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High Performance Serial Uart TFT Graphics Controller

1. Introduction

LT7689 is an efficient serial Uart TFT panel controller. It combines a Cortex-M4
MCU and 2D TFT graphical display accelerators. Through Uart interface, LT7689
can receive commands from the host MCU, and display predefined pictures and JLEVETOP ‘
contents to the connected TFT panel. In addition to its high-performance M4 MCU, e
LT7689 also provides graphics acceleration, PIP (Picture-in-Picture), geometry LT7689
drawing and other functions. It can improve the efficiency while displaying Uart -
pictures/contents to the TFT panel and reduce the time it takes for the host MCU e Controller
to process graphical displays. LT7689 supports 16/18/24bits TFT RGB panels with
a display resolution ranging from 320 x 240 (QVGA) to 1280 x 1024 (SXGA).

LT7689 has an embedded M4 core MCU, with a maximum CPU speed of 150MHz, and contains 508Kbytes
Flash, 256Kbytes SRAM, 2D graphics acceleration display, and 128Mb display memory. It provides more than
70 commands, including picture display, GIF animation display, loop chart display, power-on image display,
progress bar display, text string display, QR code generation, audio playback, and combining touch screen to
achieve touch function, etc. With the editing software and simulation tool provided by Levetop, users can easily
get their project done with TFT display functions in no time. Along with the Uart interface for comunicating with
the host MCU, LT7689 also provides multiple groups of SCI (Uart) interfaces that can connect to peripherals
such as blue tooth modules, and WiFi modules, etc. USB interfaces, SD cards, analog input AIN, PWM and
INT interrupts are also available. These interfaces can also be set up as normal 10 interfaces. LT7689 also
has an embedded RTC.

Benefiting from its high-capacity Flash and SRAM, LT7689 can also be used as a host MCU with TFT
controller. The hardware's graphics acceleration engine (BTE) and geometric drawing engine can even support
display rotation, picture mirror shooting, picture-in-picture (PIP/child picture) and graphics mixed transparent
display, as well as painting points, drawing lines, curves, ellipses, triangles, rectangles, rounded rectangles,
cylinders, tables and other functions. LT7689's powerful display capabilities are ideal for electronic products
with TFT-LCD screens, such as smart home appliances, automotive dashboards, motorcycle panels, multi-
function transaction machines, industrial control applications, electronic instruments, medical beauty
equipment, testing equipment, charging equipment, hydropower meters, and smart audio player with TFT panel,
etc.

2. System Application

Module Module Fan Speed Record Table
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POWER \ ’
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\
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I
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i
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Figure 2-1: LT7689 Applicatio-1
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i LT7689

LCD Module
Figure 2-2: LT7689 Application-2
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>

4. Features

System MCU Interface

A Support SCl/Uart and USB Interface.

A Embedded 32Bit Cortex- M4 with 1 5MH z
Cl ock

USB Interface
A SuppdrsStB2 . 0

SCI (Uart) Interface
A SupportScCtihr(eeri al
I nterface)

b~

Ful l Speed

A
Communi

Memory
A MCU Embedded 508K bytes Flash.
A MCU Embedded 256K bytes SRAM.
A TFTController Embedded 128Mb Display RAM.

Bi

—

> > > >

Display Data Formats

A lbpp: Monochrboinme PDaxtea )( 1A
A 8bpp: RGBb®t e/ Rixél) A
A 16bpp: RGBEby5t:e6/:P5 x(e2 ) A
A 24bpp: RGB 8:8:8 (3bytes/Pixel).

0 Index 26 (64 | ndex Col or s

OpacAtttyri but e)

it URGB

Opacity Attribute)
Support Panel and Resolution
A Support 16, 18, 24 bits RGB Panel.

A Supported Resolution:

4. ¥:0L64 Col ors/ Pixe

Pi ctiulriect ur e (PI P) Di spl ay
wi ndows area ar e avail abl
windows are always display
Main window. The PIP1 wind
top of the PI P2 window.
Wak-ep Displap: DWalpedyt o s u
quickly show the display de
RAM. This feature is used v
Standby mode or Suspend mod
Col or Bar : |t can display
cdiat é otnisy . Default resol uti
dot s.

Block Transfer Engine (BitBLT)
2D BTE Engine
Copy | mage with Raster
Col or Depth Conversion
Solid Fildl & Pattern Fill
Providaeletls@aed Patterns wit
or 16*16 Pixel s
Opacity-B(dahghaControl: I
i mages and then generates
U_Chr o-kayi Function: Mi
/P\hixte t%ﬂ'epﬁspecified RGB
liraWnistpr?rency rate.

0 Window -BAll prhdhi ng F
i mages based on
the specifiednra
functions are avai

U DotpmMBIl ending Function:

Oper

t
a

u
t
0

Mi

0 QVGA: 320*240, LCD Panel based on the transparency
U WOQVGA 480*272, LCD Panel target is a graphic.image
UWVGA:800*480, LCD PanelA Provide Smar 't Drawi ng Fe
U SVGA: 800*600, LCD PanelRectangl e, Tri anlgilmre, P®ilryalo
it WSVGA 1024*600, LCD Panefl !l ipsRoumdredctangle and C
i XGA 1024*768, LCD PaneRéCtangle
U SXGA:1280*1024, LCD Panel

Display Functions

A Multiple Display Buffer: Multi buffering allows the
main display window to be switched among
buffers. Multi buffering allows a simple animation
di splay to be performed by switching the buffers

A Horizontal/Vertical Flip Di spl ay: Vertical Flip
di splay functions are available for i mage dat a
reads. PI'P window wil|l be disabled if flip display
function enabl e

A Mirror and Rotati owaiFluanbkcltei ofnsr ar e a
|l mage Data Writes

A Provide fetdi ndssed32*32 Pixels Graphic
Cursor

AVirtual Di spl ay: Virtual di splay is available to
show an i mage which is | arger than LCD panel
size. The imagsi mgyi sacaonyldirection
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Text Features GPIO

A Embedded 8*16, 12*24, 16A BICUSupparts 20GPIOr Set s
of | SO/ I-1IE/C2 /848/5%8. A TFT Controller Provides 14 GPIO.

A Usedrefined Characters SUAFhBIBgIhpu'f'alf Size &

AFUII Size for 8*16, lz*ZﬁMé@ﬂoviaefsz*A%)%'s Anal.og I nput
A Programmabl e Text Cursor for Writing with
Character. Reset _

A Character Enlargement F u'h MEY Froyides Rower-On;Reset, Bxterng] Reset,

. . Softwafe 'Reset, Watch 0§ Reset 'and Voltage
Afor Hori zontal/ Vertical D'Déteectclgtes'et()”'

A Support Character Rotat e’ TEIOCorl8I& PEVEr-On-Reset, External Reset,

SPI Master Interface Software Reset.
A Provide DMA Function: SopersatingMotect Dat a
Transfer from External Siepréviad Stafbyasudpend dhd SeépaMoR.
Buffer A Support MCU Wakeup.

A Compatible with Standard SPISpeci f i ca tdloocil Source
A Provides 16bytes Read FIFO and 16bytes A MCU Embedded a Clock up to150MHz.
_ Write FIFO A Support 32.768Khz External
A Provide Interrupt when Tx FIFO was Empty and Circuit. for RTC
SPI Tx/Rx Engine Idle. A Embedded Programmable PLL f
A Support Extra 2 STD SPI nterface. IC_ZICD kpan6| 6s Pixel Clock a
0.Cc
I2C Interface
A MCU Provide 12C Interface. Power Supply
A Supp&Standard Mode (100kA8 p/PDPoverIH3V -3\
Mode (400kbps). A Embedded 1.1V 1.2V 1.8V LDO
A MCU Provides 4 PWM Output. A QFN—96P|n (10*10mm2)
A TFT Controller Embedded Two 16bits Counter
_and 2 PWM Output. Temperature
A Programmabl e Duty Conter_LlO ~§5f. Out put

Waveform. ( PWM)

Interrupt Signals
é MCU Provides 6 Interrupt Inputs.
A TFT Controller Provides 1 Interrupt Output.
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5. Pin Description
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Figure 5-1: LT7689Pin Assignment (QFN-96Pin)
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6. Pin Description

6.1 SCI (Uart) Signals
Table 6-1: SCI (Uart) Signals

Pin # Pin Name I/O Pin Description

Received Data Input #1

7 RXD1 ' This pin is for the Received Data Input of SCI module #1. It is
used to connect the external SCI device.

Transmittion Data Output #1

8 TXD1 o This pin is for the Transmittion Data Output of SCI module #1. It
is used to connect the external SCI device.

Received Data Input #2

This pin is for the Received Data Input of SCI module #2. It is
used to connect the external SCI device.

This pin also can be used as GPIO or GINT[3]

32 RXD2 I

Transmittion Data Output #2

This pin is for the Transmittion Data Output of SCI module #2. It
is used to connect the external SCI device.

This pin also can be used as GPIO or GINT[5].

34 TXD2 O

Received Data Input #3

This pin is for the Received Data Input of SCI module #3. It is
used to connect the external SCI device.

This pin also can be used as GPIO or GINT[2].

31 RXD3 I

Transmittion Data Output #3

This pin is for the Transmittion Data Output of SCI module #3. It
is used to connect the external SCI device.

This pin also can be used as GPIO or GINT[1].

30 TXD3 o

LT7689_DS_ENG/V1.3
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6.2 LCD Driver Signals

Table 6-2: LCD Driver Signals

Pin # Pin Name I/0 Pin Description
LCD Panel Data Bus
TFT LCD data bus output for source driver. User can connect to
corresponding RGB bus for different settings.
Pin TFT-LCD Interface
Name 16bits 18bits 24bits
PD[0] GPIOD[0] BO
PD[1] GPIOD[1] B
PD[2] GPIOD[6] B B
PD[3] B0 R B
PD[4] 2 2 B4
PD[5] 2 2 B
PD[6] B B4 B0
PD[7] B4 2 B
PD[8] GPIOD[2] 0
93~89, | PD[23:19], PD(9] GPIOD(3]
87-79, | PD[18:10], o PD[10] » A
77~68 PD[9:0] PD[11]
PD[12] ;
PD[13]
PD[14] 4 4 6
PD[15]
PD[16] GPIOD[4] RO
PD[17] GPIOD[5] R
PD[18] GPIOD[7] RO =
PD[19] RO R =
PD[20] R R RZ
PD[21] R R R
PD[22] R R/ RG
PD[23] R/ R R
When the LCD is set to 16/18bpp function mode, some PDs can
be defined as GPIO pins.
Pixel Clock
65 PCLK O Generic TFT interface signal for panel scan clock. It derives
from internal PLL.

LT7689_DS_ENG/V1.3
1
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Pin # Pin Name I/0 Pin Description
62 VSYNC o VSYNC Pulse
Generic TFT interface signal for vertical synchronous pulse.
63 HSYNC o HSYNC Pulse
Generic TFT interface signal for horizontal synchronous pulse.
64 PDE o Data Enable
Generic TFT interface signal for data valid or data enable.
6.3 SPI Signals
Table 6-3: SPI Signals
Pin # Pin Name 1/0 Pin Description
SPI #1 Clock Signal
3 SCK1 O This is the clock output pin for the 1st SPI. It is connected to the
the external SPI device.
SPI #1 Chip Select
5 SS1# O
This is the chip select output pin for the 1st SPI.
SPI #1 Data Output
4 MOSI1 O | This pin is to output data signal to external SPI device. (Master
Out Slave In)
SPI #1 Data Input
6 MISO1 ' This pin is to read data input from external SPI device. (Master
Int Slave Out)
SCK3 SPI #3 Clock Signal
10 GINTIO o This is the clock output pin for the 3rd SPI. It is connected to the
[9] external SPI device. This pin also can be used as GINT[9].
SPI #3 Chip Select
27 SS3# O . P ,
This is the chip select output pin for the 3rd SPI.
MOSI3 SPI #3 Data Output
11 GINTIL o This pin is to output data signal to external SPI device. (Master
[11] Out Slave In) This pin also can be used as GINT[11].
MISO3 SPI #3 Data Input
12 GINTIL0 ' This pin is to read data input from external SPI device. (Master
[10] Int Slave Out) This pin also can be used as GINT[10].

-
© Levetop Semiconductor Co., Ltd.
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6.4  Serial SPI Flash Signals

Table 6-4: Serial SPI Flash Signals

Pin # Pin Name 1/0 Pin Description
Chip Select 0 for External Serial Flash or SPI device
45 SFCS[0}# Te) SPI Chip select pin #0 for serial Flash or SPI device.
GPIOC[3] If SPI master I/F is disabled then it can be programmed as
GPIOC]J3], and default is input function.
Chip Select 1 for External Serial Flash or SPI device
46 SFCS[1]# 10 SPI Chip select pin #1 for serial Flash or SPI device.
GPIOC[4] If SPI master I/F is disabled then it can be programmed as
GPIOCJ4], and default is input function.
SPI Serial Clock
47 SFCLK Te) Serial clock output for serial Flash/ROM or SPI device.
GPIOCI0] If SPI master I/F is disabled then it can be programmed as GPIO
C[0], and default is input function.
Master Output Slave Input
Single Mode: Data input of serial Flash or SPI device. For
SEDO LT7689, it is output.
48 GPIOCIL 10 Dual Mode: The signal is used as bi-direction data #0(SIO0).
[1] Only valid in serial flash DMA mode.
If SPI master I/F is disabled then it can be programmed as GPIO
C[1], and default is input function.
Master Input Slave Output
Single Mode: Data output of serial Flash or SPI device. For
SEDI LT7689, itis input.
50 GRIOCT IO | bual Mode: The signal is used as bi-direction data #1(SIO1).
[2] Only valid in serial flash DMA mode.
If SPI master I/F is disabled then it can be programmed as
GPIOCJ2], and default is input function.

LT7689_DS_ENG/V1.3
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6.5 PWM Signals

Table 6-5: PWM Signals

Pin # Pin Name I/O Pin Description

TFTC PWM #0 Output
This signal is controlled by the registers of the LT7689's internal

TFT_PWM][0] TFT controller. It is a programmable PWM output signal that can
60 N 10 be used to control the backlight of the TFT panel or other devices.
GPIOC[7] The output mode of the TFT_PWM]JO0] can be set via the registers

of the TFT controller.
This pin also can be used as GPIOCJ[7].

TFTC PWM #1 Output

This signal is controlled by the registers of the LT7689's internal
TFT controller. It is a programmable PWM output signal that can
10
61 TFT_PWMI1] be used to control the backlight of the TFT panel or other devices.
The output mode of the TFT_PWM][1] can be set via the registers
of the TFT controller.

MCU-controlled PWM Output Signal
It can be used as a PWM output or GPIO and is set by internal

> PWM_M1 Te) MCU registers.
GINT[13] Normally, this pin outputs a fixed clock signal (8~12MHz) to the
TFT clock signal input port i TFT_XI. This pin also can be used
as GINT[13].
PWM M2 MCU-controlled PWM Output Signal
13 - IO | It can be used as a PWM output or GPIO and is set by internal
GINT[14] MCU registers. This pin also can be used as GINT[14].
PWM M3 MCU-controlled PWM Output Signal
43 B 10 It can be used as a PWM output or GPIO and is set by internal
GINT[15] MCU registers. This pin also can be used as GINT[15].

6.6 USB Signals
Table 6-6: USB Signals

Pin # Pin Name I/O Pin Description

USB Data Positive

42 DP 10 )
These signals are used by the USB module.

a1 DM 0 USB Da_ta Negative
These signals are used by the USB module.
USB Detect

39 OTG_ID IO [ This ID signal is used to indicate the ID status of the Mini USB
plug, and to judge if it is a master device or a slave device.
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6.7 GPIO and Interrupt Signals

Table 6-7: GPIO and Interrupt Signals

Pin # Pin Name I/O Pin Description

GPIO/INT #1 Signal
30 GINT[1] 10 This pin is used as GPIO or interrupt input signal GINT[1]. It also
can be used as TXD3.

GPIO/INT #2 Signal
31 GINT[2] 10 This pin is used as GPIO or interrupt input signal GINT[O]. It also
can be used as TRD3.

GPIO/INT #3 Signal
32 GINT[3] 10 This pin is used as GPIO or interrupt input signal GINT[O]. It also
can be used as RXD2.

GPIO/INT #4 Signal

33 GINT[4] 10 This pin is used as GPIO or interrupt input signal GINT[4].

GPIO/INT #5 Signal
35 GINTI5] 10 This pin is used as GPIO or interrupt input signal GINT[5]. It also
can be used as TXD2..

GPIO/INT #9 Signal
10 GINT[9] (@) This pin is used as GPIO or interrupt input signal GINT[9]. It
also can be used as SCK3.

GPIO/INT #11 Signal
11 GINT[11] 0] This pin is used as GPIO or interrupt input signal GINT[11]. It
also can be used as MOSI3.

GPIO/INT #10 Signal
12 GINT[10] I This pin is used as GPIO or interrupt input signal GINT[10]. It
also can be used as MISO3.

GPIO/INT #13 Signal
2 GINT[13] 10 This pin is used as GPIO or interrupt input signal GINT[13]. It also
can be used as PWM_ML1.

GPIO/INT #14 Signal
13 GINT[14] 10 This pin is used as GPIO or interrupt input signal GINT[14]. It also
can be used as PWM_M2.

GPIO/INT #15 Signal
43 GINTI[15] 10 This pin is used as GPIO or interrupt input signal GINT[15]. It also
can be used as PWM_M3.

Interrupt Output Signal of TFTC

44 INT# O | This pin is to indictate the interrupt status of the TFT controller. If
an interrupt occurred, then this pin will be pulled low.
GPIO C Group
60. 46 These are general purpose /0. GPIOC are available when PWM
T GPIOC[7] o and SPI Master functions are disabled.
I . L
45, 50, GPIOC[4:0] GPIOCJ7] is the same pin with PWM]|0].
48, 47 GPIOC[4:0] are multiplex pins that share with {SFCS1#,

SFCSO0#, SFDI, SFDO, SFCLK}
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Pin # Pin Name I/O Pin Description

GPIO D Group
These are general purpose /0.

87,70 | GPIOD[7:6] 10 GPIOD[7] is a multiplex pin that shares with PD[18], and
GPIODI[6] is a multiplex pins that shares with PD[2].

GPIODJ[7,6] are available when LCD Panel interface is set to
16bits.

6.8 Miscellaneous Signals

Table 6-8: Miscellaneous

Pin # Pin Name I/O Pin Description

I12C Clock

This signal is the 12C clock signal, and normally used for
capacitive touch panel.

26 12C_CK 10

12C Data

This signal is the 12C data signal, and normally used for
capacitive touch panel.

25 12C_SD 10

DAC (Digital-to-Analog Converter) Output
18 DAC_OUT O This pin is the analog output of DAC, and controlled by internal
MCU register. Normally used for audio output.

ADC (Analog-to-Digital Converter) Input
16 ADCINI[O . .
(0] I These pins are the analog input of ADC, and controlled by
15 ADCINI[1] internal MCU register.

Wake-up Input Signal
This is LT7689 wake-up input signal

20 WAKEUP I SD card (SPI mode) detect signal
When SD card (SPI mode) is used, this signal can be used as
the SD card (SPI mode) detection signal.

19 RST# || Reset

When RST# = 0, the internal MCU will caused reset.
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6.9 Power and Clock Signals

Table 6-9: Power and Clock Signals

Pin # Pin Name I/O Pin Description

TFTC Crystal / External Clock Input

This pin is used to connect to a clock souce for the internal
94 TFT_XI | TFTC6s PLL. I f an external ¢
should be connected to this pin. In general, this pin is connected
to PWM_M1, and the susgested frequency is 8~12MHz.

TFTC Crystal Output

95 TFT_XO O | This is an output pin for internal crystal circuit of TFT Controller.
It should be connected to the external crystal circuit.

32.768Khz Crystal Input

37 32K X ! This pin is connected to 32.768Khz X 6 t a |
32.768Khz Crystal Output
36 32K_X0O S This pin is connected to 32.768Khz X 6 t a |
12Mhz Crystal Input
29 XTAL I This pin is connected to 12Mhz X 6t al f or USB.
12Mhz Crystal Output
28 EXTAL O This pin is connected tol2Mhz X 6t al f or USB.
35 VBAT PWR | 3.3V~3.6V RTC Battery Power
21 VCC35 PWR [ 3~5V Power Supply Input
51, 52,
55, 57,
VDD_1 PWR [ 3.3V Power Input for TFT Controller
59, 67, -
88, 96
9,23 VDD_2 PWR | 3.3V Power Input for MCU
14, 17, L
38 AVDD 3.3V Power Input for Internal Analog Circuit

Internal LDO Output #1 (1.1V, for Flash)

24 LDO1 Vi1 PWR , .
- These pins must connect 1uF and 0.1uF capacitor to ground.

Internal LDO Output #2 (1.1V for USB)

40 LDO2_V11 PWR _ .
These pins must connect 1uF and 0.1uF capacitor to ground.

Internal LDO Output #3 (1.2V, for Core)

22 LDO3_V12 PWR . .
These pins must connect 1uF and 0.1uF capacitor to ground.

1, 54, Internal LDO Output #3 (1.8V, for TFTC)
LDO4 V18 PWR _ .
58, 78, - These pins must connect 1uF and 0.1uF capacitor to ground.
53, 66 VSS PWR | Ground Pins
0 Thermal Pad - The back of LT7689 Heat Sink Pad must be grounded.
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7. Electrical Characteristics

7.1 Absolute Maximum Ratings
Table 7-1: Absolute Maximum Ratings
Symbol Parameter Value Unit
Vop Supply Voltage Range -0.3~3.6 \%
Vin Input Voltage Range -0.3 K VDD+0.3 \%
Vout Output Voltage Range -0.3 K VDD+0.3 \%
Po Power Dissipation U300 mw
Torr Operation Temperature Range -40 ~ 85
Tst Storage Temperature -40 ~ 125
TsoL Soldering Temperature 260
Note:

If used beyond the absolute maximum ratings, LT768x may be permanently damaged. It is
strongly recommended 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. This
specification does not guarantee the accuracy of the parameters without a given upper and lower

l'imit valwue, but itbés typical value reasonably
7.2  Electrical Parameter
Table 7-2: Electrical Parameter
Symbol Parameter Condition Min. | Typ. | Max. | Unit
Vop1 , Vbb2 System Voltage 3.0 3.3 3.6 \%
Cvop Loading Capacitor 1 - 10 uF
lorr Operation Current Note 1 60 mA
Ists Standby Mode Note 1 30 mA
Isusp Suspend Mode Note 1 10 mA
IsLp Sleep Mode Note 1 7 mA
TrmpP Power Ramp Up Time \ng[t)o%a:;n\r/) 3.5 35 ms
OSC/PLL
Fosc Oscillator Clock Ve e 3oV 10 MHz
Fvco VCO Output Clock Frequency 100 500 | MHz
TrLock Lock Time Note 3 500 us
CLKwmpLL MPLL Output Clock (MCLK) VDD =3.3V 133 | MHz
CLKcrpLL CPLL Output Clock (CCLK) VDD =3.3V 100 | MHz
CLKppLL PPLL Output Clock (PCLK) VDD =3.3V 80 [MHz
Serial Host Interface
CLKspi | SPI Input Clock | | | | 50 [mHz
Input/Output (CMOS 3-state Output pad with Schmitt Trigger Input, Pull-Up/Down)
ViH Input High Voltage 2 3.6 \%
Vi Input Low Voltage -0.3 0.8 \%

LT7689_DS_ENG/V1.3
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Symbol Parameter Condition Min. | Typ. | Max. [ Unit
Von Output High Voltage 2.4 \
VoL Output Low Voltage 0.4 \
Rpu Pull up Resistance 34 41 64 Kq
Rep Pull down Resistance 33 44 79 Kq
Vp _IS_ﬁ:len;ﬁt)Lrlgger Low to High 15 21 v
Vi _IS_ﬁ:len;ﬁt)Lrlgger High to Low 0.8 13 v
Vhvs Hysteresis Voltage 200 mV
ILEAk Input Leakage Current -10 +10 [ ¢ A

VsLew Rise/Fall Slew Rate 15 V/ns

Note 1: Measured on tester with 8 bit MPU interface and without extra load.

[
Co
Ry Cy Ly
Standard Value: R1 = (85ad@ 0 gLl=3.4mH, C1 = 13fF, CO=2.8pF

Figure 7-1: Equivalent Circuit
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8. Function Description

LT7689 combines high-performance Cortex-M4 MCU and TFT graphics accelerators. Its internal MCU's main
structure is the same as Levetop's LT32U03, and its functions can be referenced to LT32UQ3 specification
and application manual. In addition, the TFT Graphics Accelerator app |l i es L e v ehardvpale s
architecture, its circuit configuration to the MCU is shown in the following figure.

LT7689

Cortex-M4 TFT Controller

4-wire SPI
SCK2 > SCLK

SS2# | % SCS#
MOSI2 ————— > SDI

MISO2 [« SDO

Figure 8-1: The connection of Internal MCU and TFT Controller

LT7689 internal MCU program already contains a Uart protocol that supports about 70 Levetop's Serial TFT
panel instructions. Users can design their display flow and contents simply by using the development software
provided by Levetop Semiconductor to gather pictures, animation, and other display contents together.
Basically, there is no need to modify LT7689 internal MCU program, nor need to understand LT7689 internal
register and control method. The host MCU only needs to send instructions to LT7689 through Uart Interface,
and to receive and interpret the feedback message sent by LT7689. Therefore, using LT689 can save users
a lot of time on display develompment tasks. For more details about development software and external
application schematic, please refer to the LT7689 Uart TFT panel application note - "LT7689_ UartTFT_AP
Note Vxx_EN.pdf".

TFTRORENSH

al EVETOP

©
N

LT7689
Uart -
e Controller

T FH TiE BT XF

[ END
C 0000

Figure 8-2: Serial Usrt TFT Module
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8.1 Host MCU and TFT Protocol List
Table 8-1: Protocol List
Host Transfer Host Receive
Maid Det a (Panel Receive) (Panel Send)
FunctlfFunct]!nitComm CRC| End] Initial |Comm. CRC End
Coddq CodHg ( TOB param| Codg Codg Code Code (1’E\5|Ofe) Fr’a(rlaBmf:)e Code Code
(1By|l(1BYy y (2By|( 4By { (1Byte) [(1Byte) y Y€l 2Bytes) | (4Bytes)
Di spl )
Pil ¢t u St a 80h nn CRC End Star|] 80h nn info CRC End
gla;‘gle Staf 85h| nn crRC| End| sStar| 8n nn |info| crc| End
Single/Multil gy 2 gan| nn crc| End| starf 8an| nn |info| crc| End
Picture
Display X v
Single St a 8 Fh nn ’Pnn’ CRC End St ar|] 8Fh nn info CRC End
Picture
Pl ay I] Sta 81h nn CRC End Star|] 81h nn info CRC End
Claﬂcf'o Stal| 84 nn crRC| End| sStar| 84n nn |info| crRc| End
T;,iagfg staf| 82h| nn crRc| End| starl 82n| nn |[info| crRc| End

Pict ( . -

DisplDlspIa St a 88h nn CRC End St ar|] 88h nn info CRC End
Cancel] St a 89h nn CRC End Star|] 89h nn info CRC End
Buffer] Sta 8 Eh 0, ] CRC End St ar|] 8Eh 00 info CRC End
2oP ] staf psn| nn crc| End| star pen| nn |info| crc| End
Scr ol ’

Pictd St a D9 h nn CRC End Star] D9h nn info CRC End
Cancd
Scrol St a DBh nn CRC End St ar|] DBh nn info CRC End
Loop
Numerl stay 9on| nn | ddd.| crc| End| star 90n| nn [into| crC| End
True
Numer] St a 91h nn ddd.| CRC End Star|] 91h nn info CRC End
Pict U
As cRiict] St a 9Fh nn ddd.| CRC End St ar] 9Fh nn 3 U CRC End
Full Screen .
Slide Picture St a B4h nn CRC End St ar|] B4h nn info CRC End
o | St a AOh nn CRC End St ar] AOh nn info CRC End
i sp
Singl
CoOme When Press Control Bl Star] AOh nn 31h CRC End
Butt d
When Rel ease Control St ar] AOh nn 30h CRC End
glaggle Stal| Al1h| Nn crRc| End| star A1nh| nn |[info| crc| End
St a A2h Nn CRC End Star] A2h nn info CRC End

D| Spl Virt |
Contr When Press Virtual H Star] A2h nn 31h CRC End

Contr Displ

But t g When Release Virtual Star] A2h nn 30h CRC End
ch:laggle Sta{ A3h| nn crc| End| starl A3h| nn |[info| crc| End

St a 9Ch 00 CRC End St ar] 9Ch 00 info CRC End
. . Page
Display Base After Slide Screen Star] 9Ch NG info CRC St ar
Map &All .
|
%3?:;?] When Press Control B starf 9Bn|icono| 31n]| crc| End
When Rel ease Control St ar] 9Bh| IconID 30h CRC End
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Host Transfer Host Receive
Main Det a (Panel Receive) (Panel Send)
FunctFunct|initComm CRC| End| Initial [Comm. CRC End
Codd Cod¢dg T% param| Codg Codg Code Code (1go£e) I?a}rlaBmteé)e Code Code
(1By|(1By|(1BY (2By{( 4By { (1Byte) |aBytey| *BY V)] (2Bytes) | (4Bytes)
Progre|] St a BOh nn (\;aIBuy CRC End St ar|] BOh nn info CRC End
. Angle .
Pointer St a Blh nn (2 Bytes) CRC End St ar| Blh nn info CRC End
Ring Pointer] St a DCh nn SA—/::]%llee’ CRC End St ar] DCh nn info CRC End
I nde ~
Pict U
QR Code St a 98h nn String CRC End Star|] 98h nn info CRC End
Curve Buffer|] St af B2h C(gfg)e' (n*gg;?es) cRC| End| star| B2h C(gfg)e' 3U CRC | End
Dc'i‘:\'/aey stal B3h| nn crRc| End| star B3h| nn 3 U CRC End
St a 94h nn CRC End St ar| 94h nn info CRC End
Set Slider
When Press Slider St ar| 94h nn VEILE CRC End
(1 Byte)
Touch R;?&Z‘;e St af 95h Nn cRC| End| star| 95n nn |info]| crRc| End
ouc
Slider )
Set Ring St a 96h Nn CRC End St ar| 96h nn info CRC End
Slider Value
When Press Ring Slider St ar| 96h nn CRC End
(1 Byte)
Rizmst’”‘:fer staf| 97h nn crRc| End| star| o7n nn [info| crc| End
F o rlt St a COh nn Stri CRC End Star] COh nn info CRC End
F o 2t St a Clh nn Stri CRC End Star] Cl1lh nn info CRC End
F o Bt St a C2h nn Stri CRC End Star] C2h nn info CRC End
F o mt St a C3h nn Stri CRC End St ar] C3h nn info CRC End
Font
Bold Font-1] St a DO h nn Stri CRC End Star|] DOh nn info CRC End
Bold Font-2] St a D1 h nn Stri CRC End Star] D1h nn info CRC End
Bold Font-3] St a D2 h nn Stri CRC End Star|] D2h nn info CRC End
Bold Font-4] St a D3 h nn Stri CRC End St ar|] D3h nn info CRC End
gﬁ%’f; St afl 8eéh 00/01/02 | cRC| End| St ar| 8sh nn |info]| crc| End
Cursor SO
C'UFSOZ St al 87h N X, Y CRC| End| star| 87n N info| CRC| End
Set BL BL .
graicgkr: Brighit St a BAh (00-~0 CRC End St ar BAh(OO~0'nf° CRC End
S On/ Off St a BCh 00 orf CRC End Star] BCh|00O onfinfo CRC End
REP(BIt7) REP(BIit7)| .
Play St a B8h + WAV No. CRC End St ar| B8h +WAVNo|nf0 CRC End
Wav
Stop St a B9h CRC End St ar| B9h 00 info CRC End
Boot Boot St a 9Ah 00 CRC End Star] 9Ah 00 info CRC End
Comb i Ccoomm”;a} stal 9Ah| nn crc| End| star 9an] nn |info| crRc| End
Veri |TFT Vvgq St a 8 Bh CRC End St ar|] 8Bh 00 info CRC End
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Host Transfer Host Receive
Main Det a (Panel Receive) (Panel Send)
FunctFunct|initComm CRC| End| Initial [Comm. CRC End
Codqg Code(T%' param| Codg Codg Code Code (1go£e) I?a}rlaBmteé)e Code Code
(1By|(1BY y (2By|( 4By { (1Byte) |1Byte)] =Y V¥ (2Bytes) [ (4Bytes)

Res et .

TfRe s ¢ LT768 St a BDh CRC End St ar|] BDh 00 info CRC End
Dot St a DFh nn X, Y CRC End St ar| DFh nn info CRC End
Linel] Sta EOh nn CRC End St ar| EOh nn info CRC End
Hol | d .

Cirecl St a Elh nn CRC End St ar| Elh nn info CRC End

gior'(':l St al| E2h nn crRc| End| star| E2n nn |[info| crc| End

Solid .

. St a E3h nn CRC End St ar| E3h nn info CRC End
Wi t h H

Hol | d .

El i g St a E4h nn CRC End St ar| E4h nn info CRC End
Solid St a E5h nn CRC End St ar| E5h nn info CRC End
Sol i d .

: St a E6h nn CRC End St ar| E6h nn info CRC End
Wi t h H

Hol I d .

St a E7h nn CRC End St ar| E7h nn info CRC End

Rect a

5o St a E8h nn CRC End St ar| E8h nn info CRC End
Rect a
Rectal s¢af Eon nn cRc| End| star| Eon nn |[info| crc| End
Wi th H

Hol | d
Round St a EAh nn CRC End St ar| EAh nn info CRC End
Rect a

Sol i

Geometric Round St a EBh nn CRC End St ar| EBh nn info CRC End

Rect a
Round
Rect a St a ECh nn CRC End St ar| ECh nn info CRC End
Wi t h H

Hol | d ’

TE B & St a EDh nn CRC End St ar| EDh nn info CRC End
S0l stay een nn crRc| End| star| Een nn [info| crc| End
Trian .

. St a EFh nn CRC End St ar| EFh nn info CRC End
Wit h H

Hollow .

Quadrangle St a FOh nn CRC End St ar| FOh nn info CRC End

2ol St a F1h nn CRC End St ar| Fi1h nn info CRC End
Quadrangle

Hollow 1 gy o Fon nn crc| End| star| Fon nn |linfo| crRc| End
Pentagon

Solid )

St a F3h nn CRC End St ar| F3h nn info CRC End

Pentagon
Cylin] Sta F4h nn CRC End St ar| F4h nn info CRC End

quare St a F5h nn CRC End St ar| F5h nn info CRC End

Cylinder

Table .

. St a F6h nn CRC End St ar| F6h nn info CRC End

St a A4h 00 CRC End St ar|] A4dh nn info CRC End

q ASCI

Di spl When Press Keyboal|l Star A4nh nno|in CRC End
Numer LWy

Numer| Keybo ASCI

Keybo When Press CR Key star| A4n[ nn [info+| crRc| End

cont

cancq syaf asnh| oo crc| End| star| Asn| nn |int¢od crc| End
Keybo
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Host Transfer Host Receive
Main Det a (Panel Receive) (Panel Send)
FunctFunct|initComm CRC| End| Initial [Comm. CRC End
Codqg Code(TOB' param| Codg Codg Code Code (1go£e) I?a}rlaBmteé)e Code Code
(1By|( 1By Y (2By{( 4By { (1Byte) [aByte)| **Y Y'®[(2Bytes) | (4Bytes)
St a A6h 00 CRC End St ar| A6h nn info CRC End
Display Full -
Eul I| Keyboard info+
When press CR key Star| Aéh nn |(ASCI| CRC End
Keybo B231
Cancell gy af A7h 00 crc| End| star| a7n nn |info| crRc| End
Keybo
Oonl i n 5Ah,
Det ed St a BEh CRC End St ar|] BEh 00 505 h CRC End
TFET
Det e Ver sl MCU Co
St a BFh CRC End St ar] BFh| + Mod{]i nf o CRC End
Deted I nfo.
Y, M, D, H, M, )
Set Clock St a 8Ch S, W (7 Bytes) CRC End St ar| 8Ch 00 info CRC End
Clock
Setting Y, M, D, H,
Read Clock] St a 8Dh CRC End St ar| 8Dh M, SSW i nfo CRC End
()
Display
Digital Time,] St a 9h nn CRC End Starl] 92h nn info CRC End
Date
Di s p || Display
Ccl oc Analog St a 938 nn CRC End St ar| 93h nn info CRC End
Time, Date
Display | gy 5 om nn crc| End| starf 9Dh| nn |[info| crRc| End
Week
Execut .
B @ FIA St a Ch Reg CRC End St ar| Ch nn info CRC End
Set Register] St a Ch Reg CRC End St ar|] Ch nn info CRC End
Write St a CQ Dat CRC End Star|] Ch nn info CRC End
Register
Read [ St a Ch 00 CRC End St ar|] Chh Dat ainfo CRC End
Register .
Data Plus 1 St a CH Reg CRC End St ar|] CH nn info CRC End
Register
Data Minus| St a CH Reg CRC End Star|] Ch nn info CRC End
1
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8.2 RS-232(UART) Communication Protocol

When the host MCU sends command to LT7689 through the UART port, in addition to the Command
Code, Serial Number, and Command Parameters, it should also add 1 Byte of Start Code (fixed as 0xAA),
2 Bytes of CRC Code and 4 Bytes of End Code (fixed as OxE4, 0x1B, 0x11 and OXEE). The command
information is shown in Table 8-2:

Table 8-2: Receive Command Information

Comma| Seri|Comman
St aGotd code | NumbelpPar ame CRC En€ode
O0x AA | | 0Ox E4, 0x 1B, 0
(By) 1 By 1 By n Byt 2 By 4 Bytes

LT7689 will respond 10 Bytes messages after receiving commands from host MCU, including Start Code,
Command Code, Serial Number, Information Code, CRC Code, and End Code. The first Byte is the Start
Code, followed by the command received, the third is Serial Number. Then the forth is Information Code
that returns the execution result of the panel, the fifth and sixth are CRC codes, and the last four Bytes
are the End Codes.

Table 8-3: Feedback Information

StaOotdC(z:(r)ng]é1 NSuerr:ble Il nf or m@otdieon |CRCo d En €ode
1Byte
0x00: Command
O0x01: Command
error
O0x02:-eNiowat com
Nor m{ O0x 03: Command®o6
cC 0mma configurati
(1 BYyYyOx04: CRC corr
O0x05: FI ash Da
0x AA 8Dh 0x E4, 0
( By) 1 By|command| BEh command: 2 Byf Ox11, O
(8 By O0x5A: Ready 4 Byt e
0x55: Not Ready
BFh
c o mma| 94h 94h Command:
(47 Bytes) the percentage position of
whole progress bar
AOh, 9Ch/9Bh Command:
Ox31:Press | con
0x30:Rel ease | c

In the feedback information, serial numbers may represent different meanings in some commands. For
example,in 9Ch command, it means the page number; in BAh command, it means the backlight
brightness; in B8h, it means WAV No., in 8Dh, it has 8 Bytes and means the clock information; in BFh
command, it has 47 Bytes which represent the TFT panel information. Please refer to LT7689
Application Note for detail.
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9. Clock and Reset Signals
9.1 Clock Signals

The internal clock signals of the LT7689 are shown in Figure 9-1 below. The MCU section consists of an
external 32KHz crystal oscillator circuit with a separated power supply, and two internal high precision
clock circuits (150MHz). The TFT controller section consists of an external 10MHz crystal oscillator circuit
and three internal PLL circuits. The clock signal can be generated from a PWM outputs of the MCU (such
as PWM_M1) or using an external 10MHz crystal oscillator circuit (shown in Figures 9-2 below).

LT7689

32Bit Cortex-M4
e 32K XI Internal Clock
J_lSp Hi Speed
= gﬁﬁ L, |[ 1s0mHz H—255
32,768Hz | 15p
T 32K_XO 128KHz Low Speed
8~12MHz PWM_M1
L 1
TFT Controller
PLL Block
22Q Xl CCLK
—N— CPLL — To Core Logic
MCLK
I OSC |f—p MPLL — To Display RAM
X0 PCLK
PPLL } » To TFT Driver

Figure 9-1: LT76896 s Cl ock Structure
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LT7689

32Bit Cortex-M4

T+ 32K XI Internal Clock
| 15p 32K Md
32,768HZ-_15ph = _’ >
1- 32K_XO Low Speed

{

ETFT Controller

PLL Block

Xl CCLK
l T ' CPLL — To Core Logic i
i

MCLK
OSC —»f| MPLL H—> ToDisplayRAM
10MHzT 15pT ©
PCLK
PPLL » To TFT Driver

L - ——— -

Figure 9-2: TFT Use External Xtal Oscillator

The external 32KHz crystal of the MCU is independently powered and can be used for RTC. The system
clock can run at 72MHz at full speed or at 128KHz to reduce the power consumption. For more
information, please refer to the LT32U03 specification and application manual.

The internal TFT Controller has three embedded PLL circuits to generate three clock source for internal
circuit operations:

A CPLL : Provide CCLK for Host interface, BTE Engine, Graphics Engine, and Text DMA
data transfer etcé

A MPLL : Provide MCLK for internal Display RAM
PPLL :Provide PCLK for TFT-LCD6s Scan Cl ock.

The three PLL are operated independendly. The PLL output frequency is calculated from the following
formula:

Four = X1 * (N /R)+ OD

In the above formula, XI is the external Oscillator / Clock input. The input frequency "XI/R" is no less
than 1MHz, and the def aul tidevRatiouits valuesisbleMHwze.e ni RO ~i s3 1l.n pf

Out put Divider Ratio that must be 1, 2 or 4. ANO i s
9bits which between 2 ~ 511.

LT7689_DS_ENG/V1.3
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Table 9-1: PLL Register Setting (1)

R[4:0] Inp;{t;lttilgi\(/Figer N[8:0] Feedggltcizlg g\i;ﬂder
00010 2 000000010 2

00011 3 000000011 3

00101 4 000000101 4

11101 29 111111101 509

11110 30 111111110 510

11111 31 111111111 511

Table 9-2: PLL Register Setting (2)

OD[1:0] Input Dééigir Ratio
00 1
01 2
10 3
11 4

For example, Xl is 10MHz, R[4:0] is 01010 (i.e. 10), N[8:0] is 100000000 (i.e. 256), OD[1:0] is 11 (i.e. 4),
then:

Four = 10MHz * (256 / 10)+ 4 = 64MHz

The design rule of three clock are:

1. CCLK 2= MELLK>= CCLK

2. CCLK>= PCLK1.*5

In general, TFT manufacturers will advise the Pixel Clock(PCLK) for the best display effect, based on their
TFT characteristics.Therefore, user can setup the register according to the requirements of the PCLK,
and then apply the above rules to set up CCLK and MCLK. According to the different resolution of LCD
panel, the PLL output should generate different clock frequency. For example, if LCD panel resolution is
640*480, the recommend values are: PCLK = 20MHz, MCLK = 40MHz, CCLK = 40MHz, then the register
settings are as following:

LT7689_DS_ENG/V1.3
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PCLK =XI*(N/R)+ OD REG[05h] : OD = 11b, R = 01010b
= 10MHz * (80 / 10) + 4 REG[06h] : N = 01010000b
= 20MHz

MCLK =XI*(N/R)=+ OD REG[07h] : OD = 11b, R = 01010b
= 10MHz * (160 / 10) + 4 REG[08h] : N = 10100000b
= 40MHz

CCLK =XI*(N/R)+ OD REG[09h] : OD = 11b, R = 01010b
= 10MHz * (160 / 10) + 4 REG[0Ah] : N = 10100000b

= 40MHz

Another example, if resolution is 800*480, the recommend values are: PCLK = 25MHz, MCLK = 50MHz,
CCLK =50MHz. We cansetupt he regi stersdé values as foll owing:

PCLK =XI*(N/R)+ OD REGJ[05h]: OD =11b, R =01010b
= 10MHz * (100 / 10) +~ 4 REGJ[06h] : N =01100100b
= 25MHz

MCLK =XI*(N/R)+ OD REG[07h]: OD =11b, R =01010b
= 10MHz * (200 / 10) +~ 4 REGJ[08h] : N =11001000b
= 50MHz

CCLK =XI*(N/R)+ OD REG[09h]: OD =11b, R =01010b
= 10MHz * (200 / 10) +~ 4 REGJ0Ah]: N =11001000b

= 50MHz

Table 9-3: PLL Register Setting Example

Registers 640*480 800*480
REG[05h], PPLLC1 11010100b 11010100b
REG[06h], PPLLC2 01010000b 01100100b
REG[07h], MPLLC1 11010100b 11010100b
REG[08h], MPLLC2 10100000b 11001000b
REG[09h], CPLLC1 11010100b 11010100b
REG[0Ah], CPLLC1 10100000b 11001000b

Attention:

1. The value of Register R[4:0] must be greater than Register OD.

2. WhenthePi x e |
2.

RCLKois lkss than or equal to 8MHz, set R directly to 4, and OD to

LT7689_DS_ENG/V1.3
______________________________________________________________________________________________________________|

© Levetop Semiconductor Co., Ltd. Page -36-



l:r LT7689 Serial U art TFT Controller

9.2 Reset

LT7689 has five reset sources. The built- inMCU and TFT controllers have their own Power -On Rset,
External Reset input, and Software Reset. The fi \&tchdog Timer resetdand i dltage Detection Resetd
are unique reset states for MCU. For its operation details, please refer to the LT32U03 specification and
application manual.

T Power on Reset

T External Reset Pin

I Software Reset

I Watchdog Timer Reset

I Programmable Voltage Detect Reset

9.2.1 Power-on Reset

The MCU and TFT controllers in LT7689 have their own POR (Power On Reset) circuit. It is an active
low signal and may output to external circuits by RST# pin to synchronize the whole system. When
system power (3.3V) on, internal reset will be activated until internal power is stable and then de-active
after256 OSC( X6t al QlIscks. | | at or )

9.2.2 External Reset

LT7689 has two external reset input signals, RST1# is the reset signal for the TFT controller, and
RST2# is the reset signal of the MCU. The external reset sighal RST1# can synchronize LT7689 with
the external system. The external reset signal must be stable for at least 256 crystal clocks (OSCs)
before it can be recognized. Before starting to set LT7689, the MCU should check the bitl-operating
mode status indicator of the status register STSR to ensure that LT7689 is currently in a "normal
operating state".

RST#

OSCCLK [ {11111ttt

—————— 256Clocks ———>|

Figure 9-3: External Reset Signal

9.2.3 Software Reset

If the MCU write 1 to register REG[00h] bit0 of TFT Controller, LT7689 will be reset by software. The
software reset will only reset the internal state machine of LT7689, and the other registers values will
not be affected or cleared. After the software reset is complete, the REG[00h] bitO will automatically
be cleared to 0.
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10.1/O Interface and Data Format

10.1 Communication Interface of System

The communication mode between LT7689 and host MCU is through the UART interface. The host MCU
is responsible for sending display commands, while LT7689 displays information such as pictures on the
TFT Panel according to the display command. Levetop provides complete development and simulation
environment. All display sequences are planned and formulated by Levetop. For more information, please
refer to our application manual.

In addition, host MCU can update LT7689 internal program or SPI Flash data via the USB interface.

Host MCU LT7689
RX TXD
@ »| RXD
op | |5e
oM ; DM

Figure 10-1: The Connection of System MCU and LT7689
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10.2 10 Interface of MCU

LT76896 s i nMC& mnodalé also offers many 10 interfaces, as shown below in the left half of Figure
10-2. It includes 2 analog inputs, multiple interrupt signal inputs and 3 PWM signal outputs. These
interfaces are set by the internal MCU registers and can also be used as normal GPIO. The Pin names
are consistentwithL e v e tL332808. The detailed operation can be found in the LT32U03 specification
and application manual. And in the right half of Figure 10-2, the TFT controller also provides some GPIO
interface. It can be used as an extension of the MCU interface. Usually these GPIO interfaces are shared
with other control signals, as shown in Table 10-1 below. The GPIO pins can be used only when these
control signals are prohibited.

Cortex-M4 TFT Controller
» AIN[O]

—»| AIN[1] GPIOC[0] N
GPIOC[1] >
< > GINT[0:5] GPIOC[2] >
- » GINT[9:11] GPIOC[3] >
<« > GINT13:15 GPOIOC[7], PWMI[O] >
< » GINT[39] PWM[1] >

< PWM_M1
- GPIOD[6] |e S

< PWM_M2
= GPIOD[7] |e >
< PWM_M3 I -

Figure 10-2: Internal I/O Interface
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10.3 10O Interface of TFTC

Some GPIO interfaces are also provided within the TFT controller, as shown in the right half of the Figure
10-2 as above. These IO ports can be used as an extension of the MCU interface. Usually these GPIO
signlas are shared with other control signals. Please refer to Table 10-1 below. These control signals can
only be used as GPIO ports if their control functions are prohibited.

Table 10-1: The Alternate Pins of GPIO and Control Signals

GPIO Pins Alternate Signals

GPIOC[7] TFT_PWMIQ]
GPIOC[4:0], { SFCS1#, SFCSO0#, SFDI, SFDO, SFCLK }
GPIODI[7:6], { PD[18], PD[2] }

The setting of these GPIO interfaces is determined by the Register REG FOh~F6h of the TFT Controller.
Please refer to the Chapter 19 fi Bgister Descriptiona
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10.4 Pulse Width Modulation (PWM) of TFTC

TFT Controller has built-in PWM functions, and provides two PWM signals output: TFT_PWM][0] and
TFT_PWM[1]. It also has embedded two 16bits counters Timer-0 and Timer-1, and its action is related to
the output state of the PWM signals. For example, before using the TFT_PWM][0], the Host must set
Timer-0 count registers (TCNTBO, REG[8Ah-8Bh],) and Timer-0 count comparison registers (TCMPBO,
REG[88h-89h]). After the PWM function is enabled, the Timer-0 counter will first load the TCNTBO value
and start counting down according to the PWM clock frequency. When the value of the Timer-0 counter
equals the value of the TCMPBO register, PWM will active. This means if the original state of TFT_PWM][O0]
is O, it will change to 1. The Timer-0 counter will continue to count down, and when Timer-0 equals to 0
then an interrupt will be generated. The TFT_PWMI[O]'s state will be back to the original 0, and also
automatically reload TCNTBO value. The above procedure represents a complete PWM cycle.

Timer-0 == TCMPBO Timer-0 == TCMPBO Timer-0 == TCMPBO

PWMO

Start Timer-0==0 Timer-0==0 Timer-0==0
Timer-0=TCNTBO Timer-0 =TCNTBO Timer-0 =TCNTBO Timer-0=TCNTBO

Figure 10-3: TFT_PWM][0] Output Wave Form

Based on the above waveform and description, the duty cycle of TFT_PWMI[Q] is determined by
comparison registers (TCMPBO0, REG[88h-89h]). For example, to generate a voltage of approximate DC
potential by TFT_PWMI[O], when the TFT_PWM][O0] is initially set to 0, the larger value of the TCMPBO is
set, the higher equivalent voltage on TFT_PWM][O0] will be. On the other hand, when the TFT_PWM]|0] is
initially set to 1, the smaller value of the TCMPBO is set, the higher equivalent voltage on TFT_PWM]|0]
will be.

Note: The automatic reload feature of TFT_PWM][0] (REG[86h] bit1) must be turned on, and when Timer-
0 equals to 0, it will reload the value of the TCNTBO automatically. Therefore, if the MCU changes TCNTBO
or TCMPBO value before Timer-0 equals to 0, PWM can produce different duty-cycle waveform.
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10.4.1 TFT_PWM Clock Source

The TFT_PWM's clock source comes from CCLK(System Clock), while the Timer-0 and Timer-1
base frequencies are determined by register PSCLR (REG[84h]):

PWM_CLK = CCLK / (Prescaler + 1)

The clock source of Timer is determined by the respective frequency registers (REG[85h]). The Timer
Divisor provides four options: 1, 1/2, 1/4, 1/8 for the Timer's clock. For example the REG[85h] Bit[5:4]
= 10b, then the Timer-0 count Clock = System_clock/4. Please refer to the Register Description of
Chapter 19 for REG[84H] and REG[85h].

10.4.2 TFT_PWM Output

The output of PWM can also be set to a fixed high or low level. For TFT_PWM]0] , first turn off the
automatic reload feature (REG[86h] bitl = 0), and then stop counting down Timer-0 (REG[86h] bitO
= 0), if Timer-0 < TCMPO, then PWM output high. If Timer-0 > TCMPO, then PWM output low
(assuming the reverse phase is closed, REG[86h] bit2=0). The output state of the TFT_PWM][0] can
be set to the inverse phase by REG[86h] bit2.

In addition, TFT_PWMI[0] and TFT_PWMI[1] are shared output pins that can be used for other
purposes, please refer to the following description of Register REG[85h] bit[3:0].

Table 10-2: REG[85h] Description

Bit Description

TFT_PWM[1] Function Control

Oxb: TFT_PWM[1] output system error flag (Scan FIFO POP
error or Memory access out of range)

32 10b: TFT_PWM[1] output PWM timer 1 event or invert of PWM
timer O
11b: TFT_PWM[1] output Oscillator Clock
TFT_PWM[O] Function Control
0 Oxb: TFT_PWM[0] becomes GPIOC[7]
1-

10b: TFT_PWM][O0] output PWM Timer 0
11b: TFT_PWMIO] output Core Clock (CCLK)

TFT_PWMIO] and TFT_PWM[1] can also be set to complementary outputs. In this case, the output
state of TFT_PWM[1] follows the setting and control of TFT_PWM][O0] , except thatitis a TFT_PWMI[O0]
reverse output state:

PWMO

PWM1

Figure 10-4: The Complementary Outputs of TFT_PWM[0] and TFT_PWM[1]
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In some applications, when using Complementary Outputs of TFT_PWM|0] and TFT_PWM[1] ,
changing state of TFT_PWMI[0] and TFT_PWM][1] at the same time may cause excessive current.
LT768x provides a dead-zone timing control to stagger the output state of TFT_PWM[0] and
TFT_PWM[1]. The dead-zone length of PWM is set by register REG[87h] (DZ_LENGTH):

PWMO

PWM1 k[

Dead-zone Length

Figure 10-5;: Dead-zone of TFT_PWM][0] and TFT_PWM[1]
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10.5 Display Input Data Format

LT7689 supports Monochrome, 256 color, 65K color, 256K color and 16.7M color for TFT panel. The data
for RGB colors are arranged in Display RAM as follows:

A 1bpp : Monochrome (1bit/pixel)

A8bpp :ColorRGB3:3:2(1bytelpi xel )

A 16bpp : Color RGB 5:6:5 (2bytes/p i x e | )

A 24bpp : Color RGB 8:8:8 (3bytes/pixel, or 4bytes/pixel)

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

10.5.1 Input Data without Opacity (RGB)

Table 10-3: 8bits MCU, 1bpp Monochrom Mode

Order Bit7 Bit6 Bit5 Bit4 Bit3 Bit2 Bitl Bit0
1 Pz Pe Ps P4 Ps P2 P1 Po
2 Pis P14 P13 P12 P11 P1o P9 Ps
3 P23 P22 P21 P20 P19 P1s P17 P16
4 P31 P3so P2y P2g P27 P26 P2s P24
5 P39 Pss P37 P3s P3s P34 P33 P32
6 P47 Pas Pas Paa Pas Pa2 Pa1 Pao

Table 10-4: 8bits MCU, 8bpp Mode (RGB 3:3:2)

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

LT7689_DS_ENG/V1.3
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Table 10-6: 8bits MCU, 24bpp Mode (RGB 8:8:8)

Order Bit7 | Bit6é | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

Table 10-7: 16bits MCU, 1bpp Mono Mode -1

Order (Bit15|Bit14|Bit13|Bit12Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

1 nfa| nfa| nfa| nfalnalnfalnfalnal Pz | Ps | Ps | Ps| Pz | P2| P1]| Po

nal nfa| nfal nfa| nfa| na| nfa| nfa|Pis | Pi | P3| Pi2| P11 | Pwo| Ps | Pg

nal n/a| nfa| nfa| nfa| na| n/a| nfa| P23 | P22 | P21 | P2 | Pio | Pis | P17 | P1e

nal nfa| nfa| nfa| nfa| nal n/a| nfa| Pa | P3 | P | P2s | P2z | P2s | P2s | P2a

nfal nfa| nfa| nla| nfa| na| nla| nla| Pz | Pss | P37 | Pss | P3s | Pas | P33 | P32

Ol |~ |DN

nfa| nfa| nfa| nfa| nfa| nfa| nfa| nfa| Par | Pas | Pas | Pas | Paz | Paz | Pa1 | Pao

Table 10-8: 16bits MCU, 1bpp Mono Mode -2

Order |Bit15|Bit14|Bit13|Bit12|Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

1 Pis | P14 | P13 | P12 | P11 [ Pwo | Po | Ps | Pz | Pe | Ps | Pa | Ps | P2 | P1 | Po

P31 | P3o | P2g | P2s | P27 | P2s | P2s | P2a | P23 | P22 | P21 | P2o | P1o | P1s | P17 | Pie

P47 | Pas | Pas | Pag | Paz | Pa2 | Pa1 | Pao | P39 | P3s | P37 | Pss | Pas | Pas | P33 | P32

P63 | Pe2 | Per | Pso | Pso | Psg | Ps7 | Pse | Pss | Psa | Pss | Ps2 | Psi | Pso | Pag | Pas

P79 | P7s | P77 | P76 | P7s | P7a | P73 | P72 | P71 | P7o | Peo | Pes | Ps7 | Pes | Pes | Pea

(o220 &2 B INE - G I I V]

Pos | Posa | Po3 | Po2 | Po1 | Poo | Pso | Pss | Ps7 | Pss | Pss | Psa | Ps3 | Ps2 | Ps1 | Pso

Table 10-9: 16bits MCU, 8bpp Mode -1 (RGB 3:3:2)

Order |Bit15|Bit14|Bit13|Bit12|Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

1 na| nla| nla| nla| nla| nla| nla| n/a

2 na| nla| nla| nla| nfa| nla| nla| nla

3 na| nla| nla| nla| nfa| nla| nla| nla

4 na| nla| nla| nla| nfa| nla| nla| nla

5 na| nla| nla| nla| nfa| nla| nla| nla

6 na| nla| nla| nla| nfa| nla| nla| nla
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Table 10-10: 16bits MCU, 8bpp Mode -2 (RGB 3:3:2)

Order (Bit15|Bit14|Bit13|Bit12Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

Note: The Mode-1 and Mode 2 is determined by bit[7:6] of Register[02h], please refer to the
Cpater-13 Reregister Description.

Table 10-11: 16bits MCU, 16bpp Mode (RGB 5:6:5)

Order [Bit15|Bit14|Bit13|Bit12|Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0O

Order [Bit15|Bit14|Bit13|Bit12|Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0

Order |Bit15|Bit14|Bit13|Bit12|Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
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10.5.2 Input Data with Opacity (aRGB)

LT7689 provides a palette of 64 colors from a total of 4096 different colors with opacity attribute for
OSD (On-Screen-Display) application. User may load preferred color into embedded color palette
then pick it up by index color. The a value stands for opacity.

Table 10-14: 8bits MCU, 8bpp Mode (alndex 2:6)

order | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
1 a: a:? Index color of pixel 0
2 as® as? Index color of pixel 1
3 as? as? Index color of pixel 2
4 ar ar Index color of pixel 3
5 as® ag? Index color of pixel 4
6 an® an? Index color of pixel 5

ada: : 0A 100%, 1A 20/32, 2A 11/32, 3A 0

Table 10-15: 8bits MCU, 16bpp Mode (aRGB 4:4:4:4)

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

ad ad axt ax® : 0A 100%, 1A 30/32, 2A 28/32, 3A 26/32,
4A2 41 32, A B8IE, 13A16232, 14A 4/32, 15A 0.

Table 10-16: 16bits MCU, Index Mode (Index 2:6)

Order [Bit15|Bit14|Bit13|Bit12Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
1 nfa| nfa| nfa| nia| nfa| nfa| nia| n/a| @ | ac Index color of pixel 0
2 na| nfa| nfa| na| nia| nfa| nia| nia| @’ | a Index color of pixel 1
3 na| nfa| nfa| na| nia| nfa| nia| nia| a2’ | a2 Index color of pixel 2
4 nfa| nfa| nfa| nia| nfa| nfa| nia| na | as®| a# Index color of pixel 3
5 nfa| nfa| nfa| nia| nfa| nfa| nia| na| @ | a# Index color of pixel 4
6 nfa| nfa| nfa| nia| nfa| nfa| nia| na| as’ | as Index color of pixel 5

ax®axz 0A 0, 1A 11/32, 2A 20/32, 3A 100%
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Table 10-17: 16bits MCU, 12bpp Mode (aRGB 4:4:4:4)

Order |Bit15|Bit14|Bit13|Bit12|Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5

1 ac® | ac® | aot | ad®

Bit4 | Bit3 | Bit2 | Bitl | BitO

ai® | a? | ait | al

a® | a2 | a2t | a

az® | a® | ast | a3’

as | a2 | ast | ad

as® | as® | as' | ag°

(22 I &2 B I GBI V)

ad aax al: 0A 0, 1A 2/32, 2A 4/32, 3A 6/32, 4A 8/32, é é , 12A 24/32, 13A 26/32, 14A 28/32,
15A 100%.
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11.Display Memory

LT7689 has an embedded 128Mb Display RAM. The internal MCU saves the displayed data to internal
Display RAM through commands. L T 7 6s8retnal display engine will then continue to read the data of the
memory, and then send those data to the TFT driver. The capacity of the Display RAM is also related to the
resolutions and image layers supported. Please refer to the following table:

Table 11-1: LT76896 Mo del v s. Embedded Display RAM Cap

Model Display RAM Resolution Color Image Layer
Capacity (Max.) (Max.) (@Max Color)

1280*1024 16.7M 4

1024*600 16.7M 9

800*480 16.7M 14

LT7689 128Mb

1280*1024 65K 6

1024*600 65K 13

800*480 65K 21

The embedded Display RAM of LT7689 is a High-Speed SDRAM (Synchronous Dynamic Random Access
Memory). Before the Display RAM can be accessed, the relevant register initialization must be done based
on the type of Display RAM. Please refer to the initialization steps as following:

A Setup Register REG[EOh] according to the Display RAM capacity and model. The value of
REGI[EOh] must be set according to the LT7689 model used to avoid display anomalies and image
confusion. Please refer to Table 19-7 of Chapter 19.

ASetup Register REG[E1H], REGLCESh] at®EGyE3hg¢fiash
The typical Di splay RAM refresh interval is 64ms.
accordi ngdg 7t6B®@t b B Riease defer to Table 19-8 of Chapter 19.

A Set Register tREG[Et4ahr]t BDitOpl ay RAM initialization
ARead Register REG[E4h] bitoOo, if it becomes 1, the
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11.1 Display RAM Data Structure

The image data stored in the Display RAM will be stored in different arrangement formats depending on
the color (1bpp, 8bpp, 16bpp, 24bpp). Therefore, when the Host writes the image data to the Display
RAM, it must follow these formats, the following tables are 8/16/24bpp RGB data arrangement format:

11.1.1 8bpp Display Data (RGB 3:3:2)
Table 11-2: 8bpp Display Data (RGB 3:3:2)

Bit15/Bit14|Bit13|Bit12|Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

Addr

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

11.1.2 16bpp Display Data (RGB 5:6:5)
Table 11-3: 16bpp Display Data (RGB 5:6:5)

Addr [Bit15Bit14|Bit13|Bit12|Bit11|Bit10| Bit9 Bit7 | Bit6

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

11.1.3 24bpp Display Data (RGB 8:8:8)
Table 11-4: 24bpp Display Data (RGB 8:8:8)

Addr [Bit15|Bit14|Bit13|Bit12|Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO

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

LT7689_DS_ENG/V1.3
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11.1.4 Index Display with Opacity (aRGB 2:2:2:2)
Table 11-5: Index Display with Opacity (aRGB 2:2:2:2)

Addr |Bit15|Bit14|Bit13|Bit12(Bit11|Bit10| Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | Bit0
0000h | a:® | as? Index color of pixel 1 ao® | ao’ Index color of pixel 0
0002h | a3® | as? Index color of pixel 3 a2 | a? Index color of pixel 2
0004h | as® | as? Index color of pixel 5 as® | as Index color of pixel 4
0006h | a7® | a7 Index color of pixel 7 ae® | ae? Index color of pixel 6
0008h | a¢® | ad? Index color of pixel 9 ag® | ag? Index color of pixel 8
000Ah | a1®| au? Index color of pixel 11 an’ | a? Index color of pixel 10

ax® ad : 0A 0, 1A 11/32, 2A 20/32, 3A 100%

11.1.5 12bpp Display with Opacity (ARGB 4:4:4:4)
Table 11-6: 12bpp Display with Opacity (aRGB 4:4:4:4)

Addr |[Bit15|Bit14|Bit13

0000h | ao® | ac® | aot
0002h | a:® | a? | art
0004h | a2® | a2? | a2t
0006h | as® | as® | ast

0008h | as | as | a4

000Ah | as® | as? | ast

ad alad ax:0A0, 1A 2/32, 2A 4/32,3A 6/32, 4A8 | 32, @& &4/32, 137 26/32, 14A 28/32, 15A 100%.

11.2 Color Palette RAM

Table 11-7: Color Palette RAM

Addr | Bitll | Bitl0 | Bit9 | Bit8 | Bit7 | Bit6 | Bit5 | Bit4 | Bit3 | Bit2 | Bitl | BitO
0000h
0002h
0004h
0006h
0008h
000Ah

LT7689 DS _ENG/V1.3
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12.LCD Interface

LT7689 Supports 16, 18, and 24bits RGB interface of TFT Panel. No matter it is 24bpp (RGB 8:8:8), 16bpp
(RGB 5:6:5) or 8bpp (RGB 3:3:2), the display data can be sent to the TFT Driver on the TFT panel through
these RGB interfaces. The below Table12-1 shows how LT7689 LCD Display data corresponds to the RGB
data. The MCU can setup REG[01h] Bit[4:3] to select 16bits, 18bits, or 24bits resolution.

Table 12-1: RGB Interface VS. RGB Display Data

Pin TFT-LCD Interface
Name 16bits 18bits
PD[0] GPIOD[0]
PD[1] GPIOD[1]
PD[2] GPIODI6]
PD[3] BO \
PD[4] B1

|

PD[5] B2

PD[6] B3

PD[7] B4 \
PD[8] GPIOD[2]
PD[9] GPIOD[3]
PD[10]
PD[11]
PD[12]
PD[13]
PD[14]

PD[15]

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

PD[19] RO
PD[20] R1 \
PD[21] R2

PD[22] R3
PD[23] R4

LT7689_DS_ENG/V1.3
[

© Levetop Semiconductor Co., Ltd. Page -52-



l:r LT7689 Serial U art TFT Controller

LT7689 TFT Panel
PD R:G:B > R/G/B
(16/18/24)
HSYNC »| HsyNe
VSYNC » VsYNC
PDE »| PDE
PCLK » PCLK

Figure 12-1: TFT-LCD Interface

Figure 12-1 is the interface diagram of LT7689 and TFT panel. Figure 12-2 is the timing diagram of LT7689
TFT-LCD output signals. In addition to the RGB data lines mentioned above, LT7689 also provides PCLK
(Panel Scan Clock), VSYNC Pulse, HSYNC Pulse and Data Enable signal. The frequency of PCLK is setup
by REG[05h] and REG[06h]. Please refer to the description in Chapter 19th.

- — VPW —d{¢—>f¢—— VDH ——>fe—— vST —
____________
HSYNC I
PD (Line#n)—————----- i Line #1 ; _::3@ ——————
PDE e !_I_r _____ B I
HSYNC | |
HPW | HND LDW s st
e UL DU LUUUUUU L JUUUUuuvvrguyuy
PDE | |
PD ( Line #1 RGB Data )

Figure 12-2: TFT-LCD Interface Timing
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13.Display Function
13.1 Color Bar

LT7689 provides a color bar display, which can be used as a display test and does not require display
memory. The function can be performed by setting REG[12h] bit5 to 1.

Row number

#1 ~ #32 Color set ta R(00h), G(00h), B(OOh)
#33 ~ #64 Color set to R(00h), G(00h), B(FFh)
#65 ~ #96 Color set to R(00h), G(FFh), B(O0Oh)

#97 ~ #128 Color set to R(00h), G(FFh), B(FFh)
#129 ~ #160 Color set to R(FFh), G(00h), B(0O0h)
#161 ~ #192 Color set to R(FFh), G(00h), B(FFh)
#193 ~ #224 Color set ta R(FFh), G(FFh), B(0Oh)
#225 ~ #256 Color set to R(FFh), G(FFh), B(FFh)

( Repeat above eight Color)

Last Row

Figure 13-1: Color Bar

13.2 Main Window

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

13.2.1 Configure Display Image Buffer

Display RAM is used to store images, and how many images can be stored 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 stored in 128Mbits Display RAM:

Number of Image = (128*1024*1024) / 800*480*16) =21.8

If the image resolution is 1024*600, with 65K color (16bits), then 13 images can be stored in 128Mbits
Display RAM:

Number of Image = (128*1024*1024) / 1024*600*16) = 13.6

In LT7689, the Starting Position and Width of the Canvas, and the Working window range must be
set before writing the image data to Display RAM. Please refer the registers REG[50H] to REG[5Eh]
for detail description.

LT7689_DS_ENG/V1.3
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< CVS_IMWTH >

CVSSA

(AWUL_X, AWUL_Y)

I

AW_TH

Active Window

+—— AWWIH ——»

Canvas Window

Figure 13-2: Canvas Window and Active Window

13.2.2 Write Image Data to Display Image Buffer

The following diagram is a flowchart about writing image data to Display RAM and displaying the
main window image on an LCD screen:

. ™y
Setup Canvas Start Address (CVSSA)
REG[50h~53h]
. j
l -~ ~
p - Setup MainImage Start Address
Setup Canvas Image Width L (MISA) REG[20h~23h] )
(CVS_IMWTH) REG[54h~55h] l
J
s ™
Setup MainImage Width
(" Setup Active Window: M .
Upper-Left Corner X/Y-Coordinates, \ IREs A Y,
Width , Height, Color Depth
\ REG[56h~5Eh] Y,
l @.‘etup MainWindow Upper-Left Corner-’\
- ~ X-Coordinates
Setup Memory Port Read/M/rite L (MWULX) REG[26h~27h]
Destination REG[03h] bit{1:0] l
\.

i ™\
+ Setup Main Window Upper-Left corner
4 Y-Coordinates

(MWULY) REG[28h ~29h]

l

s ™\
Setup MainImage Color Depth

REG[10h] Bit[3:2]
Data Write to REG[04h] e v

!

" Accordingto the TFT Panel, Setup
Related Control Register

REG[12h~1Fh]

}

Setup Display-On

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

Figure 13-3: Write Image Data to Display Image Buffer

Check Busy?

vy

Image Data
rite Complete?
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13.2.3 Display Main Window Image

Main window displays the selected image by setting the Registers REG[20h] ~ REG[29h]. The
following figure is the process for setting up the main window:

-
Setup Main Image Start Address

(MISA) REG[20h~23h]

}

Setup Main Image Width +-—— MW
(MIW) REG[24h~25h]

MISA
) (MWULX, MWULY)

l MISA

p (MWULX, MWULY)
Setup Main Window Upper-Left

Corner X-Coordinates

(MWULX) REG[26h~27h]

l

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

(MWULY) REG[28h~29h]

}

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

ps

SDRAM
(Display RAM)

Figure 13-4: Setup and Select Main Window Image
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13.3 Picture-In-Picture (PIP)

LT7689 supports Picture-in-Picture feature. User can display secondary image(PIP-1) on the main
screen(PIP-2) without overwriting the image data of the main display window. If both images are
overlapping, then the PIP-1 image is always on the top of PIP-2.

The size and location of the picture window is set by the register REG[2Ah] ~ REG[3BH] and REG[11h].
The parameters of PIP-1 and PIP-2 are using the same registers, while REG[10H] Bit4 is used to decide
whether the parameters are for PIP-1 or PIP-2. In addition, before using the PIP function, the relevant
parameters of the display window must be set.

The unit of PIP windows sizes and start positions is 4 pixels in horizontal, and 1 pixel in vertical. In PIP
mode, LT7689 does not support the overlapping of transparent display, and when REG[12h] Bit3 VDIR =
1, then PIP windows, graphic cursors, and text cursors will be automatically prohibited.

13.3.1 PIP Window Setting

For using PIP feature, Host has to setup the PIP Image Start Address, Image Width, Display X/Y
coordinates, Image X/Y coordinates, PIP Windows Color Depth, PIP Window Width and PIP Window
Height registers. The following figure is the flowchart for setting the PIP, and showing the
corresponding display to the main window.

-
Select Configure PIP Parameters
REG[10h] bit4
L 4 4
e e
Setup PIP Image Start Address Setup PIP Window Height
(PISA) REG[2Eh~31h] (PWH) REG[3Ah~3Bh]
p v p v
. Setup PIP Window Display Upper-Left
SO ITE 1 07 Corner X/Y-Coordinates
(PIV)REGI32h-~33h] ) (PWDULX, PWDULY) REG[2Ah~2Dh] Y.
p v p v
Setup PIP Window Image Upper-Left .
Corner X/Y-Coordinates Setup PIP Wlndow.ColorDepth
(PWIULX, PWIULY) REG[34h~37h] ) REG[IThIBit(3:0] Y,
v v

Setup PIP Window Width Setup PIP1/PIP2 Window Enable
(PWW)REG[38h~39h] REG[10h]Bit[7:6]

:

Figure 13-5: Initialize PIP Function

LT7689_DS_ENG/V1.3
______________________________________________________________________________________________________________|

© Levetop Semiconductor Co., Ltd. Page -57-



l:r LT7689 Serial U art TFT Controller

< MIW >
MISA
(MWULX, MWULY)
(HDWR)
PWDULX, PWDULY, 5 s
(,_ ________ )‘"""'. Main Window
! 1
1
(VDHR) 1 E
: 1
| 1
' i
D T o s o o e o0 0 6 e D )
s
ST (PWIULX, PWIULY)
—
LCD Display Window
PIP Window

SDRAM
(Display RAM)

Figure 13-6: PIP Example

13.3.2 PIP Display Position and PIP Image Position

As described in the previous section of the PIP display flowchart, it is known that the final position of
the PIP on the LCD screen can be changed by setting up PWDULX and PWDULY. Setting PISA,
PIW, PWIULX, PWIULY can change the position of the PIP images that you want to display. These
actions do not change any image data that exists in Display RAM, but can easily change the
displayed picture on the panel. The following example shows a main window with a PIP window. You
can show the different PIP image by changing the PIP Position Register(PWIULX and PWIULY) of
the display window.

owMw ]
MISA (PWIULX, PWIULY) = (X1, Y1)

(MWULX, MWULY)

(HDWR) Main A
(PWDULX, PWDULY) Window

(PWIULX, PWIULY) = (X2, Y2)

~> B

PIP
Window

(PWIULX, PWIULY)
(X1, Y1) X2, Y2) (X3, Y3)

D B C (PWIULX, PWIULY) = (X3, Y3)

SDRAM
(Display RAM)

LCD Display Window
Figure 13-7: Select Different PIP image on the Screen
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13.4 Image Rotate and Mirror

Usually LCD displays are refreshed horizontally (from left to right and from top to bottom), and the
displayed images are stored in the same way. LT7689 provides Rotate and Mirror functions. The rotate
feature rotates the displayed image in the counterclockwise direction of 90° or 180°. The mirror feature is
the image that is displayed from right to left. LT7689 has embedded a hardware controller to execute
Rotation and Mirroring features, therefore it can greatly save Host processing time.

The REG[02H] bit[2:1] are used to control the Memory Store Direction. These two bits are available only
for Graphic Mode.

00b: Left A Right, then Top A Bottom (Original)

01b: Right A Left, then Top A Bottom (Horizontal flip)

10b: Top A Bottom, then Left A Right (Rotate right 90°& Horizontal flip)
11b: Bottom A Top, then Left A Right (Rotate left 90°)

The followings are some examples for Image Rotate and Mirror:

Figure 13-8: Original Image 1 without Rotation

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

When REG[02H] bit[2:1] is set to 00b, its definition is to write image data from left to right and
then top to bottom. This will show the original image as Figure 13-8. If REG[02H] bit[2:1] is set
to O1b, it means writing image data from right to left and then from top to bottom. So the image
displayed will be a horizontal mirror image as following:

rm
Figure 13-9: Horizontal Mirror Image

When REG[02H] bit[2:1] is set to 10b, it means writing image data from top to bottom and then
left to right. So the displayed image will be rotated to the right 90° and then flipped horizontally
as following Figure:

LT7689 DS _ENG/V1.3
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Figure 13-10: Rotated to the Right 90°and Flipped Horizontally

When REG[02H] bit[2:1] is set to 11b, the image is written from bottom to top and then left to
right. So the displayed image will rotate 90° to the left as following Figure:

Figure 13-11: Rotate 90° to the Left

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

When REG[02h] bit[2:1] is set to 00b, the displayed image will be as following Figure:

Figure 13-12: Flip with Vertical

LT7689_DS_ENG/V1.3
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When REG[02h] bit[2:1] is set to 01b, the displayed image will be rotated 180°:

Figure 13-13: Rotated 180°

When REG[02h] bit[2:1] is set to 10b, The displayed image will rotate 90° to the left:

Figure 13-14: Rotate 90° to the Left

When REG[02h] bit[2:1] is set to 11b, the displayed image will be as following Figure:

Figure 13-15: Rotated to the Left 90°then Vertically Mirrored

LT7689_DS_ENG/V1.3
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14. Geometric Drawing Engine

14.1 Drawing Circles and Ellipses

LT7689 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 the Color of the Circle (REG[D2h ~
D4h)), then specify REG[76h] bit[5:4] to 00b,. finally enable the Drawing Circle function (REG[76h] bit7 =
1), then LT7689 will draw a Circle or Ellipse on the screen automatically.

Host can also set REG[76h] Bit6 to 1 to fill a Circle or an Ellipse. Therefore, Host does not need to
consume many resources to calculate the location or to write series of data to the display memory. The
Ellipse has two radius. To draw a Circle, just set the long radius and short radius register to the same
value (R1 =R2).

R2| . / R2!

(DEHR, DEVR) (DEHR, DEVR)

Figure 14-1: Drawing Ellipse and Circle

The flowchart for drawing circles and drawing ellipses is as following. The left flowchart is to draw
a circle or an ellipse without fill, and the right flowchart is with fill. Please note the center point of
the Circle must be located in the Active Window.

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

h 4

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

|

Setup Color
REG[D2h~D4h]

l

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

h 4

Select Non Fill
REG[76h] bit6=0

v

Start Drawing
REG[76h] bit7=1

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

h 4

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

)

Setup Color
REG[D2h~D4h]

}

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

) 4

Select with Fill
REG[76h] bit6=1

Y

Start Drawing
REG[76h] bit7=1

Figure 14-2: Flowchart of Drawing Circle and Ellipse
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14.2 Drawing Curves

LT7689 supports the function of drawing Curves. As long as the Host sets the Curve Center (REG[7Bh ~
7Eh)]), Radius (REG[77h ~ 7Ah]), and the Color of the Curve (REG[D2h ~ D4h]), then specify REG[76h]
bit[5:4] to 01b, finally enable the Drawing Curve function (REG[76h] bit7 = 1), then LT7689 will draw a
one-fourth Curve on the screen automatically.

R2

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

Figure 14-3: Drawing Curve and one-fourth Ellipse

The flowchart for drawing a Curve or an one-fourth Ellipse is as following. The left flowchart is to draw a
Curve or an one-fourth Ellipse without fill, and the right flowchart is with fill. Please note the center point
of the Curve must be located in the Active Window.

(" Setup the Center Point ( Setup the Center Point
X/Y-Coordinates X/Y-Coordinates
| (DEHR DEVR) REG[7Bh~7Eh] | | (DEHR DEVR)REG[7Bh~7Eh] |
Setup the Radius Setup the Radius
(ELLA - ELLB) REG[77h~7Ah] (ELLA - ELLB)REG[77h~7Ah]
\ J - J
A 4 h 4
s ™ s ™
Setup the Color Setup the Color
REG[D2h~D4h] REG[D2h~D4h]
- l J - l J
Select Draw a Arc SelectDraw a Arc
REG[76h] bit[5:4]=01b REG[76h] bit[5:4]=01b
\ J - J
A 4 h 4
Select which part of the Curve Selectwhich part of the Curve
REG[76h] bit[1:0] REG[76h] bit[1:0]

\ l J - l J
s ™ s ™
Select non Fill Selectwith Fill
REG[76h] bit6=0 REG[76h] bit6=1
- J - J
A 4 h 4
s ™ s ™
Start Drawing Start Drawing
REG[76h] bit7=1 REG[76h] bit7=1
- j - j

Figure 14-4: Flowchart of Drawing Curve and one-fourth Ellipse
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14.3 Drawing Rectangles

To draw a rectangle, the Host has to set the Start Point Coordinates (REG[68h ~ 6Bh]), Stop Point
Coordinates (REG[6Ch ~ 6Fh]), and the Color of the Rectangle (REG[D2h ~ D4h]), then specify REG[76h]
bit[5:4] to 10b, finally enable the drawing function (REG[76h] bit7 = 1), then LT7689 will draw a Rectangle
on the screen automatically. Host can also set REG[76h] Bit6 to 1 to fill the Rectangle with specified color.

StartPoint ¥

The following figure is the flowchart of drawing rectangles. The left flowchart is to draw a Rectangle without
fill, and the right flowchart is with fill. Please note the Start and Stop point must be located in the Active

(DLHSR, DLVSR)

(DLHER * DLVER)

End Point

Figure 14-5: Drawing Rectangle

Window.
Ve i ™\ g .
Setup the Start Point X/Y- Setup the Start Point X/Y-
Coordinates of Rectangle Coordinates of Rectangle
(DLHSR, DLVSR) REG[68h~6Bh] (DLHSR, DLVSR) REG[68h~6Bh]
v ) 4
g . ™ g .
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]
) 4 ) 4
g ™ e
Setup Color Setup Color
REG[D2h~D4h] REG[D2h~D4h]
M v o
4 4
g M\ g
Select Draw Rectangle Select Draw Rectangle
REG[76h] bit[5:4]=10b REG[76h] bit[5:4]=10b
\ 4 h 4
g ™ e
Select non Fill Select with Fill
REG[76h] bit6=0 REG[76h] bit6=1
M v h
v ) 4
g ™ .
Starting Drawing Starting Drawing
REGI[76h] bit7=1 REG[76h] bit7=1
M v b

Figure 14-6: Flowchart of Drawing a Rectangle
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14.4 Draw Lines

To draw a Line, the Host has to set the Start Point Coordinates (REG[68h ~ 6Bh]), Stop Point Coordinates
(REG[6Ch ~ 6Fh]), and the Color of the Line (REG[D2h ~ D4h]), then specify and specify REG[67h] bitl
to 0, finally enable the Line Drawing function (REG[67h] bit7 = 1), then LT7689 will draw a Line on the
screen automatically.

The following figure is the flowchart of drawing lines. Please note the Start and Stop point must be located
in the Active Window.

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

v
Setup End Point
X/Y-Coordinates

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

/

v

Setup Color
REG[D2h~D4h]

h A

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

h A

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

Figure 14-7: Flowchart of Drawing a Line
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14.5 Drawing Triangles

To draw a triangle, the Host has to sets the 15T Point Coordinate (REG[68h ~ 6Bh]) of Triangle, 2" Point
Coordinate (REG[6Ch ~ 6Fh]), 3" Point Coordinate (REG[70h ~ 73h]), and the Color of the Triangle
(REG[D2h ~ D4h)), then specify REG[67h] bitl to 1, finally enable the drawing function (REG[67h] bit7 =
1), then LT7689 will draw a Triangle on the screen automatically. Host can also set REG[67h] bit5 to 1 to
fill the Rectangle with specified color.

Point 2

DLHER - DLVER)

Point 1 ¢
(DLHSR, DLVSR)

(DTPH - DTPV)

Figure 14-8: Drawing Triangle

The following figure is the flowchart of drawing triangles. The left flowchart is to draw a triangle without fill,
and the right flowchart is with fill. Please note the three points must be located in the Active Window.

' ™
Setup Point-1 X/Y-Coordinates of

Triangle
(DLHSR, DLVSR) REG[68h~6Bh]

' ™y
Setup Point-1 X/Y-Coordinates of

Triangle
(DLHSR, DLVSR) REG[68h~6Bh]

}

}

-
Setup Point-2 X/Y-Coordinates of

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

-
Setup Point-2 X/Y-Coordinates of

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

}

!

Setup Point-3 X/Y-Coordinates of
Triangle
(DTPH - DTPV) REG[70h~73h]

Setup Point-3 X/¥-Coordinates of
Triangle

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

}

I

' ™
Setup Color Setup Color
REG[D2h~D4h] REG[D2h~D4h]
A
D S 1
Select Draw a Triangle Select Draw a Triangle
REG[76h] bit[4:1]=0001b REG[76h] bit[4:1]=0001b
A vy
— 1 1
Select non Fill Selectwith Fill
REG[67h] bit5=0 REG[67h] bit5=1
\S J

!

!

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

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

Figure 14-9: Flowchart of Drawing a Triangle
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14.6 Drawing Rounded-Rectangles

To draw a rounded-rectangle, the Host has to set the Start Point Coordinates (REG[68h ~ 6Bh]), Stop
Point Coordinates (REG[6Ch ~ 6Fh]), the Rounded Radius (REG[77h ~ 7Ah]) and the Color (REG[D2h ~
D4h)), then specify REG[76h] bit[5:4] to 11b, finally enable the drawing function (REG[76h] bit7 = 1), then
LT7689 will draw a Rounded-Rectangle on the screen automatically. Host can also set REG[76h] Bit6 to
1 to fill the Rounded-Rectangle with specified color. The following figure is a schematic of a Rounded-
Rectangle, in which the R1 represents the long axis radius, and the R2 represents the short axis radius.

Start Point o
(DLHSR, DLVSR)

°
End Point
Figure 14-10: Drawing Rounded Triangle

Notel: DLHER-DLHSR must be larger than 2*R1 +1

Note2: DLVER-DLVSR must be larger than 2*R2 +1

The following figure is the flowchart of drawing Rounded-Rectangle. The left flowchart is to draw a Triangle
without fill, and the right flowchart is with fill. Please note the Start and Stop point must be located in the
Active Window.

a Setup the Start Point B a Setup the Start Point B
X/Y-Coordinates X/Y-Coordinates

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

g Setup the End Point h g Setup the End Point h
X/¥-Coordinates X/¥-Coordinates

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

' '

Setup the Radius Setup the Radius
(ELLA - ELLB) REG[77h~7Ah] (ELLA - ELLB) REG[77h~7Ah]
\ I \ I
' Ty ' Ty
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
' ) ' )
Select non Fill Select non Fill

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

\ ! \ !

IS 2! IS ™
Start Drawing a Rounded-Rectangle Start Drawing a Rounded-Rectangle
REG[67h] bit7=1 REG[67h] bit7=1

kS kS

Figure 14-11: Flowchart of Drawing a Rounded-Rectangle

LT7689_DS_ENG/V1.3
1

© Levetop Semiconductor Co., Ltd. Page -67-



l:r LT7689 Serial U art TFT Controller

15.Block Transfer Engine (BTE)

LT7689 has an embedded 2D Block Transfer Engine, it can ehance the efficiency of the block transferring. In
the transferring operation of designated block data combining with logic operation, BTE can accelerate data
transferring, and simplify MCU programing. This chapter is mainly to explain the functions and operation modes
of BTE.

Befroe using BTE, users must assign the operation mode of BTE. Please refer to Table15-1 for the details of
the operation modes. Also, LT7689 supports 16 Raster Operations (ROP, Table15-2) that allow users to
combine source data (source 0 and source 1) into desitnation data in various ways.

There are two ways to get BTE working status: (1) check Register BTE_CTRLO(REG[90h]) Bit4 or Status

Register (STSR) Bit3; (2) check hardware interrupt. When hardware interrupt is triggered, the interruption
source can be confirmed by checking REG[OCh].

Table 15-1: BTE Operation Modes

BRTIEEGC[)glel:?g(i)trs] [C;g]e BTE Operation Description

0000b MCU Write with ROP.

0010b Memory Copy (move) with ROP.

0100b MCU Write with chroma keying (without ROP)

0101b Memory Copy (move) with chroma keying (without ROP)

0110b Pattern Fill with ROP

0111b Pattern Fill with chroma keying (without ROP)

1000b MCU Write with Color Expansion (without ROP)

1001b MCU Write with Color Expansion and chroma keying (without ROP)

1010b Memory Copy with opacity (without ROP)

1011b MCU Write with opacity (without ROP)

1100b Solid Fill (without ROP)

1110b Memory Copy with Color Expansion (without ROP)

1111b Memory Copy with Color Expansion and chroma keying (without ROP)
Other Combinations Reserved
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Table 15-2: ROP Function

ROP Function Code
REG[91h] bit[7:4]

Function Description (Boolean)

0000b 0 (Blackness)
0001b ~SOP ~S1 or ~ (S0+S1)
0010b ~SOP S1

0011b ~S0

0100b SOP ~S1

0101b ~S1

0110b S07S1

0111b ~S0+~S1 or ~ (SOP S1)
1000b SOP S1

1001b ~ (S0"S1)

1010b S1

1011b ~S0+S1

1100b SO

1101b S0+~S1

1110b S0+S1

1111b 1 (Whiteness)

Note:

g 0N P

Sour &St acomes

Source 1 (S1)
De s ttiiman DA DT wr

Memory means i

from MCU
Dat a: comes
b datoe Memory

nternal

Displ ay

Writing or

from Memory,

RAM

Me mor vy

Memory, SO, S1, DT, these Short Names will be always quoted in this Chapter. For Example:

| f ROP
Destinati ono;

functi on

REG[ 91h]

I f ROP

functi on

bit[7:4]=0xCh,
REG[ 91h]

data + Source 1 data thentransfertoDe st i nat i ono
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Table 15-3: Color Expansion Function

Start Bit Position for Color Expansion
ROP Function BTE operation code = 1000/1001/1110/1111
REGL91n] bit[7:4] 16bits MCU Interface | 8bits MCU Interface
0000b Bit0 Bit0
0001b Bitl Bitl
0010b Bit2 Bit2
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 Bit11 Invalid
1100b Bit12 Invalid
1101b Bit13 Invalid
1110b Bit14 Invalid
1111b Bit15 Invalid

15.1 BTE Basic Settings

The BTE basic settings, including Memory Start Address, Image Width, and Start Point Position
(Coordinate) for each Source and Destination, can be defined by following registers:

1. SO Address Registers: REG [93h], REG[94h], REG[95h], REG[96h], REG[97h], REG
[98h], REG[99h], REG[9Ah], REG[9Bh], REG[9Ch]

2. S1 Address Registers: REG [9Dh], REG[9Eh], REG[9Fh], REG[AOh], REG [A1h],
REG[A2h], REG[A3h], REG[A4h], REG[A5h], REG[A6h]

3. DT Address Registers: REG [A7h], REG[A8h], REG[ASh], REG[AAh], REG [ABH],
REG[ACh], REG[ADh], REG[AEh], REG[AFh], REG[BOh]
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15.2 Color Palette RAM

LT7689 has an embedded Color Palette RAM for 8-bits Alpha Blend function. Real colors can be retrieved
by searching Color Palette RAM. As shown in Figure 15-1, Color Palette RAM is organized by 64*12bits.
Since MCU writes 8 bits data at a time, when it writes every even byte, only the lower 4 bits 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. The
diagram Figure 15-2 shows the initialization flow.

R G B
1 4bits 4bits
2
3
63
64

Figure 15-1: Color Palette RAM

Setup Color Depth of Canvas &
Active Window

REGI[SER]
p h 4
Setup Memory Read/Write
Direction
REG[02h]
h 4
e

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

A 4

Write Destination
REG[04h]

v
Yes

FIFO Full?

No

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

No Data Write
Complete (128Bytes)?

T

Figure 15-2: Flow Chart of Color Palette RAM Initialization
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15.3 BTE Operation Overview
15.3.1 MCU Write with ROP

This Operation supports 16 ROP functions, BTE engine will perform the ROP function automatically
then write the result data to DT.

15.3.2 Memory Copy with ROP

This operation supports 16 ROP functions, but supports data transfer in positive direction only.

15.3.3 Solid Fill

This operation fills a specified Rectangle Area of DT with a solid color data defined in the Foreground
Color Register.

15.3.4 Pattern Fill

This operation fills DT with an 8*8 or 16*16 pixel Pattern.

15.3.5 Pattern Fill with Chroma Key

This operation fills DT with an 8*8 or 16*16 pixel Pattern, combined with Chroma Key function but
ROP function. If the Pattern color is equal to the Chroma Key color, which is defined in Background
Color Register, then the destination BTE Window will not be changed.

15.3.6 MCU Write with Chroma Key

This operation supports data transfer from SO (MCU Write) to DT. If SO color is equal to the Chroma
Key color, which is defined in Background Color Register, then the destination BTE Window will not
be changed, no ROP applied for this operation.

15.3.7 Memory Copy with Chroma Key

This operation supports data transfer in positive direction only, and requires all source data and
destination data located in Memory. If SO color is equal to Chroma Key color, which is defined in
Background Color Register, then the destination BTE Window will not be changed, no ROP applied
for this operation.

15.3.8 MCU Write with Color Expansion

This operation performs Color Expansion for the SO (the data from MCU), from Monochrome 1 bpp
format to Color 8/16/24 bpp format. The source data_1b will expand to the color data defined in the
Foreground Color Register. The source data_Ob will expand to the color data defined in the
Background Color Register. If background transparency is enabled, then the Color of destination
BTE Window will remain no change.

Note: No matter background transparency is enabled or not, the color data set in Foreground Color
Register (D2h~D4h) must be different from the color data set in Background Color Register
(D5h~D7h).
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15.3.9 Memory Copy with Color Expansion

This operation performs Color Expansion for Source 0 data from Memory, please refer to 15.3.8 for
other description and note.

15.3.10 Memory Copy with Opacity

This operation performs Alpha Blending for SO data and S1 data and transferring the result data to
the destination BTE Window, it requires SO, S1, DT located in Memory. The Alpha Blending has 2
modes, Picture Mode: for all pixels, blending by the same Alpha level. Pixel Mode: for each pixel,
blending by individual Alpha Level of each pixel.

15.3.11 MCU Write with Opacity

This operation performs Alpha Blending for SO data and S1 data and transferring the result data to
the destination BTE Window, it requires SO coming from MCU and S1/DT from Memory, please refer
to 15.3.10 for the descriptions of the 2 modes.
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15.4 BTE Memory Access Method

BTE accesses data of Sources and Destination by Block Method, and the size of the Data Block is defined
by BTE Window. Below diagram shows how users can define SO/ S1 /DT / BTE_Window, and shows
the directions of Memory Access:

LT768 SDRAM

S0 Start Address — |

SOX/SOY — | [
1

S1Start Address —p

BitBLT SIX/SLY | TS,

DT Start Address —

DTX/DTY ™ | — |} BTE_HIG

I 11

BTE Process Direction

Figure 15-3: BTE Memory Access Method

15.5 BTE Chroma Key (Transparency Color) Function

If Chroma Key function is enabled, BTE will take Background Color (defined in Background Color Register)
as 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 DT, otherwise BTE will write SO data to
DT.

The description below shows the available bits of the Background Color Registers against different Color
Depth:

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] bit [7:6]

A Source Color Depth = 65,536
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]
A Source Color Depth = 16,777,216

Compare SO Red color vs. REG[D5h] bit [7:0],
Compare SO Green color vs. REG [D6h] bit [7:0],
Compare SO Blue color vs. REG [D7h] bit [7:0]

LT7689_DS_ENG/V1.3
______________________________________________________________________________________________________________|

© Levetop Semiconductor Co., Ltd. Page -74-



l:r LT7689 Serial U art TFT Controller

15.6 BTE Operation Detail
15.6.1 MCU Write with ROP

This operation is to transfer SO (form MCU Write) to DT, and supports all 16 ROP functions. Below
diagram is an example for the operation result while BTE Control Register REG[91h] is set as 0x0Ch.

MCU LT768 SDRAM

Source 1

\' ﬁ |:> BitBLT Destination

Source 0

Figure 15-4: Example of MCU Write with ROP

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

~
Setup S1 Start Address Setup BTE Window Width Yes
(S1_STR) REG[9Dh-ADh] (BTE_WTH) REG[B1h-B2h]
l l No
~
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]
g . s ™ No
Setup S1 Window Upper-Left Corner . 5
X/Y-Coardinates Setup SO, S1, DT Color Depth B?zta\f;’gtséﬁ:]{mg;te.
(S1.X, S1_Y) REG[A3h-A6h] = = -
s l ™ ' l Y
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_Y) REGIADh-EOh] REG[04h]

Figure 15-5: Flow Chart of MCU Wtite with ROP
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15.6.2 Memory Copy (move) with ROP

This operation performs Memory Copy from SO (from Memory) to DT. Below diagram is an example
for the operation result while BTE Control Register REG[91h] is set as 0xOCh.

SDRAM
LT768 S0
S1

BitBLT
DT

Figure 15-6: Example of Memory Copy with ROP

There are two ways to get BTE status. Figure 15-7 shows one way to get it by checking the Status
Register STSR bit3, and Figure 15-8 shows another by checking hardware interruption.

4 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]
h 4
4 Setup S1 Image Information.
(Start Address/Width/Upper-Left - ¥ ~
Dozt e huslis) Select BTE, ROP Function
A NEEL DI / REG[91h]
h 4
é Setup Destination Information. 0 P v -
(Start Address/Width/Upper-Left Enable BTE
Corner XY Coordinate) I;]EG[E)Dh]
\ REG[A7h-BOh]
p h 4 . v
Setup SO, S1, DT Color Depth
REG[92h] Check STSR bit3
h 4
i ™
Setup BTE Window Width ( End )
(BTE_WTH) REG[B1h-B2h]

Figure 15-7: Flow Chart 1 of Memory Copy with ROP
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Y

Setup SO Image Information. e ™
(Start Address/Width/Upper-Left Select BTE, ROP Function
Corner XY Coordinate) REG[91h]

REG[93h-9Ch]

A 4

h 4 s >
4 Setup S1 Image Information. Setup Interrupt Enable
(Start Address/Width/Upper-Left REG[OBh] bit2 = 1
Corner XY Coordinate)
\ REG[9Dh-A6h] Y, !
- v ~ Enable BTE
Setup DestinationInformation. REG[90h]
(Start Address/Width/Upper-Left
Corner XY Coordinate) .
REG[A7h-BOh] v
- v ~ Check Interrupt
Setup SO, S1, DT Color Depth
REG[92h]
A\
v Clear Interrupt
r ) REG[OCh] bit2 = 1
Setup BTE Window Width, Height
REG[B1h-B4h]

T

Figure 15-8: Flow Chart 2 of Memory Copy with ROP
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15.6.3 MCU Write with Chroma Key (w/o ROP)

This operation is to transfer SO (from MCU Write) to DT, and supports Chroma Key function (referring
to 15.5).

If SO color data is equal to the Chroma Key (the color data defined in the Background Color Registers
REGI[D5h-D7h] ), BTE will take that color as transparent, which means BTE will not write that color
data to DT. Below Example shows GREEN isthebackgr ound col or of
set as the Chroma Key, therefore BT E wi | |

MCU

LT768

|:> BitaLT

write RED ATOPO onl

SDRAM

Figure 15-9: Example of MCU Write with Chroma Key

Setup Destination Information.

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

REG[A7h-BOh]

Y

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

Y

p

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

Y

Setup Chroma key Color
REG[D5h-D7h]

Y

Select BTE, ROP Function
REG[91h]

h 4

Enable BTE
REG[90h]

<
<
r

Check FIFO Full?

MCU Write Datato
REG[04h]

BTE Data Write Complete?
(BTE_WTH * BRE_HIG)

C

End )

Figure 15-10: Flow Chart of MCU Write with Chroma Key
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15.6.4 Memory Copy with Chroma Key (w/o ROP)

This operation performs Memory Copy from SO (from Memory) to DT, and supports Chroma Key
function (referring to Section 15.5).

The difference comparing with AMCU Write with Chr
from MCU, please refer to Section 15.6.3 for more descriptions and Figure 15-11 for an example:

LT768 SDRAM

BitBLT

Figure 15-11: Example of Memory Copy with Chroma Key

Setup SO Image Information.

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

REG[93h-9Ch]

A 4

( Setup Destination Information. P v -
(Start Address/Width/Upper-Left Select BTE. ROP Function
Corner XY Coordinate) RE'G o1h
\ REG[A7h-B0h] [ ]
v v
' e ™
Setup SO, DT Color Depth Enable BTE
REG[92h] REG[90h]
p v - w:

Setup BTE Window Width, Height

Check STSR
(BTE_ZWTH) REG[B1h-B4h]

bit3

A 4

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

Figure 15-12: Flow Chart of Memory Copy with Chroma Key
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15.6.5 Pattern Fill with ROP

This operation is to fill a pattern (as S0O) repeatedly to a specified Rectangular Area of Destination
(also known as BTE Window). The pattern should be an array of 8x8 or 16x16 pixels stored in
Memory. The pattern can be logically processed with S1 by using one of the 16 ROP functions. This
operation can be used to speed up duplicating a matrix of pattern into an area, such as background
paste function.

Below example shows a six fills with 8x8 Pattern, ROP REG[91h] bit[7:4] is set as 0x0C:

N NN
EEEEN T
8x8 16x16

SO

S1

DT

=
| |2
S

Figure 15-14: Example of Pattern Fill with ROP
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(~  SetupSOImage Information.

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

\_ REG[93h-9Ch]

h 4
Setup S1Image Information. v

(Start Address/Width/Upper-Left .
Corner XY Coordinate) Setup BTE, ROP Function

S REG[9Dh-A6h] REG[91h]

~

v
¢~ Setup Destination Information.

h 4

(Start Address/Width/Upper-Left Enable BTE
Carner XY Coordinate) REG[90h]
\_ REG[A7h-BOh]
. v v
Setup SO, S1, DT Color Depth
REG[92h] Check STSR bit3
v
Setup BTE Window Width, Height ( End )
REG[B1h-B4h]

Figure 15-15: Flow Chart of Pattern Fill with ROP
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15.6.6 Pattern Fill with Chroma Key

This operation is to fill a pattern (as S0) repeatedly to a specified Rectangular Area of DT (also known
as BTE Window), and supports Chroma Key function (referring to Section 15.5). If any partial Color
Data of the pattern is equal to the Chroma Key data, BTE will not write that part of data to DT.

Below Example shows ORANGE is background colorof RED AT 0, and ORANGE i s
Key, BTE will fill RED ATO0 only to DT one by one:

LT768 SDRAM

SO

e "

BitBLT

Figure 15-16: Example of Pattern Fill Chroma Key

( Setup SO Image Information. )
(Start Address/Width/Upper-Left
Corner XY Coordinate)
REG[93h-9Ch]
v
( Setup Destination Information. 0 v
(Start Address/Width/Upper-Left Select BTE. ROP Function
Corner XY Coordinate) RE'G[9lh]
\ REG[A7h-BOh] Y,
v v
0 ™
Setup SO, DT Color Depth Enable BTE
REG[92h] REG[90h]
- A 4 - 1:
Setup BTE Window Width, Height Check STSR
(BTE_ZWTH) REG[B1h-B4h] bit3

A 4

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

Figure 15-17: Flow Chart of Pattern Fill with Chroma Key
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15.6.7 MCU Write with Color Expansion

This operation performs Color Expansion for SO (from MCU Write), it is useful to translate bit-wise
monochrome data to byte-wise color data. In this operation, SO Color Depth REG[92h] Bit[6:5] is
ignored, BTE takes MCU Interface Width as SO Color Depth (Word Width), that is, if MCU Interface
is 8 bits, then the Color Depth is 8-bits, and if MCU Interface is 16 bits, then the Color Depth is 16-
bits. User should set needed Start Bit to REG[91h] Bit[7:4] against the corresponding Color Depth,
so Bit[7]~Bit[0] are available for 8-bits depth and Bit[15]~Bit[0] are available for 16-bits depth. BTE
disassembles Word by Word to Bit sequences (from LSB to MSB) against the ROW Line of source
image (from left to right), and sequently expands bit by bit until the BTE Width reached ending. The
result to DT is that data_1b expanded to Foreground Color and data_0b expanded to Background
Color. Any Bit before the Start Bit and other Bits uncovered by the BTE Window will be discarded.

Below example shows expanding data_1lb to RED (Foreground Color) and data Ob to BLUE
(Background Color), so the result to DT is RED ATC

MCU LT768 SDRAM

TOR ) | e

SO

Figure 15-18: 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
g ™
Setup BTE, ROP Function
REG[91h] Check STSR bit3
\ 4
'd ™\
Enable BTE C End )
REG[90h]

Figure 15-19: Flow Chart of MCU Write with Color Expansion

For 8-bits MCU Inerface, if ROP = 7, Foreground Color is set to RED, Background Color is set to
KHAKI, and BTE Width is set to 23, then the color expansion result is as shown in Figure 15-20. If
ROP = 3, then the result is shown as Figure 15-21.

Data0 Datal Data2 Data3
—_— A A

v v

Figure 15-20: Example 1 of MCU Write with Color Expansion (ROP=7)
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Data0 Datal Data2 Data3

[ TTT |
Figure 15-21: Example 2 of MCU Write with Color Expansion (ROP=3)

Note:

1. Sent Word_ Numbers_per_Row
=2 BTE_Width + (MCU_Interface_bits i Start_bit-1) ¥ / (MCU_ Interface _bits)

(Take integer with unconditional carry)

2. Word_Number_Total = (Word_ Numbers_per Row) * BTE Height

Data0 Datal Data2 Data3

Start bit
=3

Data0 Datal Data2 Data3

e
@l =crcccccreecee

NEEEE BTE Height
| = REG[5Bh:5Ah]
EEEEEE | J'_
~— BTE Width —
Non = REG[59h:58h] Non
Expansion =23 Expansion

Figure 15-22: Data Format for Color Expansion
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Example 1: "BTE Width"= 50, "MCU I/F bits" = 8 bits,

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

If Start bit=4, then:
Sent Data Numbers per Row =[{50+ (8-4-1)}/8]=7 Bytes
Example 2: "BTE Width"= 50, "MCU I/F bits" = 16 bits,

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

If Start bit=0, then:
Sent Data Numbers per Row =[{50+ (16 -0- 1)}/ 16 ] =5 Bytes

LT7689_DS_ENG/V1.3
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15.6.8 MCU Write with Color Expansion and Chroma key

This operation is similar to MCU Write with Color Expansion, but the difference is that data_Ob will
be discarded, BTE expands only data_1b to Foreground Color.

Below example shows expanding data_1b to RED (Foreground Color) and data_Ob discarded, so

theresultt o DT i s RED

MCU

=

Figure 15-23: Example of MCU Write with Color Expansion and Chroma key

ATOPO with TRANSPARENT

LT768 SDRAM

BitBLT

a Setup Destination Information.
(Start Address/Width/Upper-Left

F 3

Corner XY Coordinate)
\_ REG[A7h-BO0h]
h 4
g ™\
Setup DT Color Depth
REG[92h]
h 4
g ™
Setup BTE Window Width, Height
REG[B1h-B4h]
hJ
~ ™)
Setup Foreground Color
REG[D2h-D4h]
v
g ™
Setup BTE, ROP Function
REG[91h]
v
s ™)
Enable BTE
REG[90N]

Figure 15-24: Flow Chart of MCU Write with Color Expansion and Chroma key

No

MCU Write Data to REG[04h]

TE DataWrite Complete? ~—~NO
(BTE_WTH * BRE_HIG)

Check STSR bit3

S
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15.6.9 Memory Copy with Opacity

This operation performs blending SO and S1 data and transferring the result to DT, two modes are
available: Picture Mode and Pixel Mode.

Picture Mode is for 8 bpp/16bpp/24bpp format and it uses the same Opacity Value (Alpha Level) for
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 S1, each pixel of S1 has
its own Opacity Value, such as: for each 16bpp data, the bit[15:12] is Opacity Value, the bit[11:0] is
color data; for each 8bpp data of S1, the bit[7:6] is Opacity Value, the bit[5:0] is the Index (Address)
of Palette Color RAM pointing to the initialized 12-bits Color Depth data.

A Picture Mode:
Alpha_Level = REG[B5h]
DT Data = ( SO * Alpha_Level ) + (S1 * ( 1- Alpha_Level ) )

>

Pixel Mode 8bpp:

Alpha_Level = S1_Bit[7:6]

DT Data = ( SO * Alpha_Level) + ( Palette_Color_RAM[ S1_Bit[5:0] ] * (11 Alpha_
Level))

>

Pixel Mode 16bpp:
Alpha_Level = S1_Bit[15:12]
DT Data = ( SO * Alpha_Level ) + ( S1_Bit[11:0] * (17 Alpha_Level))

LT768 SO
S1
Levetop
BitBLT
DT
)
y
Palette
RAM

Figure 15-25: Example of Pixel Mode - 8bpp

Table 15-4: Alpha Blending of Pixel Mode - 8bpp

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

LT7689_DS_ENG/V1.3
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LT768

S1

Levetop

BitBLT
DT

Figure 15-26: Example of Pixel Mode - 16bpp

Table 15-5: Alpha Level of Pixel Mode - 16bpp

Bit[15:12] Alpha Level
Oh 0
lh 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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Setup SO Image Information.
(Start Address/Width/Upper-Left
Corner XY Coordinate)
REG[93h-9Ch]

Y

f

.

Setup S1 Image Information.
(Start Address/Width/Upper-Left
Corner XY Coordinate)
REG[9Dh-A6h]

Y

Y

f

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

\\

Y

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

Y

Setup BTE Window Width
(BTE_WTH) REG[B1h-B2h]

h 4

Setup BTE Window Height
(BTE_HIG) REG[B3h-B4h]

Y

Select BTE, ROP Function
REG[91h]

Y

Enable BTE
REG[90h]

Il

Check STSR bit3

O

Figure 15-27: Flow Chart of Memory Copy with Opacity -Pixel Mode

LT768

BitBLT

S1

Levetop

DT

Figure 15-28: Example of Memory Copy with Opacity - Picture Mode

© Levetop Semiconductor Co., Ltd.
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Setup SO Image Information. ) v
(Start Address/Width/Upper-Left
Corner XY Coordinate) Setup BTE, ROP Function
\_ REG[93h-9Ch] Y, REG[91h]
v
(" Setup S1Image Information. v
. e R
(Start Address/Width/Upper-Left :
Caorner XY Coordinate) Setup Alpha Blending
L REG[9Dh-A6h] ) (APB_CTRL) REG[BSh]
v
v v
Setup DestinationInformation. - ~
(Start Address/Width/Upper-Left Enable BTE
Corner XY Coordinate) REG[90h]
REG[A7h-BOh] Y,
v ,
s ™ v
Setup SO, S1, DT Color Depth
REG[92h] Check STSR bit3
- S/
v
g )
Setup BTE Window Width, Height < End )
REG[B1h-B4h]
-

Figure 15-29: Flow Chart of Memory Copy with Opacity - Picture Mode
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15.6.10 MCU Write with Opacity

This operation is similar to Memory Copy with Opacity, but the difference is that SO is from MCU
Write, and it also has Picture Mode and Pixel Mode, for more descriptions please refer to Section
15.6.9.

MCU LT768 SDRAM

S1
«]

O | | s

SO t
Palette
RAM

Levetop
o .

Figure 15-30: Example of MCU Write with Opacity

¢~ Setup S1Image Information.

(Start Address/Width/Upper-Left
Corner XY Coordinate) Enable BTE
L REG[ODh-A6h] REG[90N]
) 4 <
' Setup Destination Information. N v
(Start Address/Width/Upper-Left
Corner XY Coordinate)

L REG[A7h-BOh] )

A 4

REG[B1h-B4h]

-
Setup BTE Window Width, Height 1

A 4

s ™
Setup SO, S1, DT Color Depth
REG[92h] BTE Data Write Complete?
(BTE_WTH * BRE_HIG)
v
e ™y
Setup BTE, ROP Function
REG[91h]

Check STSR bit3

C—

Figure 15-31: Flow Chart of MCU Write with Opacity
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15.6.11 Memory Copy with Color Expansion

This operation performs Color Expansion for the SO data (from Memory), it is useful to translate bit-
wise monochrome data to byte-wise color data. In this operation, SO data Color Depth (Word Width)
is defined in REG[92h] Bit[6:5]. Users should set needed Start Bit to REG[91h] Bit[7:4] based on the
corresponding Color Depth, Bit[7]~Bit[0] are available for 8-bits depth and Bit[15]~Bit[0] are available
for 16-bits depth. BTE disassembles Word by Word to Bit sequences (from MSB to LSB) based on
the ROW Line of source image (from left to right), and sequently expands bit by bit until the BTE
Width reached ending as well. The result to DT is that data_1b expanded to Foreground Color and
data_Ob expanded to Background Color. Any Bit 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_0b to BLUE
(Background Color), so the result to DT is RED ATC

LT768 SDRAM

&
S

ByteO Bytel SO

DT

BitBLT

Figure 15-32: Example of Memory Copy with Color Expansion

While: SO Color Depth =8, Foreground Color = RED, Background Color = KHAKI, BTE window Width
= 23, please refer to Figure 15-33 (ROP = 7) and Figure 15-34 (ROP = 4) as examples.

Data0 Datal DataZ2 Data3

A

Figure 15-33: Example 1 of Memory Copy with Color Expansion (ROP=7)
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Data0 Datal DataZ2 Data3

A A A
'
'

A

Figure 15-34: Example 2 of Memory Copy with Color Expansion (ROP=4)

("~ SetupSOImage Information. v
: e D
(Start Address/Width/Upper-Left
Corner XY Coordinate) Setup Background Color
\_ REG[93h-9Ch] REG[D5h-D7h]
A
v
(~  Setup DestinationInformation. - y ~
(Start Address/Width/Upper-Left Setup BTE, ROP Function
Corner XY Coordinate) REG[91h]
\_ REG[A7h-B0h] Y, \
h 4 v
' ™\
Setup SO, DT Color Depth Enable BTE
REG[92h] REG[90h]
A J
p h 4 - \:
Setup BTE Window Width, Height
REG[B1h-B4h] Check STSR bit3
- J
v
s N
Setup Foreground Color ( End >
REG[D2h-D4h]
b J

Figure 15-35: Flow Chart of Memory Copy with Color Expansion
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15.6.12 Memory Copy with Color Expansion and Chroma Key

This operation is similar to Memory Copy with Color Expansion, but the difference is that data_Ob
will be discarded, BTE expands only data_1b to Foreground Color.

Below example shows data_1b is expanded to RED (Foreground Color) and data_0Ob is discarded,
sotheresulttoDTISRED ATOPO with TRANSPARENT background:

LT768 SDRAM

o et p 30

-~

BitBLT

@ il DT

Figure 15-36: Example of Memory Copy with Color Expansion and Chroma Key

(~ Setup SOImage Information.

(Start Address/Width/Upper-Left
Corner XY Coordinate)
\_ REG[93h-9Ch]
v
(" Setup DestinationInformation. v ~
(Start Address/Width/Upper-Left Setup BTE, ROP Function
Corner XY Coordinate) REG[91h]
\_ REG[A7h-B0Oh]
v v
g Y ™
Setup SO, DT Color Depth Enable BTE
REG[92h] REG[90h]
e
p v . v

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

Check STSR bit3

Y

Setup Foreground Color < End )
REG[D2h-D4h]

Figure 15-37: Flow Chart of Memory Copy with Color Expansion and Chroma Key
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15.6.13 Solid Fill

This operation is to fill a specified Rectangle Area (BTE Window) of DT with a Solid Color whose
data is defined in the Foreground Color Register.

LT768 SDRAM
Fill Area
BitBLT
Figure 15-38: Example of Solid Fill
a Setup Destination Information. - v ~
(Start AddreSS/Width/Upper—Leﬂ Select BTE, ROP Function
Corner XY Coordinate) RE’G[91h]
\ REG[A7h-BOh]
v A 4
0 g ™y
Setup DT Color Depth Enable BTE
REG[92h] REG[90h]
p
v N
s D v
Setup BTE Window Width, Height
REG[B1h-B4h] Check STSR bit3
.
v
' ™
Setup Foreground Color C End >
REG[D2h-D4h]
h.
I

Figure 15-39: Flow Chart of Solid Fill
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16.Display Text

LT7689 supports 2 sources of Text (Characters and Symbols):

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

LT7689 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.

16.1 Internal CGROM

LT7689 builts in three ASCII font types with different resolutions (character sizes): 8 x 16, 12 x 24, 16 x
32. The MCU just simply writes the font code to make the ASCII word display 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 16-1 to Table 16-4 below). The type of ISO/IEC 8859 font
displayed on the TFT panel is set by REG [CCh] [1:0]. In addition, the user 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) REG[CDh]

} }

Setup Foreground Color
REG[D2h-D4h]

}

Setup Background Color
REG[D5h-D7h]

Setup Text Mode < End )
REG[03h] bit2=1

Figure 16-1: Flow Chart of CGROM Basic Programming

-

[ MCU Write Data to REG[04h]

Character Data
write Complete?

Table 16-1 shows the standard character encoding of ISO/IEC 8859-1. ISO stands for International
Standardization Organization. The ISO/IEC 8859-1, generally known as fi L a-1 ait,is the first sets of 8-
bit coded character encoding developed by the 1SO, and referred to ASCII that consists of 192 characters
from the Latin script in the range of OxA0-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 also can use ISO/IEC 8859-1. In addition, it is also
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commonly used in many languages outside Europe, such as Swahili, Indonesian, Malaysian and

Tagalong.

In the Table 16-1, character codes 0x80~0x9F are defined by Microsoft Windows, also called CP1252

(WinLatinl).

Table 16-1: SO/IEC 8859-1

) Bl o) et Sl| e o= ] | o]l > = | |z~ | =T
Lujes | -« Lo ] €3 =i N |PN | B [N fo— | O | «— | OO
al<=| T 1 [ e =d I | LT = 2 1 D o= p>— | y— [ ST
o+ L ~l~l =l — =] 8l | Np—[D)|.—]1:=0
omjl<o| L =+ i V- [ B el B e Y| Al kKD | | <3
C= q: *) -/ I T NP > o ol kil D | <« [T
g_O_l)QJ.I..YhJ. Dzl |©|—~ hualD|a@]|-o
B{T(BHXh < |< Al Ju ol 8
C—]|® |<|- B O =S] O i [ K=z 2 ] X (Sskdb
|l ]l e |8 |||y |=|v| =|+—]| ' |- |HEHOD]| B|:O
LD &% |cn|se|n|u | D] | 3 | o |>#| Slar o | -0 |20
<|leo ||| |o|— O+ =li= x | - ko | zo | <O
MY || MO O] V|4 <l |m T OO |20 | MO
N &® [« = N|m|oz| ol o - o |o ko o | «o | o
~—I D |V |—-|-—lcC || M| O —— | I pEE o= Ik es
= A S| |l0 |- O] S o -CC | 0 | -0 | xO
LH O | —| N M| |N|jw|C-|lO ||| || Lul L

Table 16-2: ISO/IEC 8859-2
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Table 16-2 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 1SO. 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)

Table 16-3 shows the standard characters of ISO/IEC 8859-4, also known as Latin-4ori Nor t h Eur opea
it 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.

Table 16-3: ISO/IEC 8859-4

NB 12345678 9RBLCDEF
) HHH.[[E‘@@MM
1Pl NIl ilpleirphlr
2 "' RE (D ERLELY
301U 7B L KEDR
4R ABCDEFGHIWKLMND
SPAQRSITUNKNNYRINDILL
6| ablcldeiflahliljkilinpp
Tlhlglris itz E
81

9 1 te

Al RkRRILEIBERIFR]
Bl al el il | SRl PRzl
CRRARRRAICEEEENI]
DPNDOKODOXxDUULDDUDR
Eloaadamlilceleelill
FlanokoloBl:blulofoloi]
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Table 16-4: ISO/IEC 8859-5

NB 12134566789 RBLCDEF
B fzﬂlounoaszma
1Pl NIt llplerpaly
72 T GO .
JIOL2PB3A4bE7BP:LEKEPD
dRABCDEFGHIUKLMNI
SPAQRSTUNVHNXNYRIINIDLL
6l ablkcldelflohliljklnhlo
Thlgris(tiuypixyz@IRL
B | |

T Hhe

Rl ER BT EK]N
BREBINEXBMMKNMHD
CPCTYONXUYmMmDBHbLRN
D6 BIr (mle (3 @iknMMKlon
Efpjc [Ty (o X [ufuuwmbpb(30
F e lé [ iflels|ililjmwh[K[8 Y

Table 16-4 shows the standard characters of ISO/IEC 8859-5. also known as the fifth sets of the ISO/IEC
8859 8-bit character encoding. It was designed originally to cover Bulgarian ,Belarusian, Russian, Serbian

and Macedonian.

8*16 . 12*24 16*32
Figure 16-2: Internal ASCII Font for 8*16, 12*24 and 16*32
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16.2 User-defined Character Graphic (UCG)

User can create and utilize UCG when needed. LT7689 supports Half Width size (8x16, 12x24, 16x32
dot-matrix graphic) and Full Width size (16x16, 24x24, 32x32 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 corresponding CODE of the UCG to LT7689, LT7689
can resolve the CODE (relative ADDRESS of CGRAM) to corresponding absolute ADDRESS of Memory
where the UCG data is really saved, then transfer the graphic data to display Memory Buffer. Of course,
users can define Foreground Color by setting the REG[D2h] ~REG[D4h] and Background Color by setting
the REG[D5h]~REG[D7h] in advance.

16.2.1 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 16-5 explains the data format and data byte sequence.

UCG_ADD = CGRAM_Start_ ADD + (UCG_Code * 16)

Table 16-5: Data Format and Byte Sequenc of 816 UCG

UCG Code: 0000h UCG Code: 0001h
Address Data Address Data
1000h ByteO: 3Fh 1010h ByteO —
1001h Bytel: 3Fh 1011h Bytel L[ [ [ ]
1002h Byte2: 0Ch 1012h Byte2 ==
1003h Byte3: 0Ch 1013h Byte3 [ ] |
Y y EE EE
: : : : [ | | [ | |
[ | | [ | |
[ | | [ | |
[ | | [ | |
[ | | [ | |
100Dh Byte14: COh 101Dh Bytel14 [ | |
100Eh Bytel4: FFh 101Eh Bytel4 ==
100Fh Byte15: FFh 101Fh Byte15 EEEEEEEN
Y ik EEEEEEEE
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16.2.2 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 0000h, the data will be saved in 1000h~101Fh, then the second UCG encoding will
be 0001h and its data will be saved in 1020h~103Fh. Below formula shows how the 16*16 UCG
address in Memory is calculated, and Table 16-6 explains the data format and data byte sequence.

UCG_ADD = CGRAM_Start_ ADD + (UCG_Code * 32)

Table 16-6: Data Format and Byte Sequenc of 16*16 UCG

UCG Code: 0000h
Address Data Address Data
Tooon__|_Bywo.orh | 1001 | Byl Fer EEEEEEEEEEEE
1002h Byte2: OFh 1003h Byte3: FFh ============
1004h Byte4: OFh 1005h Byte5: FFh
1006h Byte6: OFh 1007h Byte7: FFh AN | [ [ ] ]
s y EEEE EEEE
: : : : EEEE [ ][]
(1] [ ][]
EEEE EEEE
[T 1T 1] [ [ [ [ ]
(1]
101Ah Byte26: FFh 101Bh Byte27: FOh EEEEEEEEEEEE
101Ch Byte28: FFh 101Dh Byte29: FOh ============
101Eh Byte30: FFh 101Fh Byte31: FOh EEEEEEEEEEEN
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16.2.3 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 saved in 1000h~102Fh, then the second UCG encoding will be 0001h and its data will
be saved in 1030h~105Fh. Below formula shows how the 12*24 UCG address in Memory is
calculated, and Table 16-7 explains the data format and data byte sequence.

UCG_ADD = CGRAM_Start_ADD + (UCG_Code * 48)

Table 16-7: Data Format and Byte Sequenc of 12*24 UCG

UCG Code: 0000h
Address Data Address Data
1000h ByteO: 1Fh 1001h Bytel: FOh IEREE
1002h Byte2: 1Fh 1003h Byte3: FOh
1004h Byte4: 1Fh 1005h Byte5: FOh
1006h Byte6: 03h 1007h Byte7: 80h -
. . . . |
]
[ |
u
]
]
EEm  mam
102Ah Byte42: FFh 102Bh Byte43: 80h o
102Ch Byte44: FFh 102Dh Byte45: 80h -
102Eh Byte46: FFh 102Fh Byte47: 80h HH
ENEEEEEEE
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16.2.4 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 0000h, the data will be saved in 1000h~1047h, then the second UCG encoding will
be 0001h and its data will be saved in 1048h~108Fh. Below formula shows how the 24*24 UCG
address in Memory is calculated, and Table 16-8 explains the data format and data byte sequence.

UCG_ADD = CGRAM_Start_ADD + (UCG_Code * 72)

Table 16-8: Data Format and Byte Sequenc of 24*24 UCG

UCG Code: 0000h

Address Data Address Data Address Data
1000h Byte0 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
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16.2.5 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 24*24 UCG
address in Memory is calculated, and Table 16-9 explains the data format and data byte sequence.

UCG_ADD = CGRAM_Start_ ADD + (UCG_Code * 64)

Table 16-9: Data Format and Byte Sequenc of UGC

UCG Code: 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
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16.2.6 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 0000h, the data will be saved in 1000h~107Fh, then the second UCG encoding
will be 0001h and its data will be saved in 1080h~10FFh. Below formula shows how the 32*32 UCG
address in Memory is calculated, and Table 16-10 explains the data format and data byte sequence.

UCG_ADD = CGRAM_Start_ ADD + (UCG_Code * 128)

Table 16-10: Data Format and Byte Sequenc of 32*32 UCG

UCG Code: 0000h
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 Bytel2 100Dh Bytel3 100Eh Bytel4 100Fh Bytel5

1074h | Byte1l6 | 1075h | Byte117 | 1076h | Bytel18 | 1077h | Byte119
1078h | Byte120 | 1079h | Byte121 | 107Ah | Bytel22 | 107Bh | Byte123
107Ch | Bytel24 | 107Dh | Byte125 | 107Eh | Byte126 | 107Fh | Bytel27

LT7689_DS_ENG/V1.3
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16.2.7 Initialize CGRAM from MCU

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

Y

p
Setup Canvas Addressing Mode

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

h 4
' )

Setup Canvas Start Address
(CVSSA) REG[50h-53h]

”
-
r

Check FIFO
Full?

MCU Write Character Data to
REG[04h]

Data Write
Complete?

Check FIFO
Empty?

e

Figure 16-3: Flow Chart of CGRAM Initialization from MCU
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16.2.8 Initialize CGRAM from Serial Flash

e )

Check DMA Busy ?
REGIB6h] bit0

il Y

h 4
Setup Start Address of Serial
Flash

(DMA_SSTR) REG[BCh-BFh]

A 4

P A
Setup Canvas Addressing Mode setup D,Td% E();ztmatlon
. REG[5Eh] = 04h (Linear Mode) REG[50h-53h]
v A 4
e M ("
Setup Flash Control Register Setup DMA Transfer Quantity
REG[B7h] REG[C6h-C9h]
"
p v N p A 4
Setup DMA Start Bit
Setup SPI Clock (DMA_CTRL)
§ REG[BBh] REG[B6h] bit0 =1
v ¢
b4
Setup SPI Mode Check STSR
REG[B9h] bit[1:0] bit3

e

Figure 16-4: Flow Chart of CGRAM Initialization from Serial Flash
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16.3 Character Rotation by 90 Degree

LT7689 supports character rotation by counterclockwise 90 degree. Normal (REG[CDh] bit4=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, and flipped in vertical. 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 16-5: Example of Character Rotation

16.4 Size Enlargement

LT7689 supports linear *1, *2, *3, *4 character size enlargement for Height and/or Width, controlled by
REG[CDh] bit[3:0].

Figure 16-6: Example of Size Enlargement
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16.5 Background Transparency

LT7689 supports character Background transparent, controlled by REG[CDh] bit6.

Figure 16-7: Example of Background Transparency

16.6 Character Full-Alignment

LT7689 supports character full-alignment that makes the character to align to each other.  When
inputting and displaying Half or Full size characters, set REG[CDh] bit7=1.

B K BETFT Leo IR Bt R - HE
EHhRE St 2 EMcu R FrE B R Elrrr AT AR

fEEELhTrTaiaEs - F AREPIP - BRI - JL
MEF2EZEE » R TEAERIESN » AR

{EMcufAZR I B R fE R AYAT (8] -

4

B A AEETFT 1o EFIIEARE SR o H
FEAHRESLE My TR B RE e FEAY
NZEFEETeT Wz - FHHiZEer ~ I
-~ JUEER2EEDLE - BRT ARG
A RMcy SAEE R BoRPT/EZRAYAT(A] -

Figure 16-8: Example of Character Full-Alignment
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16.7 Automatic Line Feed

LT7689 supports sequent text input and display, and can perform automatically Line Feed at active
window boundary.

LT7682 R ESATFT LCDEIE NG B i

Figure 16-9: Example of Automatic Line Feed

16.8 Cursor

LT7689 supports 2 types of Cursor, Graphic Cursor and Text Cursor. The Graphic Cursor is 32*32 pixel
graphic with 2-bits color index which can be displayed at an user-defined position. The Text Cursor is bit-
wise graphic with 32*32 as maximum size, to point text input position. Note that when Vertical Scan
Direction is sett oFrofnh bottomto Topd ( VDI R R BGEDIR=2)hText Gursbr and Graphic Cursor
as well as PIP will be disabled automatically.

16.8.1 Text Cursor

Text Cursor has Auto-move, Blinking, and Enlargement functions. Once enabled, the Text Cursor
appears at the input position, and can automatically move to next input position after current input is
completed. Auto-move also supports Auto Line Feed, but is dominated by Active Window. Therefore,
Text Cursor must be positioned in active window and in Text Mode, moving distance and direction is
the same as Character input settings.

Table 16-11: Regiaters Related with Text Cursor

Register Register o it
Address NG escription

bit2: Graphic/Text Mode Selection
REG[O3N] ICR (Text Mode Enable)

bitl: Text Cursor Enable
REG[3Ch] GTCCR

bit0: Text Cursor Blinking Enable)

REG[64h:63h] F_CURX X_Position: Text Input X coordinate

REG[66h:65h] F CURY Y_Position: Text Input Y coordinate

REG[DOhN] FLDR Text Line Gap Setting

LT7689_DS_ENG/V1.3
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A Text Cursor Blinking

Text Cursor Blinking can be set to enable by GTCCR ( REG[3Ch] ) bit[0]=1, and disable by
bit[0]=0. Blinking interval can be obtained through below formula.

Blink_Time (sec) = BTCR[3Dh] * (1/Frame_Rate)

e — e B TFT LCD EEIR S

Figure 16-10: Example of Text Cursor Blinking

A Text Cursor Height and Width

Text Cursor Height and Width are controlled by CURHS ( REG[3Eh] ) and CURVS
( REG[3Fh]).

If Character enlargement is enabled, Text Cursor enlargement is also enabled automatically
according to the same enlargement settings.

Register CURHS (REG[3Eh]) bit[4:0] = 00000 ~ 11111b

= = =B

1 pixel 2 pixels 3 pixels 32 pixels

Register CURVS (REG[3Fh]) bit[4:0] = 00000 ~ 11111b

= = =

1 pixel 2 pixels 3 pixels 32 pixels

Figure 16-11: Example of Text Cursor Height and Width Settings
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16.8.2 Graphic Cursor

LT7689 Graphic Cursor is 32*32 pixel graphic, and the color of each pixel is represented by 2 bits
data. The color data are defined as shown in Table 16-2:

Table 16-12: Graphic Color Definition

26b0 Color-0 (defined by REG[44h] )
26b0 Color-1 (defined by REG[45h])
26b1 Background Color

26b1 Inversed Background Color

To create a Graphic Cursor needs 256 bytes (32x32x2/8), Figure 16-12 shows the data format and
byte sequence. LT7689 supports 4 sets of graphic cursor that users can choose from by setting
GTCCR REGI3Ch] bit[3:2]. Display position of graphic cursor is controlled by register GCHPO
(REG[40h]), GCHP1(REG[41h]), GCVPO(REG[42h]) and GCVP1(REG[43h]).

—————————— Byte0
Byte Data i Bytel
0
1
2
254
255

Byte254 ~ ' .

Color-0: W Byte2a5
Color-1: W

Figure 16-12: Graphic Cursor Data Format and Example
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Setup Graphic Cursor Color
(GCC) REG[44h:45h]

v

Select Graphic Cursor
(GTCCR) REG[3Ch] bit[3:2]

A4
( Setup the Memory Destination of h
Graphic Cursor

REG[03h] bit[1:0]=10b

Y

Write 256 Bytes Graphic Cursor
Datato Memory

Y
Setup Graphic Cursor Horizontal,
Vertical Position

(GCHP, GCVP) REG[40h-43h]

Y

Enable Graphic Cursor
REG[3Ch] bitd=1

Figure 16-13: Flow Chart of Graphic Cursor Creation

LT7689_DS_ENG/V1.3
______________________________________________________________________________________________________________|

© Levetop Semiconductor Co., Ltd. Page -114-



l:r LT7689 Serial U art TFT Controller

17.Serial Bus Master
17.1 Power-on Display

LT7689's Power-on Display circuit has embedded a small microprocessor unit. The main function is to
quickly display the screen at boot time by executing the program code stored in Flash memory in the
absence of Host, or when the Host is still in its start-up phase. To use this function, PWM][0] pin must
connect to a 10K pull-up resistor, then the "Power-On Display" function will be enabled(Refer to Figurel7-
1). When Power-on Display is enabled, LT7689 will automatically execute the program until the program
code in the Flash memory is fully executed. After that, Host will retrieve the control of the system.

LT7689 Serial Flash
SFCLK CLK
SFDO DI
SFDI DO
SFCSO# cs#

VDD

g 10Kohm
PWMI[O0]

Figure 17-1: Enable the "Power-On Display" Function

The Power-on Display feature restricts that program code and display data must be stored in the same
Flash memory. The Power-on Display unit supports 12 instructions as follows:

Table 17-1: 12 Power-on Display Instructions

No. | Instruction Description Liannsgttr#igg?e)
1 EXIT Exit instruction (O0h/FFh) 1
2 NOP NOP instruction (AAh) 1
3 EN4B Enter 4-Byte mode instruction (B7h) 1
4 EX4B Exit 4-Byte mode instruction (E9h) 1
5 STSR Status read instruction (10h) 2
6 CMDW Command write instruction (11h) 2
7 DATR Data read instruction (12h) 2
8 DATW Data write instruction (13h) 2
9 REPT Load repeat counter instruction (20h) 2
10 ATTR Fetch Attribute instruction (30h) 2
11 JUMP Jump instruction (80h) 5
12 DJINZ Decrement & Jump instruction (81h) 5

LT7689_DS_ENG/V1.3
______________________________________________________________________________________________________________|

© Levetop Semiconductor Co., Ltd. Page -115-



l:r LT7689 Serial U art TFT Controller

One Byte Instruction:

A Exit i ns(EXWNTOOho n| FFh | Undefined instructions
EXIT instruction is executed to exit the Power-on Display function, and return control right to
Host.

A NOP i nst (NDi AAm

It will do nothing and then fetch next instruction.

p>3)

Ent eBytde mode i (ENABBIthi on

This instruction enables accessing the address length of 32-bit for the memory area of higher
density (larger than 128Mb). The control unit default is in 24-bit address mode; after sending
out the EN4B instruction, the address length becomes 32-bits instead of the default 24-bits.
There are three ways to exit the 4-bytes mode: writing Exit 4-bytes Mode (EX4B) instruction,
Hardware Reset or Power-off.

p>3)

Exi-Bydte mode i EX4UBEOthi on

The EX4B instruction is executed to exit the 4-bytes address mode and return to the default
3-bytes address mode. Once exiting the 4-bytes address mode, the address length will
return to 24-bits.

Two Bytes Instruction:

A Load repeat courRERMT2O0it+ umgadrnam|[ 0]

This instruction contains one byte parameter. This parameter is mainly for repeating counter
value and used with DINZ instruction.

A Fetch attri bu@®ETRBOhrecpaoam[O0]
This instruction contains one byte parameter. This instruction is used to configure controller
to access serial Flash data. In Param[0]:
_bit[3:0] is clock divisor for SPI clock. This is used to set proper SPI clock based on the system
clock. Default is O.

Fsck = Fcore /[ (Divisor + 1) * 2]

_bhit[4] i s device mode selection for [CPOL, CPHA].
Default is 1 for mode 3.
_bit [5]is to define SFCS[1:0] deselect time which is also called chip select high time (tCSH)
Value 6006 is 4 corleckscDefaudtis8coreclecksue 616 is 8 c
_bit [7:6] is dummy cycle number. These two bits set 4 kinds of dummy cycle. The Value 0, 1,
2 or 3 stands for 0, 8, 16 or 24 dummy cycles. Default is 0. If dummy cycle number is O then
serial flash read command code is 03h, otherwise serial flash read command code is 0Bh.

A Status read (STN3RIrQhc t+ omar am[ 0]
The parameter represents the expected value in Status read instruction. If the returned data
does not match with expected value, this read instruction will be repeated.

A Command write (@MBWndht +opar am[ 0]
The parameter represents the value that is to be written through CMDW instruction.

A Data read i(STHRLUZh ionparam[O0]

The parameter represents an expected value. After issuing DATR, if the returned data does
not match with the expected value, the instruction will be exceuted repeatedly.

LT7689_DS_ENG/V1.3
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A Dat a

write (DABWMLBOt +omar am|[ 0]
The parameter represents the written value by Data write instruction.

Five Bytes Instruction:

A Jump

p>)

It contains 4-bytes parameters. Parameter [3]~[0]a r e
For example, param[3] is address[27:24], param[2] is address[23:16],

inst(uUuMiF 80h + param[3] + param[2] + param|

s er i albits dddresssirtiobnmtiol. 8

param[1] is

address[15:8], and param[0] is address[7:0]. After execution, next instruction will be fetched
from this specified address.

Der ement
par am[ 2]

Par ameter

repeat counter equals to zero, then the next instruction will be fetchedf r o m
addr ess

+

& Jump whi |l éDJnNpAt n tqruuaBtlihmn-z papbam[ 3]

+ param[1l] + param[O0]

3 ~0 a r-bits address imfdrmafioh. aes pa@m[3] B 8ddress[27:24],
param[2] is address[23:16], param[1] is address[15:8] and param][0] is address[7:0]. If the

fcurrent

5tbe, repent cbuater will de@ement one and jump to specified address.

After the Power-on Reset, the Power-on Display function will serach the two SPI interfaces provided by
LT7689. The first 8 bytes must be "61h, 72h, 77h, 63h, 77h, 62h, 78h, 67h". If the flash memory is
identified then the subsequent processing address will be (0008h), otherwise the master control will be
transferred to the Host. LT7689 internal microprocessor will start to execute instructions from the address
0008h of the flash memory. During the execution of Power-on Di spl ay,
is executed, the processor will hand over the control to the host. Here is an example of using an external
serial Flash and show a 1024*768 picture on an 1024*768 resolution TFT panel:

/I Addr: 'h0000
61 72 77 63 77 62 78 67 /I'\D

/Nnitial PLL

11
11
11
11
11
11
11
11
11
11
AA

[Initial Display RAM

11
11
11
11
11
AA

//Setup LCD Panel

11
11
11
11
11
11
11

05
06
07
08
09
0A
00
01
01
02

AA AA AA

EO
El
E2
E3
E4

AA AA AA

10
12
13
14
15
1A
1B

13
13
13
13
13
13
13
13
12
13

13
13
13
13
13

13
13
13
13
13
13
13

8A
41
8A
64
8A
64
80
82
82
40

29
03
0B
03
01

04
85
03
7F
00
FF
02

/I REG_WR(h05, 'h8A), Write 0x8A to REG[05]
/I REG_WR('h06, 'h41)
/I REG_WR('h07, 'h8A)
/I REG_WR('h08 'h64)
/I REG_WR('h09,'h8A)
/I REG_WR('hOA, 'h64)
/I REG_WR('h00, 'h80)
/Il REG_WR('h01, 'h82)
/Il REG_WR('h01, 'h82)
/I REG_WR('h02, 'h40)
/I NOP

/I REG_WR('hEO, 'h29)
/Il REG_WR('hEL, 'h03)
/Il REG_WR('hE2, 'hOB)
/Il REG_WR('hE3, 'h03)
/Il REG_WR('hE4, 'h01)
/I NOP

/Il REG_WR('h10, 'h04)
/Il REG_WR('h12, 'h85)
/Il REG_WR('h13, 'h03)
/Il REG_WR('h14, 'h7F)
/Il REG_WR('h15, 'h00)
/Il REG_WR('h1A, 'hFF)
/I REG_WR(h1B, 'h02)

LT7689_DS_ENG/V1.3
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/I Setup Main Window

11 20 13 00 /I REG_WR('h20, 'h00)
11 21 13 00 /Il REG_WR('h21, 'h00)
11 22 13 00 /I REG_WR('h22, 'h00)
11 23 13 00 /I REG_WR('h23, 'h00)
11 24 13 00 /I REG_WR('h24, 'h00)
11 25 13 04 /Il REG_WR('h25, 'h04)
11 26 13 00 /I REG_WR('h26, 'h00)
11 27 13 00 /Il REG_WR(*h27, 'h00)
11 28 13 00 /Il REG_WR('h28, 'h00)
11 29 13 00 /I REG_WR('h29, 'h00)

AA AA AA AA /I NOP

//Setup Canvas Window

11 50 13 00 /I REG_WR('h50, 'h00)
11 51 13 00 /I REG_WR('h51, 'h00)
11 52 13 00 /I REG_WR('h52, 'h00)
11 53 13 00 /I REG_WR('h53, 'h00)
11 54 13 00 /I REG_WR('h54, 'h00)
11 55 13 04 /I REG_WR('h55, 'h04)
//Setup Active Window

11 56 13 00 /I REG_WR('h56, 'h00)
11 57 13 00 /I REG_WR('h57, 'h00)
11 58 13 00 /Il REG_WR('h58, 'h00)
11 59 13 00 /I REG_WR('h59, 'h00)
11 5A 13 00 /I REG_WR('h5A, 'h00)
11 5B 13 04 /I REG_WR('h5B, 'h04)
11 5C 13 00 /I REG_WR('h5C, 'h00)
11 5D 13 03 /I REG_WR('h5D, 'h03)
11 5E 13 02 Il REG_WR('h5E, 'h02)
//Setup DMA Transfer Data from Flash to Display RAM
11 BC 13 00 /Il REG_WR('hBC, 'h00)
11 BD 13 02 /l REG_WR('hBD, 'h02)
11 BE 13 00 /Il REG_WR('hBE, 'h00)
11 BF 13 00 /I REG_WR('hBF, 'h00)
11 CO0 13 00 /'l REG_WR('"hCO,6h00)
11 C1 13 00 /'l REG_WR('"hC1l ,6h00)
11 C2 13 00 /I REG_WR('hC2, 'h00)
11 C3 13 00 /I REG_WR('hC3, 'h00)
11 C6 13 00 /I REG_WR('hC86, 'h00)
11 C7 13 04 Il REG_WR('hC7, 'h04)
11 C8 13 00 /Il REG_WR('hC8, 'h00)
11 C9 13 03 /I REG_WR('hC9, 'h03)
11 CA 13 00 /I REG_WR('hCA, 'h00)
11 CB 13 04 /I REG_WR('hCB, 'h04)
11 B7 13 CO /I REG_WR('hB7, 'hC0)
11 B6 13 01 /I REG_WR('hB6, 'h01)
AA AA AA AA /I NOP

11 B6 12 00 /I REG_WR('hB6, 'h00)
11 12 13 40 /I REG_WR('h12, 'h40)
00 Il Exit

Note: Power-on display unit requests program codes & display data, fonts, and required contents for
the program must be stored in the same serial Flash. If Host needs to switch to another serial Flash
then all the codes & display data etc. will need to be stored to that serial Flash.
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17.2 SPIl Master

When transferring data through SPI master of LT7689, the two serial data lines will be sampled and
synchronized with the serial clock signal SFCLK. Master will place the relevant information on the SFDO
signal line for the slave device to catch data in the first half of the clock edge. There are four possible
protocol modes of CPOL and CPHA that can be choosen by setting the bit[1:0] of Serial Master Control
Register [SPIMCR2]. The master and slave device must operate under the same frequency.

srcik(cpo=0) [ LT LT LT LT L LT L
srcikcrot=1) LT LT LT LT LT LT L
SFDO(CPHA=0) —(msBX_ X X X X X XG
SFDO(CPHA=1) ——(mseX_ X X X X X XueX

Figure 17-2: Master SPI Data Transfer

—
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Transmitting Data Bytes
The SPI transmission can be initialized after the control register is setup. The method to initialize
data is to write the data to the Register SPIDR (REG[B8h]). The data written to SPDIR is actually

written to a FIFO which has 16 |bFyOoes Edemt hwa,i teel saa

a data byte to the Write-FIFO. When the SS_Active is set to 1 and the FIFO is not empty, LT7689

will startto transfert he data that fi-FISEOwrtiot®haveto AWrite

Receiving Data Bytes

Receiving data is done simultaneously with transmitting data; whenever a data byte is transmitted,
a data byte is received. For each byte that needs to be read from a device, a dummy byte has to
be written to the Write FIFO. This means using a dummy write cycle to activate the SPI while
receiving the data. Whenever the transfer is done, the received data is written in the "Read-FIFO".
The "Read-FIFO" is the counterpart of the Write-FIFO. It is an independent 16 bytes deep FIFO.
The FIFO contents can be read by reading from the Register [SPIDR] (REG[B8h]).

FIFO Overrun

Bot h #WrFiOtoe an-dl FBe@aadr e usi ng CsimulatedbigRAMIe mor i es
When FIFO is full, wriFtliFrO®p aviddw odatravWhentadgingfh\Wr iotl &

dat a t & | FWeOSPIER] registers causes overflow, it will result in data errors. Then the
data transmitted using the SPI interface will not be the first data entered, but the data that finally
enters the FIFO. As shown in the example of Figure 17-3, WP is the write pointer, when "Write-
FIFO" is full, and then next data written in FIFO will overwrite the first one. RP is the read pointer

I f A-ReBO0 is not per f-PIrmed ibsefover fAlW w,tsteffaPe. wi | |
Therefore, once t he -FolvFeGof Iwiw lo cgceutr swr ofinRge adda t a .
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FIFO FIFO
15 Data RP ﬂ, N+1t"Data | R¥
2" Data 2" Data
3" Data 3™ Data

o 3t > i

N-1* Data N-1*" Data
WP Nt Data Nt Data
L

Figure 17-3: FIFO Overrun Example

The only way to recover from this situation is to reset the Write Buffer. Both the Read FIFO and the

Write FIFO are reset when the Slave Sel eReadFFEOgnal ac
overruns might be less destructive. Especially when the SPI bus is used to transmit data only, and the

received data is simply ignored. So the Read FIFO overruns is irrelevant. But, if the SPI bus is used to

transmit and receive data, it is important to keep the Read FIFO aligned. The easiest way to do this is to

perform a number of dummy reads. The number of dummy reads should be equal to the amount of

bytes transmitted modulo 16.

Ndummy_reads = Ntransmitted_bytes mod 16

Note: If the "Read-FIFO" is not empty, storing 16 bytes of data is bound to cause overwritten.
Therefore, before receiving every 16 bytes of dat a, the hos-F|l MOS8t i somrMmpt ;M «
not.

Reference Code for SPI Master Loop Test (Connect SFDO to SFDI)

REG_WR ('hBB, 8'h1lf); /[Divisor, configure SPI clock frequency
REG_WR ('hB9, 8'b0001_1111); /I {1'b0, mask, SS# _sel, ss_active, ovfirgen, emtirgen,
/Il cpol, cpha}, SS# low

REG_WR ('hB8, 8'h55) ; I TX
REG_WR ('hB8, 8'haa) ; I TX
REG_WR ('hB8, 8'h87) ; I TX
REG_WR ('hB8, 8'h78) ; I TX
wait (INT#) ;

REG_RD ('hBA, acc) ;

while (acc != 8'h84) begin
$display ("wait for FIFO empty ...") ;
REG_RD ('hBA, acc) ;

end

REG_WR ('hBA, 8'h04) ; /I clear interrupt flag
REG_RD (‘hB8, 8'h55) ; I RX

REG_RD ('hB8, 8'haa) ; /I RX

REG_RD ('hB8, 8'h87) ; /I RX

REG_RD ('hB8, 8'h78) ; /I RX

REG_WR ('hB9, 8'b0000_1111) ; /I {1'b0, mask, SS#_sel, ss_active, ovfirgen, emtirgen,
Il cpol, cpha}, SS# high.
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17.3 Serial Flash Controller

LT7689 builds in a SPI Master interface for Serial Flash/ROM, supporting for protocol of 4-BUS (Normal
Read), 5-BUS (FAST Read), Dual mode 0, Dual mode 1 and Mode 0/Mode 3. Serial Flash/ROM function
can be used for FONT mode and DMA mode. FONT mode means that the external serial Flash/ROM is
treated as a source of character bitmap. DMA mode means that the external Flash/ROM is treated as the
data source of DMA (Direct Memory Access). Host can speed up the data transfer to display memory,
and does not need to intervene in this mode.

LT7689 Serial Flash-1
SFCLK » CLK
SFDO » DI
SFDI » DO
SFCSO# CS#

SFCS1#

RP/CP Touch Controller
(Serial Flash -2)

CLK

» DI

DO

» CSH

Figure 17-4: Application Circuit of Serial Flash/ROM

About Serial Flash/ROM read command protocol setting, please refer to Table 17-2 as below:

Table 17-2: Read Command Protocol of SPI Flash

REG [B7h]

Bit[3:0] Read Command Code

1x Read Command Code i 03h
000xb Normal read speed. Flash to LT7689 data input is SFDI pin. Without
dummy cycle between address and data.

1x Read Command Code i OBh
010xb Fast read speed. Flash to LT7689 data input is SFDI pin. Eight
dummy cycles inserted between address and data.

1x Read Command Code i 1Bh
1x0xb High speed read. Flash to LT7689 data input is SFDI pin. Sixteen
dummy cycles inserted between address and data.

2x Read Command Code i 3Bh
xx10b Interleaved data input on SFDI and SFDO pins. Eight dummy cycles
inserted between address and data phase. (Mode 0)

2x Read Command Code 1 BBh

Address output & data input interleaved on SFDI and SFDO pins.
Four dummy cycles inserted between address and data phase.
(Mode 1)

xx11b

LT7689_DS_ENG/V1.3
______________________________________________________________________________________________________________|

© Levetop Semiconductor Co., Ltd. Page -121-



l:r LT7689 Serial U art TFT Controller

SFCso# | [
SFCLK (Mode3) | | | | LI I_I

SFCLK (Mode0) | | | |
ssol — X X )
SFDO ( )( )( )—

Figure 17-5: Mode 0 and Mode 3 Protocol

Figure 17-6 is a Timing diagram of Read Commands for SPI Flash Memory. If REG[B7h] bit5=0, the
address line is 24bits and requires 24 clock. If REG[B7h] bit5=1, the address line is 32bits and requires

32 clock.
~— 8T —m— 24T/32T 8T 8T _, i
SFCSO# , —
2SS 110 e T T
SFDO X 0 X Adarzmo/ X ' ‘ |
. Addri3i0]
SFDI j § (o X b1 X b2 y—

Figure 17-6: Normal Read Command of SPI Flash

—— 8T —sie—  24T/32T «— 8T —»— 8T —

SFDO — X__o8h X Addriz301/ X Dummy X
! Addr[31:0] '

SFDI — (o0 Yot )

Figure 17-7: SPI Fast Read Command of SPI Flash

Figure 17-8 shows flash to LT7689 data input as interleaved input, and data input appears on SFDI and
SFDO pins. If REG[B7h] bit5=0 represents an address line of 24bits, it requires 24 clocks. If REG[B7h]
bit5=1 represents an address line of 32bits, it requires 32 clocks.
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“— 8T —se— 24T/32T ——se— 8T — 4T | 4T | 4T | 4T

SFCSO# —\ —
seee VAL VO

D1 | D

SRS S ST

Addr[31:0] ' D1 | D

''D

——— pifeededeoito

Figure 17-8: SPI Flash Read Command (Data and Address are Interleaved)

Figure 17-9 shows LT7689 address output and data input are interlaced, data and address are interleaved
on SFDI and SFDO pins. If REG[B7h] bit5=0, it means the address line is 24bits, because the input is
interleaved, only 12 clocks are required. If REG[B7h] bit5=1, it represents an address line of 32bits, only
16 clock are required.

Figure 17-9: SPI Flash Read Command (Data and Address are Interleaved)
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