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This application note provides the necessary information,
considerations, and the procedure to add or adapt a new
Liquid Crystal Display (LCD) panel to the Board Support
Package (BSP) distribution for thei.MX31 PDK. The
document describes the general LCD panel information and
the generalities of the display controller module. It describes
the development process to adapt a new LCD panel to the
BSP, considering that the framework driver structureis
already provided by the operating system. This application
note assumes that the reader is familiar with the Microsoft®
Platform Builder packages and the WinCE device driver
concepts.

1 Overview of i.MX31 Displays

As amultimedia processor, the i.MX 31 supports several
types of displays.The display devices are handled by a
special module called the image processing unit (IPU). This
module also handles other graphic interfaces such as
camerasand 2D graphicsacceleration. All 1PU sub-modules
areconnected by aprivate DMA interface IDMA) used only
for the IPU to transfer data between the sub-modules and
also between the IPU and the external memory.
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LCD Principles

Figure 1 shows afunctional block diagram of [PU.
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Figure 1. IPU Functional Block Diagram

The process of selecting an LCD for a mobile device involves several conflicts with respect to the
requirements. Some of the conflicts are asfollows:

» Large amounts of data, implying high rate of data transfer and processing, requiring significant
resources
» Flexibility to support a variety of use cases
» Size, cost, and power consumption
Freescale provides reference designsfor thei.MX family wherethefunctionality of LCD is demonstrated.
However, developers find many reasons to replace the display in their products. Features such as screen
Size, resol ution, weight, power consumption, and price areimportant in acommercial multimedia product.

Another important fact about L CD panelsisthat many displays quickly become obsolete and it is hard to
find the same LCD panel included in the reference design when creating a product.

This application note is intended only for dumb displays and mainly those displays which do not have the
sharp synchronousinterface. However, someinformation in the application notes are a so useful for smart

displays.
NOTE

Do not confuse sharp panels with sharp interface as there are a number of
sharp panels which do not use the sharp interface.

2 LCD Principles

The following sections explains the principles of LCD.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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LCD Principles

2.1 LCD Basics

The LCD is an electronic device which consists of an array of pixels which can be color or monochrome
units. Every pixel in the array consists of a special material that allows the LCD to change the
characteristics of the light that passes through them. These devices do not emit light and thus, another
element named backlight is shipped with the panel to create a full functional device.

211 Resolution

In this application note, the term resolution is used to refer to the number of pixelsinan LCD array. It has
two dimensions: horizontal and vertical. Table 1 lists the most common video resolution standards
available in the market.

Table 1. Common Video Resolution Standard s

Video Name Description Width Height Aspect Ratio
CGA Color Graphics Adapter 320 200 8:5
QVGA Quarter VGA 320 240 4:3
VGA Video Graphics Array 640 480 4:3
NTSC National Television System Committee 720 480 3:2
PAL Phase Alternating Line (TV) 720 576 5:4
WVGA Wide VGA 800 480 5:3
SVGA Super VGA 800 600 4:3

The maximum resolution that the i.MX31 supportsis SVGA and hence, resolutions greater than SVGA
are not included in the table above. All resolutions mentioned in Table 1 refer to alandscape orientation
of LCD panels, which meansthat there are more horizontal pixelsthan vertical pixels. However, there are
also portrait orientated LCD panels available in the market with the same standard resolution. These
portrait LCD panels have more vertical pixels compared to horizontal pixels.

Figure 2 shows the portrait and landscape orientation of an LCD panel.
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Figure 2. Portrait and Landscape Orientation of an LCD Panel

It isimportant to select the proper orientation of an LCD panel, because both the electronic and optical
features are optimized for applications that use the native orientation of the panel. Besides the optical
characteristics, the dumb displaysinclude an embedded L CD controller to draw the pixelsfrom left to right
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LCD Principles

and also from top to bottom. To show images or videos on the LCD panel using a non-native orientation,
the display content is pre-processed, so that the image is stored in buffer in away (order) the LCD
controller expects the pixel information to be sent to it. This operation is called rotation and the i.M X31
includes hardware to perform this operation. It is recommended to select an LCD panel that mostly uses
its native orientation to avoid additional image processing.

Figure 3 shows a portrait and landscape L CD panels displaying images in the non-native orientation.

freescale
freescale

Figure 3. Non-native Portrait and Landscape Orientation of an LCD Panel

Rotation is not just limited to 90°, it can be either 90°, 180°, or 270°.

NOTE
Every frame has to be rotated beforeit is driven to the display.

2.1.2 Size

The size of an LCD panel is measured diagonally in inches, from top left corner to bottom right corner. It
iscommon to assumethe size of aV GA (640x480) panel to be larger than aQV GA (320x240) panel since
V GA hasagreater number of pixels compared to QVGA. But, thisis not true always. L CD manufacturing
processes allow the size and resolution to be independent variables. It is difficult to determine the size of
apanel from itsresolution alone. Screens that are larger in size tend to consume more power than smaller
ones and also impact the size and weight of the final product. On the other hand, higher resolutions on
smaller LCD panels can complicate the visibility of on-screen objects for the final user. Based on the
information available in the datasheet, it is difficult to determine if a particular LCD panél fits the
application. Instead, it isrecommended to seethe LCD in any other reference design or demo beforetaking
afina decision.

21.3 Color Spaces

A color space isaway to represent colors. There are two main color spaces, RGB (that is, RGB444,
RGB565, RGB666, RGB888, and RGBA8888) and YUV (that is, YUV 4:4:4, YUV 4:2:2, and YUV
4:2:0). Thei.MX31 supports both the color spaces, but the display panels can receive data only by using
the RGB interface.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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IPU-SDC Generalities

22 LCD Types

The LCD panels are categorized as synchronous and asynchronous panels. Thefollowing sections discuss
the types of LCD panels.

2.2.1 Synchronous Panel (Dumb Display)

Dumb displays or synchronous displays are panels which require the microprocessor to send all pixelsin
theimage of every frame. In these panels, screen refresh is performed by driving the complete frame data
continuoudly. After drawing a pixel, the LCD waits for the next pixel data. In general, smart displays are
more expensive than dumb displays, and this is the reason why synchronous panels are more commonly
used in the final product. This application note focuses on thin film transistor (TFT) LCD panels which
belong to a special group of synchronous panels.

2.2.2 Asynchronous Panel (Smart Display)

The advantage of smart displaysis that the i.MX31 only has to send display data when the image has
changed, and most of the times send only the portion that has changed. |mages can be sent at any time, the
screen refresh is handled by the embedded Smart LCD display controller included in the LCD panel.
Another advantageisthat i.M X 31 handles three asynchronous displays simultaneously and also handle the
synchronous interface at the same time. In conclusion, if an application needs two LCD panels, one of
them must be an asynchronous interface.

3 IPU-SDC Generalities

The following sections discuss the IPU Synchronous Display Controller generalities.

3.1 LCD Interfaces

The following section explains the LCD interfaces with examples.

3.1.1 Synchronous Display Interface

Thei.MX31 synchronous display controller is configured to handle four different types of devices such as
TFT monochrome, TFT color, YUV progressive, and YUV interlaced, but this application note is only
focused on the Synchronous TFT Color interface. The i.MX31 provides a 22-line interface which is
described in Table 2.

Table 2. Synchronous Display Interface Signals

Signal IPU Signal Description
HSYNC DISPB_D3_HSYNC Horizontal synchronization
VSYNC DISPB_D3_VSYNC Vertical synchronization

DRDY DISPB_D3_DRDY Data enable or Data ready
PIXCLK DISPB_D3_CLK Pixel clock

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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Table 2. Synchronous Display Interface Signals (continued)
Signal IPU Signal Description
Red Data[7:0] DISPB_DATA[17:12] Pixel Red component
Green Data[7:0] DISPB_DATA[11:6] Pixel Green component
Blue Data[7:0] DISPB_DATA[5:0] Pixel Blue component

The description of the signalsreferred in Table 2 are asfollows:

HSYNC

VSYNC

DRDY

PIXCLK

RGB Data (Display Interface)

ExtraSignals

Horizontal synchronization (HSYNC) signal isaso known as FPLINE or
LP. Thissignal indicates the LCD that a line has ended and the following
valid pixels are part of the next line.

Vertical synchronization (VSYNC) signal is also known as FPFRAME,
FLM, SPS, or TV. Thissignal when active indicates the LCD that the
current frame hasended. The LCD display must then restart the line index
to zero to draw the next valid datain the first line of the panel.

The dataready (DRDY') or dataenable (DE) signal, when active, indicates
the LCD that the datain the RGB bus is valid and must be latched using
the PIXCLK signal. Every PIXCLK pulseindicatesthe LCD to draw a
pixel using the color described in the RGB bus. The width of this signal
must be enough to store al pixels (that is, aslong as all pixel clock cycles
of asingleline).

The polarity of the pixel clock (PIXCLK) signal indicates, when the RGB
datais placed on the bus. The following are the two different possibilities:

» Thehigh polarity of PIXCLK indicatesthat dataiswritten on the RGB
bus on falling edges and datais latched by the LCD panel on rising
edges. Thisisvalid when DE is active.

» Thelow polarity of PIXCLK indicatesthat datais written on the RGB
bus on rising edges and datais latched onto the LCD panel on falling
edges. Thisisvalid when DE is active.

Thei.MX31 internaly use different types of bits per pixel such as
RGB565, RGB666, RGB888 and RGBAB8888, and so on. The display
interface is limited t018 lines and so, any image or video that contains
pixels more than 18 bits (RGB666) cannot be sent to the display. During
this RGB to RGB conversion least significant bits are removed from the
pixel, and remaining bits are directly sent to the display interface. Any
dithering or filter action is not performed during this process.

There are also some other signals that are usually included in the panel
interface. These signals are not part of the 22-line display interface, but
they arerequired for afull functional module. For example, it is common
that some panels need areset signal and also initialization commands.
These commands are usually sent by aserial interface such as12C or SPI.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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Display panels sometimes have backlight unit and touch panels embedded
on them, which require additional signals.

SPI Interface Some LCD displays require an initialization routine through a serial
interface, 3-wire, 4-wire, or 5-wire. A serial interface(SD_D_CLK,LCS],
SD D I0and SD_D_1) ini.MX311PU isnot used to send serial
commandsto the LCDs. Thisinterface is not intended for general purpose
usage, it isused only by the IPU when the Asynchronous Display1 or
Display2 are configured to use the serial interface.

3.1.1.1 Examples of Synchronous Display Interfaces

The following section provides few examples of the interface between thei.MX 31 PDK and synchronous
display panels.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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i.MX31 PDK Epson L4F00242T03 2.7" VGA LCD Interface
Figure 4 shows the LCD interface between i.M X31 and Epson L4F00242T03 VGA panel.

OI5PB_DATA[T12] RO-RS
OI5PB_DATA[11:6] G0-G5 R GBEGGE 420
OI5PB_DATA[S:0] BO-B5
R GBGEGE
OISPB_D3_WSYYNC WEYTNEC
DISPB_D3_HEYMC HEYHC
OI5PB_D3_CLE PCLE
OI5PB_D_ORDOY DE EFS0OM
L4FO0Z42T03 Gidn
MCIME31
OISPB_DO1_C5 (GPIO) HRESET
CSPI_MO%I OIN
C5PN 5Pl
C5PI1_552 HCS
C5PH_5CLE SCLE
Backlight Tauch Panel
LED_A LED_E YU HR| yO| HL
Contrast OISPBE_COMTRAST Power
Booster for
Backlight
C5PI -'"II
/
MC 13783
125 ;’f ATLAS

Figure 4. Interface between i.MX31 and Epson L4F00242T03 VGA Panel

The LCD panel is shipped with thei.MX31 PDK asshown in Figure 4. The LCD panel requires HSY NC,
VSYNC, DE, PIXCLK, and the complete RGB data interface (DISPB_DATA[17:0]). Additional signals
such asaRESET signal and a serial interface are required for sending the initialization routine commands
(SPI). The backlight unit is controlled by using a PWM signal generated by the i.MX31 (Contrast) and
finally the touch panel interface is handled by the MC13783 Atlas chip.

Every panel hasits own interface and requirements, but in general terms the example above illustrates a
typical synchronous panel interface. It is difficult to determine what istypical LCD panels, and hence
consider the possibility shown in Figure 4 as the base for the panel interface.

The idea of the base interface is useful when there are many panels which do not use the complete
interface. For example, some of them do not require either HSYNC or VSY NC signals, or neither of them,

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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only DRDY, PIXCLK, and RGB data are used. Similarly, many others do not require aRESET or aseria
initialization routine to handle display signals. The timing, signals, porches, and polarities are already
specified when there is no seria interface. The panels expect that the microprocessors accomplish with
these waveforms when these LCD panel cannot handle a different interface.

The only disadvantage is that this panel does not provide the backlight power booster, and it needs an
externa chip to amplify the contrast signal.

i.MX31 PDK Chunghwa CLAA070VC01 7" WVGA LCD Interface
Figure 5 shows the LCD interface between i.M X31 and Chunghwa CLAAQ070V CO1VWGA panel.

DISPE_DATA[T:12] RO-RS

DISPE_DATA[ 6] GO-G5 | RGBGGEE &0
DOI5PE_OATAS:0] Bil-BS
G B
CHLING Hyid,
DISPE_OG_CLK OCLE CLAADTOWEOT 40
MCIME21 DISPE_D:_OROY DE

DISPB_CONTRAST A0
Contrast Brightress control for LED BFL

Figure 5. Interface between i.MX31 and Chunghwa CLAA070VC01VWGA Panel

Figure 5 shows asimple display interface where HSYNC and VSYNC signals are not used. If the
DISPB_D3 VSYNC and DISPB_D3 HSYNC pins are not used, the pins can be used for other purposes,
such as a GPIO configuration. HSYNC can be used as SDMA_DEBUG_EVENT_CHANNEL _5 but
VSYNC has no other functionality.

Also, SPI interfaceis not required so thereisalso a Chip Select (CSPI1_SS2) available for other devices.
Additionally, the power booster for the backlight unit is included into the module and thus the
CONTRAST signal isdirectly connected to the display connector.

NOTE

The display modul e does not include atouch panel and it is necessary to add
an external touch screen to thisLCD panel.

It isimportant to remember that, since these LCD modules neither have RESET signal nor a SPI interface,
the display cannot be turned off. Thisfeature isimportant for mobile devices where power consumption
isinto consideration. So to control the energy in the LCD, the external circuits must be controlled.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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Based on the above observations, the complete system is as shown in Figure 6.

DISPE_DATA[17:12]  RO-RS

OI5PB_DATA[1 6] GO- G5 F: G BGGG 200
O15PE_DATARS:O] BO-B5
RGBEGG
CHLUMIGHWA,
OI5PB_D3_CLK OCLE CLAMOT ACOY 440
OIsPBE_D3_DROY OE
M IhA=31 External Touch Fanel
DISPE_CONTRAST And
Contrast Drightre== cortral for LCO DVL Woo
Yoo HD) oY1 ¥
C5PI -'"J
/!
/ hAC13723
125 ATLAS
/!
OIEPBE_D1_CE (GPIOY Power Enable MOSFET

Figure 6. Interface between i.MX31 and Chunghwa CLAA070VC01VWGA Panel + Touch Panel

The above examples help the user to select an LCD and also to determine the advantages and
disadvantages of any panel.

3.1.2 Synchronous Display Timing and Signals

This section focusses on the timing and signal waveforms and how to configure them in the LCD panel
andi.MX31display interface. Thefirst step to select an LCD moduleistorefer its datasheet. The datasheet
must describe the pininterface, the initialization routine, the timing charts for RGB interface and, seria
interface. Many times a shorter version of the datasheet available does not contain all thisinformation. In
thiscase, it isadvisable to request the full documentation from the supplier. Many times the datasheet that
areavailableisapreliminary datasheet. Though thereisnot much difference between preliminary and final
versions, it is always better to have the final version, especialy in LCD datasheets.

3.1.21 Timing Concepts

This section explains certain important concepts and considerations which form the base for timing in an
LCD interface.

Horizontal Back porch (HBP)  Number of pixel clock pulses between the beginning of HSY NC signal
and the first valid pixel data.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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Horizontal Front Porch (HFP)  Number of pixel clock pulses between the last valid pixel dataintheline
and the next HSYNC pulse.

Vertical Back Porch (VBP) Number of lines (HSY NC pulses) between the beginning of VSYNC
signal and thefirst valid line.

Vertical Front Porch (VFP) Number of lines (HSY NC pulses) between thelast valid line of theframe

and the next VSYNC pulse.
VSYNC Pulse Width Number of HSY NC pulses during which the VSY NC signal is active.
HSYNC Pulse Width Number of pixel clock pulses during which the HSYNC signal is active.
Active Frame Width Thisvalueis basicaly the horizontal resolution or the number of pixels

in one line. For example, for aWV GA display (800Hx480V), the value
of active frame width is equal to 800 pixels.

Active Frame Height Thisvalueisequal to the vertica resolution of the LCD. For example,
foraWV GA display (800Hx480V), the value of frame height isequal to
480 pixels.

Screen Width Thisis mideading as screen width does not denote the horizontal

resolution of the LCD panel (number of pixelsin oneline). For the
i.MX31, the SCREEN_WIDTH isthe number of pixel clock periods
between the last HSY NC and the new HSYNC. So, this value includes
the valid pixels and also the horizontal back and front porches.

SCREEN_WIDTH = ACTIVE_FRAME_WIDTH + HBP + HFP Eqn. 1

Screen Height For thei.MX31, the SCREEN_HEIGHT isthe number of rows between
thelast VSYNC pulse and the new VSYNC pulse. It includes all valid
lines and also the vertical back and front porch.

SCREEN_HEIGHT = ACTIVE_FRAME_HEIGHT + VBP + VFP Egn. 2
VSYNC Polarity It isthe value of VSY NC which indicates the starting of a new frame. It
is active low when the value is O or active high when it is 1.
HSYNC Polarity Itisthevalue of HSY NC which indicates the starting of anew line. Itis

active low when the valueis O or active high when itis 1.

3.1.2.2 Timing Charts

To understand the timing issues in a LCD interface, review the following charts in the datasheet:
» Vertical timing characteristics
» Horizontal timing characteristics
* Pixel clock characteristics

Additionally, if the display uses aserial interface, refer to another chart describing the serial interface and
the RESET. Thisisthe information that must be extracted from the datasheet when a support for a new
LCD panel is added.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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Consider aVGA (640Hx480V) LCD panel using the same interface than EPSON L4F00242T03, see
Figure 4. Thedisplay usesthe RGB666, VSYNC, HSYNC, data enable, and pixel clock. It also requiresa
RESET signa and a serial interface.

Vertical Timing

The following sections describe the VGA and WV GA vertical timing characteristics.

VGA Vertical Timing

Figure 7 shows the vertical timing for a hypothetical synchronous display VGA (480Hx640V).

< SCREEN HEIGHT = 640 +VBP + WFP -;I
WEYNC width
WS YN polarity = L0 ACTIVE
—» l— \
WVEYNC |
HEYHE | ;

Data Enable polanty = POSITVE

T

DE

}q- “WHP (Lines) e — “FP (Lines) _p{
RIM[5:0]
GIM[G:0]

BIN[E:0]

Line Lne Lne Lne Line Line Lne Lne Lne
1 2 3 4 G36 637 638 639 640

— ACTIVE FRAME HEIGHT = G0 —

Figure 7. VGA Vertical Timing Example

It isimportant to mention how signals appear during the VSY NC period. VSYNC period involves a
complete frame cycle; every pixel and every linein the frameis sent to the panel during this cycle. The
beginning of the frame is set by the VSYNC signal, in this case when signal goeslow. Then HSYNC
immediately marks the beginning of thefirst line, in thisexampleit is when HSY NC goes |low. To meet
the LCD timing requirements, the first lines are designated for the VBP. During VBP, data enable signal
isnot present and the pixel data on the busisignored by the panel. After VBP, data enable signal appears
inside the boundaries of the HSY NC period. The details about DE during aline cycle arereviewed in the
next section. DE appears consequently during all valid lines (Vertical resolution = 640V). During thistime
(Activeframeheight) the LCD panel latchesthe RGB dataon all l[inesand drawsit on the screen. Thefinal
stage in the frame cycle is the VFP, where extralines (HSY NC cycles) appear. During thistime, DE

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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remains inactive and again the panel discards any information on the RGB bus. The frame ends when
VSYNC signal is set again (goes low).

Table 3 shows the range of the timing parameters shown in Figure 7.
Table 3. VGA Vertical Timing

Parameter Symbol Min Typ Max Unit

Screen height or Vertical period VP — 665 — Line
VSYNC pulse width VSW 5 10 15 Line
Vertical back porch VBP 5 10 15 Line
Vertical front porch VFP 5 5 5 Line
Active frame height VDISP — 640 — Line
Vertical refresh rate FV — 60 — Hz

From the information described above, verify some of the timing features. In the first waveform, it is
shown that VSY NC polarity isactivelow, which meansthat vertical synchronizationisnormally high, but
goeslow to indicate the beginning of the new frame. Another featureisthe VSY NC width (V SW). Timing
has certain flexibility and more than one value is used to set the timing. It is highly recommended to use
the typical values or any values close to them. Here, consider 10 lines as VSY NC width.

Vertical back porch (VBP) and vertical front porch (VFP) are shown too; notice that these values are
measured in lines or which translatesinto HSY NC pulses. Inthisexample, VBPis 10 lines, and VFPis of
5lineswidth. VSYNC width isincluded into the VBP stage. Thismeansthat VBP startswhen VSYNC is
set, and not when the VSY NC returns to normal state. Using the values described in, the value of screen
height or vertical cycleis 665. In some cases, the value of the VBP and VFPis not given in lines; instead
it is expressed in nanoseconds or milliseconds. In this case, an additional calculation is performed to find
the number of lines needed to meet those timings.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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WVGA Vertical Timing

If an LCD panel like the hypothetical WV GA (800H X 480V) are used as described in Figure 5 and
Figure 6, which does not use HSYNC and V SY NC signals, the waveforms are analyzed in another
perspective as shown in Figure 8.

|47 SCREEM HEIGHT (wFi= 4280 + “BEK & ——

— | ACTIVE SCREEM HEIGHT (WDISPY = 450 hif—

R [ —— T L ——

OE

GIM[EGE:0] _ | -
BIM[5:0] Lire line Linz Lins line Linz Lne Lins Liriz
430 1 2z 3 477 472 479 480 1

OCLE

Figure 8. WVGA Vertical Timing Example

Table 4 shows the range of the timing parameters shown in Figure 8.
Table 4. WVGA Vertical Timing

Parameter Symbol Min Typ Max Unit
Screen height or Vertical period VP 490 500 520 Line
Vertical blank VBK 10 20 40 Line
Active frame height VDISP 480 480 480 Line
Vertical refresh rate FV 55 60 65 Hz

In these cases, VSY NC width, VSY NC polarity, vertical back porch and vertical front porch are not shown
inthe chart. Even when VSY NC isnot used, these values are required for configuring the i.M X31 display
interface. These waveforms are used to understand the vertical cycle behavior. For thei.MX31, the
sequence remains the same; vertical cycle starts with the VSYNC signal, then the rest of the VBP, the
active frame area, and finally the VFP appears until the next VSYNC is set. Thetrick to find the VSYNC
width, VBP and VFP is based on the fact that those events happen during the Vertical Blank Period.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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Figure 9 shows the WV GA vertical timing example with imaginary VSYNC signal.
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- — “FF -

— K
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—»
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BINEGD]  Line
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1
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Figure 9. WVGA Vertical Timing Example with Imaginary VSYNC Signal

The VSYNC signal isused only as a base to calculate vertical front porch and vertical back porch. When
VSYNC isnot used, it can be operated with any polarity. However, it is recommended to use VSYNC as
an active low signal. VSYNC isusually one line long and thus the value of VSW is 1. To determine the
valuesof VBPand VFP, dividethe VBK period into two parts; thefirst part being the VFP before VSYNC
and the second part for the VBP after VSY NC, and the sum of these values are equal to VBK period. Itis
recommended to have an imaginary VSYNC in the middle of VBK, so that the VBP and VFP must be

equal or almost equal .

For example, if VBK is 20 lines (typical), the value of VBP is 10 lineswhich is equal to VFP. Based on
the information described above, a vertical timing table such as Table 5 can be created.

Table 5. WVGA Vertical Timing and Porches

Parameter Symbol Min Typ Max Unit
Screen Height or Vertical cycle VP 490 500 520 Line
VSYNC pulse width VSW 1 1 1 Line
Vertical back porch VBP 1 10 40 Line
Vertical front porch VFP 0 10 39 Line
Vertical blank VBK 10 20 40 Line
Active frame height VDISP 480 480 480 Line
Vertical refresh rate FV 55 60 65 Hz

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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Horizontal Timing
The following sections describe the VGA and WV GA horizontal timing characteristics.
VGA Horizontal Timing

The datasheet also includes another chart which describes the line period, apart from the charts discussed
earlier.

Figure 10 shows the horizontal timing for a hypothetical synchronous display VGA (640Hx480V).

SCREEM WIDTH (Horzental evzle)= 420 + HBP + HFP l_-,_-l

HEY M C width
HSYMC polanty = LOW ACTIVE

e \
HEYMNC | I
Data Enable polanty = POSITIWE
DE Tl
PIKCLE
|4_ HEP (Lines) —pu 4—— HFP (Lines) _>|

RIMN[E:0]
GIM[E:0]
BIN[E:0]

Pixel Pixel Pixel Pixel Pixel Pixel Pixel Pisel Pixel

1 2 3 4 476 477 478 472 480

Figure 10. VGA Horizontal Timing Example

Theline cyclebeginswhentheHY SNC signal isset, inthis case when the signal goeslow. Thisisfollowed
by the horizontal back porch stage. During this stage, the data enable signal is inactive. When the data
enable signal is set, the next stage, which is the horizontal back porch, begins. The horizontal active area
(ACTIVE FRAME WIDTH) begins, when data enable is set and when DE signal goes high. In thisstage,
the panel latches the RGB data on the bus and draws anew pixel on the screen for every pixel clock pulse.
The width of the data enable signal is always equal to the horizontal resolution of the panel. For this
example, the width of DE is 480 pixels. Once all the pixelsin theline are drawn, DE isinactive again and
the horizontal front porch begins. The line cycle ends when HY SNC pulseis set again.
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Similar to the vertical timing characteristics, atable for the horizontal timing characteristicsis shown in
Table 6.

Table 6. VGA Horizontal Timing

Parameter Symbol Min Typ Max Unit
Screen width or Horizontal cycle HP 495 601 741 PIXCLK
HSYNC pulse width HSW 5 20 75 PIXCLK
Horizontal back porch HBP 5 60 75 PIXCLK
Horizontal front porch HFP 5 41 111 PIXCLK
Active frame width HDISP — 480 — PIXCLK

WVGA Horizontal Timing

The chart and table that are found in the datasheet is similar to the WV GA (800 Hx480 V) example shown
in Figure 11 and Table 7 respectively.

|<7 SCREEN WIOTH (HPY= 200 + HBE =~ —

— | ACTIVE SCREEN WADTH (HOISPI = 200 b0

44— HABK — 4—— HBK —
OE ] I
GIME:D] | |
BIN[G:O0]  Pixel Pixel Pixel Pixel Pixel Pixel Pixel Pixel Pixal
200 1 2 3 TAY 743 799 200 1
OCLE
Figure 11. WVGA Horizontal Timing Example
Table 7. WVGA Horizontal Timing
Parameter Symbol Min Typ Max Unit
Screen width or Horizontal cycle HP 850 900 950 PIXCLK
Horizontal blank period HBK 50 100 150 PIXCLK
Active frame width HDISP 800 800 800 PIXCLK

The values of HBP, HFP and the HSY NC width are cal culated using the same procedure used in the
Section, “WVGA Vertical Timing”.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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The horizontal timing diagram with imaginary HSY NC signal and the table are shown in the Figure 12 and
Table 8 respectively.

¢ SCREEN WIDTH (wF) = 800 + HBF + HFF
ACTIVE SCREEN
> HEF WADTH (HOISP) = 300 —>| HBR |<—

Imaginary H5YMNC f’

HEYHNC Polarity = ACTIWE LOWY

L

DOEis active HIGH > HFP |

‘4—— HBK —p-i \ 4— HBK —p-i

OE ] | ‘7
RIM[5:0]
BIN[:0] — -

Pixel Pixel Pixel Pixal Pixel Pixal Pisxal Pixel Pixel
200 1 2 3 TO7 93 799 200 1
OCLE
Figure 12. WVGA Horizontal Timing Example with Imaginary HSYNC Signal
Table 8. WVGA Horizontal Timing and Porches
Parameter Symbol Min Typ Max Unit
Screen Width or Horizontal cycle HP 850 900 950 PIXCLK
HSYNC width HSW 1 1 1 PIXCLK
Horizontal back porch HBP 1 50 150 PIXCLK
Horizontal front porch HFP 0 50 149 PIXCLK
Horizontal blank period HBK 50 100 150 PIXCLK
Active frame width HDISP 800 800 800 PIXCLK

Pixel Clock Timing
The following sections describe the VGA and WV GA pixel clock timing characteristics.

VGA Pixel Clock Timing
The datasheet also contains pixel clock waveform characteristics similar to the timing characteristics.

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0
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The waveform characteristics chart and the table for aV GA pixel clock are as shown in the Figure 13 and
Table 9 respectively.

RIM[50]
EI'H[E;S]] Irwvalid Data Pixel 1 Rixel 2 Pixel 3
Figure 13. VGA Pixel Clock Timing Example
Table 9. VGA Pixel Clock Timing
Parameter Symbol Min Typ Max Unit
Pixel clock frequency PCLK — 24 — MHz

The important feature regarding the pixel clock isto know when RGB dataislatched by the panel, besides
itsrelation with the frame refresh rate. This characteristic isvery important becausei.MX31 must prepare
the data before LCD latches the data. A similar chart isincluded in the datasheet. In this example, datais
latched by the LCD panel on DCLK rising edges, and thusthei.M X 31 isconfigured to writethe RGB data
on the bus on thefalling edge. In this manner the datawill be ready and stable when the panel readsit. This
waveform shows the typical inverse clock polarity. Clock polarity issetin DI_DISP_SIG_POL i.MX31
register under the D3_CLK_POL hit-field. The maximum and minimum values for the pixel clock
frequency are not described in the table because only typical value is allowed.

The maximum display clock rate can not be greater than quarter of the high speed processing clock rate.
HSP_CLK inthei.MX31 PDK BSPis 133 MHz, so the maximum pixel clock is 133 MHz/4=33.25 MHz.
However, most LCD displays work at lower frequencies than the typical values.
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WVGA Pixel Clock Timing

The waveform characteristics chart and table for a WV GA pixel clock is shown in the Figure 14 and
Table 10 respectively.

DCLE

OE

RIN[ED]
EIIH[[ﬁﬁ::S]] Irovalid Data Fixel 1 Fixel 2 Fixel 3
Figure 14. WVGA Pixel Clock Timing Example
Table 10. WVGA Pixel Clock Timing
Parameter Symbol Min Typ Max Unit
Pixel clock frequency PCLK 25 27 32 MHz

Unlike the VGA panel, the WV GA panel latches RGB dataon DCLK falling edges. Thus, thei.MX31
must be configured to write the RGB data on the bus on the rising edges. This ensures that the data on the
busisready and stable when the panel reads it. This waveform shows the straight clock polarity.

Data Polarity
Data polarity isthe polarity of the signalsin the RGB busthat an LCD recognizes as active. For example,
consider that i.MX31 istrying to draw ared pixel (only red component) using an RGB565 interface.

» If the LCD isof active high pixel polarity, all the bits other than the RGB bits are low. Thus, the
data on the bus would be 0xF800.

» IftheLCD isof activelow pixel polarity, all the bits other than the Red bitsare high. Thus, the data
on the bus would be Ox07FF.

Both OxF800 and OxO7FF represent the red color but the difference in the values is because of the data
polarity on the LCD panel. Thisfeature is configured using the D3_DATA_POL bit-field in the
DI_DISP_SIG_POL i.MX31 register.
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3.1.23 Custom LCD Timing

Neither of the examplesin this application note needs extrasignalsfor LCD functionality. But if the LCD
requiresareset signal or initialization routine through asynchronous serial interface, refer to chartssimilar
to the following charts.

3.1.24 VGA Custom LCD Timing

Reset

Many LCD panelsinclude an LCD controller which needs an external system reset. If the LCD requires
the usage of thissignal; finding the timing regarding this pulse is useful.

The Reset signal and timing are described in Figure 15 and Table 11.

—4p TRF |a—

< TR > . WH
HRESET iff;7
WL —bt
Figure 15. Reset Signal Example
Table 11. Reset Timing
Parameter Symbol Min Typ Max Unit
Reset width TRW 15 — — ns
Reset rising time TRR — — 10 ns

RESET must be low for at least 15 nsto ensure avalid reset. The RESET pinis controlled by i.MX 31
GPIO.

NOTE

It is recommended not to use RC circulit to generate the reset signal as it
restricts the rising time of the signal to 10 ns.
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Serial command Interface
If the LCD panel has aserial command interface, the datasheet a so containsa chart as shown in Figure 16.

_— M [
gL tppgprueiL

OIM

A Cy 6 Cs C4 C3: C: C1 Co A PF PG PR P4 P2 PX P11 PO

— 0 fgp—  Command - - —— Parameter —

Figure 16. SPI Command Interface Signals Example

This application note does not review al the serial interfaces that an LCD has. The protocols and data
formats are described in the datasheet and it isimportant to have knowledge of synchronous serial
interfaces to configure these settings. For more information, see Chapter 24, Configurable Serial
Periphera Interface (CSPI) of the MCIMX31 and MCIMX31L Applications Processors Reference Manual .

3.1.25 WVGA Custom LCD Timing

There are no custom signals regarding panel interface, since the WV GA panel does not need any reset or
initialization.

3.2 LCD Panels Supported by the i.MX31

The i.MX31 can handle up to four displays at the same time. Table 12 lists the various types of displays
that are handled by display controllers.

Table 12. Displays Supported by the i.MX31

Display Controller Display Type Interface
DISPO Asynchronous Parallel interface only
DISP1 Asynchronous Serial and Parallel interface
DISP2 Asynchronous Serial and Parallel interface
DISP3 Synchronous RGB Interface (HSYNC, VSYNC, PIXCLK, up to RGB666)

Only one of the LCD display controllersin the i.MX31 is synchronous (dumb display), and thus this

application note focusses on the DISP3 controller. The DISP3 RGB interface is multiplexed with all other
asynchronous parallel interfaces, and so data cannot be sent to asynchronous display (DISP3) and another
parallel device at the sametime. Instead the i.MX 31 sends data to the asynchronous panel (smart display)
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when synchronous interface is inactive, and hence the frame rate in smart displaysis affected when
multiple displays are attached to the i.MX31.

The synchronous LCD interfaceinthei.MX 31l isvery flexible, and it handles many typesof LCD devices
with the following characteristics:

»  Synchronous display (Dumb display)
* RGB interface (RGB666 maximum)
* Resolution not larger than SVGA

» Utilizeat least dataenable and pixel clock to latch RGB data (some L CD panels need HSY NC and
VSYNC signals as well, which are aso supported by the i.MX31)

* Pixel clock frequency lower than 33.25 MHz

In addition, the i.MX31 also handles dumb displays with a sharp interface, but its support islimited to
certain models. For more information regarding the timing restrictions, refer thei.MX31 and i.MX31L
Multimedia Applications Processors datasheet in section 4.3.15.3 Interface to Sharp HR-TFT Panels.
Sincethisapplication noteisonly intended for non-sharp dumb displays, smart displays and sharp displays
interfaces are not included in this reading.

4 Display Configuration in Windows CE 5.0 and 6.0

L CD support isone of the most important features for any multimediadevice. Display support enablesthe
device to have a graphical user interface and the possibility of becoming an entertainment artifact.

The graphic context is composed of several layers, where thei.MX31 display interfaceisthefinal part in
the abstraction. All the SDC and display interface characteristics that were reviewed in previous sections
describes only the way the i.MX31 sends the frame buffer to the panel. However, it isimportant to know
who isgoing to create the frames that need to be sent to the panel. If the screen is refreshed at 60 times per
second (60 Hz), every lineand every single pixel hasto be created to maintain the coherence of the graphic
context.

Thei.MX31 PDK BSP basesitsdisplay driver onthe Display Driver Interface (DDI) defined by Microsoft
for al WINCES00 devices. Implementing a driver using this model ensures the compatibility of the
hardware with the operating system. In other words, once WinCE isloaded and if the driver was created
using the MS model, the OS handles the graphic context, providing all frames.

4.1 WinCE Display Driver Development Concepts

Display drivers are loaded and called directly by the graphics, windowing, and event subsystem, called
Gwes.exe. Drivers are most commonly written using a layered architecture because of the number of
hardware-independent operations.

The Graphics Primitive Engine (GPE) library handles the default drawing, acting as the display driver's
model device driver (MDD) upper layer.

The user devel ops the hardware-specific code that corresponds to the display driver's lower layer, called
the platform-dependent driver (PDD).
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Table 13 shows the elements that constitute the Windows CE graphics pipeline.

Table 13. Elements of Windows CE Graphics Pipeline

Element Description

Application The application can be simple, such as a Hello World application, or complex, such as a three-dimensional
engineering application.
Whichever it is, the application calls GDI functions. Coredll.dll exposes these functions.

Coredil.dll The major set of functions is exposed through a single DLL, called CoredlIl.dll.
In most cases, this library does not perform the work. Instead, the library packages the parameters for the
function call and then triggers a Local Procedure Call (LPC) to another process.
The specific process depends on the function call. All drawing and windowing calls are sent to Gwes.exe.

Gwes.exe The Graphics, Windowing and Events Subsystem (GWES) is responsible for all graphical output and all
interactions with the user.
The drivers that reside in the GWES address space include display drivers, printer drivers, keyboard drivers,
mouse drivers, and touch screen drivers.

Ddi.dll The default name for the display driver is Ddi.dll. As with most DLLs, Ddi.dll communicates through exported

functions.
Ddi.dll exports only the DrvEnableDriver function, which returns a pointer to an array of 27 function pointers
to the caller. When GWES requires a display driver, it calls one of these 27 functions.
Writing a device driver involves writing the code for these 27 functions.
Three of these functions are specific to printer drivers, which leaves 24 for the display driver developer.

Hardware The graphic pipeline ends at the hardware. The display driver communicates to the hardware using the

mechanism required by the hardware.
This process typically involves a combination of memory-mapped video buffers and I/O registers.

Figure 17 shows the Windows CE graphics architecture.

Application

Client exe fels]]

Device configurstion Display driver
fromm bus enumerator ==
through the registry

Figure 17. Windows CE Graphics Architecture

More details can be found under Display Drivers (Developing a Device Driver > Windows CE Drivers>
Display Drivers) topic of Platform Builder for Microsoft Windows CE 5.0 help.
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It isimportant to mention that develop a WinCE Display driver from scratch implicates a considerable
effort and knowledge, specially regarding to the WinCE architecture. Fortunately Freescale provides the
i.MX31 Display Driver for Synchronous Displaysin the WINCE500 BSP. The i.MX31 Windows CE 5.0
BSP display driver isbased on the Microsoft DirectDraw Graphics Primitive Engine (DDGPE) classesand
supports the Microsoft DirectDraw interface. This driver combines the functionality of a standard LCD
display with DirectDraw support. The display driver interfaces with the Image Processing Unit (IPU).This
driver supports more than one panel which could be selected by using the Windows Register. You could
easily add the support for anew SDC panel using the procedure described in this section.

4.2 Adding Support for a New LCD Panel

The following sections describes the procedure used to add the support for a new synchronous panel.

4.2.1 Identifying LCD Characteristics and Timing
To add the support for anew synchronous LCD display for the Freescale i.MX31 BSP, ensure that this
panel is compatible with the i.M X31. The panel must have the following interface characteristics:

»  Synchronous display (Dumb Display)

* RGB interface (RGB666 maximum)

* Resolution not bigger than SVGA

» Utilize a least data enable and pixel clock to latch RGB data (some LCD's need HSYNC and
VSYNC signals which are also supported by the i.MX31).

* Pixel clock frequency lower than 33.25 MHz

Once acompatible LCD panel is selected, it isimportant to find the timing characteristics of the display
interface and it is used to note thetiming parameters. Table 14 and Table 15 can be used to note the timing
parameters.

Table 14. LCD Timing Features

Parameter Symbol Min Typ Max Unit
Screen height or Vertical cycle VP — — — Line
Active frame height VDISP — — — Line
VSYNC pulse width VSW — — — Line
Vertical back porch VBP — — — Line
Vertical front porch VFP — — — Line
Vertical refresh rate FV — — — Hz
Screen width or Horizontal cycle HP — — — PIXCLK
Active frame width HDISP — — — PIXCLK
HSYNC pulse width HSW — — — PIXCLK
Horizontal back Porch HBP — — — PIXCLK
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Table 14. LCD Timing Features (continued)

Parameter Symbol Min Typ Max Unit
Horizontal front porch HFP — — — PIXCLK
Pixel clock frequency PCLK — — — MHz

Table 15. LCD Signal Polarities

Parameter Symbol Polarity
HSYNC Polarity HSP —
VSYNC Polarity VSP —
DRDY (Data Enable) Polarity DEP —
Pixel Clock Polarity CLKPOL —
Data Polarity DP —

More details on how to deduce these values from the LCD datasheet can be found prior in this document
insections1to 3.

4.2.2 i.MX31 WINCE500 PDK LCD Driver Initialization Flow

The following text shows how LCD driver isinitialized in thei.MX31 PDK WINCES00 BSP. The
intention of thischart is not to explain how the driver was implemented, but to provide an overview of the
code flow, so that it is easy to understand why certain files need to be modified.

+ DDI PU_SDC: : DDI PU_SDC( )
+ DDIPU_SDC:: 1 nit()
Get Panel TypeFr onRegi stry()
Sel ect the GPEMbde (Tell WNCE the display node)
Get TVMbdeSupport Fr omRegi stry()
Get Rot at eMbdeFr onReg()
Set Rot at ePar ans()
Creat eThread(. ., TVUpdateThread, . .)
DDI PU_SDC: : Set upVi deoMenor y()
+ Get VMenSi zeFronRegi stry()
+ Al'l ocPhysMen(. ., m nVi deoMenorysSi ze, . .)
DDl PU_SDC: : Set Rot ati on
DDl PU_SDC: : Set Rot at eParans ()
+ GPESurf:: SetRotation()
DDl PU_SDC: : I ni t Hardwar e ()
+ InitializeSDC()
+ DDKd ockSet Gat i nghode()
+ Configure SDC and DI (I PU_CONF, SDC_COM CONF, SDC HOR_ CONF,
SDC VER CONF, DI _DI SP_|F_CONF, DI _DISP_SIG PO, DI_HSP_CLK_PER,
DI _DI SP3_TI ME_CONF, SDC_BG PCS, SDC FG P(CS)
+ _init_dma(.., SDC_DMA_ CHANNEL)
+ BackgroundSet SrcBuf fer ()
+ Enabl eSDC()
+ Configure LCD pins :LDO-LD17, VSYNC, HSYNC, DRDY, CONTRAST, etc
+ Devicel oControl (.., PU_| OCTL_ENABLE_SLC, . .)
+ Devicel oControl (..,|PU_| OCTL_ENABLE_DI, ..)

+ +
+ + + + + +

+

+
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+ BSPInitializeLCD()
+ Configure CSPl pins
+ Configure Reset Pin
+ BSPEnabl eLCD()
+ Di splayOn()
+ Pmi cVol t ageRegul at or On( VMVCL1)
Pmi cVol t ageRegul at or On( VGEN)
Pm cVol t ageRegul at or Set Vol t ageLevel (VMVCL, . .)
Pm cVol t ageRegul at or Set Vol t ageLevel (VCEN, . .)
Reset the Mdul e
Config CSPI registers
+ LCD_CSPI _Wite() - SPI LCD Initialization
+ DDl PU_SDC: : Adverti sePowerlnterface()

+ + + + +

The bl pu_sbc: : bl PU_sbc() function triggersthe initialization of the LCD display driver. Inavery high
perspective, the driver reads the video memory size, rotation and panel type from the registry
(platform.reg). Based on the selected panel, the driver notifiesthe WinCE display properties such aswidth,
height, bits per pixel and so on (GPEMode). GPEMode data is extracted from the static GPEMode
ModeArray[] inddi pu_sdc. cpp file. With thisinformation, WinCE graphic context creates the frame
buffersin the width, height and format required by the LCD, which isto be displayed on the screen. The
information regarding the GPEM ode must also be modified to complete the support for the new LCD. The
width and height must be provided in the natural orientation of the LCD.

Continuing with the driver initialization, the driver allocates the buffers for the display based on the
memory size and sets the proper display orientation (landscape or portrait). The next step isthe hardware
initialization. Here, the I1PU registers are configured to enable the SDC and Display Interface (DI), for
working with the selected panel. LCD timing features are not stored in registers, but located in the array
PANEL_INFO g_PanelArray[numPanel] placed in w NCE500\ PLATFORM 3DS\ SRC\ DRI VERS\ | PU\ SDC\ sdc. ¢
file. So, to add the support for a new panel, this array must be updated by adding another PANEL_INFO
structure with the panel timing information. The IDMAC SDC channels are configured, and the IOMUX
is configured to enable the LCD pin interface (VSYNC, HSYNC, LDO-LD17, PIXCLK, DRDY, and so
on). Using bspdisplay.cpp, the driver configures the specific LCD panel pins for initialization which
includes SPI interface, Reset and other enable pins, that are required. At the end of the process, the power
levelsfor LCD areenabled, the panel isreset and all the serial initialization commands are sent to the LCD
panel.

4.2.3 i.MX31 WINCEG600 PDK LCD Driver Initialization Flow
The following snippet represents the WINCEG0O PDK LCD driver initialization flow.

DDI PU: : DDl PU()
+ DDIPU::Init
Get Panel TypeFr onRegi stry()
Set GPEMbde
Get Pi xel Dept hFronRegi stry()
Get TVMbdeSupport Fr omRegi stry()
Get Rot at eMbdeFr onReg()
Set Rot at ePar ans()
PPCpenHandl e()
CreateThread(. ., PPThread,..)
+ DDI PU: : Set upVi deoMenory()
+ Allocate Video Menory Size cones fromconstant in imge_cfg.h

+ + + + + + + o+
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+ DDI PUSurf:: Set Rot ation()
+ DDI PU: : | ni t Har dwar e()
+ DDKO ockSet poi nt Request () - HSP_CLK = 132 Mz
+ BSPInitializeLCD(el PU_SDC)
+ Configure CSPlI interface pins, Reset Pin and LCD Data Enable Pin
+ InitializeSDC()
+ DDKC ockSet Gat i nghode()
+ Configure SDC and DI (1 PU_CONF, SDC_COM CONF, SDC HOR CONF,
SDC VER_CONF, DI _DISP_IF_CONF, DI _DISP_SIG POL, DI _HSP_CLK_PER,
DI _DI SP3_TI ME_CONF, SDC_BG PGS, SDC_FG _POS)
+ _init_dma(.., SDC_DVA_CHANNEL)
+ Backgr oundSet Sr cBuf fer ()
+ BSPEnabl eLCD( el PU_SDC)
+ Pm cVol t ageRegul at or On( VMVCL)
+ Pm cVol t ageRegul at or On( VGEN)
+ Pm cVol t ageRegul at or Set Vol t ageLevel (VMVCL, . .)
+ Pm cVol t ageRegul at or Set Vol t ageLevel (VGEN, . .)
+ Reset the Modul e
+ Configure CSPlI registers and enable it.
+ LCD_CSPI _Wite() - SPI LCD Initialization
+ Disable CSPI interface
+ Enabl eSDC()
BSPDi spl ayl OMJUXEnabl e( el PU_SDC)
+ Configure LCD pins :LDO-LD17, VSYNC, HSYNC, DRDY, CONTRAST, etc
Devi cel oControl (.., PU_I OCTL_ENABLE_SDC, . .)
Devi cel oControl (.., PU_I OCTL_ENABLE DI, ..)
Enabl e DMA SDC Channel 1

In WinCE6QO, the initialization flow is similar to WinCES00. The same stages and configurations take
place, but there are few differences such as function names and which functions are in charge of some
determined configuration. Initialization beginsin ool pu: : boi PU() function, in contrast with WinCES00 the
video memory size is not taken from the registry. The value is constant
(IMAGE_WINCE_IPU_RAM_SIZE) and comes from thei mage_cf g. h. Panel type, rotation parameters,
pixel depth, and TV modes supported by the platform are extracted from the registry (p! at f or m reg).
Based on the selected panel, the driver notifiesthe WinCE display propertieswhich includeswidth, height,
bits per pixel, and so on. GPEMode datais automatically set by using the PANEL_INFO structure of the
current panel. With thisinformation, WinCE graphic context creates the frame buffersin the width, height
and format required by the LCD, which is to be displayed on the screen. The information regarding
GPEM ode must also be modified to complete the support for the new LCD. The width and height must be
provided in the natural orientation of the LCD.

The next step is the hardware initialization. Here, the IPU registers are configured to enable the SDC and
Display Interface (DI), for working with the selected panel. LCD timing featuresare not stored in registers,
but located in the array PANEL_INFO g_Panel Array[numPanel] placed in

W NCE600\ PLATFORM i MX313DS\ SRC\ DRI VERS\ | PU\ SDQ sdc. ¢ file. So, to add the support for anew panel, this
array must be updated by adding another PANEL _INFO structure with the panel timing information. The
IDMAC SDC channels are configured, and the IOMUX is configured to enable the LCD pin interface
(VSYNC,HSYNC, LDO-LD17, PIXCLK, DRDY, and so on). Using bspdisplay.cpp, the driver configures
the specific LCD panel pinsfor initialization which includes SPI interface, Reset and other enable pins,
that are required. At the end of the process, the power levelsfor LCD are enabled, the panel is reset and
all serial initialization commands are sent to the LCD panel.

+

+ + +
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4.2.4 i.MX31 WINCE500 PDK LCD Display Interface Related Files

Thei.MX31 WINCES500 PDK LCD display interface related files such aspl at form reg, sdc. c,
bspdi spl ay. cpp and ddi pu_sdc. cpp files are the ones which requires modification.

Thei.MX31 WINCES500 PDK LCD display interface related files to be modified are as follows:

W NCE500\ PLATFORM 3DS\ SRC\ I NC\ sdc. h

W NCE500\ PLATFORM 3DS\ SRC\ DRI VERS\ | PW\ SDC\ sdc. ¢

W NCE500\ PLATFORM 3DS\ SRC\ DRI VERS\ | PW\ DI SPLAY\ DDI PU_SDC\ ddi pu_sdc. cpp

W NCE500\ PUBLI C\ COVMON\ QAK\ CSP\ ARM FREESCAL E\ MXARML1\ DRI VERS\ | P\ I NC\i pu. h
W NCE500\ PLATFORM 3DS\ SRC\ DRI VERS\ | PW\ DI SPLAY\ DDI PU_SDC\ bspdi spl ay. cpp

W NCE500\ PLATFORM 3DS\ FI LES\ pl atform reg

4.2.5 i.MX31 WINCEG600 PDK LCD Display Interface Related Files

Thefilesrelated to thei.MX31 WINCEG00 PDK LCD display are found in the following folder locations.

W NCE600\ PLATFORM i MX313DS\ SRC\ | NC\ sdc. h

W NCE600\ PLATFORM i MX313DS\ SRC\ DRI VERS\ | PU\ SDC\ sdc. ¢

W NCE600\ PLATFORM i MX313DS\ SRC\ DRI VERS\ | PW\ DI SPLAY\ COMVON\ ddi pu. cpp

W NCE600\ PLATFORM COMMON\ SRC\ SOC\ FREESCALE\ MKARML1_FSL_VI1\ I PW I NC\i pu. h
W NCE600\ PLATFORM i MX313DS\ SRC\ DRI VERS\ | PU\ DI SPLAY\ DLL\ bspdi spl ay. cpp
W NCE600\ PLATFORM i MX313DS\ FI LES\ pl atform r eg

4.2.6 i.MX31 PDK LCD Structures

It isimportant to understand how and where the information related to the new LCD panels settings (see
Section 4.3.1, Case 1: EPSON VGA) are stored. Since Freescale has devel oped the BSP's for WINCES00
and WINCEG0O, these structures are exactly the same for both OS platforms. PANEL _INFO, which
containsADC_IPU_DI_SIGNAL_CFG and SDC_IPU_DI_SIGNAL_CFG isthe structure that hasto be
changed to add the support for anew panel. Theg_pranel Array[] insdc.cfileistheglobal array that stores
the PANEL_INFO for al supported displays (LCD, NTSC TV and PAL TV). To modify the driver, itis
recommendabl e to replace the EPSON VGA PANEL_INFO with the new PANEL _INFO structure. In
WINCES00, EPSON VGA panel isthefirst element of the array and in WinCEG00, the structureis placed
in the second element. With this procedure, the new LCD display remainsin the same position than the
original display driver, provided in the BSP.

4.2.6.1 PANEL_INFO

PANEL_INFO isthe main structure for LCD timing and features. It also contains two structures related to
the signals polarity. One of themis not used because it is used for asynchronous displays.

SDC _IPU_DI_SIGNAL_CFG on the other hand, describes the polarities and characteristics of the RGB
interface, while using a synchronous display panel.

struct PANEL_I NFO ST {
PUCHAR NANE;
| PU_PANEL_TYPE TYPE;
| PU_PI XEL_FORMAT PI XEL_FM;
| NT MODE! D;
I NT W DTH;
I NT HEI GHT;
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I NT FREQUENCY;

I NT VSYNCW DTH;

I NT VSTARTW DTH;
I NT VENDW DTH;

I NT HSYNCW DTH;

I NT HSTARTW DTH,;
I NT HENDW DTH;

I NT RD_CYCLE_PER //

INT RD_UP_PGCS; // in ns

INT RD_DOWN_PCS; // in ns
I NT WR_CYCLE_PER; //

INT WVR_UP_PGCS; // in ns

INT WVR_DOWN_PCS; // in ns
INT PIX_CLK_FREQ //
INT PI X_DATA PCS; // in ns

in ns

in ns

in Hz

ADC | PU_DI _SI GNAL_CFG ADC S| G POL;
SDC_| PU_DI _SI GNAL_CFG SDC_SI G POL;

}s

typedef struct PANEL_I NFO ST PANEL_I NFQ
Table 16 shows the description of each element of the PANEL_INFO structure.

Table 16. PANEL_INFO Structure Elements

Data Type Variable name Description Symbol Unit

PUCHAR NAME Name of the Panel — —
IPU_PANEL_TYPE |TYPE Index of the panel type1 — —
IPU_PIXEL_FORMAT | PIXEL_FMT Pixel Format?® — —
INT MODEID Mode ID3 — —

INT WIDTH Active Frame Width VDISP Pixels

INT HEIGHT Active Frame Height HDISP Lines
INT FREQUENCY Refresh Rate FV Hz

INT VSYNCWIDTH VSYNC pulse width VSW Lines

INT VSTARTWIDTH Vertical back Porch VBP Lines

INT VENDWIDTH Vertical front porch VFP Lines

INT HSYNCWIDTH HSYNC pulse width HSW Pixels

INT HSTARTWIDTH Horizontal back Porch HBP Pixels

INT HENDWIDTH Horizontal front porch HFP Pixels
INT RD_CYCLE_PER Not used — —
INT RD_UP_POS Not used — —
INT RD_DOWN_POS Not used — —
INT WR_CYCLE_PER | Not used — —
INT WR_UP_POS Not used — —
INT WR_DOWN_POS Not used — —
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Table 16. PANEL_INFO Structure Elements (continued)

Data Type Variable name Description Symbol Unit
INT PIX_CLK_FREQ Not used — —
INT PIX_DATA_POS Not used — —

The enum on this data field is used by the sdc.c file to distinguish the proper timing settings between the supported displays

(LCD, NTSC TV and PAL TV), when the selected display is being loaded. The ipu.h header file contains the

IPU_PANEL_TYPE. For WINCES500, change the existing IPU_PANEL_EPSON_TFT entry in the IPU_PANEL_TYPE, with a

new panel type. But in WINCEG00, Epson display is referred to as IPU_PANEL_NEC_TFT. Irrespective of the OS version, the

value of this enum is the same as that of the position in the g_PanelArray[] of the new PANEL_INFO. Additionally, for

WINCES500, the enum value should be equal to the GPEMode definition in the ModeArray[].

2 There are three different RGB pixel formats, RGB565, RGB666 and RGB888. By selecting one of these formats, the SDC’s
interpretation of the frame buffer data can be specified.

3 ForLCD panels, use DISPLAY_MODE_DEVICE as MODEID. Two other supported modes are also available, but those values

belong to TV out functionality.

4.2.6.2 ADC_IPU_DI_SIGNAL_CFG
The following snippet represents the bit fields of the ADC display interface signal polarities.

// Bitfield of ADC Display Interface signal polarities.
typedef struct {
U NT32 DI SP_NUM : 2;
Ul NT32 DI SP_I F_MODE: 2;
Ul NT32 DI SP_PAR_BURST_MODE: 2;
U NT32 DATA _PQL : 1; /1 true = inverted
U NT32 CS_POL :1; /1 true = active high
U NT32 PAR_RS_PCL 11 /] true = inverse
U NT32 WR_PCL 11 /1 true = active high
U NT32 RD POL :1; /1 true = active high
U NT32 VSYNC_POL :1; /1 true = active high
U NT32 SD D PQL :1; /1 true = inverse
U NT32 SD _CLK_PCL :1; /] true = inverse
U NT32 SER RS POL : 1; /] true = inverse
U NT32 BCLK_PCL :1; /1 true = inverted
U NT32 Dummy 1 16; /1 Durmmy variable for alignment.

} ADC | PU DI _SI GNAL_CFG;
Thisstructureisnot used for synchronous display panelsand therefore all these bit-fields can be set to zero.

4.2.6.3 SDC_IPU_DI_SIGNAL_CFG
The following snippet represents the bit fields of the SDC display interface signal polarities.
/1 Bitfield of SDC Display Interface signal polarities.
typedef struct {

U NT32 DATAMASK_EN: 1;

U NT32 CLKIDLE_EN : 1;

U NT32 CLKSEL_EN 1;

U NT32 VSYNC_POL : 1,

U NT32 ENABLE_PQL : 1,

U NT32 DATA_PCL 1; [/l true = inverted

U NT32 CLK_POL 1; /1 true = rising edge

U NT32 HSYNC_PCL 1; I/l true = active high
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U NT32 Dunmy 1 24; // Durmmy variable for alignnent.

} SDC_I PU DI _SI GNAL_CFG;

Table 17 shows the description of each element of the SDC display interface.

Table 17. SDC Display Interface Structure Elements

Offset Bit-field Name Description Symbol Polarity
0 DATAMASK_EN | Data mask for the display 3 (not used)1 — —
1 CLKIDLE_EN Display 3 interface clock idle enable® — —
2 CLKSEL_EN Select Display 3 interface clock® — —
3 VSYNC_POL VSYNC signal polarity4 VSP —
4 ENABLE_POL Data Enable Polarity5 DEP —
5 DATA_POL Data Polarity® DP —
6 CLK_POL Clock Polarity7 CLKPOL —
7 HSYNC_POL HSYNC signal polarity8 HSP —
8 Dummy Not used — —

Data mask is used to mask the data output to zero, for the sharp TFT power-off sequence. Since this is not a SHARP
display this bit-field is not relevant, because of that it should be set to zero (DATAMASK_EN = FALSE).

Setting CLKIDLE_EN to FALSE enables the pixel clock when VSYNC is active; using 1 disables the pixel clock during
this time. Most of the LCD panels show that pixel clock signal should be present while VSYNC is active (CLKIDLE_EN
= FALSE).

Selects whether to enable or disable display clock when there is no data output. Set CLKSEL_EN to zero when you
always want to enable pixel clock even if there is no data output (Data Enable active). Setting CLKSEL_EN to 1
disables pixel clock when there is no data output. Most of the LCD panels show that pixel clock signal should be
present always is active (CLKSEL_EN = FALSE).

Setting VSYNC_POL to FALSE when VSYNC signal is active low. And TRUE when this signal is active in high. See
section 2.4.2.1 Vertical timing for details.

Setting ENABLE_POL to FALSE when DRDY signal is active low. And TRUE when this signal is active in high. See
section 2.4.2.2 Horizontal timing to review the details.

Setting DATA_POL to FALSE when using straight RGB Data Polarity. And TRUE when data polarity is inverted. See
section 2.4.2.2 Horizontal timing.

For straight clock polarity set CLK_POL bit-field as FALSE in. For inverse clock polarity set CLK_POL as TRUE. For
details please refer to section 2.4.2.3 Pixel Clock timing.

Setting HSYNC_POL to FALSE when VSYNC signal is active low. And TRUE when HSYNC when this signal is active
in high. Review section 2.4.2.4 Data Polarity.

4.2.6.4 GPEMode
The following snippet represents the bit fields of the GPEM ode interface signal polarities.

/1 STRUCT GPEMbde

11

/'l This structure describes a display node.
struct GPEMode

{

int nodel d;
int wi dt h;
int hei ght ;
int Bpp;
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int frequency;
EGPEFor mat format;
b
The GPEMode structure specifies the size and format of the screen to the WinCE graphics engine. Using

thisinformation, the OS creates frames with the proper size as required by the i.MX31 processor, which
isto be processed and sent to the panel using the display interface.

Table 18 shows GPEMode structure members.
‘ Table 18. GPEMode Structure Members

Data type Variable name Description Symbol Unit
int modeld Display, or TV modes’ — —
int width Active Frame Width VDISP Pixels
int height Active Frame Height HDISP Lines
int Bpp Bits per pixel? — —
int frequency Screen Refresh Rate FV Hz
int Format EGPEFormat enum?® — —

1 Display mode can be either DISPLAY_MODE_DEVICE or DISPLAY_MODE_NTSC.
2 This value should be set to DISP_BPP which value is 16.
3 This field represents the bits per pixel of the GPE frames and it could be any of the following values.

It isimportant to mention that thei.MX 31 supports only 18-bits maximum, as the display interface width.
If more than 18-bits are used as BPP, then the less significant bits are discarded, while they are being sent
to the LCD. Dueto thisreason, the recommended values for thisfield are gpe16Bpp Or gpe24Bpp.

enum EGPEFor mat

{
gpelBpp,
gpe2Bpp,
gpe4Bpp,
gpe8Bpp,
gpel6Bpp,
gpe24Bpp,
gpe32Bpp,
gpel6YCr Ch,
gpeDevi ceConpat i bl e,
gpeUndefi ned

}s

4.2.7 BSP Initialization

After sdc. ¢ fileisproperly modified by modifying the g_PanelArray with the new PANEL_INFO
structure, it is also necessary to implement the specific LCD panel initialization sequence. Things such as
reset, signal enabling and SPI initiaization must aso be added during the LCD driver load process.
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4.2.7.1 WINCES500 BSP Initialization

Enabl esDC() function configuresthe LCD interface, but extra pinsand interfacesrelated with the panel are
configured inBsPI ni ti al i zeLcD() function. The original BSP includes the code for the configuration of
the CSPI modul e because the Epson L CD screen needs the serial commands during the initialization. It
also configures LCS1 as RESET signal. This code would act as areference for the new LCD sequence. In
case, SPI isnot needed the CSPI configuration should be removed. The same situation could happen with
the reset signal. It is strongly recommended to add extra hardware to control the Panel ignition using an
i.MX31 pin, if the LCD panel does not provide a power off signal or sequence.

After al pinsand interfaces are configured BsPenabl eLcD() callsbi spl ayon() function where LCD power
enable, Reset, and SPI commands occur. Fortunately, the code included for the Epson LCD driver acts as
abase for the development because reset and SPI commands are implemented for this panel.

4.2.7.2 WINCEG600 BSP Initialization

The DDI PU: : 1 ni t Har dwar e function calls the bbkcl ockSet poi nt Request function to configure the 1PU
based clock (HSP_CLK) to 132 MHz. Then, the Bspi ni ti al i zeLcD function is called. Thisfunction
configures the CSPI interface pins, reset pin, and the LCD data enable pin. After this, the i ni tial i zeSDC
function is executed and the SDC and DI are configured. Also, the IDMA controller is configured and
enabled for the synchronous display controller channel. Then, Bspenabl eLc el PU_SDC) function is called
with the purpose of configuring the PMIC voltages, the CSPI interface for LCD serial initialization
commands, resetting the module and sending the serial commands to the LCD. Finally the Enabl esbc
function is executed to configure the RGB interface pins (LDO-LD17, VSYNC, HSYNC, DRDY,
CONTRAST, and so on) and also the SDC and DI modules are enabled. After all these initializations are
complete, the |PU modules, WinCE frames, and L CD are properly initialized and work together to provide
the graphic user interface for the system.

4.2.8 Modifying Windows Register and the Catalog

After the sdc. c, ddi pu_sdc. cpp (WINCES00 only), i pu. h, and bspdi spl ay. cpp filesare modified, itis
very useful to modify the windows register and the catalog. The ideaisto replace the existing EPSON
L4F00242T03 entries with the new LCD labels. Otherwisg, it is confusing to find out which LCD driver
isloaded. Both register and catalog should indicate that anew LCD is being used and the EPSON driver
is not included anymore.

4.2.9 Modifying the WINCE500 Catalog

The epson display driver isfound under Third Party > BSPs > Freescale 3DS: ARMV4I > Device
Drivers> EPSON L4F00242T03 (VGA). This entry can be changed to avoid any confusion regarding
the LCD panel model. Figure 18 shows how WV GA display is used as an example. The procedure to
modify WINCESOQO catalog is as follows:
1. On platform builder, click the menu Tools > CEC Editor and open 3DS cec file:
C: \ W NCE500\ PUBLI C\ COMVION\ OAK\ CATALOG\ CEC\ mx313ds. cec
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EN Platform Builder CEC Editor - [mx313ds.cec]

") File Edit View Insert Catalog Tools ‘Window  Help
B iR R ®IEE P
=] ﬁ Catalog A — A~
(=423 Third Party — || General | variables | Compatibility | =
=43 BSPs || * Name: | WVGA Display |
=3 Freescale 305: ARMV4L E z
(=3 Device Drivers = GUID: | {4234071A-E435-4811-6FB5-732200208968} | [ New |
- =-R Audio —
- ) Backight Description: | IPU SDC display driver for WVGA panel, S
m Battery
- Bluetoath
i m Camera
- = [ copecs verson: | 5| o] ol o] pate: [9/19/200 -]
- =) Display
| R - Vendor: |Frees:3le | w
IPressFlforHelp i

Figure 18. Platform Builder CEC Editor

2. Click Third Party> BSPs > Freescale 3DS: ARMV4I > Device Drivers> Display to open the
catalog entries editor on the right side of the window.

3. Edit the name and description contents related to the new LCD display: WV GA Display.

4. Onthe Variablestab, select BSP_DISPLAY_EPSON_L 4F00242T 03 variable and click Edit
button as shown in Figure 19.

E8 Platform Builder CEC Editor - [mx313ds.cec]

T File Edit View Insert Cakalog Tools Window Help

B W 22 B DB EEp

i =] ﬁ Catalog

Eas - &3 Ry o~
=123 Third Party — | | General | Variables | compatibility | =<
= a BEs | BSP Directory: | 305 |
=3 Freescale 305: ARMV4L =
= =3 Device Drivers Variable: | |
! & Audio - . ; .
i m Backlight Variables set by this Catalog item I8
- @ B Battery Name: | BSP_DISPLAY_WVGA | Value: | 1 | [ add ]
! i Bluetooth -
: §i camera B3P_PP i ; Delete
: MODULE_NAME ddraw_ipu_s...

- = copecs

- =g Display =
@[ [wvGa Display

£
W

Press F1 for Help

Figure 19. WINCE500 WVGA Display Catalog Item Variables

5. Modify the name of the variable with the variable to be used on the pl at f orm reg file
BSP_DISPLAY_WVGA.

6. Savethe CEC file and reload.

NOTE

Sincethe catalog iscached, it is necessary to remove the mx313ds.cec entry
inthe menu File > M anage Catalog | tems, and then import the entry again.
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4.2.10 Modifying the WINCE600 Catalog

The WINCE600 catalog is changed by using the Microsoft Visual Studio. The procedure to modify
WINCEGOQO0 catalog using Microsoft Visual Studio is as follows:
1. If theiMX313DS mobility project isopen, click File> Close Solution to close the project.

2. Click File> Open > File to open the catalog file under
\WINCEG00\PLATFORM\iM X313DS\CATALOG folder as shown in Figure 20.

Loskin: [ iz caTaLos -l @- X [y 3 - Tools~
= ) imx313ds. pboml

L
Desktop

My Projects

My Computer

File name: || Ll her |v
Files of type: IAIIFiIes =" =l cancel |,

Figure 20. Opening Catalog File

3. Modify the display entry located on Catalog > Third Party > BSP > Freescale i.M X31 3DS:
ARMV4I > Device Drivers> Display > EPSON L4F00242T03(VGA).
Modify theTitleand Description fields, and then click on additional variablescollectionto modify
the BSP_DISPLAY_EPSON_L 4F00242T03 using the BSP_DISPLAY_WVGA flag as shown in
Figure 21.

imx313ds.pboxml* | Start Page | - X
@ | & Hed - |5
5 © Catsog Caren e =
E-Z3 Third Party ey
.03 B5P WVGA Catslog Item
B Fresscals .MX31 3DS: ARMV4I == Bl
o
g Additiona| Variables (Collection)
Choase One Group True
Comment
tring Coection Editor o 2| Description IPU SDC display driver WYGA
Help Link
s Enter the strings in the collection {one per line): Locations (Collection)
@O WVGA BSP_DISPLAY_VWVGA =] Modules (Collection)
{3 DVFC BSP_PP Notification Heml
] Ethemst Lan9217 Drivar Notification Title
] 12C Bus Sdk Help File Attribute
{3 Input Devices = 5dk Help Files (Collaction)
I MBX 9 ¥ Size 0
L me1azes RIC Size Is Sealed True
Tl Fillsewicith Moduiator oK Cancel Subproject Links {Collection)
{1 Radio Driver 4 Supported CPUS (Collection)
£ 5D Host Controller VTR
£ Sedal Sysgen Variable
£ Smart Backight Control Tile WA,
& Tmers Type BSP-Specific
3 Touch Unique Id Ttem:Defaultvendor:DefaultCatalogTtent
+-{J TV Output Additional Variables
-3 USE Devices Optional. Specify the name of a non-sysgen variable associated with this catalog item, If
O Ethemet Bootloader (sboot) this catalog item is added to an OS design, the variable indicated here will be set to “1in
-85 Storage Drivers the build environment. If this catalog item has not been explicitly added to an OS desig...
® CatalogEditor | &l Source

Figure 21. WINCE600 WVGA Catalog Item Properties
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4. Click OK on the variables collection message box, save the file and close thefile.

5. Open theiMX313DS mobility project and refresh the catalog, by using the button on the top of
the catalog items view.

When the iIMX313DS mobility project in the visual studio isopened again, it is noticed that the catalog is
changed. Now, EPSON Display entry is replaced by the WV GA option. WV GA entry is excluded from
the build and this is because you have to modify the pl at f or m bi b file. Also, thepl atf orm reg file must
be modified.

4.2.11 Platform.reg
The following sections describes the WINCES0O pl at f or m reg and WINCEGQO pl at f or m reg.

4.2.11.1  WINCE500 Platform.reg
Thisisthe original register entry for thei.MX31 PDK Epson display driver:

I F BSP_DI SPLAY_EPSON L4F00242T03
;@I PREG ON | F PACKAGE_CEMDRI VERS
[ HKEY_LOCAL_MACHI NE\ Dri ver s\ Di spl ay\ DDI PU_SDC]

"Bpp" =dwor d: 10 ; 16bpp

"Panel Type" =dword: 1 ; Epson VGA Panel

"Vi deoMensSi ze" =dwor d: 450000 ; 4.3MB ; To play D1 video
; @ PREG ON ENDI F PACKAGE_CEMDRI VERS

ENDI F

If the Epson PANEL_INFO in sdc. c isreplaced with the new PANEL _INFO structure and if the catalog
has been updated already, then the entry looks something similar to this:
| F BSP_DI SPLAY_W/GA

: @I PREG ON | F PACKAGE_CEMDRI VERS
[ HKEY_LOCAL_MACHI NE\ Dri ver s\ Di spl ay\ DDI PU_SDC]

"Bpp" =dwor d: 10 ; 16bpp

"Panel Type" =dword: 1 ;. W/GA Panel

"Vi deoMensSi ze" =dwor d: 450000 ; 4.3MB ; To play D1 video
; @ PREG ON ENDI F PACKAGE_CEMDRI VERS

ENDI F

Note that the Panel Type index is the same for both LCDs. Thisis because, both are in the first element of
the g_PanelArray[] and one is the replacement of the other.

4.2.11.2 WINCEG600 Platform.reg

For adding the support for a new display, open the pl at f or m reg file and replace all

BSP_DISPLAY_ EPSON_L4F00242T03 entries with the BSP_DISPLAY WV GA labels. Thisisthe
registry entry for the EPSON panel type in WINCEGQO. Notice that the VideoMemSize variable is not
included and this is because the size is extracted from the i mage_cf g. h file, which was mentioned earlier.
| F BSP_DI SPLAY_EPSON_L4F00242T03

[ HKEY_LOCAL_MACHI NE\ Dri ver s\ Di spl ay\ DDI PU|

"Bpp" =dwor d: 10 ; 16bpp
"Vi deoBpp" =dwor d: 10 ; RGB565

Different Display Configurations on the i.MX31 WinCE PDK, Rev. 0

Freescale Semiconductor 37



Display Configuration in Windows CE 5.0 and 6.0

"Panel Type" =dword: 1 ; Epson VGA dunmb Panel
ENDI F

The new entry looks something similar to this:

| F BSP_DI SPLAY_W/GA
[ HKEY_LOCAL_MACHI NE\ Dri ver s\ Di spl ay\ DDI PU|

"Bpp" =dwor d: 10 ; 16bpp
"Vi deoBpp" =dwor d: 10 ; RGB565
"Panel Type" =dword: 1 ;. W/GA Panel

ENDI F

4.2.12 Platform.bib

Thep! at f orm bi b determines the files that are to be included in the image. For display driver, the
ddraw_ i pu. di I andipu_base. d | fileshasto beincluded. Also, thepi at f or m bi b entries must be updated
by replacing the two BSP_DISPLAY _EPSON_L 4F00242T03 with the BSP_DISPLAY_WVGA.

4.2.12.1 WINCE500 Platform.bib
To accomplish the following data, change the IPU common driver and the display driver entries:

; display driver
; @ESYSGEN | F CE_MODULES DI SPLAY
| F BSP_NCDI SPLAY !
| F BSP_MBX !
#lf (defined BSP_DI SPLAY_NEC NL6448BC20 || defined BSP_DI SPLAY_ WGA)
; @ESYSGEN | F DI RECTX_MODULES DI RECTDRAW
; @I PREG ON | F PACKAGE_CEMDRI VERS
ddraw_i pu_sdc. dl | $(_FLATRELEASEDI R)\ ddraw_i pu_sdc. dl | NK SH
; @ PREG ON ENDI F PACKAGE_CEMDRI VERS
; @ESYSGEN ENDI F DI RECTX_MODULES DI RECTDRAW
#endl f

1

;1 PU Common driver
; @I PREG ON | F PACKAGE_CEMDRI VERS
#if ( defined BSP_CAMERA || defined BSP_PP || defined BSP_DI SPLAY_NEC NL6448BC20 || defined
BSP_DI SPLAY WVGA || defined BSP_MBX || defined BSP_ULDR )
i pu_base. dl | $(_FLATRELEASEDI R)\i pu_base. dI | NK SH
#endi f
; @ PREG ON ENDI F PACKAGE_CEMDRI VERS

4.2.12.2 WINCE600 Platform.bib
To accomplish the following data, change the IPU common driver and the display driver entries:

;1 PU Common Driver

#if ( defined BSP_CAMERA || defined BSP_PP || defined BSP_DI SPLAY_WGA || defined
BSP_DI SPLAY_SHARP_LQ035Q7DB02 || defined BSP_MBX )

i pu_base. dl | $(_FLATRELEASEDI R)\i pu_base. dI | NK  SHK
#endi f
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; Display Driver

1

: @ESYSGEN | F CE_MODULES_DI SPLAY

| F BSP_NCDI SPLAY !

#i f (defined BSP_DI SPLAY W/GA || defined BSP_DI SPLAY_SHARP_LQ035Q7DB02)
; @ESYSGEN | F DI RECTX_MODULES DI RECTDRAW
ddraw_i pu. dl | $(_FLATRELEASEDI R)\ ddr aw_i pu. dl | NK  SHK
; @ESYSGEN ENDI F DI RECTX_MODULES DI RECTDRAW

#endi f

ENDI F ; BSP_NCDI SPLAY !

; @CESYSGEN ENDI F CE_MODULES_DI SPLAY

After thepl atform reg and pl at f or m bi b files are modified, a SY SGEN needs to be performed.

4.3 Panel Configurations
The following sections discuss the panel configurations of two cases: EPSON VGA and WV GA.

4.3.1 Case 1: EPSON VGA

This section shows how to fill the PANEL_INFO structure, when thei.MX31 PDK isusing aVGA panel,
as the one described in the previous sections, which is based on the following features:

43.1.1 Panel Generalities
Table 19 shows EPSON L4F00242T03V GA pin description.

Table 19. Pin Connection

Pin No. Symbol Function 1/0 Remarks

1 YU Y_Top R Touch panel

2 XR X_Right R Touch panel

3 YD Y_Bottom R Touch panel

4 XL X_Left R Touch panel

5 GND Ground P —

6 GND Ground P —

7 VSYNC Vertical Synchronous Signal | Display interface
8 HSYNC Horizontal Synchronous Signal | Display interface
9 DE Data Enable Signal | Display interface
10 GND Ground P —

11 PCLK Data clock | Display interface
12 GND Ground P —
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Table 19. Pin Connection (continued)

Pin No. Symbol Function 1/0 Remarks
13 BO Display Data | Blue Data LSB
14 B1 Display Data | Blue Data
15 B2 Display Data | Blue Data
16 B3 Display Data | Blue Data
17 B4 Display Data | Blue Data
18 B5 Display Data | Blue Data LSB
19 GND Ground P —
20 GO Display Data | Green Data LSB
21 G1 Display Data | Green Data
22 G2 Display Data | Green Data
23 G3 Display Data | Green Data
24 G4 Display Data | Green Data
25 G5 Display Data | Green Data LSB
26 GND Ground P —
27 RO Display Data | Red Data LSB
28 R1 Display Data | Red Data
29 R2 Display Data | Red Data
30 R3 Display Data | Red Data
31 R4 Display Data | Red Data
32 R5 Display Data | Red Data LSB
33 GND Ground P —
34 XRESET Reset I L: reset active
35 XCS Chip select | L: Chip Select active
36 SCLK Serial Clock I Command Interface
37 DIN Serial Data | Command Interface
38 NC — N.C. Not connected
39 GND Ground P —
40 VDDI VDDI P 1.8V
41 VDDI VDDI P 1.8V
42 VDD VDD P 2.8V
43 VDD VDD P 2.8V
44 LED_K LED_Cathode P Cathode
45 LED_A LED_Anode P Anode
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Also, consider the Figure 4, LCD interface between the i.MX31 and Epson L4F00242T03 VGA Panel.
The timing features of this panel and the Display Interface structures are filled using the following values
shown in Table 20, Table 21 and Table 22:

Table 20. EPSON L4F00242T03VGA Display Timing

Parameter Symbol Min Typ Max Unit
Screen Height or Vertical cycle VP — 665 — Line
Active Frame Height VDISP — 640 — Line
VSYNC pulse width VSW 5 10 15 Line
Vertical back Porch VBP 5 10 15 Line
Vertical front porch VFP 5 5 5 Line
Vertical refresh rate FV — 60 — Hz
Screen Width or Horizontal cycle HP — 601 — PIXCLK
Active Frame Width HDISP — 480 — PIXCLK
HSYNC pulse width HSW 5 20 75 PIXCLK
Horizontal back Porch HBP 5 60 75 PIXCLK
Horizontal front porch HFP 5 41 111 PIXCLK
Pixel Clock Frequency PCLK — 24 — MHz

Table 21. EPSON L4F00242T03VGA Display Waveform Polarities

Parameter Symbol Polarity
HSYNC Polarity HSP Active LOW
VSYNC Polarity VSP Active LOW

DRDY (Data Enable) DEP Active High
Polarity
Pixel Clock Polarity CLKPOL Inverse Polarity
Data Polarity DP Straight Polarity

Table 22. i.MX31 DISP3 Clock Characteristics

Parameter Symbol Enable/Disable
Display 3 clock idle enable[1] CLKIDLE_EN Enable
Select Display 3 interface clock[2] CLKSEL_EN Enable

4.3.1.2 Panel Configuration

Inavery high perspective, the panel timing and characteristics must be set for the new panel, by modifying
thePANEL_INFO intotheg_PanelArray[] array. Also, ensurethat the GPEM ode ModeArray[] isproperly
configured for the VGA resolution.
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ipu.h (WINCE500)

typedef enum {
#i fdef MGN_TFT /*for MX31 buil d*/

| PU_PANEL_NEW TFT, // Registry value is 0O
#el se

| PU_PANEL_SHARP_TFT, // Registry value is 0O
#endi f

| PU_PANEL_NEC TFT, /] Registry value is 1

I PU_TV_NTSC, /] Registry value is 2

I PU_TV_PAL, // Registry value is 3

ADCPanel Of f set,

| PU_PANEL_TGSHI BA, // Registry value is 5

| PU_PANEL _EPSCN, // Registry value is 6

/1 New panel goes here , /! Registry value is 4

/1 New panel goes here , /! Registry value is 5

nunPanel ,

} 1 PU_PANEL_TYPE;

In WINCESO0O, first change to BSP that needs to be performed which is related with the new
IPU_PANEL_TYPE. Replace the existing IPU_PANEL_EPSON_TFT by using a panel type name
(IPU_PANEL_NEW_TFT) enumeration. This helpsto differentiate the panels from other panel types,
during initialization.

ipu.h (WINCE600)

I Enuner ati on of Synchronous (Menory-I|ess) panel types
I add nane of a new panel in the follow ng fornat

/1 1 PU_PANEL_<Nane>_TFT

typedef enum {
| PU_PANEL_SHARP_TFT, // Registry value is 0O
| PU_PANEL_NEW TFT, // Registry value is 1
I PU_TV_NTSC, // Registry value is 2
I PU_TV_PAL, // Registry value is 3
ADCPanel Of f set,
| PU_PANEL_TGSHI BA, // Registry value is 5
| PU_PANEL_EPSCN, /'l Registry value is 6
/1 New panel goes here , /! Registry value is 4
/1 New panel goes here , /! Registry value is 5
nunPanel ,

} 1 PU_PANEL_TYPE;

In WINCEGQO, replacetheexisting IPU_PANEL_NEC_TFT (used for Epson panel type) by using apanel
typename (IPU_PANEL_NEW_TFT) enumeration. This helpsto differentiate the panelsfrom other panel
types, during initialization.

sdc.c

PANEL_I NFO for the VGA panel timing has to be something similar to this. In WINCESO00, this structure
must be placed in the first element of the g_pPanel Array[], replacing the original EPSON VGA Panel
PANEL_INFO. Likewise for WINCEG00, the new PANEL _INFO replaces the second element of the
EPSON VGA Panel array.

PANEL_I| NFO g_Panel Array[ nunPanel ] =
{
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{
"NEW VGA Panel ", /] Name
| PU_PANEL_NEW TFT, Il type
| PU_PI X_FMI_RGB565, // Pixel Format
DI SPLAY_MODE_DEVICE, // Mode ID
480, /1 width
640, /'l hei ght
60, /'l frequency
10, /1 Vertical Sync width
10, /1 Vertical Start Wdth (Back Porch)
5, [/ Vertical End Wdth (Front Porch)
20, /'l Horizontal Sync Wdth
20, // Horizontal Start Wdth (Back Porch)
111, /! Horizontal End Wdth (Front Porch)
0, /1 Wite Cycle Period
0, /'l Wite Up Position
0, /1 Wite Down Position
o, /! Read Cycle Period
0, /1 Read Up Position
o, /] Read Down Position
0, /'l Pixel dock Cycle Frequency
0, /1 Pixel Data Offset Position
{ /1 ADC Display Interface signal polarities
0,
0,
0,
0,
0,
0,
0,
0,
0,
0,
0,
0,
0,
8
{ /1 Display Interface signal polarities
FALSE, // Data is not masked to zero
FALSE, /1 PI XCLK present when VSYNC active
FALSE, /1 PI XCLK present when DE inactive
FALSE, /1 VSYNC is active LOW
TRUE, /! Data enable is active H GH
FALSE, /] Straight Data Polarity
TRUE, /1 Inverse Clock Polarity
FALSE, /1 HSYNC is active LOW
}
H

Modify the 1 ni ti al i zesbc function to configure the i.MX31 registers, with the proper values for the
interface with the new LCD panel. In WINCES5O00, the processisto search al IPU_PANEL_EPSON_TFT
instancesin thesdc. ¢ file. Three occurrences are found and each of these are included as part of a switch
sentence. Also, replace all IPU_PANEL_EPSON_TFT enumerations with the new
IPU_PANEL_NEW_TFT. For WINCEG00, replace IPU_PANEL_NEC_TFT with
IPU_PANEL_NEW_TFT entries.
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U NT32 InitializeSDC(PANEL_I NFO *current Panel, int bpp)
{

. t.:a.se. | PU_PANEL_NEW TFT:
br eak:

. t.:a.se. | PU_PANEL_NEW TFT:
br eak:

" case | PU_PANEL_NEW TFT:
. .b.r éak;

The only consideration that must be looked upon is the calculation of the pixel clock divider. Thisdivider
isautomatically calculated by the driver using the timing settings for the display. However, in some cases
based on the timing characteristics, thei.M X 31 does not provide the frequency that was requested for that
specific framerate. If the frame rate requested istoo high, the pixel clock isforced to run at the maximum
speed of 33.25 MHz (HSP_CL K/4 = 133MHZz/4). With thischange, the pixel clock frequency runsat lower
frequency than specified. Many LCD’ s are able to work even when this pixel clock frequency islower than
the minimum value, specified on the datasheet.

NOTE
Contact the LCD panel vendor to verify this fact.

The consequences of this adjustment has an impact on the frame rate and it islower than the number that
isset on the PANEL _INFO structure.

sdc.h
The below mentioned #def i ne statements are required only for WINCES00 BSP.

#define SCREEN_PI X_W DTH 480
#def i ne SCREEN_PI X_HEI GHT 640

ddipu_sdc.cpp

The MdeArray i1sused only in WINCES00. For WINCEG00, GPEM ode is automatically set by the driver
using the width and height described in the PANEL _INFO.

static GPEMbde ModeArray[ numPanel s] =
{
/'l VGA panel
{ DI SPLAY_MODE_DEVI CE, SCREEN_PI X_W DTH, SCREEN_PI X_HEI GHT, DI SP_BPP, 60, gpel6Bpp},
/1 NEW VGA panel
{ DI SPLAY_MODE_DEVI CE, SCREEN_PI X_W DTH_VGA, SCREEN_PI X_HEl GHT_VGA, DI SP_BPP, 60,
gpel6Bpp}
/] Put other panel info here in future expansion
[

b
The GPEMode array for the portrait VGA panelsis similar to the code shown above.
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4.3.1.3

Driver Development Process

In WINCESO0O, the LCD interface is configured in the enabl esbc function. For WINCEGQO, the pin
configuration is set in another file (bspdi spl ay. cpp). Additionaly, this LCD needs the BSP to configure
the CSPI interface and reset pin.

sdc.c (WINCES500)
voi d Enabl eSDC( voi d)

{

}

U NT32 iddval,

i Newval ,

DWORD dwByt esTr ansf err ed;

// Configure
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onuxSet Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onuxSet Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi

| OMUX to request

nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI

bspdisplay.cpp (WINCE600)

In WINCEGQO, BSPDI spl ayl oMUxEnabl e function is called by the enabl esbc function. For WINCESQO, this
function was not included and due to this, pin configuration was performed on sdc. ¢ file.

i Mask,

i Bitval;

I PU SDC pi ns
N_LDoO,
N _LD1,
N _LD2,
N_LD3,
N_LD4,
N_LD5,
N_LD8,
N _LD7,
N_LD8,
N_LD9,
N_LD10,
N LD11,
N LD12,
N_LD13,
N _LD14,
N_LD15,
N_LD16,
N LD17,

DDK_| OMUX_OUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,

Display Configuration in Windows CE 5.0 and 6.0

DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;

N_VSYNC3, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_I N_FUNC);
N_HSYNC, DDK_| OMUX_OUT_FUNC, DDK_I OVUX_I N_FUNC) ;
N_FPSHI FT, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_I N_FUNC) ;
N_DRDYO, DDK_| OMUX_OUT_FUNC, DDK_I OVUX_I N_FUNC) ;
N_D3_REV, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);
N_CONTRAST, DDK_| OMUX_QUT_FUNC, DDK_| OMUX_I N_FUNC) ;

N_D3_SPL,

DDK_| OMUX_OUT_FUNC, DDK_| OMUX_I N_FUNC) ;

N_D3_CLS, DDK_| OMUX_OUT_FUNC, DDK_| OMUX_| N_FUNC)

voi d BSPDi spl ayl OMJXEnabl e(1 PU_DRI VE_TYPE di spType)

{
switch (dispType)

{

case el PU_ADC:

br eak;

case el PU_SDC:

/] Configure

| OMUX to request

I PU SDC pi ns
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}
}

DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onuxSet Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi

g_bSDCEnabl ed

br eak;

nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
= TRUE;

bspdisplay.cpp (WINCES500)
The Bspi ni ti al i zeLcD function configures the CSPI interface, enable signal and reset pin.

BOCOL BSPInitializelLCD()

{

11

11
11
11
11

PHYSI CAL_ADDRESS phyAddr ;

. /'l CSPI
CSPI cl ock pin:
DDKI omux Set Pi nMux ( DDK_| OMJUX_PI N_DSR_DCE1,
data pin:

CSPI

CSPI chip sel

pins
DSR_DCE1

DTR_DTE1
ect pin:

N_LDoO,
N _LD1,
N _LD2,
N_LD3,
N _LD4,
N_LD5,
N_LDe,
N _LD7,
N_LDs,
N_LD9,
N_LD10,
N _LD11,
N _LD12,
N _LD13,
N_LD14,
N_LD15,

DDK_| OMUX_QOUT_FUNC,
DDK_| OMUX_QOUT_FUNC,
DDK_| OMUX_QOUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OMUX_QOUT_FUNC,
DDK_| OMUX_QOUT_FUNC,
DDK_| OMUX_QOUT_FUNC,
DDK_| OMUX_QOUT_FUNC,
DDK_| OMUX_QOUT_FUNC,
DDK_| OMUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
N_LD16, DDK_I OMUX_OUT_FUNC, DDK_I OMUX_| N_FUNC);
N LD17, DDK_I OMUX_OUT_FUNC, DDK_I OMUX_| N_FUNC);
N_VSYNC3, DDK_| OMUX_OUT_FUNC, DDK_| OMJX_| N_FUNC);
N_HSYNC, DDK_| OMUX_OUT_FUNC, DDK_I OMUX_I N_FUNC) ;
N_FPSHI FT, DDK_| OMJX_OUT_FUNC, DDK_I OMUX_I N_FUNC) ;
N_DRDYO, DDK_| OMUX_OUT_FUNC, DDK_I OMUX_I N_FUNC) ;
N_D3_REV, DDK_| OMUX_OUT_FUNC, DDK_| OMJX_ | N _FUNC);
N_CONTRAST, DDK_| OMJX_OUT_FUNC, DDK_I OMUX_I N_FUNC) ;
N D3_SPL, DDK_| OMUX_OUT_FUNC, DDK_| OMJX_ | N_FUNC);
N D3_CLS, DDK_| OMUX_OUT_FUNC, DDK_| OMJX_| N _FUNC);

DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;

DDK_| OVUX_OUT_ALT1, DDK_| OVUX_I N ALT1);

DTR_DCE2

These 2 pins are controlled through GPR reg bits!

Enabl e CSPI 1

signals on j°Full

UART; + pads on HW. node

DDKI onmux Set Gpr Bi t ( DDK_| OMUX_GPR_CSPI _BB, 1);

/1 Reset pin:LCSL,

MCUS_24

DDKI onux Set Pi nMux ( DDK_I OMUX_PI N_LCS1,
DDKI onux Set PadConf i g( DDK_I OVUX_PAD_LCS1, DDK_| OMUX_PAD_SLEW SLOW

DDK_| OMUX_PAD_DRI VE_NORNAL, DDK_| OMUX_PAD_MODE_CMOS, DDK_| OMUX_PAD_TRI G_SCHM TT,
DDK_| OMUX_PAD_PULL_UP_100K) ;
DDKGpi 0Set Conf i g( DDK_GPlI O _PORT3, LCD_RESET_GPI O PI N, DDK_GPI O DI R OUT, DDK_GPI O | NTR_NONE) ;

DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3,
/| Data Enabl e Pin: SER_RS,

MCU3_25

DDK_| OVUX_OUT_GPl O, DDK_| OMUX_I N_GPI O ;

LCD RESET_GPIO PIN, 1);//in-active

DDKI onmux Set Pi nMux( DDK_I OVUX_PI N_SER_RS, DDK_| OMUX_OUT_GPI O, DDK_| OMUX_I N_GPI O) ;
DDKI onux Set PadConf i g( DDK_I OVUX_PAD_SER_RS, DDK_| OMUX_PAD_SLEW SLOW
DDK_| OMUX_PAD_DRI VE_NORNAL, DDK_| OMUX_PAD_MODE_CMOS, DDK_| OMUX_PAD TRl G_SCHM TT,
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DDK_| OMUX_PAD_PULL_UP_100K) ;
DDKGpi 0Set Conf i g( DDK_GPI O_PORT3, LCD DE_GPI O_PI N, DDK_GPI O DI R_OUT, DDK_GPI O_| NTR_NONE) ;
DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3, LCD DE GPIO PIN, 0); //in-active

bspdisplay.cpp (WINCE600)

For WINCEGOO, Bspi ni ti al i zeLcd (IPU_DRIVE_TYPE dispType) function has been modified to
initialize the SDC and ADC (Asynchronous Display Controller) interfaces. Due to this, it looks different
sinceit receives avariable which indicates which interface should be configured. For SDC CSPI interface,
enable signal and reset pin are configured.

BOOL BSPInitializeLCD(IPU_DRIVE_TYPE di spType)

{
PHYSI CAL_ADDRESS phyAddr ;

switch (dispType)
{
case el PU_ADC:
br eak;
case el PU_SDC:
if (g_pCSPlI == NULL)
{
//1nit CSPlI-related pins
/] CSPI clock pin: DSR_DCEl
DDKI omux Set Pi nMux ( DDK_I OMUX_PI N_DSR_DCE1, DDK_| OMUX_OUT_ALT1, DDK_| OMUX_ I N_ALT1);
I CSPI data pin: DTR_DTEl

/1 CSPI chip select pin: DTR_DCE2
/1 These 2 pins are controlled through GPR reg bits!
/1 Enabl e CSPI1 signals on j°Full UARTj* pads on HWM node

DDKI onmux Set Gor Bi t ( DDK_| OMUX_GPR_CSPI _BB, 1);

/] Reset pin:LCS1, MCU3_24

DDKI omux Set Pi nMux ( DDK_| OMUX_PI N_LCS1, DDK_| OMUX_OUT_GPI O, DDK_I OMUX_I N_GPI O ;

DDKI onmux Set PadConf i g( DDK_| OMUX_PAD_LCS1, DDK_I OMUX_PAD_SLEW SLOW DDK_| OVUX_PAD_DRI VE_NORMAL,
DDK_| OMUX_PAD_MODE_CMOS, DDK_| OMUX_PAD_TRI G_SCHM TT, DDK_I OMUX_PAD_PULL_UP_100K);

DDKGpi 0Set Conf i g( DDK_GPI O PORT3, LCD RESET_GPI O PIN, DDK_GPI O DI R_QUT, DDK_GPI O_| NTR_NONE);
DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3, LCD RESET_GPIO PIN, 1);//in-active

// Data Enable Pin:SER RS, MCU3_25

DDKI omux Set Pi nMux ( DDK_I OMUX_PI N_SER RS, DDK_| OMUX_OUT_GPI O, DDK_| OMUX_IN_GPI O);

DDKI omux Set PadConf i g( DDK_| OMUX_PAD _SER_RS, DDK_| OMUX_PAD_SLEW SLOW

DDK_| OMUX_PAD DRI VE_NORMAL, DDK_| OMUX_PAD MODE_CMOS, DDK_| OMUX_PAD_TRI G_SCHM TT,

DDK_| OMUX_PAD_PULL_UP_100K) ;

DDKGpi 0Set Conf i g( DDK_GPI O_PORT3, LCD DE_GPI O_PI N, DDK_GPI O DI R_OUT, DDK_GPI O_| NTR_NONE) ;
DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3, LCD DE GPIO PIN, 0); //in-active

)
Finally, in WINCES5O00, bi spl ayon function generatesthe reset signal and the SPI commands are sent to the
LCD.
bspdisplay.cpp
static void DisplayOn(void)
{
. /] Reset LCD nodule, MCU3_24, LOWactive
DDKGpi oW i t eDat aPi n( DDK_GPI O PORT3, LCD RESET GPIO PIN, 0);
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Sl eep(100);

DDKGpi oW i t eDat aPi n(DDK_GPI O_PORT3, LCD RESET_GPIO PIN, 1);
Sl eep(100);

// Data Enable signal is set to always HI CGH active, MCU3_25
DDKGpi oW i t eDat aPi n(DDK_GPI O_PORT3, LCD DE GPIO PIN, 1);

/'l Config CSPI registers

OUTREG32( &J_pCSPI - >CONREG, LCD_CSPI _CONFI G) ;

OUTREG32( &J_pCSPI - >DVAREG, LCD_CSPI _FUNCTI ON_OFF) ;

OUTREG32( &J_pCSPI - >| NTREG, LCD_CSPI _FUNCTI ON_OFF) ;

OUTREG32( &g_pCSPI - >TESTREG, LCD_CSPI _FUNCTI ON_OFF) ;

/1 Enabl e CSPI

| NSREG32BF( &g_pCSPI - >CONREG, CSPI _CONREG EN, CSPI _CONREG EN_ENABLE) ;

/1 MADCTL

LCD CSPI _W it e(0x00000036) ;

LCD CSPI _Wite(nadCtrl);

I GAMSET: 0x1

LCD CSPI _W it e(0x00000026) ;

LCD CSPI _W it e(0x00000100);

I COLMOD: 0x50 - RGB565

LCD CSPI _W it e(0x0000003A);

LCD CSPI _Wite(0x00000150);

I PASET

LCD CSPI _W it e(0x0000002B);

LCD CSPI _W it e(0x00000100);

LCD CSPI _W it e(0x00000100);

LCD CSPI _Wite(paMax_Hi);

LCD CSPI _Wite(paMax_Low);

/1 CASET

LCD _CSPI _W it e(0x0000002A);

LCD CSPI _W it e(0x00000100);

LCD CSPI _W it e(0x00000100);

LCD CSPI _Wite(caMax_Hi);

LCD CSPI _Wite(caMax_Low);

/1 SLPOUT

LCD CSPI _Wite(0x00000011);

Sl eep(100);

I DI SON

LCD CSPI _W it e(0x00000029);

Sl eep(100);

/] Disable CSPI

| NSREG32BF( &g_pCSPI - >CONREG, CSPI _CONREG EN, CSPlI _CONREG EN DI SABLE) ;

// Disable CSPI's clock
DDKCl ockSet Gat i ngMbde( DDK_CLOCK_GATE_| NDEX_CSPI 1, DDK_CLOCK_GATE_MODE_DI SABLED) ;

)

In WINCEGQO, bi spl ayon function does not exist. The PMIC settings, Reset signal, Enable signal and SPI
commands are performed by the BsPenabl eLcd (IPU_DRIVE_TY PE dispType) function. This function
has also changed from the WINCES00 version. Asaresult, adisplay typeisreceived as a parameter to

indicate which LCD panel should beinitialized, which LCD controls the SDC or which LCD isdriven by
the ADC.

BOOL BSPEnabl eLCD( | PU_DRI VE_TYPE di spType)

{
if (g_pPBC == NULL)
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}
switch (dispType)
{

return FALSE;

case el PU_SDC:
/] Turn on LCD via PBC
/| OUTREGL6( &j_pPBC- >BCTRL1_SET, CSP_BI TFMASK( PBC BCTRL1_SET_LCDON));

{

PM C_REGULATOR VREG VOLTAGE vol t age;
Ul NT32 paMax_Hi, paMax_Low, caMax_Hi,

Display Configuration in Windows CE 5.0 and 6.0

caMax_Low, madCtrl;

// Configure PMCto turn on LCD s power supply

/1 VCGEN: 1.8V

/1 VMVICL: 2.8V

Pm cVol t ageRegul at or On(VMVC1) ;
Pm cVol t ageRegul at or On( VGEN) ;
vol tage.vimt = VMMC_6;//2. 8V

Pm cVol t ageRegul at or Set Vol t ageLevel (VMVCL,

vol tage. vgen = VGEN_1_80V;

vol t age) ;

Pm cVol t ageRegul at or Set Vol t ageLevel (VGEN, voltage);

Sl eep(100);

// Reset LCD nodul e, MCU3_24,
DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3,
Sl eep(100);

DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3,
Sl eep(100);

/| Dat a Enabl e si gnal
DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3,

Wi t For Si ngl ebj ect (g_hCspi Mt ex,
/1 Enabl e CSPI's cl ock

LOW acti ve
LCD RESET_GPIO PIN, 0);

is set to always HI GH acti ve,
LCD DE GPIO PIN, 1);

LCD_RESET_GPIO PIN, 1);

MCU3_25

I NFI NI TE) ;

DDKO ockSet Gat i ngMode( DDK_CLOCK_GATE._| NDEX_CSPI 1,

DDK_CLOCK_GATE_MODE_ENABLED ALL) ;

#if 1

#el se

//Config CSPI registers

OUTREG32( &j_pCSPI - >CONREG, LCD CSPI _CONFI §) ;
OUTREG32( &j_pCSPI - >SDMAREG, LCD_CSPI _FUNCTI ON_COFF) ;
OUTREG32( &g_pCSPI - > NTREG, LCD_CSPI _FUNCTI ON_OFF) ;
OUTREG32( &j_pCSPI - >TESTREG, LCD CSPI _FUNCTI ON_OFF) ;

/1 Enabl e CSPI

| NSREG32BF( &_pCSPI - >CONREG, CSPlI _CONREG EN, CSPlI _CONREG EN ENABLE) ;

/1 LCD Power ON sequence

11

/1 bit[8] indicates if

/1 0/ 180 degree, portrait

madCt rl = 0x00000100; //0x000001D0
paMax_Hi = 0x00000100;

paMax_Low = 0x0000019F;

caMax_Hi = 0x00000101;

caMax_Low = 0x000001DF;

/1 90/ 270 degree, |andscape
madCt rl = 0x000001B0;// 0x000000160
paMax_Hi = 0x00000101;

it's command or paraneter, |

0x100
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paMax_Low = 0x000001DF ;

caMax_Hi = 0x00000100;

caMax_Low = 0x0000019F;
#endi f

I MADCTL

LCD_CSPI _Wite(0x00000036) ;

LCD CSPI _Wite(madCirl);

/1 GAMSET: 0x1

LCD _CSPI_Wite(0x00000026) ;

LCD _CSPI _Wite(0x00000100);

/1 COLMOD: 0x50 - RGB565

LCD _CSPI_Wite(0x0000003A);

LCD _CSPI _Wite(0x00000150);

/1 PASET

LCD _CSPI_Wite(0x0000002B);

LCD _CSPI_Wite(0x00000100);

LCD _CSPI _Wite(0x00000100);

LCD _CSPI _Wite(paMax_Hi);

LCD _CSPI_Wite(paMax_Low);

/1 CASET

LCD _CSPI_Wite(0x0000002A);

LCD _CSPI _Wite(0x00000100);

LCD _CSPI _Wite(0x00000100);

LCD _CSPI _Wite(caMax_Hi);

LCD _CSPI _Wite(caMax_Low);

/1 SLPQUT

LCD _CSPI _Wite(0x00000011);

Sl eep(100);

/1 DI SON

LCD _CSPI _Wite(0x00000029);

Sl eep(100);

/| Disable CSPI

| NSREG32BF( &_pCSPI - >CONREG, CSPI _CONREG EN, CSPlI _CONREG EN DI SABLE) ;

/1 Disable CSPlI's cl ock

DDKO ockSet Gat i nghbde( DDK_CLOCK_GATE_| NDEX_CSPI 1,
DDK_CLOCK_GATE_MODE_DI SABLED) ;

Rel easeMut ex( g_hCspi Mut ex) ;

//setting SWL work on PWM node(H gh power)

/1 Pmi cSwi t chModeRegul at or Set Mode( SWLA, LOW SW MODE_PWM) ;

platform.reg (WINCE500)

If the display catalog entry is already replaced with the new panel variable, then thepl atform reg file

should also be modified to indicate that a new panel is being loaded in the platform.

| F BSP_DI SPLAY_NEW VGA
;@I PREG ON | F PACKAGE_CEMDRI VERS
[ HKEY_LOCAL_MACHI NE\ Dri ver s\ Di spl ay\ DDI PU_SDC]

"Bpp" =dwor d: 10 ; 16bpp

"Panel Type" =dword: 1 ; New VGA Panel

"Vi deoMensSi ze" =dwor d: 450000 ; 4.3MB ; To play D1 video
; @ PREG ON ENDI F PACKAGE_CEMDRI VERS

ENDI F
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platform.reg (WINCE600)

| F BSP_DI SPLAY_NEW VGA
[ HKEY_LOCAL_MACHI NE\ Dri ver s\ Di spl ay\ DDI PU|

"Bpp" =dwor d: 10 ; 16bpp
"Vi deoBpp" =dwor d: 10 ; RGB565
"Panel Type" =dword: 1 ; New VGA Panel

ENDI F

platform.bib (WINCE500)

Platform image builder file should be updated for including the display driver when the new WV GA
catalog item is selected.

; display driver

; @ESYSGEN | F CE_MODULES DI SPLAY

| F BSP_NCDI SPLAY !

| F BSP_MBX !

#if (defined BSP_DI SPLAY NEC NL6448BC20 || defined BSP_DI SPLAY_NEW VGA)
; @ESYSGEN | F DI RECTX_MODULES DI RECTDRAW

; @I PREG ON | F PACKAGE_CEMDRI VERS

ddraw_i pu_sdc. dl | $(_FLATRELEASEDI R)\ ddr aw_i pu_sdc. dl | NK SH
; @ PREG ON ENDI F PACKAGE_CEMDRI VERS

; @CESYSGEN ENDI F DI RECTX_MODULES DI RECTDRAW

#endi f

;1 PU Common driver

; @ PREG ON | F PACKAGE_CEMDRI VERS

#if ( defined BSP_CAMERA || defined BSP_PP || defined BSP_DI SPLAY_NEC NL6448BC20 || defined
BSP_DI SPLAY_NEW VGA || defined BSP_MBX || defined BSP_ULDR )

i pu_base. dl | $(_FLATRELEASEDI R)\i pu_base. dI | NK SH

#endi f

; @ PREG ON ENDI F PACKAGE_CEMDRI VERS

platform.bib (WINCE600)
To accomplish the following data, change the IPU common driver and the display driver entries:

;1 PU Common Driver

#if ( defined BSP_CAMERA || defined BSP_PP || defined BSP_DI SPLAY_NEW VGA || defined
BSP_DI SPLAY_SHARP_LQ)35Q7DB02 || defined BSP_MBX )

i pu_base. dl | $(_FLATRELEASEDI R) \'i pu_base. dl | NK  SHK

#endi f

; Display Driver

1

: @ESYSGEN | F CE_MODULES_DI SPLAY
| F BSP_NODI SPLAY !

#i f (defined BSP_DI SPLAY NEW VGA || defined BSP_DI SPLAY_ SHARP_LQ035Q7DB02)
: @ESYSGEN | F DI RECTX_MODULES_ DI RECTDRAW
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ddraw i pu. dl | $(_FLATRELEASEDI R)\ ddr aw_i pu. dI |
. @ESYSGEN ENDI F DI RECTX_MODULES_DI RECTDRAW

#endi f

ENDI F ; BSP_NCDI SPLAY !

1

; @CESYSGEN ENDI F CE_MODULES_DI SPLAY

4.3.2 Case 2: WVGA

This section showshow tofill the PANEL _INFO structure, whenthei.MX31 PDK isusingaWV GA panel
based on the following features.

4.3.2.1 Panel Generalities

NK  SHK

CLAAQ70VCO1is7 inch color Thin Film Transistor Liquid Crystal Display (TFT-LCD) module

composed of the LCD panel, driver I1Cs, control circuit, and LED backlight. The 7 inch screen produces a
high resolution image composed of 800x480 pixel elementsin astripe arrangement and adisplay of 262K
colors by 6-bit RG.B signal input.

Table 23 shows the CLAA070V CO1 pin connection layoui.

Table 23. Pin Connection

PIN No. Symbol Description /0
1 Vss Power Ground P
2 Vss Power Ground P
3 ADJ Brightness control for LED B/L P
4 VDD Power Supply for LED Driver Circuit P
5 VDD Power Supply for LED Driver Circuit P
6 VDD Power Supply for LED Driver Circuit P
7 Vce Power Supply for digital Circuit P
8 Vce Power Supply for digital Circuit P
9 DE Data Enable |
10 Vss Power Ground P
11 Vss Power Ground P
12 Vss Power Ground P
13 B5 Blue Data 5 (MSB) |
14 B4 Blue Data 4 |
15 B3 Blue Data 3 |
16 Vss Power Ground P
17 B2 Blue Data 2 |
18 B1 Blue Data 1 |
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Table 23. Pin Connection (continued)

PIN No. Symbol Description /0
19 BO Blue Data 0 (LSB) |
20 Vss Power Ground P
21 G5 Green Data 5 (MSB) |
22 G4 Green Data 4 |
23 G3 Green Data 3 |
24 Vss Power Ground P
25 G2 Green Data 2 |
26 G1 Green Data 1 |
27 GO Green Data 0 (LSB) |
28 Vss Power Ground P
29 R5 Red Data 5 (MSB) I
30 R4 Red Data 4 |
31 R3 Red Data 3 |
32 Vss Power Ground P
33 R2 Red Data 2 |
34 R1 Red Data 1 |
35 RO Red Data 0 (LSB) I
36 Vss Power Ground P
37 Vss Power Ground P
38 DCLK Clock Signals: Latch Data at Falling Edge |
39 Vss Power Ground P
40 Vss Power Ground P
Table 24 showsthe WVGA CLAAQ070VCO1 display timing.
Table 24. WVGA CLAAO070VCO01 Display Timing
Parameter Symbol Min Typ Max Unit
Screen Height or Vertical cycle VP 490 500 520 Line
Active Frame Height VDISP 480 480 480 Line
VSYNC pulse width VSW 1 1 1 Line
Vertical back Porch VBP 1 10 20 Line
Vertical front porch VFP 0 10 19 Line
Vertical refresh rate FV 55 60 65 Hz
Screen Width or Horizontal cycle HP 850 900 950 PIXCLK
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Table 24. WVGA CLAAO070VCO01 Display Timing

Parameter Symbol Min Typ Max Unit
Active Frame Width HDISP 800 800 800 PIXCLK
HSYNC pulse width HSW 1 1 1 PIXCLK
Horizontal back Porch HBP 1 50 150 PIXCLK
Horizontal front porch HFP 0 50 149 PIXCLK
Pixel Clock Frequency PCLK 25 27 32 MHz

Table 25 showsthe WVGA CLAAQ070VCO1 display waveform polarities.
Table 25. WVGA CLAA070VCO01 display waveform polarities

Parameter Symbol Polarity
HSYNC Polarity HSP Active LOW (Imaginary)
VSYNC Polarity VSP Active LOW (Imaginary)

DRDY (Data Enable) DEP Active High
Polarity
Pixel Clock Polarity CLKPOL Straight Polarity
Data Polarity DP Straight Polarity

Table 26 showsthei.MX31 DISP3 clock characteristics.
Table 26. i.MX31 DISP3 Clock Characteristics.

Parameter Symbol Enable/Disable
Display 3 clock idle enable[1] CLKIDLE_EN Enable
Select Display 3 interface clock[2] CLKSEL_EN Enable

4.3.2.2 Panel Configuration

The PANEL _INFO for the WV GA panel issimilar to this, and it must be placed in the first element of the
g_PanelArray[] replacing the original EPSON VGA Panel PANEL_INFO:

ipu.h (WINCE500)

typedef enum {
#i fdef MGN_TFT /*for MX31 buil d*/

| PU_PANEL_W/GA TFT, /! Registry value is 0
#el se

| PU_PANEL_SHARP_TFT, // Registry value is 0O
#endi f

| PU_PANEL_NEC TFT, // Registry value is 1

I PU_TV_NTSC, /] Registry value is 2

I PU_TV_PAL, // Registry value is 3

ADCPanel Of f set,

| PU_PANEL_TGSHI BA, // Registry value is 5

| PU_PANEL_EPSCN, // Registry value is 6
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/'l New panel
/'l New panel
nunmPanel ,

} | PU_PANEL_TYPE;

goes here ,
goes here ,

ipu.h (WINCE600)

I Enuner ati on of Synchronous
I add nane of a new panel
/1 | PU_PANEL_<Nane>_TFT

typedef enum {
| PU_PANEL_SHARP_TFT,
| PU_PANEL_W/GA TFT,
| PU_TV_NTSC,
| PU_TV_PAL,
ADCPanel Of f set,
| PU_PANEL_TGOSHI BA,
| PU_PANEL_EPSON,
/1 New panel goes here ,
/1 New panel goes here ,
nunmPanel ,
} 1 PU_PANEL_TYPE;

sdc.c

Display Configuration in Windows CE 5.0 and 6.0

/] Registry value is 4
// Registry value is 5

11
11
11
11

11
11
11
11

(Menory-1ess) panel
in the foll owi ng fornat

Regi stry
Regi stry
Regi stry
Regi stry

Regi stry
Regi stry
Regi stry
Regi stry

types

val ue
val ue
val ue
val ue

nu n uon
w NPk O

val ue
val ue
val ue
val ue

n u non
a s~ o o

The PANEL_INFO for the WV GA panel timingissimilar to this, and it must be placed in thefirst element
of theg_Panel Array[] replacing the original "EPSON VGA Panel" PANEL_INFO. Note that Epson panel
islocated in thefirst array position in WINCESO00 while it is on second position in WINCEGOO.

PANEL_I| NFO g_Panel Array[ nunPanel ] =

{

{
"NEW W/GA Panel ",

| PU_PANEL_W/GA TFT,
| PU_PI X_FMI_RGB565,

DI SPLAY_MODE_DEVI CE,

800,
480,
60,
1,
10,
10,
1,
50,
50,

e

—OOo0o0o0o0o0oo

0,
0,

11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11
11

/1 ADC Display Interface signal

Name

type

Pi xel For mat

Mode | D

wi dt h

hei ght

frequency

Vertical Sync w dth

Vertical Start Wdth (Back Porch)
Vertical End Wdth (Front Porch)
Horizontal Sync Wdth

Horizontal Start Wdth (Back Porch)
Horizontal End Wdth (Front Porch)

Wite Cycle Period

Wite Up Position

Wite Down Position

Read Cycle Period

Read Up Position

Read Down Position

Pi xel d ock Cycle Frequency
Pi xel Data Offset Position
polarities
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0,

0,

0,

0,

0,

0,

0,

0,

0,

0,

0,
b,
{ /1 Display Interface signal polarities
FALSE, // Data is not masked to zero
FALSE, /1 PI XCLK present when VSYNC active
FALSE, /1 PI XCLK present when DE inactive
FALSE, /1l VSYNC is active LOW
TRUE, // Data enable is active H GH
FALSE, // Straight Data Polarity
FALSE, /1 Inverse Clock Polarity
FALSE, /] HSYNC i s active LOW

}
}
sdc.h

The below mentioned #def i ne Statements are required only for WINCES00 BSP.

#def i ne SCREEN_PI X_W DTH_WGA800
#def i ne SCREEN_PI X_HEl GHT WGA480

ddipu_sdc.cpp

The ModeArray IS used only in WINCES00. For WINCEG00, GPEMode is automatically set by the driver
using the width and height described in the PANEL _INFO.

static GPEMbde ModeArray[numPanel s] =

{
/'l W/GA panel

{ DI SPLAY_MODE_DEVI CE, SCREEN_PI X_W DTH_W/GA, SCREEN_PI X_HEI GHT_W/GA, DI SP_BPP, 60,

gpel6Bpp},
/1 NEW VGA panel

{ DI SPLAY_MODE_DEVI CE, SCREEN_PI X_W DTH_VGA, SCREEN_PI X_HElI GHT_VGA, DI SP_BPP, 60,
gpel6Bpp}, //640*480*16bpp

/] Put other panel info here in future expasion

/1

}s

43.2.3 Driver Development Process

LCD interface is configured on Enabl esbc() function in WINCES00. For WINCEGOO, pin configuration
is set in another file (bspdi spl ay. cpp).
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sdc.c (WINCES500)
voi d Enabl eSDC( voi d)

{

U NT32 i O dval, iNewal, iMsk, iBitval;
DWORD dwByt esTr ansf err ed;

// Configure
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onuxSet Pi
DDKI onux Set Pi
DDKI onuxSet Pi
DDKI onuxSet Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi

| OMUX to request

nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_| OVUX_PI
nMux ( DDK_I OVUX_PI

bspdisplay.cpp (WINCE600)

In WINCEGOQ, BSPDi spl ayl oMUxEnabl e function is called by Enabl esbc function. For WINCESQO, pin

I PU SDC pi ns

Display Configuration in Windows CE 5.0 and 6.0

N_LDO, DDK_I OMUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N LD1, DDK_I OMUX_OUT_FUNC, DDK_I OVUX_I N FUNC);
N LD2, DDK_| OVUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N_LD3, DDK_| OVUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N LD4, DDK_| OVUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N_LD5, DDK_| OVUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N LD6, DDK_| OVUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N_LD7, DDK_| OVUX_OUT_FUNC, DDK_I OVUX_I N FUNC);
N_LD8, DDK_I OMUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N_LD9, DDK_| OMUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N_LD10, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);
N_LD11, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);
N_LD12, DDK_I OVUX_OUT_FUNC, DDK_I OMUX_| N_FUNC);
N_LD13, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);
N_LD14, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);
N_LD15, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);
N_LD16, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);
N_LD17, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);

N_FPSHI FT, DDK_| OMJX_OUT_FUNC, DDK_I OMUX_I N_FUNC) ;
N_DRDYO, DDK_| OMUX_OUT_FUNC, DDK_l OMUX_I N_FUNC) ;
N_D3_REV, DDK_| OVUX_OUT_FUNC, DDK_| OVUX_| N_FUNC);
N_CONTRAST, DDK_| OVUX_QUT_FUNC, DDK_| OMUX_I N_FUNC) ;
N_D3_SPL, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_|I N_FUNC);
N_D3_CLS, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);

configuration is performed on sdc.c because this function is not included.

voi d BSPDi spl ayl OMJXEnabl e(1 PU_DRI VE_TYPE di spType)

{
switch (dispType)

{

case el PU_ADC:

br eak;

case el PU_SDC:

/] Configure
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onuxSet Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi

| OMUX to request

nux ( DDK_| OMUX_P!I
nVux ( DDK_| OMUX_P!I
nux ( DDK_| OMUX_P!I
nux ( DDK_| OMUX_P!I
nux ( DDK_| OMUX_P!I
nux ( DDK_| OMUX_P!I
nux ( DDK_| OMUX_P!I
nux ( DDK_| OMUX_P!I
nux ( DDK_I OMUX_P!I
nux ( DDK_| OMUX_P!I
nux ( DDK_I OMUX_P!I

I PU SDC pi ns

N_LDO, DDK_| OMUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N LD1, DDK_| OMUX_OUT_FUNC, DDK_I OVUX_I N FUNC);
N_LD2, DDK_| OVUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N_LD3, DDK_| OMUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N LD4, DDK_| OVUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N_LD5, DDK_| OVUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N_LD6, DDK_| OVUX_OUT_FUNC, DDK_I OVUX_I N_FUNC);
N_LD7, DDK_| OMUX_OUT_FUNC, DDK_I OVUX_I N FUNC);
N_LD8, DDK_| OMUX_OUT_FUNC, DDK_I OVUX_I N FUNC);
N_LD9, DDK_I OMUX_OUT_FUNC, DDK_I OVUX_I N FUNC);
N_LD10, DDK_I OVUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);
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DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi
DDKI onux Set Pi

nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_I OVUX_PI
nMux ( DDK_| OVUX_PI

N _LD11,
N _LD12,
N _LD13,
N _LD14,
N_LD15,

DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
DDK_| OVUX_OUT_FUNC,
N_LD16, DDK_I OMUX_OUT_FUNC, DDK_I OMUX_| N_FUNC);

N LD17, DDK_l OMUX_OUT_FUNC, DDK_I OMUX_| N_FUNC);
N_FPSHI FT, DDK_| OMJX_OUT_FUNC, DDK_I OMUX_I N_FUNC) ;
N_DRDYO, DDK_| OMUX_OUT_FUNC, DDK_I OMUX_I N_FUNC) ;
N_D3_REV, DDK_| OVUX_OUT_FUNC, DDK_| OMUX_|I N_FUNC);
N_CONTRAST, DDK_| OMUX_OUT_FUNC, DDK_I OMUX_I N_FUNC) ;

DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;
DDK_| OVUX_I N_FUNC) ;

DDKI onmuxSet Pi nMux ( DDK_I OMUX_PI
DDKI onmuxSet Pi nMux ( DDK_I OMUX_PI
g_bSDCEnabl ed = TRUE;

N_D3_SPL, DDK_I| OMUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);
N_D3_CLS, DDK_I OMUX_OUT_FUNC, DDK_| OMUX_| N_FUNC);

br eak;

}

}

Note that either for WINCES500 and WINCEG00 VSY NC and HSY NC, pinswere not configured because
WV GA's panel interface does not need these signals.

Because this panel does not need areset signal and SPI initialization, but apower on/off signal was added
to the board in order to control the power consumption of this panel
(WVGA_PWR_ENABLE_GPIO_PIN).

bspdisplay.cpp (WINCES500)

BOCOL BSPInitializelLCD()

{
PHYSI CAL_ADDRESS phyAddr ;
if (g_pPBC NULL)
{

phyAddr . QuadPart = BSP_BASE_REG PA PBC BASE;

/1 Map PBC registers to virtual address space

g_pPBC = (PCSP_PBC_REGS) Mnrivapl oSpace(phyAddr,
if (g_pPBC NULL)

si zeof (CSP_PBC_REGS), FALSE);

DEBUGVSE GPE_ZONE_ERROR, (TEXT("%s(): Mrvapl oSpace failed!\r\n"),
__ WFUNCTION_));
return FALSE;

}
}
/] WWGA LCD Power Enabl e
DDKI omux Set Pi nMux ( DDK_| OMUX_PI N_LCS1, DDK_| OMUX_OUT_GPI O, DDK_I OMUX_I N_GPI O ;
DDKI onmux Set PadConf i g( DDK_| OMUX_PAD LCS1, DDK_| OMUX_PAD SLEW SLOW DDK_| OMUX_PAD_ DRI VE_NORMAL,
DDK_| OMUX_PAD_MODE_CMOS, DDK_| OMUX_PAD_TRI G_SCHM TT, DDK_I OMUX_PAD_PULL_UP_100K);
DDKGpi 0Set Conf i g( DDK_GPI O_PORT3, W/GA PWR ENABLE GPI O PI N, DDK_GPI O DI R_QUT,
DDK_GPI O_| NTR_NONE) ;
DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3, WGA PWR ENABLE GPIO PIN, 1);
}

/1 Active-Low

bspdisplay.cpp (WINCE600)

For WINCEGOQO, Bspi ni ti ali zeLcD (IPU_DRIVE_TY PE dispType) is modified to initialize SDC and
ADC (Asynchronous Display Controller) interfaces. It receives avariable which indicateswhich interface
should be configured. Initialization of LCD panel issimilar to WINCES00, beside the power enable signal.
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BOOL BSPInitializeLCD(IPU_DRIVE_TYPE di spType)

{
PHYSI CAL_ADDRESS phyAddr ;

switch (dispType)
{
case el PU_ADC:
br eak;
case el PU_SDC:
/'l WWGA LCD Power Enabl e
DDKI omux Set Pi nMux ( DDK_| OMUX_PI N_LCS1, DDK_| OMUX_OUT_GPI O, DDK_I OMUX_I N_GPI O ;
DDKI omux Set PadConf i g( DDK_| OMUX_PAD_LCS1, DDK_| OMUX_PAD SLEW SLOW DDK_| OMUX_PAD_DRI VE_NORMAL,
DDK_| OMUX_PAD_MODE_CMOS, DDK_| OMUX_PAD_TRI G_SCHM TT, DDK_I OMUX_PAD_PULL_UP_100K);
DDKGpi 0Set Confi g( DDK_GPI O_PORT3, W/GA PWR ENABLE GPI O PI N, DDK_GPI O DI R_QUT,
DDK_GPI O_| NTR_NONE) ;
DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3, WGA PWR ENABLE GPIO PIN, 1); // Active-Low

)
bspdisplay.cpp

static void DisplayOn(void)
{
PM C_REGULATOR _VREG VOLTAGE vol t age;
// LCD Power Enabl e signal (Active-low), MCU3_24, LOWactive
DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3, W/GA PWR ENABLE GPIO PIN, 0);
Sl eep(100);
Pmi cVol t ageRegul at or On( VMVCL) ;
Pm cVol t ageRegul at or On( VGEN) ;
voltage.vimt = VMMC 6;//2. 8V
Pm cVol t ageRegul at or Set Vol t ageLevel (VMMC1, voltage);
vol tage. vgen = VGEN_1_80V;
Pmi cVol t ageRegul at or Set Vol t ageLevel (VGEN, vol tage);
Sl eep(100);

}

For WINCESO0O, bi spl ayon() function provides LCD power enable signal in which PMIC voltages are
also configured.

In WINCEGQO, bi spl ayon function does not exist. The PMIC settings, Reset signal, Enable signal and SPI
commands are performed by BSPEnableL CD(IPU_DRIVE_TY PE dispType). This function has also
changed from WINCES00 version. As aresult, adisplay type is received as parameter to indicate which
LCD panel should beinitiaized, the LCD controlled the SDC or the LCD driven by the ADC.

BOOL BSPEnabl eLCD( | PU_DRI VE_TYPE di spType)

{
if (g_pPBC == NULL)

{

}
switch (dispType)

{

return FALSE;

case el PU_SDC:
/] Turn on LCD via PBC
/| OUTREGL6( &g_pPBC- >BCTRL1_SET, CSP_BI TFMASK( PBC_BCTRL1_SET_LCDON) ) ;

PM C_REGULATOR VREG VOLTAGE vol t age;
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Ul NT32 paMax_Hi, paMax_Low, caMax_Hi, caMax_Low, madCirl ;

/1 Configure PMC to turn on LCD s power supply

/1 VGEN: 1.8 V

/1 VMMCL: 2.8V

Pm cVol t ageRegul at or On(VMVC1) ;

Pm cVol t ageRegul at or On( VGEN) ;

vol tage.vimt = VMMC 6;// 2. 8V

Pm cVol t ageRegul at or Set Vol t ageLevel (VMMCL, voltage);

vol tage. vgen = VGEN_1_80V;

Pm cVol t ageRegul at or Set Vol t ageLevel (VGEN, voltage);

Sl eep(100);

/1 LCD Power Enable signal (Active-low), MCU3_24, LOWactive
DDKGpi oW i t eDat aPi n( DDK_GPI O_PORT3, WGA PWR ENABLE GPIO PIN, 0);
Sl eep(100);

Wi t For Si ngl eChj ect (g_hCspi Mutex, | NFINITE);

Rel easeMut ex(g_hCspi Mut ex) ;

platform.reg (WINCE500)

If the display catalog entry is replaced with a new panel variable, then the pi at f orm reg should also
modified to indicate that a new panel isbeing load it in the platform.
| F BSP_DI SPLAY_W/GA

: @I PREG ON | F PACKAGE_CEMDRI VERS
[ HKEY_LOCAL_MACHI NE\ Dri ver s\ Di spl ay\ DDI PU_SDC]

"Bpp" =dwor d: 10 ; 16bpp

"Panel Type" =dword: 1 ;. W/GA Panel

"Vi deoMensi ze" =dwor d: 450000 ; 4.3MB ; To play D1 video
; @ PREG ON ENDI F PACKAGE_CEMDRI VERS

ENDI F

platform.reg (WINCE600)

| F BSP_DI SPLAY_W/GA
[ HKEY_LOCAL_MACHI NE\ Dri ver s\ Di spl ay\ DDI PU|

"Bpp" =dwor d: 10 ; 16bpp

"Vi deoBpp" =dwor d: 10 ; RGB565
"Panel Type" =dword: 1 ;. W/GA Panel
ENDI F

platform.bib (WINCE500)

Platform image builder file should be updated for including the display driver when the new WV GA
catalog item is selected.

; display driver

; @ESYSGEN | F CE_MODULES DI SPLAY

| F BSP_NCDI SPLAY !

| F BSP_MBX !

#if (defined BSP_DI SPLAY_NEC NL6448BC20 || defined BSP_DI SPLAY WGA)
; @ESYSGEN | F DI RECTX_MODULES DI RECTDRAW

; @I PREG ON | F PACKAGE_CEMDRI VERS
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ddraw_i pu_sdc. dl | $(_FLATRELEASEDI R)\ ddr aw_i pu_sdc. dl | NK SH
; @ PREG ON ENDI F PACKAGE_CEMDRI VERS

; @ESYSGEN ENDI F DI RECTX_MODULES DI RECTDRAW

#endi f

;1 PU Common driver

; @I PREG ON | F PACKAGE_CEMDRI VERS

#if ( defined BSP_CAMERA || defined BSP_PP || defined BSP_DI SPLAY_NEC NL6448BC20 || defined
BSP_DI SPLAY_ WVGA || defined BSP_MBX || defined BSP_ULDR )

i pu_base. dl | $(_FLATRELEASEDI R)\i pu_base. dI | NK SH
#endi f

; @ PREG ON ENDI F PACKAGE_CEMDRI VERS

platform.bib (WINCE600)
Change IPU Common driver and Display Driver entries to acomplish with the following data:

;1 PU Common Driver

#if ( defined BSP_CAMERA || defined BSP_PP || defined BSP_DI SPLAY_WGA || defined
BSP_DI SPLAY_SHARP_LQ)35Q7DB02 || defined BSP_MBX )

i pu_base. dl | $(_FLATRELEASEDI R) \'i pu_base. dl | NK  SHK

#endi f

; Display Driver

1

: @ESYSGEN | F CE_MODULES_DI SPLAY

| E BSP_NODI SPLAY !
#i f (defined BSP_DI SPLAY WGA || defined BSP_DI SPLAY_ SHARP_ LQ035Q7DB02)
: @ESYSGEN | F DI RECTX_MODULES_ DI RECTDRAW

ddraw_i pu. dl | $(_FLATRELEASEDI R)\ ddraw_i pu. dl | NK  SHK
; @ESYSGEN ENDI F DI RECTX_MODULES DI RECTDRAW
#endi f

ENDI F ; BSP_NCDI SPLAY !

; @CESYSGEN ENDI F CE_MODULES_DI SPLAY

5 Summary and Tips

5.1 Support for VGA and Bigger Panels

Thei.MX31 supportsseveral LCD resolutionsranging from small panelsto a maximum display resolution
of SVGA (800x600). However, therearefew limitationsfor thisresolution. Thefollowing sectionsexplain
the possible scenarios that occur when using resolutions above VGA in thei.MX31 platforms.
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5.1.1 Frame Rate

Depending on the pixel clock, back porch, front porch, and memory interface, the frame rate might
decreaseto lessthan 60 fps. For instance, while working on WinCE, the microprocessor creates the frames
related to the WinCE desktop and places the images on memory. In this case, incoming frames come from
the memory display buffer. An 800x600 frame is periodically created after which the Display Interface
(DI) sends thisinformation (probably RGB666 or RGB565), to the VGA, WVGA, or SVGA LCD. DI
sends the complete buffer in alittle more time than HORIZONTAL_RESOLUTION x
VERTICAL_RESOLUTION x PIXCLK period. For example, if using aSV GA panel, thetimeistheresult
of 800 x 600 x PIXCLK period (usually 30 ns). That means, one frame every 14.43 ms, or 69 frames per
second (fps). However, considering the front and back porch for horizontal and vertical adjustment, it is
probable that the frame rate decreases to less than 60 fps.

5.1.2 Image Converter Restrictions for WWGA and SVGA

The biggest limitation inthei.M X31 for bigger LCD panels, isthe Image Converter (1C) buffer of the | PU.
The maximum frame size after downsizing is up to 720x1024 (See the MCIMX31 and MCIMX31L
Applications Processor s Reference Manual, Table 44.1.2 (IPU Features)). It is more accurate to say that
the |C maximum frame size after either downsizing or upsizing is 720x1024. To make the user aware about
this, the I C performs color space conversion, combining (alphablending), downsizing, upsizing, and other
operations over image or video frames. IC is also the |PU's entry point for the camera interface.

This means IPU's Image converter output can not be greater than 720. It is easier to handle portrait
orientation WV GA (480x800) or SVGA (600x800) because of the 720x1024 restriction. To process
WV GA (800x480) or SVGA (800x600) landscape frames or images using the Image Converter, the
i.MX31 hasthe ability to split the frame buffers, process the buffer sections separately, and then combine
them again in asingle buffer. For example, to process a SVGA image or frame (CSC, resize, apha
blending, and so on), the i.M X 31 splitsthe frame buffer into two 400x600 parts. Then it reads and begin
to process the first half of the image. The complement, at the end of Image DMA Controller IDMAC)
sorts both buffers creating an 800x600 SV GA image. Even when this process is done by the hardware, it
duplicates the postprocessors stages two times and decreases the image treatment speed at half of the
bandwidth. This bandwidth is not the frame rate, but it is extremely important when a camerais attached
to the device or avideo playback using image converter.
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Figure 22 shows the image converter process flow of WVGA and SVGA.
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Figure 22. Image Converter Process Flow for WVGA and SVGA

However, the upcoming i.MX processors have improved on these characteristics. For example, in the

.M X35, the maximal frame size after resizing is 800x1024.

5.1.3 Memory Accesses

The i.MX3L1 can create WinCE desktop frames. However, thisrequires alot of memory transfers. For

example, inanorma SVGA applicationinthei.MX31 MAX PDK, wherethe memory interfaceisaDDR
running at 133 MHz, the maximum memory bandwidth is 266,000,000x32 bits (266, because DDR latches
data on the rising and falling edge). Even when there is plenty of bandwidth, the display interface shares

the memory with the processor and al the peripherals included in the i.MX31.

For WinCE desktops you could calcul ate the average of percentage of memory that display interface uses

to maintain the SV GA interface.

Memory Bandwidth = 266,000,000 x 32 bits = 8,512,000,000 bits per second Eqn. 3
SVGA frame write access = 800 x 600 pixels x 16 bits (RGB565) x 60 fps= 460,800,000 Eqgn. 4
SVGA frame read access = 800 x 600 pixels x 16 bits (RGB565) x 60 fps= 460,800,000 Eqgn. 5

Percentage of memory used by DI = (460,800,000 x 2) / 8,512,000,000 = 10.83 % Eqn. 6
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460,800,000 is multiplied by two because it is needed first to create the frame (write) and after read the
contents from the buffer and send them to the display interface.

The number calculated above is only for the display interface. If there is a post-processing stage (CSC,
resize, alphablending, and so on) for the frames, then another read or write related to each frame s
performed. As aresult, the display uses 21.66% of the memory bandwidth. If background (WinCE
desktop) and foreground (Camera for example) planes are used at the same time, the memory usage also
increases. The memory usage depends on how many planes are used and how many timesthese framesare
accessed.

5.1.4 Flickering

Flickering issue occurs because the display interface cannot access its buffer on time, and causes an
annoying behavior on the screen. Even when thereis plenty of bandwidth, the display interface sharesthe
memory with the processor and all other peripheralsincluded in the i.MX31. Therefore, flickering is not
caused dueto an IPU issue, but it is caused because of the memory architecture. Even when thereisenough
bandwidth, the USB interface locks the external memory interface (EMI) and does not allow other
interfaces to access RAM memory through AHB while it works. This means that if a platform combines
large resolution panels (VGA WV GA or SVGA) and the USB interface this problem occurs. For example,
while reading a Windows Media Video file from a USB memory stick connected to a hub also having an
external USB keyboard and mousg, it isvery probable of recreating the flickering issue. But, whilereading
the video file from aNAND Flash or SD Card the probabilities of experiencing the flickering issue are
very less. Thisproblem only occurswhen all theseinterfacesare put to work at the same time. For example,
if the video filesfrom the USB stick are copied to the RAM or NAND Flash and then run from anon-USB
location, the flickering does not appear.

NOTE
Thereisaworkaround available (BSP_IRAM_PATCH) for USB flickering

issue. Sincethisis ahardware issue, the patch might affect other
components such as the USB throughput.

Another issueisthat IPU shares its memory data bus with the WEIM (Wireless External Interface
Module). For example, thei.MX31 PDK CPLD isaccessed through WEIM and through the Ethernet
interface. In this case, there is also the possibility to experience the flickering if both WEIM and display
interface are constantly working at the same time. For example, if a Windows Media Video file isread
from NOR Flash (not shipped in thei.MX31 PDK) or if the Ethernet interface (.M X31 PDK) is strongly
used inaVGA, WVGA, or SVGA platform, the flickering might appear.

So, flickering ismorelike acombination of two interfaces, and it isrecommended when possible, to avoid
the working together of the following two combinations:
1. VGA Display (or bigger) + USB (reading or writing)

2. VGA Display (or bigger) + any interface connected to the WEIM, like NOR Flash or Ethernet in
thei.MX31 MAX PDK.
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6 References

For more information on WINCEG00 Display Driver Development Concepts refer to the link below:

 http://msdn.microsoft.com/en-ug/library/ee485877.aspx

7 Revision History
Table 27 provides arevision history for this application note.
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