 G277 -8307 202.5
1220 G179 ~7523 319.5 1270 G279 -8323 319.5
1221 G181 ~7539 202.5 1271 G281 -8339 202.5
1222 G183 -7555 3195 1272 G283 -8355 319.5
1223 G185 A 57/ 202.5 1273 G285 -8371 202.5
1224 G187 -1587 319.5 1274 G287 -8387 319.5
1225 G189 <7603 20275 1275 G289 -8403 202.5
1226 G191 -7619 31956 1276 G291 -8419 319.5
1227 G193 -7635 202.5 1277 G293 -8435 202.5
1228 G195 -7651 319.5 1278 G295 -8451 319.5
1229 G197 -7667 20213 1279 G297 -8467 202.5
1230 G199 -7683 319.5 1280 G299 <8483 319.5
1231 G201 -7699 202.5 1281 G301 -8499 202.5
1232 G203 -7715 319.5 1282 G303 -8516 319.5
1233 G205 -7731 202.5 1283 G305 -8531 202.5
1234 G207 -1747 319.5 1284 G307 -8547 319.5
1235 G209 -7763 202.5 1285 G309 -8563 202.5
1236 G211 -7779 319.5 1286 G311 -8579 319.5
1237 G213 -7795 202.5 1287 G313 -8595 202.5
1238 G215 -7811 319.5 1288 G315 -8611 319.5
1239 G217 -7827 202.5 1289 G317 -8627 202.5
1240 G219 -7843 319.5 1290 G319 -8643 319.5
1241 G221 -7859 202.5 1291 DUMMY25 |-8659 202.5
1242 G223 -7875 319.5
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1243 G225 -7891 202.5

1244 G227 -7907 319.5

1245 G229 -7923 202.5 Allgnment Marks

1246 G231 -7939 319.5 1-a -8751 269
1247 3233 -7955 202.5 1-b 8751 269
1248 G235 -7971 319.5

1249 G237 -7987 202.5

1250 G239 -8003 319.5
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6 Bump Arrangement

(1) /0 pin (No. 1 ~ No. 243)

50um 20um
80um
. 2
BUMP area:4000um :
Min. 70um
16urr1 16um
S1~S720
G1~ G320
DUMMY 98um
DUMMYR
(No. 244 ~ No. 1291)
19um
BUMP area:1568 um?
Figure 3
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7 Block Function

7.1 System Interface

The FT1505C 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 FT1505C 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
dataArom 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' FT1505C performs/thefirst read operation from the internal GRAM. Valid data is read out when the FT1505C
performs the’second and/subsequentread operations.

The instruction execution time exeept 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

1 0 0 Read-internal status

0 1 1 Write to ¢ohtrol register/internal GRAM via WDR
1 0 1 Read/fom the internal GRAM via RDR

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

R/W RS Function
Write“index 16 IR

Read intermal/status

Write’te’ controlregister/internallGRAM via WDR
Read.ffom the internal/lGRAM via'RDR

=lO|-~]|O
alalo o

7.2 External Display Interface (VSYNC interfaces)

The FT1505C 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’VVSYNC’signaly/which is used for frame
synchronization. The display data is written to the internal GRAM via systenvinterface-but there’are restrictions in setting the
speed and the method to write data to the internal RAM. For details, see the-*Exiernal Display Interface” section.

The FT1505C 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
FT1505C 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.

7.3 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 one). The window address function enables writing data only within the
rectangular area specified in GRAM by setting.
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7.4 Graphics RAM (GRAM)
GRAM is graphics RAM, which is used to store graphic pattern data.

7.5 Grayscale Voltage Generating Circuit
The grayscalevoltage generating circuit generates liquid crystal drive voltages according to the grayscale data in the
y-correction’reqgisters to enable a maximum 262k-color display.

7.6” Timing Generator

TheAtining’generator-generates timing signals to operate internal circuits such as GRAM. The FT1505C generates timing
signals for'display Operation such asthe RAM read operation and for internal operation such as RAM access from MPU and
outputs'them/separately to’ ayoid mutual interference. Also FMARK is generated internally and output from the timing
generator,

7.7/ Oscillator (OSC)

The FT1505C-generates'the RC©scillation/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?.

7.8 Liquid crystal driver Circuit

The liquid crystal driver circuit of the' FT1505C consists of a°720-channel source driver (S1 ~ S720) and a 320-output gate driver
(G1 ~ G320). The display pattern data is lateched when,720,bits of data are“input. The latched data control the source driver
and generates liquid crystal drive waveform. The/shift’direction of #20<bit'source. output from the source driver is determined
by instruction (SS bit). The shift direction-ef-gate output fromrthe gate/driver canbe’changed by setting the GS bit. The gate pin
assignment can be changed by setting the SM bit.” Set’'SM/and GShits te-select the optimal scan mode for the module.

7.9 Internal logic power supplyregulator

The internal logic power supply regulator generates internal power supply.for RAM:;, VDD.

7.10 Liquid crystal drive power supply circuit

The liquid crystal drive power supply circuit generates the voltage levels 16, drivediglidcrystal; VREGAYOUT, DDVDH,
VGL, VGH, VCOM.
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8 System Interface

The following kinds of system interface are available with the FT1505C 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

IM3 | IM2 /\IM1 | IMO Interface operation DB Pins Colors
0 0] 0 0 Setting disabled - -
0 0 0 Setting disabled - -
0 0 1 0 80-system 16-bit interface DB17-10, DB8-1 65,536 or 262,144 Note1
0 0 1 1 80-system 8-bit interface DB17-10 65,536 or 262,144 Note2
0 1 (0) D Clock synchronous serial interface SDI/SDO 65,536
0 1 1 * Setting disabled -
1 0 0 0 Setting disabled -
1 0 0 1 Setting disablgd -
1 Q 1 0 80-system 18-bit interface DB17-0 262,144
1 0 1 1 80-system/9-bit interface DB17-9 262,144
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 opérating’under 80-system 18-bit interface.

8.1 80-system 18-bit interface
TW[3:0] = 1010
CSn*® | CSH
Al | ES
MPU HWE | WEI FT1505C
(RD*} o»-| (EDIT)
D310 |y | DELT-0
18
Figure 11
Instruction write:
it CEN IEER EER EER EE EE EER EE ce |ceE|ee|oe|oe | e | oDe | DB
17 16 |15 | 14 L 13 |12 | 11 | 10 a 7 [ 4 3 2 1
rs_ructionllEElIBllElllE|IE|IB|IEI|IE| IEI‘IEIlIEE|IEI|IEE|IE!|IEi|IB
i 15 1412 ] 12 ] 11 ] 10 9 8 7 6 5 4 3 2 1 o]
Instruction code
Device code read
B [1B 1B |IB e |1B | 1B | IB 5 B | B B|1B|I1B]| IB| B 1B | g
Devicecods | 15 | 94 | 13 | 12 | 11 | 10 9 8 7 [ 5 4 3 2 1 D
DE | DB | OB | DB ZlEI‘DElDE!lDEI DB | DB DEllDB DB DEI|DB|ZJEI‘DE|DB|
Output 17 16 | 15 | 14 | 13 | 12 | 11 | 10 9 8 7 6 5 4 3 2 1 D
Instruction code

Figure 12: Instruction/Device code read (18-bit interface)
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RAM data write

Input DE |DE |DE |DE DE|DE (DE| DB | DE| DE (DE (DB |DE |DE (DE | DE |DE | DB
npy 17 |16 |15 |14 13 | 12 11 10 9 8 T 5] 5 4 3 2 1 0

GRAM
writa dala

1 pimal Note:Mormal display in 262,144 colors
RAM data read

GRAM
dala

k. -

Read data [RD |RD | RD |RD [RD |RD (RD RD| RD| RD| RD | RD | RD | RD | RD | RD | RD | RD
(17] (V8] | [15] |14 (03] | V21| (1] | (10| (20| (81| (71 ] (8] | [5) | [41 | [3] | 12 | [1] | [9]

o v+ + + 4+ 1 4 4 4 1 111 4] 4] ]

pins DE (OB |DE |DB OB |DE | DB | DB | DB | DB (DB |DBE | DB |DBE (DE (DE |DE | DB
17 (16 |15 |14 13 | 12 11 10 k] 8 7 4] 5 4 3 2 1 [}

Figure 13: RAM data writé/read (18;bit.interface)

8.2 80-system 16-bit interface

D[3:0]= 0010
CSn* ....CS'.“-'
Al -._RS
MPU HWE. | WEIY FT1505C
(RD¥*) | (FDI)
D5-0 |y | DE17-10, 8-1
16
Figure 14
Instruction
ot e |DB |DB |DB | DB |DB | DB | DB OB (DB (0B| DB |DB | DB | DB | DB
v 17 |16 |15 | 14 |13 [ 12 | 11 | 10 8 |76l s5]l4fla3]z]1
mstuction | B BB LB |IB|IB|IE BB |IB|IB|IB|IEB]|IEB]|IB
15 | 44 |13 12 |11 (10 ] 9 | & 716 |54 3]l2]1]o0

Instruction coda

Device code read

Davica o B (1B [ | BB [1B[IB|B]| |1B[1B[B|[B[B[B[B][B|,
semmde 45 [ 14 |13 |12 |11 |10 |9 | 8 7 |6 |5 4 3 |2 1 0
0B |oB |oB (DB |oB DB (DB (DB |DB DB |DBE (DB |DEB |DB |DB |DE | DB | DB
Oulput 17 116 |15 |14 |13 1z 11|10 ]l9 |8 |7 ]l6 [543z ]1]0
Instruction coda Mote: Devica code cannot be 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)

mwe |DB|DB|DB|DB|DE|DB|DE|DB DB |pB (DB |DB | DB |DB | DB | DB
17 {16 ) 1514131211 | 10 3 |

N

1 pesead MNote: 85 536-color display
RAM data write (two transfer mode: TRI =1, DFM=0)

12t trarater Ind vanafer

Input DB|DEB|DE|DB|DB|DB |DB |DB|DB |DB |DB |DB |DB |DB | DB | DB | DB | DB

17|16 | 15114 ] 13|12 | 11 ] 10 B8 7 6 5 4 3 2 1 17 16

1 pixal

MNote: 262 144 color display
RAM data write (two transfer mode: TRI = 1, DFM= 1)

Tal wanaler

Input De|DB|DBlpB|DE|DB (DB | DB |DB | DB Dg DB |De (DB |De|DB|DB | DB
211|615 |14 |3 ]12]11]10 7

2 Iranaier

1 pixel Note: 262,144 -color display
RAM data read

GRAM data

Resd dsts |RD |RO |RD (RO |RD |RD [RD |RD |RD [RD [RD |RD [RD [RD [RD
(7] | (18] (4] (03] (2] ) o) fer [ e (@ oj il [l E| R (] o]

2 EAVAV AN T I I |

L OB (DB |DB | DB |DB | DB | DB | DB DB |DB | DB (DB |DBE | OB | DB | DB
Ouiputpins | 17 16 15 14 13 12 n 10 8 7 6 5 4 3 2 1

RD |RD RD

Figure 16: RAM data write/read (16-bit interface) </

FocalTech Systems Co., Ltd CONFIDENTIAL Page: 42 of 138



Product Data Sheet

Doc# : D-FT1505C_B-0811 (Version : 2.0)
DDCN# : DC-0812005

Focallech

8.3 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).

IM[3:0] = 1011
CSn* | C5
HS/2245 HWR | WEN FT1505C
(RED*} | (FDILT)
DI5-0 |y .
g ??;DBE-\
9
Figure 17
Instruction write
First transfer Second transfer
It Oe|CB|DB|DB|DB |DB |DOB|DB|DB (DB |DB|DB |DB (DB |DB | DB | DB | DB
np 17| 16| 5] 14 |13 |12 11 J10] o |17 ] ®]|15]14 [1af12[11][10] g
Instraction 1B 1B IB | 1B B IB | IB B B 1B 1B 1B B 1B 1B 1B
15 | 14 [ 1312 |11 [ 10 g 8 7 ] 5 4 3 2 1 0
Instruction coda
Device code read
e 1B 1B 1B | 1B IB | IB 1B 1B 1B 1B IB | IB | IB B 1B 1B
nstruction ) 45 [ 14 [ 13]12 |11 (10 ]9 |8 7 |6 ]5]al3alz2]1]0
F l F b F F F l F l F
First transfer Second transfer
) DB |DB |DB|DB|DB |DB (DB |DB|DB (DB |DB|DB | DB (DB |DB |DB | DB | DB
utps 7)1 16) 15141312 ]11]10]9 17 fe]15]14]13]12]11]10]9
nstruction coda

Figure 18: Instruction/Device code read (9-bit interface)
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RAM data write
1st transfer 2nd transfer
| DB |DB |DB |OB |DB |DB | DB| DB|DB| DB | DB |DB |DB |DB (DB |DB |DB | 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
(171 (IV6] ([(15) | (14) | [13) | [12) | (11| (101) (9] | (81| [7)| (6] | [5) | (4] | (3] | (2] | (1] | (0]
Output DB |DB |DB |DB |DB (DB |DB| DB | DB | DB | DB |DB |DB |DB |DE |DB |DB | DB
pins 17 |16 |15 |14 | 13 [12 [ 11| 10| 9 17 16| 15| 14 |13 |12 |11 |10 | 9
1sttransfer 2nd transfer

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

The FT1505C supports data trafisfer’s
9 bits when transferring data via 9=bit

yhchranization function to reset the counters, which count the number of upper and lower

bus interface. Ifa‘mismatch occurs’in)transferring upper and lower 9 bits due to noise

and so on, “00”H instruction is written 4 times consecCutively to réset the’ counters so that data transfer can resume from upper 9
bits from the next frame. The synchronizatierffuhctiohs/when/exeéuted pefiodically, can prevent the runaway operation of the

display system.

RS '\l /
\
RD ,f \"\
\ \ f T\
DB17~9 ) m X \GG‘H.I' H,u{m‘H [00°H “{Jﬂ‘H/ X Upper X Lower X Upper x
[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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8.4 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. The RAM write data are divided into upper and lower 8 bits and the upper 8 bits are transferred first.

unused DB9-0 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).

IA[3:0] = 0011
CSn* | SN
Al =:_—Rc_‘-
HS/2145 HWER | WEN FT1505C
(RD*) »| RD*®)
D150 | | DEIT-10
a8 DES-O
L -
Figure 21
Instruction write
First transfer second transter |
Input DB |DoB | DB DB |DB | DB | DB | DB DB (DB (DB (DB [ DB |DBE | DB | DB
17116 115 14 |13 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
) e |||l B]IE|IB e (18 [1B 1B [B |I1IB [I1IB |IB
Instruction | 45 | 14 ] 13 ]12 |11 ]10] o | 8 716 |51 4]3]|2 1 0
Instruction coda
Device code read
metuction 1 18 [ B | B8 | B | 1IB]1IB|IB|IB el | |®B|B|lE]|E]|®E
15 | 14131211 ]10] 9 |s 716 15 |4 ]13]z2111]0
Y Y v 4 b vy v oy 'y oy
First transfer Second transter |
nout 0B |DB |DB |DE |DE | DB | DE | DB be | DB |DB |DE |DBE | DB | DE | DB
ki 17 116 15 L 14 13 12111 ] 10 17 116 |15 |14 |13 Q12 L 11 ] 10
Note: Data cannot be read in 3-transfer mode.
Figure 22: Instruction/Device code'read (8-bit interface)
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RAM data write (2-transfer mode: TRI = 0)

First ransler Second lransier
Input DE|DB)D0B |DB |DB | D8 |DE | 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 4 \A\I\ + v

1 pimal Note: 65 536-cokor display

N

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

Flira? tranafer Sacond der Thira iranster
DB (DB |DPBE|DB |DBE |DB |DB |DB |DB | DB |DB DB |OB |OB |OB | DB | DB
11 {10 J 17 |16 | 15 | 14 J 13 | 12 | 11 | 10 | 17 13 J 12 | 11 |10

NN

Input

8
-
(1]
=

GRAM
dala wete

SN

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 FT1505C supports data transfer synchronization function to reset the counters, whigh 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 \ /

RD .."r ."-.

\ r \ r \ r \ r \ r
VoS \ ! oS AN "N
WR o o v .

:}:’W'-(—\;uuw1!5'—\;;uu'|1/'—\;;uu'n { ‘.":J:J'njf,"

Lewer

I W W v
DB17~10 k Upper ..I\ Lower ..I\ Upper 'ﬁ-.

(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.

8:5/ Serial interface

The/gerial interface is selected by settingthe IM3/2/1 pins to GND/IOVcc/GND levels, respectively. The data is transferred via
chipselect line (C8), serialtransfer'clock line (SCL), serial data input line (SDI), and serial data output line (SDO). In serial
interface-opefationsthe IMO/ID pin functions as the\ID pin, and the DB17-0 pins, not used in this mode, must be fixed at either
IOVcce or GND'level.,

The FT1505C 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 therising/edge of CS-input. The FT1505C is selected when the 6-bit chip address in the
start byte transferred from the transmissien/unit and.the’6-bit/device identification code assigned to the FT1505C are compared
and both 6-bit data match. Thenys the/ET 1505C starts taking in subsequent data. The least significant bit of the device
identification code is determined-by’sétting the' ID pin. Send "01110” to the five upper bits of the device identification code.
Two different chip addresses must’be assighed to the FTA505C because the seventh bit of the start byte is register select bit
(RS). When RS = 0, either index register write or statds/read operation js’executed. When RS = 1, either instruction write
operation or RAM read/write operation is executéd. /The’eighth’bit of the start byte.is R/W bit, which selects either read or write
operation. The FT1505C receives data when the R/W = 0,and transfers data whén 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
FT1505C writes data to the GRAM in units of 18 bits-by/adding,the’ samebits asthe MSBs to the LSB of R and B dot data.

After receiving the start byte, the FT1505C starts transfetfing, or/reCeiving’data in/units of bytes The FT1505C transfers data
from the MSB. The FT1505C’s instruction consists of 16 bits and.it is executed inSide the FT1505C after it is transferred in two
bytes (16 bits: DB15-0) from the MSB. The FT1505C expands RAM write data/into A8/bits\when writing.them to the internal
GRAM. The first byte received by the FT1505C following the start byteé is récoghiZzed 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 firstfive bytes of data are read from the
GRAM following the start byte. The FT1505C sends valid data to the data bus when'itfeads 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 RS R/W
0 1 1 1 0 ID
Note: The ID bit is selected by setting the IMO/ID pin.
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Table 56

RS RIW 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)
input EA A S R I B L D7 | D6 | D5 | Da | D3 | D2 | D1 | DO

v 44

IB (IB |IB |IB |IB |IB
5 < 3 2 1 0

'

1B |
7
instruction code

'l b 4oy

BB |IB]IE|IE|E B I
nstucton 15 | 14l 1af12l11]10] 9

o Dly —
o 0 |—
-
‘_
e —

RAM data write

First transfer (upper) Second transfer (lower) |
nout D D D D D D D D D D D D D D
ki 15014 |13 ]12]11 |10 [ 9] 8 7 1l 6|85 |43z

D
0
¥ ¥ ¥ ¥ ¥ “‘\. \ \ l l l vy v ¥ ¥ ‘i “

GRAM wrile data RE|R4|RI|R2|R1|RO|[GS| G4 | G3 (G2 G1 |GD|BS | B4 | B3| B2 | B1 BS
Tpixel 65,536 colors

Figure’ 25
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A)Basic data transfer via Serial interface

Hhart daka arsder End of data ransfer
[ -

T
(mputy gy ! i
T [
SCL 1 2 3 4 5 & 7 8 910 11 12 13 14 15 16 1718 1920 21 22 23 24
{inputy T T T
sm
{Input)

Xk /
rm-lmnmo_.{mlm.l )
PN

Starthiyte Il oo rogisior sk, Irenuctions, FAM data write
00

(umy @@'@0@9@@@99@@6

Ehabs mad, rsfrudion read, RAAM data mad

B)Consecutive data transfer via Serial interface

g [
{input)
2 UUNUUUUU TR AR LA TEA TAEARS
{Input)

S0 Ingtruction {1 Instruction {1 Instruction (2 Instruction {2
{Input) | Start byta | Lpps(SI:i'l‘g:l ||b‘\ﬂEl3|i‘[ﬂ{J Hl.ppasl:i'l‘g:l H msm“|
Start Emd
Nole: The slad byls is ollowed by upper 8 bils of instuction.
Execution tima
of insiruciion (1)

C) RAM data read transfer

g
{Input) ||

S0L
{input)

mmmmroenT e mm e e
S R:?_h]ih
fingut A = 1
sol Durmery | Dumemy | (Dumeny | |Dumeny | [pumy | [ Veas | | Lowrs
{output) Fead (1) [Read (2)| |Read (3) [Read @) [Read (5) des =

Start End

Hode: Invalid data is send io the dala bus unlil 55 byles are read out fim e intema GRAM.
Valid dalaisseni bv e data bus whan the Glh and subsequeni byles are read fom the iemal GRAM.

D) Status read/instruction read
cge
{Ingut) '|, JI
oo UUUULUUY LT LA o
{Ingui)
sm
. Start byle

Status Read Status Feaad
] mm )
(gt | Dummy read (1) | Upger 8 bils ‘ ‘ Lovwer 8 bils |

End

Kiate: Atfirsl, invalid data is read oul when firs! one byle is Fansierrad Bilowing e slan byle
Walid dala is sentl whan he 2nd and sulsaquent bylas are lanslerad.

Figure 26: Serial interface data transfer timing
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8.6 VSYNC Interface

The FT1505C 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
rs FTILS05C
WEN

DE17-0, 51

Y

LCDC/MPU

Y

16

Figure 27: VSYNC interface

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

The display operationis performedin,synchronization with the.internal clock signal generated from the internal oscillator and
the VSYNC signal. “The display/data is written/in the internmal RAM so that the FT1505C rewrites the data only within the
moving picture area and/minimize the numbef of data transferrequired for moving picture display.

VEYNC l E_ E_I E_I f_l
| Rewrile kame data i Rewrite frame data

il 11111V S R

wmens 100CC000000CC0000000000

Maole: Usa high-spaed wrils funchion (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 interpal.ClockK frequency, which must be more than the
values calculated from the following formulas, respectively.

Intermal clock frequency (fosc) [Hz]
= FrameFrequency % ( DisplayLines(NL) + FrontPorcl( FP)+ BackPorcl{ BP))x 16(clocks) x var iance

240 x DisplayLines(NL)

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

fosc

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 operation is as follows.
[Example]

Display size: 240 RGB x 320 lines
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Display lines: 320 lines (NL=6'h27: 320 lines)
Back/front porch: 14/2 lines (BP = 4'b1110/ FP = 4’b0010)
Frame frequency: 60 Hz
Internal clock/oscillator frequency (fosc) [Hz]
=60 Hz x (320 + 2 + 14) lines x 16 clocks x 1.1 /0.9 = 394 kHz

Notes: 1. When,setting the internal clock/oscillator frequency (through register RC[2:0]), possible causes of fluctuation must
also’be’takeén 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 vafiances, such as differences in external resistors and voltage change are not considered in this example. Itis
necessaryto’include a marginfor 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/ Inthis.example/ it is,assumed that the FT1505C starts writing data in the internal RAM on the falling edge of
VSYNC/
2. There'must be at least @ margin-of 2linés between the line to which the FT1505C has just written data and the line
where. display eperation on’the L.CD,is performed.

In this example, the'RAM fvrite operation/at-a’speed of 5. ZMHz or more, which starts on the falling edge of VSYNC,
guarantees the completion ef'data write’ operation in‘a ecértain line address before the FT1505C 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
wrie [line] RC oscillation
Back porch Display 390 =10%
(14 lines) operation ¢ p DRy Gperdicn

N

g
2
Main panel g RAM wiite Display
Maving picture a operation
display 2
-

(320 lines)

A
u

Front D'th [2 |I|'|€rS] - 16.67 [me]
BP =144 (&0 Hz[] .
Blank period VEYNG {

Figure 29: Write/display oper;t_i_on timing via VSYNC interface

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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Back porch (14 lines)

{16 lines)

Base image
Mowiing piciu re
cimplay
(188 Enaa)

(16 lines)

Front porch (2 lines)

R.AM
wiite

Display
operation

. RC oscillation
fline] +10%
320
r—
FR=2H
316 /
2
E.
2
3
16
0 [ms]
BP = 14H 4—p 16.67
(60 Hz)
VEYMNC —
L .

Figure 30: RAM write speed margin

The front porchperiod’continues from’the end of one frame period to the next VSYNC input.

The instractionsto switch from interhal clock operation (DM1-0 = 00) to VSYNC interface operation modes and vice

versa are enabled from the’next frame period.

Internal Clock Operation to VSYNC Interface

Internal clock operation

‘ HWM =1and AM=0

‘ RAM address set

Set DM1-0=10and RM =0
far VSYNC interface mode

Setindex register to R22h

Dikspday operation in
aynchronization
with intemal docks

*Changes in fe DM1-0

and RM bits (to VEYNG
Interface mods) are enablad
from T next fame.

VSYNC Interface to Internal Clock Operation

Operation via
VEYNC interface

Set DM1-0=00 and RM=0
for internal clock operation

[

Wait one frame period

ar mone

Display operation
In synchronizalon
with WVSYNC

*Changes in e DMI1-0

and RM bits (o intemal dock
opaeration mods) ans enabled
from the next fams.

Dézplay operaion in
aynchroniz ation
with intemal chock

|
[ Wait one frame period

ar more

Write data to RAM
via VSYNC interface

= Display operation
! In synchronizalon with VEYNC
Operation via
VSYNC interface -
| Mote: Input fhe VEYNC signal before satting the DM1-0 and RM bits to W EYNG nterface mods.

Intemal clock operation

Mote: Continus the VEYNC aignal for at least one frame perod after setting
DkA1-0 and RM bits o intemal clodk operation mods.

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

8.7.1 RGB Interface

The display operation via RGB interface is synchronized with VSYNC, HSYNC, and DOTCLK. The data can be written only
within the specified area with low power consumption by using window address function and high-speed write mode (HWM = 1).
In RGB interface opération, front and back porch periods must be made before and after the display period.

USYM::[ 4 Back porch period (BP)
v
F .
Moving picture
display area
Display period (NL)
i Y
T 'y -
E } + Front porch period (FP)
HSYNC
ENABLE [H)
DB170 HIHM{”IEK :
VSYNG: Frame synchronization signal Back porch period (BPP): 14H = BP 2 ZH
HSYNC: Line synchmonization signal Front porch peried (FPP) 14H = FP "" 2H
DOTCLK: Dot clock FPP + BPP = 16H
EMABLE: Data enable signal Display period: NL = 320H
DB 17-0: RGB (6.6:6) display data The number of lines for one frame: FFP + NL + BPFP
Notes: 1. The front porch period continues until next VSYNG input is detected.
Z. Make sure the frequencies of VSYNC, HSYNC, and DOTCLK can guarantee the resolution required for the panel.
3. Keep DOTCLK input throughout the RGB interface operation.

Figure 32: Display Operation Via RGB interface

8.7.2 ENABLE signal function

The following table shows the relationship between the ENABLE, EPL setting and RAM access operation. Whenever
the FT1505C 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.
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Table 58
EPL | ENABLE | RAM RAM
write address
0 0 Enable Update
0 1 Disable Retain
1 0 Disable Retain
1 1 Enable Update

873/ ~RGB interface timing
Signal/timing chart,0f"16/18-bit RGB interface

Qne frame

il .
< i
Back porch period Front porch perod
- P F
g L

WSYMNC I

DOTCLK

ENABLE I

WLW = 1H or more

Y

A

VSYNC

HSYMNC

-

DTST = 1CLK

- [

EMNABLE

DB17-0

A

Valid data

Figure 33
Notes 1:  VLW: VSYNC “Low” period HLW: HSYNC “Low” period DTST: data transfer setup
time
2: Use high-speed write function (HWM = “1”) when writing data via RGB interface.

Timing chart of signals in 6-bit RGB interface operation
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Ona fams
o »

Back porgh period Front poech period

i L el

vsyne || |
s [t ninininininininiainiRIninininlpInTninininin/Finin

i HHHLHHIHHIIJ||||||||||||||||||||||||||||||||||||||||||||||||||||||||III";ZT:.JIIII||||||||||||||||||||||||||||||||||||||||||||||||

poterk [N

et

ENABLE T, .
h.“""-\-\_\_ |II.Il
N i m

‘-‘\-‘-"H
T
< VLW = 1H or mara >
VSYNC |
4 1 >
HLW = 3CLK
HSYNC ) ]
1 CLE
—»
DOTCLK ﬁ |_
DTST & 3CLK o
ENABLE
RGERGERGERGERGERGERGE
Des O O
“ Valid data >

Figure 34
Notes 1:  VLW: VSYNC “Low” period HLW: HSYNC “Low” period DTST:
data transfer setup time
2: Use high-speed write function (HWM = “1”) when writing data via RGB interface.

3: In 6-bit RGB interface operation, set the cycles of VSYNC, HSYNC, ENABLE, DOTCLK so that one pixel data is transferred in units
of three clocks via DB5-0.
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8.7.4  Moving Picture Display via RGB Interface

The FT1505C supports RGB interface for moving picture display and incorporates RAM for storing display data, which
provides the following advantages in displaying a moving picture.

1. The window address function enables transferring data only within the moving picture area

2. The high-speed.write function enables RAM access in high speed with low power consumption

3. It becomeg’possible to transfer only the data written over the moving picture area

4. By redueing datd transfer, it can contribute to lowering the power consumption of the whole system

5. The data’ipsstill picture area (icons etc.) can be written over via system interface while displaying a moving picture via RGB
interface

8.7.5/ ~RAM access via system interface in RGB interface operation

The FTA505C allows RAN/aceessvia’system interface in RGB interface operation. In RGB interface operation, data is written
to thelinternal’ RAM‘in,synchronization with DOTCLK while ENABLE is “Low”. When writing data to the RAM via system
interface/ set ENABLE “High” to/Step writing data via RGB interface. Then set RM = “0” to enable RAM access via system
interface.VWhgn'reverting tothe RGB,interface operation, wait for the read/write bus cycle time. Then, set RM = “1” and the
index registerjto/R22h to start’accessing RAM via RGB interface. If there is a conflict between RAM accesses via two
interfaces, there is’no gdaranteg‘that the data’is’written in the RAM.

The following is an example/of rewriting”still-picture datavia-system interface while displaying a moving picture via RGB
interface.

Frame rewrite Framsa rewrite
b B— =

veme L L L L L] L

EMABLE _ p—

oorcue || LLLLULLLLLLL L ELALLLLAA L ALALL L LLALGEEEL

\
|
I
I
I
Mot 2} :
I
I
I
I
[

= R M Risarite data ourtsice FAM _
System Index RM=0 | s e moving picsme RAM ([ me=1 || 1ndex
Interface R22 | e R ama per) Rz2
ri———»
Rewrite - > Riewrits
maowing piciurs Rewrite still picturs maoving picturs
arsa arsa

Mots 1) In RGE interdfacs oparation, RAM address (AD16-0) is ==1in the address countar an the f&ling edge of WVSYNC.
Mots 2) Seta RAM address (AD16-0) and the indax to R22h before starling RAM accass via RGE intarfacs.
Maots 3) Ussa high-spaed write fundion (HWM = "17) whan wriling data via RGB intafaca.

=~ I

Mowing picture
areas

[(=10]

Figure 35: Updating a still picture area while displaying a moving picture
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8.7.6 6-bit RGB interface

The 6-bit RGB interface is selected by setting the RIM1-0 bits to 10. The display operation is synchronized with VSYNC,
HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in synchronization with the display operation
via 6-bit RGB data bus (DB5-0) while the data enable signal (ENABLE) allows RAM access via RGB interface. Unused pins
(DB17 to 6) must.be fixed at either IOVcc or GND level.

Instruction bits can be transferred only via system interface.

RIM = 10

| VEVIC

-] HEYHC

*"| DOTCLE

LCDC/MPU

FT1805C

== ENASLE

| TE17-12 (DE-D)

] _’7,7"— DE11-0 {DB17-8)
12
Diata format for the §-bit REE mmerface (RIM = 10)
Turst transbar scomd razsbar Third crapsfer
Topuz OB oE o2 | DB DE | DB LE o=z ||DB DE | DB LB o3 LE oEB OB LE DB
17 16 15 14 13 12 17 16 15 14 13 12 17 18 15 14 13 2

DB | DB DE|( DE | DB | OB DE( DE (DE | DE | DB DB DeE|DE | DB |DE| DB | DB

5 4 3 2 1 '] K] 4 3 2 1 Q 5 4 3 3 1 o

o 3 2

GRAM writs
data

Kote: 262,144 colems

Figure 367 6-Bit' RGB Interface’and data-format
Data transfer synchronization in 6-bit RGB interface’ operation

The FT1505C has the counters, which count the first,/second, third 6 bit transfers via 6-bit RBG interface. The counters are
reset on the falling edge of VSYNC so that the datatransfef will.start from’ thie first 6 bits of 18-bit RGB data from the next frame
period. Accordingly, the data transfer via 6-bit interface can’restart in” correct/orderfrom the nextframe period even if a
mismatch occurs in transferring 6-bit data. This function can minimizes the’effectfrom.data trapsfer mismatch and help the
display system return to normal display operation when data isiransferred consecCutively in.moving picture operation.

Make sure the internal display operation within the FT1505C is(performéd in uhits of pixels)yandinput 3 DOTCLK to
transfer one pixel data (RGB) via 6-bit interface. If the number of DOTCLK jinputted’in’one frame period does not
satisfy this condition, data transfer mismatch will occur and its effect will bg . carried-over'to’the next frame.

WEYRG [

ErABLE g |

coreu L L

1 U I O

DE17_12

XX

Seoond
rmrm T

| Firnt Swoond  Third irsd Seoond  Third

. . trmnuafor  bmnefor Eeosfor frenesfor framefoer Gmostar
Tranalfar aynchrani 2ation
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Figure 37: 6-bit Transfer Synchronization
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8.7.7 16-bit RGB interface

The 16-bit RGB interface is selected by setting the RIM1-0 bits to “01”. The display operation is synchronized with VSYNC,
HSYNC, and DOTCLK signals. The display data is transferred to the internal RAM in synchronization with the display
operation via 16-bit RGB data bus (DB17-10, DB8-1) while data enable signal (ENABLE) allows RAM access via RGB interface.

Instruction bits/can-be transferred only via system interface.

RIM =001

| VEYHC
=

HSYMNC

| DOTCLE
LCDCAED FT1505C
ENABLE

DEBE17-13, 11-1

7Jm_,..; DE12.0
2

Diata forzgat for thelf-hit intarface (BIM = 01)
¥ LE DB
Toput

- 3] %
w *

GRAM data

LCE
1=
|

!

DB
pE3
|

+

DB
B

v

1 pimal Weaw: 63, 336-zolor display

Figure 38: 16-Bit RGB Interface and data format

8.7.8 18-bit RGB interface

The 18-bit RGB interface is selected by setting the’RIMA-0,bjts 1o 007 The display operation is synchronized with VSYNC,
HSYNC, and DOTCLK signals. The display data’is’transferredtothe internal/RAM in synchronization with the display
operation via 18-bit RGB data bus (DB17-0) while, data enablé signal (ENABLE) allows RAM access via RGB interface.

Instruction bits can be transferred only via system interface:

B =100

P USYHC
| HEYNC
B DOTILE
LCDC/MPU
FT1505C
= ENASLE
e # DE17D
18
Diara format for the 18-bit interface (FIM = 010}
i LB |DBE |DB OB | DE IE | OB |DBE DB DB ODE DB |DE |LE |D2 | DB
“mput 17 1= 15 14 13 17 LI T A : A 3 3 ] 0

o %
o
—t 2
—

! P

CEAM writs
data

1 pixal Kote: Momeal displry in 262144 caloms

Figure 39: 18-Bit RGB Interface and data format
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8.7.9

Notes to external display interface operation

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
Scrolifunction Not available Available
Interlaced scan Not available Available
Graphiges operation Nobavailable Available

. The' VSYNE, HEYNC’ /and DOTELK signals must be supplied during display period.

. TheAfefefence clock] whichris usedfor.determining the periods set by NOE[1:0], STDE[1:0], EQE[1:0] bits in RGB interface
operation is DOFCEK/not the’intermal clock generated from the internal oscillator.

. In 6-bitRGBinterface’operation, 6-bit dot data (R, G, and B) is transferred in synchronization with DOTCLK.
it takes three DOTCLKs/totransfer ,one pixel data.

. In 6-bit RGB interface’operation; makesure'to’set the cycles of VSYNC, HSYNC, DOTCLK, ENABLE signals so that the data
transfer via DB5:0"is.Completed-in‘units, of pixels.

. When switching between the’internal’opefation mede-and/the external display interface operation mode, follow the
sequences below in setting’instruction.

. In RGB interface operation, front porch period continues after the end of frame period until next VSYNC input is detected.
. In RGB interface operation, use-high-spegdmwrite function (HWM = 1) when writing data to GRAM.
. In RGB interface operation, RAM address’AD16-0"is/set/in the-address/cotinter every frame on the falling edge of VSYNC.

In other words,

Internal Clock Operation to RGE Interface (1) RGE Interface (1) to Internal Clock Operation

RGE interface operation Display opermtion in

L] synchronization with
WEYMNC, HSYNC, and
DOTCLK
= Changsas inthae DM1-0, RM
bits (set the intemal dock mode)
are ensbied from the next frame

Internal clock operation  ~—
]
- |
Set internal clock
opemation mode*™
(DM1-0 = 00 and RM = 0)

| HWM =1 and AM =0 ‘
| Display operation in
synchronization with

| RAM address set ‘ internal clocks
| | Wait one frame period ]

Set DM1-0 = 01 and RM = 1 “Changes in he OM1-0, RM of more

for RGE interface ng E&B,:‘éﬁﬁ?;ﬂuf' Display operatian in
| | synchronization with

Internal clock operation internal clocks

| Set index register to R22h ‘

| Mote: Continue RGB interface signals at least for
[ Wait one frame period ] — one frame period after setting DM1-0, RM bits
ar more to internal clock operation mode.

‘Write data to RAM
via RGB interface
o synchronization with VSYNC,
] HSYMNC, and DOTCLK
u

Operation via RGB interface

Display operation in

Mote: Input the RGB interface signals before setting the Ot 1-0 and RM bits
to RGE interface.

Figure 40: RGB interface operation and internal clock operation transition
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9 GRAM Address MAP
Table 11 GRAM Address and Display Position on the Panel (SS= “0”, BGR= “0”)

siGpin |2 a|ale|lalalalg|a|2l2 S I R I I I I I

©o o - N w E- [3,] (-] ~ [--] © o

GS=0 |/GS=4 | WD[17:0] WD[17:0] WD[17:0] wD[17:0] | .. | wD[17:0] WD[17:0] WD[17:0] WD[17:0]
G1 G320 h00000 h00001 h00002 h00003 . hOOOEC hOOOED hOOOEE hOOOEF
G2 V319 | hoo100 h00101 | h00102 h00103 | .. | hOOTEC | hOO1ED | hOO1EE hOO1EF
G3” |.G318 | h00200 h00201 | h00202 h00203 | .. | hOO2EC | h002ED | h002EE hO02EF
G4 GHA7 h00300 h00301 h00302 h00303 . hOO3EC hO03ED hOO3EE hO03EF
G5 G316 he0400 ho0401 h00402 h00403 . hO04EC h004ED hOO4EE hOO4EF
G6 G315 h00500 h00504 h00502 h00503 .. hOO5EC hOO5ED hOO5EE hOO5EF
G7 G314 h00600 he0601 h00602 h00603 .. hOOGEC hO0O6ED hOOGEE hOOGEF
G8 G313 h00700 h00701 h00702 h00703 . hOO7EC hOO7ED hOO7EE hOO7EF
G9 G312 h00800 h00801 h00802 h00803 . hOO8EC hOO8ED hOO8EE hOO8EF
G10 G311 h00900. h00901 n00902 h00903 . hOO9EC hOO9ED hOO9EE hOO9EF
G11 G310 hOOAOQ hOOADA hODAO02 hOOA03 . hOOAEC hOOAED hOOAEE hOOAEF
G12 G309 h00B0O h00B01 h00B02 h00B03 . hOOBEC hOOBED hOOBEE hOOBEF
G13 | G3os | h0oCog | .ho6G01 | h00€02 ROOCO3 | .. | hOOCEC | hOOCED | hOOCEE hOOCEF
G14 | G307 | hooD0O~]."ho0DOT | hO0D02 hOODO3 | .. | hOODEC | hOODED | hOODEE hOODEF
G15 | G306 | hOOE00 | “h0OEO1 | hOOEO2 WOOEO3 | .. | .hGOEEC | hOOEED | hOOEEE hOOEEF
G16 G305 hOOFO00 hOOFO01 hOOF02 hOOR03 p. hOOFEC hOOFED hOOFEE hOOFEF
G17 G304 h01000 h01001 h01002 h01003 $ hO10EC hO10ED hO10EE hO10EF
G18 G303 h01100 h01101 h01102 h01103 /. hO1/EC hO11ED hO11EE hO11EF
G19 G302 h01200 h01201 h01202 h01203 » nO12EC h012ED hO012EE hO12EF
G20 G301 h01300 h01301 h01302 h01303 /. hOA3EC h013ED h013EE hO013EF
G305 | G16: | h13000 h13001 | h13002 h3003~ } .7 ) h130EC/ |/ AT30ED | h130EE h130EF
G306 G15 h13100 h13101 h13102 h13103 / MINEC A131ED h131EE h131EF
G307 G14 h13200 h13201 h13202 h13203 7 h132EC h132ED h132EE h132EF
G308 | G13 | h13300 h13301 | h13302 h13303 |~ h133EC | N133ED/ | h133EE h133EF
G309 | G12 | h13400 h13401 | h13402 h13403 | .. |Vh33EC /| H4B84ED” | h134EE h134EF
G310 G11 h13500 h13501 h13502 h13503 .. h135EGC hA35ED h135EE h135EF
G311 G10 h13600 h13601 h13602 h13603 .. h136E€ M 36ED h136EE h136EF
G312 G9 h13700 h13701 h13702 h13703 . h137EC h137ED h137EE h137EF
G313 G8 h13800 h13801 h13802 h13803 . h138EC h138ED h138EE h138EF
G314 G7 h13900 h13901 h13902 h13903 . h139EC h139ED h139EE h139EF
G315 G6 h13A00 h13A01 h13A02 h13A03 . h13AEC h13AED h13AEE h13AEF
G316 G5 h13B00 h13B01 h13B02 h13B03 .. h13BEC h13BED h13BEE h13BEF
G317 G4 h13C00 h13C01 h13C02 h13C03 . h13CEC h13CED h13CEE h13CEF
G318 G3 h13D00 h13D01 h13D02 h13D03 . h13DEC h13DED h13DEE h13DEF
G319 G2 h13E00 h13E01 h13E02 h13E03 . h13EEC h13EED h13EEE h13EEF
G320 G1 h13F00 h13F01 h13F02 h13F03 - h13FEC h13FED h13FEE h13FEF
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Table 12 GRAM Address and Display Position on the Panel (SS= “1”, BGR= “1”)

S/G pin MR R R EEEE 2l 2121elg|ale|ale|gl gl
o]l © =] ~ (<] (3] £ w N - o ©

Gs=0 | @&s=1/ wopr.o) | wopr:op | woprop | wopzop | . | woprop | wop7:0] WD[17:0] WD[17:0]
G I Ga%0 | 00000 | h000OT | h0O002 h00003 | .. | hOOOEC | hOOOED | hOOOEE hOOOEF
GZ G319 | h0O0100 | ho0101 | h0O102 h00103 | .. | hOOTEC | hOOTED | hOOTEE hOOTEF
G3 | Gatk | Nh00200 | ho0201 | h00202 h00203 | .. | hOOZEC | hOOZED | hOOZEE hOOZEF
G4 /| /G317 Jn00300 | /H00301 | h00302 h00303 | . | hOO3EC | hOO3ED | hOOBEE hOOGEF
G5/ /G376 | 700400,7]/F00401_ | h00402 h00403 | .. | hOO4EC | hOO4ED | hOO4EE hOOAEF
@67/|,/Ga15 (| F005007 [ 00507 | h00502 h00503 | .. | hOOSEC | hOOSED | hOOSEE hOOBEF
G7 [|.G3747|,/ 00800 | RO0B0T | h00GO2 h00603 | .. | hOOBEC | hOOGED | hOOGEE hOOGEF
G&— | G313’ |/ n00700 | hog701 | h00702 h00703 | .. | hOO7EC | hOO7ED | hOO7EE hOO7EF
G9 [ G312,[ hoo80G | Ho0BO+— | ho0so2 h00803 | .. | hOOBEC | hOOBED | hOOBEE hOOBEF
G10 | G314 | h00900 /|- H0G9DT/ ['h00902 h00903 | . | hOOSEC | hOO9ED | hOO9EE hOO9EF
G11 | G310 | (MODAGD | hOOAGY [ h00AO2 hQOAO3 | . | hOOAEC | hOOAED | hOOAEE hOOAEF
G12 | Gaog | h0OBOO/ |/ h0OBOT,/|/h00B0Z h00BO3 | . | hOOBEC | hOOBED | hOOBEE hOOBEF
G13 | Gaos | ho0CQ0 |7 H00CG1” | hoocoz ROOCO3 | .. | hOOCEC | hOOCED | hOOCEE hOOCEF
G14 | Gao7 | hooDOO § RO0DOT |/ROGDOZ hOODO3 | .. | hOODEC | hOODED | hOODEE hOODEF
G15 | G306 | hOOEOO | hGOEOT/ |/ROOE02 hOOEQ3 | .. | POOEEC | hOOEED | hOOEEE hOOEEF
G16 | G305 | NOOF00 | hOOFO7 /| hOOFO2 h0OF03 |/,/[ROGFEC | hOOFED | hOOFEE hOOFEF
G17 | Gaoa | h01000 | h01001—|RO10G2 R071003” |7-] hOT10EC” | hOT0ED | hO10EE hOT10EF
G18 | G303 | h01100 | ho1101 | HO#102 h01103 | 7 |- hOTIEC | hO11ED | hOT1EE hOT1EF
G19 | G302 | h01200 | h01201 | ho1202 h01203 /|7,|/h012EC | hO12ED | hO12EE hO12EF
G20 | G301 | h01300 | h01301 | ho1302 R013037 [,/ hO13EC. | hOT13ED | hOT13EE hO13EF
G305 | G16: | N13000 | h13001 | h13002 h18003 /|/./| MIB0EC /| Fn130ED” | h130EE h130EF
G306 | G15 | h13100 | h13101 | h13102 h13103 / /.. /h131EC /| hi31ED_| h131EE h131EF
G307 | G1a | N13200 | h13201 | hi3202 h13203 —| 7|/ M132EC” |/bT32ED /| h132EE h132EF
G308 | G13 | h13300 | h13301 | h13302 h13308 | %] /A183EC/ | h133ED | R133EE h133EF
G309 | G12 | N13400 | h13401 | hi3402 h13403 | .. | R133EC | M134ED/ | h134EE h134EF
G310 | G11 | h13500 | h13501 | hi13502 h13503 | .. | h135EC | R185ED | h135EE h135EF
G311 | G10 | N13600 | h13601 | hi13602 h13603 | .. | h136ECL| h136ED | h136EE h136EF
G312 | G9 | h13700 | h13701 | h13702 h13708 | . | h137EC [“h137ED | h137EE h137EF
G313 | G8 | h13800 | h13801 | h13802 h13803 | . | h138EC | h138ED | h138EE h138EF
G314 | G7 | h13900 | h13901 | h13902 h13903 | . | h139EC | h139ED | h139EE h139EF
G315 | G6 | h13A00 | h13A01 | hi13A02 h13A03 | . | N13AEC | h13AED | h13AEE h13AEF
G316 | G5 | h13B00 | h13BO1 | h13BO2 h13B03 | . | h13BEC | h13BED | h13BEE h13BEF
G317 | G4 | h13C00 | hi3C0T | h13C02 | h13C03 | . | R13CEC | h13CED | h13CEE h13CEF
G318 | G3 | h13D00 | h13DO1 | h13D02 | h13D03 | . | h13DEC | h13DED | h13DEE h13DEF
G319 | G2 | h13E00 | h13E0T | hi3E02 h13E03 | . | h13EEC | h13EED | h13EEE h13EEF
G320 | G1 | h13F00 | h13FO1 | hi3F02 h13F03 | | h13FEC | h13FED | h13FEE h13FEF
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10 Instruction

The FT1505C adopts 18-bit bus architecture to interface to high-performance microcomputer. The FT1505C 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 FT1505C 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 IB0) are called instruction. The
FT1505C accesses the internal GRAM in units of 18 bits. The instructions of the FT1505C are categorized into the following 8
groups.

. Index specification

. Status Read

/Display eontro)

Power'management control

. GRAM address setting

. Transferdata to/fromthe intetnal GRAM
. y-corregtion

. EPROM /(controf

Normally, the instrlction to write data-in'the GRAM is used the most often. In order to minimize the data transfer and lessen the
programmingload oh the‘microcomputer;the FT1505C rewrites data only within the window address area and updates
internal GRAM address in the addréss’counter’automatically as it writes data in the internal GRAM. The FT1505C writes
instruction consecutively by executing the’instruction within-the cycle when it is written (instruction execution time: 0 cycle).

O ~NOBWN =

As the following figure shows /he data bUs used totransfer 46 instruction bits (IB[15:0]) is different according to the interface
format. Make sure to transfer thé instrdction bjts according to the format of the selected interface.

10.1 Instruction dataformat

The following are detail descriptions of instructionbits”(1B1540)) Notethat the instruction bits IB[15:0] in the following
figures are transferred according to the format,ofthe selected/interface-as shown below.

80 system 18-bit interface
peE |0B (DB |pe |pB |DB |oB |DE |DB |DE | DB |DE | DE | DB | DB
17 | 16 15 14 13 12 8 7 5] 5 3
L 4 | I |
¥ h 4 4‘ ¥ v h i
Instruction bit | 1B | & | 1B | B 1B | ] I 1B | B | | B | B | 1B | =} | 1B | B |
(e 15 14 13 12 11 7 5 3

A

DB DE DE
2 1 ]
1
¥
IE

[€ ]
]

(=]

80 system 16-bit interface

oeE |DBE (DB |oB (DB | DB |DB | DB oe |DBE (DB |DBE |DB |DB | DB | DB
17 | 16 | 15 14 13 12 11 10 ] 7 [ 5 4 3 z 1
1 1
b ¥ l l Jr b l l l l b l v
Instruction b 1B | 1B 1B | B 1B | [E] I 1B | =] | B | B | 1B | 18 | 1B | B | 1B I 1B |
1s) 15 14 13 12 11 10 g 8 7 [ 5 4 3 2 1 o

80 system 9-bit intedface

151 transfar 2nd transfar
ocE |OBE |DBE |DBE (DB |DE |DB DBlDB DBlDB|DB|DB DB |DB | DB DBlDB
17 16 | 15 14 13 12 11 10 9 11 10 g
T

I

I v
Instruckon bit | 1B 1B [E] ] | 1B [E] I 1B | =] | | B | B | 1B | 18 | 1B | B | 1B I 1B |
(e 15 14 13 1 12 | 11 10 9 8 7 [ 5 4 3 2 1 o
80 system 8-bit interface / Serial interface (2/3 transfers)
151 transfar 2nd transfer
DeE |OB (DB |DE (DB | DB |DB | DB | DE | DB | DE |DB be |oe |DE | DB |
17 16 | 15 | 14 | 13 12 11 10 17 _| 16 15 14 13 | 12 | 11 10
' I
h 4 L 4 h 4
|hstu-:tm T [E] IB B | 1B 1B I IB | B | | B | B | 1B | [E] | IB | B | B I 1B |
18) 15 14 13 1 12 | 11 10 9 8 7 [ 5 4 3 2 1 o

Figure 4: Instruction format

The following are detail descriptions of instruction bits (IB15-0). Note that the instruction bits 1B[15:0] in the following figures
are transferred according to the format of the selected interface (see Figure 10 Instruction format).
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10.2.1 Index (IR)

RW RS IB15  1B14 1B13 IB12 1IB11 IB10 B9 1IB8 IB7 IB6 IBS 1B4 IB3 B2 IB1 IBO

w |0 |7* * * * * * * * ID7 | ID6 | ID5 | ID4 | ID3 | ID2 | ID1 | IDO

The indexfedisterrepresents 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
spegcified in the’index register.

10:2,2/Status read-(SR)

RW/ RS/ IB15 (B14 /1B13/ “IB12 /1B I1B10 IB9 IB8 IB7 IB6 IB5 1B4 IB3 B2 IB1 1BO

R 0 L7 L6 L5 L4 L3 L2 L1 [LO | O 0 0 0 0 0 0 0

The internal status of the FT1505€ can be read ouffrom the SR register.
L[7:0]: represents the'line’'where the’FT1505C drives liquid crystal.

10.2.3 " Start’Oscillation(R00h)

RW RS B15 B14 1B13/ 1B42,/)B11 /1B10,/1B9 B8/ IB7 1B6 IB5 IB4 B3 IB2 IB1 1BO

w 1 * * * * % % * * * * * * * * * 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 escillator ffom,a halt in standby mode. After executing this instruction, wait at least 10
ms to stabilize the oscillator before issuing next instraction.

*The device code “0001”H is read out when readingieut’this register:

10.2.4  Driver Output Control (R0fh)

RW RS 1IB15 1B14 1B13 I1B12 IB11 IB10 B9 B8 IB7 1B6 IBS 1B4 I1B3 1B2 IB1 1BO

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”.
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10.2.5 LCD Driving Wave Control (R02h)

RW RS 1B15 1B14 1B13 1B12 IB11 IB10 B9 B8 IB7 1B6 IB5 1B4 IB3 1B2 IB1 1BO

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 1o drive liquid crystal is not compatible with n-line inversion waveform. For details, see “n-line inversion AC
drives”.

BIC: When B/C = “0”; the liquid crystal drive signal becomes frame-inversion waveform and inverts the polarity of liquid crystal
in"everyframe/cycle! /\When B/C'="1%, liquid crystal drive signal becomes n-line inversion waveform and inverts the polarity of
liquid/crystalin every(n41)-liné cycle/For details, see “n-line inversion AC drives”.

10.2.6 / Entry Mode/(R03h)

RW RS IB15 "IB14 /IB)3 / IB12 /IB11 /IB46 IB9 IB8 IB7 IB6 IB5 B4 B3 IB2 1B1 IBO

w 1 TRI | DFM 0 BGR 0 0 0 0 0 0 1/D1 1/DO AM 0 0 0

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

AM: Sets either horizontal or vertical direction in updating/the address counter automatically as the FT1505C
writes data in the internal GRAM.

AM= “0", sets the horizontal direction.

AM = “1”, sets the vertical direction.

When a window address area is specifieddin’ GRAM,thé FT1505C 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) whenA/D =71’ and decremented (-1) when I/D = “0” as the
FT1505C writes data in the GRAM. The I/D[0] bit sets-either/incrementor decrement of RAM address (AD[7:0]) in
horizontal direction. The I/D[1] bit sets either increment‘ofr decrement of RAM address (AD[15:8]) in vertical direction.
(Recommended value: I/D[1]="1")The AM bit sets either horizontal, or'vertical diréction 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(DB1,7-0) fromi RGB'te BGR

DFM: In combination with the TRI setting, sets the interface format to transfer18;bit'data via’80-system 16-/8-bit bus
interface. Make sure to set DFM = “0”, when not using 16-/8-bit interface.

TRI: Sets the interface format when transferring 18-bit data via 80-system 16-/8-bit-intérface 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.
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WD1-0 = 00" 1ID1-0 = “01" HD1-0 = =10" WD1-0 = “11"
Horizontal: Decrement Horizontal: Increment Horizontal: Decrameant Harizontal: ncremant
Wertical - Decrament Vertical: Decrement Weartical: Increment WVeartical: Incrament
aoo0oh o0000h a000oh oo00oh
~——— > Di—— —
AR = -0~ = = :"_‘_‘——-—-—_.L’_____‘_ ﬁ
Horizontal —_:_.______._-._.—-—-—— = -—-—-—._H._—__‘___‘___ '_._l___‘:_x_,__._——"'
i = e —— — __;#__::—c:
1=SFEFLh 15FEFL 13FEFh 1 ZFEFh
O0000L 00000k aoooohL 00000k
I A Y - r A K - ~
AN =1 Ak iy iy )
Wertical - -
-~ - - ~
e L -y y r Y w ¥ Y0 v -y
ZFEFL 1ZFEFhL 1ZFEFL FEFh

Figure 5:'Automatic address transition direction setting (AM, 1/D[1:0])

Note: /When,a-Wwindow address ared is-specified in the GRAM, the data is written within the window address area.

10:2:7/ /Resizing/Control (R04h)

R/W RS IB15 AB14/ 1B13" AB12” /1BIA _IB10 1B9 B8 IB7 IB6 IBS IB4 IB3 1B2 1B1 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

RSZ[1:0]: Sets the resizingfacter. When'the RSZ bits are/sét for resizing, the FT1505C writes the data according to the
resizing factor so that the originalimage’is’displdyed in hofizontal 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 (x¥) 2’h2 Setting prohibited
2’h1 x1/2 2’h3 x 1/4

RCHI1:0]: Sets the number of remainder pixels in horizontaldirection‘when resizing a picture. By specifying the number of
remainder pixels by RCH bits, the data can be transferred/without taking’the femainder pixelssinto,consideration. Make sure
that RCH = 2’h0 when not using the resizing function (RSZ 5/2h0) or there are no femainder pixels.

Table 14 Remainder Pixels in Horizontal Direction (RCH) Note: 1 pixel=ARGB
RCH[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

RCV[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

RCV[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
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10.2.8 Display Control 1 (R07h)

R/W RS IB15 IB14 IB13 IB12 IB11  IB10 1B9 IB8 IB7 1B6 IB5 IB4 IB3 B2 IB1 IBO
BASE
W 1 0 0 PTDE1 | PTDEO 0 0 0 E 0 0 GON | DTE | CL 0 D1 DO

Default | 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

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[A] #“0”/the graphics display data is retained in the internal GRAM and the FT1505C 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.

Whenvthe“display isturned off by setting D[1-0] = 2’b01, the FT1505C continues internal display operation. When the display is
tarned,off by setting D[1=01\= 2’b00,the . FT1505C’s internal display operation is halted completely. In combination with the
GON/, DFE/setting, the’ D[1:0] setting’controls display ON/OFF. For details, see “Instruction Setting”.

Table16

D[1:0] | ,BASEE | Source output (S1~S720) | FMARK signal | Internal operation
2'hQ 5 GND Halt Halt
2h1 * GND Operation Operation
2’h2 Y Non-lit display level Operation Operation
’ 0 Non-lit displaylevel Operation Operation
2 1 Base image displdy Operation Operation

Notes: 1.The data write operatién frem’the microcomputer-to)the internal RAM is performed irrespective of the setting of the
D[1:0] bits.
2. The internal state of the FT1505C/in standby mode’become the’ same as when D[1:0] = 2’b00. This does not mean
the D[1:0] setting is changed when-setting the’standby’niode,
s nd
3. The D[1:0] setting is valid on both 1 tand 2" displays.
4. The non-lit display level from the source Qutput pins is determined by instruction (PTS).
CL: WhenCL= “1” ,the FT1505C enters the 8-c0lot,mode’./ Follow the 8-color mode setting sequence when setting

the 8-color mode. In 8-color mode, the grayscale amplifiers otherthan those for the VO and/V63 level are halted. If
used in combination with frame-inversion liquid crystal drive fthe’power consumptionwill bé 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 FT1505C 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

PTDEO/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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10.2.9 Display Control 2 (R08h)

RW RS 1IB15 IB14 IB13 IB12 I1B11 IB10 B9 IB8 IB7 1B6 IB5 B4 1B3 1B2 1B1 I1BO

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 extefnal display interface operation, a back porch (BP) period starts on the falling edge of the VSYNC signal and the display
operationstarts dfterthe 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
VVSYNCintérface’opgeration 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 |}y FP[3:0] or | Front or Back Porch period
BP[3:0] (Line periods) BP[3:0] (Line periods)

4’h0 2 linés 4’h8 8 lines

4’h1 2/ines 4’h9 9 lines

4’h2 2 lines 4’hA 10 lines

4’h3 3 lines 4'hB 11 lines

4’h4 4 lines 4hC 12 lines

4’h5 571inés 4'hD 13 lines

4’h6 6 lines 4hE 14 lines

4’h7 7 lines 4hF 14 lines

WSYHNC

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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10.2.10 Display Control 3 (R09h)

RW RS [B15 IB14 IB13 IB12 IB11 IB10 1B9 1B8 IB7 1B6 IB5 B4 IB3 B2 1B1 I1BO
W 1 0 0 0 0 0 PTS2 | PTS1 | PTSO 0 0 PTG1 | PTGO | ISC3 | ISC2 | ISC1 | ISCO
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

ISC[3:0]: Setthe’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
Time for interval Time for interval
1SC[3:0] Scan cycle when (fFLM) = 60Hz ISC[3:0] Scan cycle when (fFLM) = 60Hz
4h0 0 frame' - 4’h8 17 frames 284ms
4’h1 Jframes 50ms 4’h9 19 frames 317ms
4'h2 5 frameés 84ms 4’hA 21 frames 351ms
4h3 7 ffames 117ms 4'hB 23 frames 384ms
4h4 9'frames 150ms 4'hC 25 frames 418ms
4’h5 1¥/frames 184ms 4'hD 27 frames 451ms
4’h6 13 frames 217ms 4’hE 29 frames 484ms
4'h7 15 frames 251ms 4’hF 31 frames 518ms
Table 21 PTG[1:0]: Sets the scan-mode in non-display. area;
PTGM] | PTGIO] Scar} mogde,in _Source qutput level Vcom output
non-display area in non-display/area
0 0 Normal,scan PT8[2:0} setting alternating output
0 1 VGLfixed) PFSJ2:0] setting alternating output
1 0 Interval scan PTS[2:0) setting alternating output
1 1 Interval scan PTSJ2:0] setting alternating-output

PTS[2:0]: Sets the source output level in non-display area driyelperiod (front/backporch period“and blank area between partial
displays). When PTS[2] = 1, the operation of amplifiers which‘generates the grayscales other than VOand V63 are halted and
the step-up clock frequency becomes half the normal frequency inlnon-display/drive’pefiod.if-order,tofeduce 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 prOP-up clock frequency
3’h0 V63 VO VO 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
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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].

10211, Display Control 4 (ROAh)

RW RS _“4B15 1B14 1B13 1B12 IB11 IB10 B9 [B8 1IB7 1IB6 IB5 B4 B3 1B2 IB1 1BO
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 0 0 0 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:A\When FMARKOE~= A, the FT1505C starts outputting FMARK signal from the FMARK pin in the output interval set
by FMI[2:0] bits” /See/FMARK” fordetails.

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

10.2.12 RGB interface Control' 1’ (R0OCh)

R/W RS 1B15 1B14 IB13 IB12 1B11 IB10 B9 / IB8 / IB7 / IB6 1BS _~1B4 IB3  1B2 1B1 1BO

W 1 0 0 0 0 0 0 0 RM 0 0 bw1,] ,OMo\] O 0 RIM1 | RIMO

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

RIM[1:0]: Sets interface format when RGB interface is selected by RM.and,DM bits/ ,Set.RIM[1:0]bits before starting display
operation via RGB interface. Do not change the setting while the FT1505C/pérforms.display, opération.

Table 24 RGB interface operation

RIM[1:0] | RGB Interface operation Colors
2’h0 18-bit RGB interface (1 transfer/pixel) via DB17—DB0 262,144
2'h1 16-bit RGB interface (1 transfer/pixel) via DB17—DB13, DB11—DB1 | 65,536
2'h2 6-bit RGB interface (3 transfers/pixel) via DB17—DB12 262,144
2’h3 6-bit RGB interface (3 transfers/pixel) via DB17—DB12 262,144

Notes: 1: Instruction bits are set via system interface.
2: Transfer the RGB dot data one by one in synchronization with DOTCLK in 6-bit RGB interface operation.

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. However, switching between the RGB interface operation mode and the
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VSYNC interface operation mode is prohibited.

Table 25 Display Interface

RM: Selects'the intérface for RAM access.operation.

DMI[1:0] Display Interface
2’h0 Internal clock operations
2’h1 RGB interface
2’'h2 VSYNC interface
2’h3 VSYNC interface

performing(display operation via' RGB/interface.
Table 26-RAM/Access/Interface

RM

RAM Access Interface

System)interface/VSYNC interface

1

RGB interface

The FT1505C selects the optimum.interface accordingto’the displayed image by setting instruction as follows.

In moving picture display operation via RGB or VSYNGC interface/ write’data’in high-speed write mode (HWM = 1) in order to

access RAM in high-speed with low power-consumption,

RAM access is possible only via the interface selected by the RM bit.
Set(RM.= A when writing display data’via’RGB interface. When RM = 0, it is possible to write data via system interface while

Table 27
Thgi:::;i of Operation Mode|"RAM Access’(RM) Display Operation Mode (DM)
Still pictures Internal glock System irlterface Internal clocli operation
operation (RM/=0) (BMA-0 = 2’h0)
Moving pictures RGB interface (1) RC?EI{;] tqu?ce (RDf\sﬂlijgtzergaﬁ;a )
Rewrite still picture
o | RoB ineracsz) | Sy ieace vt el
pictures.
Moving pictures VSYNC interface Syst(tlaQrRAir;t%;face \/(SD\I(/I’\fOiT?,’LaZC)e

Notes:

1. Instructions are set only via system interface.
2. The RGB and VSYNC interfaces cannot be used simultaneously.

3. Do not make changes to the RGB interface operation setting (RIM1-0) while RGB interface is in operation.

4. See the “External Display Interface” section for the sequences when switching from one mode to another.
5. Use high-speed write function (HWM = 1) when writing data via RGB or VSYNC interface.

ENC[2:0]: Set the GRAM write cycle through the RGB interface
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Table 28 GRAM write cycle selection

ENC[2:0] GRAM write cycle (frame periods)
3’h0 1 Frame
3’h1 2 Frames
3’h2 3 Frames
3’h3 4 Frames
3’h4 5 Frames
3’'h5 6 Frames
Fh6 7 Frames
Ih7 8 Frames

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

VSYNC interface operation

The internal display operation/is,synchronized with.theframe/Synchronous signal (VSYNC) in this mode. This mode enables
the FT1505C 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, se€ the AVSYNC Interface” section.

As external input, only VSYNC signal input.is-valid in this mode. / @ther input viafexternal display interface becomes disabled.

The front porch (FP), back porch (BP), and the display (NL)periods/aré automatically calculated from the frame synchronous
signal (VSYNC) inside the FT1505C according to the/inStruction settingsfor these periods.

10.2.13 Frame Marker Position (RODh)

RW RS 1IB15 1B14 IB13 IB12 [IB11 IB10 B9 B8 IB7, IB6 IB5 B4 IB3 B2 1B1 IBO
w 1 0 0 0 0 0 0 0 | FMP8 | FMP7 NEMP6 Y EMPS VFNMP4 |/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.
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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

10.2.14_.RGB display’interface Control 2 (ROFh)

RW  Rs‘“IB15/ iBi4 / 1B13" /B12 1B11 IB10 IB9 B8 IB7 IB6 IB5 IB4 IB3  1B2 IB1 1BO
w 1 0 0 0 0 0 0 0 0 0 0 0 VSPL| HSPL| 0 | EPL | DPL
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

DPL: Sets the signal polarity of the DOTCLK pin.
DPL = “0” The data isinput/on the rising.€dge of DOTCLK
DPL = “1” The data isdhpUt'on the falling edge of DOTCLK
EPL: Sets the signal polarity of the ENABLE pin.
EPL = “0” The data DB17-0 is written when ENABLE =/0”. Disable’data’write operation when ENABLE = “1”.
EPL = “1” The data DB17-0 is written when”ENABLE'Z“1"/Disable data writé operation when ENABLE = “0”.
HSPL: Sets the signal polarity of the HSYNC /pin-
HSPL = “0” Low active
HSPL = “1” High active
VSPL: Sets the signal polarity of the VSYNC pin.
VSPL = “0” Low active
VSPL = “1” High active
10.3 Power control
10.3.1 Power control 1 (R10h)
RW RS IB15 IB14 IB13 IB12 IB11 IB10 B9 B8 IB7 IB6\S/IB5/ /1B4/ IB3 1B2 IB1  1BO
w 1 0 0 0 SAP 0 BT2 | BT1 | BTO | APE | AP2 | AP}+/|,APO | O | 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 FT1505C enters the standby mode. In standby mode, the FT1505C 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 FT1505C accepts only the
following instructions in standby mode:

1. Exit standby mode (STB = 0)

2. Start oscillation

SLP: When SLP = 1, the FT1505C enters the sleep mode. In sleep mode, the internal display operation except RC oscillation
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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 FT1505C 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 FT1505C
enters the deepjstandby 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

3h0 Halt

3’h1 Disable

3’h2 2

3'h3 3

3’h4 4

3'h5 5

3h6 6

3h7 Disable

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

APE: Liquid crystal power supply enable bit. Set APE = “1’/Avhen 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 GL
3'h0 Vci1 +Vci -Vci AVcir2x bPDVDH
3’h1 3xDDVDH -(2xDDVDH)
Vci1 +Vci -Vci
3'h2 “(Vci+BDYDH)
3’h3 A(VCi+2xDDVDH)
3'h4 Vci1+Vci -Vci Vci+2xDDVDH -2xBPYDH
3’h5 -(Vci+DDVDH)
3’h6 -2xDDVDH
Vci1 +Vei -Vci 2xDDVDH
3'h7 -(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.)
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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.

10.3.2/” Power control 2 (R11h)

RW _ MRS“7IB15 __1B14 1B13_ I1B12  IB11 1B10 I1B9 1B8 IB7 I1B6 IB5 1B4 IB3 1B2 IB1 1BO
W 1 0 0 0 0 0 DC12 | DC11 | DC10 0 DCo02 | DCO1 | DCO0O 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-Referencevoltage’setting-(Vci1)

G201 \\//glitggUeT (reference voltage) Vci1
3h0 07907 Vci

3 0.80 x*Vci

3h2 0.70xVci

3'h3 0.60x/Vei

3’h4 0750 X Yai

3'h5 040 X Vci

3'h6 Nci

3’h7 Vci

DCO[2:0]: Selects the operating frequency of the step-up circuit-+. / The,higher’stepup operating frequency enhances the
drivability of the step-up circuit and the quality of display but increases the‘currént consumption) Adjust the frequency taking
the trade-off between the display quality and the current consumption‘inte’account.

DC1[2:0]: Selects the operating frequency of the step-up circuit 2. The higher step<Up/opérating frequency enhances the
drivability of the step-up circuit and the quality of display but increases the current/powef consumption. Adjust the frequency
taking the trade-off between the display quality and the current/power consumption’into’account.
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Table 33 operating frequencies of step-up circuits 1/2

e e e I

3’h0 fosc 3’'h0 fosc/4

3’h1 fosc/2 3’h1 fosc/8

3'h2 fosc/4 3’h2 fosc/16

3’h3 fosc/8 3’'h3 fosc/32

Ih4 fosc/16 3’h4 fosc/64

Ih5 fosc/32 3’h5 fosc/128

3’h6 foscl64 3’h6 fosc/256

3’h7 Halt’set-up circuit 1 3’h7 Halt set-up circuit 2

Note: Make'surefogscrz focotz, When-setting the operating frequencies of DC0O[2:0] and DC1[2:0]

10.3.3./ Power control' 3 (R12h)

R/W RS IB15 IB14 ¥ IB13 _4B12/ IB1Y /1B107 B9 1B8 iB7 1B6 IB5 1B4 1B3 1B2 1B1 1BO

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

VRHI[3:0]: Sets the amplifying rate (1.6 ~[1(9) of/Ci 10,generate’theoutput/of VREG10UT, which is a reference level of VCOM
and grayscale voltage.

VRH[3:0] VREG1OUT
4'h0 Halt(Hi-z)
4'h1 VCixV A
4'h2 Vei x145
4'h3 Vei x1.5
4'h4 Vi x1/55
4'h5 Vi x1.6
4'h6 Vcix1.85
4'h7 Vci x17
4'h8 Vci x1.75
4’h9 Vcix1.8
4'h10 Vci x1.85
4’h11 Disable
4’h12 Disable
4'h13 Disable
4'h14 Disable
4’h15 Disable

FocalTech Systems Co., Ltd CONFIDENTIAL Page: 75 of 138



Product Data Sheet

Doc# : D-FT1505C_B-0811 (Version : 2.0)
DDCN# : DC-0812005

Focallech

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.

VCMRSelects 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 LiB1s/ ABfa 813" IB¥2/  IB11 1810 1B9 B8 IB7 1B6 IB5 B4 B3 B2 IB1 IBO
w 1 0 0 0 vDv4/ | ¥ov3/| vbv2 | vbv1 | vbvo | o© 0 0 0 0 0 0 0
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

VDV[4:0]: Sets the factor-of YREG10OUTto’set theé amplitudé of Vcom alternating voltage from 0.70 to 1.24 x VREG10UT.
Table 36 VDV: Vcom amplitude

VDV[4:0] Vcom amplitade VDVI[4:0] Vcom amplitude
5’h00 YREG10UT X 0770 5mQ VREG10UT x 1.02
5’h01 VREG10UT X 0.72 5h11 VREG10UT x 1.04
5’h02 VREG1OUT x0,7 4 5h12 VREG10UT x 1.06
5’h03 VREGTOUT X 0776 5hA3 VREG10UT x 1.08
5’h04 VREG10UT:x,0.78 5’h14 VREG10UT x 1.10
5’h05 VREG10UT x0.80 5h15 VREG10UT 142
5’h06 VREG10UT x 0.82 5h16 VREGAOUT x 114
5’h07 VREG10UT x 0.84 5'hA7 VREGAQUT x 1.16
5’h08 VREG10UT x 0.86 5h18 VREGAOUT-x.18
5’h09 VREG10UT x 0.88 5h19 YREG10UT/%x/1.20
5'h0A VREG10UT x 0.90 5h1A VYREGAOUT x1.22
5'h0B VREG10UT x 0.92 5h1B VREG1QUT x'1.24
5'h0C VREG10UT x 0.94 5h1C VREG10UT x 1.26
5'h0D VREG10UT x 0.96 5h1D VREGIOUT x 1.28
5'hOE VREG10UT x 0.98 5h1E VREG10UT x 1.30
5'hOF VREG10UT x 1.00 5h1F VREG10UT x 1.32

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

RAM Address set horizontal address (R20h),
RAM Address set vertical address (R21h)

R/W RS 1B151B141B131B121B111B10 1B9 IB8 IB7 1B6 IB5 B4 B3 1B2 1B1 1BO

wil1|o0o|JO0O]JOoOjO]Of|O]|O 0 AD7 ADG6 AD5 AD4 AD3 AD2 AD1 | ADO

Default | 0 O[O ]JO]JO|O]O 0 0 0 0 0 0 0 0 0

W/ A oOofo0o|lO|lO]JO]|] O] O| AD16 | AD15 | AD14 | AD13 | AD12 | AD11 | AD10 | AD9 | AD8

Default/] 0O ] O J O] O|O|O]|O Q 0 0 0 0 0 0 0 0

Top:/R20h, Bottom: R21h

AD[16:0]: AGRAM. address set initially, in the AC (Address Counter). The address in the AC is automatically updated
according to.the AM, I/D[1;0] settings/as the FT1505C writes data to the internal GRAM so that data can be written
consecutively withgut resetting’the/address inthe AC. The address is not automatically updated when reading data from the
internal GRAM.

Note : In internal clock operation and’VSYNC intetface 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~ Bitmap data‘’on the first line
17’hOO0EF

17°h001007~ Bitmap“data on the/second
17’hQ01EF line

17’h00200 # Bitmap data/on‘the third line
17’h002EF

17°’h00300 ~ Bitmap’data.on the fourth
17’h003EF line

17’h13C00 ~ Bitmap-data’on the 317"
17’h13CEF lihe

17’h13D00 ~ Bitmap data onthe318 "
17’h13DEF line

17’h13E00 ~ Bitmap data on.the 819"
17’h13EEF line

17’h13F00 ~ Bitmap data on the 320™
17’h13FEF line
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10.5 Write/Read RAM data

10.5.1 Write Data to GRAM (R22h)
RW RS IB15 1B14 1B13 IB12 I1B11 IB10 IB9 IB8 IB7 IB6 IB5 IB4 IB3 IB2 IB1 IBO
W 1 RAM write data WDI[17:0] is transferred via different data bus in different interface operation

WD[17:0}s The ET1505C expands data into 18 bits internally in write operation. The format to expand data into 18 bits is
differentindifferent interface operation.

The’GRAM data represents the grayscale level. The FT1505C automatically updates the address according to AM and
I/B[¥:0)settings’ds it-writes data in.the GRAM. In deep standby mode, GRAM access is disabled. In 8-/16-bit interface
operation,the NMSBs/of R.and B dot are written as the LSBs of respective dot to expand data into 18 bits. In this case, 65,536
colorg’ are“available:

Tabte 38, GRAMdata and LCD output level (REV = “0”)

GRAM data Selected grayscale GRAM data | Selected grayscale
(RGB) Negative Positive (RGB) Negative Positive
000000 b/} V63 100000 V32 V31
000001 X1 V62 100001 V33 V30
000010 V2 X641 100010 V34 V29
000011 V3 V60 100011 V35 V28
000100 V4 V59 100100 V36 \44
000101 V5 V58 100101 V37 V26
000110 V6 X/57 100140 V38 V25
000111 V7 Y6 100111 V39 V24
001000 V8 V55 104000 V40 V23
001001 V9 V54 101001 V41 V22
001010 V10 V53 101010 V42 V21
001011 V11 V52 101011 N43 V20
001100 V12 V51 104100 V44 V19
001101 V13 V50 1011041 V45 V18
001110 V14 V49 101110 /46 V17
001111 V15 V48 101111 \14 V16
010000 V16 V47 110000 V48 V15
010001 V17 V46 110001 V49 V14
010010 V18 V45 110010 V50 V13
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
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011000 V24 V39 111000 V56 V7
011001 V25 V38 111001 V57 V6
011010 V26 V37 111010 V58 V5
011011 va27 V36 111011 V59 V4
014100 V28 V35 111100 V60 V3
011101 V29 V34 111101 V61 V2
011110 V30 V33 111110 V62 \Al
011111 V31 V32 111111 V63 VO

RAM Access via System-interface
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10.5.2 Read Data from GRAM (R22h)

R/W RS IB15 I1B14 1B13 I1B12 IB11 IB10 B9 B8 IB7 IB6 IB5 1B4 IB3 1B2 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 FT1505C 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”ddta bUs \vhen the FT1505C 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.

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

Second word | Read {data of address N)
From read data latch to DB17-0

v

|  Setaddress M (AD16-0) |

First word

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

v

Second word | Read {data of address M)
From read data latch to DB17-0

First word

Read out data to
the microcomputer

Figure 8: GRAM read sequence

Power control 7 (R29h)
RW RS 1IB15 1IB14 [B13 I(B12 IB11 IB10 IB9 IB8 IB7 1B6  IB5 1B4 IB3 IB2 1B1 IBO

w 1 0 0 0 0 0 0 0 0 0 0 | vCM5 | VCM4 | VCM3 | VCM2 | VCM1 | VCMO

Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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Table 39 VCM: internal electronic volume adjustment

VCMI[5:0] VcomH VCMI[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 VREG10OUT 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 VREG10UTx 0.740 6'h2B VREG10UT x 0.900
6’h0C VREG10QUT x 0.745 6'h2C VREG10UT x 0.905
6’h0D VREG1QUT x 0.750 6'h2D VREG10UT x 0.910
6 h0E VREGTOUT x 0,755 6'h2E VREG10UT x 0.915
6’'hOF VREGHOUT x0760 6’'h2F VREG10UT x 0.920
6’h10 YREG10UT X 0.765 6'h30 VREG10UT x 0.925
6’h14 VREG10UT x 0.770 6'h31 VREG10UT x 0.930
6'h12 VREG1OUT x 0,775 6'h32 VREG10UT x 0.935
6'h13 VREG10UT x0:780 6'h33 VREG10UT x 0.940
6’h14 VREG1QUT x 07785 6'h34 VREG10UT x 0.945
6’h15 VREGTOQUT X 07790 6:h35 VREG10UT x 0.950
6'h16 VREG10UT%.0,795 6’h36 VREG10UT x 0.955
6’h17 VREG10UF %0800 6'h37 VREG10UT x 0.960
6'h18 VREG10UT X 0805 6h38 VREG10UT x 0.965
6’h19 VREG10UT x 0:810 6h39 VREG10UT x.0.970
6'h1A VREG10UT x 0.815 6'h3A VREGATOUT x0.975
6'h1B VREG10UT x 0.820 6’h3B VREG1QUT x 0.980
6'h1C VREG10UT x 0.825 6'h3C VREGAOUT x 0.985
6'h1D VREG10UT x 0.830 6'h3D VREG1OUT x 0,990
6'h1E VREG10UT x 0.835 6'h3E VREG1OUT x0/995
6’h1F VREG10UT x 0.840 6’h3F VREG10OUT

Notes: Set VcomH from 2.5V to (DDVDH-0.5)V.

Frame Rate and Color Control (R2Bh)
R/W RS IB15 IB14 I1B13 1B12 IB11 [B10 IB9 IB8 IB7 1B6 IB5 I1B4 IB3 [B2 IB1 IBO

w 1 | 16M_EN | Dither | O 0 0 0 0 0 0 0 0 0 0 [ RC2 | RC1 | RCO

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

FocalTech Systems Co., Ltd CONFIDENTIAL Page: 81 of 138



Product Data Sheet

- " e
Focallech Doc# : D-FT1505C_B-0811 (Version : 2.0)
DDCN# : DC-0812005

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

Re2 RC1 RCO | troqueney (idtz)
0 0 0 452
0 0 1 536
0 1 0 652
0 1 1 821
1 0 0 400
1 0 1 336
1 1 0 284
1 1 1 External RC

16M_EN: Select/thé color,depth.” 16NM_EN=0 (262K color, default), 16M_EN=1 (16.7M color dither)

Dither: Dithering*function cohtrok./\When/thedithering function is enabled, the 24-bit input data will be dithered into 18-bit and
the display quality is\closed to 167N colot, 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~ DB
m 2" transfer: DB17 ~ DB10
® 8-bit interface: 3 transfer mode (TRIREG=4,-DFM=1)
m 1* transfer: DB17 ~ DB10
m 2" transfer: DB17 ~ DB10
m 3" transfer: DB17 ~ DB10
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10.6 7 Control Instruction
10.7 v Control (1) ~ (10) (R30h ~ R3Dh)

RW RS IB15 IB14 1B13 IB12 IB11 IB10 B9 B8 IB7 IB6 IB5 IB4 B3 I1B2 IB1 IBO
R30

PKP1 | PKP1| PKP1 PKPO | PKPO | PKPO
whit1]o| o 0 0 0 of| ool o 0

[2] [1] [0] [2] [1] [0]

Defaulf | o | o 0 0 0 0 0 0 of| ool o 0 0 0 0

R31 PKP3 | PKP3 | PKP3 PKP2 | PKP2 | PKP2
wl 1 o] o 0 0 0 0 0o o] o 0

[2] [1] [0] [2] [1] [0]

Pefault | 0 | o 0 0 0 0 0 0 of| ool o 0 0 0 0

R32 PKP5 | PKP5 [ PKP5 PKP4 | PKP4 | PKP4
wWAA| o | o 0 0 0 of| ool o 0

[2] [1] [0] [2] [1] [0]

Default’ ] 0 | o 0 0 0 0 0 0 of| ool o 0 0 0 0

Rp PRP1| PRP1 | PRP1 PRPO | PRPO [ PRPO
wAA A 0| o 0 0 0 of| ool o 0

[2] [1] [0] [2] [1] [0]

Default’ ] o | o 0 0 0 0 0 0 of| ool o 0 0 0 0

R36 wd/i Lol o o [VRP1[VRRAIVRP1 |VRP1 VRP1 [ o | | o OVRP OVRP VRPO | VRPO | VRPO

4] [31 | [2] 1] [0] [2] [1] [0]
[4] [3]

Default] 0 | o 0 0 0 0 0 0 of| ool o 0 0 0 0

R37 PKN1 | PKN1 [ PKN1 PKNO [ PKNO | PKNO
wil1f[o] o 0 0 0 of| ool o 0

[2] 11 [0] [2] [1] [0]

Default | 0 | 0 0 0 0 0 0 0 of| ool o 0 0 0 0

R38 PKN3] PKN3/| PKN3 PKN2 [ PKN2 | PKN2
wil1f[o] o 0 0 0 of| ool o 0

[2] 1} [0] [2] [1] [0]

Default | 0 | 0 0 0 0 0 0 0 0 0o o] o 0 0 0 0

R39 PKN5 ) PKN5 |/PKN5 PKN4 [ PKN4 | PKN4
wil1f[o] o 0 0 0 of| ool o 0

[2] M1 [0] [2] [1] [0]

Default | 0 | © 0 0 0 0 0 0 of| ool o 0 0 0 0

R3C PRN%| PRN1| PRN1 PRNO | PRNO | PRNO
wil1[o] o 0 0 0 0 0o o] o 0

[2] 1] [0] [2] [1] [0]

Default | 0 | 0 0 0 0 0 0 0 of| ool o 0 0 0 0

R3D VRN| VRN[ et | vRNt | vRNI VRNL VRNV oo VRNO | VRNO

wil1f[o] o 0 |1 1 2l il o]0 ool 0 2l il o]
[4] [3] 4LV A3]

Default | 0 | © 0 0 0 0 0 0 of| o |of_ 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] vy fine adjustment register for negative polarity
RN1-0[2:0]  gradient adjustment register for negative polarity
VRPO[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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R50

R51

R52

R53

10.8 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 IBA5.B14 1B13 1B12 1B111B10 1B9 B8 1B7 1B6 1B5 B4 1B3 1B2 I1B1 1BO

WR|¥|[O]J]O]JO]JO|[O]O]O 0 HSA7 | HSA6 | HSA5 | HSA4 | HSA3 | HSA2 | HSA1 | HSAO

Defadlt/] 0O | O | O[O O] OO 0 0 0 0 0 0 0 0 0

WIR| A ofojojojofjofo 0 HEA7 | HEA6 | HEA5 | HEA4 | HEA3 | HEA2 | HEA1 | HEAO

Defatlt/] 0 | O] O] O | O] O] O 0 1 0 1 0 1 1 1 1

WR Y| O0O|[O0O] O] O]O]| 0| O] VSA8 | VSA7 | VSA6 | VSA5 | VSA4 | VSA3 | VSA2 | VSA1 | VSAO

Default 4 0O | O] O | O | O O] O 0 0 0 0 0 0 0 0 0

W/R | 1 0jJ]OoO|JO|JO]|]O] O] O | VEA8/ VEA7 | VEA6 | VEAS | VEA4 | VEA3 | VEA2 | VEA1 | VEAO

Default | 0 J] 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/staft and end addresses of the window address area in horizontal direction,
respectively. HSA[7:0] and HEA[7:0] specify the horizontalange 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 staft.and,end-addresses of the window address area in vertical direction,
respectively. VSA[8:0] and VEA[8:0] specify the verticalrangéto’ write’datas Set VSA[8:0] and VEA[8:0] before starting RAM
write operation. In setting, make sure that*000’h ="VSA[8:0] < VEA[8:0] < “13F"h/

HS:E\ HE{-\
00000k : :
I 1
VSA  |fammammamaat '
Window Address
Window address setting area
"00'hS HSAT-0Z HEAT-0Z "EF'h
VEA "000°h= VSAB0= VEAB-OZ"13F"h
GRAM address space 13FEFh
Note 1) Make wirdow adoress area within the GRAM address area,

Figure 9: GRAM address map and window address area
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10.9

Base image display control instruction

Driver output control (R60h), Base image display control (R61h),
Vertical scroll control (R6Ah)

R/W RS [B151B14 1B13 [B12 [B111B10 1B9 B8 IB7 IB6 IB5 1B4 IB3 1B2 1B1 1BO
wrl11&84 o0 I\st I\LL l\13L NZL N1L NLO 0 0 SC5)N SgN SgN SC2)N S?N SgN
Default 0 0| o 0 0 0 0 0 0 0 0 0 0 0 0 0
WR A1 0 0| o 0 0 0 0 0 0 0 0 0 0 NDL VLE | REV
Default 0 o o 0 0 0 0 0 0 0 0 0 0 0 0 0
WIR' Y1 0 0| o 0 0 0 0 VL8 | VL7 | VL6 | VL5 | VL4 | VL3 VL2 VL1 VLO
Defatlt 0 (O 0 0 0 0 0 0 0 0 0 0 0 0 0

REV: Enables the grayscale inversion-of the image by setting REV = 1. This enables the FT1505C to display the same image
from the same’sgt 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-levelinversion

Source’Output Level in‘Display Area

REV GRAM Dat
ata Positive/Polarity Negative Polarity

18’h00000 /B3 VO

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

1 : : :
18’'h3FFFF V63 VO

GS: Sets the direction of scan by the gate driverin.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 t6 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 interyal.of 8 lines."The GRAMaddress’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 hecessary 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 NL[50] 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
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SCNI[5:0]: Specifies the gate line where the gate driver starts scan.

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 G381 G240
6H06 G49 G272 G97 G224
6'hQ7 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’hQC G97 GR24 G193 G128
6’h0D G105 G216 G209 G112
6’h0OE G113 (G208 G225 G96
6°hOF G121 G200 G241 G80
6’10 G129 G192 G257 G64
6'h11 G137 G184 G273 G48
6'h12 G145 G176 (3289 G32
6'h13 G153 3168 G305 G16
6'h14 G161 G160 G2 G319
6’h15 G169 G152 318 G303
6’h16 G177 G144 G34 G287
6’'h17 G185 G136 G50 G271
6’'h18 G193 GA28 366 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 G838 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
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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

0 Fixed display

1 Scrolling

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

Non-display area
NDL
Positive Polarity Negative Polarity
0 V63 VO
1 Y0 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 YL[8;0]/in this‘case/Make sure.that VL[8:0] < 160.

10.10 Partial controlinstruction

Partial image 1 display position (R80h)

Partial image 1 RAM start address (R81h),/Partialimage A RAM end address (R82h)
Partial image 2 display position (R83h)

Partial image 2 RAM start address (R84h), Partialimage 2’RAM.end.address (R85h),

R/W RS IB15 IB14 IB13 I1B12 IB11 IB10 IB9 1B8 IB7, IB6 IB5 1B4 IB3 1B2 1B1 IBO
Wl 1 | N ] I N R Eg[%] Eg[[;] ig[%] Eg[%] E&E’q Eg[%] Eg[g] Egﬁ] Eg[%]
Default 0 0 0 0 0 0 0 0 0 0 0 0 0. 0 0 0

W 0 0 0 0 0 0 0 PTS PTS PTS PTS PTS PTS PTS PTS PTS
Ao | Ao | aoer” Y aoisi A Ao’ A Aoy | aetar” | Aor1r | Aofo)

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

W 0 0 0 0 0 0 0 PTE PTE PTE PTE PTE PTE PTE PTE PTE
aog] | Ao | aomer | Aoisl M/a0idl | Aol | Aoz | Aol | Aojo)

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

w1 fofofofofolfolfolig |mm|re |[reE |[F@ |[Fe |[Fe | P | ;o
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

wol o fofofo oo o | R [ Xn | R | A | A | A | A2 | At | At
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

wila oo oo fololo |y |km | |Am | A | At | Al | A | Al
Default 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
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PTDPO[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 PTDPRO js_sét4o “9’h000”, the partial image 1 is displayed from the 1st line of the panel on the base image.

PTSAO0[8:0] PTEAO[8:0]: Sets the start line address and the end line address of the RAM area storing the data of partial
image1. Make'sure’RP TSAO[8:0] S/RTEAQ[8:0]. Make sure PTSAO0[8:0] <PTDP0[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
imagé-2-Make sure PTSAA[8:0] <PTEA1[8:0]. Make sure PTSA1[8:0] <PTDP1[8:0].

10.11 (Panel interface’controlinstruction

10.11.1 Panelinterface control1(R90h)
RW RS IB15 IB141B13 (B121B41/1B10/ B9” / 1B8 ./ IB7 1B6//1B5 B4 IB3 IB2 IB1 IBO
w|l1]o|loflo]o]o]|ol[mvi|DVWIO| o0 0 |RTNI4|RTNI3 | RTNI2 [ RTNIM | RTNIO
Defaut [ 0 ] ol of[of|o]o 0 0 o|lofo 0 0 0 0 0
RTNI[4:0]: Sets 1H (line) period. This setting is enabled while.the/FT1505€’s’display operation is synchronized with internal
clock signal.
Table 45 Clocks per Line
RTNI[4:0] | C©1o°kS"  griitacor |/ S0k V RiNnipa:0p | Clocks
per Line perLine per Line
5’h00—5’hOF | Disabled 5h15 2V clocks 5h1B 27Clocks
5'h10 16 clocks 5'h16 22/clock 5nC 28 clocks
5h11 17 clocks 5h17 23 clocks 5hH1D 29 clocks
5h12 18 clocks 5h18 24 clocks 5’H1E 30 clocks
5’h13 19 clocks 5’h19 25 clocks 5h1E 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 FT1505C’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.
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Table 46 Division ratio of the internal operation clock

DIVI[1:0] Division Internal Operation Clock
Ratio Frequency
2’h0 11 fosc /1
2’h1 1/2 fosc /2
2’h2 1/4 fosc / 4
2’'h3 1/8 fosc /8

Notefosc: RC.oscillation frequency

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

Frame Frequency/Calculation

Frame frequéncy’= fosc [HZ]

Clocksperline’ x'division ratio x (line + BP + FP)
fosc : RC oscillation.frequency
Line: Number of lines to drive thie KCD (NL bits)
Division ratio: DIVI
Clocks per line: RTNI

10.11.2 Internal Sourceoutput Control (R91h)

RW RS 1IB15 1B14 1B13 1B12 IB11 IB10 [IB9 IB8 IB7 1B6 IB5 1B4 IB3 1B2 IB1 1BO

w ‘ Eqil [/EGi0 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 iscno’equalize’cycle/othérwise EQICycles.
SDTI: define internal source output delay based on the gate falling £dge, SDT1=0:0né cycle; otherwise/SDTI+1 cycles.

10.11.3 Panel interface control 2 (R92h)

RW RS IB15 IB14 IB13 IB12 [B11 IB10  IB9 I1B8 IB7 1B6 1B5 /[ 1B4/ B3~ ~1B2" /B1 1BO

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

NOI[2:0]: Sets the non-overlap period of gate output when the FT1505C’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
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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.

Focallech

10.11.4 Internal Source output Control (R98h)

RW RS IBf5B14 I1B13 IB12 IB11 (B10 1B 1B IB7 IB6 IB5 B4 IB3 B2 IB1  IBO
W LS11 | LS10 \égom_s VCOM_SK1| VCOM_SK( LS01 | LS00
Default oo o [o [Jo [o [0 [o [o]fo 0 0 olofo 0

RAO

RA1

RA4

LS0:/Define tHe’source OP work cycle. LS0=0 is one “dfosc” cycle, otherwise LS0+1 cycles.
LS1: Define source. overshootwork-cycle. LS1=0 is one “dfosc” cycle, otherwise LS1+1 cycles.
VCOM_SKy/defineVCOM overshoot work cycle. VCOM_SK is a half dfosc cycle, otherwise VCOM_SK/2 cycles.

10.12 L_EPROM control

EPROM access control A" (RAQh)/EPROM access control 2 (RA1h), Calibration control (RA4h)
RW RS I1B15 IB14 AB13 JB12 /1B11{1B10 £1B9 1B8 _iB7 \B6 IB5 B4 B3 IB2 _ IB1 _IBO

EOP | EOP EAD | EAD
w1 ofofofofofofofof[TE) O 0 0
1| o [ [0]
Default ofofofofofofofo 0 0 0 0 0 0 0 0
Ep/|) ED | ED | ED | ED | ED | ED | ED
w ofofofofofofofo
/1 /e B A 4| B 21| [ [0]
Default ofofofofofofofo 0 0 0 0 Q 0 0 0
w1 ofofofofofofofo 0 0 0 0 0 0 0 | CALB

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

TE: Enable internal EPROM control bit (EOP). Follow the‘PROM conttol seduencewhen-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 sequencewhen setting(EOP[1:0].

Table 51
EOP[1:0] EPROM control
2’h0 Halt
2’h1 Write
2’h2 Reset register (load)

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

ED[7:0]: Internal EPROM write data.
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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] | EVCMO[0]
2’h2 EVCME1* 0 0 EVCM1[4] | EVCM1[3] | EVCM1[2] | EVCM1[1] | EVCM1[0]

Note*: Make sure to write “1” to EVCMEO, EVCME1.

CALB: When' CALB = 1, the FT1505C executes calibration to the internal operation. Set CALB = 1 after
power-onreset. Fhe CALB setting is automatically returned to “0”.

10.13/Instruction list
Main category Sub’catedory Upper code Lower code
Upper index index” { Comfnand |1815)| 1B14| 1813} 1B12 | 1B11 | 1B10 [1B9 | B8 | 1B7 | 1B6 [ 1B5 | 1B4 | B3 | 1B2 | 1B1 | 1BO
IR index P 7 v * * * * o7 | o6 | D5 | D4 | D3 | D2 | D1 | IDO
SR | Status read w7 A 16/ | A5 L4 | L3 L1 | Lo 0 0 0 0 0 0 0 0
ok Lol = 1/ A " 7 " " " " " " " " " "
00h Device code
s o| o 0 0 0 0 0 0 0 0 0 0 0 0 1
00h |[Start oscillation| 1
Driver output
01h contral ()] O] © 0 0 0 0 ss 0 0 0 0 0 0 0 0
LCD driving
02h controf o| o 0 0 0 8/¢/ /EOR 0 0 0 0 0 0 0 0
03h | Entrymode | TRI|DEM] o BGRA o 0 0 0 o [mw1|wo| am | o 0 0
04h |Resizecontrol] 0| 0 0 0 0 RCv4 REVO| o 0 |RcH{RcHO| © 0 | Rrsz1|Rrszo
Setting
05h-06h [ oo o| o 0 0 0 0 0 0 0 0 0 0 0 0 0
o | Display o7h |Pisplay controll o | prpET |PFDE] 0 0 [easee| o o | coN| DTE| cL 0 D1 | Do
control(1) )
08h D'sp'ay(zc)"”tro' o] o 0 o [NeP3/|/FR2 A FP1~ ) FPO 0 0 0 o |[BP3 | BP2| BP1 | BPO
0%h DiSp'ay(g)"””"' ol o o | o | o [prsd|prsifprsd]| o o |[pte1 PTéo)isca | 1sc2| 1sc1 |isco
Display EMARK
0Ah | ool () o| o 0 of o 0 0 0 0 0 o ['og | Fmi2| FmiT | Fmi0
Setting
0Bh daabiey of o 0 of o 0 0 0 0 0 0 0 0 0 0
RGB display
0Ch interface | ENCJENC1 | ENCO o o 0 ["®’m 0 o |om1|pbmo | o o | rRIM1 |RIMO
control (1)
0Dh Frg’;‘;ﬁ'\gﬁrk o] o 0 o] o o | FmPs| (EMP7 JFMPs| FMPH FMP4| FMP3 | FMP2 [FMP1 | FMPO
Setting
OEh Seabiad ol o 0 of o 0 0 0 0 0 0 0 0 0 0
10h P°Wer(ﬁ‘)’”"°' of o o |sap| o | BT2| BT1| BTO| APE | AP2 | AP1| APO | 0 |DsSTB| sLp | sTB
11h Power(‘;‘;””o' of o 0 o| o |[bci2|pbct1|bciol o |bpcoz|bcot|pbcoo| o vez | ver | veo
1* Power 12h Powerg""”‘" of o 0 o| o o |veMrR| o 0 0 | PON [VRH3 | VRH2 | VRH1 |VRHO
control G)
13h P°Wer(i‘)’”"°' o| o |vbvs |vbvs4|vova|vovze|vovi| vovol o 0 0 0 0 0 0 0
14h-1Fn | Setting of o 0 ol o 0 0 0 o | o] o] o 0 0 0
disabled
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RAM address
20h set of o 0 of o 0 0 o | Ao7 | A6 | AD5| AD4 | AD3 | AD2 | AD1 | ADO
(horizontal
direction)
RAM address
21h (verst?ctal of o 0 o] o 0 0 | AD16| AD15 |AD14 | AD13| AD12|AD11 [AD10 | AD9 | AD8
direction)
> |RAM 22h R\A//-\r?t/le?rztaad RAM write data(WD17-0)/Read data(RD17-0) bits are transferred via different data bus in different interface operation
access
23K228h iiesg'&% g of o 0 o o 0 0 0 0 0 0 0 0 0 0 0
29h Powe(r7°)°“"° o] o 0 o] o 0 0 0 0 o | vemyvema|vems|vemz | vemt [vemo
2Ah | EPROMread 0 | 0 0 ol o 0 0 0 0 0 0 0 0 0 0 0
2Bh Fracg"lgrrigifrg? BM_E{Dither| 0 o o 0 0 0 0 0 0 0 0o |rRc2 |Rct1 | Rco
2Chi2Fn ii‘:t:&% P o] o 0 o] o 0 0 0 0 0 0 0 0 0 0 0
30h Gamm"zf)o”"" of o 0 o | o [PkPi2|PkPi1|PKPI10] O 0 0 0 o |PkPo2| PKPO1 |PKPOO
3h Gamma(z‘;"”‘“’ of o 0 0| o [Pkp32|PkP31|PKP30| O 0 0 0 0 |PKP22| PKP21 |PKP20
32h Gamm"’(‘3‘;°”"° of o 0 0o | o [pPkps2|PkP51|PKPSO| O 0 0 0 0 |PKP42| PKP41 |PKP40
33pt34h iiesgig% \ o] o 0 o] o 0 0 0 0 0 0 0 0 0 0 0
35h Gamm"’(‘4°)°”"° of o 0 o | o [|pPrP12|PRP11|PRP1O] © 0 0 0 o |PRP0O2| PRPO1 |PRPOO
36h Gamm"’zs‘;m"" of o 0 |vRP14|VRP13|VRP 12VRP11VRP1O| © 0 0 [vrPoa|vrPO3|VRPO2 |VRPO1 [VRPOO
3* Gamma 37n  [fammacontif 4 | 0 0| o [Pkn12|PKN11|PKN1O[ O 0 0 0 0 |PKNO2| PKNO1 |PKNOO
control (6)
38h Gamme(‘7°)°“"° o] o 0 0 | 0 |PKN32|PKN31IPKN30| © 0 0 0 0 [PKkN22| PKN21 [PKN20
39h Gamma(sc)"”‘“’ o| o 0 0| o [PkNs2iPrNEr|PKNSO| O 0 0 0 0 |PKN42| PKN41 |PKN40
3Ah-3Bh 3;28% ’ o| o 0 of o 0 0 0 0 0 0 0 0 0 0 0
3Ch Gamm"’(‘9°)°”"° of o 0 0| o [PRNA2IPRN11|PRNTO[ O 0 0 0 0 |PRNO2| PRNO1 |PRNOO
3Dh Ga’“’“{jg‘)’”‘“’ of o 0 MRNIQVRN1YRNAYRNIUAVRNTO| © 0 0 |VRNO/RNOF/RN0O2]VRNO1/RNOO
3Eh-3Fh ﬁg‘;‘ggd o| o 0 ofo 0 0 0 0 0 of| o 0 0 0 0
Instruction list (continued)
Main
category Sub category Upper code ower cadé
%%%ir index COmZ‘a" iB15| 1814 | 1813[ 1812| 1B11| 1B10| 1BO | IBS 1B7 186 B4 B3 | 1B2 | 1B1 IBO
* Setting
4 40h-4Fh [ 29 1 0] 0 0| o of o 0 0 0 0 0 0 0 0 0
Horizonta
Window RAM
5% | address |  50h address|] 0| o o| o of o 0 0 |Hsa7 | Hsa6 | HsAs | Hsa4 | HsA3 | HsA2 | HsA1 | HsAo
control start
position
Horizonta
RAM
51h address|] 0| o o| o of o 0 0 |HEA7 |HEA6 | HEA5 | HEA4 | HEA3 | HEA2 | HEA1 | HEAO
end
position
Vertical
RAM
52h address|] 0| o o| o ol o o | vsas|vsa7 |vsas | vsas | vsas |vsas | vsaz| vsa1 | vsao
start
position
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53h

Vertical
RAM
address
end
position

VEA8

VEA7

VEA6

VEAS

VEA4

VEA3

VEA2

VEA1

VEAO

54h-5Fh

Setting
disabled|

6*

Display
contfol(2)
&
Base
image
display
confrol

60h

Driver
output
control

2)

GS

NL5

NL4

NL3

NL2

NL1

NLO

SCN5

SCN4

SCN3

SCN2

SCN1

SCNO

61h

Base
image
display
control

NDL

VLE

REV

62h-69h

Setting
disabled|

6Ah

Vertical
scroll
control

VL8

vI7

VL6

VL5

VL4

VL3

VL2

VL1

VLO

6Bh-6Eh

Setting
disabled|

7*

70h-7Eh

Setting
disabled|

8*

Partial
image
control

80h

Partial

image/1
display
position

PTDPO

PTDPO7

PTDPO

PTDPO

PTDPO4

PTDPO
3

PTDPO
2

PTDPO

PTDPO

81h

Partial
image 1

RAM

area
start line

PTSAO

PTSA07

PTSAO

PTSA05

PTSA04

PTSAO

PTSAO
2

PTSAO

PTSAO

82h

Partial
image 1

RAM
end line

PTEAQ

PTEAQ7

PTEAO

PTEAO5

PTEAO4

PTEAQ
3

PTEAO
2

PTEAO

PTEAO

83h

Partial

image 2|
display
position

PTDPA4

PTDP17

PTDP1

PTDP15

PTDP14

PTDP1

PTDP1

PTDP1

PTDP1

84h

partial
image 2|

RAM

area
start line

PTSA1

PTSA17

PFSA1

PTSA15

PTSA14

PTSA1

PTSA1

PTSA1

PTSA1

85h

Partial
image 2|
RAM
end line

PTEAA

PTEAAT

PTEA1

PTEA1S

PTEA14

PTEA1

PTEA1

PTEA1

PTEA1

86h-8Fh

Setting
disabled|

9*

Panel
interface
control

90h

Panel
interfac
e
control

()

DIVI1

DIVIO

RTNI3

RTNI2

RTNI1

RTNIO

91h

Setting
disabled|

92h

Panel
interfac
e
control

2)

NOwI

NOwWI1

NOWIO

93h-94h

Setting

disabled|
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Panel
interfac
95h e 0 0 0 0 0 0 DIVE1 DIVEO 0 0 RTNES RTNE4 |[RTNE3 | RTNE2] RTNEY|RTNEO
control
)
Setting
96h disabled 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Setting
97h disabled 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Setting
98-9Fh Lo red ol o | o] of of o 0 0 0 0 0 0 0 0 0 0
EPROM
AQh control 0 0 0 0 0 0 0 0 TE 0 EOP1 EOPO 0 0 EAD1 | EADO
(1)
EPROM
Alh control 0 0 0 0 0 0 0 0 ED7 ED6 ED5 ED4 ED3 ED2 ED1 EDO
2)
A2h VCN_En 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 \Ven_En
Calibratio
Adh n 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 CALB
* EPR?NII control
contro EPROM/ eveM evem fevem|eveM eved eveM] evemt EVCM1 EVCME
AE read y : z : ; 7 5| Evem12| Evem1t o EVCMEE ; up3 | up2| uD1 uIDo
A3h,A5-AF| Setfing
h disabled 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
EPROM EVCME EVCM11[| EVCM1 |EV EVCM
2Ah [ C CM1| EVCM 1 EVCM1
read 1 ] ] 3] 12| [0]
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11 OTP Programming Flow

The FT1505C incorporates 8-bits x 3 addresses EPROM. User identification code is written in the EPROM address O’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 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? MWhen the second VcomH setting is written in the address 2’h, the second setting is enabled.

The VCM/En bitin 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 dsing’the EPROM setting.

Whenswriting the' setting to EPROM, make sure to follow the EPROM write sequence.

By performing/EPROMread opération, 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.inEPROM read register.

EPROM data write’'control register

1B15 1B14/1B13 1B124B11 IB10°IB9IB8 1B7 I1B6 1BS 1B4 1B3 1B2 1B1 1BO
RAOH | 0] O |“eZ}/0/1 O |0 YO /O TE 0 EOP[1] | EOP[ 0] 0 0 EAD[1] EADI[O0]
RATH|]O0] O | O [vO | O |0 |/O
RA2H
EOP[1:0] EPROM control bit EAD[1:0] EPROM write address
2’h0 Hait 00 User ID code
2’h1 Write 01 VcomH level setting 1
2’h2 Reset register (load) 10 VcomH 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] UIDI[O]
2'h1 EVCMEO | 0 EVCMOI[5] | EVCMO[4] | EVCMO[3] | EVCMO[2] | EVCMO[1] | EVCMO[0]
2'h2 EVCME1 | O EVCM1[5] | EVCM1[4] | EVCM1[3] | EVCM1[2] | EVCM1[1] | EVCM1[0]

EPROM data read register

15 14 13 12 1 10 9 8 7 6 5 4 3 2 1 0]
R28H 0 0 0 0 0 ofo] o 0 0 0 uID[3] uID[2] uiD[1] uID[0]
RAEH 5 5
EV[E]MO EVg]MO[ EV(23]M0[ EV?]MO[ EVS]MO[ II\E/xE l\C/l Sl I'\Eﬂ\q? I'\Eﬂ\qg EV%ME EV(13ME uID[3] uID2] uID] uID[O]
s |2
R2A EVC EVCM EVCM EVCM EVCM EVCM EVCM
0 0 0 0 0 0 0 0 ME1 0 1[5] 1[4] 1[3] 1[2] 1[1] 1[0]
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
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(1)EAD=01;
ltem Instructions Value Note
1 Power supply, VCI=IOVCC=2.80V DDVDH: No external voltage
2 Reset
3 Initiahcode setup
0x00A0 ; ; i
4 EPRONI CONTROL/(RAD) Set EPROM Write function & EPROM write
0x0011 address
DDVDH:=external 7.5V
6 Wait’ ¥Oms’or moré
Ox00A0 ; ; i
7 EPROM CONTROL {RAD) Set EPROM Write function & EPROM write
0%x0011 address
8 EPROM DATA (BAHS OX00A1 Set EPROM Write DATA & Set EVCMEO=1,
0x00A0 SET DATA=20h(for example data=20h).
9 Wait 1ms or more
0x00AO0
10 EPROM CONTROL (RAO) badbr Set'EPROM Start Write function
X
1 Wait 10ms or more
12 DDVDH: no external voltage
13 Wait 100ms or more
0x00A0
14 EPROM CONTROL (RA0) Foading'EPROM data
0x0021
0x00A0
15 EPROM CONTROL (RA0) Ox0001 Loading EPROM data’end
X
16 Wait 1ms or more
0x00A2 Loading the EPROM data to replace the R29h
17 Load data (RA2) 0x0001 register data. VCM_EN=1
18 Wait 1ms or more
19 Read the data OXOOAE See the datasheet "EPROM data write control
register" section.
(2)EAD=02;
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ltem Intructions Value Note
1 Power supply, VCI=IOVCC=2.80V DDVDH: No external voltage
2 Resét
3 Initial code setup
4 EPROM CONTROL (RAQ) 0x00A0 Set EPROM Write function & EPROM write
0x0012 address
5 DDYVD: external 7.5V yeltage
6 Wait 10ms-ormore
0x00A0 Set EPROM Write function & EPROM write
7 EPROMCONTROLARAQ)
0x0012 address
8 EPRON DATA(RAG) 0x00A1 Set EPROM Write DATA & Set EVCME1=1,
Ox00AB SET DATA=2Bh(for example data=2bh)
9 Wait 1ms*or more
Ox00A0
10 EPROM CONTROLARAQ) ol Set EPROM Start Write function
X
11 Wait 10ms or more
12 DDVDH: No external voltage
13 Wait 100ms or more
0x00AQ
14 EPROM CONTROL (RA0) 0x0022 Loading EPROM data
X
0x00A0
15 EPROM CONTROL (RAO) OX0002 Loading/ EPROM’data end
X
16 Wait 1ms or more
17 Load data (RA2) 0x00A2 Loading the EPROM datat6 replace the R29h
0x0001 registerdata’ YCM _EN=1
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
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ltem Instructions value Note
1 Power supply, VCI=IOVCC=2.80V DDVDH: No external voltage
2 Reset
3 Initial*code setup
4 EPROM CONTROL (RAO) 0x00A0 Set EPROM Write function & EPROM write
0x0010 address
5 DDVDH: external7.5V voltage
Wait/10ms or more
. EPROM CORTROVRAD) 0x00A0 Set EPROM Write function & EPROM write
0x0010 address
0x00A1 Set EPROM Write DATA & Set EVCMEO=1
8 EPROMDATA (RA1) ’
0x0083 SET UID=0011h(for example)
9 Wait tms_or,more
0x00A0
10 EPROM CONTROLARAD) 0090 Set EPROM Start Write function
X
11 Wait 10ms or more
12 DDVDH: No external voltage
13 Wait 100ms or more
0x00A0Q
14 EPROM CONTROL (RAOQ) 0x0020 Loading EPROM data
X
0x00A0
15 EPROM CONTROL (RAOQ) 0x0000 Loading’/EPROM data‘end
X
16 Wait 1ms or more
17 Load data (RA2) 0x00A2 Loadirig'thé EPROM data to'replace the R29h
0x0001 register, data, VCM_EN=1
18 Wait 1ms or more
19 Read USER ID 0x0028 Read out the USER’ID.The LSB is the USER
ID.

FocalTech Systems Co., Ltd
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12 Window Address Function

The FT1505C has memory to store display data of 240RGB x 320 lines. The FT1505C incorporates a circuit to control partial
display, which allows switching driving methods between full-screen display mode and partial display mode.

The FT1505C 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,whendesigning a display on the panel.

The followihg’is the sequence of setting full-screen and partial display.

Set/(PTSAx, PTEAX) to specify the RAM area for each partial image

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

Set NLo 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

Netmal display BASEE =1
Partial'display’BASEE = 0,,PTDEO/1 = 1

e =

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

In driving the liquid cCrystal panel, the clock signalfor gate line scan is supplied consecutively via interface in accordance with
the number oflinésto drive'the liquid’ crystal panél (NL setting).

When switching thedisplay positioh/inharizontal direction;set SS bit when writing RAM data.

Table 60

Display ENABLE Numbers of lines RAM area

Base imageé. | BASEE NE (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'sétting,a base image RAM area. BSA and BEA are fixed to 9’000,
9’h0DB, respectively.

Table 61
Display/ENABLE Display position, | RAM area
Partial image 1 PTDEO PTDPO (PTSAOQ, PTEAQ)
Partial image 2 PTDE1 PTDPA (PTSAT, PTEA1)
Panel display Display data Base image Partial image RAM Write
position output position RAM Address RAM Address Address
(HSAHEA)
BSA - ;
A
e BLLELCY - o PTSAD
Basa h - .. pariial imags 1 Window
o mags PTEAD Address
A PTOP1
- (VSAVEA)
- partial imaga 2
PTEA1

Figure 41: RAM Address, display position and drive position
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12.1 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 - PTSAO) < PTDP1 < PTDP1+ (PTEA1 - PTSA1) = NL

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

Display ~
data cutput LCD pane! )
onder physical fine address RAM line address
. Display panel
3 -“ -—-- 0 (3skPne) - GEA = 9 hogo
2 L] 1 (204 Wney
3 L 2 (3rd Ine)
s d
1| H I gy ]
1 —
- ©S Image 1
] - Clspiay area
1 — B
] - PTDP1 BAZE image
: L mL . RAM area
1 1 | {0 ires ©53 Image 2
: P Cisplay area
H H S —
H —
1 —
1
H -
H -
1 b
! b—v
[}
H -
w Yo r R AL _
BI2a0
Partial mage 1
RAM ez
BIEAD -
ETiA7 n
=artla |'I'.E;E 2
RAM area
BTEA] -
EEL = 9 hi:ZF

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 FT1505C’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]).

12.2 Instruction setting example
The followings are examples of display design setting for 240(RGB) x 320(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
PTDEQ 0
PTDEA 0
Lisplay
ot LCD panel
tata output :
order i physical line address RAM line address
Y T (ietine] < ] 3\
21 1 (2nd ling)
3L 2 (3rd ling)
4
5
] NL
| | {320 fines)
B Base image
— BASE image
L RAMarea
w0y 319320 ling) BEA=OnIE )

Figure 43: Full screen display (no partial)

FocalTech Systems Co., Ltd CONFIDENTIAL Page: 101 of 138



Product Data Sheet

Doc# : D-FT1505C_B-0811 (Version : 2.0)
DDCN# : DC-0812005

Focallech

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
Base image“display’instruction
BASEE 0
NL[5:0] 6'h27
Partial image 1 display.instruction Partial image 2 display instruction
PTDEO 1 PTDE1 0
PTSAO0[8:0] 9'h000 PTSA1[8:0] 9’h000
PTEAOQ[8:0] 9hO0F PTEA1[8:0] 9’h000
PTDPO[8:0] 9’h080 PTDP1[8:0] 9’h000
Display LCD panel
;:::'G"m'f- physical line address RAM line address
.k N R I b
3 2 (3d Ene)
4 [ ¥ Partal image 1
5[] _.". RAM ares
. ’ FTEAD=GO0F
] - .
] Partial image
- display area
: E»T.SE mage
- NL RAM area
L | Jiz20 lines)
(- HBaze image
. (non-it display level)
azn E "_ 3130320tk line) EEa = 9" h13F Y,
Figure 44: Partial display
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13 Gamma Correction

The FT1505C 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.

Graphics RAM(GRAM)

[ooe o O AR A
Display data ‘RS‘R4‘R3‘R2‘R1 ‘RO‘ ‘Gs‘e4‘e3‘e2‘e1 ‘GO‘ ‘55‘54‘53‘52‘51 ‘BO‘
[ PKPO PO PKPOO |
| 1 | 11| 10 |
Posifive [ 22 | 21 ] o] = Vo
Pofarity, [ PRPSZ | PRPST | o] 2
Ré&gister ‘ 32 | BRea1 [ PrPao | =5 V1| | 64a-level grayscale 64-level grayscale 64-level grayscale
["PRPO2 | PRPOT | PRPOO | 8 s 64 e control <R> control <G> control <B>
[ PRP12 | PRP11 | PRP10_| L ] .
[VRPO4 | VRP0O3 | VRP0O2 | VRPO1 | VRPGO S . DAC DAC DAC
LvRP1a [VRPIS | VRP12 | VRP11 | VRP10O | = e LCD driver LCD driver LCD driver
B - | | I
[ PKNO: [ PKNO PKNOO
= = = =
Negative }7}3&!\]2 [PRNZ PKN20
Polarity. PKN32 | PKN3 PKN30 I
Redister PKN42 PKN4 PKN40
giste PRNG2 | 5 50
PRNO2 | PRNO PRNOO
[ 12| T 10
VRNO4 | VRNO3 | VRNOZ | [*] [e]¢)
[VRNi4 | VRN13 | VRN12 | VRN1 VRN10 LCD

Figure 66: Grayscale’control

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

WO
MNegative polarity
Output
level
Fositive polarity
Ve3
. RAM data =
= —
= —
g -
= MNote: The source ocutput and RAM data relationship is the same for all RGBE dot

Figure 67

Negative polarity

Yecom
Positive polarity

Figure 68: Source output waveform and Vcom polarity
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14 Application
14.1 Reset Function

The FT1505C is initialized by the RESET input. During reset period, the FT1505C is in a busy state and instruction from the

MPU and GRAM.access are not accepted. The FT1505C’s internal power supply circuit unit is initialized also by the RESET

input. The RESETperiod must be secured for at least 1ms. In case of power-on reset, wait until the RC oscillation frequency
stabilizes (for /0 ms). During this period, GRAM access and initial instruction setting are prohibited.

1. Initial state of instruction bits (default)

Se€ the/instrdction tables. The default value is shown in the parenthesis of each instruction bit cell.
2. RAM Data jinitialization

The/RAM data is not‘automatically/initialized by the RESET input. It must be initialized by software in display-off period
(D1-0 = 700”),

3. Output pinvinitial state (see note)

1. LCD driver S4~S720 7GND
G1~G320 /NGL (7 GND)
2. Vcom #/GND
3. VcomH 1 VCEi
4. VcomL YGND
5. VREG10UT ’VGS
6. VciOUT . Hi-z
7. DDVDH : Vi
8. VGH : DDVDH/(='VCi)
9. VGL : GND
10. VCL : GND
11. FMARK : Halt (GND ‘output)
12. Oscillator : Oscillate
13. SDO : High-level (I0Vccywhen IM[3:1]=010(sefidl/interface),

: Hi-z when IM[:E:‘1]<>010(other than/serialintefface).
4. Initial state of input/output pins*

1.C11A - Hi-z

2.C11B - Hiz

3.C12A - Hi-z

4.C12B : Hiz

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 FT1505C’s power supply circuit is

connected as exemplified in “Connection example”.
5. Note on Reset function

® \When a RESET inputis entered into the FT1505C while it is in deep standby mode, the FT1505C 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.
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14.2

The FT1505C 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 FT1505C to write the resized image data (Original resolution < 240*320) directly to the internal RAM,
while allowing the system to transfer the original-sized image data.

Resizing function

The resizing functioh allows the system to transfer data as usual even when resizing of the image is required. This feature
makes a’resizéd image easily available with various applications such as camera display, sub panel display, thumbnail
display and’so_on:

The FT1505C processes the contraction of an image simply by selecting pixels from original image data. For this reason, the
resized image.may’appear)distortéd-when compared with the original image. Check the resized image before use.

Original image data

: =1

24th Dec 2002

3:50

RAM data

0 1 2 a 4 5 6 o 0 1 2 3
o [wo Twen w2 Jwes [0 ws [ os 1/2 resizing o [wo | oz | o 0
1 oo Jan T2 [os [os [as Joe] > 1+ [eo ]| e2|es]|ee
2 20 | en |22 | ea | e | es | ee 2 4,00 | @2 | 24 | (28
3 o [ 30 | 32 | 33 | 34 | 35 | (3.6 s [eo | 62 | e | e
4 (4,0) (4,1) (4,2) (4,3) (4,4) (4,5) (4,6)
5 500 | (511 | (52) | (53) | (54 | (55 | (58)
& 60 | &1 | 62 | w2 | 64 [ 85 | 58

Figure)45: Resizing
Original data Panel Display
240

Figure 46: Resizing transfer, display example

Table 64
L. . . Resized image:size
Original X x Y
riginal image size (X x Y) 172 (RSZ = 2’h1) 1/4 (RSZ = 2’h3)
240x320 (QVGA) 120x160 60x80
176x220 (QCIF) 88x110 44x55
120x160 60x80 30x40
132x176 66x88 33x44
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14.2.1

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.

Resizing setting

from the following equations, set them with the RCV, RCH bits before writing data to the internal RAM.

Orizizal inage

data size

Farmnlas for caleulading che mumber of surplos pizels
Thka numher of sarphis pixsls in horizoneal dirsction
L=XmodM

Tha numaher of sarphis pixals n vertical dirsction

M=V modN
Rasizad picturs sizs in hosizn=tal dirscrion
Fx=(J-Ly

Rasized picture sizs in verical doecios

Ry = (¥-MyN

Table 65
Image (before resizing)

Figure 47: Resizing Setting, surplus pixel calculation

Register setting in the FT1505C

N_umper of data in horizontal X Resizing setting RSZ N-1
direction
_ Number of data in vertical vy N.umb.er of data in horizontal RCV L
direction diréction
Resizing ratio 1/N fapier Of dat_a ygertical RCH M
direction
RANMVYwriting/start’address AD (X0, YO)
RAMAvindow address HSA X0
HEA X0+Rx - 1
VSA YO
VEA YO+Ry - 1
14.2.2 Example of 1/2 resizing
=04 (0.0 -i-
A = — FAN write FT1505C
data GEAN address
Ry=160 [1/2 rasizing)
130 x160
T=320 :E:;-.ija] I—lr> [ I-!:. 159
240 x 320
Y
Figure 48: Resizing setting example (x 1/2)
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Table 66
Image to transmit Register setting in the FT1505C
Number of data in horizontal direction X 176 Resizing setting RSz 2’h1
Number of data in yertical direction Y 320 Number of data in horizontal direction RCV 2’'h0
Resizing ratio 1N 112 Number of data in vertical direction RCH 2'h0
RAM writing start address AD 17°'h00000
HSA 8'h00
HEA gh77
RAM window address
VSA 9’h000
VEA 9’'h09F
14,2.3 _Resizing instruction bits
Table 67 _Resizingfactor
RSZ[1:0] | Contraction factor
2h'0 No resizing (x 1)
2h'1 1/2-resizing (x 1/2)
2h'2 Setting.disabled
2h’3 1/4/résizing (x 1/4)
Table 68 Surplus pixels
Vertical direction 1 pixel = 1'\RGB horizontal direction 1 pixel = 1 RGB
RCV[1:0] Surplus pixels RCH[1:0] Surplus pixels
2h'0 0 2h0 0
2h 1 pixel 2hA P pixel
2h'2 2 pixels 202 2 pixels
2h’3 3 pixels 2h’3 3 pixels
14.2.4 Notes to Resizing function
1. Set the resizing instruction bits (RSZ, RCV, and REH) before/writing’ datato/the internal RAM.
2. When writing data to the internal RAM using resizingfunction/make suré to start'writing data frem 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 theresizedimage’
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 rémainder pixels. Otherwise (if RSZ = 2’h0),

set RCH = RCV = 2’h0.
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Resizing instruction
[RSZL RCH, RCW)

!

Set a window address area
(HSA, HEA, VSA, WVEA)

!

RAM address set (AD16-0)

v

Wirite data to RAM

v

Set the window sddress area
1o fit the Size of e resized innage

Figure 49: RAM write with resizing

14.3 FMARKFunction

The F1505 outputs an’FMARK pulse when the’FT1505Cis driving the line specified by FMP[8:0] bits. The FMARK signal can
be used as a trigger signal-to pvrite display’ data in,synthronization with display operation by detecting the address where data

is read out for display operation;

The FMARK output interval is set'by/FMI[2;0] bits. Set FIM[2:0] bits in accordance with display data rewrite cycle and data
transfer rate. Set FMARKOE = 1 when outputting FMARK pulsefrom theé FMARK pin.

Table 69
FEMP[8:0] FMARK output'position
9'h000 0" line
9'h001 1Mine
9’h002 2" ling
9h14E 334" Jing
Oh14F 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
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FMP setting example

FMP=9'h008
FMARK output position  Line address E'F;:E.:‘g? 320% line
FMP = 9'h008 BP=1'ha
L - .
-‘::C’ - VL=8h00
;';,'f,’ =i Back porch
e
5@: :; RAM physical line address
(T th Ene)
{5t _J
— Tothns = = AD[T6:E]= TH000 ~
{Znoine] AD[16:8] = Gn00 1
10 (3rd Ene) AD[16:5] = 900

Base image Display area

NL = 6'h27

AD[16:8] = Oh13F _J

327 [320th lina])
28 {15t Bne )
320 (2nd ne)
30 {3rd Bne )
{41 Bred
(St Bree)
{iEsth B
34 (Tt Ene)
{5 Ens ) —

Front porch

Figure’ 50

Display operation synchronous data transfer using/FMARK
The FT1505C uses FMARK signal as a trigger signal to start/writing data tothe internal GRAM in/synchronization with display

scan operation.

t FMARE
| TSN
LCDC/MPU |z FTIS05C
| WEN
= DE17-10, -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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FMARK T E_| [ l_\ |—|

RAM data
write via
systam intarface

TAMSARARKARA AN AT
VPRI

Display oparation
synchronized with
nternal clock

0000000000 0000000C 00000000000

Mote: Usa high-speed write function (HWM=1) whan wrling dala via FMARK interface,

Figure 52: Moving Picture Data Transfers via FMARK function

When transferfing data-in synchronization with FMARK signal, minimum GRAM data write speed and internal clock frequency
must/be taken intoconsiderations” They must be more than the values calculated from the following equations.

Internal clock/oscillatorfreguency/(fosc)[Hz]
= FramekErequercy ¥ (DisplayLIhes(NL)-+ FrontPorch(FP) + BackPorch(BP)) * 16(clocks) * variance

R

RAMWrieSpeed(min.)[Hz] >

TR TR i S Fachbere R RS Dinplaylinar (ld= mangined «LE ..’i;:i.—'.'ﬁ-.-iﬁ
Fa

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 writé opération must also be taken into account.

Examples of calculating minimum/RAM datafvrite speed.and internal clock frequency is as follows.

[Example]

Panel size 240 RGB */320/ines (NL'=6'h13)

Total number of lines (NL)
Back/front porch

Frame marker position (FMP)
Frame frequency

320 lines

14/24ines (BP £ 4hE, FP~4'h2)
Display-énd liné: 320" (EMP =9'h14E)
60Hz

Internal clock/oscillator frequency (fosc) [Hz] = 60 Hz * (320 # 2+ 14 line's £ 16 cloeks)* 1.47°0,9 7 394 kHz

Notes:

1.  When setting the internal clock frequency, possible causes of fluctdation musi/also betaken intoConsideration. In this
example, the internal clock frequency allows for a margin of +10%-for yvariances ahd gluarantee’ that display operation is
completed within one FMARK cycle.

2. This example includes variances attributed to LSI fabrication process‘andiaroom temperature. Other possible causes of
variances, such as differences in external resistors and voltage change aré pot considefed in this example. ltis
necessary to include a margin for these factors.

Minimum speed for RAM write [Hz] > 240 * 320 / {((2+14+320-2) lines * 16 clocks) * 1394 kHz} = 5.67 MHz

Notes:

1. Inthis example, it is assumed that the FT1505C 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 FT1505C 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 FT1505C 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 R
| write
1 : fine] RAN write . Fffﬁ allon
Front porch (2 lines) 220 {108Hz) 78_800 times :
Back porch (14 lines Display
e ) operation
............................ B
Er‘;
[
i
g
& \
= Digplay
Main panel £ aperation
Mowing picture
display
{320 lines) /
0 .
1+FP<BP=1TH [4—» 78 13.54 P
i 1264 (B0Hz)
e ] _
L
Front porch (2 lines)
Back paorch (14 lines)

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~s” Possible calses of yariances of internal oscillator should be
taken into consideration. Make an enough margin in setting’RAM write speed for'this operation.
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14.4 Window Address Function

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: VSA8-0, end: VEA8-0 bits). 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 FT1505C
to write data incldding image data consecutively without taking the data wrap position into account.

The'window address area must be made within the GRAM address map area. Also, the AD16-0 bits (RAM address set register)
must be sétto/an address within the window address area.

[Window address areal]
(hatizontal direction) 8'h00 < HSA < HEA < 8hEF
(vertical direction) 9’h000 < VSA < VEA < 9'h13F
[RAM address (AD16-0)]

HSA < AD7-0 < HEA
FAM pOpttess) VSA < AD16-8 < VEA

GRAM address map

ATh0000 EEEEEEE EEEEEEEEEEESESEEEEEEEEEEEEEEEEREEEE 17ThOOOEF

Window address area

17'h02010 Ny > {7'h0202F
17h02110 o _ -

17'hD212F

EEIEEEEEERE
]
EEEEEEEEER

Y

1 =3 1
17hO5F10 | -'| 17'h0sF2F

17h13F00 F-I--I-------I--I---------------------{ 1T h13FEF

Window address area

HSA = 8'h10, HEA = 8'h2F VD = 2'h3 (increment)
WaA = 9'h020, VEA = 9'h0SF AN = T'hD (horizontal writing)

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

Figure 57: Automatic address update within a Window Address Area
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14.5 Scan Mode Setting

The FT1505C 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

FT1505C and the LCD panel.

M Scan direction
Interchanging backward direcdon (G5=1)
€3 E1g) Q18
; i 3
H i i i
i main i i main i
¥ Damel i i ~ Panel i
i| s (G50 [ : | 310 (G51) .
E i i i
0 i i ] i
: i i !
i : i i
@ 240 < 240 g
T 20 e p———— a7
[P -teuirgs vie Hen-lienp wiew)
Scan order (Gate line Mo ) Scan order (Gate line ¥oJ)
Leal G2 G3 G4 G317 G318 G319 G320 G320 G319 G318 G317 . G4 33 G2 Gl
Lefi'right forward directoon {G5=0) Lefrright backward direction (G5=1}
-y G203
(2 g1t
i H
H main 1 main
Pansl Pansl
P 320 (G5 :E:" 320 (G5 .ﬂl
WLE0 "]F WLE1 ="
1 e %
" 1
:
240 % 240 {?
— &g — T
P
Man-lump wisw) (Pen-tamp view)
Seam order {Gate line Mo Scan order {Gate line Mo)
Gl G3..G317 G319 G2 G4 G320 G318 ... G4 G2 G319 G317 ..
=318 G320 a3 =l
Mote: the pumybers in the circles m the figure shows the onder of scan.
Figure 58
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14.6

In 8-color display mode, the y-adjustment registers PKPO-PKP5, PKNO-PKNS, PRPO, PRP1, PRNO, PRN1 are disabled and the
power supplies to V1 to V62 are halted. The FT1505C 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.

8-color Display Mode

GRAM
L = = T ... LSB
v v v v v v w vy v vY.v v v v w
Display data ‘RS‘R4‘R3 R2‘R1‘RO‘ ‘65‘64‘63 GZ‘G’I‘GO‘ ‘85‘84‘83 32‘31‘30‘

\v{e]
D
=
g_ Two-level grayscale Two-level grayscale Two-level grayscale
$ 2 control <R> control <G> control <B>
s
ow
=
jad V63
< LCD driver | LCD driver | | LCD driver

Figure,59

14.7

The FT1505C, in addition to the frame-inversionAiguid crystal altethating current drive, supports the n-line inversion
alternating current drive to invert the polarity(ofliquid.Crystalin‘every n<line periods, where n takes a number from 1 to 64.

The n-line inversion can provide a solution when'thefe‘is,a needto’improve the display quality.
In determining  “n” (the value represented by NW/bits #1), cheek the’ gqaality of display on the liquid crystal panel in

use. Note that setting a smaller number of lines will raise’the/frequency/of liguid-crystal-polarity inversion and increase
charging/discharging current on liquid crystal cells.

n-line Inversion AC Drive

One frame One frame

Back porch Front porch (Back porch Front porch
ﬂ—‘—"g i ¥ '1—-' [ e —

1 2;3;4. 321322

321322

/) . ?(

2326 11223

_ ( | L/)
el

Figure 60

Frame-inversion
AC drive
- 320 line driwve

MN-line inversion
AC drive

» 320 line drive
- 3ine inversion

-EOR =1

Note: Make sure to set EOR = “1” to prevent direct bias on liquid crystal when selecting n-line inversion drive.
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14.8 Alternating Timing

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 FT1505C 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 FT1505C draws n line, and a blank period
lasting for (BP+FR) periods is inserted when the FT1505C draws one frame.

MN-ling inversion
Flame-inversion AC drive AC drive
Mllematng Eming
Back porch
Back porch Atemnafing Sming po
Atermiating frrirg n lines
. n lines
Mlernzfing Erning
Atermaring Srrir n lines
E 1 g Mternagng Sening n lines g
rame "
@ Aernafing Seming n lines 2
£ - 2
2 Atermaing Srring n lines 3
b _ £
g Aternatng Seming n lines &
(=} ; 5
Mitematng Smin n lines
Alernaing Sering n lines
Aternatng Alberniating Sming n linas
Srming » »
Mitemaing Sming | Front porch ———
Front porch !
b

Eigure 61

149 Frame-Frequency Adjustment Function

The FT1505C supports a function to adjustframe frequency. The frame.frequengy for driving liquid crystal can be adjusted by
setting the DIVI, RTNI bits without changing the/oseillatioh/frequency:

The FT1505C allows changing the frame frequency‘depending.on’' whethermeying 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 FT1505C can operate at

high frame frequency when displaying a moving picture, which/requires’the FT 1505C/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 drivelduty’and-frame‘frequency. The frame

frequency can be changed by setting the 1H period adjustment bit (RTNI) and.the/operation elock 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
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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, theZRC 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.

1410 /Partial Display Function

The partial display-function allows'thé ET1505C to drive lines selectively to display partial images by setting partial display
control registérs< /Thedinés not used‘for displaying partial images are driven at non-lit display level to reduce power
consumption.

The power efficiency can be enhancedin/combination with 8-color display mode. Check the display quality when using
low power consumption/functions;

Non-display area
G41—™ - - =
= £ Partial image 1
= 18 lines
G59 A =
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 : {PTSAD, PTEAD) = {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 efationship between the display position on

the panel and the RAM area setting for partial image.
Figure 62

14.11 Low power consumption drive settings

The FT1505C 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.
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1. 8-color display mode (COL)

In this mode (CL = “1”), the FT1505C halts power supplies except for VO and V63. In this mode, the FT1505C display in
8 colors to save.power.

2. Partial display

In this,made7 the data is displayed as partial image and the base image is turned off (BASEE = 0). The normal display
operation/s limited to the partial display area to save power.

The source outputlevel in.non-display.area can be changed by instruction (PTS[2:0]). The PTS[2:0] setting allows halting
the operation/of’ grayscalevoltage’generating amplifiers except for VO, V63 and slowing down the clock frequency for

step-Up_opération tohalf'thé normal operation frequency.

Table 72-Source outputs infhon-display area

Source output in‘non“display area Non-display area N .
) on-display area Step-up clock
PTS[2:0] Positive Negative Grayscaltt::‘ amp frequency
polarity polarity operation

3’h0 V63 VO V0 to V63 Set by DCO, DC1 bits
3’h1 Setting disabled ¥ Setting disabled - -
3’h2 GND GND V0 to V63 Set by DCO, DC1 bits
3’h3 Hi-Z Hi-Z V0.0 V63 Set by DCO, DC1 bits
3ha V63 VO Vo' V63 112 the frequencg/itzet by DCO, DC1
3'h5 Setting disabled | Setting disabled o -
3h6 GND GND 0 X653 1/2 the frequencgitzet by DCO, DC1
3h7 Hi-Z Hi-Z V0,63 12’the frequencgitzet by DCO, DC1

See also “Partial Display Function” for details.

3. Frame frequency setting

The FT1505C allows changing the liquid crystal polarity inversion cycle by changingithe/framé 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 FT1505C 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
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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
provésAto be effective or not depends on the characteristics of the liquid crystal panel. The step-up factor is set by BT[3:0].

1412/ LCD panel interface timing

The following are the rélationships bétween external display interface signals and LCD panel signals when the display operation
is synchrenized with-thé internal clock signal.

Internal clock-operation

B 1 Frame N

psrl p\.'l:‘. | w.'] -_u-l| '-M'II | wnl-l -.x..l:ll | (L)

I I | I I I I |

[ — ! ! : : I |

| | ! ! _L

2o T T T
| | — | | | | | —

| | | | | | |

o e : e e e e i

&2 || i H p— i i i |

- | i | | | |

G320 | | I | N I I

i i i i i i i i

i i | MCP! i i i i l

1 1 ot 1 1 1 1 |

S-;3n+1 : ! ! ! ! ! ! !

s [ I R N G ! i

Vel 233 1 1 I 1 1 1 1 I

| | | | | | | |

| | | | | | | |

| | | | | | | |

| | la— tstine ——p— 2ndine :’¢32-:h|~e+ : :

| | | | | | | |

I I | I I I I |

VooM i | ! ) ! LA ! ' X !
] ] | ] ] ‘ ] ] | C

| | | | | | | |

| | | | | | | |

| | | | | | | |

| | | | | | | |

| | | | | | | |

‘ | ' 1 1 |

Figure 63
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14.13 Power Supply Generating Circuit
The following is the configuration of LCD drive voltage generating circuit of the FT1505C.

15 Power supply circuit connection example1 (Vci1=VciOUT)
The VciOUT output circuit changes the VciOUT level in this example.

L —
T
" VREG1 Grayscale
v Y4 lat voltage
regurator generating
4 circuit
(777 Vi
Z 4 4
7~ VCi10U Sdoyrce 17200
T river 0[] e
circuit
VCOMH{]—I h
m4 Ve ] /| VCOM —
output |  ycom
— Ng C11- h .
= (] circuit
B VCOML-
o] | Seee =
» 1 Vcom level —
adjustment
& circuit
I——E o[ DDVDH
/VGH™
/ol /| Gate driver [ G1-G320) el
B-Cci3+ ]
B C21+ |
Step-up
= circuit Regulator —~— v |0 <+—
T smm ° 0 e
-
V—“ I . E -—
D [ -
o e 1
voo ) | |
Figure 69
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15.1 Specifications of external elements for the power supply circuit

The specifications of external elements connected to the power supply circuit of the FT1505C are as follows.

Table 73 Capacitor

Capacitance Uppe[' vpltage Pin connection
limit
Y Vci, VCL, VREG10UT, VciOUT, VcomH, VcomL, C11B/A, C12B/A,
TuE C13B/A
VP V77, 10V DDVDH, C21B/A, C22B/A
25V VGH, VGL

Notes: A.,Chécking with the' LLIC module is'required.
2 Thé numbers’in'the paréntheses’correspond to the numbers in Figure 79 and Figure 80.

Table 74 Schottky diode

Specification

Pin connection

VF < 0.4V/20mA@25°C, VRZ=25Y

!
(Recommended diédé: HSC226) NO NEEDED !
Table 76 Internal logic power/supply
Capacitor Recommended voltage proof Pin connection
IuF (B characteristics) 3V VDD
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15.2 Voltage generation diagram

The following are the diagrams of voltage generation in the FT1505C and the TFT display application voltage waveforms and
electrical potential relationship.

VGH(10.0-20.0V)

BT[3.0]

DDVDH(4.5~6.0V)
o0
} VREGLOUT(4.0~(DDVDH-0.5)) \
N:m[&m
Lok —{ VCOMH(3.0~(DDVDH05V)) \
e
R e
GND(0)

VRH[3:0]

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

Figure 71:Pattern diagram forvoltage setting

BT[3:0]

Notes: 1.  The DDVDH, VGH, VGL output voltages will become lower thantheir theodretical levels (ideal voltages) due to current consumption
at each output level. Make sure that output voltage levels/in’operationde not conflict with the following conditions: (DDVDH —
VREG10UT) > 0.5V, (DDVDH - VcomH) > 0.5V, (VeomL # YCL) > 0.5\ Wheh the altermating’cycle of Vcom is high (e.g. polarity
inverts every line cycle), current consumption will increase '~ Inthis Case; eheck’the voltage béefore use.

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

~ WGH

, ; VREGIOUT
\eam Le | I I I [ :l YcomH
- Ycomh Vconl
Sinf Source driver cufpuf)
Gn
{Panal Interface cutput) VEL

Figure 72: TFT display application voltage waveform and electrical potential
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15.3

The following are the sequences for setting 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).

Power Supply Setting sequence

Power supply
startup time
(8 frames x 1/05C)

Hoas 8 -..x....-
vaait

Power ON sequance

Power supply Ve, Vei, [(0Ves) ON

Wi
10 oe
e,
GHD

Weoe — 10Voe — Vol
or Voo, WDWee, Yol simuitansously

!

FPower OM reset

v

Transfer synchronization

R&=0, DB=16M0000

F3=0, DE=16H0000
RE=0, DB=1EHID00
R2=0, DE=1EH0000

RAdh: CALE =1

P LT LTI OO T LT IO T B

| ROTh: B=2h1 |

Power supply user setting
R10h: APE = 1, AP, 8T, SAP=1

A11h: VT, DD, OCA

R12Zh: VRH. PON=1, VOMR =1 VON=1
mi3h: VO

Rzah YoM

Other mode setting
instruction

Display ON sequence

Porar supply OFF safiing
OTE = 0, O=2hil, 3ON=0
PON=0, VON=0

Lgar eel.lmg '}
Initial instruction setting | nL &r, 7R, Gamma satiings
and ot

i

i
N

iLcD
: Power supply
' ON sequence

Power supply OFF sequence

‘ Normal display

|

} Display OFF sequence ‘

Power supply Halt setting
RAGH: AP =2'h (b, SAP=0
RAth: DCO = 2he
R1Z2h: POMN =0

Power supply Halt setting | 3
RADK: APE=0 :

O

“anmnmmnnrnnn e IIIIII..IIIII‘:

Y

Paower supply (oo, Vo, I0Vec) OFF

Vel

i
10 ee
oo

Ghik

Vel = 1CVen — Voo
orVoo, ISYoo, Yel simultaneousty

“-----n----*-----n---nu LCD,

Power supply
OFF sequence

v 1 [mame
) i

I DOTE=1, D=2'h3, GON=1, VON=1
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15.4 Instruction Setting

The following are the sequences for various instruction settings. When setting instruction in the FT1505C, follow the sequence
below.

15.4.1._ Display ON/OFF

Display OFF sequence Display ON sequence
Display ON LCD Power supply ON
RO7: GON=1 DTE=1D=2b11
sequence
2frame ‘ ‘ ¢
or/morg :
Display OFF Display OFF
RO7: GON=0 DTE=0 D=2b01 RO7: GON=0 DTE=0 D=200
6H period SH pefiow ¢
ormore ormore
Display OFF Display OFF
RO7: GON=0 DTE=0 D=2'h00 RO7: GON=0 DTE=0D=2101
Zframe ¢ ¢
‘ ormore
Display ON
O RearE i EI RO7: GON=1 DTE=1D=2b11
sequence
Display OFF Display ON

Figure 74
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15.4.2 Sleep/Standby mode

‘Standby moda Slesp mode sequencs
= -
Display OFF Display OFF
SEQUENCE" we v Set Standby SEQUENCE" merom Set Sleep
mode | mode
[ Standby SET Sieep SET
L - = - -

Exit Standby [ Sieep EXIT 1 Exit Sleep

Stan oscillation maoda mode
Standby EXIT r
Fon & g Display ON
l SEQUENCE" wemas
Display OGN i
SEOUEMCE™ e o ot
Figure 75
15.4.3 Deep-standby mode
C Display off sequence )
Set deep standby mode
R10:dstb=1'b1
E
.
.
'
'
.
1
:
CSN=1'b0(1)
CSN=1'b0(2) VDD setup’and
1ms oscillater stable
or more Exit/deép’standby mode

CSN=1'b0(3) input.6,CSN Iow

CSN=1'b0(4)
CSN=1'b0(5)
CSN=1'b0(6)

Read OTP data
RaO:EOP=2'b10

v

o . . 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'bO0.
¢ 3.see display ON/OFF setting sequences

C Display on sequence )

Figure 76
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15.5 FT1505C Recommended resistance and connection example

~ oo

——

o

00880 0

(R

oo

100

008800

000

r
I.L]uuu

~ oo

o
Glass substrate

Figure 78
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16 Electrical Characteristics

16.1 Absolute Maximum Ratings

Table 77
Item Symbol Unit Value Notes

Power supply voltage (1) IOVce V -03~+46 1,2
Power supply voltage (2) Vci -AGND \Y -0.3~+46 1,3
Power supply voltage (3) DDVDH - AGND \% -0.3~+6.5 1,4
Power/supply voltage (4) VGH - VGL \Y +11.0~+27.0 1,4
Power/supply voltage (5) AGND - VGL \% +3.0 ~+13.0 1,7
Powef supply’voltageA6) DDVYDH - VGL \Y +7.0~+19.0 1,5
Power stpply veltage (7) Nci - VGL \% +5.5~+16.8 1,7

Inputvaltage Vit \Y, -0.3~Vci+0.3 1
Operating température Topr, °C -40 ~ + 85 1,8

Storage temperature Tstg °C -55~+ 110 1

Notes: 1. If used beyond(thé’absolutemaximum.ratings,/the LSl may permanently be damaged. It is strongly
recommended to'use the LS1 underthe condition within the electrical characteristics in normal operation. If
exposed to the conditionnot within the electrical characteristics, it may affect the reliability of the device.

® N O oA ®wN

FocalTech Systems Co., Ltd

Make sure Vci (high)2'GND (lowyand 10Vce(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, at85<°C.
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16.2 DC Characteristics
Table 78 (Vci = 2.4V ~ 3.3V, I0Vce = 1.65V ~ 3.3V, Ta = -40°C ~ 85°C)
Item S{)Tb Unit TestCondition Min. Typ. Max. | Notes
0.8 x
Input high-levelvoltage VIH \% IOVec =1.65V ~3.3V IOVc — IOVee| 2,3
c
_ ~ 0.2x
Input low“level voltage VIL \% IOVec =1.65V ~3.3V -0.3 — IOVee 2,3
0.8 x
Output high' voltage VOH \ IOVee = 1.65V ~ 3.3V IOVe — — )
(DB0-17 pins, FMARK) IOH =-0.1mA c
Output low'voltage (oL Y IOVecec =1.65V~3.3V 0.2 x 2
(DBO-17 pins,/FNMARK) IOL =0.1mA IOVee
I/O leak current ILi WA Vin =0 ~ 10Vce -1 — 1 4
Current consumption: fosc=358KHz (320 lines),
(IoVee-GND) 1661 | LK fELM=70Hz, — | 175 | 205 | 5.8
Normal operation IOVEe=Vi= 3.0V, Ta=25C,
mode, y
262K color RAM data: 18’h00000
fosc=358kHz(64 line partial),
Current consumption: FLNIZ40Hz,
(I0Vce-GND) IOP2 MA _ 140 — 5,6
8-color mode, IOVcc—VC|O— 30V,
64-line partial display 1a725C
RAM data‘ 18’'h00000
tCYCW=150ns; IONeC=2/40V;Yeis
2.4V, Ta=25C,
c t tion: 80-8bit I/F, TRI=1,
trrent consumption- IRAM Consecutive RAM acgess
(IOVce-GND) mA . .
RAM de 1 1 during display — 20 — 6
laccesst_mo © . VCM1=5'h1D, AP=3'h3,
normal operation mode BCO=0, FP=5, BP=8,
gamma registor:0 (default)
CL=0 (8 color)
Current consumpt.ion: A Vec=Vei=3.00V
(IOVcc-GNDD))+(VC|-GN ISLP M SLP="1" 45
Sleep mode Ta=25¢
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Current consumption:
(I0Vce-GND)+(Vci-GN A Vee=Vcei=3.00V
D) iste | " STB="1' 20
Standby mode Ta=25c
Current consumpt.|on. bsT A Vec=Vei=3.00V
(IOVce-GND)+(Vei-GN M DSTB='1’ L 0.1 10 5
B)
Deep Standby-mode Ta=25¢
16.3 DC Characteristics
ltem Symbol | Unit TestCondition Min. Typ. Max. | Notes
IOVce=Vci=3.0V,
fosc =358kHz (320 lines),
fFLM=70Hz, Ta=25°C,
RAM data:18’h00000, REV=0,
SAP=1, AP=100, DC0=000,
LCD power supply DC4=010, VRP14-00=0, o8
current (VCI-GND) 260k fci1 mA VRNA4-0020, PKP52-00=0, — ' 3.3 5,6
color display PKN52-00=0 PRP12-00=0,
PRN12-00=06,B/C=0, BT=001,
VC=001, VRH=0011,
VCM=4100110, ¥DV=100000,
CL=0
No'load,on’'thé panel
LCD power supply Ici2 mA I0Vcec=Yci=3.0V; — 1.0 — 5,6
current (VCI-GND) fosc,=358kHz (64 lines)
8-color mode fFLM=40Hz/Ta525°C,
RAM data:18’h00000; REV=0;
SAP=1, AP=010/ DC0=001,
DC1=011, VRR14-0050,
VRN14-00=0, PKP52-00=0;
PKN52-00=0 PRP12-00=0,
PRN12-00=0 B/C=0, BT500%,
VC=001, VRH=0011,
VCM=100110, VDV=011100;
CL=1, PTG=10, ISC=0111
No load on the panel
S.ource.Output voltage AVo mv | — \/J 5 — 7
dispersion
Source Average output AV mV | — -35 — 35 8
voltage variance

FocalTech Systems Co., Ltd
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16.4  Step-up circuit Characteristics
Table 79

Item Unit | Test Condition Min Typ Max Notes

IOVce=Vcei= 3.0V,
fosc =358kHz, Ta=25C,
VC=3'h7, AP=100,SAP=1, BT=000,
DCO0=001
DDVDH | V C11=C21=C22=1[uF] /B
Characteristics,
DDVDH=VGH=VGL=1[uF] /B
Characteristics,
NO load on the panel, lload1 = -1[mA]

IOVce=Vcei= 3.0V,
fosc,=358kHz, Ta=25°C,
YC=3'h7, AP=100,SAP=1, BT=000,

DC0=000,DC1=010 13.7
e, )/ C11=C21=C22=4[uF] / B p | 1440 | — "
Characteristics,
DDVDH=VGH=VGL=1[uF] /B
Charaeteristics,
No load’on the panel, lloadV=
-100[mA]
IOV ec=\ci= 3.0V,
fosc=358kHzZ, 7a=25C,
VC=3'nh7£AP=100,SARP=%, BF=000,
vV DC0=000,DG1=010
C11=C21=C2251[uF] /B
Characteristics,
DDVDH=VGH=VGL=1[uF] / B
Characteristics,
No load on the panel, lload1 =+100[mA]
IOVce=Vcee= 3.0V,
fosc =358kHz, Ta=25°C,
VC=3'h7, AP=100,SAP=1, BT=000,
DC0=000,DC1=010
VCL Vv C11=C21=C22=1[uF]/ B -2.25 -2.30 — —
Characteristics,
DDVDH=VGH=VGL=1[uF] /B
Characteristics,
No load on the panel, lload1 = 200[mA]

4.57 4.84 — 11

Step-up
output voltage

VGL <6.86 | -7.13 — 11

Input voltage Vi \% 24 — 3.3 —
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16.5 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
RC oséillation Glock fOSC | KkHz |0Vccz=¥<(::|=3.ov 250 | 400 | 630 9

16,6, /80-system Bus Interface Timing Characteristics (18/16-bit I/F)

Table 81 Normal write operation
10Vce =1.65V 3.3V, Vci= 2.4V ~ 3.3V

. Timing .
Item Symbol | Unit Diagram Min. | Typ. Max.
sod ol Write tCYCW ns Figure 87 125 - -
4 Read {CYCR | ns | Figure 87 | 450 | - -
Write low“level pulsé width PWLW ns Figure 87 45 - -
Read low-level pulse width PWLR ns Figure 87 170 - -
Write high-level pulsg width PWHW ns Figure 87 70 - -
Read high-level pulse-width PWHR ns Figure 87 250 - -
Write/Read rise/fall time tws;’ ns—| Figure87 | - ] 25
Setu t Write (RSYCSN, WRN) { iAS Fi 87 0
elup fime Read (RS~CSN, RDN] N e 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 - -
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16.7 80-system Bus Interface Timing Characteristics (9/8-bit I/F)
Table 83 Normal Write function
IOVce = 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 - -
Reddow-levelpulse 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 - -
Write/Read rise/falitime e | ns | Figures? | - ; 25
Setuo i Write (RS~CSN,)WRN)| tAS Ei 87 0
etup time ns igure - -
P Read (RS<CSN_RDN) g 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 - -
16.8 Serial interface Timing-Characteristics
16.8.1 Table 84 I0Vce = 1.65V ~3.,3V, Vci=2.4V ~ 3.3V
g Timing .
Item Symbol’ } Unit Diagram Min. | Typ. | Max.
Serial clock cycle Write (received) tSCYC ns Figure 88 100 / 20,000
time Read (transmitted) tSCYC ns Figure/88 /|,350 - 20,000
Serial clock high-level | Write (received) tSCH ns Figure 88 40 - -
pulse width Read (transmitted) tSCH ns Figlre 88" |/ 150 - -
Serial clock low-level | Write (received) tSCL ns Figure/88 40 # -
pulse width Read (transmitted) tSCL ns Figure’88, 150 - -
. . . tSCr, .
Serial clock rise/fall time tSCf ns Figure 88 - - 20
Chip select setup time tCSU ns Figure 88 20 - -
Chip select hold time tCH 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 tSOD ns Figure 88 - - 130
Serial output data hold time tSOH ns Figure 88 5 - -
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16.9 Reset Timing Characteristics

16.9.1 Table 85 IOVcc = 1.65V ~ 3.3V, Vci= 2.4V ~ 3.3V

. Timing .
Item Symbol Unit diagram Min Typ Max
Resetlow-levelwidth tRES ms Figure89 1 — —
Reseétrisetime trRES VES Figure89 — — 10

16.10" LCD driver output Characteristics

Table 88

Item Symbol

Unit Test condition Min

Typ Max | Note

Source Driver tdds
output delay time

Vci=lOVcee =3.0V, DDVDH=5.5V,
VREG10UT=5.0V, fosc=358kHz
(320 lines),\Ta=25°C
REV=0;SAP=040, AP=010,
VRP14<00=0,VRN14-00=0,
PKP52-00=0, PKN52-00=0

PRP12-00=0;,,PRN12-00=0 o
Load resistance R=10kQ
Load capacitance €=20pF Time
toréach the'target voltage level
£35m\V/Afrom the'timing of \\com
polarityinversion” Transitionfrom
the same grayscaledevel at all
source pins

us

17 —

10

VCOM output

delay time tddv

Vci=lOVec =30V, DDYDH=5:5YV,
VREG10UT=5,0V/ fos¢ =358kHz
(320 lines){ Ta=25°C
REV=0, SAP=010; AP~0410;
VRP14-00=0, VRN14-00=0;
PKP52-00=0, PKN52-00=0
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

MS

source pins

17 —

11
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Table 89 Display test

Item Symbol | Unit TestCondition Min. | Typ. | Max. | Notes
IOVce=Vci=2.8V,
Sbgp?y‘ﬁ"rvr‘znt fFLM=62Hz, Ta=25°C,
: ; SAP=1, BT=001, APE=1,
Pa”['f.l"se’é"-'”e lpartiall | mA AP=001, — | 3| =
Lodd/s g,, ganel DC0=100, DC1=010, VC=000,
& VRH=1000, VDV=0x15,
P poilon) VCM=0x21, RG=010
IOVce=Vci=2.8V,
SL';CEI) POy fPLM=62Hz, Ta=25°C,
Part a0l o SAP=1, BT=001, APE=1,
Dol (partial2 ~/mA AP=001, — | as —
Load 2 g,, ganel BC0=100, DC4=010, VC=000,
: VRH=1000, YDV=0x15,
Black Pattern VEM=0x24 RC=010
IOVCe=VEi=Z2:8V,
LCD power FFLMZ62Mz, Ta=25°C
supply current SAPZ1 BT2001 /APEZ]
Partal S2-Line | ipartial3 | ma APZ001, a2 | —
Load 2 g,, ganel DCO=100,,DC 20107 VCZ£000,
o Pattorm VRH=1000,X/DV<£0%15;
VCM=0x21. RC4010,
IOVce=Vei=2.8V,
LCD bower fFLM=62Hz/ Ta£25°C;
P SAP=1, BT=001/ APE=1,
supply current AP=001
LS;ZO'Z";,[“F?:&I lpartiall | mA | 150_100, DC1=010, VC=000,/} 7> 7 7
: VRH=1000, VDV=0x15:
Black pattern VCM=0x21, RC=010
R91=0300, R98=0103
IOVce=Vci=2.8V,
LCD bower fFLM=62Hz, Ta=25°C,
P SAP=1, BT=001, APE=1,
supply current AP=001
Eg?g's?'ggfgl lpartial2 | mA | 50400 Dc1=010, ve=000, | — | 19 | —
: VRH=1000, VDV=0x15,
Black Pattern VCM=0x21. RC=010
R91=0300, R98=0103
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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, /O, and output pins.
Pins: RESET* IM3-1 IMONID Ping: FMARK, SDO
WEYNC HSYNC DOTCLK EMABLE CS,
RE, 501
1OMCC 1OMCC
PMOS PMOS
Inpat circuit Input dats
NMOS MMOE
IDGEND IO GHD

Pina: WRSCL RD
1o

Jors
|_T;|—q—| PMOS
Ingut nsbis (CS) I PMOS

p———————————————— Inpaut Circuit

_I NMOS NMOS

icEhD
Pins: DB17— DBD
IVCC
E,_,.—| PMOS
Input enabis{GS) i FMOS

— Input cirout

y NMOS NMOS

IDGEHND
Output circle; Thiee states
IOVGC
PMOS :: mx‘e
NMOS
IOGEND
Figure 79
3. The TEST1, TESTZ2 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
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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.

T.B.D.

Focallech

Figure 80

The eutput’voltage/deviation is the difference in the voltages from adjacent source pins for the same display data. This
valGe’is shown' just fer-reference.

The average outputvoltagedispersion’is, the variance of average source-output voltage of different chips of the same
product/ /The‘average/source oltput voltage)is measured for each chip with same display data.

This applies 0 internal-escillators whén/using external oscillation resistor Rf.

0SsC1
Rf Osdllation frequency depends on the capacitances OSC1 and OSC2.
Make the wiring betwean OSC1 and OSC2 as short as possible.
0Ssc2
Figure 81

Just for reference. The wiring resistancé when the/FT1505C-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.)".

Just for reference. The liquid crystal driver output.delaytime’depends on the l1oad on the liquid crystal panel. Adjust the
frame frequency and the cycle per line by checking the’quality of display’on, the actdal panel in use.

Just for reference. The “DDVDH-VREGOUT = 0.5V .should/be’mostly followed, innormal case, but the actual DDVDH
will be a little lower than idea DDVDH due to different1oading pattern; so-it,may be little loose sometimes, meanwhile
that “DDVDH-VREG10UT>0.3V” should be always followged in,all actual.case:

T.B.D.

Test Circuits

Figure 82
@ Test circuit for AC characteristics @ Testcircuitfor LCD output characteristics
[Data bus: DB17-DBO] [LCD output: $1-5720]

Load resistance R: 10k
Test Point Test Point C M\ l

Load capacitance C:20pF

1
50pF _:L

Figure 83
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16.11 Timing Characteristics 80-system Bus Interface

l
RS VIH VIH
WIL WIL
AS tAH
- — > !
VIHX WVIH,
.
s WIL VIL[
See MNote 1)
-(—PWLW.F‘WLR%‘ -(—PWHW-F‘WHR—)-I
|
- N7
RO A VL VIL
W RS WRr
r———— ICY W, tCYC
€ tDSW et —
Ses Mote 2)
WIH I WIH
DB17-0 ;
X v Vrite data VIL
DDR |
tDHR
See Moate 2) FwOH VOH
Read data
DB17-0 voL VoL
MNate 1) PWLW and PWLR are defined by the overlap period when C5* is "Low” and WR* or RD" is "Low
Mote 2) Unused DB pins must be fixed at "IOVee 17 or "IOGND 17,

Figure 84

16.12 Clock synchronous serijal’ interface

cs*
SCL
SDI Input data
/
t30D SOH
- —
VOH WOH
SDO Output data Output data
VoL VoL
Figure 85
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16.13 Reset operation

RESET*

-

trRES
IRES

VIL

WIH

VIL

Figure 86

16.14/ External display interface

trgbf <
trgbr - (SYNCS ——
VSYNC WIH WIH
HSYNC WIL VL
-«— (ENS —» |-— (ENH —>
ENABLE WIH WIH
WIL WIL
trgbf < trghr o <
<—— pwDL — | €<— PWDH —
DOTCLK VIH /‘VlH WIH
—t\."IL WIL i WIL
tCYCD |
tPDS >| < tPDH
WIH
DB17-0 Write data
VL
Figure 87
LCD driver outputs
P tDDv — %,/ TargetVoltage +:35mV

VCOM

ol

S§1-720

< tDDs >

T Tanget Voltage £35m\V

Tarnget Voltage £=35mV

ol

Target Violtage £35mV

Figure 88

** May be revised without notice
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REVISION TABLE

version Revisions Date

Page 48: Change Table 36 VDV[4:0].

Page 47: Change VRH[3..0] setting

Page 45: Change Table 30 AP[2:0]

The above is the difference comparing with FT1505C A version.

0.5 2008-08-01

Re-organize the table of content
Add RGB interface on page 56~64
1.0 Add-Resize funhction on page 110~113 2008-11-25
Display’interface’Control 1 (ROCh) on page 75
Correct description of R98 on page 95

20 Correct Fable’36 on page 82 2009-01-08

END'OF DATABOOK
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