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1. Introduction

LT758x is a series of high-performance TFT-LCD graphic accelerated display
controllers. It supports 16bits(5/6/5) and 24bits(8/8/8) RGB LCD panels with reolutions
ranging from 480*480 to 1280*1024 (SXGA), and the supported color depth is up to
Alpha RGB:8888. This series includes three chips: LT7586, LT7583, and LT7580, with g LT 7586
the packaging of LQFP-128, LQFP-100, and QFN-80 respectively. :

2 aLEVETOP

LT758x supports a variety of MCU interfaces, including SPI, I12C, and 8/16bits parallel ,
T ieveror
LT7583

interfaces. It has a built-in 128Mb Display RAM, which can support display colors of 16/24-
bits per pixel. With built-in geometric drawing engine, LT758x supports drawing lines,
curves, ellipse, triangle, rectangle, rounded rectangle, and other functions. In addition,
LT758x has an embedded hardware graphics acceleration engine (BTE), which
provides command-type graphic operations such as Picture-in-Picture, graphics
JLEVETOP
blending, transparent display, and much more. Also, by utilizing the external QSPI LT7580

Flash and the built-in JPG decoder, LT758x can even refresh the display (1024*600) at

the rate of more than 25 frames per second. These functions can greatly enhance the

display performance without increasing the MCU workload.

The powerful LT758x is ideal for embedded systems with TFT-LCD displays such as smart home appliances,
industrial controls, electronic instruments, medical devices, human-machine interfaces, industrial equipment,

inspection equipment, charging stations, multi-function machines, elevator, check-in gate, etc.

1.1 Internal Block Diagram

LT7586
N LCD
Dri I/F
8/16bit MCU MCU 2D river |/ TFT 5%
McU ) spl 100 Interface BitBLT RGB 21 TFT Panel
JPG
‘ N [+ Decoder
U“ y -
SDRAM
Controller :
t Register > QSPI #0 QSPI Flash
Display ¢+ Font ROM
RAM PLL LDO
GPIO O CILK | PwM PWM [ Back-Light
GPIO Gen POR

Figure 1-1c LT7586 Internal Block Diagram
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1.2 System Block Diagram

i System Board E

I [}

: LCD Controller i/ T e

| POWER ) ~ /’ 10

\ ® - - @ \ . I

: oN : ' e

: Lage L Strength

|

! LCD Module

Figure 1-20 LT7586 Designed on System Board
Progress Bar-1 .I/“:'iu\-d‘\\\l ‘ Record Table
MCU LT7586 e (WD
LCD Controller J = —

POWER Py i

) 1,: . (7 \ I
oN "'m‘. Strength Lavel - 7
LCD Module
Figure 1-30 LT7586 Designed on TFT -LCD Module
1.3 Model Name
Table 1-10 Model Selection
Embedded :
Model Package .m edae Resolution Colors
Display RAM
LT7586 LQFP-128 128Mb 1280*1024 16.7M
LT7583 LQFP-100 128Mb 1024*768 16.7M
LT7580 QFN-80 128Mb 1024*768 16.7M
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1.4 Features

Host Interface

A Support 8/16bits Paraller Interface A MirromRotaatFuact i oAsaiaraebl e
0 ynayn dza Ly GdSNFIFOS fomagRatwrites
i 6800 Bus Interface A Pi ctiulriect ur eS(ulplph)r t t wo P
A Support 3-wire & 4-wire SPI wi ndows. E_anadaaed F’I P window
A SupportPC Bus Interface al ways di s.pl E:t)th.I onwitongdowf
The PIP1 window itshRalP®ays

Display RAM wi ndow
A Built-in 128Mb A Provide four User-defined 32*32 Pixels Graphic
. Cursor.

D[splay Data Formats ) A Wak-ei s pTegyu:i sklow t he disp
f‘ 16bppx RGB 5:6:5¢ 2bytes/Pixel¢ dat a sttohee ¢ pil mayT hRASM.f eat ur
A 24bppx RGB 8:8:8¢ 3bytes/Pixel or i s us ed when returning £y

4bytes/Pixel( modanB8uspend. mode
i URGB 4 :£44086: @olors/Pixel with A ColorTd@arpl ay soatl pga nked r
Opacity Attributel direcDeyault restd@8lOution is
A 32bppc URGB B :adlbyis/ Rixel Bit Block Transfer Engine o BitBLT

Panel Interface & Resolution A Built-in 2D BitBLT Engine
A Support 16/24bits RGB panel A Copy Imagewith Raster Operators
A Support Resolutiony A Color Depth Conversion

(i WQVGA : 480*480, 16/24bits TFT Panel A Solid Fill & Pattern Fil: |

i VGA  :640%480, 16/24bits TFT Panel u Eirxog’lfzngsl%tfgg?fss Patterns with 88

i WVGA :800*480, 16/24bits TFT Panel A OpacityBlaiCehar ol It bl er

i SVGA :800*600, 16/24bits TFT Panel i mages and then generates

U QHD : 960*540, 16/24bits TFT Panel i Chr okKeayi Fugnct i on: Mi xes i

0 WSVGA :1024*600, 16/24bits TFT Panel wi t h applying t he speci

i XGA  :1024*768, 16/24bits TFT Panel accor dimeg atnsparency rat:

i SXGA :1280%1024, 16/24bits TFT Panel O Window -BllemhdBumgt i on: Mix
) ] t wo i nbaagseesdt haer anspar ency

Display Functions rate in the specified re
A Built -in JPG decoder U Dot ABl pehnad iIFmigct i on: Mi x
AMultipleBubDfepltaWMulti bufferingagdd owscohediagspar enc.y

t he mai n di splay window torl &dtee swhiethc Herd®e t arget is
among buffers. Multi bufferi h§€aRCBwE0a M&iimpl e
ani mati on di spl ay t o b@eomgtﬁgmrgwingeghginby
switching the buffers A Provide Smart Drawing Features: Line,
A Virtual Display: Virtual display can be utilized Rectangle, Triangle, Polygon, Poly-Line,

to show an image which is larger than the LCD
panel size. The image may scroll easily in any
direction.

Circle, Ellipse, Arc, and Rounded-Rectangle.
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Text Features

A Embedded 8*16,
of | SO/ I-IE/C2 /843/5%0

Usedref i ned
Ful I Si ze

Programmabl e

12*24,

Characters
for 8* 16,

Text

p>3)

> >

Character
for

Enl argement

A Support GQhbaotaactteer9¢9 De

QSPI Master Interface
A Support direct data transfer from the external

Serial Flash to the frame buffer.
Compatible with standard QSPI
(NOR/NAND Flash)

Provide 16bytes Read FIFO and 16bytes
Write FIFO.

Provide Interrupt when Tx FIFO is empty and
SPI Tx/Rx engine is idle.

Support NandFlash Bad Block Management
Supoort the Host MCU to direct access SPI
Flash (by -pass mode).

>

spec

>

>

> >

12C Interface
A Support 12C interface to connect with external

devices.
A Support Standard Mode (100kbps) and Fast
Mode (400kbps)

PWM Interface
A Embedded two 16bits Timers

A Programmable Duty control
Waveform

of Output

Hori zontal / Vertical

GPIO
1 6 +A Brovide up to 28 GPIO interfage;
Clock Source
s u g pEnpbeddeg,Rrqgrammegble, RLL fgr Core Clock,

12% 24 L%DnPa(el @I%ck, gng Fram Buffer Clock.
Cur s o Power Saving

F uA Suppog rthree kind of Power Saving Mgde:
D iStandby Suspend, and Sleep Mode.
gr é&eSupport Wakeup function by the Host and

External Events.

Reset
A Provide Power On Reset, External Hardware
Reset, and Software Command Reset.

Power Supply
A VDDy 3.3V +/- 0.3V

A Embedded 1.2V LDO

Package

A LQFP-128Pin
A LQFP-100Pin
A QFN-80Pin

Temperature
A -40C¢ -85¢
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1.5 Pin Assignment
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Figure 1-40 LT7586 Pin Assignment a LQFP-128Pinf3
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Figure 1-60 LT7580 Pin Assignment o QFN-80Pinf3
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2. Pin Description
2.1 MCU Interface

Table 2-16 MCU I/F Selection

Pin Number

Pin Name I/0 Description
LT7586 | LT7583 | LT7580

MCU I/F Selection

PSM[2:0] MCU I/F Mode

00X 8/16bits, 8080 parallel interface mode

01X 8/16bits, 6800 parallel interface mode

100 3-Wire SPI mode

4-Wire SPI mode (support By-Pass

101 d
9 6 3 PSM[2] mode)
10 7 - PSM[1] | I2C mode (w/o the Continuous Read
11 8 4 PSM[0] 110
function)
12C mode (with the Continuous Read
111

function)

If the MCU interface is set to the parallel mode, then
PSM[0] is used as an external interrupt input pin.

For LT7580, its PSM[1] pin is grounded internally, and
it only supports 8/16bits parallel mode, 3-Wire SPI,
and 4-Wire SPI mode.

2.2 MCU Parallel I/F Signals

Table 2-20 MCU Parallel | /F Signals

Pin Number

Pin Name I/0 Description
LT7586 | LT7583 | LT7580

MCU Data Bus
These are the data bus for the data transfer between

the MCU and LT758x.
31~26,

24, 95 26~21, DB[15:8] can be used as GPIO when the MCU
35~25, 22 23 19, 20, DB[15:0] 10 interface is set to 8bit parallel mode.
22~18 21 18 17,18, DB[7:0] are multiplex pins that share with serial
o i7~iﬂ 16~11 interface control pins. When the MCU interface is set

to the serial mode, then DBJ[7:0] are defined as the
control pins of the serial interface. Please refer to Table
2-1 for more information.

LT758xAll_DS_EN/V1.2
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Pin Number

Pin Name I/0 Description
LT7586 | LT7583 | LT7580

Chip Select Input

When CS# = 01 it means MCU can access LT758x for
CS# | Command or Data transmission.

GPIBJ0] PU | If the MCU interface is set to the serial mode, then this

pin can be set as GPIB[0]. This pin has an pull-high

resistor.

13 9 5

Read / Enable Input

RD#: When the MCU interface is set to 8080 mode,
this pin is a Read input signal, active low.

RD# | | EN: When the MCU interface is set to 6800 mode, this

14 11 8 GFFI,E\SI[l] pu | pinis an Enable input signal, active high.
If the MCU interface is set to serial mode, then this pin

can be set as GPIB[1]. This pin has an pull-high
resistor.

Write / Read -Write Input ?
WR#: When the MCU interface is set to 8080 mode, this
pin is a Write input signal, active low.

RW#: When the MCU interface is set to 6800 mode,

15 12 7 \évvsz | this pin is a Read-Write input signal, where
GPIB[2] PU RW# =1A MCU read cycle

RW# =0 A MCU write cycle
If the MCU interface is set to the serial mode, then this

pin can be set as GPIB[2]. This pin has an internal pull-
high resistor.

Command / Data Select Input
A0 =01 Status Read or Command Write cycle

AO A0 =11 Data Read or Data Write cycle
16 13 9 GPIB[3] I
If the MCU interface is set to the serial mode, then this

pin can be set as GPIB[3]. This pin has an internal pull-
high resistor.

Interrupt Output Signal

36 32 27 INT# O | When the preset interrupt condition is satisfied, this pin
will become low for indicating the status to the MCU.

Wait Output Signal
WAIT# = 0, LT758x is busy.
17 14 10 WAIT# O [WAIT# =1, LT758x is ready to transfer data.

The WAIT# signal is only valid for parallel host
interface.

LT758xAll_DS_EN/V1.2
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2.3 MCU Serial I/F Signals

Table 2-30 MCU Serial I /F Signals

Pin Number
Pin Name I/O Description
LT7586 | LT7583 | LT7580
SPI or 12C Clock
SCLK This pin i's used as the cloclf signal when the MCU
27 22 17 - I interface is set to 3-Wire, 4-Wire, or I12C
¢ [71¢ This is multiplex pin that share with parallel data bus
DB[7].
I2C Data / 4-wire SPI Data Input
SDI: Datainputpinof4-wi r e SPI |/ F. (C
SDI MOSI.
26 23 18 12C_SD I |12C_SDA: Bi-direction data pin of 12C I/F
e DBI6C Connect this pin to Gound if using 3-wire SPI I/F. This
is a multiplex pin that shares with parallel data bus
DB[6].
4-wire SPI Data Output / 3-wire SPI Data/ I12C Slave
Address Select
SDO SDO: Data output pin of 4-wire SPI I/F. Connect to
SD MCUOGs OMI S
25 2 16 12CA[5] 10| sp: Bi-direction data pin of 3-wire SPI I/F.
¢ DB[S)C I2CA[5]: 12C device address bit[5] of 12C I/F.
This is a multiplex pin that shares with parallel data bus
DBI5].
SPI Chip Select / 12C Slave Address Select
SCS# SCS#: Chip Select pin for 3-wire and 4-wire serial I/F.
22 18 15 12CA[4] I |12CA[4]: 12C device address bit[4].
¢ DB[4
41 This is a multiplex pin that shares with parallel data bus
DBI[4].
By-Pass Mode Control Signal / 12C Slave Address
Select
BYP_SPI: When the MCU I/F uses 4-wire SPI, if this
pin is set to high level, then the MCU can directly
BYP_SPI access the SPI Flash connected with LT758x. Set
21 19 14 12CA[3] | |REG[B9h] bit5 to select the SPI Flash (SFCS[0]# or
e DB[3]¢ SFCS[1]#).
I2CA[3]: 12C device address bit[3].
This is a multiplex pin that shares with parallel data bus
DBJ3]. Connect this pin to ground when using 3-wire
SPI mode.

LT758xAll_DS_EN/V1.2
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Pin Number

Pin Name I/O Description
LT7586 | LT7583 | LT7580

12C Slave Address Select

I2CA[2:0] I2CA[2:0]: 12C device address bit[2:0]
20718 | 17=ls s DB[2:0]C ! These are multiplex pins that share with parallel data
bus DB[2:0]. Connect these pins to ground when using

3-wire SPI mode.

2.4 External Serial Flash / SPI Master Signals

Table 2-40 External Serial Flash / SPI Master Signals

Pin Number

Pin Name /0 Description
LT7586 | LT7583 | LT7580

Chip Select 0 for External Serial Flash or SPI
device

37 33 28 EI;COSéO[]B#]f 10 If SPI master I/F is disabled then this pin can be
programmed as GPIOC[3], and its default function is

input.

Chip Select 1 for External Serial Flash or SPI
device

10 If SPI master I/F is disabled then this pin can be
programmed as GPIOC[4], and its default function is
input.

SFCS[1]#

38 34 29 GPIOC[4]

External SPI Frequency Clock

Serial clock output for external Serial Flash or SPI

device.
39 35 30 | IS | 0 v
[0] If SPI master I/F is disabled then this pin can be

programmed as GPIOC|0], and its default function is
input.

Master Output Slave Input (MOSI)

Single Mode: Data input for the serial Flash or SPI

device. For LT758x, this is the data output pin.

MOSI i . o
40 36 31 XSI00 10 Dual Mode: The signal is used as bi-direction data #0

GPIOC[1] (XSIO0). Only valid for SPI Flash DMA mode.

If SPI master I/F is disabled, then this pin can be
programmed as GPIOC[1], and its default function is
input.
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Pin Number

Pin Name 1/0 Description
LT7586 | LT7583 | LT7580

Master Input Salve Output ( MISO

Single Mode: Data output for the serial Flash or SPI

device. For LT758x, this is the data input pin.

MISO . . o
a1 37 32 XSI01 o) Dual Mode: The signal is used as bi-direction data #1

GPI0C[2] (XSI01). Only valid for SPI Flash DMA mode.

If SPI master I/F is disabled, then this pin can be
programmed as GPIOC[2], and its default function is
input.

Quad SPI Mode £ XSIO2a #WPf3

Dual Mode: The signal is used as bi-direction data #2

XSI02 (XSI02). Only valid for SPI Flash DMA mode.
47 40 33 GPIOCI5 10
[5] If SPI master I/F is disabled, then this pin can be

programmed as GPIOC[5], and its default function is
input.

Quad SPI Mode € XSIO3a #HOLDf
Dual Mode: The signal is used as bi-direction data #3
XSIO3 (XSIO3). Only valid for SPI Flash DMA mode.

48 41 34 10
GPIOC[6] If SPI master I/F is disabled, then this pin can be
programmed as GPIOCI6], and its default function is
input.

Note: Due to the high communication speed, the SPI Flash related components and circuits should be
placed as close to LT758x as possible.

2.5 PWM Signals

Table 2-50 PWM Signals

Pin Number

Pin Name I/O Description
LT7586 | LT7583 | LT7580

PWM #0 Output Signal

This PWM output signal is programmable. It can be used

PWMIO] to control TFT panel 86s ba
90 62 45 GPIOC[7] IO | be set through configuration register.
CCLK If the PWM function is disabled, then this pin can be

programmed as GPIOC[7], and act as an input pin or
output pin for core clock signal.

PWM #1 Output Signal

This PWM output signal is programmable. It can be used
to control TFT panel 6s ba
be set through configuration register.

91 63 46 PWM[1] 10

LT758xAll_ DS EN/V1.2
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2.6 LCD Interface Signals

Table 2-60 LCD I/F Signals

Pin Number
LT7586 | LT7583 | LT7580

Pin Name 110 Description

LCD Panel Data Bus

These pins output RGB data to the TFT panle data bus.
Users may set the register for corresponding RGB data

bus.
Pin TFT-LCD RGB Interface
Name 11b 10p OOP
(GPI0O) (16bits) (24bits)
PDIO] GPIODI[0]
PD[1] GPIOD[1]
PD[2] GPIODI[6]
PD[3] GPIOE[0]
PD[4] GPIOE[1]
PDI[5] GPIOE[2]
PD[6] GPIOE[3]
PD[7] GPIOE[4]
PD[8] GPIOD[2]
127~123) 99~95, | 78~74, PD[9] GPIODJ[3]
120~112{ 92~84, | 72~64, PD[23:0] 10 PD[10] GPIOE[5]

108~99 | 80~71 | 62~53
PD[11] | GPIOE[6]

PD[12] | GPIOE[7]
PD[13] | GPIOF[0]
PD[14] | GPIOF[1]
PD[15] | GPIOF[2]

PD[16] GPIOD[4]
PD[17] GPIOD[5]
PD[18] GPIOD[7]

PD[19] | GPIOF[3]
PD[20] | GPIOF[4]
PD[21] | GPIOF[5]
PD[22] | GPIOF[6]
PD[23] | GPIOF[7]

Some pins of the LCD panel data bus share with GPIO
pins. For example, if the data bus is set to 16bpp, then
PD[18:16/9:8/2:0] are defined as GPIO pins.
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Pin Number ] o
Pin Name 1/0 Description
LT7586 | LT7583 | LT7580

LCD Panel Scan Clock

9 68 50 PCLK o Generic 'I.'FT. mterfac? signal for the LCD p:.;mel scan
clock. This signal derives from the LT758x internal
PLL.
VSYNC Pulse
Generic TFT interface signal for the vertical synchronous

03 65 47 VSYNC o |pulse

LVDS_PD# puise.

When Ext_Flatink(REG[00h] bitl = 1, LT758x will enter
DE mode, and the VSYNC signal becomes LVDS_PD#.
HSYNC Pulse
Generic TFT interface signal for the horizontal

94 66 48 HSYNC O |synchronous pulse.

LVDS_PD

When Ext_Flatink(REG[00h] bitl = 1, LT758x will enter
DE mode, and the HSYNC signal becomes LVDS_PD.
Panel Data Enable

95 67 49 PDE O | Generic TFT interface signal for data valid or data
enable.

2.7 12C Master

Table 2-70 12C Master Signals

Pin Number
LT7586 | LT7583 | LT7580

Pin Name 1/0 Description

12C Master Clock

- |
92 64 12CMCK This pin acts as 12C master clock signal.
I12C Master Data
128 100 - I2CMDA O [This pin acts as 12C master data signal, which is set as

Open-Drain output mode.

LT758xAll_ DS EN/V1.2
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2.8 GPIO Signals

Table 2-8c GPIO Signals

Pin Number
Pin Name I/O Description
LT7586 | LT7583 | LT7580
GPIO A Group
GPIOA[7:0] are general purpose I/O.
35-28 12;22% 26~19 | GPIOA[7:0] 0 | These are multiplex pins that share with DB[15:8]. They
' are only available when the MCU interface is set to 8bits
parallel mode or serial mode. The output mode of these
pins can be configured through registers.
GPIO B Group
64, GPIB[4] shares the same pin with I2CMCK.
1922é 1008, | gﬁé%[ﬁ]' © | GPOBI4] shares the same pin with I2CMCA.
16“'1,3 1]::3é 13-1 9,7,8,5 GP|B[3ZOj GPIB[3:0] are multiplex pins that share with {AQ0, WR#,
' RD#, CS#}
GPIOB[3:0] are ready only under serial MCU mode.
GPIO C Group
90, 62 45, GPIOC[7] shares the same pin with PWM[0], and is
48, 47, 41. 40 34,33, | GPIOC[7], only valid when the PWM function is disabled..
38, 37, 34’ 33' 29, 28, | GPIOCI6:5], 10
41, 40, 37’ 35’ 32,31, | GPIOC[4:0] GPIOCJ[6:0] share the same pins with {XSIO3, XSIO2,
39 30 SFCS[1]#, SFCS[0}#, MISO, MOSI, SFCLK}, and are
only valid when the SPI Master function is disabled.
120, 101| 92, 73, | 72, 55, GPIO D Group
119, 118| 91,90, | 71, 70, . GPIOD][7:0] share the same pins with PD[18, 2, 17, 16,
GPIOD[7:0] 10 i
108, 107| 80, 79, | 62, 61, 9,8,1, 0]t and are only valid when the LCD panel data
100,99 72,71 | 54,53 bus is set to 16bhits.
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2.9 Reset and Test Signals

Table 2-90 Reset and Test Signals

Pin Number
LT7586 | LT7583 | LT7580

Pin Name I/0 Description

Reset Signal Input
I/O

12 10 6 RST# py |When RST# = 0 and the reset signal lasts more than
32 OSC clocks, LT758x will be reset.

Test Mode Signals

These pins are for testing purposes, and should be
grounded during regular operations.

When TESTI[0] = 1, the internal PLL will be disabled,
and the OSC clock should be provided externally.

PD |When TEST[2:1] = b01, the SPI Master signals
(connected to the Serial Flash) will be floating. This
feature allows an external device to program the Serial
Flash directly. (i.e. ISP, In-System-Programming) Users
may also apply the iBy-Pass Modeo to perform the ISP
function. Refer to Section 13.2.1 for more details.

6~8 - - TEST[2:0]

Note: PU: Pull-up; PD: Pull-Down; NP: No Pull

2.10 Power and Clock Signals

Table 2-10c Power and Clock Signals

Pin Number
LT7586 | LT7583 | LT7580

Pin Name I/0 Description

Crystal / External Clock Input Signal
This pin is used to connected to an external oscillator

1 1 79 Xl I . _ .
clock input signal. The proper OSC range is between
5M and 30MHz, and 12MHz is recommended.
Crystal Clock Output

2 2 80 XO O | This pin is used to connected to an external oscillator

clock output signal.

Internal LDO 1.2V Output

VDD12 PWR
4,111 4. 83 2,63 Each pin must connect to a 10nF capacitor to ground.

Internal LDO 1.2V Output

51, 63, | 48, 58, | 36, 41, .
vDD12 PWR |Each pin must connect to a 10nF and a 0.1uF

79, 83 60 52 .
capacitors to ground.
Internal OSC 3.3V Input
3 3 1 VDD33_X PWR This pin must connect to a 0.1uF and a 2.2uF

capacitors to ground. In addition, the power supply
should be connected to this pin through a Bead.
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Pin Number ] o
Pin Name I/0 Description
LT7586 | LT7583 | LT7580
Internal LDO 3.3V Input
This pin must connect to a 0.1uF and a 2.2uF
74,75 | 55,56 43 VDD33_A | PWR |capacitors to ground. Also, the power supply must NOT
connect with VDD33_10, and should be connected to
this pin through a Bead.
20, 38,
23, 42,
42, 43,
50, 62, 45 47 35, 38, 3.3V I/O Input
72,81, " "1 39,44, | VDD33_I0 | PWR [Each pin must connect to a 0.1uF and a 2.2uF
88. 97 54, 59, 5173 capacitors to ground.
"] 69, 81, '
109, 121
93
5, 24,
5, 39,
43,53, 46, 57
76, 87, 61' 70’ 81™® VSS C PWR [ Ground pins for internal core power
89, 98, o
82,
110
64, 65, | 44, 49, 37 40
66, 78, | 50, 51, 4,,2 ' VSS_10 PWR | Ground pins for 1/O power
85,122 | 52,94

Note (1): This is also the Thermal Pad Zone for LT7580, which must be connected to VSS or GND. Special
attention should be paid to the solder surface design of the pads when planning the PCB layouts. Refer to
Section 18.4 for more information.
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3. Electrical Characteristics
3.1 Absolute Maximum Ratings

Table 3-10 Absolute Maximum Ratings

Symbol Parameter Value Unit
Vb Supply Voltage Range -0.3~4.0 \%
Vin Input Voltage Range -0.3K VDD+0.3 \Y%
Vour Output Voltage Range -0.3K VDD+0.3 \Y
Pp Power Dissipation " 500 mw
Torr Operation Temperature Range -40 ~ 85 ¢
Tst Storage Temperature -45 ~ 125 ¢
TsoL Soldering Temperature 260 ¢

Note: If used beyond the absolute maximum ratings, LT758x may be permanently damaged. It is
strongly suggested that the device is used within the electrical characteristics. If exposed to the
condition not within the electrical characteristics, it may affect the reliability of the device. The
specification does not guarantee the accuracy of the parameters without a given upper and lower
limit value, but its typical value reasonably reflects the device performance.

3.2 Static Electrical Characteristics

Condition: VDD =3.3VI TA=25¢

Table 3-20 Electrical Characteristics

Symbol Parameter Condition Min. | Typ. | Max. | Unit
Vbb Operation Voltage 3.0 3.3 3.6 \%
Cvop Loading Capacitor 1 - 10 uF
lorr Operation Current Note 1 50 mA
IstB Standby Current Note 1 15 mA
Isusp Suspend Current Note 1 12 mA
IsLp Sleep Current Note 1 5 mA
TrmpP Power Ramp Up Time VD?OZ??\F/) Up 35 35 ms

OSC/PLL
Fosc Oscillator Clock Vop = 3.3V 3.5 12 35 MHz
Fvco VCO Output Clock Frequency 200 400 MHz
Trock Lock Time Note 2 50 us

CLKwmpLL MPLL Output Clock (MCLK) Note 1 25 133 180 MHz

CLKcpLL CPLL Output Clock (CCLK) Note 1 25 133 170 MHz

CLKppLL PPLL Output Clock (PCLK) Note 1 125 30 100 MHz
Gm The Oscillator Cell Gain. ALMC RLSS 20.59 | 16.46 | 11.80 [ mA/V

DS[2:0]=b100
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Symbol Parameter Condition Min. | Typ. | Max. [ Unit
Serial Master Interface
CLKspi SPI Input Clock 40 50 MHz
Input / Output (CMOS 3-State Output pad with Schmitt Trigger Input, Pull-Up/Down)
ViH Input High Voltage 2 3.6 \%
ViL Input Low Voltage -0.3 0.8 \%
Von Output High Vlotage 2.4 \%
VoL Output Low Voltage 0.4 \%
Rpu Pull up Resistance 50 76 120 Kq
Rep Pull down Resistance 40 63 110 Kq
Vip ?ﬁ?en;ﬁto{gngger Low to High 15 21 Vv
Vin ?ﬁ?engﬁtol'gngger High to Low 0.8 13 Vv
Vhvs Hysteresis Voltage 200 mV
ILeAk Input Leakage Current -10 +10 e A
VsLew Rise/Fall Slew Rate 15 Vins

Note 1x Testing condition: Based on 800x480 TFT panel, 8bit 8080 MCU I/F, and 16bpp. VDD= 3.3V,
TA= 25C , without extra load.
Note 2y Time needed from power-up till the internal PLL has stable clock outputs.

Table 3-30 Power Characteristics

Iltem Symbol Min Typical Max Unit
. VDD33_A 2.97 3.3 3.63 Y,
Chip Voltage
vVDD33_10 2.97 3.3 3.63 Y,
Internal OSC y/ph33 ¢ 2.97 3.3 3.63 Vv
Voltage =
LCD Controller
Core Voltage LCD_V12 1.1 1.2 1.3 \%
(LDO 0O/P)
RTC Voltage VBAT 2.7 3.3 3.6 V

Table 3-40 Thermal Characteristics

Symbol Parameter Value Unit
ReJC Junction to Case 3~8 C/IwW
ReJA Junction to Ambient 20K 25 c/w

LT758xAll_DS_EN/V1.2
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3.3 ESD Protection

Table 3-50 ESD Protection Specification

Test Item Symbol Max Unit Criteria
Human Body Model HBM 4,000 \ ANSI/ESDA/JEDEC JS-001-2017
Machine Model MM 200 \% JEDEC JESD22-A115C-2010
Charged Device Model CDM 800 \% ANSI/ESDA/JEDEC JS-002-2022
Latch Up LU 200 mA JEDEC JESD78F.01-2022, @105%

Note: While doing manual welding, it is suggested that anti-static measures should be well taken, including
appropriate temperature and humidity environment, equipment grounding, anti-static workbench, and anti-
static wrist straps for the technicians.
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4. Clock and Reset
4.1 Clock

LT758x has embedded PLL circuits which need an external oscillator to provide the clock source, as shown
in Figure 4-1. 12MHz oscillator is suggested for regular applications.

Xl
| CcL1
— L
RF
12MHz _=_ INV; ;

REXT

—e B e wru

CL2 XO

4—

Figure 4-1g Oscillator Circuit

There are three sets of PLL circuits which provide three sets of clock signals:

., CPLbProvCGd@leKCore Clock) for MCU interfaceT,exBTE En.

DMA Engine etc. When using 12MHz oscillator,
MPLbBPr ovMG@leMe mory )Clfomak i nter nal Di splay Memory. T
96 MHz .
PPLbObProvRhRG@lei xel ) CfockLCD panel scan frequency. T
36 MHz .
LT7586
PLL Block
— )| CC
CPLL » To Core Logic

—
MCLK
MPLL

v

To Display RAM

.~
PCLK
PPLL » To TFT Driver
Ne———

Figure 4-2g Three PLL Circuits
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Each PLL output frequency (Fout) can be calculated from the following formula:
Four=XI*aP 6 B@ RG

Xl represents the external oscillator / clock input signal, the recommended value is 12MHz. M is the Feedback
Divider Ratio of Loop. It includes 7hits and the value ranges from 4 to 127. N is the Input Divider Ratio, ranging
from 1 to 15. OD is the Output Divider Ratio, and can be setto 1, 2, 4, or 8.

Other than the above formula, the following conditions must be met when setting the PLL register:
a) 3. 5MHz6N) XI35MHz
b) 200 MHzou® BD O 400MHz
cc M O 4; N O 1;

Table 4-10 PLL Register - Feedback Divider Ratio o Mf

M[ 6:0] Feedback Divider Ratio o M
000_0000 NA
000_0001 NA
000_0010 NA
000_0011 NA
000_0100 4
000_0101 5
000_0110 6
111 1101 125
111 1110 126
111 1111 127

Table 4-20 PLL Register - Input Divider Ratio o Nf8

N[3:0] Input Divider Ratio o Nf8

0000 NA
0001
0010
0011
0100
0101
0110
0111 7

OO ]IWIN]|PF
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N[3:0] Input Divider Ratio o Nf8
1000 8
1001 9
1010 10
1011 11
1100 12
1101 13
1110 14
1111 15

Table 4-30 PLL Register - Ouput Divider Ratio a ODf(3

OD[1:0] Ouput Divider Ratio o OD(
00 1
01 2
10 4
11 8

In general, TFT manufacturers will advise the Pixel Clock(PCLK) for the best display effect, based on their TFT
characteristics. Therefore, users can setup the register accordingly, and then apply the above rules to setup
CCLK and MCLK.

The PLL (Fout) should be set according to the LCD panel resolution. For example, if an LCD panel resolution
is 640*480, and the recommended PCLK is 30MHz, then users may set MCLK = 60MHz, CCLK = 60MHz. The
PLL output and the register settings will be as following:

PCLK=XI*e M 6 NZ 6 OD REG[06h] [7:0] (M) = 3Ch,
= 12MHz *€ 60 6 37 & 8 REG[05h] [4:1] (N) = 0011b,
= 30MHz REG[05h] [7:6] (OD) = 11b,

MCLK =XI*e M & NZ 6 OD REG[08h] [7:0] (M) = 3Ch,
= 12MHz * € 60 6 3 6 4 REG[07h] [4:1] (N) = 0011b,
= 60MHz REG[07h] [7:6] (OD) = 10b,

CCLK =XI*g M 6 NZ 6 OD REG[0Ah] [7:0] (M) = 3Ch,
= 12MHz * € 60 6 3 6 4 REG[09h] [4:1] (N) = 0011b,
= 60MHz REG[09h] [7:6] (OD) = 10b,

LT758xAll_DS_EN/V1.2
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If an LCD panel resolution is 800*480, and the recommended PCLK is 50MHz, then users may set MCLK =
100MHz, and CCLK = 100MHz. The PLL output and the register settings will be as following:

PCLK=XlI*¢ M 6 N 6 OD
= 12MHz*€ 500 3C 6 4
= 50MHz

REG[06h] [7:0] (M) = 32h,
REG[05h] [4:1] (N) = 0011b,
REG[05h] [7:6] (OD) = 10b,

MCLK =XI*e M & NZ 6 OD REG[08h] [7:0] (M) = 64h,
= 12MHz * € 100 6 37 6 4 REG[07h] [4:1] (N) = 0011b,
= 100MHz REG[07h] [7:6] (OD) = 10b,

CCLK =XI*e M 6 NZ 6 OD REG[0AR] [7:0] (M) = 64h,
= 12MHz * € 100 6 37 6 4 REG[09h] [4:1] (N) = 0011b,

= 100MHz REG[09h] [7:6] (OD) = 10b,

Table 4-40 PLL Register Setting Example

] Resolution Resolution
PLL Register
640*480 800*480
REG[05h], PPLLC1 1100 _0110b 1000 0110b

REG[06h], PPLLC2

0011_1100b (3Ch)

0013_0010b (32h)

REG[07h], MPLLC1

1000 0110b

1000 0110b

REG[08h], MPLLC2

0011 _1100b (3Ch)

0100_0011b (64h)

REG[09h], CPLLC1 1000_0110b 1000 0110b

REG[0Ah], CPLLC2 0011_1100b (3Ch) 0100_0011b (64h)

LT758xAll_ DS EN/V1.2
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4.2 Reset
4.21 Power-on Reset

LT758x has an embedded POR (Power On Reset) circuit. POR can issue an active low signal to synchronize
the whole system through the RST# pin. When the system power (3.3V) on, the internal reset will be activated
for at least 32 OSC clocks until the internal power is stable.

4.2.2 External Rese t

External reset signal RST# allows LT758x to synchronize with the external systems. The external reset signal

must be stabilized for at least 32 OSC clocks to be asserted. The Host MCU should check the bitl (working

mode status indication bit) of the Status Register bef
Operation Stateo .

RST#

OSC CLK

j¢———— 32Clocks ———* |

Figure 4-3g Reset Signal

4.2.3 Software Reset

If the Host MCU writes 1 to the register REG[00h] bit0, LT758x will be reset by software. The software reset
wi || only reset the internal state machine of LT758x,
cleared. After the software reset is complete, the REG[00h] bit0 will be cleared to 0 automatically.

LT758xAll_DS_EN/V1.2
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5. Host Interface

LT758x is controlled by the external Host MCU. LT758x can be connected to a Host MCU through various

parallel or seral interfaces which can be setup through PSM[2:0] pins, as listed in Table 5-1.

Table 5-10 Host Interface Mode

PSM[2:0] Host Interface
00X 8/16 bits 8080 Parallel Interface Mode
01X 8/16 bits 6800 Parallel Interface Mode
100 3-Wire SPI Mode
101 4-Wire SPI Mode (Support By -Pass Mode)
110 I12C Mode (without Continuous Read)
111 I12C Mode (Support Continuous Read)

Since different MCU interfaces cannot be used at the same time, the unused interface pins can be set as
GPIO pins. Please refer to the following table:

Table 5-20 The Pin Definition of the Host Interfaces

Pin 8080 I/F 6800 I/F SPI SPI oG
Name 8-bits | 16-bits | 8-bits | 16-bits 3-Wires 4-Wires
DB[15:8] - - GPIOA[0:7] | GPIOA[0:7] | GPIOA[0:7]
DB[7] SCLK SCLK SCLK
DB[6] is SDI 12C_SDA
DB[5] DB[15:0] DB[15:0] SD SDO I2CA[5]
DB[7:0] DB[7:0]
DB[4] SCS# SCS# I2CA[4]
DB[3] i s BYP_SPI 12CA[3]
DBJ[2:0] [ [ I2CA[2:0]
CS# CS# CS# GPIB[0] GPIB[0] GPIBI0]
RD# RD# EN GPIB[1] GPIB[1] GPIB[1]
WR# WR# RW# GPIB[2] GPIB[2] GPIB[2]
A0 A0 A0 GPIB[3] GPIB[3] GPIB[3]
INT# INT# INT# INT# INT# INT#
WAIT# WAIT# WAIT# - - -

Note(1): See Section 13.2.1 for more detail.
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|
© Levetop Semiconductor Co., Ltd. Page -39-



O LT758x TFT-LCD Graphics Controller

When using Paralle Interface Mode, users may select 8bit or 16bit interface by setting the register REG[01h]
bit0. If bit0 = O, then 8bits is selected. If bit0 = 1, then 16bits is selected.

The following table shows the interfaces supported by LT758x series.

Table 5-30 Host Interfaces supported by LT758x ser ies

No. MCU Interface Mode LT7586 LT7580
LT7583
1 8bits 8080 Parallel Interface Mode \Y,
2 16bits 8080 Parallel Interface Mode \Y,
3 8bits 6800 Parallel Interface Mode \Y, -
4 16bits 6800 Parallel Interface Mode \Y, -
5 3-Wire SPI Mode \Y,
6 4-Wiere SPI Mode \Y,
7 I2C Mode \% --

Note: The accesses to all the registers are 8bits long only, except for the MRWDP register (REG[04h]). If the
registers are accessed through the 16bits paralle interface, only LSB (DB[7:0] will be valid (except for the
MRWDP register). Please refer to Chapter 17 for more detail about the MRWDP regsiter.

LT758xAll_ DS EN/V1.2
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5.1 Paralle Host Interface

The application circuit and the timing chart of 8080/6800 parallel intefaces are explained in this section.

8080 MCU L7586
D[7:0)/[8:15] " > DB[7:0]/[8:15]
N\

ADDRIN:1] " pacoder " 5

TORQ >
ADDRI0] " Ao

WR »| WR#
=5 » RD# PSM[2]
WAIT WAIT# PSM[1] :_%7
TR INT# PSM[O]
—_— »| RST#

Figure 5-1c 8080 Parallel Host Interface

If WAIT# signal is not connected, then the time between each cycle has to be longer than 5 system clocks to
avoid accessfail. | f t h e H esignal 8 active levg #hen it can be connected to RST# pin of LT758x. The
RST# pin can also be controlled by the H o s 1/@ m@in; or be connected to an RC circuit that generate a low
pluse when power on. No matter which of the above reset methods is applied, the reset signal has to last at
least 32 OSC clocks. After reset, the Host should check bitl of the Status Register to ensure that LT758x is in

ANor mal Operating Stateo.
N
A0, CS# X
Tass > E‘- Tang —>|
:‘ Teves : »
WR#, RD# : ' N\
:“7 Tecs 4’45— Tous —»
i Toss —| |
DB[7:0]/[15:8] : ; W
(Write) :
i Taccs — Tons —»
DB[7:0]/[15:8]
(Read)

Figure 5-20 Timing Chart of 8080 Parallel Host Interface
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Table 5-40 Timing Parameter for

8080 Parallel Host Interface

Rating )
Symbol Parameter : Unit Note
Min. Max.
Teves Cycle Time 50 - ns
Tces Strobe Pulse Width 20 -- ns
Tass Address Setup Time 1 -- ns
Tare Address Hold Time 1 - ns teves is one system clock
(CCLK) period:
Toss Data Setup Time 20 -- ns teves = 1/CCLK
ToHs Data Hold Time 10 -- ns
Taccs Data Output Access Time 20 ns
Tows Data Output Hold Time 20 ns
Note 1x (Tcyc8 1 Tce8( >= 3* Tcclk
Note 2x In power saving mode, Tcclk = Tosc
6800 MCU LT7586
D[7:0]/[8:15] /I > DB[7:0]/[8:15
N [7:0]/[8:15]
ADDR[N:1] ::> Feadlan »| cs#
VMA >
A0 » AQ VDD
EN » EN -T
R/W » RWi# PSMI2]
WAIT |« WAIT# PSMI[1] %7
INTR |« INT# PSM[0] }——
RES »| RSTH#

Figure 5-3c 6800 Parallel Host Interface

Teves : >
«— Taws —vl 547 Tew H i
i E :‘_ Tans

A, CS# ; i}

i *— Tose _": ;“'_ Tone —*|
DB[7:0)/[15:8] : ‘
(Write) i 1
if— Taccs —v’ —ai le— Tons

N

Figure 5-40 Timing Chart of 6 800 Parallel Host Interface

RW#

DB[7:0)/[15:8]
(Read)
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Table 5-50 Timing Parameter for 6800 Parallel Host Interface

Rating )
Symbol Parameter Unit Note
Min. Max.
Tevcs Cycle Time 50 -- ns
Tew Strobe Pulse Width 20 -- ns
Taws Address Setup Time 1 -- ns
. tcyce is one system clock
Tare Address Hold Time 1 -- ns (CCLK) period:
Tbse Data Setup Time 20 - ns teyecs = 1/CCLK
Towe Data Hold Time 10 -- ns
Tacce Data Output Access Time 0 20 ns
Tows Data Output Hold Time 0 20 ns

Host accesses LT758x registers and Display Memory through the host interface. LT758x has a Status
Register and 256 Instruction Registers (i.e. REG[00h] ~ REG[FF]). The access procedure is as following:

A Register Write

1. Address Writex Wr i t e t h e ad@resg. Fa& ¢xampl@, ©0h (i.e., REG[00h]), 01h (i.e.,
REG[01h]) etc.

2. Data Writex Write data to the designated Register
A Register Read:
1. Address Writex Write the Register® address.

2. Data Ready Read the data from the designated register.

Display Memory (Display RAM) is where the TFT screen image data is stored. Host can write data into the
Display RAM through Host interface. The procedure of accessing Display RAM is as following:

A Display KAM Write
1. Setting Active Window Registers (REG[56h]~REG[5Eh])

2. Setting Graphic Coordinate registerse REG[5Fh] ~ REG[62h]{
3. Setting Memory Data Port Register REG[04h]{

4. Perform data writes to fill the designated window. Each write to the Memory Data Port will auto
increment the internal memory address.

LT758xAll_DS_EN/V1.2
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5.2 Serial Host Interface
5.2.1 3-Wire SPI Host Interface

MCU LT7586
SCK SCLK VDD
cs scs# ]'
SDA » sD PSM[2]
PSMI[1]
INTR INT# PSMI0] ﬂ
RES »| RST#

Figure 5-50 3-Wire SPI Host Interface

Host can connect to LT758x through 3-Wire SPI interface. The SD signal is a bi-direction data pin for data
access. The access timing and procedure are as below:

Start
SCS# \ /
1T 2 3 4 5 6 7 8 9 10 1112 13 14 15 16

s T LA LLFULASLALS
Sb O HESLEEOE

Figure 5-60 Timing Chart of 3 -Wire SPI Host Interface

A 3-Wire SPI I ntgrface Protocol

Support Mode 3 only

SCSttow CMDW( A0O=0), REGx, DATRW(SOSHi ¥yh Dat alO, Datal,
., Continuous Read/Write is only available for memory
SCS#tow STSR(A0=0), Stat BLSHSyglRtus, Status €,

5

A Read Status Register:
1. Host drives SCS# (Low) and SCLK (SPI Clock)

2. Host drives AO = 01 and then RW# =1

3. LT758x will respond and send back the data of the Status Register (b7~ b0) at 9" ~ 16" Clock. The
Host will then get the data of the the Status Register.

LT758xAll_DS_EN/V1.2
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>

Write Registerds Address
1. Host drives SCS# (Low) and SCLK (SPI Clock)

2. Host drives A0 = 01 and then RW# =0
3. Host drives the Register® address (b7 ~ b0) at 9" ~ 16" Clock to LT758x.

AWwWite Data to Register or Display Memory:
1. Host drives SCS# (Low) and SCLK (SPI Clock)

2. Host drives A0 = 11 and then RW# =0

3. Host drivers the data (b7 ~ b0) at 9" ~ 16" Clock to LT758x. The data will be written to the designated
Register or display memory.

4. When writing data to the display memory, if SCS# is kept Low, then the data can be written
continuously without sending the instruction byte.

A Read RelgiDBatea:
1. Host drives SCS# (Low) and SCLK (SPI Clock)

2. Host drives AO = 11 and then RW# =1

3. LT758x will drive the data (b7 ~ b0) of the designated Register at 9" ~ 16" Clock. Then the Host will
get the content of the designated Register.

4. When reading data from the display memory, if SCS# is kept Low, then the data can be read
continuously without sending the instruction byte.

LT758xAll_ DS EN/V1.2
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e e

o (e

SCS#

SCS#

]

o) DD D
16bpp Memory Data spo . a1 B0 &1 B0 B1
B0/ \ B1 B0/ \ B1 B0,/ \ B1

SCS#

]

SCS#

-

-

X Data0y/Data0ly/Data0 0xg0 ) Datal 0X80
24bpp Memory Data sDo B2 Bo/\ B1 a2 B0/ \B1/ \ B2
SCS# \ f \ / \ f
v (DR DD DR — -
B0/ \B1/\B2/\B0/ \B1/\B2/ \B0/ \B1/\ B2

]

32bpp Memory Data

SCS# J \ f \ /
- e pEeDeeeee

BO B1 B2 B3 BO B1 B2 B3 BD B1 B2 B3
SCs# f

Figure 5-70 Data Formats of Writing to Display RAM through 3 -Wire SPI Host Interface
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5.2.2 4-Wire SPI Host Interface

The 4-Wire SPI is almost the same as 3-Wire. The difference is its input and output data lines are separated.
The interface circuit diagram and timing charts are as following:

MCU LT7586
SCK »| sCLK
cs SCS#
MOSI sDI VDD
MISO sDo
PSM[2]
PSM[1]
—_— INT#
INTR PSMI0] €7
RES RSTH#

Figure 5-8c 4-Wire SPI Host Interface

SCS# _\ /L

2 3 4 5 6 7 8 9 10 1112 13 14 15 16

s fULAFSLAFALAFSARAFSLE
>DI X HOSSOEDE

SDO ! i

Figure 5-90 Write Timing Chart of 4 -Wire SPI Host Interface

The above timing chart is the Write Cycle of 4-Wire SPI. When Host drives A0 = 0, and then RW# = 0, it means
Host writes Registerds Address. When Host drives
Register or Display RAM.

The below timing chart shows the Read Cycle of 4-Wire SPI. When Host drives A0 = 0, and then RW# =1, it
means Host wants to read the data of the Status Register. LT758x will drive the data of the Status Register
(b7 ~ bO) at 9™ ~ 16" Clock. Then Host can get the data of the Status Register. When Host drives A0 = 1, and
then RW# =1, it means Host wants to read the data of the Command Register. LT758x will drive the data (b7
~ b0) of the Command Register at 9" ~ 16™ Clock. Host can then get the data of the command Register.

Start End
SCS# _\ /_

1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16

sk 1 fIAFLALAARSLALAA AR

SDI A0 YR

SDO EXRREHEEA)

Figure 5-100 Read Timing Chart of 4 -Wire SPI Host Interface
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e

o e )

SCs#

SCs#

]

]

oxao Y Dataly(Data0 0xago YData 0X80
16bpp Memory Data spo . 80/ B1 N
= DD —

B0/ \B1/\B0/\B1/\ B0/ \ B1

5Cs#

SCS#

]

-

-

taZy/Data2yData2
o e e i — o DR
24bpp Memory Data sDO . B2 B0/\B1/\ B2 B0/ \B1,/ \ B2
SCsS# \ ﬂ f /
- —EEDE@E@EEEE -
B0/ \B1/\B2/\B0/ \B1/\B2/ \B0/ \B1/\ B2

32bpp Memory Data

Figure 5-11c Data Formats of Writing to Display RAM through 4  -Wire SPI Host Interface
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5.2.3 12C Host Interface

The 12C Host Interface is similar to 3-Wire SPI interface, yet 12C interface only needs 2 wires (SCK and SDA)
for data transfer. The following is the application circuit of I12C interface. Singals I2CA[5:0] are used to setup
LT758x06s Devi c edcbniusing aith abther I@C dewicesi In this example circuit, I2CA[5:3] are

connected to VDD, and i f al | DI P Switches are at i ONO
VDD
MCU LT7586
VDD
12CA[5]
12CA[2] 12CA[4]
12CA[1]
12CA[0] 12CA[3]
VDD
SCK SCLK T
SDA » 12C_SD PSM[2]
PSM[1]
INTR INTH PSM[0] j
RES » RST#

Figure 5-120¢ 12C Host Interface (without continuous  read mode)

1 2 3 4 5 6 7 8 9 10 1112 13 14 15 16 17 18

SCLK

12C_SD

Figure 5-13c Timing Chart of 12C Host Interface

Figure 5-13 is the timing chart of I2C Host interface. Host has to find out the Device ID of the I12C device first,
and then drives the Device ID in the first five clocks. Take Figure 5-12 as an example, the Device ID is 111000b.
The definition of AO and RWH# is similar to SPI Host interface mentioned above. When Host drives A0 = 1 and
RW# = 0, it means Host will write data (b7 ~ b0 at 10" ~ 17" Clock) to the Command Register or Display RAM.
If Host drives A0 = 1 and RW# = 1, it means Host wants to read the data of the Command Register. LT758x
will then drive the data (b7~b0) of the Command Register at 10" ~ 17" Clock. Host will then get the data of
the Command Register. If Host drives A0 = 0 and RW# = 1, it means Host wants to read the data of the Status
Register. LT758x will then drive the data (b7 ~ b0) of the Status Register at 10" ~ 17 Clock. Host will then
get the data of LT758x06s Status Register.
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I2C clock is not supposed to exceed 1/10 of external OSC frequency. The protocol is as following:

., Single Read Mode: PSM = HI2Elachasommawmn icmanFirgure eve ¢
no matter which response (ack/nack) is received.

A vwduw/ GDWU/ ~UGdwd/ dfn2qgdfnj/ GDWU/ ~UGdwd1ldfn2

>

Vwduw FPG{/ Gdwd/ FPG{/ Gdwd/ e&a/ FPG{/ Gdwd2Vwr s
A vwduw/ FPGZ/ ~uhjbqr/ dfnj/ GDWU2GDWZ2VWVU aa FPG:

A Vvwduw/ FPG{/ wuhjbgr/ GDWZ/ ZGdwd/ ZGdwd/ &aa ZGdwd

, Continuous mRSMId =Mdddb, as s-héwnWhenFnAaGKe( ACK = 1) i
Host stops reading. In other words, when ACK is recei
A Notlkf a read action is not ended, LT758x operati ol
AVvwduw/ VWVU/ ~Vwdwxv/ dfnj/ ~Vwdwxv/ dfnj/ &aa& /| -~

A Vwduw/ GDWU/ ~UGdwd/ df nj/ ~uUGdwd/ df nj/ ~UGdwd/

MCU LT7586
voD
12CA[5]
. 12CA[2] 12CA[4]
12CA[1]
12CA[0] 12CA[3]
VDD
SCK »| SCLK T
SDA »| 12C_SD PSM[2]
PSM[1]
INTR INT# PSM[0]
RES »| RST#

Figure 5-14c 12C Host Interface (Support continuous read mode)
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5.3 Data Format of the Display Color

LT758x supports 256 color, 65K color, and 16.7M color. The data for RGB colors are arranged in Display
RAM as following:

A 8bpp X RGB 3:3:2¢ 1 byte/pixell
A 16bpp x RGB 5:6:5¢ 2bytes/pixell
A 24bpp X RGB 8:8:8¢ 3bytes/pixel or 4bytes/pixell
A 32bpp x aRGB 8:8:8:8¢ 4bytes/pixel, with opacityl

The following examples are based on 8bits MCU, 16bits MCU, and display color (RGB) in different data
format.

5.3.1 Input Data without Opacity (RGB)

Table 5-60 8bits MCU £ 8bpp Modea R:G:B=3:3:2f3
Order Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0

Table 5-70 8bits MCU ¢ 8bpp Gray Shade Mode a Gray256 3
Order Bi | Bite [ Bits | Bita | Bits | Bie | Btz | sito
1 Gray Color 0

Gray Color 1

2

3 Gray Color 2
4 Gray Color 3
5

6

Gray Color 4

Gray Color 5

Table 5-8c 8hits MCU € 8bpp Index Color Mode o Index-256(3
Order Bi | Bite [ Bits | mita | Bits | Bie | itz | mito
1 Index Color 0

Index Color 1

Index Color 2

Index Color 4

2
3
4 Index Color 3
5
6

Index Color 5
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Table 5-9¢ 8hits MCU ¢ 16bpp Modea R:G:B=5:6:53
Order Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0

Order Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

Order |Bit15 |Bit14 |Bit13 |Bit12 |Bit11 |Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
1 nfa | nfa | nfla| nfa| nfa| nfa| nfa| n/a
2 nfa | nfa| nfa| nfa| nfa| nfa| nla| n/a
3 nfa | nfa| nfa| na| nfa| na| nla]| nla
4 nfa | nfa | nfla| nfa| nfa| nfa| nfa| n/a
5 nfa | nfa| nfa| nfa| nfa| nfa| nla| n/a
6 nfa | nfa| nfa| nfa| nfa| nla| nla]| nla

LT758xAll_DS_EN/V1.2
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Table 5-130 16bits MCU ¢ 24bpp Mode-la R:G:B=8:8:83
Bit3 | Bit2

1 Gl‘Gl‘Gl G1‘G1

G’ Gif Gi°
e | e | i | i | e | e | i | i

G/ Gf G G ‘ G2® ‘ G2 G2t ‘ G2°

5.3.2 Input Data with Opacity = a RGB

LT758x provides a palette of 64 colors that can be chosen from the embedded 4096 different colors with
opacity attribute. This palette can be applied on OSD (On Screen Display) function through BTE and index
color. The a value represents a contrast value.

Table 5-150 8bits MCU ¢ 8bpp Modea a:lndex=2:6 3

oder | Bit7 | Bits | Bits | Bita | Bit3 | mitz | Bita | mito
1 a.® | a:? Index Color Of Pixel 0
2 asz® | as? Index Color Of Pixel 1
3 as® | as? Index Color Of Pixel 2
4 a2 | a Index Color Of Pixel 3
5 as® | as? Index Color Of Pixel 4
6 A | an? Index Color Of Pixel 5

ada.?x 0A 100%! 1A 20/321 2A 11/321 3A0

LT758xAll_DS_EN/V1.2
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Table 5-160 8bits MCU ¢ 16bpp Modea a:R:G:B=4:4:4:4

adaadady 0A100% 1A 30/321 2A 28/321 3A 26/321
4A24/321 > b1 12A8/321 13A6/321 14A4/321 15A0.

Table 5-170 8bits MCU ¢ 32bpp Modea a:R:G:B=8:8:8:8
Order Bit7 | Bit6 | Bit5 | Bit4 [ Bit3 | Bit2 | Bitl | Bit0

Table 5-18c 16bits MCU ¢ Index Modea a:lndex=2:6 3

order [Bitz5 [Bit14 [Bit13 [Bite2 [Bita1 [Bitro | sito | site | sit7 | sits | Bits | sita | Bits | sitz | B2 | mito
1 nla | nfa| nfa| naf| na] na| nal] na]| add| a? Index color of pixel 0
2 nla | na| na| nalf|na]na|nal]nal|ad]|a:? Index color of pixel 1
3 na| na|nal|nal|nal|nal|nal|nal|a?|a? Index color of pixel 2
4 nla | nfa| na| nalf|na]na| nal]nal|as?| as? Index color of pixel 3
5 na| na| nal| nal|nal|nal|nal|nal|asd| ad Index color of pixel 4
6 na| na| na]| nnaf|na]na|nalnal|as|as Index color of pixel 5

adax 0A 0 1A11/321 2A20/321 3A 100%

Table 5-190 16bits MCU ¢ 12bpp Modea a:R:G:B=4:4:4:4 "~

Order |Bit15 |Bit14
1 ao® | Ae®
2 a® | a:?
3 az® | a2
4 as® | as?
5 ass | as
6 as® | as?

adalaltadyx 0A0 1A 2321 2A4/321 3A6/321 4A8/321 a a1 12A24/321 13A26/321 14A 28/321 15A 100%.
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Table 5-200 16bits MCU ¢ 32bpp Modea a:R:G:B=8:8:8:8 ~

G® G |G’ G2 Gt |G

Go’  Go®
[/ |ar [ae | a | as | as [ar | ac |
G/

G5 Gl\el\el Gl\el

Gy G:®
a7 |ac|ac|ac]as]az]ar|ar]

G/ G G G ‘ G23 ‘ G2 Gt ‘ G2°
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6. Display Memory

LT758x has embedded 128Mb Display RAM. The Host can store the displayed data to LT758x Display RAM
through designated instructions. LT758x will keep reading the image data stored in the Display RAM (main
layer only), and sending them to the TFT driver for display. The amount of image layers is related to the Display
RAM capacity and the picture resolution, as shown in the following table:

Table 6-10 LT758x Models vs. The amount of Image Layers

N Display RAM Resolution Color Image Layer
ode
Capacity (Max.) (Max.) (@Max Color)
800%480 16.7M 14
800*600 16.7M 11
LT7586 128Mb
1024*600 16.7M 9
1280*1024 16.7M 4
800*480 16.7M 14
800*600 16.7M 11
LT7583 128Mb
1024*600 16.7M 9
1024*768 16.7M 7
800*480 16.7M 14
800*600 16.7M 11
LT7580 128Mb
1024*600 16.7M 9
1024*768 16.7M 7

The embedded Display RAM of LT758x is a High-Speed SDRAM (Synchronous Dynamic Random Access
Memory). Before the Display RAM can be accessed, the relevant register initialization must be done. Please
refer to the initialization steps show below:

A Setup Register REG[EOh] according to the Display RAM capacity and model. The value of REG[EOh]
must be set according to the LT758x model used to avoid display anomalies and image confusion.
Please refer to Section 17.12 for more detail.

A Setup Register REG[E1h], REG[E2h], and REG[E3h] , including the CAS latency, refresh interval etc.
The typical Display RAM refresh interval is 64ms. The value of these registers must be set according
to the LT758x model used. Please refer to Section 17.12 for more detail.

A Set Register REG[E4h] bit0 to 1, and start Display RAM initialization process.

A Read Register REG[E4h] bit0, if it becomes 1, it means the initialization is done.

LT758xAll_ DS EN/V1.2
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6.1 Display RAM Data Structure

The image data stored in the Display RAM will be stored in different arrangement formats depending on the
color depths. Therefore, the Host must write the image data according to the formats, the following tables list
various RGB data arrangement formats:

6.1.1 16bpp Display Data RGB 5:6:5

Table 6-2c 16bpp Display Data a RGB 5:6:5f3

Addr  |Bitl5 |Bit14 |Bit13 |Bit12 |Bit11 |Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

0000h
0002h
0004h
0006h
0008h
000Ah

6.1.2 24bpp Display Data RGB 8:8:8

Table 6-3c 24bpp Display Data o RGB 8:8:83

Addr Bitl4 |Bit13 Bit10 | Bit9

0000h
0002h
0004h
0006h
0008h
000Ah

6.1.3 Index Display Data with Opacity ¥ a RGB 2 Index-64

Table 6-40 Index Display Data with Opacity o aRGB 2o Index-64(3

Addr Bit15 [Bit14 |Bit13 |Bit12 |Bit11 [Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
0000h | @:® | a1? Index color of pixel 1 ao® | ao? Index color of pixel 0
0002h as® | as? Index color of pixel 3 a.® | a? Index color of pixel 2
0004h | As® | as? Index color of pixel 5 as | as? Index color of pixel 4
0006h | az® | as? Index color of pixel 7 ae® | ae? Index color of pixel 6
0008h | A@¢® | @e? Index color of pixel 9 as® | as? Index color of pixel 8
000Ah | Q1:® | A11? Index color of pixel 11 Aio® | Aio? Index color of pixel 10

acay 0A O 1A 11/321 2A 20/321 3A 100%
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6.1.4 12bpp Display Data with Opacity = aRGB 4:4:4:4

Table 6-50 12bpp Display Data with Opacity o aRGB 4:4:4:4 3

Addr  |Bitl5 [Bit14 |Bit13 |Bit12 |Bit1l [Bit10 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

0000h | @¢® | @2 | @ot | ac®
0002h | @2 | a:2 | a:dt | a:®
0004h | @z | a2 | axt | a°
0006h | @z® | a2 | ast | as°
0008h | @ | a2 | a.t | a0
000Ah | as® | as? | ast | as°
adala’tady 0AO0 1A 2321 2A4/321 3A6/321 4A8/321 a a1 12A 24/321 13A26/321 14A 28/321 15A 100%.

6.1.5 32bpp Display Data with Opacity = a RGB 8:8:8:8

Table 6-60 32bpp Display Data with Opacity o aRGB 8:8:8:8 3

Addr Bitl5 | Bitl4 |Bit13 |Bitl2 |Bit11 | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

0000h
0002h
0004h
0006h
0008h
000Ah

6.2 Color Palette RAM
Table 6-70 Color Palette RAM a Index-4096[3
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7. LCD Interface

LT758x supports 16bits and 24bits RGB interface panels. No matter the color depth is 24bpp (RGB 8:8:8) or
16bpp (RGB 5:6:5), the display data can be sent to the TFT Driver on the TFT panel through these RGB
interfaces. The LT758x LCD Display data that correspond to the RGB data are shown in the below Table 7-1.
The Host can setup REG[01h] bit[4:3] to select 16bits or 24bits. Please refer to Table 7-2 for the RGB data
supported by different models of LT758x.

Table 7-1c LT758x LCD Interface VS. RGB Display Data

TFT-LCD RGB Interface

LCD Data Bus . .
REG[01h] bit[4:3] = 10b REGJ[01h] bit[4:3] = 00b

€ 16bhits ¢ € 24bits {

PDIO]
PD[1]
PD[2]
PD[3]
PD[4]
PDI5]
PDI6]
PD[7]
PD[8]
PDI[9]
PD[10]
PD[11]
PD[12]
PD[13]
PD[14]
PD[15]
PD[16]
PD[17]
PD[18]
PD[19]
PD[20]
PD[21]
PD[22]
PD[23]

LT758xAll_DS_EN/V1.2
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Table 7-20 RGB Data Types Supported by LT758x

LCD RGB Data .
Model Resolution Colors
Data Bus Types
PD[23~0] R:G:B = 8:8:8 16.7M
LT7586 PD[23~ 19], 1280*1024
PD[15~10], R:G:B=5:6:5 65K
PD[7~3]
PD[23~0] R:G:B =8:8:8 16.7M
LT7583 PD[23~ 19], 1024* 768
PD[15~10], R:G:B =5:6:5 65K
PD[7~3]
PD[23~0] R:G:B =8:8:8 16.7M
LT7580 PD[23~ 19], 1024*768
PD[15~10], R:G:B=5:6:5 65K
PD[7~3]

Figure 7-1 is the timing chart of the output signals from LT758x to the TFT-LCD. In addition to the RGB data
lines mentioned above, LT758x also provides PCLK (Panel Scan Clock), VSYNC Pulse, HSYNC Pulse, and
Data Enable signals. The PCLK frequency is setup by REG[05h] and REG[06h]. Please refer to Section 4.1
and Chapter 17 for more information.

PD (Line#tn}——— ------ {Line #1X __:: XLine #ny——— ------
PDE ————————— : ’_I_r ------ B
- T 1
HSYNC
e HPW —~ HND - HDW e HST —»
e T UUUTUUUIUUUL  JUyviuduyduyyy
PDE | |
PD ( Line #1 RGB Data )

Figure 7-10 TFT-LCD RGB Interface Timing
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8. Display Function
8.1 Color Bar

LT758x provides a color bar display function, which can be used as a display test and does not require display
memory. The function can be performed by setting REG[12h] hit5 to 1.

Row number

#1~#32 Color set to R(00h), G(00h), B(00h)
#33 ~ #064 Color set to R(00h), G(00h), B(FFh)
#65 ~ #96 Color set to R(00h), G(FFh), B(0Oh)

#97 ~ #128 Color set to R(00h), G(FFh), B(FFh)
#129 ~ #160 Color set to R(FFh), G(00h), B(00h)
#161 ~ #192 Color set to R(FFh), G(00h), B(FFh)
#193 ~ #224 Color set to R(FFh), G(FFh), B(0Oh)
#225 ~ #256 Color set to R(FFh), G(FFh), B(FFh)

(Repeat above eight Color)
Last Row

Figure 8-1c Horizontal Color Bar

When REG[12h] bit4 (VDIR) = 0, the horizontal color bar will be displayed, as shown in Figure 8-1.
When REG[12h] bit4 (VDIR) = 1, the vertical color bar will be displayed, as shown in Figure 8-2.

Figure 8-20 Vertical Color Bar
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8.2 Main Window

The LCD main window size can be defined by setting Registers REG[14h] ~ REG[1Fh]. Users can store images
to the memory buffers first. By settingthe related Registers (REG[20h] ~ REG[29h]), users can then display
the images they want.

8.2.1 Configure Display Image Buffer

Display RAM is used to store images, and how many images can be sotred is determined by the image
resolution and the color depth. For example, if the image resolution is 800*480 with 65K color (16bits), then
21 images can be sotred in 128Mbits Display RAM:

Number of Images =¢ 128*1024*1024 { /¢ 800*480*16 ¢ = 21.8

If the image resolution is 1024*600 with 16.7M color (24bits), then 9 images can be stored in 128Mbits Display
RAM:

Number of Images =& 128%1024*1024 /e 1024*600* 247 = 9.1

Before writing the image data to the Display RAM, the starting position and the width of the Canvas window
and the Active window range must be set. Please refer to the description of the register REG[50h] ~ REG[5Eh]
in Chapter 17.

CVS_IMWTH

A
v

CVSSA

(AWUL_X, AWUL_Y)

T

AW_TH

J Active Window

+—— AWWIH ———»

Canvas Window

Figure 8-3g Canvas Window and Active Window
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8.2.2 Write Image Data to Display RAM

Figure 8-4 shows the procedure of writing image data to the Display RAM and displaying the main window
image onto the LCD screen.

. ™
Setup Canvas Start Address (CVSSA)
REG[50h~53h]
N J
l ~ ~
- - Setup MainImage Start Address
Setup Canvas Image Width L (MISA) REG[20h~23h] )
(CVS_IMWTH) REG[54h~55h] l
v
s ™
Setup Main Image Width
r Setup Active Window: R .
Upper-Left Corner X/Y-Coordinates, \ (MIW) REG[24h~25h] )
Width , Height, Color Depth
\_ REG[56h ~5Eh] y, .
l @.‘etup Main Window Upper-Left Corner
P ~ X-Coordinates
Setup Memaory Port Read/\Write L (MWULX) REG[26h~27h]
Destination REG[03h] bit[1:0] l
N - -~
» Setup Main Window Upper-Left corner
4 Y-Coordinates
(MWULY) REG[28h~29h]
Check Busy? l
s ™
Setup MainImage Color Depth
REG[10h] Bit[3:2]

Data Write to REG[04h] p J

)

d According to the TFT Panel, Setup
Related Control Register

Image Data L REG[12h~1Fh]
rite Complete? l
Yes Ve Y

Setup Display-On

< End > REG[12h] bit[6]
. oy

Figure 8-4g Write Image Data to Display RAM
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8.2.3 Setup and Select the Main Window Image

Image data stored in the assigned Main Window area of the SDRAM will be displayed onto the TFT panel
directly. The Main Window area can be assigned by setting the Registers REG[20h] ~ REG[29h]. Figure 8-5
shows the flow for setting up the main window.

P
Setup Main Image Start Address

(MISA) REG[20h~23h]

|

Setup Main Image Width P V| Y,V —
(MIW) REG[24h~25h]

MISA
) (MWULX, MWULY)

l MISA
- —— (MWULX, MWULY)
Setup Main Window Upper-Left
Corner X-Coordinates

(MWULX) REG[26h~27h]

|

( Setup Main Window Upper-Left MISA
CornerY-Coordinates (MWULX, MWULY)

(MWULY) REG[28h~29h]

l

Setup Main Image Color Depth
REG[10h] Bit[3:2]

/

-

g, SDRAM
(Display RAM)

Figure 8-5g Setup and Select the Main Window Image
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8.3 Picture -In-Picture (PIP)

LT758x supports 2 sets of Picture-in-Picture feature (PIP-1 & PIP-2). Users can display sub-image on the main
window without overwriting the image data of the main window. If PIP-1 and PIP-2 are overlapping, then the
PIP-1 image is always on the top of the PIP-2 image.

Note o The display priority is Graphic Cursor > Text Cursor > PIP1 > PIP2 > Main

The size and location of the PIP window are set by the Register REG[2Ah] ~ REG[3Bh] and REG[11h].The
parameters of PIP-1 and PIP-2 are using the same registers, whereas REG[10h] bit4 is used to decide whether
the parameters are for PIP-1 or PIP-2. Before using the PIP function, the relevant parameters must be set.
The unit of PIP windows sizes and start positions is 4 pixels in horizontal, and 1 pixel in vertical.

LT758x supports two PIP windows in the Main window. In the PIP window, overlapping of transparent display
is aslo supported. Users may apply ROP functions in the PIP window to implement such effect.

8.3.1  PIP Window Setting

To apply the PIP feature, the Host has to setup the PIP Image Start Address, Image Width, Display X/Y
coordinates, Image X/Y coordinates, PIP Window Color Depth, PIP Window Width, and PIP Window Height.
Figure 8-6 shows the flow for setting and displaying the PIP window:

-
Select Configure PIP Parameters
REG[10h]bit4
A 4
s s
Setup PIP Image Start Address Setup PIP Window Height

(PISA) REG[2Eh~31h] (PWH) REG[3Ah~3Bh]

- A4 - A4
. Setup PIP Window Display Upper-Left
S Rl e e Corner X/Y-Coordinates
(PIW)REG[32h~33h]

(PWDULX, PWDULY)REG[2Ah~2Dh] )

A4 Y

' - Ve
Setup PIP Window Image Upper-Left .
G = C e s Setup PIP Wlndow.ColorDepth
(PWIULX, PWIULY) REG(34h~37h] FESLT SR )
v v

(PWW) REG[38h~39h] REG[10h] Bit[7:6]

l

Setup PIP Window Width Setup PIP1/PIP2 Window Enable

Figure 8-6g Setup PIP Window
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< MIW >

MISA

(MWULX, MWULY)

(HDWR)

PWDULX, PWDULY; g i
( s ety - Main Window

1
U 1
! 1
(VDHR) 1 :
: 1
1
i :
0 i e o W
&
S (PWIULX, PWIULY)
é
LCD Display Window
PIP Window

SDRAM
(Display RAM)

Figure 8-7g PIP Example
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8.3.2 PIP Display Position and PIP Image Position

As described in the previous section, the final position of the PIP window on the LCD screen can be changed
by setting PWDULX and PWDULY. In addition, setting PISA, PIW, PWIULX, and PWIULY can switch the PIP
images that users want to display. These actions do not change any image data that existes in the Display
RAM, but can easily switch the picture to be displayed. The following example shows a Main window with a
PIP window in it. Users can display different PIP images by setting the PIP image Position Register (PWIULX
and PWIULLY).

< MIW »

MISA

(MWULX, MWULY)

(HDWR)

(PWDULX, PWDULY)

Main
Window

(PWIULX, PWIULY) = (X1, Y1)

A

(PWIULX, PWIULY) = (X2, Y2)

~> B

PIP

(PwiUL PwiULy)  Window
(X1, Y1) X2, Y2) (43, Y3)
g B C (PWIULX, PWIULY) = (X3, Y3)
SDRAM
(Display RAM)

LCD Display Window

Figure 8-8g Select different PIP image to be displayed
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8.4 Image Rotate and Mirror

Usuually LCD displays are refreshed horizontally (from left to right and then from top to bottom), and the
displayed image data are stored the same way in the Display RAM. However, by setting related registers, the
memory storing direction of the image data written by the Host can be changed, and therefore the written
image can be displayed in a Rotate or Mirror manner.

REG[02h] bit[2:1] are used to control the Memory storing direction. These two bits are effective only for
Graphic Mode.

00bx Left A Right,then Top A Bottom ¢ Original

0lbx Right A Left,then Top A Bottom & Horizontal flip ¢

10bx Top A Bottom, then Left A Righte Rotate 90 to the right & Horizontal flip
11bx Bottom A Top, then Left A Righte Rotate 90 to the left

Followings are some examples for Image Rotate and Mirror:

LT7586

Figure 8-9¢ Original Image a REG[02h] bit[2:1]=00b 3

1. When VDIR (REG[12h] bit3) = 0

When REG[02h] bit[2:1] = 00b, the written image data will be stored from left to right and then from top to
bottom. The image will be displayed as shown in Firgure 8-9.

When REG[02h] bit[2:1] = 01b, the written image data will be stored from right to left and then from top to
bottom. The image will be displayed as a horizontal mirror image, as shown in Figure 8-10.

98¢2\Tl

Figure 8-10g Horizontal Mirror Image o REG[02h] bit[2:1]=01b
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When REG[02h] bit[2:1] = 10b, the written image data will be stored from top to bottom and then from left to
right. The image will be displayed as shown in Figure 8-11.

Figure 8-11¢ Rotated 90 ° to the right and Flipped horizontally o REG[02h] bit[2:1]=10b 3

When REG[02h] bit[2:1] = 11b, the written image data will be stored from bottom to top and then from left to
right. The image will be displayed as shown in Figure 8-12.

Figure 8-12¢ Rotate 90 ° to the left @ REG[02h] bit[2:1]=1 1b
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2. When VDIR (REG[12h] bit3) = 1

98S/.11
Figure 8-14¢ Displayed Image o REG[02h] bit[2:1]=01b 3

Figure 8-15¢ Displayed Image a REG[02h] bit[2:1]=10b (
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Figure 8-16¢ Displayed Image a REG[02h] bit[2:1]=1 1b
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9. Geometric Drawing Engine
9.1 Drawing Circle and Ellipse

LT758x supports the function of drawing Circles and Ellipses. As long as the Host sets the Circle or the Ellipse
Center (REG[7Bh ~ 7Eh]), Radius (REG[77h ~ 7Ah]), and Color (REG[D2h ~ D4h]), then set REG[76h] bit[5:4]
= 00b, and finally enables the Drawing Circle function by setting REG[76h] bit7 = 1, then LT758x will draw the
specified Circle or Ellipse on the TFT panel automatically.

Host can also set REG[76h] hit6 to 1 to fill the Circle or Ellipse. There is no need for the Host to write image

data for the fill operation. An Ellipse has two radius ( R1 and R2). To draw a circle, simply set the long radius
and short radius to the same value (R1 = R2).

R2 | ™ ’ R2!
(DEHR, DEVR) / \ (DEHR, DEVR)
Figure 9-1g Drawing Circle and Ellipse

Figure 9-2 shows the flow of drawing a circle/ellipse. The left one is to draw a circle/ellipse withoutfill, and the
right one is to draw a circle/ellipse with fill. Note that the center point of th circle must be located within the

Active Window.

Setup Circle/Ellipse Center
X/Y-Coordinates
(DEHR, DEVR) REG[/Bh~7Eh]

|

Setup Circle/Ellipse Center
X/Y-Coordinates
(DEHR, DEVR) REG[/Bh~7Eh]

Setup Radius
(ELLA ~ ELLB) REG[77h~7Ah]

)

l

Setup Radius
(ELLA - ELLB) REG[77h~7Ah]

Setup Color
REG[D2h~D4h]

}

A

Setup Color
REG[D2h~D4h]

Select Draw Circle / Ellipse
REG[76h] bit[5:4]

A

v

Select Draw Circle / Ellipse
REG[76h] bit[5:4]

Select Non Fill
REG[76h] bit6=0

A 4

l

Select with Fill
REG[76h] bit6=1

Start Drawing
REG[76h] bit7=1

}

Start Drawing
REG[76h] bit7=1

Figure 9-2g Flowchart of Draiwng Circle and Ellipse
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9.2 Drawing Curve

LT758x supports the function of drawing Curves. As long as the Host sets the Curve Center (REG[7Bh ~
7Eh], Radius (REG[77h ~ 7Ah]), and Color (REG[D2 ~ D4h]), then set REG[76h] bit[5:4] = 01b, and finally
enables the Drawing Curve function by setting REG[76h] bit7 = 1, then LT758x will draw the specified Curve
on the TFT panel automatically. The fill operation is also supported.

(DEHR, DEVR) R1 (DEHR, DEVR) R1

Figure 9-30c Drawing Curve and one -fourth Ellipse

Figure 9-4 shows the flow of drawing a curve/one-fourth ellipse. The left one is to draw a curve/one-fourth
ellipse withoutfill, and the right one is to draw a curve/one-fourth ellipse with fill. Note that the center point of
the Curve must be located within the Active Window.

Setup the Center Point
X/Y-Coordinates
(DEHR, DEVR) REG[7Bh~7Eh]

}

Setup the Center Point
X/Y-Coordinates
(DEHR, DEVR) REG[7Bh~7Eh]

Setup the Radius
(ELLA - ELLB) REG[77h~7Ah]

}

b4

Setup the Radius
(ELLA - ELLB) REG[77h~7Ah]

Setup the Color
REG[D2h~D4h]

h 4

I

Setup the Color
REG[D2h~D4h]

Select Draw a Arc
REG[76h] bit[5:4]=01b

I

b4

Select Draw a Arc
REG[76h] bit[5:4]1=01b

Select which part of the Curve
REG[76h] bit[1:0]

h 4

}

Selectwhich part of the Curve
REG[76h] bit[1:0]

Select non Fill
REG[76h] bit6=0

l

A4

Select with Fill
REG[76h] bite=1

Start Drawing
REG[76h] bit7=1

h 4

Start Drawing
REG[76h] bit7=1

Figure 9-4c Flowchart of Drawing Curve and one -fourth Ellipse
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9.3 Drawing Rectangle

To draw a rectangle, the Host has to set the Start coordinate (REG[68h ~ 6Bh]), End coordinate (REG[6Ch ~
6Fh]), and the color of the rectangle (REG[D2h ~ D4h)), then set REG[76h] bit[5:4] = 10b, and finally enables
the drawing function by setting REG[76h] bit7 =1, then LT758x will draw the specified rectangle on the TFT

panel automatically. Host can also set REG[76h] bit6 to 1 to fill the rectangle with a specified color.

Start Point

(DLHSR, DLVSR)

(DLHER - DLVER)

End Point

Figure 9-5¢ Drawing Rectangle

Figure 9-6 shows the flow of drawing a rectangle. The left one is to draw a rectangle without fill, and the right
one is to draw a rectangle with fill. Note that the Start and End points must be located within the Active Window.

Setup the Start Point X/Y- h Setup the Start Point X/Y- h
Coordinates of Rectangle Coordinates of Rectangle
(DLHSR, DLVSR) REG[68h~6Bh] (DLHSR, DLVSR) REG[68h~6Bh]

A Y
Setup the End Point X/Y- ) Setup the End Point X/Y- )
Coordinates of Rectangle Coordinates of Rectangle
(DLHER - DLVER) REG[6Ch~6Fh] (DLHER - DLVER) REG[6Ch~6Fh]
A A
" ™ e R
Setup Color Setup Color
REG[DZh~D4h] REG[DZ2h~D4h]
AN ./ AN oy
A4 A 4
s B s ™
Select Draw Rectangle Select Draw Rectangle
REG[76h] bit[5:4]=10b REG[76h] bit[5:4]=10b
Y Y
g I g ™\
Select non Fill Select with Fill
REG[/6h] bit6=0 REG[/6h] bit6=1
" / A /
Y A4
. ™ e ™
Starting Drawing Starting Drawing
REG[76h] bit7=1 REG[76h] bit7=1
~ J A /

Figure 9-6g Flowchart of Drawing a Rectangle
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9.4 Drawing Line

To draw a Line, the Host has to set the Start coordinate (REG[68h ~ 6Bh]), End coordinate (REG[6Ch~ 6Fh]),
and the color of the line (REG[D2h ~ D4h]), then set REG[67h] bit[4:1] = 0000b, and finally enables the drawing
function by setting REG[67h] bit7 = 1, then LT758x will draw a Line on the TFT panle automatically.

Figure 9-7 shows the flow of drawing a line. Note that the Start and End points must be located within the
Active Window.

Setup Start Point
X/Y-Coordinates
(DLHSR, DLVSR) REG[68h~6Bh]

Y
Setup End Point
X/Y-Coordinates

(DLHER. - DLVER) REG[6Ch~6Fh]

v

Setup Color
REG[D2h~D4h]

A 4

Select Draw a Line
REG[67h] bit[4:1]=0000b

A 4

Start Drawing a Line
REG[67h]bit7=1

Figure 9-7g Flowchart of Drawing a Line
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9.5 Drawing Triangle

To draw a triangle, the Host has to set the 15t Point coordinate (REG[68h ~ 6Bh]) of the triangle, the 2" Point
coordinate (REG[6Ch ~ 6Fh]), the 3" Point coordinate (REG[70h ~ 73h]), and the color of the triangle
(REG[D2h ~ D4h]), then set REG[67h] bit[4:1] = 0001b, and finally enables the drawing function by setting
REG[67h] bit7 =1, then LT758x will draw the specified triangle on the TFT panel automatically. Host can also
set REG[67h] bit5 = 1 to fill the triangle with a specified color.

Point 2

Point 1 ¢ e Point3
(DLHSR, DLVSR) (DTPH - DTPV)

Figure 9-8c Drawing Triangle

Figure 9-9 shows the flow of drawing a triangle. The left one is to draw a triangle without fill, and the right
one is to draw a triangle with fill. Note that Point 1, Point 2, and Point 3 must be located within the Active
Window.

e N ™
Setup Point-1 X/Y-Coordinates of Setup Point-1 X/¥-Coordinates of
Triangle Triangle

(DLHSR, DLVSR) REG[68h~6Bh] | |  (DLHSR.DLVSR) REG[68h~GBh]

I I

e N ™
Setup Point-2 X/Y-Coordinates of Setup Point-2 X/¥-Coordinates of
Triangle Triangle

(DLHER ~ DLVER) REG[6Ch~6Fh] | |  (DLHER - DLVER) REG[6Ch~6Fh]

! !

' ™y . ™y
Setup Point-3 X/Y-Coordinates of Setup Point-3 X/¥-Coordinates of
Triangle Triangle

(DTPH - DTPV) REG[70h~73h] | {  (DTPH -~ DTPV) REG[70h~73h]

I I

'a I . ™
Setup Color Setup Color
REG[D2h~D4h] REG[D2h~D4h]
vy A
¥ v
s ™ s ™
Select Draw a Triangle Select Draw a Triangle
REG[76h] bit[4:1]=0001b REG[76h] bit[4:1]=0001b
,f -

g l ™ g l ™
Select non Fill Select with Fill
REG[67h] bit5=0 REG[67h] bit5=1
! -

f : .- i ,\
Start Drawing a Triangle Start Drawing a Triangle
REG[67h] bit7=1 REG[67h] bit7=1
! -

Figure 9-90 Flowchart of Drawing a Triangle

LT758xAll_ DS EN/V1.2
|
© Levetop Semiconductor Co., Ltd. Page -76-



O LT758x TFT-LCD Graphics Controller

9.6 Drawing Rounded -Rectangle

To draw a rounded-rectangle, the Host has to set the Start coordinate (REG[68h ~ 6Bh]), End coordinate
(REG[6Ch ~ 6Fh]), the rounded Radius (REG[77h ~ 7Ah]), and the color (REG[D2h ~ D4h]), then set REG[76h]
bit[5:4] = 11b, and finally enables the drawing function by setting REG[76h] bit7 = 1, then LT758x will draw a
rounded rectangle on the TFT panel automatically. Host can also set REG[76h] bit6 = 1 to fill the rounded-
rectangle with a specified color. As shown in Figure 9-10, R1 is the long axis radius, and R2 is the short axis
radius.

Start Point o

(DLHSR, DLVSR)

(DLHER ~ DLVER

)
End Point
Figure 9-10c Drawing Rounded -Rectangle

Notel: DLHER-DLHSR must be larger than 2*R1 + 1
Note2: DLVER-DLVSR must be larger than 2*R2 + 1

Figure 9-11 shows the flow of drawing a rounded rectangle. The left flowchart is to draw a rounded-rectangle
without fill, and the right flowchart is with fill. Note that the Start and End points must be located within the
Active Window.

g Setup the Start Point B g Setup the Start Point B
X/¥-Coordinates X/¥-Coordinates
| (DLHSR, DLVSR) REG[68h~6Bh] | (DLHSR, DLVSR) REG[68h~6Bh]
g ™ g ™
g Setup the End Point g Setup the End Point
¥/¥Y-Coordinates ¥/Y-Coordinates
(DLHER - DLVER) REG[6Ch~6Fh] (DLHER - DLVER) REG[6Ch~6Fh]
g ™ g ™y
Setup the Radius Setup the Radius
(ELLA - ELLB) REG[77h~7Ah] (ELLA - ELLB) REG[77h~7Ah]

i ™ i ™
Setup Color Setup Color
REG[D2h~D4h] REG[D2h~D4h]

\ ! \ !

' '

Select Draw Rounded-Rectangle Select Draw Rounded-Rectangle
REG[76h] bit[5:4]=11b REG[76h] bit[5:4]=11b
- l - l
~ ™ ~ ™
Select non Fill Select non Fill

REG[76h] bits=0 REG[76h] bits=1

\ I \ I

' ™ ' ™

Start Drawing a Rounded-Rectangle Start Drawing a Rounded-Rectangle

REG[67h] bit7=1 REG[67h] bit7=1

hN hN

Figure 9-11¢ Flowchart of Drawing a Reounded -Rectanble
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10.BitBlock Transfer Engine (BTE)

LT758x has an embedded high performance hardware engine i BitBlock Transfer Engine (BTE), which is
designed to accelerate data loading, transferring, and additional logic processing. BTE supports basic data
processing operations as listed in Table 10-1, and additional Raster operations as listed in Table 10-2. Using
BTE can speed up the data processing without involving the Host, and therefore the Host workload can be
reduced.

If a data block needs to be loaded, moved, and processed at the same time, users can get it done by BTE.
Users can combine BTE operations and ROP functions to implement various data processing functions. Once
the BTE is properly set and started, it will keep active(busy) until the task is done. There are two ways to get
BTE working status. One is to check BTE_CTRLO (REG[90h] bit4) or the Status Register (STSR) bit3. The
other is to monitor hardware interrupt: connecting INT# pin to the Host, once an interrupt is detected, check
REGI[0Ch] bit2 to find out if BTE operation is complete.

Table 10-1c BTE Operation

Operation Code o
REG[91h] Bits [3:0] pEeEpen

0000b MCU Write with ROP.
0001b Not used
0010b Memory Copy € move { with ROP.
0011b Not used
0100b MCU Write with  Chroma Keying € w/o ROP
0101b Memory Copy € move { with Chroma Keying e w/o ROP (
0110b Pattern Fill with ROP
0111b Pattern Fill with Chroma Keying € w/o ROP (
1000b MCU Write with Color Expansion & w/o ROP (
1001b MCU Write with Color Expansion and  Chroma Keying € w/o ROP (
1010b Memory Copy with  Opacity € w/o ROP ¢
1011b MCU Write with  Opacity € w/o ROP C
1100b Solid Fille w/o ROP
1101b Not used
1110b Memory Copy with Color Expansion & w/o ROP ¢
1111b l;/lgr;;ry Copy with Color Expansion and ~ Chroma Keying € w/o
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Table 10-20 ROP Function

ROP Bits
REG[O1h] bi7:4] Boolean Function Operation
0000b O¢ Blackness(
0001b ~S0C ~S1 or ~ € SO+S1C
0010b ~S0C S1
0011b ~S0
0100b S0C ~S1
0101b ~S1
0110b S0nS1
0111b ~S0+~Slor~ € SOC S1C
1000b SOC S1
1001b ~g SO0"S1¢
1010b S1
1011b ~S0+S1
1100b SO
1101b S0+~S1
1110b S0+S1
1111b 1le Whiteness

Noteo
1. For ROP function,
S0o data from Source 0 € Slo data from Source 1 € Do Data for the Destination

2. For pattern fill functionsi the source data indicates the pattern data

Examples o
If ROP =Ch, D =S0
IfROP =Eh,D=S0+S1
IfROP=2h,D= ~S0 S1
If ROP =Ah, D =S1

Table 10-3c Color Expansion Function

Start Bit Position for Color Expansion
ROP Bits BitBLT Operation Code =
REG[91h] bit[7:4] 1000/1001/1110/1111
16bits MCU Interface | 8bits MCU Interface
0000b Bit0 Bit0
0001b Bitl Bitl
0010b Bit2 Bit2
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Start Bit Position for Color Expansion
ROP Bits BitBLT Operation Code =
REG[91h] bit[7:4] 1000/1001/1110/1111
16bits MCU Interface | 8bits MCU Interface
0011b Bit3 Bit3
0100b Bit4 Bit4
0101b Bit5 Bit5
0110b Bit6 Bit6
0111b Bit7 Bit7
1000b Bit8 Invalid
1001b Bit9 Invalid
1010b Bit10 Invalid
1011b Bit11l Invalid
1100b Bit12 Invalid
1101b Bit13 Invalid
1110b Bit14 Invalid
1111b Bit15 Invalid

10.1 BTE Settings
S0, S1, and D can be set as any memory addresses. In adition, before processing the ROP operation, the
start position (X, Y coordinates) must be designated.

A SO Address Register: REG[93h], REG[94h], REG[95h], REG[96h], REG[97h], REG[98h], REG[99h],
REG[9Ah], REG[9Bh], REG[9Ch]

A S1 Address Register: REG[9Dh], REG[9Eh], REG[9Fh], REG[AOh], REG[A1h], REG[A2h], REG[A3h],
REG[A4h], REG[A5h], REG[A6h]

A D Address Register: REG[A7h], REG[A8h], REG[ASh], REG[AAh], REG[ABh], REG[ACh], REG[ADh],
REG[AEh], REG[AFh], REG[BOh]
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10.2 Color Palette RAM

LT758x has an embedded Color Palette RAM for 8-bits Alpha Blending function. Real colors can be retrieved by
searching Color Palette RAM. As shown in Figure 10-1, Color Palette RAM is organized by 64*12bits. Since MCU
writes 8bits data at a time, when it writes every even byte, only the lower 4bits will be stored to the RAM. When using
Color Palette RAM, the Register REG[03h] bit[1:0] has to be set to 11b. Color Palette RAM must be written by 128
Bytes (8-bits per Byte) sequence at a time, and it is not readable . Figure 10-2 shows the initialization flow.

R G B
4bits 4bits 4bits

Figur e 10-10 Color Palette RAM

Setup Color Depth of Canvas &
Active Window

REG[5Eh]

l

Setup Memory Read/Write
Direction

REG[02h]

}

Select Color Palette RAM Mode
REG[03h] bit[1:0] = 11b

!

[ Write Destination

REG[04h]

>
»
b

Yes
FIFO Full?

Write Color Palette Data
(Data Write to REG[04h])

——

Figure 10-20 Flowchart of Color Palette RAM Initialization
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10.3 BTE Memory Access Method

BTE accesses the data of Source and Destination by Block Method. Figure 10-3 shows how users should
define SO/S1/D, and shows the directions of Memory Access:

S0 Start Address — |

SOX/S0Y ] LN,
1

S1 Start Address —p|”

BitBLT S1X/SLY ~ | J— |

t1t

DT Start Address —p

DTX/DTY —| L+ it |BTEHIG

BTE Process Direction

Figure 10-3c BTE Memory Access Example

10.4 BTE Chroma Key (Transparen t Color) Function

If the Chroma Key function is enabled, BTE will take the Background Color (defined in the Background Color
Register) as the the Chroma Key (Transparent Color), and compare the Chroma Key Data against the SO data
one by one. If the compared result is equal, then BTE will not overwrite the Destination, otherwise write the SO
Data to the Destination.

A Source Color Depth = 256
Compare SO Red color vs. REG[D5h] bit[7:5]

Compare SO Green color vs. REG[D6h] bit [7:5]
Compare SO Blue color vs. REG[D7h] hit[7:6]

>

Source Color Depth = 65K
Compare SO Red color vs. REG[D5h] bit[7:3]

Compare SO Green color vs. REG[D6h] bit[7:2]
Compare SO Blue color vs. REG[D7h] bit[7:3]

>

Source Color Depth = 16.7M
Compare SO0 Red color vs. REG[D5h] bit[7:0]

Compare SO0 Green color vs. REG[D6h] bit[7:0]
Compare SO Blue color vs. REG[D7h] bit[7:0]
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10.5 BTE Operation Detail
10.5.1 MCU Write with ROP

This BTE operation is selected by setting REG[91h] bits[3:0] = 0000b. The operation is to transfer Source 0
data (from MCU write) to the Destination, and supports all 16 ROP functions. Figure 10-4 shows an example
of the operation result while the ROP register (REG[91h] bits[7:4]) is set to 1100b.

McCuU LT758x

|~ Source 1

E\'_?"'I |:> BitBLT _ Destination

Source 0

Figure 10-4c Example of MCU Write with ROP

The suggested programming steps and register settings are listed below for reference.

g g l o
Setup S1 Start Address Setup BTE Window Width Yes
(S1_STR) REG[9Dh-AOh] (BTE_WTH) REG[B1h-B2h]

l l No

- e ™
Setup S1 Image Width Setup BTE Window Height .
Data Write to REG[04h
(S1_WTH) REG[ATh-A2h] (BTE_HIG) REG[R3h-B4h] ataWriteto REG[04h]
' . ' Y No
Setup S1 Window Upper-Left Corner Setup SO, S1, DT Color Depth Data Write Completée?

X/Y-Coordinates
(S1.X, S1_Y) REG[A3h-A6h]

| !

REG[92] BTE_ WTH * BRE_HIG

Setup Destination Start Address Setup BTE ROP Function
(DT_STR) REG[A7h-AAh] REG[91h] End
g l g l o
Setup DestinationImage Width Setup BTE Enable
(DT_WTH) REG[ABh-ACh] REG[90h]
{Setup Destination }'\«'indow Upper-Left t l
Corner X/Y-Coordinates set Data Write
(DT_X, DT_) REG[ADh-BOh] REGIO4h]

Figure 10-50 Flowchart of MCU Write with ROP
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10.5.2 Memory Copy (move) with ROP

This BTE operation is selected by setting REG[91h] bits[3:0] = 0010b. The operation performs Memory Copy
from SO (from Memory) to the Destination. Below diagram is an example of the operation result while the ROP
register (REG[91h] bit[7:4]) is set to 1100b.

LT758x

|- Source 0

|- Source 1

— Destination

=
= | 1
>

Figure 10-60 Example of Memory Copy with ROP

There are two ways to get BTE status. Figure 10-7 shows one way to get the status by checking the Status
Register STSR bit3, and Figure 10-8 shows another way by checking the hardware interrupt.

( Setup SO Image Information. N
(Start Address/Width/Upper-Left
Corner XY Coordinate) - v ~
REG[93h-9Ch] Setup BTE Window Height
(BTE_HIG) REG[B3h-B4h]
v
( Setup S1 Image Information.
(Start Address/Width/Upper-Left - X -
D Select BTE, ROP Function
\ REG[SDh-A6h] Y, REG[S1h]
v
( Setup Destination Information. - v ~
Start Address/Width/Upper-Left
( Corner X(’vgooréi nZ?e) EEEE‘[‘;[?;E
REG[A7h-BOh]
p v . 4
Setup SO, S1, DT Color Depth
REG[92h] Check STSR bit3
h 4
~,
Setup BTE Window Width ( End )
(BTE_WTH) REG[B1h-B2h]
|

Figure 10-70 Flowchart of Memory Copy with ROP (1)
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Setup SO Image Information. N s ™
(Start Address/Width/Upper-Left Select BTE, ROP Function
Corner XY Coordinate) REG[91h]
REG[93h-9Ch]
v p ¥ N
4 Setup S1 Image Information. Setup Interrupt Enable
(Start Address/Width/Upper-Left REG[0Bh] bit2 = 1
Corner XY Coordinate)
Y REG[SDh-A6h] Y, Il
s ™
- - f' _ ~, Enable BTE
Setup Destination Information. REG[90h]
(Start Address/Width/Upper-Left
Corner XY Coordinate) _
REG[A7h-BOh] v
P v - Check Interrupt
Setup SO, S1, DT Color Depth
REG[92h]
L
v Clear Interrupt
4 ) REG[OCh] bit2 = 1
Setup BTE Window Width, Height
REG[B1h-B4h]
- v
| < End )

Figure 10-8c Flowchart of Memory Copy with ROP  (2)
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10.5.3 MCU write with Chroma Key (w/o ROP)

This BTE operation is selected by setting REG[91h] bits[3:0] = 0100b. The operation is to transfer Source 0
(from MCU write) to the Destination, and supports Chroma Key function (referring to Section 10.4). If the
Source 0 data is equal to the Chroma Key (the color Data defined in the Background Color Registers REG[D5h
~ D7h]), BTE will take it as a transparent color, which means BTE will not write that color data to the
Destination. Below example shows the GREEN color is the background color of Source 0, and is set as the
Chroma Key. Therefore, the BTE operation will write the red i T O Bnly to the Destination. Please note this
BTE operation does not support ROP functions.

MCU LT758x

SDRAM

Destination

BitBLT

\
Source 0

Figure 10-90 Example of MCU Write with Chroma Key

4 Setup Destination Information.
(Start Address/Width/Upper-Left Enable BTE
Corner XY Coordinate) F:I&E]G[g[)h]
\ REG[A7h-B0Oh] )
v ‘;‘
e
Setup SO, S1, DT Color Depth
Check FIFO Full?
REG[92h] e !
) 4
-
Setup BTE Window Width, Height MCU Write Datato
(BTE_WTH) REG[B1h-B4h] REG[04h]
¥
g ™
=B SlEELTELEE A Oay BTE Data Write Complete?
seslee-bi (BTE_WTH * BRE_HIG)
) 4
p
Select BTE, ROP Function
REG[91h] End

Figure 10-100 Flowchart of MCU Write with Chroma Key
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10.5.4 Memory Copy with Chroma Key (w/o ROP)

This BTE operation is selected by setting REG[91h] bits[3:0] = 0101b. The operation performs Memory
Copyfrom Source 0 (from Memory) to the Destination, and support Chroma Key function (referring to the
Section 10.4).

The operation difference comparingwith i MCU Wr i t e wi t ibthaC3ource @ dataKengsofrom the
Memory instead of the MCU. Please refer to Section 10.5.3 for more descriptions about the operation, and
Figure 10-11 for an example.

LT758x

- Source 0

& - Destination

BitBLT

Figure 10-11c Example of Memory Copy with Chroma Key

4 Setup SO Image Information. )
(Start Address/Width/Upper-Left
Corner XY Coordinate)
REG[93h-9Ch]
v
( Setup Destination Information. ) v
(Start Address/Width/Upper-Left Select BTE. ROP Function
Corner XY Coordinate) RE'G[9lh]
\ REG[A7h-BOh] y,
v v
-
Setup SO, DT Color Depth Enable BTE
REG[92h] REG[90h]
P v - 1:
Setup BTE Window Width, Height Check STSR
(BTE_WTH) REG[B1h-B4h] hit3

A 4

Setup Chroma-key Color < End >
REG[D5h-D7h]

Figure 10-120 Flowchart of Memory Copy with Chroma Key
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10.5.5 Pattern Fill with ROP

This BTE operation is selected by setting REG[91h] bits[3:0] = 0110b. The operation is to fill a pattern (from
Source 0) repeatedly to a specified rectangular area of the Destination (also known as the BTE window). The
pattern should be an array of 8x8 or 16x16 pixels stored in the Memory. The operation can also combine with
the 16 ROP functions. This operation can be used to speed up duplicating a matrix of patten into an area.
Figure 10-14 shows the result of a six fills with 8x8 pattern, where the ROP register REG[91h] bit[7:4] is set as
1100hb.

Figure 10-130 Pattern Format

LT758x
SDRAM
| Source(
_E ol
; _} Source1
BitBLT @
- Destination

Figure 10-140 Example of Pattern Fill with ROP
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(~  SetupSOImage Information.

(Start Address/Width/Upper-Left
Corner XY Coordinate)
\_ REG[93h-9Ch]
v
¢~ Setup S1Image Information. L 4
(Start Address/Width/Upper-Left .
Corner XY Coordinate) Setup BTE, ROP Function
L REG[9Dh-A6h] REG[91h]
v |
("~ Setup Destination Information. 4
(Start Address/Width/Upper-Left Enable BTE
Corner XY Coordinate) REG[90h]
\_ REG[A7h-B0h]
p v v
Setup SO, S1, DT Color Depth
REG[92h]
v
Setup BTE Window Width, Height ( End >
REG[B1h-B4h]

Figure 10-150 Flowchart of Pattern Fill with ROP
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10.5.6 Pattern Fill with Chroma Key

This BTE operation is selected by setting REG[91h] bits[3:0] = 0111b. The operation is to fill a pattern of 8x8
or 16x16 pixels (from Source 0) repeatedly to a specified regtangular area of the Destination (also known as
the BTE window), and supports Chroma Key function (referring to Section 10.4). If any color data of the patten
is equal to the Chroma Key data, BTE will not write that part of data to the Destination. Please note this BTE
operation does not support ROP functions.

In the example shown below, the background color of the pattern (red fi T & orange. Since the orange color
is set as the Chroma Key, BTE fills red fi Todly to the Desitantion.

LT758x

SDRAM

|- Source 0

Z Destination

BitBLT

Figure 10-160 Example of Pattern Fill with Chroma Key

a ™

Setup S0 Image Information.

(Start Address/Width/Upper-Left
Corner XY Coordinate)

REG[93h-9Ch]

: 1

s Setup Destination Information. N -
(Start Address/Width/Upper-Left Select BTE. ROP Function
Corner XY Coordinate) RE'G[91h]
\ REG[AIhBOh] y. l
. g
Setup SO, DT Color Depth Enable BTE
REG[92h] REG[90h]
) | . ‘:

Setup BTE Window Width, Height
(BTE_WTH) REG[B1h-B4h]

Setup Chroma-key Color ( End )
REG[D5h-D7h]

Figure 10-170 Flowchart of Pattern Fill with Chroma Key
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10.5.7 MCU Write with Color Expansion

This BTE operation is selected by setting REG[91h] bits[3:0] = 1000b. The operation is to translate the bit-wise
monochrome data (Source 0 from MCU Write) to the byte-wise color data, and then store the color data to the
Destination in SDRAM. In this operation, Source 0 color depth (REG[92h] bits[6:5]) is ignored. BTE takes MCU
interface width as Source 0 color depth (Word width), that is, if MCU interface is 8bits, then the color depth is
8hits, and if the MCU interface is 16bits, then the color depth is 16bits. Users should set the needed Start Bit
to REG[91h] bit[7:4] against the corresponding color depth. As shown in Table 10-3, bit[7] ~ bit[0] are available
for 8bits MCU interface, and bit[15] ~ bit[0] are available for 16bits MCU Interface. BTE disassembles word by
word to bit sequences (from MSB to LSB) against the Row Line of the source image (from left to right), and
sequently expands bit by bit until the BTE width reaches the end. The result to the Destination is that BTE
expands data_1b to Foreground color and data_Ob to Background color. Any bits before the Start Bit and other
bits uncovered by the BTE Window will be discarded.

Below example shows expanding data_1b to RED (Foreground color), and data_Ob to BLUE (Background
color). Therefore, BTEfillsredi TOPO t oget her wi tththe®éstihetorb ackgr ound

McCU LT758x

SDRAM

Destination

BitBLT |:>

Source 0

Figure 10-18c Example of MCU Write with Color Expansion
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: Setup Destination Information.

(Start Address/Width/Upper-Left
Corner XY Coordinate) <
\_ REG[A7h-B0h]
h 4 Yes
g ™
Setup DT Color Depth
REG[92h] No
\ 4
- R MCU Write Datato REG[04h]
Setup BTE Window Width
REG[B1h-B4h]
¥
(" N BTE Data Write Complete?

Setup Foreground, Background Color
REG[D2h-D4h], REG[D5h-D7h]

(BTE_WTH * BRE_HIG)

A
A4
' ™
Setup BTE, ROP Function
REG[91h]
\ 4
'd ™\
Enable BTE C End )
REG[90h]

Figure 10-190 Flowchart of MCU Write with Color Expansion

If ROP =7, Foreground Color is Red, Background Color is Khaki, and BTE width =23, then the color expansion
result is as shown in Figure 10-20.
If ROP = 3, and the rest of settings remains the same, then the result is shown as Figure 10-21.

Data0 Datal Data2 Data3
—_——

TOR1

v v

Figure 10-200 Example of MCU Write with Color Expansion (ROP = 7)
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Data0 Datal Data2 Data3

Figure 10-210 Example of MCU Write with Color Expansion (ROP = 3)

Note o
1. Sent Data Numbers per Row
=2 BitBLT Width + ¢ MCU I/F bits (Start bit - 1 ¥ / € MCU I/F bits

(Take integer with unconditional carry)

2. Total Data Number = ¢ Sent Data Numbers per Row ¢ * BitBLT Height

Data0 Datal Data2 Data3

Start bit
=3

Data0

E 5 t

BTE Height
= REG[5Bh:5Ah]

Datal Data2

Data3

~ | .

7

~—] BTE Width D
Non = REG[59h:58h] | Non
Expansion =23 Expansion

Figure 10-220 Data Format for Color Expansion

Examplelx "BitBLT Width"=50 1 "MCU I/F bits" = 8 bits,

If Start bit=7 1 theny
Sent Data Numbers per Row =[{50+(8 -7-1)}/8]=7Bytes

If Start bit=4 1 theny
Sent Data Numbers per Row =[{50+(8 -4-1)}/8]=7Bytes

LT758xAll_DS_EN/V1.2
|
© Levetop Semiconductor Co., Ltd. Page -93-



O LT758x TFT-LCD Graphics Controller

Example 2x "BitBLT Width"=50 1 "MCU I/F bits" = 16 bits,

If Start bit =15 1 then
Sent Data Numbers per Row =[{50+ (16 - 15-1)}/16] =4 Bytes

If Start bit=0 1 theny
Sent Data Numbers per Row =[{50+ (16 - 0-1)}/16]=5Bytes
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10.5.8 MCU Write with Color Expansion and Chroma Key

This BTE operation is selected by setting REG[91h] bits[3:0] = 1001b. This operation is similar to MCU Write
with Color Expansion, yet the difference is that data_Ob (background color) will be discarded, BTE expands
data_1b only to Foreground Color setting.

Below example shows that data 1b is expanded to RED (Foreground Color), and data_Ob is discarded,
therefore the result to DestinationisREDA ®P6 wi t h TRANSPARENT background

MCU LT758x%

SDRAM

Destination

BitBLT

n

Source 0

Figure 10-23c Example of MCU Write with Color Expansion and Chroma Key

Setup DestinationInformation.
(Start Address/Width/Upper-Left
Corner XY Coordinate) <
REG[A7h-BOh]

l Yes
s ™
Setup DT Color Depth

REG[92h] No

|

Setup BTE Window Width, Height
REG[B1h-B4h]

|

Setup Foreground Color
REG[D2h-D4h]

|

Setup BTE, ROP Function
REG[91h]

Enable BTE ( End >
REGI90h]

Figure 10-240 Flowchart of MCU Write with Color Expansion and Chroma Key

BTE Data Write Complete?
(BTE_WTH * BRE_HIG)
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10.5.9 Memory Copy with Opacity

This BTE operation is selected by setting REG[91h] bits[3:0] = 1010b. This operation performs bleding Source
0 and Source 1, and transferring the result to Destination. Two modes are available: Picture Mode and Pixel
Mode.

Pixture Mode is for 8bpp/16bpp/24bpp format and it uses the same Opacity Value (Alpha Level) for the whole
bitmap picture. Opacity Value of Picture Mode is defined in REG[B5h].

Pixel Mode is for 8bpp/16bpp format and it uses individual Opacity Value of Source 1, each pixel of Source 1
has its own Opacity Value such as: for each 16bpp data, the bit[15:12] is Opacity Value, and the bit[11:0] is
the color data; for each 8bpp data of S1, the bit[7:6] is Opacity Value, and the bit[5:0] is the Index (Address)
of Palette Color RAM pointing to initialized 12-bits Color Depth data.

A Picture Mode:

Destination Data =€ Source 0 * Alpha Levell + [ Source 1 *¢ 1- Alpha Levell ];

>

Pixel Mode 8bpp
Destination Data =¢ Source 0 * Alpha Level( +2 Index palettee Source 1[5:0]¢ *¢ 1 - Alpha Levell ¥

p>

Pixel Mode 16bpp
Destination Data =€ Source 0 * Alpha Level{ +2 Source 1[11:0] *¢ 1 - Alpha Levell ¥

LT758x
|- Source 0
BitBLT - Source 1
- Destination
PaI](E,tte
RAM

Figure 10-250 Example of Pixel Mode 1 8bpp

Table 10-40 Alpha Blending Level of Pixel Mode i 8bpp

Bit[7:6] Alpha Level
Oh 0
1h 10/32
2h 21/32
3h 1
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LT758x

- Source 0

- Source 1

BItB |_T Levetop

- Destination

Figure 10-26c Example of Pixel Mode i 16bpp

Table 10-50 Alpha Blending Level of Pixel Mode i 16bpp

Bit[15:12] Alpha Level
Oh 0
1h 2/32
2h 4/32
3h 6/32
4h 8/32
5h 10/32
6h 12/32
7h 14/32
8h 16/32
9h 18/32
Ah 20/32
Bh 22/32
Ch 24/32
Dh 26/32
Eh 28/32
Fh 1
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4 Setup SO Image Information. N
(Start Address/Width/Upper-Left
Corner XY Coordinate) - v ~
REG[93h-9Ch] Setup BTE Window Height
l (BTE_HIG) REG[B3h-B4h]
(" Setup S1 Image Information. l
(Start Address/Width/Upper-Left - ~
Comner XY Coordinate) Select BTE, ROP Function
\ REG[9I1h—A6h] y. REG[S1h]
4 Setup Destination Information. N - h 4 -
(Start Address/Width/Upper-Left Enable BTE
Corner XY Coordinate) I:I?G[S'Oh]
REG[A7h-BOh]

<
bl

A 4 v

-
Setup SO, S1, DT Color Depth
REG[92h]

Setup BTE Window Width ( End >
(BTE WTH) REG[B1h-82h]

Figure 10-270 Flowchart of Memory Copy with Opacity T Pixel Mode

Check STSR bit3

LT758x%

- Source 0

- Source 1

BitBLT ://) —
|- Destination

Figure 10-28c Example of Picture Mode
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Setup SO Image Information. M il
(Start Address/Width/Upper-Left
Corner XY Coordinate) Setup BTE, ROP Function
\_ REG[93h-9Ch] REG[91h]
v
"~ Setup S1Image Information. p v N
Gt A Uppr Lo
L REG[9Dh-A6h] (APB_CTRL) REG[B5h]
AN J/
—Y : v
Setup Destination Information. - ~,
(Start Address/Width/Upper-Left Enable BTE
Corner XY Coordinate) REG[90h]
REG[A7h-B0Oh] \ .
p Y ~ ‘:
Setup S0, S1, DT Color Depth
REG[92h] Check STSR bit3
- S/
v
e N
Setup BTE Window Width, Height < End )
REG[B1h-B4h]
-

Figure 10-290 Flowchart of Memory Copy with Opacity i Picture Mode
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10.5.10 MCU Write with Opacity

This BTE operation is selected by setting REG[91h] bits[3:0] = 1011b. This operation is similar to Memory
Copy with Opacity. The difference is that Source 0 is from MCU Write. The Picture Mode and Pixel Mode are
also available. Refer to Section 10.5.9 for more operation detail.

o LT758x

SDRAM

_ Source 1
x|

Levetop

BitBLT Destination

Source 0

Palette
RAM

Figure 10-300 Example of MCU Write with Opacity

Setup 51 Image Information. l
(Start Address/Width/Upper-Left
Corner XY Coordinate) Enable BTE
REG[9Dh-Abh] REG[90h]

("~ Setup Destination Information.
(Start Address/Width/Upper-Left
Corner XY Coordinate)
_ REG[A7h-BOh]

e ™)
Setup BTE Window Width, Height
REG[B1h-B4h]

}

Setup SO, S1, DT Color Depth
REG[92h]

}

Setup BTE, ROP Function
REG[91h]

BTE Data Write Complete?
(BTE_WTH * BRE_HIG)

Cw O

Figure 10-31c Flowchart of MCU Write with Opacity
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10.5.11 Memory Copy with Color Expansion

This BTE operation is selected by setting REG[91h] bits[3:0] = 1110b. This operation performs Color Expansion
for the Source 0 data (from Memory), it is userful to translate bit-wise monochrome data to byte-wise color
data. In this operation, Source 0 data Color Depth (Word Width) is defined in REG[92h] bit[6:5]. Users should
set the needed Start Bit to REG[91h] bit[7:4] based on the correspoinding color depth. The bit[7] ~ bit[0] are
available for 8bits depth, and bit[15] ~ bit[0] are available for 16bits depth. BTE disassembles word by word to
bit sequences (from MSB to LSB) against the Row Line of the source image (from left to right), and sequently
expands bit by bit until the BTE width reaches the end. The result to the Destination is that BTE expands
data_1b to Foreground color and data_0b to Background color. Any bits before the Start Bit and other bits
uncovered by the BTE Window will be discarded.

Below example shows expanding data_1b to RED (Foreground color), and data_Ob to BLUE (Background
color). Therefore, BTEfillsredi TOPO t oget her wi tthhthe®éstihetorbackgr ound

LT758x
SDRAM
Source 1
teQ Bytel
Ay M, &«
Destination
BitBLT

Figure 10-320 Example of Memory Copy with Color Expansion

If ROP =7, Foreground Color is Red, Background Color is Khaki, and BTE width =23, then the color expansion
result is as shown in Figure 10-33.

Data0 Datal Data2 Data3

Figure 10-33c Example of Memory Copy with Color Expansion (ROP=7)
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If ROP = 4, and the rest of settings remains the same, then the color expansion result is as shown Figure 10-
34.

Data0 Datal DataZz Data3

AL A A A

g

Figure 10-340 Example of Memory Copy with Color Expansion (ROP=3)

Setup SO Image Information. 4
(Start Address/Width/Upper-Left
Corner XY Coordinate) Setup Background Color
REG[93h-9Ch] REG[D5h-D7h]
v
(" Setup DestinationInformation. -~ v ~
(Start Address/Width/Upper-Left Setup BTE, ROP Function
Corner XY Coordinate) REG[91h]
g REG[A7h-B0h] Y,
v h 4
g (" 0
Setup SO, DT Color Depth Enable BTE
REG[92h] REG[90h]
S
p v - 1:
Setup BTE Window Width, Height
REG[B1h-B4h]
h
v
g ™
Setup Foreground Color ( End )
REG[D2h-D4h]
I

Figure 10-350 Flowchart of Memory Copy with Color Expansion
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10.5.12 Memory Copy with Color Expansion and Chroma Key

This BTE operation is selected by setting REG[91h] bits[3:0] = 1111b. This operation is similar to Memory
Copy with Color Expansion. The difference is that data_Ob will be discarded, and BTE expands only data_1b
to Foreground Color.

Below example shows that data 1b is expanded to RED (Foreground Color), and data_Ob is discarded.
Therefore, the result to the Destination is red i T O Rith transparent background.

LT758x

Source 1

e

- Destination
BitBLT

Figure 10-360 Example of Memory Copy with Color Expansion and Chroma Key

Setup SO Image Information.

(Start Address/Width/Upper-Left
Corner XY Coordinate)

REG[93h-9Ch]
v
(" Setup DestinationInformation. b Y ~
(Start Address/Width/Upper-Left Setup BTE, ROP Function
Corner XY Coordinate) REG[91h]
\_ REG[A7h-B0h]
v v
s ™ . ™
Setup SO, DT Color Depth Enable BTE
REG[92h] REG[90h]
kS
v )
— ~ v
Setup BTE Window Width, Height
REG[B1h-B4h] Check STSR bit3
h
v
Setup Foreground Color ( End )
REG[D2h-D4h]
I

Figure 10-37c Flowchart of Memory Copy with Color Expansion and Chroma Key
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10.5.13 Solid Fill

This BTE operation is selected by setting REG[91h] bits[3:0] = 1100b. This operation is to fill a specified
rectangle area (BTE Window) of Desitination with a solid color whose data is defined in the Foreground Color

Register.
LT758x
SDRAM
Fill Area
BitBLT
Figure 10-38c Example of Solid Fill
( Setup Destination Information. - v ~
(Start Address/Width/Upper—Leﬂ Select BTE, ROP Function
Corner XY Coordinate) RE’G[th]
\ REG[A7h-BOh]
v h 4
' ' ™
Setup DT Color Depth Enable BTE
REG[92h] REG[90h]
AN J/
p v N v
Setup BTE Window Width, Height
REG[B1h-B4h] Check STSR bit3
AN
v
g 0
Setup Foreground Color ( End )
REG[D2h-D4h]
h
I

Figure 10-390 Flowchart of Solid Fill
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11.Display Text
LT758x supports 2 sources of Text (Characters and Symbols)x

A CGROM(Character Graphic ROM): Embedded ISO/IEC 8859 Character Sets
A CGRAM(Character Graphic RAM): User-defined Character Sets

LT758x internal CGROM supports four sets of embedded Characters and Symbols of ASCII code, and internal
CGRAM supports users to create their own Characters and Symbols sets when needed. The registers
REG[CCh] ~REG[DEh] are for the purpose of User-defined Characters. The Foreground Color registers
REG[D2h] ~REG[D4h] and the Background Color registers REG[D5h] ~ REG[D7h] are also employable to
define Color for characters from any source.

11.1 Internal CGROM

LT758x has three built-in ASCII font types with different resolutions (character sizes): 8*16, 12*24, 16*32. The
MCU can simply writes the font code to display the ASCII code on the LCD panel. The size of the displayed
ASCII characters is set by REG[CCh] [5:4]. The ASCII code is corresponding to the standard ISO/IEC 8859-
1/2/4/5 coding (Table 11-1 to Table 11-4 below). The type of ISO/IEC 8859 font displayed on the TFT panel
is set by REG [CCh] [1:0]. In addition, users can select the color of the text by setting the front-view register
REG (D2h to D4h) and the background color register (REG (D5h~D7h). Please refer to the following program
flowchart:

-
Setup Character Control Register 0 Yes
(CCRO) REG[CCh]
l No

Setup Character Control Register 1
(CCR1) REGICDh]

l

Vs

[ MCU Write Data to REG[04h]

-
Setup Foreground Color Character Data
REG[D2Zh-D4h] write Complete?
s l R
Setup Background Color
REG[D5h-D7h]

Setup Text Mode < End )
REG[O3h] bit2=1

Figur e 11-1g Flowchart of CGROM Programming
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Table 11-1 shows the standard character encoding of ISO/IEC 8859-1. ISO stands for International
Standardization Organization. The ISO/IEC 8859-1, generally known as i L a-1 &ltns the first sets of 8-bit
coded character encoding developed by the 1ISO, and referred to ASCII that consists of 192 characters from
the Latin script in the range of 0xAO-OxFF. This character coding is used throughout Western Europe, including
Albanian, Afrikaans, Breton, Danish, Faroese, Frisian, Galician, German, Greenlandic, Icelandic, Irish, Italian,
Latin, Luxembourgish, Norwegian, Portuguese, Rhaeto-Romanic, Scottish Gaelic, Spanish, Swedish. English
letters without accent marks are also available in ISO/IEC 8859-1. In addition, it is also commonly used in
many languages outside Europe, such as Swabhili, Indonesian, Malaysian and Tagalong.

In Table 11-1, character codes 0x80~0x9F are defined by Microsoft Windows, also called CP1252 (WinLatinl).

Table 11-10 ISO/IEC 8859-1

HLBIQMSE?E%EBEDEF
Bl cowielaiajo o Q)i
LIPSl PP AN
AR YA TR
IR RUEEIBBL I KEDP
SRPBCDEFGHIPDKLMNED
SPORSTUVMHNXYRZIND] L
6] ablcldle[fighliljk|ilimhlo
Thlaristuyixyz IR E
Bl Ll LL 5| KISHEHE] 1
g - el 2y
Al il B] 0Pk -p
BIE PP | Bk
CRRRRRARECEEEENRTIN
DPNOOOOOXxRUUDUNPB
Elrlalaalaabplelelgljififi
Flofiobodpuifilhl
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Table 11-20 ISO/IEC 8859-2

Ne 1 P3d4EE7Bl9RBICDEF
g ;:-aou“o{[ﬂﬁagma
It mlItlple ol
AR R R A
pltPRASEBE i KEDR
4eRBCDEFGHIUKLMND
SPORBITUNKKYRIEND L
6l ablcidle/fighliljkllnhlo
Thlgrs itz )" H
: 2 :

g

Al R kLSS SSTRIIEY
Bl | lt] Itls| | klewip] 28
CRRABALCCCEEEEND
D NNOOBOXRULIUNTIR
Elrpalaallieceleeelelilile
Flahlnlolofools plojulaiglel

Table 11-2 shows the standard characters of ISO/IEC 8859-2, also known as Latin-2, it is the second sets of
the 8-bit character encoding developed by ISO. This code sets can be used in almost any data interchange
system to communicate in the following European languages: Croatian, Czech, Hungarian, Polish, Slovak,
Slovenian, and Upper Sorbian. The Serbian, English, German, Latin can use ISO/IEC 8859-2 as well.
Furthermore it is suitable to represent some western European languages like Finnish (with the exception of &
used in Swedish and Finnish)
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Table 11-3 shows the standard characters of ISO/IEC 8859-4, also known as Latin-4orii Nor t h

E,Utr opean

is the fourth sets of the ISO/IEC 8859 8-bit character encoding. It was designed originally to cover Estonian,
Greenlandic, Latvian, Lithuanian, and Sami. This character set also supports Danish, English, Finnish,
German, Latin, Norwegian, Slovenian, and Swedish.

© Levetop Semiconductor Co., Ltd.

Table 11-30 ISO/IEC 8859-4
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Table 11-40 ISO/IEC 8859-
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Table 11-4 shows the standard characters of ISO/IEC 8859-5, also known as the fifth sets of the ISO/IEC
8859 8-hit character encoding. It was designed originally to cover Bulgarian ,Belarusian, Russian, Serbian and
Macedonian.

8*16 12*24 16*32

Figure 11-2g Internal ASCII Font for 8*16 /12*24 [ 16*32
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11.2 User-defined Character Graphic (UCG)

Users can create and utilize UCG when needed. LT758x supports Half Width size (8*16, 12*24, 16*32 dot-
matrix graphic) and Full Width size (16*16, 24*24, 32*32 dot-matrix graphic), and supports up to 32,768 UCGs
with half width by encoding from 0000h up to 7FFFh, and up to 32,768 UCGs with full width by encoding from
8000h up to FFFFh.

To display a specific UCG, MCU just needs to write the corresponding CODE (The higher byte first, and then
the lower byte) of the UCG to LT758x, LT768x can resolve the CODE (relative ADDRESS of CGRAM) to
correspond the absolute ADDRESS of Memory where the UCG data is really saved, then transfer the graphic
data to display Memory Buffer. Users can define Foreground Color by setting the REG[D2h] ~REG[D4h] and
Background Color by setting the REG[D5h]~REG[D7h] in advance.

Note: The half width characters and the full width characters are using the same memory space.

11.2.1 8*16 UCG Data Format

UCG with 8*16 size needs 16 bytes data. For example, CGRAM start address is 1000h and the first UCG
encoding is 0000h, the data will be saved in 1000h~100Fh, then the second UCG encoding will be 0001h and
its data will be saved in 1010h~101Fh. Below formula shows how the 8*16 UCG address in Memory is
calculated, and Table 11-5 explains the data format and data byte sequence:

CGRAM Address = UCG_Start _Address +a UCG_Code & Ox7FFF *163

Table 11-50 Data Format and Byte Sequence of 8*16 UCG

UCG Code o 0000h UCG Code o 0001h
Address Data Address Data

1000h ByteOX 3Fh 1010h ByteO EEEEEE

1001h Bytelx 3Fh 1011h Bytel ..==..

1002h Byte2x OCh 1012h Byte2 [ | |

1003h Byte3x OCh 1013h Byte3 ] | ==
] ]
] ]
HE HE
HE HE
] ]|

100Dh Bytel4x COh 101Dh Bytel4 1

100Eh Bytel4x FFh 101Eh Bytel4 ==

100Fh Bytel5x FFh 101Fh Byte15 BEEEEEEEE
EEEEEEEN
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11.2.2 16*16 UCG Data Format

UCG with 16*16 size needs 32 bytes data. For example, CGRAM start address is 1000h and the first UCG
encoding is 8000h, the data will be saved in 1000h~101Fh, then the second UCG encoding will be 8001h and
its data will be saved in 1020h~103Fh. Below formula shows how the 16*16 UCG address in Memory is
calculated, and Table 11-6 explains the data format and data byte sequence:

CGRAM Address = UCG_Start Address +a UCG_Code *32f3

Table 11-60 Data Format and Byte Sequence of 16*16 UCG

UCG Code o 8000h
Address Data Address Data

1000h ByteOx OFh 1001h Bytelx FFh T

1002h Byte2x OFh 1003h Byte3x FFh ============

1004h Bytedx OFh 1005h Byte5x FFh BEERRREREEEER

1006h Byte6x OFh 1007h Byte7x FFh T ====
[ ENER
[ ] ] [ ][]
] ENER
[ ENER
] [ | | []

101Ah Byte26x FFh 101Bh Byte27x FOh T[]

101Ch Byte28x FFh 101Dh Byte29x FOh ============

101Eh Byte30X FFh 101Fh Byte3lx Foh | HHHEEEERERER
EEEREEEREEER
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11.2.3 12*24 UCG Data Format

UCG with 12*24 size needs 48 bytes data, note that bit[3:0] of the byte with Odd Sequence Number is ignored.
For example, CGRAM start address is 1000h and the first UCG encoding is 0000h, the data will be stored in
1000h~102Fh, then the second UCG encoding will be 0001h and its data will be stored in 1030h~105Fh. Below
formula shows how the 12*24 UCG address in Memory is calculated, and Table 11-7 explains the data format
and data byte sequence:

CGRAM Address = UCG_Start Address +a UCG_Code & Ox7FFF *48 3

Table 11-70c Data Format and Byte Sequence of 12*24 UCG

UCG Code g 0000h
Address Data Address Data
1000h ByteOx 1Fh 1001h Bytely FOh AEEEEEEEN
YERX yierX EEEEEEEEN
1002h Byte2x 1Fh 1003h Byte3x FOh ssE—EEE
1
1004h Bytedx 1Fh 1005h Byte5x FOh EEE EEE
=i
1006h Byte6x 03h 1007h Byte7x 80h = =
EEE EEE
EEE EEE
EEE EEE
EEE EEE
nnn |||
EEE EEE
EEE EEE
102Ah Byte42x FFh 102Bh Byte43x 80h === L
102Ch Byted4x FFh 102Dh Byte45x 80h ===
HEn
102Eh Byte46% FFh 102Fh Byte47x 80h ENEEEEEEE
[ 0]
[ [ []]]
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11.2.4 24*24 UCG Data Format

UCG with 24*24 size needs 72 bytes data. For example, CGRAM start address is 1000h and the first UCG
encoding is 8000h, the data will be stored in 1000h~1047h, then the second UCG encoding will be 8001h and
its data will be saved in 1048h~108Fh. Below formula shows how the 24*24 UCG address in Memory is
calculated, and Table 11-8 explains the data format and data byte sequence:

CGRAM Address = UCG_Start Address +a UCG_Code * 723

Table 11-8c Data Format and Byte Sequence of 24*24 UCG

UCG Code o 8000h
Address Data Address Data Address Data
1000h ByteO 1001h Bytel 1002h Byte2
1003h Byte3 1004h Byte4 1005h Byte5
1006h Byte6 1007h Byte7 1008h Byte8
1009h Byte9 100Ah Byte10 100Bh Bytell
103Fh Byte63 1040h Byte64 1041h Byte65
1042h Byte66 1043h Byte67 1044h Byte68
1045h Byte69 1046h Byte70 1047h Byte71

LT758xAll_DS_EN/V1.2
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11.2.5 16*32 UCG Data Format

UCG with 16*32 size needs 64 bytes data. For example, CGRAM start address is 1000h and the first UCG
encoding is 0000h, the data will be saved in 1000h~103Fh, then the second UCG encoding will be 0001h and
its data will be saved in 1040h~107Fh. Below formula shows how the 16*32 UCG address in Memory is
calculated, and Table 11-9 explains the data format and data byte sequence:

CGRAM Address = UCG_Start Address +a UCG_Code & Ox7FFF * 64 3

Table 11-9¢ Data Format and Byte Sequence of 16*32 UCG

UCG Code o 0000h
Address Data Address Data
1000h ByteO 1001h Bytel
1002h Byte2 1003h Byte3
1004h Byte4 1005h Byte5
1006h Byte6 1007h Byte7
103Ah Byte58 103Bh Byte59
103Ch Byte60 103Dh Byte61
103Eh Byte62 103Fh Byte63

LT758xAll_DS_EN/V1.2
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11.2.6 32*32 UCG Data Format

UCG with 32*32 size needs 128 bytes data. For example, CGRAM start address is 1000h and the first UCG
encoding is 8000h, the data will be stored in 1000h~107Fh, then the second UCG encoding will be 8001h and
its data will be stored in 1080h~10FFh. Below formula shows how the 32*32 UCG address in Memory is
calculated, and Table 11-10 explains the data format and data byte sequence:

CGRAM Address = UCG_Start Address +a UCG_Code * 128 (3

Table 11-100 Data Format and Byte Sequence of 32*32 UCG
UCG Code g 8000h
Address Data Address Data Address Data Address Data
1000h ByteO 1001h Bytel 1002h Byte2 1003h Byte3
1004h Byte4 1005h Byte5 1006h Byte6 1007h Byte7
1008h Byte8 1009h Byte9 100Ah Bytel0 100Bh Bytell
100Ch Byte12 100Dh Byte13 100Eh Bytel4 100Fh Bytel5
1074h Bytel16 1075h Bytell7 1076h Bytel118 1077h Bytel119
1078h Byte120 1079h Byte121 107Ah Byte122 107Bh Byte123
107Ch Bytel24 107Dh Bytel125 107Eh Bytel26 107Fh Bytel27

LT758xAll_DS_EN/V1.2

© Levetop Semiconductor Co., Ltd.

Page -115-



O LT758x TFT-LCD Graphics Controller

11.2.7 Initialize CGRAM from MCU

Setup Input Control Register
(ICR) REG[03h] = 00h

}

Setup Canwvas Addressing Mode
REG[5Eh] = 04h (Linear Mode)

‘ 1
Setup Canvas Start Address
(CVSSA) REG[5Fh-62h]

MCU Write Character Data to
REG[04h]

Check FIFO N
Empty?

Yes

= O

Figure 11-3g Flowchart of CGRAM Initialization from MCU
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11.2.8 Initialize CGRAM from Serial Flash

S

Check DMA Busy ?
REG[B6h] bitD

il Y

k.

Setup Start Address of Serial
Flash

¥

IS ~, —
Setup Canvas Addressing Mode <L, LD LI
REG[5Eh] = 04h (Li Mod Address
| EEEEL =Len e N REG[SFh-62h]
¥ ¥
-~ ™, I ™,
Setup Flash Control Register Setup DMA Transfer Quantity
REG[B7h] REG[CEh-C9h]
" A .
- k4 - v
Setup DMA Start Bit
Setup SPI Clock (DMA_CTRL)
5 REGIEEN] | REGIB6H] bitd =1

¥ +

Setup SPI Mode
REG[B9h] bit[1:0]

Check S5TSR
bit3

= O

Figure 11-4g Flowchart of CGRAM Initialization from Serial Flash
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11.3 Character Rotation by 90 Degree

LT758x supports character rotation by counterclockwise 90 degree. Normal (REG[CDh] hit4=0) text direction
is from left to right then from top to bottom. If set REG[CDh] bit4=1, the character will be counterclockwise
rotated by 90 degree. Also, the text direction will be changed to from top to bottom then from left to right.
However, to get the correct display result, the Display Scan Direction must be changed by setting VDIR
Reg[12h] bit3=1 (Please note that Text Cursor, Graphic Cursor, and PIP will be disabled automatically under
this setting). Below example shows a set of characters rotated by 90 degree:

Figure 11-5g Example of Character Rotation

11.4 Font Size Enlargement
LT758x supports linear character size enlargement for Height and/or Width, controlled by REG[CDh] bit[3:0].

Figure 11-6¢ Font Size Enlargement

11.5 Background Transparency
LT758x supports character background transparent, controlled by REG[CDh] bit6.

Figure 11-7g Background Transparency
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11.6 Automatic Line Feed

LT758x supports sequent text input and display, and can perform automatically Line Feed at active window
boundary.

LT7586 2 — A=A TFT LCDEIFZ AR B R

Figure 11-8g Automatic Line Feed

11.7 Character Full -Alignment

LT758x supports character full-alignment function that makes the characters to align each other. Set
REG[CDh] bit7=1 to activate this function.

Figure 11-9g Character Full -Alignment
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