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L64765
Color and Raster-
Block Converter

The 164765 Color and Raster-Block Converter
performs two main functions: color conversion
among RGB, YChCr, and Y-only formats; and
reformatting between raster-ordered and block-
ordered image data. The L64765 can be used
either as a preprocessor in image encoding sys-
tems, or a reconstructor in decoding systems.

Introduction

Image data can be supplied to the L64765in nine
formats to ensure compatibility with most stan-
dard video devices.

Three internal correction tables apply a transfor-
mation to each color at the RGB interface. This
transformation is typically a gamma correction.
Data in the correction tables is downloaded to
the L64765.

The color conversion is performed by a fixed dig-
ital matrix defined to convert between RGB and
YCbCr as defined by the CCIR Recommendations
601, Mod F. A range limiter forces out-of-range
data values into the usable range. Color conver-
sion can be bypassed.

The L64765 includes internal resampling filters
that downsample YCbCr data into a 2:1:1 ratio in
the encoder direction and reconstruct the data
in the decoder direction.

The raster-block reformatting uses an external
strip memory to store eight scan fines. The
L64765 includes an internal buffer RAM to assist
in the reformatting process. The L64765 supports
an 8x8 block format, and can process scan lines

Features

L64765 Die Photograph

up to 8192 pixels wide. Raster-block reformat-
ting can be bypassed.

The L64765is a member of the JPEG image com-
pression chipset, which also includes the
164735 DCT Processor and the L64745 JPEG
Coder. These three devices provide a complete
solution for compression or decompression of
digital raster-scanned RGB data to coded bit
stream. When combined with a small number of
external memory and support devices, these
chips implement a complete still-image com-
pression and decompression system.

m Performs raster-to-block or block-to-raster conversion
m Performs color space conversions in either direction:

s RGB-to-YCbCr or YCbCr-to-RGB
= RGB-to-Y-only or Y-only-to-RGB
= YCbCr-to-Y-only or Y-only-to-YCbCr

= Applies gamma correction from user-defined internal gamma correction tables

= Supports nine image data formats

= Support eight scan lines up to 8192 active pixels wide

» Supports user-programmable active window area synchronized to video sync signals
m Interfaces directly to LS| Logic 164735 DCT Processor

= Implements CCIR Recommendation 601, Mod F, for color space conversion

= Supports 2:1:1 downsampling with decimation and interpolation

» Operates at 27 MHz clock speed

» Is supplied in 100-pin ceramic pin-grid array {C°GA) package

©1991 LSI Logic Corporation

Pre-release Version, May 15, 1991

Order Number L64765
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L64765 Color and Raster-Block Converter

System Applications

Figure 1 shows a typical system application of the L64765. This system design supports encoding and
decoding applications. The example shows the use of the other members of the JPEG chipset, the
L64735 DCT Processor and the 164745 JPEG Coder. The text following the figure describes the function
of the devices in the example.
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Figure 1. Typical Video Real-Time Image Processing Application

In encoding applications, the A/D Converter converts analog input RGB data into 24-bit digital RGB
data for input to the L64765. The L64765 converts RGB values to luminance (Y} and chrominance (Cy,
C,) components and arranges the raster image into 8x8 blocks. The Strip Memory buffers eightlines of
the raster-scanned image to assist in the raster-to-block conversion. The L64735 DCT Processor per-
forms a discrete cosine transform on the 8x8 blocks to produce DCT coefficients. The L§4745 JPEG
Coder quantizes and encodes the DCT coefficients into a compressed data stream.

The FIFO stores the compressed data stream. In the application shown, the FIFO provides 512 Kbytes
of storage for the compressed image. At a typical 24:1 compression ratio, this memory can store an
image as large as 12 Mbyte, or 16 NTSC images {512 X 480 X 24).

The Master Controller provides all control signals and performs the handshaking between the hast and
the 164745, and the host and the FIFQ. The Master Controller initializes all three chips in the chipset
and controls the transfer of data between the L64745 and the FIFQ, and the FIFQ and the system bus.

In decoding applications, the data flow is reversed. The D/A Converter converts the digital RGB image
data from the L64765 into analog RGB data.
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Figure 2. 164765 internal Block Diagram

3
.com El ectronic-Library Service CopyRi ght 2003

Power ed by I Cni ner



L64765 Color and Raster-Block Converter

Functional Overview

Figure 2 is a block diagram showing major functional blocks of the L64765. Bold lines indicate buses
(more than one signal).

RGB Interface

The RGB interface aperates at a sample rate of atleast 13.5MHz. These bidirectional lines are config-
ured as either inputs or outputs depending on the direction of the conversion. The RGB interface reads
or writes data in one of the data formats described below. The data format used by the L64765 is setin
the Format Register described later in “Control Registers.”

= 24 bit RGB
Twenty four bits of RGB data (8 bits each) are transferred on the RGB interface atrates upto 13.5 M
samples/sec.The original source signal is assumed to be band-limited and in the range 0-255 for each
component

[R7 IRG [Rj [R4 [RJ EJ [Rl [RO [G7 [06 [GS LG-t—[GJ JSZ IGI [GO [57 156 [BS IB4 IB3 182 lBl IBO l

m 24 bitYChCr
Twenty four bits of YCbCr data (8 bits each) are transferred on the RGB interface. The sample rate of
the signal is 13.5MHz or greater. Y,Cr and Cb are all unsigned, Cr and Cb being level shifted by +128.
The original source signal is assumed to be band-limited and in the range 0-255 for each component

Pix23

lCﬂ kxﬁ |05 lCr4 |Cr} lCrZ [Crl leO lY7 IYG lYS lY4 lY] lYl lYl lYO IQ7 ICb610:5 lCM ICDS le [Cbl F:O]

= 16 bit YCbCr (4:2:2 or 2:1:10
This mode is compatible with the Phillips SAA7151 and SAA7197 digital television decoders and Brook-
tree VideoNet transceivers. The Cr and Cb data is ime multiplexed onto the same eight pins since itis
already sampled at half the frequency of Y. Cr and Cb are level shifted and range limited as above. The
first active pixel on each scan line is always a Y-Cb pair.

t+1

t XX I XXX | X | XX Y7 [y6e |YS JY4 Y3 (Y2 JY1 [YO {Cb7 JCb6 JChS |Cb4 |CH3 |CH2|OHIL JCB0
Cr6 Crd

ICx5 C:3 |Cr2 (Gl GO

= 16 Bit RGB
Three 18-bit RGB formats are commonly implemented in graphics systems. In RGB order these are
(X.5,5,5), (6,6,4) and {5,6,5).
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L64765 Color and Raster-Block Converter

(X.5.5,5) [x[x[x[x]x]|x]x]x]x]w]r]ra]r[r0]ct[ws]02] 1 [oo]me]os e i a0]

(6,6,4) [x[x[x[x[x]x[x]x][rs[se]ws [re[w [wo]os o] [ea] 1 Joo[os [z o [o0]

(5,6,5) [x[x[x[x][x]x[x[x[m[w]r]x[r]es[ot[o e ]ar[oo]oe o [or]or [oo]

= 32 BitRGB
Two 32-bit RGB formats are supported. In each case, each pixel is represented by eight bits; the most
significant eight bits are always unused. These modes differ from the 24-bit RGB mode in that the data
is multiplexed onto the lower 16 bits of the RGB interface on alternate cycles.

t XXX | XXX |X]X|GT|G6)GS|G4|G3|G2]G1|GO}{KR7|R6]RS5|R4 {R3 {R2|R! [RO
t+1 XXX x|xjxjxjx|x]x|{x|x}{x|x|x]|x|s7|ss]|ss|ss!B3iB2iB1]| 80
t X X|X G6 |GS 1G4 |G3 |G2{G1 |Go|B7 |B6 |Bs|B4|B3|B2|B1]|BO
t+1 XXX | XX xIX|X}|x]X!X]{x|XxX|X}|X]X|{RT|R6|RS{Re|{R3|R2[R! |RO

Gamma Correction Tables

Each channel can be transformed by a user-defined function, e.g., gamma correction. The function is
stored in an independent 256 X 8 lookup tabie for each channel. The lookup tables can be read or writ-
ten as described later in “Initialization and Control.”

Color Space Converter

Color space conversion is performed by a digital matrix. To allow the same matrix to be used for CCIR-
compatible YCbCr data streams and RGB data streams, data in either form must be in the range 16-235.
If input data falls outside this range, the range limiters clamp the data to the appropriate boundary
value.

The color conversion matrix may be bypassed in either direction to allow systems with images already
in YCbCr space to use the raster to block conversion function.

The RGB-to-YCbCr and YCbCr-to-RGB matrices are defined in the CCIR601 specification. The matrices
for these conversions are shown in Figure 3 and Figure 4 below.

Y = (77/256)R + (150/256) G + (29/256) B
Cr = (131/256) R — (110/256) G — (21/256) B + 128
Cb = (—44/256)R — (87/256) G+ (131/256)B + 128

Figure 3. RGB-to-YChCr Matrix
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L64765 Color and Raster-Block Converter

R =Y+1370(Cr-128)
G = Y-0.698 (Cr—128) —0.336 (Cb - 128)
B =Y+1730(Cb-128)

Figure 4. YChCr-to-RGB Matrix

Resampling Filters

The resampling filters implement one of two built-in transfer functions depending on the direction of
the conversion. In the forward {RGB-to-YCbCr) direction, the filters downsample the RGB companents
in a 2:1:1 ratio. The built-in forward transfer function H uses the values of the current pixel Z and the
two adjacent pixels Z.y and Z,. The first and last pixel in each scan line are notfiltered. Figure 5 shows
the forward transfer function.

H(Z) = (128/256)Z°+ (64/256) (Z ' +2ZYH

Figure 5. Resampling Filter Forward Transfer Function

In the reverse (YCrCB-to-RGB) direction, the pixel value is reconstructed based on the values of the
adjacent pixels. The first and last pixel in each scan line require no reconstruction. Figure 6 shows the
reverse transfer function.

H(Z) = (128/256) (Z'+2Z")

Figure 6. Resampling Fiiter Reverse Transfer Function

In some pixel formats, the resampling filters are automatically bypassed. See “Control Registers” for
more information on pixel formats.

Strip Memory Interface

Raster data is stored in an external strip memory to facilitate raster-to-block conversion. Since a 16 bit
YCr/Cb pixel must be read and written every 74 ns at 13.5 MHz, the strip memory interface is 16 bits
wide for a cycle time of 37 ns. 25ns RAMs can be used in the strip memory. In sustained operation a
pixel is first read from the memory before a new raster sample is written to the same address. After
eightscan lines have been written, the pracess is repeated. The read-then-write scheme reduces the
number of addressing operations and increases the utilization of the strip memory.

The 16-bit address bus can access up to 64K pixels. This memory addressing range is enough to sup-
port eight 17-inch scan lines at 300 dpi (40,800 pixels). However, the system configuration need only
include the amount of memory that will actually be used. The L64765 always uses the minimum amount
of memory as shown in the equation below, where M is the memory size in 16-bit words and widthis
the width of the active window in pixels:

M = 8 xXwidth

For example, an image 512 pixels wide requires a strip memory of 4K (4,196) 16-bit words.
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L64765 Color and Raster-Block Converter

External Interface

Addresses are always generated starting at zero after reset.

The memory access cycle is optimized for static RAMS. The read/write cycle occurs every 2 CLK
cycles. The memory cycle is fully synchronous with respect to the device clock. Figure 7 shows the
memory access cycle.

CLK I '
Aédress ( >< >
Dam XX X >
R §

Figure 7. Memory Access Timing

The active image area is restricted to contain only complete MCUs (minimum coded units). In the
164765, an MCU contains two data blocks of the luminance component and one data block each of the
two chrominance companents (2:1:1). An MCU is 8 pixels high by 16 pixels wide.

YChCr Interface

The YChCr interface transfers the reformatted and subsampled data to and from the L64735 DCT Pro-
cessor. The 8-bit wide data bus is organized in 8x8 blocks for the L64735 DCT Processor. An aptional Y
only mode is supported by forcing the €r and Cb companents to zero. This allows the YCbCrinterface
1o operate at the same rate regardless of mode. The sustained data transfer rate is 2x(sample fre-
guency). The raster to biock conversion function and 2:1:1 data reformatting may be optionally
bypassed. In this case data on the YCbCr interface is in the format YCbYCr; i.e. a time-muitiplexed ras-
ter-ordered signal similar to the one described in CCIR 601.

The external interface to the L64765 consists of the signals shown in Figure 8. Each signal is described
in the text following the figure.
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L64765 Color and Raster-Block Converter

Control Inputs
E[ :
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MEM_RW
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Figure 8. L64765 Logic Symbol

RGB Interface Signals
These signals comprise the interface to the digital RGB signals.

PiX{23:0]

24 bit RGB interface data I/0. In encode mode, PIX[23:0] are inputs. In decode mode, P1X[23:0] are out-
puts. Data on PIX[23:0} is transiated according to the control bits in the format control register.The
upper 8 bits of this bus, PIX[23:16], are used to read from and write to the internal control registers. See
“Control Registers” for more information.

HSYNC

A positive-going pulse indicates to the L64765 that the input data source has reached the beginning of
a scan line. HDelay is measured from HSYNC going HIGH. HSYNC is synchronous with respect to the
device clock CLK. HSYNC is allowed to go low before all the pixels in a scan are sampled so that
images withouta line flyback interval may be handled. HSYNC is an inputin both encode and decode
mode, exceptin decode raster mode when HSYNC is an output. In block decode mode the L64765 uses
inputs HSYNC and VSYNC to sync the device to the external video source.
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Power ed by | Cm ner.

HSYNC

PIX[23:0] G Pixel Data for scan line 0 ><

Figure 9. HSYNC Timing for Image with No Horizontal Flyback Interval

VSYNC

A positive-going input pulse indicates that the beginning of a frame has been reached. VDelay is mea-
sured fram VSYNC going high. The L64765 uses a combination of VSYNC and the active display area to
determine when LBS is to be asserted. As above, VSYNC may be asserted before the last scanline of
the image is reached to deal with the case of image scanners with no vertical retrace interval. VSYNC
is assumed synchronous with respect to the device clock, and is an inputin both encoder and decoder
mode, except decode raster mode where itis an output.

BUSY
In encoder operation, the L64765 asserts BUSY {HIGH) to inhibit the input of data on the PIX bus.

Strip Memaory Interface
These signals comprise the interface between the L64765 and the external 16-bit wide strip memory.

DATA{15:0]

16 bit bidirectional data bus. DATA[15:0] are used to read and write data to the strip memory.
ADDR[15:0]

16 bit address output bus. ADDR[15:0] selects the address of the strip memory.

MEM_R/W

Read/Write output. MEM_R/W designates a strip memory operation as a read or write cycle. MEM_R/
W is asserted HIGH for read operations and deasserted LOW for Write.

YCbCr Interface

These signals comprise the interface between the L64765 and the partion of the system that processes
YCbCr data. In a typical system such as the one shown previously in “System Applications,” these sig-
nals interface directly to the L64735 DCT Processor.

YCBCR(7:0]

8 bit subsampled data I/O bus. Data on this bus is presented in the 2:1:1 format used by the L64735 in
JPEG blocking mode, or in YCbYCr time-multiplexed format in raster mode. YCBCR([7:0] are bidirec-
tional, operating as outputs in encoder mode and as inputs in decoder made.

BS

Block Start. BS indicates the beginning of a new block of input or output samples on YCBCR[7:0] during
JPEG blocking mode. BS is always coincident with the first pixel of the block. In raster mode itis a copy
of HSYNC, delayed by the pipeline delay of the L64765.
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L64765 Color and Raster-Block Converter

Control Registers

LBS

Last Block Strobe. LBS indicates that the fast block of an image was just passed over YCBCR[7:0]. LBS
is asserted on the first sample afterthe last pixel in the active window is presented on YCBCR[7:0l. In
encode mode, LBS is generated by the L64765 after processing of the last block in the image window.
In decode mode, LBS is typically generated by the L64745. In raster mode, LBS is a copy of VSYNC
delayed by the pipeline delay of the L64765 in both the encode and decode direction

FRQ

Freeze Requestoutput. FRQ controls the optional external gating of the device clocks to the L64735 and
L64745 so that data flow is correctly controlled during horizontal and vertical blanking intervals.

Control Inputs
These input signals comprise the control interface to the L64765.

R[1:01

Register address input bits. R[1:0] set the internal register or table being accessed during a read or
write operation as shown in Table 1.

READ

Active low signal. When READ is asserted, the L64765 initiates a read operation from the internal reg-
ister or table indicated by R[1:0}. Reading from the Gamma Table or Initialization Table registers causes
the data pointed to by the current value of the address register to be read. The address register incre-
ments after each read.

WRITE

Active low signal. Data is written to the control register indicated by R[1:0] on the rising edge of WRITE.
OE

Active low output enable pin. When OE is LOW, P1X[23:0] and YCBCR(7:0] are 3-stated.

CLK

The L64765 is clocked on the rising edge of CLK.

The L64765 uses P1X[23:16], the eight most significant bits of the PIX bus, to access the internal control
registers. An external eight-bit bidirectional buffer is required to prevent contention between the
external bus and the 8 most significant bits of the PIX bus (PIX[23:16]) during normal operation. Regis-
ter loading is asynchronous with respect to the L64765 clock. The register selectinputs [R0,R1] select
the internai register or table to be accessed as shown in Table 1. The access is perfarmed when READ
or WRITE are asserted.

Table 1. R[1:0] Meaning
R[1:0] I Accesses:

00 Address Register

01 Gamma Correction Tables
10 Configuration Register File
11 Reset

10
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L64765 Color and Raster-Block Converter

Address Register

The Address Register functions as a pointer to an internal location. The control inputs R[1:0] determine
whether the Address Register points to an entry in a gamma table or a register in the configurationreg-
ister file. To write a new value into the Address Register:

1. Place the address value on PIX{23:16].
2. Set R[1:0] to 00. (Steps 1 and 2 can be done in either order).
3. Assert WRITE. The address value is stored in the Address Register on the rising edge of WRITE.

Gamma Correction Tables

The 164765 has three separate gamma correction tables, one each for the R,G, and B digital inputs.
Each table holds 256 entries. The Address Register points to a gamma address when R[1:0] is setto 01.
The data written to a gamma address must be written in order: Red, Green, then Blue. Once the Blue
value has been written, the Address Register automatically increments. The sequence for writing the
complete gamma tables is:

1. Set the address register to 0x00 as described earlier in “Address Register.”
. Set R[1:0] 10 01. The address register now points to address 00 of the R gamma table.
3. Place the Red value on PIX[23:16] and assert WRITE for one CLK cycle. This writes the value into the

Red gamma table.

4. Write the Green value in the same way as the Red.
5. Write the Blue value in the same way as the Red. Once the Blue value is written, the Address Register

automatically increments to 0x01.

. Repeatsteps 3, 4, and 5 until all 256 entries {address = OxFF) have been written to all three tables.

Partial write operations are allowed: the Address Register can be setto any gamma table address, and
the write operation does nothave to go to the highest address (0OxFF) . However, for each gamma table
address, the write operation must begin with Red.

Configuration Registers

The L64765 contains five internal configuration registers. The Format Register sets the format of the
input RGB data on the PIX bus and controls other aspects of device operation. The four window control
registers, Width, Height, WDelay, and HDelay, control the active window area of the image.

The configuration registers are addressed in the same manner as the correction tables. For all regis-
ters except the Format register, two load operations are required to write the full contents of the
register. The less significant byte is always written first to the address shown in Table 2. The more sig-
nificant byte is written to the next address. The address of each configuration register is shown in
Table 2.

Table 2 Configuration Register Addresses

Addrass Registar # of Loads Required

XXXX0000 Width
XXXX0010 Height
XXXX0100 WhDelay
XXXX0110 HDelay
) 9.00.8) 004 Format

-

Format Register
The Farmat Register is accessed by any address with PIX.19 set to 1 and R[1:0} equal to 10,. Figure 10
shows the content of the Format Register. Descriptions of the meaning of each fieid follow the figure.

11
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L64765 Color and Raster-Block Converter

Register Bit 7 6 5 4 3 2 1 0

Go | OEN | Enc Fmt

Figure 10. Format Register

Go Go Control
Go contrals the start of frame processing. Go must be set before frame processing can begin.

In encode mode, the L64765 is enabled for frame processing when Go is setto one. The L64765
waits for the first pixel of the active window to begin processing.

In decbde mode, the L64765 starts sampling the BS pin and filling the strip memory as appropriate.
Once the strip memary is filled the L64765 waits until the first pixel of the active window before
outputting the data on the PIX bus.

If Gois cleared to zero, the FRQ pinis resetto LOW. In encode mode, BS and LBS are deasserted
to LOW. In decode mode, BS and LBS are ignored.

OEN Qutput Enable Control
OEN controls the state of all bidirectional signals. When OEN s setto one, all bidirectional signals
are disabled. The OE input pin also disables the bidirectional signals; see “Pin Descriptions.” For

the bidirectional signals to be enabled, both OEN must be set to zero, and the OE pin mustbe deas-
serted {HIGH).

Enc Code Operation Control

Enc controls the direction of data flow. When Enc is setto one, the data inputis from the PIX bus,
and data outputis on the YCBCR bus. When Encis reset to zerg, the datinputis from the YCBCR
bus, and data outputis on the PIX bus.

Fmt Format Control

Fmtis a five-bit field that controls how the 164765 interprets the PIX and YCBCR buses. Table 3
shows the meaning of the Fmtfield.

12
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L64765 Color and Raster-Block Converter

Table 3. FMT[4:0] Meaning

FMT[4:0] PIX[23:0] Order YCBCR([7:0} | Filter
10000 16-bit YCbCr Raster YCbYCr No Filter @
00000 16-bit YCbCr Block YYCbCr No Filter B
10001 24-bit YCbCr  [Raster YCbYCr | Filter = -
00001 24-bit YCbCr  [Block YYCbCr | Filter Q
11001 16/24-bit YCbCr [Raster YCbYCr! | NoFilter | 5
01001 16/24-bit YCbCr Raster ok,  YCbYCr! | No Filter
10010 (8,8,8) RGB Raster YCbYCr Filter
00010 (8,8,8) RGB Block YYCbCr Filter 4
10011 (5,5,5) RGB Raster YCbYCr Filter 3
00011 (5,5,5) RGB Block YYCbCr Filter E
10100 (6,6,4) RGB Raster YCbYCr Filter 9
00100 (6,6,4) RGB Block YYCbCr | Filter o
10101 (5,6,5) RGB Raster YCbYCr Filter >
00101 (5,6,5) RGB Block YYCbCr Filter -
11010 (8,8,8) RGB Raster YCbYCr! | Filter
01010 (8,8,8) RGB Block YYCbCr! | Filter -
10110 (X,8,8,8) RGB  [Raster YCbYCr Filter 8 @
00110 (X.8,8,8) RGB  Block YYCbCr Filter © 3
10111 (X,8,8,8) BGR  Raster YCbYCr | Filter 2=
111 (X.8,8,8) BGR  [Block YYCbCr Filter ~
Note:

1. In these formats, Cb and Cr data are set to zeroes.

Window Control Registers

The Window Control registers contain the values of four parameters: Width, Height, WDelay, and HDe-
lay. Each Window Control register is 16 bits wide. The bits that are not used return zeros when read.
Figure 11 shows the format of each register. The fields are defined in the text following the figure.
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L64765 Color and Raster-Block Converter

Width Register

0000 Width{7:0]

0001 0 0 0 0 0 0 0 Width8
Bit 7 6 5 4 3 2 1 0

Height Register

0010 Height(7:0]
oo 0 0 0 0 0 0 Height9 | Height8
Bit 1 6 5 4 3 2 1 [t}

Width Delay Register

0100 WDelay(7:0]

0101 0 0 0 Woelay. 12} WDelay. 11| WDelay.10| WDelay.9 | WDelay.8
Bit 7 6 5 4 3 2 1 0
Height Delay Register

0110 HDelay(7:0]

01 0 0 0 HDelay.12 | HDelay.11 | HDelay.10| HDelay.9 | HDelay.8
Bit 7 6 5 4 3 2 1 0

Figure 11. Window Control Registers

Width{8:0] Image Width
The width of the active image area in multiples of 16 pixels. The L64765 supports images up to 8192
pixels or 512 MCUs wide (1 MCU is 16 pixels wide).

Height{9:0] Image Height
The height of the active image area in multiples of 8 pixels. The L64765 supports images up to 8192
pixels 1024 MCUs high (1 MCU is 8 pixels high).

WDelay[12:0/Width Delay
The delay in pixels from the horizontal sync pulse to the first active pixel. WDelay[12:0]is in the
range 0 to 8191. -

HDelay[12:0] Height Delay
The delay in scan lines from the vertical sync pulse to the first active scan line. HDelay[12:0]is in
the range 0 to 8191.

14
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L64765 Color and Raster-Block Converter

The four parameters described above define the active image area as shown in Figure 12.

HDelay —I
WDelay H eight
Q
=
~ l Width | 2}
>
HSync L — ;l

Figure 12. Active Image Area Defined by Window Parameters

Reset

A write operation to the Reset Register performs a reset operation on the L64765. (The value writtenis
ignored). A reset operation clears the Go bit in the Format Register but does not otherwise affectthe
state of the L64765. The contents of the gamma correction tables and the configuration registers are
unchanged after a reset operation.

Initialization

When the L64765 is powered on, the contents of the internal registers is undefined. Before the device
is putinto operation, this initialization sequence should be performed.

1. Set the values of Width, Height, WDelay, and HDelay as described earlier in "Window Control Regis-
ters.”

2. Setthe values of the operating parameters in the Format Register as described earlier in “Format Reg-
ister.” Do not set the Go bityet.

3. Load the gamma correction into the tables as described earlier in “Gamma Correction Tables.”
4. Perform a resetoperation as described earlier in “Reset.”
5. Setthe Go bit. The L64765 is now ready for operation.

1S
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64765 Color and Raster-Block Converter

Functional Waveforms

CLK

HSYNC _ /

BUSY
(16/24 bit formats)

PIX[23:0]
{16/24 bit formats) A 1 A 2 X 3 X 4

BUSY ———\
(32-bit formats)

PIX(23:0)
{32 bit format) XT38 I M L M 4 M
YCBCR(7:0] X1 X 2 XT3 X4 X5 X6 X7 X8 X

s /T

YCBCR(7:0] X B8 X B3 X 50X 61 X_ 62 X_ 63 X B8 X XXX

LBS / ___
ADDR(15:0] X X X X X
DATA[15.0] X X X XC X X X A X
MEM_RW \n__ / /S /S

Figure 13. Functional Waveforms
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AC Timing
This section presents the AC timing information for the L84765, including:

= Table 4, AC Timing Values
m Figure 16, Write Timing Waveforms
» Figure 14, Read Timing Waveforms
= Figure 15, AC Timing Waveforms
All parameters in Table 4 are measured for Ty =0t0 70 €, ¥5p = 4.75 t0 5.25 voits.

Table 4. AC Timing Values

27 MHz
Symbol Parameter Min Max Units
teycls CLK cycle time 37 ns
Yorup Input signal setup 10 ns
thold Input signal hold 6 ns
tosod BS, LBS output delay' 24 ns
tog Output delay'? 22 ns
tndsu Memory data setup Y ns
tmgod Memory data output delay’ 20 - ns
tmaod Memory address output delay? 1 ns
Lo MEM_RW High-to-Low delay? 9 ns
trwin MEM_RW Low-to-High delay? 8 ns
Yrq00 FRQ output defay? 12 ns
tesu R[1:0] setup 1 ns
L R(1:0] hold " ns
tedsy Control data (PIX[23:16}} setup " ns
teanid Control data {P1X{23:16]) hold 5 ns
tegod Control data {PIX{23:16]) output delay’ 19 ns
toez Output tri-state delay from OF active 18 ns

Notes:

1. Outputloading = 85 pF.

2 Outputloading = 50 pF.

3. t,gappliesto outputsignals YCBCR(7:Q], HSYNC, VSYNC, BUSY, and PIX[23:0] except when PIX{23:16] are used for con-
trol read and write operations.

17
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WA \ '

R(1:0] X : : ) &
g sy ¢ cdhlg
PIX[23:16] : X__control data X

Figure 14. Write Timing Waveforms

o J
su Thid
~-— :
RU1:0) X : : X
L : (Lodgg
PIX[23:15] 5 X__controldata X

Figure 15. Read Timing Waveforms
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oK\ / \ /
t thol
- setup ' hold >
input Signals :)( X
Output Signals . X X
: tbg!d
BS, LBS X : X
: tmdod §
- :
DATA (from 765) X X
'mdsu
: —~-—
DATA (from RAM) : X :
: Etmaod
. ~a
ADDR : X
tEwhl étmwlh
MEM_RW ; \ : /
lfrqod
-
FRQ X X
OF
A /£
Bidirectional Signals ) {

Figure 16. AC Timing Waveforms
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Electrical Characteristics
This section presents the electrical characteristics of the L64745:
s Absolute Maximum Ratings

s Recommended Operating Conditions
a DC Characteristics

Table 5. Absolute Maximum Ratings

Parameter Symbol Limits Units
OC supply voltage voD -03to+7 Vv
Input voltage VIN -03to VDD + 0.3 v
DCinput current IIN +10 mA
Storage temperature TSTG -65 to +150 ‘c
Table 6. Recommended Operating Conditions
Parameter Symbol Limits Units
OC supply voitage VDD +3t0+6 v
Operating ambient
Temperature range
Military TA -55to +125 ‘C
Commercial TA 0to+70 ‘c
Table 7.DC Characteristics
Symbol Parameter Condition’ Min {Typ [Max |Units
VIL LOW inputvoltage 0.8 v
VIH HIGH input voltage
Commercial? 20 v
Military? 225 v
IIN Input current VIN=VDD -100 |-30 -8 HA
voL LOW output voltage
Commercial 10L=-4mA 02| 04 v
Military I0L=-32mA 02 | 04 v
VOH HIGH outputvoitage
Commercial ICH =-4mA 24 | 25 v
Military 10H = -32 mA 24 | 25 v
i0s Output short-circuit current® VDD = Max, VO = VDD 15 130 | mA
{s]s]o] Quiescent supply current VIN = VDD or VSS 10 mA
IDD Operating supply current 200 mA
CIN Input capacitance Any input 5 pF
couT Output capacitance Any output 10 pF
Notes:

1. Al DC characteristics are specified for VDD = 5V over the specified temperature and valtage ranges.
2. See “Recommended Operating Conditions™ for commercial and military temperature ranges.

3. Notmore than one output should be shorted ata ime. Duration of short circuittest must not exceed one sec-

ond.
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L64765 Color and Raster-Block Converter

Packaging

The L64745 is supplied in a 100-pin ceramic pin-grid array {CPGA). This section provides the following
following information:

= Pin number to signal name correspondance
w Signal name to pin number correspondance
m Pin diagram for 100-pin CPGA package

s Mechanical dimensions

Table 8. Signal Name to Pin Number Correspondance

Signal Pin Signal Pin Signal Pin Pin Signal
Name No. Name No. Name No. No. Name
ADDR.O Ji DATA.7 M4 PIX.12 B9 VDD N13
ADDR.1 H3 DATA.8 N3 PIX.13 A9 VSS Cl1
ADDR.2 H2 DATA.9 M3 PIX. 14 C3 AAN Cc7
ADDR.3 H1 DATA.10 N2 PIX.15 B8 VAN Cl2
ADDR.4 G2 DATA.11 M1 PIX.16 A8 VSS G3
ADDR.5 F1 DATA.12 L1 PIX.17 A7 AAN G11
ADDR.6 F2 DATA.13 K2 PIX.18 Ab VSS L2
ADDR.7 F3 DATA.14 K1 PIX.19 B6 VSs L7
ADDR.8 El DATA.15 2 PIX.20 C6 AAN Mil
ADDR.9 E2 FRQ H12 PIX.21 AS VSYNC F12
ADDR.10 D1 HSYNC G13 PIX.22 B5 WRITE H11
ADDR.11 D2 LBS M3 PIX.23 A4 YCBCR.O Li3
ADDR.12 C2 MEM_RW B4 R.O J12 YCBCR.1 L12
ADDR.13 B3 OFE K12 R.1 K13 YCBCR.2 Ni12
ADDR.14 A2 PIX.0 F11 READ J13 YCBCR.3 N1l
ADDR.15 A3 PIX.1 E13 vDD Al YCBCR4 MI10
BS N8 PIX.2 E12 vDD Al3 YCBCR.S NI10
BUSY Fi3 PIX.3 D13 VvDD B2 YCBCR.6 M9
CLK Hi13 PiX4 D12 VDD B7 YCBCR.7 N9
DATA.O0 M7 PIX.5 c13 VDD B12 Reserved! Bl
DATA.1 N6 PIX.6 B13 VDD Gl Reserved!  C3
DATA.2 M6 PIX.7 Al2 VDD G12 Reserved! L8
DATA.3 L6 PIX.8 B11 VDD M2 Reserved! Mi2
DATA.4 N5 PIX.9 All VDD Mi3
DATA.S M35 PIX.10 B10 VDD N1
DATA.6 N4 PIX 11 Al0 VDD N7

Notes:

1.Reserved pins must be left unconnected for normal operation.
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Table 9. Pin Number to Signal Name Correspondance

Pin Signal Pin Signal Pin Signal Pin Signal
No. Name No. Name No. Name No. Name
Al VDD c1 VSS Gl12 VDD M4 DATA7
A2  ADDR.14 c2 ADDR.12 G13 HSYNC M5 DATAS
A3 ADDR.15 C3  Reserved! Hl  ADDR3 M6 DATA.2
A4 PIX.23 C6 PIX.20 H2 ADDR2 M7 DATA.0
AS PIX.21 C7 VSS H3 ADDR.1 M8 LBS
A6 PIX.18 C38 PIX.14 H11l WRITE M9 YCBCR.$
A7 PIX.17 Cl2 VSS H12 FRQ MI10 YCBCR.4
A8 PIX.16 Ci13 PIX.5 H13 CLK M1l VSS
A9 PIX.13 D1 ADDR.10 J1 ADDR.O M12 Reserved’
Al10 PIX.11 D2 ADDR.I1 J2 DATA.15 M13 VDD
All  PIX9 D12 PIX.4 J12 RO N1 VDD
Al2 PIX.7 D13 PIX.3 J13  READ N2  DATA.10
Al3 VDD El ADDR.8 K1 DATA.14 N3 DATA.8
Bl  Reserved! E2  ADDRY K2 DATA.13 N4  DATAS6
B2 VDD Ei12 PIX.2 Ki2 OFE NS DATA .4
B3 ADDR.13 E13 PIX.1 K13 R.1 N6 DATA.1
B4 MEM_RW F1 ADDR.5 L1 DATA.12 N7 VDD
B5 PIX.22 R ADDR.6 L2 AAN) N8 BS
B6 PIX.19 F3 ADDR.7 L6 DATA.3 N9 YCBCR.7
B7 VDD F11 PIX.0 L7 AAN N10 YCBCR.S
B8 PIX.15 Fi12 VSYNC L8 Reserved! N11  YCBCR.3
B9 PIX.12 F13 BUSY L12 YCBCR.1 N12 YCBCR.2
Bi0 PIX.10 Gl VDD L13 YCBCR.O Ni3 VDD
B11 PIX3 G2  ADDR.M4 M1 DATA.11
B12 VDD G3 VSS M2 VDD
B13 PIX6 Gl1  VSS M3  DATAS

Notes:

1.Reserved pins must be left unconnected for normal aperation.

1 2 3 4 5 6 7 8 9 1011 1213 1211109 8 7 6 5 4 3 2 1
ADOOCOCOOCOLODO0 @000 00000000e
BIOVOCOLOCOTO00 OO0O00000000000
OO0 CoO 0 ONe oNoN@) (ONoNe)]
0O O \Em , OO 00 . A 0o
o N, a pin o0 00 tra pin 00
RO OO 500 ONON®) 00O
GO O Top View o005 cNoXo) Bottom View 00
HO OO cCCoO 00O 000
JO O GRS (0N @) 00
KOO OR8] (OR@)] oNeo)
U o CCO o0 OO0 ONoN®) OO0
MOSOQOQOQOCOODLLL0O0 oleloNoNoNoNoNoXoYoRoXoXeo)
NOOOCQOOLQo0O00CO00 ®@O00000000000e

Figure 17. 100-Pin CPGA Pin Layout
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L64765 Color and Raster-Block Converter

° Dimension 100-pin CPGA
"~ index Mark

A Max 0.117{2.972)

E Al Ref 0.080 (2.032)
square B Min 0.016 {0.406)
Max 0.020 (0.508)
Min 1.308 (33.22)

E | max | 132038
. oy | Min | 00552413
| Max | 0.105(2667)
Al > square A Min | 0.170(4318)
{ \ a l L1 max | 0190(a828)
@ | Ref | 0050(1.270)
¥ Y S | Ref | 0.060(1.524)
3

i i JL _,] B SR T

Figure 18. 100-Pin CPGA Mechanical Dimensions
Ordering Information

To order products or for more information, contact any LS Logic sales office shown on the back cover.

L64765 Ordering

Figure 19 shows an example of a valid part number for ordering the L64765 and the codes for other
options. The part number shown, L64765G M-27, designates an L64765 in a 100-pin ceramic pin-grid
array (CPGA) rated for the military temperature range and @ maximum clock speed of 27MHz.

164765 G M -27
—L—Speed in MHz: 27

Temperature Range:
C = Commercial {0°C to 70° C)
M = Military {-55°C to 125°C)
Processed to MIL-STD-883C Level B

Package Code:
G = 100-Pin Ceramic Pin Grid Array {CPGA)

Device Type

Figure 19. L64765 Part Number Designation
Trademark Information

The LS! Logic logo design is a registered trademark of LSI Logic Corporation.
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