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2. General Description 
 

• 5.0”(diagonal), 800 x RGB x 480 dots, 16.7M colors, Normal white TN, TFT LCD module. 
•       Viewing Direction: 6 o’clock. 
•       Controller: SSD1963 graphic controller/driver. 
•       8080 system 8-bit or 16-bits 
•       With internal voltage booster. 
•       Logic voltage: 3.3V (typ.). 
• With 4-wire resistive touch screen 
 

3. Mechanical Specifications 
 
   The mechanical detail is shown in Fig. 1 and summarized in Table 1 below. 

Table 1 
Parameter Specifications Unit 

Outline dimensions 118.5(W) x 77.55(H) x 7.9(D) 
(Exclude FPC, cables of backlight) mm 

TP aiew area -- mm 
TP view area -- mm 

LCD active area 108.0(W) x 64.8(H) mm 
Display format 800 x RGB x 480 dots 

Color configuration RGB Side-stripes - 

Color TFT 
800xRGBx480 

Dot size 0. 135 (W) x 0.135(RGB) mm 
Weight TBD grams 
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Figure 1: Outline Drawing 1 
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Figure 2: Outline Drawing 2 
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4.  Interface signals 
Table 2: Pin assignment 

Pin No. Symbol Description 
1-2 LED_K 
3-4 LED_A 

Power supply for LED backlight 

5 GND Power supply (system ground) 
6 XR 
7 YD 
8 XL 
9 YU 

Terminal of touch panel. 

10 GND Power supply (system ground) 
11-13 NC No connection 

14 RESET System reset pin 
15 CS Chip select input 

16-19 NC No connection 
20 GND Un-used data pin, connect to GND 

21-25 DB[0-4] Bi-directional data bus(DB0-DB4) 
26-27 NC No connection 
28-30 DB[5-7] Bi-directional data bus(DB5-DB7) 

31 GND Un-used data pin, connect to GND 
32-33 DB[8-9] Bi-directional data bus(DB8-DB9) 
34-35 NC No connection 
36-41 DB[10-15] Bi-directional data bus(DB10-DB15) 
42-46 NC No connection 
47-48 VDD Supply voltage for logic 

49 DC Parallel Interface 
50 RD I80 system: Serves as a read signal and reads data at the low level. 
51 WR I80 system: Serves as a write signal and writes data at the rising edge. 

52-58 NC No connection 
59-60 GND Power supply (system ground) 

 
Note: LCD interface circuit example (  ). 
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5. Absolute Maximum Ratings 
 
5.1 Electrical Maximum Ratings – for IC Only 

Table 3: Electrical Maximum Ratings – for IC 
Parameter Symbol Min. Max. Unit Note 

Supply voltage VCC -0.3 5.0 V 1 
LED forward current If -- 30 mA  

LED reverse Vr -- 5.0 V  
Note: 
1.VCC, GND must be maintained. 

 2.The modules may be destroyed if they are used beyond the absolute maximum ratings. 
 
5.2 Environmental Condition 

Table 4 

Operating 
temperature 

(Topr) 

Storage 
temperature 

(Tstg)  
(Note 1) 

 
Item 

 
Min. Max. Min. Max. 

 
Remark 

 

Ambient temperature -20°C +70°C -30°C +80°C Dry 

Humidity (Note 1) 80% max. RH for Ta ≤ 40°C 
< 50% RH for 40°C < Ta ≤ Maximum operating temperature 

No 
condensation 

Note 1: Product cannot sustain at extreme storage conditions for long time. 
 
6. Electrical Specifications 

 Typical Electrical Characteristics  
At Ta = 25 °C, VCC=IOVCC= 3.3V, GND=0V. 

Table 5 
Parameter Symbol Conditions Min. Typ. Max. Unit 

Supply voltage (logic) VDD-GND  3 3.3 3.6 V 
VIH  0.8VDD - VDD V Input signal voltage 
VIL  0 - 0.2VDD V 

Supply current  
(Logic & LCD) IDD VDD=3.3V - 15 19 mA 

Supply current  (1) 
(LED) ILED  - 36 40 mA 

 
Note (1): LED backlight required current constant power supply. LED circuit was in 2 chain parallel and  
with 6 LEDs serial per chain. 
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7. Optical Characteristics 
Table 6: Optical specifications 

Specifications Items Symbol Condition 
Min. Typ. Max. 

Unit 

Luminance Lw  200 250 - cd/m2 
Contrast Ratio CR 480 600 - - 
Response Time TR+TF - 10 20 ms 

XW (0.292) (0.307) (0.322) - Chromaticity White 
YW 

 

(0.333) (0.348) (0.363) - 
Hor. φ1 + φ2 130 150 - Viewing angle 
Ver. θ1 + θ2 

Center 
CR=10 110 130 - 

deg. 

Note 

Note 1: Definition of Contrast Ratio (CR): 
      The contrast ratio can be calculated by the following expression. 
      Contrast Ratio (CR) = L63 / L0 
      L63: Luminance of gray level 63 
      L0: Luminance of gray level 0 
      CR = CR (10) 
      CR (X) is corresponding to the Contrast Ratio of the point X at Figure in Note 5. 
Note 2: Definition of Response Time (TR, TF): 

 
Figure 3 

Note 3: Viewing Angle  

 

Figure 4 
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The above “Viewing Angle” is the measuring position with Largest Contrast Ratio; not for good 

image quality. View Direction for good image quality is 6 O’clock. Module maker can increase 

the “Viewing Angle” by applying Wide View Film. 

 
Note 4: Measurement Set-Up:  

The LCD module should be stabilized at a given temperature for 20 minutes to avoid abrupt 
temperature change during measuring. In order to stabilize the luminance, the measurement 
should be executed after lighting Backlight for 20 minutes in a windless room. 

  

Figure 5 
 
8.  AC Characteristics and Signal timing 
   Please refer SSD1963 datasheet. 

 
8.1 Driver code example for TI IDM-SBC (  ). 
8.2 Driver code example for TI DK-LM3S9B96 (  ). 
 
 
 
 
 
 
 
 
 
 
 


//*****************************************************************************
//
// Kentec800x480x16_SSD1963_idm_sbc.c - Display driver for the Kentec
//   K50DWN2-V1-F/K70DWN2-V1-F/K90DWN2-V1 TFT display with an SSD1963 controller.  
//   This version assumes an 8080-8bit interface between the micro and display
//
// Copyright (c) 2009-2010 Texas Instruments Incorporated.  All rights reserved.
// Software License Agreement
// 
// Texas Instruments (TI) is supplying this software for use solely and
// exclusively on TI's microcontroller products. The software is owned by
// TI and/or its suppliers, and is protected under applicable copyright
// laws. You may not combine this software with "viral" open-source
// software in order to form a larger program.
// 
// THIS SOFTWARE IS PROVIDED "AS IS" AND WITH ALL FAULTS.
// NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, BUT
// NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
// A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. TI SHALL NOT, UNDER ANY
// CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
// DAMAGES, FOR ANY REASON WHATSOEVER.
// 
// This is part of revision 6075 of the RDK-IDM-SBC Firmware Package.
//
//*****************************************************************************

//*****************************************************************************
//
//! \addtogroup display_api
//! @{
//
//*****************************************************************************

#include "inc/hw_gpio.h"
#include "inc/hw_ints.h"
#include "inc/hw_memmap.h"
#include "inc/hw_types.h"
#include "driverlib/gpio.h"
#include "driverlib/interrupt.h"
#include "driverlib/sysctl.h"
#include "driverlib/timer.h"
#include "driverlib/rom.h"
#include "grlib/grlib.h"
#include "drivers/Kentec800x480x16_SSD1963_idm_sbc.h"

//*****************************************************************************
//
// This driver operates in four different screen orientations.  They are:
//
// * Portrait - The screen is taller than it is wide, and the flex connector is
//              on the left of the display.  This is selected by defining
//              PORTRAIT.
//
// * Landscape - The screen is wider than it is tall, and the flex connector is
//               on the bottom of the display.  This is selected by defining
//               LANDSCAPE.
//
// * Portrait flip - The screen is taller than it is wide, and the flex
//                   connector is on the right of the display.  This is
//                   selected by defining PORTRAIT_FLIP.
//
// * Landscape flip - The screen is wider than it is tall, and the flex
//                    connector is on the top of the display.  This is
//                    selected by defining LANDSCAPE_FLIP.
//
// These can also be imagined in terms of screen rotation; if portrait mode is
// 0 degrees of screen rotation, landscape is 90 degrees of counter-clockwise
// rotation, portrait flip is 180 degrees of rotation, and landscape flip is
// 270 degress of counter-clockwise rotation.
//
// If no screen orientation is selected, landscape mode will be used.
//
//*****************************************************************************
#if ! defined(PORTRAIT) && ! defined(PORTRAIT_FLIP) && \
    ! defined(LANDSCAPE) && ! defined(LANDSCAPE_FLIP)
#define LANDSCAPE
#endif
//*****************************************************************************
//
// The dimensions of the LCD panel.
//
//*****************************************************************************
#define LCD_VERTICAL_MAX 480
#define LCD_HORIZONTAL_MAX 800

//*****************************************************************************
//
// Various definitions controlling coordinate space mapping and drawing
// direction in the four supported orientations.
//
//*****************************************************************************
#ifdef PORTRAIT
#define HORIZ_DIRECTION 0xa0
#define VERT_DIRECTION 0x80
#define MAPPED_X(x, y) (LCD_HORIZONTAL_MAX-1- (y))
#define MAPPED_Y(x, y) (x)
#endif
#ifdef LANDSCAPE
#define HORIZ_DIRECTION 0x00
#define VERT_DIRECTION  0x20
#define MAPPED_X(x, y) (x)
#define MAPPED_Y(x, y) (y)

#endif
#ifdef PORTRAIT_FLIP
#define HORIZ_DIRECTION 0xa2
#define VERT_DIRECTION 0x81
#define MAPPED_X(x, y) (y)
#define MAPPED_Y(x, y) (LCD_VERTICAL_MAX-1 - (x))
#endif
#ifdef LANDSCAPE_FLIP
#define HORIZ_DIRECTION 0x02
#define VERT_DIRECTION  0x01
#define MAPPED_X(x, y) (LCD_HORIZONTAL_MAX- (x))
#define MAPPED_Y(x, y) (LCD_VERTICAL_MAX- (y))
#endif
//*****************************************************************************
//
// Defines for the pins that are used to communicate with the SSD1963.
//
//*****************************************************************************

#define LCD_DATA_PINS          0xFF
#define LCD_DATA_PERIPH        SYSCTL_PERIPH_GPIOD
#define LCD_DATA_BASE          GPIO_PORTD_BASE

//
// LCD control line GPIO definitions.
//
#define LCD_RST_PERIPH          SYSCTL_PERIPH_GPIOB
#define LCD_RST_BASE            GPIO_PORTB_BASE
#define LCD_RST_PIN             GPIO_PIN_7
#define LCD_DC_PERIPH           SYSCTL_PERIPH_GPIOH
#define LCD_DC_BASE             GPIO_PORTH_BASE
#define LCD_DC_PIN              GPIO_PIN_7
#define LCD_RD_PERIPH           SYSCTL_PERIPH_GPIOB
#define LCD_RD_BASE             GPIO_PORTB_BASE
#define LCD_RD_PIN              GPIO_PIN_0
#define LCD_WR_PERIPH           SYSCTL_PERIPH_GPIOH
#define LCD_WR_BASE             GPIO_PORTH_BASE
#define LCD_WR_PIN              GPIO_PIN_6

//
// Backlight control definitions.  The backlight is connected to PJ7/CCP0 so
// we need to use Timer0A to adjust the brightness.
//
#define LCD_BL_PERIPH           SYSCTL_PERIPH_GPIOJ
#define LCD_BL_BASE             GPIO_PORTJ_BASE
#define LCD_BL_PIN              GPIO_PIN_7
#define LCD_BL_TIMER_PERIPH     SYSCTL_PERIPH_TIMER0
#define LCD_BL_TIMER            TIMER_A
#define LCD_BL_TIMER_BASE       TIMER0_BASE

//*****************************************************************************
//
// Macro used to set the LCD data bus in preparation for writing a byte to the
// device.
//
//*****************************************************************************
#define SET_LCD_DATA(ucByte)                                                  \
{                                                                             \
    HWREG(LCD_DATA_BASE + GPIO_O_DATA + (LCD_DATA_PINS << 2)) = (ucByte);     \
}

//*****************************************************************************
//
// Macro used to read a byte from the LCD data bus.
//
//*****************************************************************************
#define GET_LCD_DATA(ucRead, ucData)                                          \
{                                                                             \
    ucRead = (unsigned char)HWREG(LCD_DATA_BASE + GPIO_O_DATA +               \
                                  (LCD_DATA_PINS << 2));                      \
    ucData = ucRead;                                                          \
}

#define ENTRY_MODE_DEFAULT 0x6830
#define MAKE_ENTRY_MODE(x) ((ENTRY_MODE_DEFAULT & 0xFF00) | (x))

//*****************************************************************************
//
// Translates a 24-bit RGB color to a display driver-specific color.
//
// \param c is the 24-bit RGB color.  The least-significant byte is the blue
// channel, the next byte is the green channel, and the third byte is the red
// channel.
//
// This macro translates a 24-bit RGB color into a value that can be written
// into the display's frame buffer in order to reproduce that color, or the
// closest possible approximation of that color.
//
// \return Returns the display-driver specific color.
//
//*****************************************************************************
#define DPYCOLORTRANSLATE(c)    ((((c) & 0x00f80000) >> 8) |               \
                                 (((c) & 0x0000fc00) >> 5) |               \
                                 (((c) & 0x000000f8) >> 3))

//*****************************************************************************
//
// Writes a data word to the SSD1963.
//
//*****************************************************************************
static void
WriteData(unsigned short usData)
{
    //
    // Write the most significant byte of the data to the bus.
    //
    SET_LCD_DATA((usData >> 11)<<3);//(usData >> 8);

    //
    // Assert the write enable signal.  We need to do this 3 times to ensure
    // that we don't violate the timing requirements for the display.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;

    //
    // Write the most significant byte of the data to the bus.
    //
    SET_LCD_DATA((usData >> 5)<<2);//(usData);

    //
    // Assert the write enable signal.  We need to do this 3 times to ensure
    // that we don't violate the timing requirements for the display.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;

    //
    // Write the least significant byte of the data to the bus.
    //
    SET_LCD_DATA(usData<<3);

    //
    // Assert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;
}
//*****************************************************************************
//
// Writes a Setting word to the SSD1963
//
//*****************************************************************************
static void
WriteSetting(unsigned short usData)
{
    //
    // Write the most significant byte of the data to the bus.
    //
//    SET_LCD_DATA(usData >> 8);

    //
    // Assert the write enable signal.  We need to do this 3 times to ensure
    // that we don't violate the timing requirements for the display.
    //
//    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
//    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
//    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
//    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;

    //
    // Write the least significant byte of the data to the bus.
    //
    SET_LCD_DATA(usData);

    //
    // Assert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;
}

//*****************************************************************************
//
// Writes a command to the SSD1963.
//
//*****************************************************************************
static void
WriteCommand(unsigned char ucData)
{
    //
    // Write the most significant byte of the data to the bus. This is always
    // 0 since commands are no more than 8 bits currently.
    //
    SET_LCD_DATA(0);

    //
    // Assert the write enable and DC signals.  We need to do this 3 times to
    // ensure that we don't violate the timing requirements for the display.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) = 0;

    //
    // Deassert the write enable and signals.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) =
        (LCD_WR_PIN | LCD_DC_PIN);
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) =
        (LCD_WR_PIN | LCD_DC_PIN);
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) =
        (LCD_WR_PIN | LCD_DC_PIN);

    //
    // Write the least significant byte of the data to the bus.
    //
    SET_LCD_DATA(ucData);

    //
    // Assert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) =
        (LCD_WR_PIN | LCD_DC_PIN);
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) =
        (LCD_WR_PIN | LCD_DC_PIN);
    HWREG(LCD_WR_BASE + GPIO_O_DATA + ((LCD_WR_PIN | LCD_DC_PIN) << 2)) =
        (LCD_WR_PIN | LCD_DC_PIN);
}

//*****************************************************************************
//
//! Initializes the display driver.
//!
//! This function initializes the SSD1963 display controller on the panel,
//! preparing it to display data.
//!
//! \return None.
//
//*****************************************************************************
void
Kentec800x480x16_SSD1963Init(void)
{
    unsigned long ulClockMS, ulCount;

    //
    // Get the current processor clock frequency.
    //
    ulClockMS = SysCtlClockGet() / (3 * 1000);

    //
    // Enable the GPIO peripherals used to interface to the SSD1963.
    //
    ROM_SysCtlPeripheralEnable(LCD_DATA_PERIPH);
    ROM_SysCtlPeripheralEnable(LCD_DC_PERIPH);
    ROM_SysCtlPeripheralEnable(LCD_RD_PERIPH);
    ROM_SysCtlPeripheralEnable(LCD_WR_PERIPH);
    ROM_SysCtlPeripheralEnable(LCD_RST_PERIPH);
    ROM_SysCtlPeripheralEnable(LCD_BL_PERIPH);

    //
    // Convert the PB7/NMI pin into a GPIO pin.  This requires the use of the
    // GPIO lock since changing the state of the pin is otherwise disabled.
    //
    HWREG(GPIO_PORTB_BASE + GPIO_O_LOCK) = GPIO_LOCK_KEY_DD;
    HWREG(GPIO_PORTB_BASE + GPIO_O_CR) = 0x80;

    //
    // Make PB7 an output.
    //
    ROM_GPIODirModeSet(GPIO_PORTB_BASE, GPIO_PIN_7, GPIO_DIR_MODE_OUT);
    ROM_GPIOPadConfigSet(GPIO_PORTB_BASE, GPIO_PIN_7, GPIO_STRENGTH_8MA,
                         GPIO_PIN_TYPE_STD);

    //
    // Clear the commit register, effectively locking access to registers
    // controlling the PB7 configuration.
    //
    HWREG(GPIO_PORTB_BASE + GPIO_O_LOCK) = GPIO_LOCK_KEY_DD;
    HWREG(GPIO_PORTB_BASE + GPIO_O_CR) = 0x00;

    //
    // Configure the pins that connect to the LCD as GPIO outputs.
    //
    ROM_GPIODirModeSet(LCD_DATA_BASE, LCD_DATA_PINS, GPIO_DIR_MODE_OUT);
    ROM_GPIOPadConfigSet(LCD_DATA_BASE, LCD_DATA_PINS, GPIO_STRENGTH_8MA,
                         GPIO_PIN_TYPE_STD);
    ROM_GPIODirModeSet(LCD_DC_BASE, LCD_DC_PIN, GPIO_DIR_MODE_OUT);
    ROM_GPIOPadConfigSet(LCD_DC_BASE, LCD_DC_PIN, GPIO_STRENGTH_8MA,
                         GPIO_PIN_TYPE_STD);
    ROM_GPIODirModeSet(LCD_RD_BASE, LCD_RD_PIN, GPIO_DIR_MODE_OUT);
    ROM_GPIOPadConfigSet(LCD_RD_BASE, LCD_RD_PIN, GPIO_STRENGTH_8MA,
                         GPIO_PIN_TYPE_STD);
    ROM_GPIODirModeSet(LCD_WR_BASE, LCD_WR_PIN, GPIO_DIR_MODE_OUT);
    ROM_GPIOPadConfigSet(LCD_WR_BASE, LCD_WR_PIN, GPIO_STRENGTH_8MA,
                         GPIO_PIN_TYPE_STD);
    ROM_GPIODirModeSet(LCD_RST_BASE, LCD_RST_PIN, GPIO_DIR_MODE_OUT);
    ROM_GPIOPadConfigSet(LCD_RST_BASE, LCD_RST_PIN, GPIO_STRENGTH_8MA,
                         GPIO_PIN_TYPE_STD);

    //
    // Set the LCD control pins to their default values.  This also asserts the
    // LCD reset signal.
    //
    ROM_GPIOPinWrite(LCD_DATA_BASE, LCD_DATA_PINS, 0x00);
    ROM_GPIOPinWrite(LCD_DC_BASE, LCD_DC_PIN, 0x00);
    ROM_GPIOPinWrite(LCD_RD_BASE, LCD_RD_PIN, LCD_RD_PIN);
    ROM_GPIOPinWrite(LCD_WR_BASE, LCD_WR_PIN, LCD_WR_PIN);
    ROM_GPIOPinWrite(LCD_RST_BASE, LCD_RST_PIN, 0x00);

    //
    // Delay for 50ms.
    //
    SysCtlDelay(50 * ulClockMS);

    //
    // Deassert the LCD reset signal.
    //
    ROM_GPIOPinWrite(LCD_RST_BASE, LCD_RST_PIN, LCD_RST_PIN);

    //
    // Delay for 50ms while the LCD comes out of reset.
    //
    SysCtlDelay(50 * ulClockMS);

	WriteCommand(0x0001);  // software reset
    //
    // Delay 10mS
    //
    SysCtlDelay(10 * ulClockMS);

	WriteCommand(0x00E2);	//PLL multiplier, set PLL clock to 120M
	WriteSetting(0x003E);	    //N=0x36 for 6.5M, 0x23 for 10M crystal
	WriteSetting(0x0003);
	WriteSetting(0x0004);

	WriteCommand(0x00E0);  // PLL enable
	WriteSetting(0x0001);
    //
    // Delay 1mS
    //
    SysCtlDelay(1 * ulClockMS);

	WriteCommand(0x00E0);
	WriteSetting(0x0003);
    //
    // Delay 5mS
    //
    SysCtlDelay(5 * ulClockMS);

	WriteCommand(0x00E6);	//PLL setting for PCLK, depends on resolution
	WriteSetting(0x0003);
	WriteSetting(0x00FF);
	WriteSetting(0x00FF);

	WriteCommand(0x00B0);	//LCD SPECIFICATION
	WriteSetting(0x0020);//24
	WriteSetting(0x0000);
	WriteSetting(0x03);  //Set HDP
	WriteSetting(0x1F);
	WriteSetting(0x01);
	WriteSetting(0xDF);
    WriteSetting(0x0000);

	WriteCommand(0x00B4);	//HSYNC
	WriteSetting(0x03);
	WriteSetting(0xF8);//F8
	WriteSetting(0x00);
	WriteSetting(0xB4);//64
	WriteSetting(0x59);//49
	WriteSetting(0x00);
	WriteSetting(0x00);
	WriteSetting(0x00);

	WriteCommand(0x00B6);	//VSYNC
	WriteSetting(0x01);
	WriteSetting(0xFB);
	WriteSetting(0);
	WriteSetting(0x14);
	WriteSetting(0x09);
	WriteSetting(0);
	WriteSetting(0);

	WriteCommand(0x00B8);
	WriteSetting(0x000F);    //set GPIO[3:0] as output
	WriteSetting(0x0001);    //GPIO0 normal

	WriteCommand(0x00BA);
	WriteSetting(0x000B);    //set GPIO3(SHLR)=1, GPIO2(UPDN)=0, GPIO1=1, GPIO0(VGH_VGL)=1;

	WriteCommand(0x0036); //rotation
	WriteSetting(0x0000);

	WriteCommand(0x00F0); //pixel data interface
//	WriteSetting(0x0003);
	WriteSetting(0x0000);

    //
    // Delay 5mS
    //
    SysCtlDelay(5 * ulClockMS);

//	WriteCommand(0x0029); //display on

	WriteCommand(0x00BE); //set PWM for B/L
	WriteSetting(0x0001);//frequency
	WriteSetting(0x00FF);//duty
	WriteSetting(0x0009);//bit[3]DBC enable,bit[0]PWM enable
	WriteSetting(0x00FF);//C0 DBC manual brightness
	WriteSetting(0x0088);//10 DBC minimum brightness
	WriteSetting(0x0000);//Brightness prescaler

	WriteCommand(0x00d4); //DBC
	WriteSetting(0x0000);
	WriteSetting(0x001C);
	WriteSetting(0x0020);
	WriteSetting(0x0000);
	WriteSetting(0x0046);
	WriteSetting(0x0050);
	WriteSetting(0x0000);
	WriteSetting(0x00A8);
	WriteSetting(0x00C0);

	WriteCommand(0x00d0); 
	//WriteSetting(0x000D);//DBC Aggressive mode
	WriteSetting(0x0001);//DBC disable

	//WriteCommand(0x0021); //Enter Invert Mode

	WriteCommand(0x0029); //display on

    //
    // Clear the contents of the display buffer.
    //
    WriteCommand(0x002A);	
	WriteSetting(0);	    
	WriteSetting(0);
	WriteSetting(799>>8);	    
	WriteSetting(799&0x00ff);
    WriteCommand(0x002b);	
	WriteSetting(0);	    
	WriteSetting(0);
	WriteSetting(479>>8);	    
	WriteSetting(479&0x00ff);
	WriteCommand(0x002c); 
    for(ulCount = 0; ulCount < (800 * 480); ulCount++)
    {
        WriteData(0x0000);
    }

	WriteCommand(0xBA);
	WriteSetting(0x000F);//GPIO[3:0] out 1 //GPIO[1]=1, RESET G2452

    //
    // Set timer 0A (outputing to CCP0/PJ7) into PWM mode with a 1KHz
    // frequency.
    //

    //
    // Enable the GPIO and timer peripherals used to control backlight
    // brightness.
    //
    ROM_SysCtlPeripheralEnable(LCD_BL_PERIPH);
    ROM_SysCtlPeripheralEnable(LCD_BL_TIMER_PERIPH);

    //
    // Configure the GPIO pin connected to the backlight as a GPIO output and
    // set it low (turning the backlight off).
    //
    ROM_GPIOPinTypeGPIOOutput(LCD_BL_BASE, LCD_BL_PIN);
    ROM_GPIOPinWrite(LCD_BL_BASE, LCD_BL_PIN, 0);

    //
    // Configure timer 0 as a 16-bit pair, with the first producing a
    // PWM output and the other in periodic mode.
    //
    ROM_TimerConfigure(LCD_BL_TIMER_BASE, (TIMER_CFG_16_BIT_PAIR |
                       TIMER_CFG_A_PWM | TIMER_CFG_B_PERIODIC));

    //
    // Invert the PWM output, so that the match value relative to zero always
    // defines the amount of time the PWM signal is high (regardless of the
    // current load value).
    //
    ROM_TimerControlLevel(LCD_BL_TIMER_BASE, LCD_BL_TIMER, true);

    //
    // Set the PWM frequency to run at 1KHz.
    //
    ROM_TimerLoadSet(LCD_BL_TIMER_BASE, LCD_BL_TIMER,
                     (ROM_SysCtlClockGet()/ 1000) - 1);

    //
    // Enable the timer.
    //
    ROM_TimerEnable(LCD_BL_TIMER_BASE, LCD_BL_TIMER);
}

//*****************************************************************************
//
//! Turns on the backlight.
//!
//! \param ucBrightness is the brightness of the backlight with 0xFF
//! representing "on at full brightness" and 0x00 representing "off".
//!
//! This function sets the brightness of the display backlight.
//!
//! \return None.
//
//*****************************************************************************
void
Kentec800x480x16_SSD1963BacklightOn(unsigned char ucBrightness)
{
    unsigned long ulPeriod;

    //
    // If the backlight is to be set for full brightness, just turn on the
    // control GPIO.
    //
    if(ucBrightness == 255)
    {
        //
        // Assert the signal that turns on the backlight.
        //
        ROM_GPIOPinTypeGPIOOutput(LCD_BL_BASE, LCD_BL_PIN);
        ROM_GPIOPinWrite(LCD_BL_BASE, LCD_BL_PIN, LCD_BL_PIN);
    }
    else
    {
        //
        // A brightness level of 0 turns off the backlight completely.
        //
        if(ucBrightness == 0)
        {
            ROM_GPIOPinTypeGPIOOutput(LCD_BL_BASE, LCD_BL_PIN);
            ROM_GPIOPinWrite(LCD_BL_BASE, LCD_BL_PIN, 0);
        }
        else
        {
            //
            // We are being asked for some partial brightness. Modify the
            // duty cycle of the PWM output to effect the desired brightness
            // level.
            //
            ulPeriod = ROM_TimerLoadGet(LCD_BL_TIMER_BASE, LCD_BL_TIMER);
            ROM_TimerMatchSet(LCD_BL_TIMER_BASE, LCD_BL_TIMER,
                              (ulPeriod * (unsigned long)ucBrightness) / 256);

            //
            // Switch the output pin from GPIO to timer.
            //
            ROM_GPIOPinTypeTimer(LCD_BL_BASE, LCD_BL_PIN);
        }
    }
}

//*****************************************************************************
//
//! Turns off the backlight.
//!
//! This function turns off the backlight on the display.
//!
//! \return None.
//
//*****************************************************************************
void
Kentec800x480x16_SSD1963BacklightOff(void)
{
    //
    // Deassert the signal that turns on the backlight.
    //
    ROM_GPIOPinTypeGPIOOutput(LCD_BL_BASE, LCD_BL_PIN);
    ROM_GPIOPinWrite(LCD_BL_BASE, LCD_BL_PIN, 0);
}

//*****************************************************************************
//
//! Draws a pixel on the screen.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param lX is the X coordinate of the pixel.
//! \param lY is the Y coordinate of the pixel.
//! \param ulValue is the color of the pixel.
//!
//! This function sets the given pixel to a particular color.  The coordinates
//! of the pixel are assumed to be within the extents of the display.
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963PixelDraw(void *pvDisplayData, long lX, long lY,
                                   unsigned long ulValue)
{
    //
    // Set the X address of the display cursor.
    //
    WriteCommand(0x2A);
    WriteSetting(MAPPED_X(lX, lY)>>8);
	WriteSetting(MAPPED_X(lX, lY)&0xff);
	WriteSetting((LCD_HORIZONTAL_MAX-1)>>8);
	WriteSetting((LCD_HORIZONTAL_MAX-1)&0xff);

    //
    // Set the Y address of the display cursor.
    //
    WriteCommand(0x2B);
    WriteSetting(MAPPED_Y(lX, lY)>>8);
	WriteSetting(MAPPED_Y(lX, lY)&0xff);
	WriteSetting((LCD_VERTICAL_MAX-1)>>8);
	WriteSetting((LCD_VERTICAL_MAX-1)&0xff);

    //
    // Write the pixel value.
    //
    WriteCommand(0x2C);
    WriteData(ulValue);
}

//*****************************************************************************
//
//! Draws a horizontal sequence of pixels on the screen.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param lX is the X coordinate of the first pixel.
//! \param lY is the Y coordinate of the first pixel.
//! \param lX0 is sub-pixel offset within the pixel data, which is valid for 1
//! or 4 bit per pixel formats.
//! \param lCount is the number of pixels to draw.
//! \param lBPP is the number of bits per pixel; must be 1, 4, or 8.
//! \param pucData is a pointer to the pixel data.  For 1 and 4 bit per pixel
//! formats, the most significant bit(s) represent the left-most pixel.
//! \param pucPalette is a pointer to the palette used to draw the pixels.
//!
//! This function draws a horizontal sequence of pixels on the screen, using
//! the supplied palette.  For 1 bit per pixel format, the palette contains
//! pre-translated colors; for 4 and 8 bit per pixel formats, the palette
//! contains 24-bit RGB values that must be translated before being written to
//! the display.
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963PixelDrawMultiple(void *pvDisplayData, long lX,
                                           long lY, long lX0, long lCount,
                                           long lBPP,
                                           const unsigned char *pucData,
                                           const unsigned char *pucPalette)
{
    unsigned long ulByte;

    //
    // Set the cursor increment to left to right, followed by top to bottom.
    //
    WriteCommand(0x36);
    WriteSetting(MAKE_ENTRY_MODE(HORIZ_DIRECTION));

    //
    // Set the X address of the display cursor.
    //
    WriteCommand(0x2A);
    WriteSetting(MAPPED_X(lX, lY)>>8);
	WriteSetting(MAPPED_X(lX, lY)&0xff);
	WriteSetting((LCD_HORIZONTAL_MAX-1)>>8);
	WriteSetting((LCD_HORIZONTAL_MAX-1)&0xff);

    //
    // Set the Y address of the display cursor.
    //
    WriteCommand(0x2B);
    WriteSetting(MAPPED_Y(lX, lY)>>8);
	WriteSetting(MAPPED_Y(lX, lY)&0xff);
	WriteSetting((LCD_VERTICAL_MAX-1)>>8);
	WriteSetting((LCD_VERTICAL_MAX-1)&0xff);


    //
    // Write the data RAM write command.
    //
    WriteCommand(0x2C);

    //
    // Determine how to interpret the pixel data based on the number of bits
    // per pixel.
    //
    switch(lBPP)
    {
        //
        // The pixel data is in 1 bit per pixel format.
        //
        case 1:
        {
            //
            // Loop while there are more pixels to draw.
            //
            while(lCount)
            {
                //
                // Get the next byte of image data.
                //
                ulByte = *pucData++;

                //
                // Loop through the pixels in this byte of image data.
                //
                for(; (lX0 < 8) && lCount; lX0++, lCount--)
                {
                    //
                    // Draw this pixel in the appropriate color.
                    //
                    WriteData(((unsigned long *)pucPalette)[(ulByte >>
                                                             (7 - lX0)) & 1]);
                }

                //
                // Start at the beginning of the next byte of image data.
                //
                lX0 = 0;
            }

            //
            // The image data has been drawn.
            //
            break;
        }

        //
        // The pixel data is in 4 bit per pixel format.
        //
        case 4:
        {
            //
            // Loop while there are more pixels to draw.  "Duff's device" is
            // used to jump into the middle of the loop if the first nibble of
            // the pixel data should not be used.  Duff's device makes use of
            // the fact that a case statement is legal anywhere within a
            // sub-block of a switch statement.  See
            // http://en.wikipedia.org/wiki/Duff's_device for detailed
            // information about Duff's device.
            //
            switch(lX0 & 1)
            {
                case 0:
                    while(lCount)
                    {
                        //
                        // Get the upper nibble of the next byte of pixel data
                        // and extract the corresponding entry from the
                        // palette.
                        //
                        ulByte = (*pucData >> 4) * 3;
                        ulByte = (*(unsigned long *)(pucPalette + ulByte) &
                                  0x00ffffff);

                        //
                        // Translate this palette entry and write it to the
                        // screen.
                        //
                        WriteData(DPYCOLORTRANSLATE(ulByte));

                        //
                        // Decrement the count of pixels to draw.
                        //
                        lCount--;

                        //
                        // See if there is another pixel to draw.
                        //
                        if(lCount)
                        {
                case 1:
                            //
                            // Get the lower nibble of the next byte of pixel
                            // data and extract the corresponding entry from
                            // the palette.
                            //
                            ulByte = (*pucData++ & 15) * 3;
                            ulByte = (*(unsigned long *)(pucPalette + ulByte) &
                                      0x00ffffff);

                            //
                            // Translate this palette entry and write it to the
                            // screen.
                            //
                            WriteData(DPYCOLORTRANSLATE(ulByte));

                            //
                            // Decrement the count of pixels to draw.
                            //
                            lCount--;
                        }
                    }
            }

            //
            // The image data has been drawn.
            //
            break;
        }

        //
        // The pixel data is in 8 bit per pixel format.
        //
        case 8:
        {
            //
            // Loop while there are more pixels to draw.
            //
            while(lCount--)
            {
                //
                // Get the next byte of pixel data and extract the
                // corresponding entry from the palette.
                //
                ulByte = *pucData++ * 3;
                ulByte = *(unsigned long *)(pucPalette + ulByte) & 0x00ffffff;

                //
                // Translate this palette entry and write it to the screen.
                //
                WriteData(DPYCOLORTRANSLATE(ulByte));
            }

            //
            // The image data has been drawn.
            //
            break;
        }
    }

//	UARTprintf("\n\Draw Multi Pixel finish \n");
}

//*****************************************************************************
//
//! Draws a horizontal line.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param lX1 is the X coordinate of the start of the line.
//! \param lX2 is the X coordinate of the end of the line.
//! \param lY is the Y coordinate of the line.
//! \param ulValue is the color of the line.
//!
//! This function draws a horizontal line on the display.  The coordinates of
//! the line are assumed to be within the extents of the display.
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963LineDrawH(void *pvDisplayData, long lX1, long lX2,
                                   long lY, unsigned long ulValue)
{
    //
    // Set the cursor increment to left to right, followed by top to bottom.
    //
    WriteCommand(0x36);
    WriteSetting(MAKE_ENTRY_MODE(HORIZ_DIRECTION));

    //
    // Set the X address of the display cursor.
    //
    WriteCommand(0x2A);
    WriteSetting(MAPPED_X(lX1, lY)>>8);
	WriteSetting(MAPPED_X(lX1, lY)&0xff);
	WriteSetting((LCD_HORIZONTAL_MAX-1)>>8);
	WriteSetting((LCD_HORIZONTAL_MAX-1)&0xff);

    //
    // Set the Y address of the display cursor.
    //
    WriteCommand(0x2B);
    WriteSetting(MAPPED_Y(lX1, lY)>>8);
	WriteSetting(MAPPED_Y(lX1, lY)&0xff);
	WriteSetting((LCD_VERTICAL_MAX-1)>>8);
	WriteSetting((LCD_VERTICAL_MAX-1)&0xff);


    //
    // Write the data RAM write command.
    //
    WriteCommand(0x2C);

    //
    // Loop through the pixels of this horizontal line.
    //
    while(lX1++ <= lX2)
    {
        //
        // Write the pixel value.
        //
        WriteData(ulValue);
    }
	//UARTprintf("\n\Draw Horiz finish %d \n",MAKE_ENTRY_MODE(HORIZ_DIRECTION));
}

//*****************************************************************************
//
//! Draws a vertical line.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param lX is the X coordinate of the line.
//! \param lY1 is the Y coordinate of the start of the line.
//! \param lY2 is the Y coordinate of the end of the line.
//! \param ulValue is the color of the line.
//!
//! This function draws a vertical line on the display.  The coordinates of the
//! line are assumed to be within the extents of the display.
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963LineDrawV(void *pvDisplayData, long lX, long lY1,
                                   long lY2, unsigned long ulValue)
{
    //
    // Set the cursor increment to top to bottom, followed by left to right.
    //
    WriteCommand(0x36);
    WriteSetting(MAKE_ENTRY_MODE(VERT_DIRECTION));

    //
    // Set the X address of the display cursor.
    //
    WriteCommand(0x2A);
    WriteSetting(MAPPED_X(lX, lY1)>>8);
	WriteSetting(MAPPED_X(lX, lY1)&0xff);
	WriteSetting((LCD_HORIZONTAL_MAX-1)>>8);
	WriteSetting((LCD_HORIZONTAL_MAX-1)&0xff);

    //
    // Set the Y address of the display cursor.
    //
    WriteCommand(0x2B);
    WriteSetting(MAPPED_Y(lX, lY1)>>8);
	WriteSetting(MAPPED_Y(lX, lY1)&0xff);
	WriteSetting((LCD_VERTICAL_MAX-1)>>8);
	WriteSetting((LCD_VERTICAL_MAX-1)&0xff);


    //
    // Write the data RAM write command.
    //
    WriteCommand(0x2C);

    //
    // Loop through the pixels of this vertical line.
    //
    while(lY1++ <= lY2)
    {
        //
        // Write the pixel value.
        //
        WriteData(ulValue);
    }
	//UARTprintf("\n\Draw Vertical over \n");
}

//*****************************************************************************
//
//! Fills a rectangle.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param pRect is a pointer to the structure describing the rectangle.
//! \param ulValue is the color of the rectangle.
//!
//! This function fills a rectangle on the display.  The coordinates of the
//! rectangle are assumed to be within the extents of the display, and the
//! rectangle specification is fully inclusive (in other words, both sXMin and
//! sXMax are drawn, along with sYMin and sYMax).
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963RectFill(void *pvDisplayData, const tRectangle *pRect,
                                  unsigned long ulValue)
{
    long lCount_x, lCount_y;
//	unsigned int HDP_S=799;
//	unsigned int VDP_S=479;

    //
    // / Set the cursor increment to top to bottom, followed by left to right.
    //
    WriteCommand(0x36);
    WriteSetting(MAKE_ENTRY_MODE(HORIZ_DIRECTION));


    //
    // Set the display cursor to the upper left of the rectangle (in application
    // coordinate space).
    //
    WriteCommand(0x2A);
    WriteSetting(MAPPED_X(pRect->sXMin, pRect->sYMin)>>8);
	WriteSetting(MAPPED_X(pRect->sXMin, pRect->sYMin)&0xff);
#if (defined PORTRAIT) || (defined LANDSCAPE)
		WriteSetting(MAPPED_X(pRect->sXMax, pRect->sYMax)>>8);
		WriteSetting(MAPPED_X(pRect->sXMax, pRect->sYMax)&0xff);

#else
		WriteSetting(MAPPED_X(pRect->sXMin, pRect->sYMin)>>8);
		WriteSetting(MAPPED_X(pRect->sXMin, pRect->sYMin)&0xff);

#endif
	



    WriteCommand(0x2B);
    WriteSetting(MAPPED_Y(pRect->sXMin, pRect->sYMin)>>8);
	WriteSetting(MAPPED_Y(pRect->sXMin, pRect->sYMin)&0xff);
#if (defined LANDSCAPE_FLIP) || (defined PORTRAIT)
		WriteSetting((MAPPED_Y(pRect->sXMin, pRect->sYMin) |
				 (MAPPED_Y(pRect->sXMax, pRect->sYMax) << 8))>>8);
		WriteSetting((MAPPED_Y(pRect->sXMin, pRect->sYMin) |
		 		(MAPPED_Y(pRect->sXMax, pRect->sYMax) << 8))&0xff);

#else
		WriteSetting((MAPPED_Y(pRect->sXMax, pRect->sYMax) |
				 (MAPPED_Y(pRect->sXMin, pRect->sYMin) << 8))>>8);
		WriteSetting((MAPPED_Y(pRect->sXMax, pRect->sYMax) |
				(MAPPED_Y(pRect->sXMin, pRect->sYMin) << 8))&0xff);

#endif

    //
    // Tell the controller we are about to write data into its RAM.
    //
    WriteCommand(0x2C);

    //
    // Loop through the pixels of this filled rectangle.
    //
//    for(lCount = ((pRect->sXMax - pRect->sXMin + 1) *
//                  (pRect->sYMax - pRect->sYMin + 1)); lCount >= 0; lCount--)
    for(lCount_y =(pRect->sYMax - pRect->sYMin);lCount_y >= 0; lCount_y--)
    { 	for(lCount_x =(pRect->sXMax - pRect->sXMin);lCount_x >= 0; lCount_x--) 
        //
        // Write the pixel value.
        //
        WriteData(ulValue);
    }
//	UARTprintf("\n\Draw Rect Fill finish \n");
/*
	WriteCommand(0x2A);
	WriteSetting(0);
	WriteSetting(0);
	WriteSetting((HDP_S)>>8);
	WriteSetting((HDP_S)&0xff);
	WriteCommand(0x2B);
	WriteSetting(0);
	WriteSetting(0);
	WriteSetting(VDP_S>>8);
	WriteSetting(VDP_S&0xFF);
*/
}

//*****************************************************************************
//
//! Translates a 24-bit RGB color to a display driver-specific color.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param ulValue is the 24-bit RGB color.  The least-significant byte is the
//! blue channel, the next byte is the green channel, and the third byte is the
//! red channel.
//!
//! This function translates a 24-bit RGB color into a value that can be
//! written into the display's frame buffer in order to reproduce that color,
//! or the closest possible approximation of that color.
//!
//! \return Returns the display-driver specific color.
//
//*****************************************************************************
static unsigned long
Kentec800x480x16_SSD1963ColorTranslate(void *pvDisplayData,
                                        unsigned long ulValue)
{
    //
    // Translate from a 24-bit RGB color to a 5-6-5 RGB color.
    //
    return(DPYCOLORTRANSLATE(ulValue));
}

//*****************************************************************************
//
//! Flushes any cached drawing operations.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//!
//! This functions flushes any cached drawing operations to the display.  This
//! is useful when a local frame buffer is used for drawing operations, and the
//! flush would copy the local frame buffer to the display.  For the SSD2119
//! driver, the flush is a no operation.
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963Flush(void *pvDisplayData)
{
    //
    // There is nothing to be done.
    //
}

//*****************************************************************************
//
//! The display structure that describes the driver for the Kitronix
//! K350QVG-V1-F TFT panel with an SSD2119 controller.
//
//*****************************************************************************
const tDisplay g_sKentec800x480x16_SSD1963 =
{
    sizeof(tDisplay),
    0,
#if defined(PORTRAIT) || defined(PORTRAIT_FLIP)
    480,
    800,
#else
    800,
    480,
#endif
    Kentec800x480x16_SSD1963PixelDraw,
    Kentec800x480x16_SSD1963PixelDrawMultiple,
    Kentec800x480x16_SSD1963LineDrawH,
    Kentec800x480x16_SSD1963LineDrawV,
    Kentec800x480x16_SSD1963RectFill,
    Kentec800x480x16_SSD1963ColorTranslate,
    Kentec800x480x16_SSD1963Flush
};

//*****************************************************************************
//
// Close the Doxygen group.
//! @}
//
//*****************************************************************************
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//*****************************************************************************
//
// kentec800x480x16_ssd1963_8bit.c - Display driver for the Kentec Display
//                                   K70DWN2-V1-F TFT display with an SSD1963
//                                   controller.  This version assumes an
//                                   8080-8bit interface between the micro
//                                   and display
//
// Copyright (c) 2008-2010 Texas Instruments Incorporated.  All rights reserved.
// Software License Agreement
// 
// Texas Instruments (TI) is supplying this software for use solely and
// exclusively on TI's microcontroller products. The software is owned by
// TI and/or its suppliers, and is protected under applicable copyright
// laws. You may not combine this software with "viral" open-source
// software in order to form a larger program.
// 
// THIS SOFTWARE IS PROVIDED "AS IS" AND WITH ALL FAULTS.
// NO WARRANTIES, WHETHER EXPRESS, IMPLIED OR STATUTORY, INCLUDING, BUT
// NOT LIMITED TO, IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR
// A PARTICULAR PURPOSE APPLY TO THIS SOFTWARE. TI SHALL NOT, UNDER ANY
// CIRCUMSTANCES, BE LIABLE FOR SPECIAL, INCIDENTAL, OR CONSEQUENTIAL
// DAMAGES, FOR ANY REASON WHATSOEVER.
// 
// This is part of revision 6075 of the DK-LM3S9B96 Firmware Package.
//
//*****************************************************************************

//*****************************************************************************
//
//! \addtogroup display_api
//! @{
//
//*****************************************************************************

#include "inc/hw_gpio.h"
#include "inc/hw_ints.h"
#include "inc/hw_memmap.h"
#include "inc/hw_types.h"
#include "driverlib/gpio.h"
#include "driverlib/epi.h"
#include "driverlib/interrupt.h"
#include "driverlib/sysctl.h"
#include "driverlib/timer.h"
#include "grlib/grlib.h"
#include "drivers/kentec800x480x16_ssd1963_8bit.h"
#include "drivers/set_pinout.h"
#include "drivers/camerafpga.h"

//*****************************************************************************
//
// This driver operates in four different screen orientations.  They are:
//
// * Portrait - The screen is taller than it is wide, and the flex connector is
//              on the left of the display.  This is selected by defining
//              PORTRAIT.
//
// * Landscape - The screen is wider than it is tall, and the flex connector is
//               on the bottom of the display.  This is selected by defining
//               LANDSCAPE.
//
// * Portrait flip - The screen is taller than it is wide, and the flex
//                   connector is on the right of the display.  This is
//                   selected by defining PORTRAIT_FLIP.
//
// * Landscape flip - The screen is wider than it is tall, and the flex
//                    connector is on the top of the display.  This is
//                    selected by defining LANDSCAPE_FLIP.
//
// These can also be imagined in terms of screen rotation; if portrait mode is
// 0 degrees of screen rotation, landscape is 90 degrees of counter-clockwise
// rotation, portrait flip is 180 degrees of rotation, and landscape flip is
// 270 degress of counter-clockwise rotation.
//
// If no screen orientation is selected, "landscape flip" mode will be used.
//
//*****************************************************************************
#if ! defined(PORTRAIT) && ! defined(PORTRAIT_FLIP) && \
    ! defined(LANDSCAPE) && ! defined(LANDSCAPE_FLIP)
//#define LANDSCAPE_FLIP
#define LANDSCAPE
#endif
#define LCD_7INCH_HEIGHT	480
#define LCD_7INCH_WIDTH		800 

//*****************************************************************************
//
// Various definitions controlling coordinate space mapping and drawing
// direction in the four supported orientations.
//
//*****************************************************************************
/*
#ifdef PORTRAIT
#define HORIZ_DIRECTION 0x28
#define VERT_DIRECTION 0x20
#define MAPPED_X(x, y) (799 - (y))
#define MAPPED_Y(x, y) (x)
#endif
#ifdef LANDSCAPE
#define HORIZ_DIRECTION 0x00
#define VERT_DIRECTION  0x08
#define MAPPED_X(x, y) (799 - (x))
#define MAPPED_Y(x, y) (479 - (y))
#endif
#ifdef PORTRAIT_FLIP
#define HORIZ_DIRECTION 0x18
#define VERT_DIRECTION 0x10
#define MAPPED_X(x, y) (y)
#define MAPPED_Y(x, y) (479 - (x))
#endif
#ifdef LANDSCAPE_FLIP
#define HORIZ_DIRECTION 0x30
#define VERT_DIRECTION  0x38
#define MAPPED_X(x, y) (x)
#define MAPPED_Y(x, y) (y)
#endif
*/
#ifdef PORTRAIT
#define HORIZ_DIRECTION 0xa0
#define VERT_DIRECTION 0x80
#define MAPPED_X(x, y) (LCD_7INCH_WIDTH-1- (y))
#define MAPPED_Y(x, y) (x)
#endif
#ifdef LANDSCAPE
#define HORIZ_DIRECTION 0x00
#define VERT_DIRECTION  0x20
#define MAPPED_X(x, y) (x)
#define MAPPED_Y(x, y) (y)

#endif
#ifdef PORTRAIT_FLIP
#define HORIZ_DIRECTION 0xa2
#define VERT_DIRECTION 0x81
#define MAPPED_X(x, y) (y)
#define MAPPED_Y(x, y) (LCD_7INCH_HEIGHT-1 - (x))
#endif
#ifdef LANDSCAPE_FLIP
#define HORIZ_DIRECTION 0x02
#define VERT_DIRECTION  0x01
#define MAPPED_X(x, y) (LCD_7INCH_WIDTH- (x))
#define MAPPED_Y(x, y) (LCD_7INCH_HEIGHT- (y))
#endif

//*****************************************************************************
//
// Defines for the pins that are used to communicate with the SSD2119.
//
//*****************************************************************************

#define LCD_DATAH_PINS          0xFF
#define LCD_DATAH_PERIPH        SYSCTL_PERIPH_GPIOD
#define LCD_DATAH_BASE          GPIO_PORTD_BASE

//
// LCD control line GPIO definitions.
//
#define LCD_RST_PERIPH          SYSCTL_PERIPH_GPIOB
#define LCD_RST_BASE            GPIO_PORTB_BASE
#define LCD_RST_PIN             GPIO_PIN_7
#define LCD_RD_PERIPH           SYSCTL_PERIPH_GPIOB
#define LCD_RD_BASE             GPIO_PORTB_BASE
#define LCD_RD_PIN              GPIO_PIN_5
#define LCD_WR_PERIPH           SYSCTL_PERIPH_GPIOH
#define LCD_WR_BASE             GPIO_PORTH_BASE
#define LCD_WR_PIN              GPIO_PIN_6
#define LCD_DC_PERIPH           SYSCTL_PERIPH_GPIOH
#define LCD_DC_BASE             GPIO_PORTH_BASE
#define LCD_DC_PIN              GPIO_PIN_7

//*****************************************************************************
//
// Backlight control GPIO used with the Flash/SRAM/LCD daughter board.
//
//*****************************************************************************
#define LCD_BACKLIGHT_BASE      GPIO_PORTE_BASE
#define LCD_BACKLIGHT_PIN       GPIO_PIN_2

//*****************************************************************************
//
// Macro used to set the LCD data bus in preparation for writing a byte to the
// device.
//
//*****************************************************************************
#define SET_LCD_DATA(ucByte)                                                  \
{                                                                             \
    HWREG(LCD_DATAH_BASE + GPIO_O_DATA + (LCD_DATAH_PINS << 2)) = (ucByte);   \
}

//*****************************************************************************
//
// Various internal SD2119 registers name labels
//
//*****************************************************************************
#define SSD2119_DEVICE_CODE_READ_REG  0x00
#define SSD2119_OSC_START_REG         0x00
#define SSD2119_OUTPUT_CTRL_REG       0x01
#define SSD2119_LCD_DRIVE_AC_CTRL_REG 0x02
#define SSD2119_PWR_CTRL_1_REG        0x03
#define SSD2119_DISPLAY_CTRL_REG      0x07
#define SSD2119_FRAME_CYCLE_CTRL_REG  0x0B
#define SSD2119_PWR_CTRL_2_REG        0x0C
#define SSD2119_PWR_CTRL_3_REG        0x0D
#define SSD2119_PWR_CTRL_4_REG        0x0E
#define SSD2119_GATE_SCAN_START_REG   0x0F
#define SSD2119_SLEEP_MODE_1_REG      0x10
#define SSD2119_ENTRY_MODE_REG        0x11
#define SSD2119_SLEEP_MODE_2_REG      0x12
#define SSD2119_GEN_IF_CTRL_REG       0x15
#define SSD2119_PWR_CTRL_5_REG        0x1E
#define SSD2119_RAM_DATA_REG          0x22
#define SSD2119_FRAME_FREQ_REG        0x25
#define SSD2119_ANALOG_SET_REG        0x26
#define SSD2119_VCOM_OTP_1_REG        0x28
#define SSD2119_VCOM_OTP_2_REG        0x29
#define SSD2119_GAMMA_CTRL_1_REG      0x30
#define SSD2119_GAMMA_CTRL_2_REG      0x31
#define SSD2119_GAMMA_CTRL_3_REG      0x32
#define SSD2119_GAMMA_CTRL_4_REG      0x33
#define SSD2119_GAMMA_CTRL_5_REG      0x34
#define SSD2119_GAMMA_CTRL_6_REG      0x35
#define SSD2119_GAMMA_CTRL_7_REG      0x36
#define SSD2119_GAMMA_CTRL_8_REG      0x37
#define SSD2119_GAMMA_CTRL_9_REG      0x3A
#define SSD2119_GAMMA_CTRL_10_REG     0x3B
#define SSD2119_V_RAM_POS_REG         0x44
#define SSD2119_H_RAM_START_REG       0x45
#define SSD2119_H_RAM_END_REG         0x46
#define SSD2119_X_RAM_ADDR_REG        0x4E
#define SSD2119_Y_RAM_ADDR_REG        0x4F

#define ENTRY_MODE_DEFAULT 0x6830
#define MAKE_ENTRY_MODE(x) ((ENTRY_MODE_DEFAULT & 0xFF00) | (x))

//*****************************************************************************
//
// The dimensions of the LCD panel.
//
//*****************************************************************************
#define LCD_VERTICAL_MAX 480
#define LCD_HORIZONTAL_MAX 800

//*****************************************************************************
//
// Translates a 24-bit RGB color to a display driver-specific color.
//
// \param c is the 24-bit RGB color.  The least-significant byte is the blue
// channel, the next byte is the green channel, and the third byte is the red
// channel.
//
// This macro translates a 24-bit RGB color into a value that can be written
// into the display's frame buffer in order to reproduce that color, or the
// closest possible approximation of that color.
//
// \return Returns the display-driver specific color.
//
//*****************************************************************************
#define DPYCOLORTRANSLATE(c)    ((((c) & 0x00f80000) >> 8) |               \
                                 (((c) & 0x0000fc00) >> 5) |               \
                                 (((c) & 0x000000f8) >> 3))

//*****************************************************************************
//
// Function pointer types for low level LCD controller access functions.
//
//*****************************************************************************
typedef void (*pfnWriteData)(unsigned short usData);
typedef void (*pfnWriteSetting)(unsigned short usData);
typedef void (*pfnWriteCommand)(unsigned char ucData);

//*****************************************************************************
//
// Function pointers for low level LCD controller access functions.
//
//*****************************************************************************

static void WriteDataGPIO(unsigned short usData);
static void WriteSettingGPIO(unsigned short usData);
static void WriteCommandGPIO(unsigned char ucData);

pfnWriteData WriteData = WriteDataGPIO;
pfnWriteData WriteSetting = WriteSettingGPIO;
pfnWriteCommand WriteCommand = WriteCommandGPIO;

//*****************************************************************************
//
// Writes a data word to the SSD2119.  This function implements the basic GPIO
// interface to the LCD display.
//
//*****************************************************************************
static void
WriteDataGPIO(unsigned short usData)
{
    //
    // Write the most significant byte of the data to the bus.
    //
    SET_LCD_DATA((usData >> 11)<<3);

    //
    // Assert the write enable signal.  We need to do this 2 times to ensure
    // that we don't violate the timing requirements for the display.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;

    //
    // Write the mid byte of the data to the bus.
    //
    SET_LCD_DATA((usData >> 5)<<2);

    //
    // Assert the write enable signal.  We need to do this 2 times to ensure
    // that we don't violate the timing requirements for the display.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;

    //
    // Write the least significant byte of the data to the bus.
    //
    SET_LCD_DATA(usData<<3);

    //
    // Assert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;
}
//*****************************************************************************
//
// Writes a data word to the SSD2119.  This function implements the basic GPIO
// interface to the LCD display.
//
//*****************************************************************************
static void
WriteSettingGPIO(unsigned short usData)
{
    //
    // Write the most significant byte of the data to the bus.
    //
//    SET_LCD_DATA(usData >> 8);

    //
    // Assert the write enable signal.  We need to do this 2 times to ensure
    // that we don't violate the timing requirements for the display.
    //
//    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
//    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
//    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;

    //
    // Write the least significant byte of the data to the bus.
    //
    SET_LCD_DATA(usData);

    //
    // Assert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;
}

//*****************************************************************************
//
// Writes a data word to the SSD2119 via the EPI interface as wired when using
// the lm3s9b96 development kit SRAM/flash daughter board.
//
//*****************************************************************************
static void
WriteDataEPI(unsigned short usData)
{
    HWREGB(LCD_DATA_PORT) = usData >> 8;
    HWREGB(LCD_DATA_PORT) = usData;
}

//*****************************************************************************
//
// Writes a command word to the SSD2119 via the EPI interface as wired when
// using the lm3s9b96 development kit SRAM/flash daughter board.
//
//*****************************************************************************
static void
WriteCommandEPI(unsigned char ucData)
{
    HWREGB(LCD_COMMAND_PORT) = 0;
    HWREGB(LCD_COMMAND_PORT) = ucData;
}

//*****************************************************************************
//
// Writes a data word to the SSD2119 via the EPI interface as wired when using
// the lm3s9b96 development kit SRAM/flash daughter board.
//
//*****************************************************************************
static void
WriteDataFPGA(unsigned short usData)
{
    HWREGH(LCD_FPGA_DATA_PORT) = usData;
    SysCtlDelay(1);
}

//*****************************************************************************
//
// Writes a command word to the SSD2119 via the EPI interface as wired when
// using the lm3s9b96 development kit SRAM/flash daughter board.
//
//*****************************************************************************
static void
WriteCommandFPGA(unsigned char ucData)
{
    HWREGH(LCD_FPGA_COMMAND_PORT) = (unsigned short)ucData;
    SysCtlDelay(1);
}

//*****************************************************************************
//
// Writes a command to the SSD2119.  This function implements the basic GPIO
// interface to the LCD display.
//
//*****************************************************************************
static void
WriteCommandGPIO(unsigned char ucData)
{
    //
    // Write the most significant byte of the data to the bus.  This is always
    // 0 since commands are no more than 8 bits.
    //
    SET_LCD_DATA(0);

    //
    // Assert DC
    //
    HWREG(LCD_DC_BASE + GPIO_O_DATA + (LCD_DC_PIN << 2)) = 0;

    //
    // Assert the write enable signal.  We need to do this 2 times to ensure
    // that we don't violate the timing requirements for the display.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;

    //
    // Write the least significant byte of the data to the bus.
    //
    SET_LCD_DATA(ucData);

    //
    // Assert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = 0;

    //
    // Deassert the write enable signal.
    //
    HWREG(LCD_WR_BASE + GPIO_O_DATA + (LCD_WR_PIN << 2)) = LCD_WR_PIN;

    //
    // Set the DC signal high, indicating that following writes are data.
    //
    HWREG(LCD_DC_BASE + GPIO_O_DATA + (LCD_DC_PIN << 2)) = LCD_DC_PIN;
}

//*****************************************************************************
//
// Initializes the pins required for the GPIO-based LCD interface.
//
// This function configures the GPIO pins used to control the LCD display
// when the basic GPIO interface is in use.  On exit, the LCD controller
// has been reset and is ready to receive command and data writes.
//
// \return None.
//
//*****************************************************************************
static void
InitGPIOLCDInterface(unsigned long ulClockMS)
{
    //
    // Convert the PB7/NMI pin into a GPIO pin.  This requires the use of the
    // GPIO lock since changing the state of the pin is otherwise disabled.
    //
    HWREG(GPIO_PORTB_BASE + GPIO_O_LOCK) = GPIO_LOCK_KEY_DD;
    HWREG(GPIO_PORTB_BASE + GPIO_O_CR) = 0x80;

    //
    // Make PB7 an output.
    //
    GPIODirModeSet(GPIO_PORTB_BASE, GPIO_PIN_7, GPIO_DIR_MODE_OUT);
    GPIOPadConfigSet(GPIO_PORTB_BASE, GPIO_PIN_7, GPIO_STRENGTH_8MA,
                     GPIO_PIN_TYPE_STD);

    //
    // Clear the commit register, effectively locking access to registers
    // controlling the PB7 configuration.
    //
    HWREG(GPIO_PORTB_BASE + GPIO_O_LOCK) = GPIO_LOCK_KEY_DD;
    HWREG(GPIO_PORTB_BASE + GPIO_O_CR) = 0x00;

    //
    // Configure the pins that connect to the LCD as GPIO outputs.
    //
    GPIODirModeSet(LCD_DATAH_BASE, LCD_DATAH_PINS, GPIO_DIR_MODE_OUT);
    GPIOPadConfigSet(LCD_DATAH_BASE, LCD_DATAH_PINS, GPIO_STRENGTH_8MA,
                     GPIO_PIN_TYPE_STD);
    GPIODirModeSet(LCD_DC_BASE, LCD_DC_PIN, GPIO_DIR_MODE_OUT);
    GPIOPadConfigSet(LCD_DC_BASE, LCD_DC_PIN, GPIO_STRENGTH_8MA,
                     GPIO_PIN_TYPE_STD);
    GPIODirModeSet(LCD_RD_BASE, LCD_RD_PIN, GPIO_DIR_MODE_OUT);
    GPIOPadConfigSet(LCD_RD_BASE, LCD_RD_PIN, GPIO_STRENGTH_8MA,
                     GPIO_PIN_TYPE_STD);
    GPIODirModeSet(LCD_WR_BASE, LCD_WR_PIN, GPIO_DIR_MODE_OUT);
    GPIOPadConfigSet(LCD_WR_BASE, LCD_WR_PIN, GPIO_STRENGTH_8MA,
                     GPIO_PIN_TYPE_STD);
    GPIODirModeSet(LCD_RST_BASE, LCD_RST_PIN, GPIO_DIR_MODE_OUT);
    GPIOPadConfigSet(LCD_RST_BASE, LCD_RST_PIN, GPIO_STRENGTH_8MA,
                     GPIO_PIN_TYPE_STD);

    //
    // Set the LCD control pins to their default values.  This also asserts the
    // LCD reset signal.
    //
    GPIOPinWrite(LCD_DATAH_BASE, LCD_DATAH_PINS, 0x00);
    GPIOPinWrite(LCD_DC_BASE, LCD_DC_PIN, 0x00);
    GPIOPinWrite(LCD_RD_BASE, LCD_RD_PIN, LCD_RD_PIN);
    GPIOPinWrite(LCD_WR_BASE, LCD_WR_PIN, LCD_WR_PIN);
    GPIOPinWrite(LCD_RST_BASE, LCD_RST_PIN, 0x00);

    //
    // Delay for 1ms.
    //
    SysCtlDelay(ulClockMS);

    //
    // Deassert the LCD reset signal.
    //
    GPIOPinWrite(LCD_RST_BASE, LCD_RST_PIN, LCD_RST_PIN);

    //
    // Delay for 1ms while the LCD comes out of reset.
    //
    SysCtlDelay(ulClockMS);
}

//*****************************************************************************
//
// Initialize the low level LCD communication when the SRAM/Flash daughter
// board is connected.
//
// This function sets up the low level LCD access function pointers correctly
// when the SRAM/Flash daughter board is present.  In this case, communication
// with the LCD panel is via the EPI rather than via the basic GPIO interface.
// On exit, the LCD controller has been reset and is ready to receive command
// and data writes.
//
// \return None.
//
//*****************************************************************************
static void
InitSRAMDaughterLCDInterface(unsigned long ulClockMS)
{
    //
    // Set the low level access function pointers so that the EPI interface is
    // used to access the LCD controller.
    //
    WriteData = WriteDataEPI;
    WriteCommand = WriteCommandEPI;

    //
    // Asserts the LCD reset signal.
    //
    HWREGB(LCD_CONTROL_CLR_REG) = LCD_CONTROL_NRESET;

    //
    // Delay for 1ms.
    //
    SysCtlDelay(ulClockMS);

    //
    // Deassert the LCD reset signal
    //
    HWREGB(LCD_CONTROL_SET_REG) = LCD_CONTROL_NRESET;

    //
    // Delay for 1ms while the LCD comes out of reset.
    //
    SysCtlDelay(ulClockMS);

    //
    // Turn on the backlight.
    //
    GPIOPinTypeGPIOOutput(LCD_BACKLIGHT_BASE, LCD_BACKLIGHT_PIN);
    GPIOPinWrite(LCD_BACKLIGHT_BASE, LCD_BACKLIGHT_PIN, LCD_BACKLIGHT_PIN);
}

//*****************************************************************************
//
// Initialize the low level LCD communication when the FPGA/Camera/LCD
// daughter board is connected.
//
// This function sets up the low level LCD access function pointers correctly
// when the SRAM/Flash daughter board is present.  In this case, communication
// with the LCD panel is via the EPI rather than via the basic GPIO interface.
// On exit, the LCD controller has been reset and is ready to receive command
// and data writes.
//
// \return None.
//
//*****************************************************************************
static void
InitFPGADaughterLCDInterface(unsigned long ulClockMS)
{
    //
    // Set the low level access function pointers so that the EPI interface as
    // configured for the FPGA/Camera/LCD daughter board is used to
    // access the LCD controller.
    //
    WriteData = WriteDataFPGA;
    WriteCommand = WriteCommandFPGA;

    //
    // Asserts the LCD reset signal.
    //
    HWREGH(LCD_FPGA_CONTROL_CLR_REG) = LCD_CONTROL_NRESET;

    //
    // Delay for 1ms.
    //
    SysCtlDelay(ulClockMS);

    //
    // Deassert the LCD reset signal
    //
    HWREGH(LCD_FPGA_CONTROL_SET_REG) = LCD_CONTROL_NRESET;

    //
    // Delay for 1ms while the LCD comes out of reset.
    //
    SysCtlDelay(ulClockMS);

    //
    // Enable the LCD backlight.
    //
    HWREGH(FPGA_LCDSET_REG) |= LCD_CONTROL_BKLIGHT;
}

//*****************************************************************************
//
//! Initializes the display driver.
//!
//! This function initializes the SSD2119 display controller on the panel,
//! preparing it to display data.
//!
//! \return None.
//
//*****************************************************************************
void
Kentec800x480x16_ssd1963Init(void)
{
    unsigned long ulClockMS, ulCount;

    //
    // Get the current processor clock frequency.
    //
    ulClockMS = SysCtlClockGet() / (3 * 1000);

    //
    // Perform low level interface initialization depending upon how the LCD
    // is connected to the Stellaris microcontroller.  This varies depending
    // upon the daughter board connected it is possible that a daughter board
    // can drive the LCD directly rather than via the basic GPIO interface.
    //
    switch(g_eDaughterType)
    {
        case DAUGHTER_NONE:
        default:
        {
            //
            // Initialize the GPIOs used to interface to the LCD controller.
            //
            InitGPIOLCDInterface(ulClockMS);
            break;
        }

        case DAUGHTER_SRAM_FLASH:
        {
            //
            // Initialize the display via the EPI interface to the LCD.
            //
            InitSRAMDaughterLCDInterface(ulClockMS);
            break;
        }

        case DAUGHTER_FPGA:
        {
            //
            // Initialize the display via the EPI interface to the LCD.
            //
            InitFPGADaughterLCDInterface(ulClockMS);
            break;
        }
    }

	WriteCommand(0x0001);  // software reset
    //
    // Delay 10mS
    //
    SysCtlDelay(10 * ulClockMS);

	WriteCommand(0x00E2);	//PLL multiplier, set PLL clock to 120M
	WriteSetting(0x003E);	    //N=0x36 for 6.5M, 0x23 for 10M crystal
	WriteSetting(0x0003);
	WriteSetting(0x0004);

	WriteCommand(0x00E0);  // PLL enable
	WriteSetting(0x0001);
    //
    // Delay 1mS
    //
    SysCtlDelay(1 * ulClockMS);

	WriteCommand(0x00E0);
	WriteSetting(0x0003);
    //
    // Delay 5mS
    //
    SysCtlDelay(5 * ulClockMS);

	WriteCommand(0x00E6);	//PLL setting for PCLK, depends on resolution
	WriteSetting(0x0003);
	WriteSetting(0x00FF);
	WriteSetting(0x00FF);

	WriteCommand(0x00B0);	//LCD SPECIFICATION
	WriteSetting(0x0020);//24
	WriteSetting(0x0000);
	WriteSetting(0x03);  //Set HDP
	WriteSetting(0x1F);
	WriteSetting(0x01);
	WriteSetting(0xDF);
    WriteSetting(0x0000);

	WriteCommand(0x00B4);	//HSYNC
	WriteSetting(0x03);
	WriteSetting(0xF8);//F8
	WriteSetting(0x00);
	WriteSetting(0xB4);//64
	WriteSetting(0x59);//49
	WriteSetting(0x00);
	WriteSetting(0x00);
	WriteSetting(0x00);

	WriteCommand(0x00B6);	//VSYNC
	WriteSetting(0x01);
	WriteSetting(0xFB);
	WriteSetting(0);
	WriteSetting(0x14);
	WriteSetting(0x09);
	WriteSetting(0);
	WriteSetting(0);

	WriteCommand(0x00B8);
	WriteSetting(0x000F);    //set GPIO[3:0] as output
	WriteSetting(0x0001);    //GPIO0 normal

	WriteCommand(0x00BA);
	WriteSetting(0x000B);    //set GPIO3(SHLR)=1, GPIO2(UPDN)=0, GPIO1=1, GPIO0(VGH_VGL)=1;

	WriteCommand(0x0036); //rotation
	WriteSetting(0x0000);

	WriteCommand(0x00F0); //pixel data interface
//	WriteSetting(0x0003);
	WriteSetting(0x0000);

    //
    // Delay 5mS
    //
    SysCtlDelay(5 * ulClockMS);

//	WriteCommand(0x0029); //display on

	WriteCommand(0x00BE); //set PWM for B/L
	WriteSetting(0x0001);//frequency
	WriteSetting(0x00FF);//duty
	WriteSetting(0x0009);//bit[3]DBC enable,bit[0]PWM enable
	WriteSetting(0x00FF);//C0 DBC manual brightness
	WriteSetting(0x0088);//10 DBC minimum brightness
	WriteSetting(0x0000);//Brightness prescaler

	WriteCommand(0x00d4); //DBC
	WriteSetting(0x0000);
	WriteSetting(0x001C);
	WriteSetting(0x0020);
	WriteSetting(0x0000);
	WriteSetting(0x0046);
	WriteSetting(0x0050);
	WriteSetting(0x0000);
	WriteSetting(0x00A8);
	WriteSetting(0x00C0);

	WriteCommand(0x00d0); 
	//WriteSetting(0x000D);//DBC Aggressive mode
	WriteSetting(0x0001);//DBC disable

	//WriteCommand(0x0021); //Enter Invert Mode

	WriteCommand(0x0029); //display on

    //
    // Clear the contents of the display buffer.
    //
    WriteCommand(0x002A);	
	WriteSetting(0);	    
	WriteSetting(0);
	WriteSetting(799>>8);	    
	WriteSetting(799&0x00ff);
    WriteCommand(0x002b);	
	WriteSetting(0);	    
	WriteSetting(0);
	WriteSetting(479>>8);	    
	WriteSetting(479&0x00ff);
	WriteCommand(0x002c); 
    for(ulCount = 0; ulCount < (800 * 480); ulCount++)
    {
        WriteData(0x0000);
    }
}

//*****************************************************************************
//
//! Draws a pixel on the screen.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param lX is the X coordinate of the pixel.
//! \param lY is the Y coordinate of the pixel.
//! \param ulValue is the color of the pixel.
//!
//! This function sets the given pixel to a particular color.  The coordinates
//! of the pixel are assumed to be within the extents of the display.
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963PixelDraw(void *pvDisplayData, long lX, long lY,
                                   unsigned long ulValue)
{
    //
    // Set the X address of the display cursor.
    //
    WriteCommand(0x2A);
    WriteSetting(MAPPED_X(lX, lY)>>8);
	WriteSetting(MAPPED_X(lX, lY)&0xff);
	WriteSetting((LCD_7INCH_WIDTH-1)>>8);
	WriteSetting((LCD_7INCH_WIDTH-1)&0xff);

    //
    // Set the Y address of the display cursor.
    //
    WriteCommand(0x2B);
    WriteSetting(MAPPED_Y(lX, lY)>>8);
	WriteSetting(MAPPED_Y(lX, lY)&0xff);
	WriteSetting((LCD_7INCH_HEIGHT-1)>>8);
	WriteSetting((LCD_7INCH_HEIGHT-1)&0xff);

    //
    // Write the pixel value.
    //
    WriteCommand(0x2C);
    WriteData(ulValue);
}

//*****************************************************************************
//
//! Draws a horizontal sequence of pixels on the screen.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param lX is the X coordinate of the first pixel.
//! \param lY is the Y coordinate of the first pixel.
//! \param lX0 is sub-pixel offset within the pixel data, which is valid for 1
//! or 4 bit per pixel formats.
//! \param lCount is the number of pixels to draw.
//! \param lBPP is the number of bits per pixel; must be 1, 4, or 8.
//! \param pucData is a pointer to the pixel data.  For 1 and 4 bit per pixel
//! formats, the most significant bit(s) represent the left-most pixel.
//! \param pucPalette is a pointer to the palette used to draw the pixels.
//!
//! This function draws a horizontal sequence of pixels on the screen, using
//! the supplied palette.  For 1 bit per pixel format, the palette contains
//! pre-translated colors; for 4 and 8 bit per pixel formats, the palette
//! contains 24-bit RGB values that must be translated before being written to
//! the display.
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963PixelDrawMultiple(void *pvDisplayData, long lX,
                                           long lY, long lX0, long lCount,
                                           long lBPP,
                                           const unsigned char *pucData,
                                           const unsigned char *pucPalette)
{
    unsigned long ulByte;

    //
    // Set the cursor increment to left to right, followed by top to bottom.
    //
    WriteCommand(0x36);
    WriteSetting(MAKE_ENTRY_MODE(HORIZ_DIRECTION));

    //
    // Set the X address of the display cursor.
    //
    WriteCommand(0x2A);
    WriteSetting(MAPPED_X(lX, lY)>>8);
	WriteSetting(MAPPED_X(lX, lY)&0xff);
	WriteSetting((LCD_7INCH_WIDTH-1)>>8);
	WriteSetting((LCD_7INCH_WIDTH-1)&0xff);

    //
    // Set the Y address of the display cursor.
    //
    WriteCommand(0x2B);
    WriteSetting(MAPPED_Y(lX, lY)>>8);
	WriteSetting(MAPPED_Y(lX, lY)&0xff);
	WriteSetting((LCD_7INCH_HEIGHT-1)>>8);
	WriteSetting((LCD_7INCH_HEIGHT-1)&0xff);


    //
    // Write the data RAM write command.
    //
    WriteCommand(0x2C);

    //
    // Determine how to interpret the pixel data based on the number of bits
    // per pixel.
    //
    switch(lBPP)
    {
        //
        // The pixel data is in 1 bit per pixel format.
        //
        case 1:
        {
            //
            // Loop while there are more pixels to draw.
            //
            while(lCount)
            {
                //
                // Get the next byte of image data.
                //
                ulByte = *pucData++;

                //
                // Loop through the pixels in this byte of image data.
                //
                for(; (lX0 < 8) && lCount; lX0++, lCount--)
                {
                    //
                    // Draw this pixel in the appropriate color.
                    //
                    WriteData(((unsigned long *)pucPalette)[(ulByte >>
                                                             (7 - lX0)) & 1]);
                }

                //
                // Start at the beginning of the next byte of image data.
                //
                lX0 = 0;
            }

            //
            // The image data has been drawn.
            //
            break;
        }

        //
        // The pixel data is in 4 bit per pixel format.
        //
        case 4:
        {
            //
            // Loop while there are more pixels to draw.  "Duff's device" is
            // used to jump into the middle of the loop if the first nibble of
            // the pixel data should not be used.  Duff's device makes use of
            // the fact that a case statement is legal anywhere within a
            // sub-block of a switch statement.  See
            // http://en.wikipedia.org/wiki/Duff's_device for detailed
            // information about Duff's device.
            //
            switch(lX0 & 1)
            {
                case 0:
                    while(lCount)
                    {
                        //
                        // Get the upper nibble of the next byte of pixel data
                        // and extract the corresponding entry from the
                        // palette.
                        //
                        ulByte = (*pucData >> 4) * 3;
                        ulByte = (*(unsigned long *)(pucPalette + ulByte) &
                                  0x00ffffff);

                        //
                        // Translate this palette entry and write it to the
                        // screen.
                        //
                        WriteData(DPYCOLORTRANSLATE(ulByte));

                        //
                        // Decrement the count of pixels to draw.
                        //
                        lCount--;

                        //
                        // See if there is another pixel to draw.
                        //
                        if(lCount)
                        {
                case 1:
                            //
                            // Get the lower nibble of the next byte of pixel
                            // data and extract the corresponding entry from
                            // the palette.
                            //
                            ulByte = (*pucData++ & 15) * 3;
                            ulByte = (*(unsigned long *)(pucPalette + ulByte) &
                                      0x00ffffff);

                            //
                            // Translate this palette entry and write it to the
                            // screen.
                            //
                            WriteData(DPYCOLORTRANSLATE(ulByte));

                            //
                            // Decrement the count of pixels to draw.
                            //
                            lCount--;
                        }
                    }
            }

            //
            // The image data has been drawn.
            //
            break;
        }

        //
        // The pixel data is in 8 bit per pixel format.
        //
        case 8:
        {
            //
            // Loop while there are more pixels to draw.
            //
            while(lCount--)
            {
                //
                // Get the next byte of pixel data and extract the
                // corresponding entry from the palette.
                //
                ulByte = *pucData++ * 3;
                ulByte = *(unsigned long *)(pucPalette + ulByte) & 0x00ffffff;

                //
                // Translate this palette entry and write it to the screen.
                //
                WriteData(DPYCOLORTRANSLATE(ulByte));
            }

            //
            // The image data has been drawn.
            //
            break;
        }
    }

//	UARTprintf("\n\Draw Multi Pixel finish \n");
}

//*****************************************************************************
//
//! Draws a horizontal line.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param lX1 is the X coordinate of the start of the line.
//! \param lX2 is the X coordinate of the end of the line.
//! \param lY is the Y coordinate of the line.
//! \param ulValue is the color of the line.
//!
//! This function draws a horizontal line on the display.  The coordinates of
//! the line are assumed to be within the extents of the display.
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963LineDrawH(void *pvDisplayData, long lX1, long lX2,
                                   long lY, unsigned long ulValue)
{
    //
    // Set the cursor increment to left to right, followed by top to bottom.
    //
    WriteCommand(0x36);
    WriteSetting(MAKE_ENTRY_MODE(HORIZ_DIRECTION));

    //
    // Set the X address of the display cursor.
    //
    WriteCommand(0x2A);
    WriteSetting(MAPPED_X(lX1, lY)>>8);
	WriteSetting(MAPPED_X(lX1, lY)&0xff);
	WriteSetting((LCD_7INCH_WIDTH-1)>>8);
	WriteSetting((LCD_7INCH_WIDTH-1)&0xff);

    //
    // Set the Y address of the display cursor.
    //
    WriteCommand(0x2B);
    WriteSetting(MAPPED_Y(lX1, lY)>>8);
	WriteSetting(MAPPED_Y(lX1, lY)&0xff);
	WriteSetting((LCD_7INCH_HEIGHT-1)>>8);
	WriteSetting((LCD_7INCH_HEIGHT-1)&0xff);


    //
    // Write the data RAM write command.
    //
    WriteCommand(0x2C);

    //
    // Loop through the pixels of this horizontal line.
    //
    while(lX1++ <= lX2)
    {
        //
        // Write the pixel value.
        //
        WriteData(ulValue);
    }
	//UARTprintf("\n\Draw Horiz finish %d \n",MAKE_ENTRY_MODE(HORIZ_DIRECTION));
}

//*****************************************************************************
//
//! Draws a vertical line.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param lX is the X coordinate of the line.
//! \param lY1 is the Y coordinate of the start of the line.
//! \param lY2 is the Y coordinate of the end of the line.
//! \param ulValue is the color of the line.
//!
//! This function draws a vertical line on the display.  The coordinates of the
//! line are assumed to be within the extents of the display.
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963LineDrawV(void *pvDisplayData, long lX, long lY1,
                                   long lY2, unsigned long ulValue)
{
    //
    // Set the cursor increment to top to bottom, followed by left to right.
    //
    WriteCommand(0x36);
    WriteSetting(MAKE_ENTRY_MODE(VERT_DIRECTION));

    //
    // Set the X address of the display cursor.
    //
    WriteCommand(0x2A);
    WriteSetting(MAPPED_X(lX, lY1)>>8);
	WriteSetting(MAPPED_X(lX, lY1)&0xff);
	WriteSetting((LCD_7INCH_WIDTH-1)>>8);
	WriteSetting((LCD_7INCH_WIDTH-1)&0xff);

    //
    // Set the Y address of the display cursor.
    //
    WriteCommand(0x2B);
    WriteSetting(MAPPED_Y(lX, lY1)>>8);
	WriteSetting(MAPPED_Y(lX, lY1)&0xff);
	WriteSetting((LCD_7INCH_HEIGHT-1)>>8);
	WriteSetting((LCD_7INCH_HEIGHT-1)&0xff);


    //
    // Write the data RAM write command.
    //
    WriteCommand(0x2C);

    //
    // Loop through the pixels of this vertical line.
    //
    while(lY1++ <= lY2)
    {
        //
        // Write the pixel value.
        //
        WriteData(ulValue);
    }
	//UARTprintf("\n\Draw Vertical over \n");
}

//*****************************************************************************
//
//! Fills a rectangle.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param pRect is a pointer to the structure describing the rectangle.
//! \param ulValue is the color of the rectangle.
//!
//! This function fills a rectangle on the display.  The coordinates of the
//! rectangle are assumed to be within the extents of the display, and the
//! rectangle specification is fully inclusive (in other words, both sXMin and
//! sXMax are drawn, along with sYMin and sYMax).
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963RectFill(void *pvDisplayData, const tRectangle *pRect,
                                  unsigned long ulValue)
{
    long lCount_x, lCount_y;
//	unsigned int HDP_S=799;
//	unsigned int VDP_S=479;

    //
    // / Set the cursor increment to top to bottom, followed by left to right.
    //
    WriteCommand(0x36);
    WriteSetting(MAKE_ENTRY_MODE(HORIZ_DIRECTION));


    //
    // Set the display cursor to the upper left of the rectangle (in application
    // coordinate space).
    //
    WriteCommand(0x2A);
    WriteSetting(MAPPED_X(pRect->sXMin, pRect->sYMin)>>8);
	WriteSetting(MAPPED_X(pRect->sXMin, pRect->sYMin)&0xff);
#if (defined PORTRAIT) || (defined LANDSCAPE)
		WriteSetting(MAPPED_X(pRect->sXMax, pRect->sYMax)>>8);
		WriteSetting(MAPPED_X(pRect->sXMax, pRect->sYMax)&0xff);

#else
		WriteSetting(MAPPED_X(pRect->sXMin, pRect->sYMin)>>8);
		WriteSetting(MAPPED_X(pRect->sXMin, pRect->sYMin)&0xff);

#endif
	



    WriteCommand(0x2B);
    WriteSetting(MAPPED_Y(pRect->sXMin, pRect->sYMin)>>8);
	WriteSetting(MAPPED_Y(pRect->sXMin, pRect->sYMin)&0xff);
#if (defined LANDSCAPE_FLIP) || (defined PORTRAIT)
		WriteSetting((MAPPED_Y(pRect->sXMin, pRect->sYMin) |
				 (MAPPED_Y(pRect->sXMax, pRect->sYMax) << 8))>>8);
		WriteSetting((MAPPED_Y(pRect->sXMin, pRect->sYMin) |
		 		(MAPPED_Y(pRect->sXMax, pRect->sYMax) << 8))&0xff);

#else
		WriteSetting((MAPPED_Y(pRect->sXMax, pRect->sYMax) |
				 (MAPPED_Y(pRect->sXMin, pRect->sYMin) << 8))>>8);
		WriteSetting((MAPPED_Y(pRect->sXMax, pRect->sYMax) |
				(MAPPED_Y(pRect->sXMin, pRect->sYMin) << 8))&0xff);

#endif

    //
    // Tell the controller we are about to write data into its RAM.
    //
    WriteCommand(0x2C);

    //
    // Loop through the pixels of this filled rectangle.
    //
//    for(lCount = ((pRect->sXMax - pRect->sXMin + 1) *
//                  (pRect->sYMax - pRect->sYMin + 1)); lCount >= 0; lCount--)
    for(lCount_y =(pRect->sYMax - pRect->sYMin);lCount_y >= 0; lCount_y--)
    { 	for(lCount_x =(pRect->sXMax - pRect->sXMin);lCount_x >= 0; lCount_x--) 
        //
        // Write the pixel value.
        //
        WriteData(ulValue);
    }
//	UARTprintf("\n\Draw Rect Fill finish \n");
/*
	WriteCommand(0x2A);
	WriteSetting(0);
	WriteSetting(0);
	WriteSetting((HDP_S)>>8);
	WriteSetting((HDP_S)&0xff);
	WriteCommand(0x2B);
	WriteSetting(0);
	WriteSetting(0);
	WriteSetting(VDP_S>>8);
	WriteSetting(VDP_S&0xFF);
*/
}

//*****************************************************************************
//
//! Translates a 24-bit RGB color to a display driver-specific color.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//! \param ulValue is the 24-bit RGB color.  The least-significant byte is the
//! blue channel, the next byte is the green channel, and the third byte is the
//! red channel.
//!
//! This function translates a 24-bit RGB color into a value that can be
//! written into the display's frame buffer in order to reproduce that color,
//! or the closest possible approximation of that color.
//!
//! \return Returns the display-driver specific color.
//
//*****************************************************************************
static unsigned long
Kentec800x480x16_SSD1963ColorTranslate(void *pvDisplayData,
                                        unsigned long ulValue)
{
    //
    // Translate from a 24-bit RGB color to a 5-6-5 RGB color.
    //
    return(DPYCOLORTRANSLATE(ulValue));
}

//*****************************************************************************
//
//! Flushes any cached drawing operations.
//!
//! \param pvDisplayData is a pointer to the driver-specific data for this
//! display driver.
//!
//! This functions flushes any cached drawing operations to the display.  This
//! is useful when a local frame buffer is used for drawing operations, and the
//! flush would copy the local frame buffer to the display.  For the SSD1963
//! driver, the flush is a no operation.
//!
//! \return None.
//
//*****************************************************************************
static void
Kentec800x480x16_SSD1963Flush(void *pvDisplayData)
{
    //
    // There is nothing to be done.
    //
}

//*****************************************************************************
//
//! The display structure that describes the driver for the Kentec
//! K70DWN2-V1-F TFT panel with an SSD1963 controller.
//
//*****************************************************************************
const tDisplay g_sLcd800x480x16_16bit =
{
    sizeof(tDisplay),
    0,
#if defined(PORTRAIT) || defined(PORTRAIT_FLIP)
    LCD_7INCH_HEIGHT,
    LCD_7INCH_WIDTH,
#else
    LCD_7INCH_WIDTH,
    LCD_7INCH_HEIGHT,
#endif
    Kentec800x480x16_SSD1963PixelDraw,
    Kentec800x480x16_SSD1963PixelDrawMultiple,
    Kentec800x480x16_SSD1963LineDrawH,
    Kentec800x480x16_SSD1963LineDrawV,
    Kentec800x480x16_SSD1963RectFill,
    Kentec800x480x16_SSD1963ColorTranslate,
    Kentec800x480x16_SSD1963Flush
};

//*****************************************************************************
//
// Close the Doxygen group.
//! @}
//
//*****************************************************************************


mf.zou@kentec.com.hk
kentec800x480x16_ssd1963_8bit.txt
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9. Reliability Test Item 
 Test Item Test  Condition Remark 

1 High temperature storage 70℃; 240H  

2 Low temperature storage -20 ;℃  240H  

3 High temperature 
High humidity 50 ,℃  80%RH; 240H Operation 

4 High temperature 
operation 60 ;℃  240H  

5 Low temperature 
operation -10 ;℃  240H  

6 Temperature Shock -20 ?℃ 60℃; 100cycle, 
1Hrs/cycle Non-operation 

7 Electrostatic Discharge 
Contact ±4kV, Class B 

Air ±8kV, Class B 
 

8 Image sticking 25℃, 4H  

9 Vibration 

Frequency range : 10~55Hz 
Stoke : 1.5mm 

Sweep : 10~55~10Hz 
2 Hours for each direction of 

X,Y,Z (total 6 Hours) 

Non-operation 
JIS C7021, A-10 

Condiction A : 15 minutes 

10 Mechanical shock 100G, 6ms, ±X, ±Y, ±Z, 
3 times for each direction 

Non-operation 
JIS C7021, A-10 

Condiction C 

11 Vibration 
(with carton) 

Random vibration : 
0.015G2/Hz from 2~200Hz 

-6dB/Octave from 
200~500Hz 

ICE 68-34 

12 Drop 
(with carton) 

Height : 60cm 
1 corner, 3 edges, 6 surfaces  

13 Pressure 5 kg, 5 sec  

 
 
10. Suggestions for using LCD modules 

  10.1 Handling of LCM 

10.1.1. The LCD screen is made of glass. Don't give excessive external shock, or drop from a high place. 

10.1.2. If the LCD screen is damaged and the liquid crystal leaks out, do not lick and swallow. When the 

liquid is attach to your hand, skin, cloth etc, wash it off by using soap and water thoroughly and 

immediately. 
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10.1.3. Don't apply excessive force on the surface of the LCM. 

10.1.4. If the surface is contaminated ,clean it with soft cloth. If the LCM is severely contaminated , use 

Isopropyl alcohol/Ethyl alcohol to clean. Other solvents may damage the polarizer . The following 

solvents is especially prohibited: water , ketone Aromatic solvents etc. 

10.1.5. Exercise care to minimize corrosion of the electrode. Corrosion of the electrodes is accelerated by 

water droplets, moisture condensation or a current flow in a high-humidity environment. 

10.1.6. Install the LCD Module by using the mounting holes. When mounting the LCD module make sure 

it is free of twisting, warping and distortion. In particular, do not forcibly pull or bend the I/O cable or the 

backlight cable. 

10.1.7. Don’t disassemble the LCM. 

10.1.8. To prevent destruction of the elements by static electricity, be careful to maintain an optimum 

work environment. 

- Be sure to ground the body when handling the LCD modules. 

- Tools required for assembling, such as soldering irons, must be properly grounded. 

- To reduce the amount of static electricity generated, do not conduct assembling and other work 

under dry conditions. 

- The LCD module is coated with a film to protect the display surface. Exercise care when peeling 

off this protective film since static electricity may be generated. 

10.1.9. Do not alter, modify or change the the shape of the tab on the metal frame. 

10.1.10. Do not make extra holes on the printed circuit board, modify its shape or change the positions of 

components to be attached. 

10.1.11. Do not damage or modify the pattern writing on the printed circuit board. 

10.1.12. Absolutely do not modify the zebra rubber strip (conductive rubber) or heat seal connector 

10.1.13. Except for soldering the interface, do not make any alterations or modifications with a soldering 

iron. 

10.1.14. Do not drop, bend or twist LCM. 
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10.2 Cautions for installing and assemably if the module with Touch Panel 

10.2.1. Use a buffer material (Gasket) between the touch panel and Front-case to protect damage and 

wrong operating. The dimension of the buffer material’s edge between the TP V.A. edge is Min. 0.3mm. 

10.2.2. We recommend to design a case that it can’t over the boundary of the active area Max. 0.5mm in 

order to prevent an operation at outside of the active area which can’t guarantee the specified durability, 

because operation at the outside of the active area cause serious damage of a transparent. 

10.2.3. When design case for installing Module, you would consider give a distance about 0.2±0.15mm 

between the module edge to case inside. 

10.2.4. The corners of the product are not chamfered. When positioning and fixing the product on the case, 

we sugguest that you would provide a R part on the conner of the case so as not to apply load on the 

corner of the transparent module. 

驱动区域边缘

可视区域边缘

背光

绝缘油墨区域

缓冲材料 垫圈

机壳

触摸屏

 

10.3 Storage 

10.3.1. Store in an ambient temperature of 5 to 45 °C, and in a relative humidity of 40% to 60%. Don't 

expose to sunlight or fluorescent light. 

10.3.2. Storage in a clean environment, free from dust, active gas, and solvent. 

10.3.3. Store in antistatic container. 

- END - 




