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Preface

This manual is the primary source of technical information for the op-
eration and programming of the C-Cube CL450 MPEG Video Decoder.

This manual is intended for:

o System designers and managers who are evaluating the CL450 for
possible use in a system.

o Design, software and system engineers developing a video decod-
ing system using the CL450 for whom a comprehensive program-
ming background as well as a detailed understanding of MPEG
compression is assumed.

In particular, readers should understand the MPEG standard: Coded
Representation of Picture, Audio and Multimedia/Hypermedia Informa-
tion, ISO/IEC JTC 1/SC 29, December 6, 1991.

As an aid to developing systems and applications based on the CL450,
readers may also wish to obtain C-Cube’s CL450 MPEG Video Decoder
Sample Kit, which includes a sample development board, microcode
and user’s guide.

This manual is divided into three main sections:

o Section I, General Information, including an introduction to the
CLA450 and the MPEG standard that it implements.

o Section II, Hardware Interface, including signal descriptions, op-
erational information for the main interfaces of the CL450, regis-
ters, and detailed electrical and mechanical specifications.
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o Section III, Software Interface, including an overview of the fun-
damental mechanisms used to communicate between the host sys-
tem and the CL450’s microapplication, and an alphabetical listing
of all macro commands and interrupts available to the program-
mer. Note: the microapplication information in this manual ap-
plies to CL450 versions 2.00 through 2.FF only.

Please note the following notation examples and conventions used in

Conventions .
this manual:
Notation Explanation
Examples
0x1c3 “0x" prefix indicates a hexadecimal number.
11011, “2"subscript indicates a binary number.
IMEM Four-letter mnemonics indicate on-chip memories, starting with a letter to indi-

cate function of memory, and ending with “MEM."" For example, IMEM is the
CL450's instruction memoary.

HOST_control  This format indicates a register name. The first part of a register name is a
CMEM control  9roup specifier, given in all upper-case. The second part (separated from the
- first by an underscore and given in all lower-case) is a register specifier, indi-
cating the function performed by the register within the group. In the examples
shown, HOST_control and CMEM_control are separate registers, even though
both have the same register specifier, “control.”

VIE, Res [talicized acronyms or abbreviations (initial or all caps) indicate bit field names
within registers or data words.
HMEM[3] Square bracket notation similar to C language array subscripting indicates

CPU_control[g]  Words within memories, and bits within words and registers. HMEM[3], for ex-

- ample, is the 16-bit word at address 3 within HMEM, while CPU_control[0] is
HMEMI0]15] bit 0 of the CPU_control register. Similarly, HMEM[0][15] is the most significant
HMEM[3][2:0]  bit of the word at HMEM address 0.

Ranges of bits are indicated by numbers separated by a colon such as the three
bits HMEM([3][2:0]. Ranges of words within a memory are indicated by numbers
separated by a dash such as the eight words HMEM[0-7].

RESERVED or Indicates bit fields within registers which are not defined. RESERVED bit fields

Res may return any value when read and must be written with 0 (or 1 if so speci-
fied). Writing the incorrect value to a RESERVED CL450 register bit will cause
indeterminate behavior. In addition, ali CL450 registers which are nat explicitly
given names are also RESERVED, and accessing these registers may cause in-
determinate results on current or future CL450 implementations.

leftBorder Bold-face type represents macro command arguments.

return();  C-style syntax presented in courier typeface represents program pseudocod
and equations. '

vbv_delay  Names presented in courier represent names of items within the MPEG bit-
stream taken from the MPEG standard.

1. Insome cases, this current reference scheme departs from the method used by the first edition
of the CL450 MPEG Video Decoder User's Manual which, for example, referred to CMEM as both
the “Coded Data FIFO" and “C-FIFQ.”
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Chapter 1
Introduction

The C-Cube CL450™ is the world’s first single-chip MPEG video de-
coder. It is designed to provide full-motion video capability for cost-
sensitive consumer electronics products. The CL450 decompresses
constrained-parameters MPEG bitstreams (typically SIF resolution) in
real time. SIF resolution is 352 x 240 pixels at 30 Hz or 352 x 288 pixels
at 25 Hz, with typical compressed data rates of 1.2 to 3 Mbits per sec-
ond.

The CL450 interpolates decompressed pictures horizontally (typically
to 704 pixels per scan line) before outputting them. The CL450 outputs
decompressed pictures multiple times to increase the frame rate from
24,25, or 30 Hz (coded frame rate) to 50 or 60 Hz (display frame rate).
The CL450 can change the display position of decompressed pictures
relative to its HSYNC and VSYNC inputs.

The CL450 is a fully-integrated MPEG decoding engine whose func-
tionality is an intertwined combination of hardware and microapplica-
tion set provided by C-Cube, as explained in the software interface
section of this manual, Section III.

11
General
Description

1.2
The CL450 Product
Family




The CL450 Product Family

1.2.1 CL450 Features
The basic CL450 product includes these features:

1-2  C-Cube Microsystems

]

Fully complies with all requirements of the MPEG standard (ISO
CD 11172)

Performs real-time decoding of SIF-resolution bitstreams
(352 x 240 pixels at 30 Hz or 352 x 288 pixels at 25 Hz)

Performs real-time horizontal pixel interpolation and frame dupli-
cation to produce output formats of 704 x 240 pixels at 60 Hz or
704 x 288 pixels at 50 Hz

Provides either RGB or YCbCr video output using an on-chip col-
or-space converter

Supports NTSC and PAL video output timing formats
Interfaces to 680x0 processors and DRAM with no external logic

Requires only 4 Mbits of 80-ns DRAM to decode SIF-resolution
MPEG bitstreams

Provides hardware and microapplication support for audio/video
synchronization

Decodes Huffman variable-length codes at a peak rate of 4 bits per
clock (160 Mbits/second at 40 MHz)

Allows the active display window to be positioned relative to
HSYNC and VSYNC inputs with one-pixel and one-HSYNC ac-
curacy, respectively

Displays all or part of decompressed pictures; displayed section
can be selected to one-pixel accuracy (within the decoded picture)
and can be changed every coded frame for panning motion video

Supports host access of local DRAM including byte writes

Supports both programmed I/O and DMA transfers of compressed
bitstreams from the host

Is fabricated in a CMOS process
Is supplied in a 160-pin plastic quad flat-pack (PQFP)



1.22 Microapplication Features
The CL450 microapplication includes these features:

o 18 macro commands, allowing the host to control interactive play-
back, CL450 configuration, and audio/video synchronization:

o o o o &g o o

O

O

O

[m]

o o o O

a

AccessSCR()
DisplayStill()
FlushBitstream()
InquireBufferFullness()
NewPacket()
Pause()

Play()

Reset()

Scan()

SetBlank()
SetBorder()
SetColorMode()
SetInterruptMask()
SetThreshold()
SetVideoFormat()
SetWindow()
SingleStep()
SlowMotion()

o 11 interrupts, providing the host feedback on bitstream transition,
display, and decoding processes

o Bit rate up to 5.0 Mbits per second

o Transcoding between NTSC and PAL input and output frame rates

o System memory expansion capability

o Support for 24-Hz film format input

o Display window positioning within decoded picture to single-pix-
el accuracy

o Flagged and unflagged error concealment

o MPEG double vertical-resolution still pictures

The CL450 Product Family
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Functional Description

. faces:

Functional
Description

video processing device.

Figure 1-1 shows a block diagram of the CL450, which has three inter-

o The host interface: Connects directly to 680x0 processors with no
external logic. It can also be easily connected to 80x86 processors.

o The DRAM interface: Reads from and writes to the local DRAM

with no external logic.
o The video interface: Outputs pixel data to a video monitor or other

Video Interface

—» Data

1

Control

Host Interface Hafiman
Decoding
Data < Engine
16 X
Addr Host v
20 Interface Contral
Control «¢ Processing
g Unit
4
v Video
Coded Display
DRAM '
Eﬁ:tg > Controller <« Unit |«
A
CL450 16 10 ;
DRAM Interface
Data Addr | Control
A Y

1-4 C-Cube Microsystems

Bitstream Buffer

Frame Buffers

Local DRAM (4 Mbits minimum)

Figure 1-1

Block Diagram of the CL450



The host computer supplies compressed (coded) data to the CL450 via
the host interface. The CL450 buffers up to 16 coded data words in an
internal coded data FIFO, called CMEM, from which the data words are
read by the DRAM controller and written into the bitstream buffer in the
local 4-Mbit DRAM.

The on-chip central processing unit (CPU) interprets commands issued
by the host processor, works with the Huffman decoding engine to per-
form the decompression process, and writes decompressed pixel data
into the frame buffer in the local DRAM.

The video display unit reads decompressed pixel data from the frame
buffer, sends it through the color-space converter if necessary, and out-
puts the pixel data on the video bus.

Though the CL450 can be used with many different processors, it has
been optimized for use with the Motorola 68070 processor.

1.4.1 CL450 Registers

Each of the 34 registers of the CL450 is 16 bits wide and is accessed by
word operations which cover the entire 16-bit width. The least signifi-
cant bit of each address is bit 0, and the most significant bit is bit 15.

Even though CL450 register addresses may be expressed as byte ad-
dresses, the CL450 does not support single-byte access to its internal
registers; instead, all CL450 register accesses must be made using 16-
bit operations (i.e., 16 bits at a time) as shown below.

Data Organization

14

Data Organization

MSB Word 0

Word 1

Word 2

Introduction
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Address Size

1.42 CL450 Memories

All on-chip memory transactions on the CL450 must be 16 bits (as
shown in the previous figure), while the local (off-chip) DRAM may be
accessed by the host through the CL450 using single-byte access.

When byte-addressable access to local DRAM is performed, the higher-
order byte has an even address twice (2x) that of the word (shown be-
low), and the low-order byte has an odd address that is one count higher
than twice the word address (2x + 1). The UDS (Upper Data Strobe) and
the DS (Lower Data Strobe) signals distinguish byte operations from
word operations as explained in Chapter 4.

5 14 13 12 1 1w 9 8 71 6 5 4 3 2 1 0
Byte 0 WolrdO Byte 1
Word 1
Byte 2 I Byte 3
.
L]
Byte FFFFE WO“" TRFFF Byte FFFFF

15
Address Size

The size of CL450 addresses within a memory (on-chip memories or the
off-chip DRAM) are given in units which are the same as the word size
of the RAM in question. For example, the off-chip DRAM is configured
as 256K or 512K words of 16 bits each, with DRAM addresses there-
fore being within the range 0 to Ox3ffff or Ox7{fff words and each dis-
tinct address containing a 16-bit value.

The word size of the CL450 memories are shown in Table 1-1.

1-6  C-Cube Microsystems



Programming Overview

Table 1-1 Address Size of CL450 Memories

Memory Address Unit Size
On-chip registers 16 bit
Off-chip {local) DRAM 16 bit
HMEM 16 bit
~IMEM 32 bit
TMEM 24 bit
CMEM 16 bits

Note: Writing host software to interact with the CL450 on
byte-addressable processors may necessitate multiplying the
given DRAM and register addresses by 2.

The CL450 performs its higher-level functions by executing a microap- 1.6
plication. The microapplication must be loaded into the CL450 by a p
software driver before the CL450 is fully operational. C-Cube provides
C-language source code for a loader, which users may modify and com-
pile on their target system.

Programming
Overview

Application programs access the CL450 in two ways:

o Registers: Some of the CL450’s internal registers are accessed by
application programs to set key operating parameters during ini-
tialization and operation. Other CL450 registers are used to load
command IDs and arguments for the macro commands described
below and to determine the status of microapplication execution.
Chapter 8, Registers, describes the use and format of the CL450’s
registers.

o Macro commands: Use of these commands is the primary method
for communicating between the host software and the microappli-
cation executing on the CL.450’s CPU. Section 1.2.2 on page 1-3
shows the macro commands implemented in the CL450 microap-
plication set. Section III of this manual, Software Interface, de-
scribes the syntax and use of each macro command.

Introduction 1-7



Typical Applications

The CL450 MPEG decoder is designed for low-cost consumer applica-
tions such as:

Typical
Applications o CD-Isystems
o Video games

o Interactive multimedia systems
o Point-of-sale/information kiosks
o Interactive TV
Figure 1-2 shows the CL450 in a typical system application.

68000 Video Timing
System Generator
Controller
Y
Compact NTSC or
Disc >l o cuso || AL ___>NTSV€’ d"e'OPAL
Interface Converter
4
68000 \
Bus Local
DRAM
System Audio Stereo
Memory [ > »| Decoder > Audio
Y and D/A

Figure 1-2 Typical CL450 System Application
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2
MPEG Overview

This chapter presents an overview of the Moving Picture Experts Group
(MPEG) standard that is implemented by the CL450. The standard is of-
ficially known as ISO/IEC Draft Standard Coded representation of pic-
ture, audio and multimedia/hypermedia information, CD 11172,
December 6, 1991. It is more commonly referred to as the MPEG stan-
dard.

MPEG addresses the compression and decompression of video and au-
dio signals and the synchronization of audio and video signals during
playback of decompressed MPEG data. The MPEG video algorithm can
compress video signals to an average of about 1/2 to 1 bit per coded pix-
el. At a compressed data rate of 1.2 Mbits per second, a coded resolution
of 352 x 240 at 30 Hz is often used, and the resulting video quality is
comparable to VHS.



MPEG Decoding

This section explains the general structure of an MPEG stream and in-
troduces some basic concepts used in the rest of the chapter.

21
MPEG Decoding

2.1.1 MPEG Stream Structure
In its most general form, an MPEG stream is made up of two layers:

o The system layer contains timing and other information needed to
demultiplex the elementary audio and video streams and to syn-
chronize audio and video during playback.

o The compression layers include the elementary audio and video
streams.

2.1.2 General Decoding Process
Figure 2-1 shows a generalized decoding system using the CL450 as the
decoder for the elementary video stream.

The system decoder extracts the timing information from the MPEG
system stream and sends it to the other system components. (Section
2.4, Synchronization, has more information about the use of timing in-
formation for audio and video synchronization.) The system decoder
also demultiplexes the elementary video and audio streams from the
system stream and sends each to the appropriate decoder. In many ap-
plications, the system decoder function is implemented as a software
program on the host computer.

The video decoder decompresses the elementary video stream as spec-
ified in Part 2 of the MPEG standard. (See Section 2.2, Inter-picture
Coding, and Section 2.3, Intra-picture Coding, for more information
about video compression.) The CL450 performs the video decoding
function.

The audio decoder decompresses the audio stream as specified in Part
3 of the MPEG standard.

2-2  C-Cube Microsystems



MPEG Decoding

Video decompressed
. Decoder > video
video (CL450)
stream

timing information T
MPEG System
stream Decoder l

audio Audi
stream uaio decompressed
Decoder > audio

Figure 2-1 General MPEG Decoding System

2.1.3 Video Stream Data Hierarchy
The MPEG standard defines a hierarchy of data structures in the video
stream as shown schematically in Figure 2-2.

!‘f Video Sequence >

| Group of Pictures ————»|
V28 1 N N O O

Block
Picture T
Slice Macroblock 8
|y pixels
o] i
8
pixels

Figure 2-2 MPEG Data Hierarchy

MPEG Overview 2-3



MPEG Decoding

Video Sequence

A sequence begins with a sequence header (and may contain additional
sequence headers), includes one or more groups of pictures, and ends
with an end-of-sequence code.

Group of Pictures (GOP)

A header followed by a series of one or more pictures; intended to allow
random access into the sequence.

Picture

The primary coding unit of a video sequence. A picture consists of three
rectangular matrices representing luminance (Y) and two chrominance
(Cb and Cr) values. The Y matrix has an even number of rows and col-
umns. The Cb and Cr matrices are each one-half the size of the Y matrix
in both directions, horizontal and vertical.

Figure 2-3 shows the relative x-y locations of the luminance and chrom-
inance components. Note that for every four luminance values, there are
two associated chrominance values: one Cb value and one Cr value.
(The location of the Cb and Cr values is the same, so only one circle is
shown in the figure.)

O_O

O =Y value

Figure 2-3 Location of Luminance and Chrominance Values
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Slice

One or more “contiguous” macroblocks. The order of the macroblocks
within a slice is from left to right and top to bottom.

Slices are important in the handling of errors. If the bitstream contains
an error, decoders may skip to the start of the next slice. Having more
slices in the bitstream allows better error concealment but uses bits that
could otherwise be used to improve picture quality.

Macroblock

A 16-pixel by 16-line section of luminance components and the corre-
sponding 8-pixel by 8-line sections of the two chrominance compo-
nents. See Figure 2-3 for the spatial location of luminance and
chrominance components. A macroblock contains four Y blocks, one
Cb block and one Cr block as shown in Figure 2-4. The numbers corre-
spond to the ordering of the blocks in the data stream, with block 1 first.

Y Cb Cr

1 2 5 6

Figure 2-4 Macroblock Composition

Block

A block is an 8-pixel by 8-line set of values of a luminance or a chrom-
inance component. Note that a luminance block corresponds to one-
fourth as large a portion of the displayed image as does a chrominance
block.

MPEG Decoding
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Inter-picture Coding

22
Inter-picture
Coding

Much of the information in a picture within a video sequence is similar
to information in a previous or subsequent picture. The MPEG standard
takes advantage of this temporal redundancy by representing some pic-
tures in terms of their differences from other (reference) pictures, or
what is known as inter-picture coding. This section describes the types
of coded pictures and explains the techniques used in this process.

2.21 Picture Types
The MPEG standard specifically defines three types of pictures used for
inter-coding: intra, predicted, and bidirectional.

Intra Pictures

Intra pictures, or I-pictures, are coded using only information present in
the picture itself. I-pictures provide potential random access points into
the compressed video data. I-pictures use only transform coding (as ex-
plained in Section 2.3 on page 2-10) and provide moderate compres-
sion. I-pictures typically use about two bits per coded pixel.

Predicted Pictures

Predicted pictures, or P-pictures, are coded with respect to the nearest
previous I- or P-picture. This technique is called forward prediction and
is illustrated in Figure 2-5.

Like I-pictures, P-pictures serve as a prediction reference for B-pictures
and future P-pictures. However, P-pictures use motion compensation
(see Section 2.2.3) to provide more compression than is possible with I-
pictures. Also unlike I-pictures, P-pictures can propagate coding errors
because P-pictures are predicted from previous reference (I- or P-) pic-
tures.

Forward Prediction

Figure 2-5 Forward Prediction
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Bidirectional Pictures

Bidirectional pictures, or B-pictures, are pictures that use both a past
and future picture as a reference. This technique is called bidirectional
prediction and is illustrated in Figure 2-6. B-pictures provide the most
compression and do not propagate errors because they are never used as
a reference. Bidirectional prediction also decreases the effect of noise
by averaging two pictures.

Bidirectional Prediction

/\m/\f\

Figure 2-6 Bidirectional Prediction

222 Video Stream Composition

The MPEG standard allows the encoder to choose the frequency and lo-
cation of I-pictures. This choice is based on the application’s need for
random accessibility and the location of scene cuts in the video se-
quence. In applications where random access is important, I-pictures are
typically used two times a second.

The encoder also chooses the number of B-pictures between any pair of
reference (I- or P-) pictures. This choice is based on factors such as the
amount of memory in the encoder and the characteristics of the material
being coded. For a large class of scenes, a workable arrangement is to
have two bidirectional pictures separating successive reference pic-
tures. A typical arrangement of I-, P-, and B-pictures is shown in Figure
2-7 in the order in which they are displayed.

Inter-picture Coding
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Inter-picture Coding

- 1 second L
2 B-pictures between I-picture every 15th frame
reference (P) pictures (1/2 second at 30 Hz)

A l

PicweTye: ] BB PBBPBBPBBPBBIBBPBBP
Displayorder: 1 2 3 4 5 6 7 8 9 101112 13 14 15 16 17 18 19 20 2122

B
3

BPBBPBB
23 %

1 24 25 26 27 28 29 30

Figure 2-7 Typical Display Order of Picture Types

The MPEG encoder reorders pictures in the video stream to present the
pictures to the decoder in the most efficient sequence. In particular, the
reference pictures needed to reconstruct B-pictures are sent before the
associated B-pictures. Figure 2-8 demonstrates this ordering for the first
section of the example shown above.

Display Order
| B B P B B P
1 2 3 4 5 6 7

Video Stream Order

| P B B P B B

1 4 2 3 7 5 6

Figure 2-8 Video Stream versus Display Ordering

2.2.3 Motion Compensation

Motion compensation is a technique for enhancing the compression of
P- and B-pictures by eliminating temporal redundancy. Motion com-
pensation typically improves compression by about a factor of three
compared to intra-picture coding. Motion compensation is performed at
the macroblock level.
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When a macroblock is compressed by motion compensation, the com-
pressed file contains this information:

o One or two spatial vectors between the reference macroblock area
and the macroblock being coded (motion vectors)

o The content differences between the reference macroblock area
and the macroblock being coded (error terms)

However, not all information in a picture can be predicted from a previ-
ous picture.

Consider a scene in which a door opens: The visual details of the room
behind the door cannot be predicted from a previous frame in which the
door was closed. When a case such as this arises—i.e., a macroblock in
a P-picture cannot be efficiently represented by motion compensation—
the picture is coded in the same way as a macroblock in an I-picture us-
ing transform coding techniques (see Section 2.3, Intra-picture Coding).

The difference between B- and P-picture coding is that macroblocks in
a P-picture are coded using the previous reference (I- or P-picture) only,
while macroblocks in a B-picture are coded using any combination of a
previous and/or future reference picture.

Four codings are therefore possible for each macroblock in a B-picture:

o Intra coding: no motion compensation

o Forward prediction: the previous reference picture is used as a ref-
erence

o Backward prediction: the next reference picture is used as a refer-
ence

o Bidirectional prediction: two reference pictures are used, the pre-
vious reference picture and the next reference picture

Backward prediction can be used to predict uncovered areas that do not
appear in previous pictures.

Inter-picture Coding
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Intra-picture (Transform) Coding

The MPEG transform, or intra-picture, coding algorithm includes these

Intra-picture P’

(Transform) Coding o Discrete cosine transform (DCT)
o Quantization

o Run-length encoding

Both image blocks and prediction-error blocks have high spatial redun-
dancy. To reduce this redundancy, the MPEG algorithm transforms 8 x
8 blocks of pixels or 8 x 8 blocks of error terms from the spatial domain
to the frequency domain with the Discrete Cosine Transform (DCT).

Next, the algorithm quantizes the frequency coefficients. Quantization
is the process of approximating each frequency coefficient as one of a
limited number of allowed values. The encoder chooses a quantization
matrix that determines how each frequency coefficient in the 8 x 8 block
is quantized. Human perception of quantization error is lower for high
spatial frequencies, so high frequencies are typically quantized more
coarsely (i.e., with fewer allowed values) than low frequencies.

The combination of DCT and quantization results in many of the fre-
quency coefficients being zero, especially the coefficients for high spa-
tial frequencies. To take maximum advantage of this, the coefficients
are organized in a zigzag order to produce long runs of zeros (see Figure
2-9). The coefficients are then converted to a series of run-amplitude
pairs, each pair indicating a number of zero coefficients and the ampli-
tude of a non-zero coefficient. These run-amplitude pairs are then coded
with a variable-length code, which uses shorter codes for commonly oc-
curring pairs and longer codes for less common pairs.

Some blocks of pixels need to be coded more accurately than others. For
example, blocks with smooth intensity gradients need accurate coding
to avoid visible block boundaries. To deal with this inequality between
blocks, the MPEG algorithm allows the amount of quantization to be
modified for each macroblock of pixels. This mechanism can also be
used to provide smooth adaptation to a particular bit rate.
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Figure 2-9 Transform Coding Operations

The MPEG standard provides a timing mechanism that allows for syn-
chronization of audio and video. The standard includes two parameters
in the systen layer of a bitstream which are used by the CL450: the sys-
tem clock reference (SCR) and the presentation time stamp (PTS).

The MPEG-specified “system clock” runs at 90 kHz and generates 7.8
x 10? clock ticks in a 24-hour day. System clock reference and presen-
tation time stamp values are coded in MPEG bitstreams using 33 bits,
which can represent any clock period in a 24-hour period.

24.1 System Clock References

A system clock reference is a snapshot of the encoder system clock
which is placed into the system layer of the bitstream, as shown in Fig-
ure 2-10. During decoding, these values are used to update the clock
counter(s) in the system decoder before being sent to the audio and vid-
eo decoders. This is typically done in a system in which MPEG data is
delivered at a fixed bit rate, and effectively locks the decoder’s time
base with that of the encoder and the bitstream transport mechanism.

The CL450 contains an on-chip counter which it uses as its clock for
performing synchronization. The host may update the CL450’s clock
with SCR information from the bitstream (in fixed bit-rate systems) or
from some other accurate, decoder-wide time base.

Synchronization

24
Synchronization
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Synchronization

MPEG
Encoder

MPEG stream
with SCRs

f

Encoder
System
Clock

Figure 2-10

2.4.2 Presentation Time Stamps

Presentation time stamps are samples of the encoder system clock that
are associated with video or audio presentation units. A presentation
unit is a decoded video picture or a decoded audio sequence. The PTS
represents the time at which the video picture is to be displayed or the

\ /

System
Decoder

SCR Flow in MPEG System

7

SCRs

I

starting playback time for the audio time sequence.

Elementary video or audio decoders use the PTS values associated with
each presentation unit to adjust their decoding rate so that each presen-
tation unit is presented (displayed or played) at the correct time as mea-

sured by the decoder’s system clock.
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3
Signal Descriptions

This chapter describes the signals that comprise the external physical
interface to the CL450. The information presented for each signal in-
cludes the signal mnemonic and name, type (input, output, or bidirec-
tional), and description. For information about the functional operation
of the CLA450, including functional waveforms, see Chapters 4, 5, and
6. For timing information, see Chapter 7.

This chapter is divided into three sections that correspond to the com-
ponents that interface to the CL450:

o 3.1: Host Interface

o 3.2: DRAM Interface

o 3.3: Video Interface

Figure 3-1 shows a diagram of the CL450 with the host, DRAM and
video signals grouped together.



Host Interface

Data Transfer
Signals (see
Figure 3-2)

DMA Signals
(see Figure 3-3)

Host Interface

interrupt Signals
(see Figure 3-4)

Timing, Con-
trol and Status
Signals (see
Figure 3-5)

Figure 3-1

—» A[20:1]
——» UDS
—» IDS
—» AS
——» R/W
<«—>»| D[15:0]
<«—— DTACK

<«—{ DMAREQ
——» DMAACK
—» DTC

——» DONE

<«— INT
——»{ INTACK

-«———— CFLEVEL
———»{ RESET
~———» GCLK
HCLK
———» SCLK
————»| TEST

CL450

PD[23:0]
HSYNC
VSYNC

VOE
VCLK

MDI[15:0]
MA[9:0] |
RAS[1:0]
UCAS

LCAS
UCASIN
[CASIN
WE

I

Bus Connection Diagram

Video Signals
(see Figure 3-8)

DRAM Signals
(see Figure 3-7)

3.1 The host interface signals divide logically into these functional groups:

Host Interface

3-2 C-Cube Microsystems

o Data transfer signals: These signals comprise the address and data
buses and the control signals used for data transfer handshaking.

o DMA signals: The CL450 uses these signals to implement the
SCC68070 DMA protocol. This is a subset of that used by the
68000 family of DMA controllers.

o Interrupt signals: These signals provide a request-acknowledge
handshake used by the CL450 to request vectored interrupt service

from the host.

o Timing, control, and status signals: These signals include the-
clocks and reset signals, and the CMEM status signal.



Host Interface

Note: The following description of host interface signals is
based on the Motorola MC680X0 family of microprocessors,
even though the CL450 works with a wide range of other
processors and corresponding address widths.

3.1.1 Data Transfer Signals

These signals are used to communicate between the CL450 and the host
processor. Figure 3-2 shows how the data transfer signals of the CL450
connect to the host processor. The various modes of transferring data are
discussed in Sections 4.2 through 4.5.

UDS » UDS
bs bS
YV
AS (Add. Strobe) »  Comb.
>
*A[23:21] »| Logic** > AS
A[20:1] » A[20:1]
D[15:0] = » D[15:0]
R/W » RW
DTACK = DTACK
Host Processor : CL450
*These bits pertain exclusively to the **If the host processor is a 680X0, we
680X0 example: the left-over bits of a DTACK from recommend qualifying the AS input of
24-bit address bus. Other bits may be other devices the CL450 with UDS or LDS so that set-
chosen for other processors. up time can be added on R/W.

Figure 3-2 Data Transfer Signals

UDS — Upper Data Strobe Input
LDS — Lower Data Strobe Input
The host processor uses UDS and LDS to indicate the byte va-
lidity and transfer size of D{15:0] as shown in Table 3-1. The
CL450’s local DRAM (accessed when A[20] is 0) is the only

CLA450 resource which supports byte-wide accesses; at all other
times UDS must equal LDS.
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Host Interface

Table 3-1

Table 3-2
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Meaning of UDS and LDS

Ubs [DS Valid Size
High  High D[15:0] not valid none
low High D[15:8](DRAM only) byte
High Low  Di[7:0] (DRAM only) byte
low Low D[15:0] word

AS — Address Strobe Input
The host processor asserts AS (active low) to select the CL450
for a non-DMA read or write operation. In a 68070-based sys-

tem, AS is derived by the combination of the host signal AS and
the address bits above A[20].

A[20:1] — Host Address Bus Inputs
A[20:1] are the address lines that the host processor uses to ad-
dress the CL450’s CMEM, internal registers, and the local
DRAM memory. A{20:19] selects which of the CL450 internal
modules will be addressed as shown in Table 3-2.

Internal Module Selected by A[20:19]

A20 A19 Internal Module

0 DRAMbank0

1 DRAM bank 1 (optional)
0 Internal registers

1 CMEM (write only}

_ - oo

A[0] and the address bits above A[20] are not connected to the
CLA50. Instead of A[0], the host processor uses UDS and DS
to indicate which byte is valid on the data bus. (Note that UDS
and DS must both be asserted for host access to the CL450
when A[20] = 1.) Address bits above A[20] can be used to gen-
erate AS to indicate that the CL450 is selected.

D[15:0] — Host Data Bus Bidirectionals
D[15:0] comprises the 16-bit bidirectional host data bus. The
host processor uses D[15:0] to write data to the CL450’s
CMEM, internal registers, and local DRAM; and to pass data to
the CL450 for DMA writes. The CL450 uses D[15:0] to send re-
quested data to the host processor.



R/W — Read/Write Input

The host processor asserts R/W (high) to initiate a read opera-
tion, and deasserts R/W (low) to initiate a write operation.

DTACK — Data Transfer Acknowledge
Open-Drain Output

The CL450 asserts DTACK (active low) when it is ready to re-
ceive or output data on D[15:0]. When the CL450 responds to a
read request, it holds DTACK deasserted (high) until the re-
quested data is ready. When the CL450 responds to a write re-
quest, it asserts DTACK when it has received and latched the
write data.

DTACK is an open-drain signal that allows it to be wire-ORed
with other components on the host bus. It requires a pull-up re-
sistor of no less than 470 ohms.

3.1.2 DMA Signals

The CLA50 operates as a DMA slave only. An external DMA controller
performs the DMA transfer of bitstream data to CMEM according to the
SCC68070 DMA protocol, which is a subset protocol of the 68000 fam-
ily of DMA controllers.

Figure 3-3 shows how the CL450 DMA signals connect to an external
DMA controller. DMA data transfers are discussed in full detail in Sec-
tion 4.7.

Note: Be sure to consult the diagram shown in Section 4.6
before connecting the DMAREQ line.

Request |« DMAREQ"
Acknowledge » DMAACK
Data Strobe > DTC
DMA end »| DONE
HostDMA —Conatm s sownor g
Controller DMAREQ signal line.

Figure 3-3 DMA Signals

Host Interface
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Host Interface

DMAREQ — DMA Request Output

The CL450 asserts DMAREQ (active low) to request a DMA
transfer. The CL450 asserts DMAREQ whenever CMEM has at
least one free space, and the DMA enable flag (DE) in the
CMEM_dmactrl register has been set correctly. (See the de-
scription of the DE bit in the CMEM_dmactrl register in Sec-
tion 8.3.1, CMEM Registers, for more information about

enabling DMA.)
DMAACK — DMA Acknowledge Input
The external DMA controller asserts DMAACK (active low) in

response to a DMA request from the CL450 on DMAREQ.

DTC — DMA Transfer Complete Input
The external DMA controller asserts DTC (active low) when a
valid data word is present on D[15:0]. The CL450 latches the
data word on the falling (active) edge of DTC.

DONE — DMA Done Input
The external DMA controller asserts DONE (active low) to in-
dicate that the DMA sequence is complete. When DONE is as-
serted and CMEM is not full, the CL450 resets DE in the
CMEM_dmactr] register and deasserts DMAREQ.

3.1.3 Interrupt Signals

The CL450 uses these signals to indicate an interrupt to the host. The
CL450 can be programmed to implement an optional request-acknowl-
edge handshake for vectored interrupts. Figure 3-4 shows how the
CLA450 interrupt signals connect to a host or interrupt processor. Section
4.8, Interrupt Cycle Timing, discusses interrupt processing in more de-

tail.
Request |« INT
Acknowledge »{ INTACK
Host or Interrupt CL450

Processor

Figure 3-4 Interrupt Signals
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INT — Interrupt Request Open-Drain Output
The CL450 asserts INT (active low) to request an interrupt from
the host processor. INT is an open-drain signal. This allows it to
be wire-ORed with other components on the host bus. It re-
quires a pullup resistor of no less than 470 ohms.

INTACK — Interrupt Acknowledge Input
The host processor asserts INTACK (active low) in response to
INT and begins the vectored interrupt sequence. The INTACK
pin is ignored unless vectored interrupts are enabled (see the
VIE bit description in the HOST_control register, page 8-12,
and the HOST _intvecw register, page 8-13). INTACK is also
used in conjunction with the TEST pin to 3-state the output pins
for diagnostic purposes.

3.1.4 Timing, Control, and Status Signals

These signals provide the clock inputs, reset control, and CMEM status.
Figure 3-5 shows these signals. The timing characteristics of these sig-
nals is described in Section 7.2.

Timing Generator

_ »| GCLK

L optional SCLK
Clock | \ »| HCLK
«optional CFLEVEL
—» RESET
TEST

Host Processor CL450

Figure 3-5

GND

Reset Circuit

Timing, Control, and Status Signals

Host Interface
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Host Interface
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GCLK — Global Clock Input

The CL450 uses GCLK to clock the internal processor and the
DRAM controller. For proper operation of the CL450, this sig-
nal must have a nominal frequency of 40 MHz. All local
DRAM accesses are synchronized to this clock. HCLK
and VCLK are limited to half the frequency of GCLK.

Note: The use of a precision 40.000 MHz crystal for GCLK
is strongly recommended. Other statements in this manual
regarding the performance and speed of the CL450 hard-
ware and microapplication are based on a 40-MHz GCLK

[frequency.

SCLK — System Clock Input

SCLK is an optional external clock input for the CL450 system
timer (SCR counter). This is typically a 90-kHz signal, although
higher frequencies can be used with internal prescaler values
greater than 1.

The system timer (Figure 3-6) is a 33-bit counter that is used by
the host processor to synchronize video generated in the CL450
with other outside devices. These devices could include other
CL450s, audio decoders, and other display devices within a
multimedia system.

The CL450 system timer contains a 9-bit prescaler that can be
used to divide the selected source clock prior to incrementing
the system timer. The source clock can be either the SCLK sig-
nal or (typically) the GCLK signal.

In a typical system application using a 40-MHz GCLK, the di-
vider should be set to divide GCLK by 444. If an external 90-
kHz signal is used for the SCLK frequency, the divider can be
set to divide by one. When the GCLK signal is used as a clock
source, the SCLK pin must be pulled either HIGH or LOW.

Note: The divider is hardware-programmable and may there-
fore be written to a value other than 444 if the microapplication

is not running, otherwise, the microapplication fixes the divider
at a value of 444.

The frequency of SCLK must be less than half the frequency of
GCLK, and both the SCLK-LOW and SCLK-HIGH periods
must be greater than the GCLK clock period.
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HOST_scr2
49
A
GCLK > 9 Bit Prescaler 33-Bit System Timer
SCLK >
A 3 A 15 A 1 5
Y Y v
HOST _scr2 HOST _scrt HOST_scr0
Figure 3-6 System Timer Block Diagram
HCLK— Host Clock Input

The clock signal HCLK (host clock) is the host bus interface
reference signal. It is asynchronous with respect to both GCLK
and VCLK. All host bus transfers to and from the CL450 are in-
ternally synchronized to GCLK. The CL450 supports a host
processor with an HCLK of up to 20.0 MHz.

CFLEVEL — CMEM Level Status Output
The CL450 asserts CFLEVEL (active high) when CMEM be-
comes as full or more full than the threshold selected by the
1QF to 4QF bits in the CMEM_dmactrl register (see Chapter
8).

RESET — Hardware Reset Input
An external device asserts RESET (active low) to force the
CLA450 to execute a hardware reset. To be fully recognized, RE-
SET must be asserted for at least 50 GCLK cycles. After a reset,
the CL450 registers are in an indeterminate state and a complete
re-initialization of the CL450 should be performed.

TEST — Test Input

When TEST (active high) and INTACK (active low) are assert-
ed simultaneously, the CL450 three-states all outputs for perfor-
mance of system diagnostics. For normal operation, TEST must
be held LOW (deasserted).

Signal Descriptions  3-9



DRAM Interface

3.2

DRAM Interface

The CL450’s internal DRAM controller generates the addressing and
control signals to control up to one Mbyte of local DRAM. A minimum
DRAM size of 512 Kbytes is required for MPEG decoding. This
DRAM is typically configured as one or two banks of 256K by 16 bits.

Figure 3-7 shows the signals that comprise the CL450’s DRAM inter-
face. The signal descriptions are presented following the figure. See
Section 5.2, Memory Bus Interface, for more information about DRAM
memory architecture.

MA[9:0] > »| Address
MDI[15:0] —— »| Data
RAS[1:0] — —»1 RAS
UL CAS »| CAS*
UJ/L CASIN =
WE » WE
CL450 *The return TAS line should be connected Local DRAM Array

Figure 3-7

3-10  C-Cube Microsystems

as close to the DRAM as possible. If multi-
ple DRAMs are used, connect to the DRAM
furthest away.

DRAM Interface Signals

MA[9:0] — Memory Address Bus Outputs

The CLA50 multiplexes the row and column addresses on these
signals to address up to one Mbyte of DRAM. See Section 5.2,
Memory Bus Interface, for more information about how the ad-

dress signals are used with different DRAM components and
DRAM array sizes.

MD[15:0] — Memory Data Bus

These signals comprise the memory data bus by which data is
transferred between the CL450 and the local DRAM array. The
direction of the data transfer is determined by the state of WE.

Bidirectionals



Video Interface

RAS[1:0] — Row Address Strobe Outputs

The CLA450 asserts these signals to latch the row address into the
local DRAM array. RAS[ 1] (active low) latches the row address
for bank 1, and RAS[0] (active low) latches the row address for

bank 0.
UCAS — Upper Column Address Strobe Output
LCAS — Lower Column Address Strobe Output

The CLA450 asserts these signals to latch the column address
into the local DRAM array. UCAS (active low) latches the col-
umn address for the upper memory data byte, MD[15:8], and
LCAS (active low) latches the address for the lower byte,
MD[7:0]. For local DRAM accesses performed by the CL450
for the host, UCAS is generated in response to the UDS input,
and CCAS is generated in response to the LDS input.

UCASIN — Upper Data Latch Enable Inputs
LCASIN — Lower Data Latch Enable Inputs
When the CL450 reads data from the local DRAM array, the
data on MD[15:0] is latched into the CL450 on the rising edge
of the two CASIN signals. UCASIN latches data coming from
the high data byte, MD[15:8], and LCASIN latches data coming
from the low data byte, MD[7:0]. Typically, these are connected
to the TAS pin(s) of the local DRAM array.

WE — Write Enable Output
The CL450 asserts WE (active low) to request a write operation
(data transfer from CL450 to DRAM). The CL450 deasserts
WE to request a read operation (DRAM to CL450).

The CLA450’s video interface outputs pixel data to the video display sub- 33
system in RGB or YCbCr format. Figure 3-8 shows the signals in the- ;.
CL450’s video interface. Operation of the video interface is discussed
in Chapter 6.

Note: CL450 video output is compatible with MPEG, CCIR
601, and CD-I players and therefore uses a digital output
range of 16-235 as opposed to 0-255. (See Section 6.1, Dig-
ital Video Standards, for more information.)

Video Interface
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Video Interface

PD[23:0] - 3 Pixel Data
HSYNC {«— ]
VSYNC |« \C"od:t‘r’ol
VOE |« Signals
VCLK j=—
CL450 Video Display
Subsystem
Figure 3-8 Video Interface Signals
PD[23:0] — Pixel Data Bus Outputs
The CL450 transmits pixel data to the video display subsystem
using these signals. The definition of the signal lines differs for
RGB and YCbCr formats as shown in Figure 3-9 and Figure 3-
10. The format used is determined by the microapplication and
can be changed using the SetColorMode() macro command de-
scribed in Chapter 11.
When RGB format is used, each 24-bit word on PD[23:0] con-
tains eight bits each of blue, green, and red. The highest bit of
each component is most significant; for example, BLUE[7] cor-
responds to PD[23].
23 16 15 8 7 0
| BLUE[7:0] 1 GREEN(7:0] I RED(7:0] ]
Figure 3-9 Pixel Bus Definition, RGB Fermat

3-12 C-Cube Microsystems

When YCbCr format is selected, each 24-bit word on PD[23:0]
contains eight bits of auxiliary register data, eight bits of lumi-
nance (Y), and eight bits of one of the chrominance components

(Cb or Cr). The Cb and Cr coefficients alternate on successive
VCLK periods.

The AUX][7:0] signals have no predefined purpose and can be
used for whatever the designer wishes. For example, they could
be used to load the color map in a RAMDAC. The bits are con-
trolled by writing the desired data to the VID_selaux register
(see Section 8.6.2).



23

16 15 8 7 0

AUX(7:0) | Y[7:0] | Chl7:0] o Crl7:0] |

Figure 3-10

Pixel Bus Definition, YChCr Format

HSYNC — Horizontal Synchronization Input

The CL450 begins counting the left border for a new horizontal
line on the second VCLK after the rising (inactive) edge of
HASYNC (active low). ASYNC must be synchronous to VCLK
as shown in Section 6.3, Video Synchronization.

VSYNC — Vertical Synchronization Input

The CL450 begins outputting the top border of a new field on
the first HSYNC after the rising edge of VSYNC. VSYNC is
asynchronous with respect to VCLK, and is active high. See

Section 6.3, Video Synchronization, for more information on
the relationship of VSYNC to HSYNC.

VOE — Video Output Enable Input

VOE must be asserted (active low) to enable the CL450 to drive
the pixel bus, PD[23:0]. When VOE is deasserted, the CL450
holds the pixel bus in a high-impedance state.

VCLK - Video Clock Input
The CL450 outputs one pixel on PD[23:0] for each cycle of
VCLK. VCLK cannot run faster than one-half the frequency of
GCLK, although at frequencies below 15 MHz it does not need
to be synchronous with GCLK.

Reserved — Future Expansion Input

C-Cube has reserved these pins for possible future use. They
should be either pulled HIGH or LOW but should not be al-
lowed to float.

Miscellaneous

34
Miscellaneous
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Host Interface

The host interface on the CL450 is designed to interface to a variety of
general-purpose microprocessors. While it is optimized for connection
to members of the 680X0 microprocessor family, it also connects easily
to the 80X86 family and other host processors.

The host processor can directly access any CL450 register or local
DRAM location by reading and writing to specific addresses. Com-
pressed video data transfers are performed by writing the data into the
CMEM on-chip memory using either processor writes or DMA trans-
fers. The CL450 host bus interface supports both vectored and polled in-
terrupts.

This chapter is organized into the following sections which describe
how the host interface is used:

o 4.1: Overview

o 4.2: Local DRAM or Register Read

o 4.3: Local DRAM or Register Write



4.4: CMEM Write Timing

4.5: CMEM DMA Write Timing

o 4.6: CMEM DMA Write Application Guidelines
o 4.7: CMEM Level

o 4.8: Interrupt Cycle Timing

[}

O

Figure 4-1 shows the pinout diagram of the CL450 host bus interface.
The host interface signals include a 20-bit address bus, a 16-bit data bus,
and the necessary control signals for performing data transfers and in-
terrupt handling.

Note: Be sure to consult the diagram shown in Section 4.6
before connecting the DMAREQ and CFLEVEL lines.

Host System Bus CL450
- CFLEVEL
CMEM
—> (see Figure 4-3)
D[15:0] |« —»
A[20:1] —
HCLK >
- DTACK
ups > Data Transfer Logic
[bY > (see Figure 4-2)
RW >
S >
- DMAREQ
DMAACK >
i > DMA Logic
DONE . (see Figure 4-3)
- Interrupt Logic
INTACK > (see Figure 4-3)
450-101

Figure 4-1 Host Interface Block Diagram
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The host processor uses memory reads and writes to address the
CL450’s local DRAM, the internal registers, and CMEM. The host pro-
cessor indicates that a memory access is being performed by putting the
address for the desired CL450 location on the address bus and asserting
the AS (Address Strobe) pin. Then the CL450’s internal address decoder
determines which resource to access by decoding address lines
A[20:19] and the R/W line as shown in Table 4-1.

Table 4-1 CL450 Memory Access Address Bits

A[20] A[19] RW Byte Description
Addressable
0 0 X Yes DRAM Bank 0 Access (Read/Write)
0 1 X Yes DRAM Bank 1 Access (Read/Write)
1 0 X No Register Access (Read/Write)
1 1 0 No CMEM Access (Write Only)

The AS (Address Strobe) signal on the CL450 performs like a chip se-
lect. In a typical system application, AS is a function of the address lines
greater than A[20] and a signal indicating that a valid address has been
placed on the address bus. (AS is the signal used in the 68070 systems.)

Byte-wide memory accesses are performed by asserting either the TDS
(Lower Data Strobe) or UDS (Upper Data Strobe) pin when AS is as-
serted as shown in Table 4-2. Word-wide (16-bit) accesses are per-
formed by asserting both DS and UDS simultaneously. Whenever the
CLA450 is the target of a byte-wide read (R/W=1), only the drivers for
the byte being read are driven. The data read on the byte not selected is
indeterminate. The local DRAM is the only CL450 resource which can
be addressed using byte-wide accesses.

Table 4-2 LDS and UDS Decoded Values

IDS UDS Definition

Data Not Valid

DRAM only: D[15:8] Valid (Upper byte, Al0] = 0)
DRAM only: D[7:0] Valid (Lower Byte, A[0] = 1)
D[15:0] Valid (Word access, Al0] = 0)

—r r— I T
— I — I

Overview
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Overview

Byte accesses are provided to make the CL450 DRAM available as sys-
tem memory for the host when the CL450 is not being used. The LDS
and UDS inputs to the CL450 may be tied together if this feature is not
required.

Note: In systems based on the 68000, 68010, and 68070 pro-
cessors, the LDS and UDS signals will be asserted in roughly
the same cycle as AS; but when a write is being performed,
LDS and UDS will be delayed one or two cycles from the as-
sertion of AS to allow setup time for the data.

4.1.1 Register Access

When address lines A[20:19] = 10,, the CL450 addresses its internal
registers. The lower seven address lines, A[7:1], determine which reg-
ister is being addressed, and the R/W signal determines whether the op-
eration is a read or a write. (The upper eleven address lines, A[18:8], are
in a “don’t care” state at this time; the only time they matter is during a
DRAM read or write, at which time they form part of the local DRAM
address.) Internal register operations should always be full-word ac-
cesses as indicated by the assertion of both LDS (Lower Data Strobe)
and UDS (Upper Data Strobe). Two UDSsynchronous state machines
inside the host interface —one using HCLK, the other using GCLK —
control the data transfer as shown in Figure 4-2. Inputs to the two state
machines are registered to synchronize them to the local clock.

4.1.2 Local DRAM Access

When address line A[20] is LOW, the CL450 addresses the local
DRAM array. The DRAM array is divided into two banks typically or-
ganized as 256K addresses by 16 bits. Address line A[19] selects wheth-
er Bank O or Bank 1 is being addressed, and address lines A[18:1] select
the location to be accessed. The local DRAM array can be accessed us-
ing either byte-wide or word-wide reads and writes. The same two syn-
chronous state machines inside the host interface that are used for
register read/writes are also used for local DRAM read/writes. The
DRAM controller drives GSEL (see Figure 4-2) to complete the read or
write operation.

4-4 C-Cube Microsystems
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GDATA [15:0]

DI[15:0] = N GSEL [7:0]
| A
AS _ D Enable Host Request Reg CLK i::;i
A[20:19] Acknowledge [DRAM R/W Req
: - H State Machine ;
» N G State Machine DRAM Ack

T <____

- » GDATA Busy
GCLK D —
A A A A
HCLK
RESET GCLK
Y v Y
GCLK  GSelReq
R/W - - I
v Address Decoders
Al7:1
7:1] » Address >
Y
Select GCLK |«

SCLK > System Clock

Note: Address bits A[18:8] are not shown on this diagram
because they control DRAM addresses only.

Figure 4-2

Host Interface Diagram (detailed)
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Overview

4.1.3 CMEM Access

When address lines A[20:19] = 11,, the CL450 addresses CMEM for
writes; A[20:19] must be 11, before AS goes LOW. Writing a word to
any address within the address range puts data into CMEM as shown in
Figure 4-3.

For CMEM writes, the input data is registered on the falling edge of the
data strobes (LDS/UDS), and an internal CMEM write request is gener-
ated on the rising edge of the data strobes. The data is written into the
CMEM on the first rising edge of GCLK following the activation of the
write request. The CMEM address counters in CMEM_status are incre-
mented at the end of the write.

Note: CMEM writes are asynchronous with respect to both
HCLK and GCLK; the state machines used for CL450 regis-
ter read/write and direct DRAM read/write are not used in
either DMA or CMEM operations. Also, CMEM is a true
dual-port memory, therefore, internal read and host write
operations can occur in the same GCLK cycle. HCLK has no
effect on CMEM writes.

4.1.4 DMA Operation

DMA writes are very similar to CMEM writes except that the
DMAACK and DTC pins control the operation as shown in Figure 4-3.
For DMA operation to work correctly, AS and R/W must both = 1.
(HCLK, D{15:0] and A[20:1] do not affect DMA operation.) The input
data is registered on the falling edge of DTC, and an internal CMEM
write request is generated on the rising edge of DTC. The data is written
into CMEM on the first rising edge of GCLK following the activation
of the write request. The CMEM address counters in CMEM_status are
incremented at the end of the write.

4.1.5 Interrupt Vector Operation

For interrupt vector operation to occur, HOST_control bit 14 (Vectored
Interrupt Enable, VIE) must be 1. For a vectored interrupt operation,
host address A[3:1] must be set up before INTACK goes low and hold
until INTACK goes high. In addition, INT from the CL450 must be low.
(Asserting INTACK while INT is inactive will cause indeterminate be-
havior.) All of these operations are asynchronous with respect to GCLK
and, like the other access modes described in Sections 4.1.3 and 4.1.4,
do not affect the GDATA bus shown in Figure 4-3.

4-6 C-Cube Microsystems
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INT CMEM, DMA, . Address Read Address CMEM
— > Vectored INT << Write ACK Counters >

INTACK Control .
Write Enable . Data Out '|>_>

DMAACK GCLK
T A 7y

GCLK

Control

A GCLK

INT Vector

EFLEVEL

Control Registers
Control Address Decoders

Data [«

Address |«

Y

Figure 4-3 CMEM Block Diagram
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Local DRAM or Register Read

The host processor accesses the internal registers of the CL450 and the

4.2 1450 10cal DRAM array by reading them as if they were memory lo-

Local_ DRAM or cations. Because the resource being read might not be immediately

Register Read available, the CL450 can insert wait states by delaying assertion of the
DTACK signal until the read can be completed.

Register and DRAM reads have a minimum delay of two GCLK cycles.
Maximum DRAM latency is dependent on the operation of the mi-
croapplication.

Figure 4-4 shows the sequence of signals for a local DRAM or internal
register read. The circled numbers in the figure refer to the steps below.

j— Wait States ~»»]

Hok [ [ L[] | | |
Al20:1] X ADDRESS §S ADDRESS X

@ I
RS \ /]

® ®

ws \ /]
uos \ /T

D[15:0] ) DATA -

DTATK G

%

450-102

Figure 4-4 Local DRAM or Register Read Timing

1. The host processor sets the R/W line to the proper state for the
read operation (HIGH).

2. The host processor outputs the desired address on address lines
A[20:1].
3.  After the R/W line and the address lines have settled, the host

4-8 C-Cube Microsystems



Local DRAM or Register Write

processor asserts the control lines AS, LDS, and UDS to indi-

cate to the CL450 that a host bus read access is in progress. The
data bus (D[15:0]) should be in a high-impedance state at this

time.

4. The CL450 holds DTACK deasserted (high) until it can re-
spond to the read request. Because the CL450 is performing ar-
bitration of its internal data buses during memory or register
accesses, DTACK assertion is delayed by at least one HCLK
cycle. When the data is available, the CL450 asserts DTACK.

5. The requested data becomes available on the data bus at the
same time that DTACK is asserted.

6.  Once the host processor has read the data, it deasserts AS, LDS,
and UDS. This completes the bus cycle.

7.  When the CL450 detects the deassertion of AS,LDS, and UDS,
it releases the DTACK signal and the data bus.

4.3
Figure 4-5 shows the sequence of signals for a local DRAM or internal Local DRAM or
register write. The circled numbers in the figure refer to the steps below. Register Write

HCLK I I I | I I L) | I
|

Al20:1] ADDRESS

<

AS @\ /
[0}

/@/
~

uns

RW

D[15:0] DATA

DTACK ® /®

Figure4-5  Local DRAM or Register Write Timing with Delayed UDS and
LDS Timing Shown
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Local DRAM or Register Write

The host processor sets the R/W line to the proper state for a
write operation (LOW).

The host processor outputs the desired address on address lines
A[20:1].

After the address lines have settled, the host processor asserts
AS. This indicates to the CL450 that a memory transfer is in
progress.

The host processor then puts the data to be written to the CL450
on the data bus.

UDS and LDS are asserted. (The host processor asserts LDS or
UDS if a byte-wide write is taking place, or both if it is a word-
wide write.)

The CLA450 generates a DTACK signal after UDS and LDS are
asserted.

The CL450 latches the data within 2 GCLK cycles after
DTACK goes low.

The host processor releases AS.

The CL450 responds by releasing DTACK. This completes the
write cycle.

Note: For register reads, the DTACK output of the CL450
provides a handshaking response to indicate to the host CPU
that the CL450 is ready to terminate the current read or write
operation.

For local DRAM reads, the local DRAM is selected by host
A[20], and host bits A[19:1] are the DRAM word address.
However, DTACK will not be asserted as quickly because the
DRAM controller must acknowledge host interface request
signals.

The state diagrams for DTACK generation logic are shown in Figure 4-
6. Note that the states are drawn as event-driven and are not keyed to a
particular clock. In the case of both reads and writes, if AS is deasserted
before DTACK is asserted, DTACK will not be asserted. On a read op-
eration, DTACK can be delayed due to internal DRAM arbitration.

4-10 C-Cube Microsystems
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Figure 4-6 DTACK State Logic Diagram

While the CL450 is decompressing video, the bitstream buffer in the
CLA450’s local DRAM must be supplied with a constant stream of
MPEG video data. To speed up the transfer of compressed video data,
CMEM (a coded data FIFO) has been included in the input data path.
Write operations to CMEM can be performed with no added wait-states.
The CLA50 also supports no-wait-state Direct Memory Access (DMA)
transfers of compressed video data into CMEM. The CL450 automati-
cally transfers the compressed data from CMEM into the local DRAM
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Data Not

CMEM Write Timing
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ready to ac-
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access ready
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CMEM Write Timing

bitstream buffer whenever space is available. Writes to CMEM must al-
ways be 16-bits wide. Byte writes are not supported.

The host processor can control the transfer of data to CMEM using one
of the following two methods:

o Polled: The host CPU monitors either the CFLEVEL signal or the
empty status bits in the CMEM_dmactrl register; it writes data
when CMEM has space.

o DMA: The CL450 asserts the DMA Request signal (DMAREQ)
whenever there is space in CMEM. The host DMA controller re-
sponds by acknowledging the request and transferring a word of
data to the CL450. This method is desirable because the host does
not need to be involved in the transfer of each data word or polling
CMEM’s fullness, leaving it free to perform other tasks.

Direct CMEM write and DMA CMEM write operations are done by a
GCLK-synchronous state machine in the host interface (see Figure 4-3),
and the inherent speed of this interface is much faster than the maximum
average transfer speed of 5.0 Mbits per second. The data is registered on
the falling edge of UDS and LDS, and three GCLK cycles after the ris-
ing edge of AS the data is written into CMEM. UDS and LDS must not
go LOW again during these 3 GCLK periods, and R/W must be LOW
when UDS/LDS go LOW with a set-up time of T9 (Table 7-4).

For back-to-back transactions, AS HIGH from one cycle must precede
UDS/LDS LOW in the following cycle by the sum of T129 and T130
(see Table 7-5). For back-to-back CMEM writes, it would be best to
leave R/W LOW. (The timing diagrams that follow are for a 68070 in
which the normal state of R/W is high.) AS must stay HIGH for at least
two GCLK cycles, and AS LOW must set up a short time before UDS
and LDS go LOW (T129).

In direct DMA mode, DMAACK has the same function as AS in direct
CMEM writes, and DTC has the same function as UDS and LDS in di-
rect CMEM writes. This means that DMAACK LOW time can be very
short and that DMAACK HIGH time must be two GCLK periods.
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Figure 4-7 shows the timing diagram for CMEM writes, and Figure 4-
8 shows the timing diagram for DMA transfers to CMEM. The circled

numbers in each figure refer to the steps that follow each figure.

HCLK

Aj20:1]

AS

DS

| 1 L L

ADDRESS

o [

@\

LLLs||r

N
®
\_

DATA

450-103

Figure 4-7 CMEM Write Timing

The host processor outputs the desired address on address lines
A[20:1]. To access CMEM, A[20:19] must be 11, and A[18:1]
may be any value.

The host processor sets the R/W line to the proper state for the
write operation (LOW).

After the address lines have had time to settle, the host proces-
sor asserts AS. This assertion indicates to the CL450 that a
memory transfer is in progress.

The host processor then puts the data to be written to the CL450
on the data bus.

After allowing time for the data bus to become valid, the host
processor asserts both LDS and UDS. CMEM writes must al-
ways be 16-bits wide.

The CL450 asserts the DTACK signal after the assertion of AS
(LOW). Because no arbitration is necessary, no wait states are
necessary for CMEM writes.

CMEM Write Timing

Host Interface 4-13



CMEM DMA Write Timing

7. When the host processor recognizes the DTACK signal, it re-
leases AS, LDS and UDS.

8.  The CL450 responds by releasing DTACK. This action com-
pletes the write cycle.

45 The CL450 also supports DMA transfers of data into CMEM using the
CMEM DMA Write DMAACK, DTC and DONE control inputs. DMA transfers minimize

Timing the burden that the CL450 puts on the host processor.

The host processor starts a DMA transaction by configuring the host
DMA controller (to set up the DMA channel) and writing a 1 to the
DMA enable bit (DE) in the CL450 CMEM_dmactrl register. The act
of setting the DE bit while CMEM is at or below the threshold in
CMEM_dmactrl will enable the CL450’s internal DMA logic. Subse-
quently, when CMEM fullness is below the threshold, the CL450 as-
serts the DMAREQ (DMA Request) signal.

When the host detects DMAREQ active, it asserts the DMAACK
(DMA Acknowledge) signal and begins a block write to CMEM. Each
time that a word is transferred, the DMA controller checks to see if an-
other DMAREQ pulse has been generated. If a DMAREQ pulse has
been generated, the DMA controller generates another DMAACK pulse
and writes a word of data.

When CMEM reaches threshold before all of the data has been trans-
ferred, the CL450 releases the DMAREQ signal until space becomes
available again. This continues until the transfer of data is complete.

When the transfer is complete, the host may assert the DONE signal,
which stops the transaction and clears the DMA enable bit (DE) in the
CMEM_dmactrl register if the DONE pulse occurred when CMEM was
not full. The host can abort the transaction at any point by clearing this
bit.

Note: The CL450 supports a host processor with an HCLK
frequency of up to 20.0 MHz, or one-half the GCLK frequen-
¢y, whichever is less. DMA writes can provide two bytes ev-
ery six host processor clock cycles.

4-14 C-Cube Microsystems
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Figure 4-8 CMEM DMA Write Timing

Figure 4-8 shows the sequence of signals during a typical DMA transfer.
During this transfer, four words of data are transferred into CMEM, and
the host terminates the transfer by asserting DONE. The circled num-
bers in the figure refer to the steps below.

1. The CL450 asserts DMAREQ, indicating that space is available
in CMEM. This request is asynchronous, and may occur during
another CL450 access cycle. In this example, it occurs during a
word read from the CL450.

2. After’completing the current operation, the host DMA control-
ler responds by asserting DMAACK and starting a word trans-
fer.

Host Interface 4-15



CMEM DMA Write Application Guidelines

10.

11.

The DMA controller drives the address bus and strobes the sys-
tem AS (not the CL450’s AS input), causing the host memory
subsystem to drive the data onto the bus.

When the data is ready, the system memory responds by assert-
ing DTACK. Note that the host system is driving the address
bus, R/W, AS, and DTACK during a DMA cycle, but that the
CLA450 is not using them. The CL450’s AS and R/W input sig-
nals must remain HIGH during a DMA transfer. (In single-ad-
dress mode, the CL450’s AS and R/W signals will stay high
without special logic due to the reads from system memory.)
The host DMA controller asserts Data Transaction Complete
(DTC) to indicate to the CL450 that the word is available. The
CL450 stores the data on the falling edge of DTC.

The host DMA controller completes the cycle by releasing
DMAACK. At this point, the first word has been transferred
into CMEM.

Because the DMAREQ signal is still asserted, a second word of
data is transferred into CMEM using timing identical to that of
the first (repeat steps 2 through 6).

The transfer of the third word into CMEM is identical to that of
the second.

During the transfer of the last word, the DMA controller in the
host system asserts the DONE signal.

When the CL450 detects the active DONE signal (CMEM is as-
sumed to not be full at this time), it clears the DMA enable bit
(DE) in the CMEM_dmactrl register and releases the
DMAREQ signal.

The DMA controller releases DMAACK and DTC. This com-
pletes the DMA transfer.

46 When designing a DMA controller to be used with the CL450, the fol-

CMEM DMA Write lowing guidelines should be followed:
o Both R/W and AS must remain HIGH throughout a DMA transfer.

Application
Guidelines

4-16 C-Cube Microsystems

If the 68070 dual-address DMA transfer mode is used, external
logic must be provided to ensure that these conditions are met.



CMEM DMA Write Application Guidelines

o The behavior of both the DMAREQ and DONE signals is condi-

tional on the fullness of internal CMEM. In systems in which the
DONE signal does not have to be used, the deterministic operation
of DMAREQ can be assured by correct operation of the host soft-
ware. Alternately, the host may program the CL450 to output the
CFLEVEL signal so that it can be used to condition the DMAREQ
signal before it is supplied to the host.

For the CL450 to produce pulses on the DMAREQ signal, DMA
operation must be enabled by the host writing the DMA Enable
(DE) bit while CMEM is not full. This condition can be ensured
by the host software polling the CMEM_dmactr] register prior to
writing the DMA Enable bit in it.

Alternately, if the DMAREQ signal is conditioned before being
sent to the host, it can be ensured in hardware that CMEM never
becomes full at all. To accomplish this, a circuit similar to the fol-
lowing should be used:

DMAREQ
DMA request to
system (active low)
CFLEVEL

» DONE
CL450

For this circuit to operate correctly, CFLEVEL must be pro-
grammed to become active if the /Q bit (in CMEM_dmactr]) be-
comes 1. This action can be accomplished by writing a value of
10000000X, to CMEM_dmactrl. Doing so reduces the effective
size of CMEM from 16 to 12 words, so that the actual CMEM will
never become completely full. Limiting the size of CMEM in this
way ensures that writing a 1 to the DMA Enable bit (DE) in
CMEM_dmactrl always activates the CL450's internal DMA log-
ic, and that a pulse on the DONE input signal will always cause
DE to be cleared.

A DMA transfer allows a word of data to be written into CMEM
every six HCLK cycles. Using direct memory writes, a word can
be transferred every four HCLK cycles (8.75 Mbytes per second).
If extremely high (instantaneous) data transfer rates are required,

Host Interface
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CMEM Level

external hardware could be designed to take advantage of this. An
example would be a state machine that loads the data from an ex-
ternal FIFO directly into the CL450’s CMEM.

AS has a minimum pulse width of 40ns, and UDS/LDS have a
minimum pulse width of 5ns (not tested).

AS can be de-asserted on the same cycle where UDS/LDS get as-
serted if DTACK is asserted.

During direct host writes to CMEM, data is registered on the fall-
ing edge of UDS/LDS.

No timing restriction exists on how fast back-to-back write trans-
actions can occur during CMEM data transfers; however, UDS
and LDS should not go LOW until data has been written into
CMEM on the third GCLK cycle after AS goes HIGH.

DTACK is combinatorial during direct CMEM writes and vec-
tored interrupts but synchronous otherwise.

CFLEVEL (CMEM level) is an output signal that the CL450 generates

CMEM Levél to inform the host processor of the fullness of CMEM. The host pro-

grams control bits in the CMEM_dmactrl register to set the point at

which the CFLEVEL signal is asserted by the CL450. Table 4-3 shows
how these bits are programmed. This signal can either be polled by the
host processor or used to generate an external interrupt.

Table 4-3 CMEM Level Control Bits

Bit4 Bit3 Bit2 Bit1 Assert CFLEVEL when FIFQ is:

1
0
0
0

0 0 0 1/4 empty
1 0 0 1/2 empty
0 1 0 3/4 empty
0 0 1 Empty’

1.

4-18 C-Cube Microsystems

During normal operation, CMEM is not necessarily drained to empty.

Note: The CMEM level must always be polled before data is
written to it; otherwise, data may be lost. Typically, the
CFLEVEL pin is set to 3/4 empty. The host polls for this con-
dition and sends 12 words before polling again.



The CL450 supports both polled and vectored interrupts using the
680X0 vectored interrupt sequence.

Note: INT is an open-drain output so that it can be wire-
ORed with other interrupt signals in the system. It should be
pulled up to V¢ with a resistor no smaller that 470 ohms.

4.8.1 Polled Interupts

Polled interrupt operation is straightforward. The CL450 microapplica-
tion generates an interrupt by writing the Inf bit in the HOST_control
register with zero, which asserts Interrupt Request (INT). (The interrupt
bit in the HOST_control register directly connects to the INT output
pin.) Typically, the host first services the interrupt and then clears it by
setting the interrupt bit in the HOST_control register. This action auto-
matically deasserts INT.

Note: The interrupt must also be logically cleared at some
point by clearing the Interrupt Status location maintained by
the microapplication in HMEM (see Section 14.2, Interrupt
Status Location).

4.8.2 Vectored Interrupts

The vectored interrupt sequence is more complex. The microapplication
sets the Tnz bit in the HOST_control register, asserting INT. The host re-
sponds by asserting Interrupt Acknowledge (INTACK) and broadcast-
ing the interrupt priority on address lines A[3:1].

The CL450 compares the priority of this interrupt to the priority previ-
ously written into the IPID bits of the HOST_intvecw register by the
host. If the priorities match, the CL450 outputs the Interrupt Vector pro-
grammed into the [Vect bits of the HOST_intvecw register on D[7:0]
and signals its validity by asserting the DTACK signal. If the IPID and
IVect bit fields are not written, the initial value of IPID is 0 and IVect =
Oxf.

The host processor receives the Interrupt Vector and ends the cycle by
releasing the INTACK signal. This action automatically clears the Tnt
bit in the HOST_control register if the AIC (Auto Interrupt Clear) bit is
1.If AIC is not 1, the host must clear Inz by writing to the HOST _control

Interrupt Cycle Timing

4.8
Interrupt Cycle
Timing
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register. For more information on interrupts and interrupt servicing, see
Section 14.2.2, Interrupt Control Registers.

Note: The CL450 requires AS to be inactive (HIGH) during
an interrupt acknowledge cycle. This differs from the 680X0
bus protocol in which AS is active (LOW) during an interrupt
acknowledge cycle. The 680X0 system designer should
therefore use INTACK in the AS generation combinatorial
logic to make sure that INTACK and AS are mutually exclu-
sive.

Alternatively, the CL450 can be mapped into an address
range that has at least one zero in the upper address bits
(A[23:21]). By doing this, the decoder for AS will not acti-
vate during an interrupt acknowledge cycle since the upper
address bits must be all ones during this time.

This problem does not exist when using non-vectored inter-
rupts.

Figure 4-9 shows the timing for a vectored interrupt cycle with automat-
ic interrupt clearing.
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Figure4-9  Vectored Interrupt Cycle (with auto interrupt clearing)

1. The CLA450 requests an interrupt by asserting the INT signal.

2. The host system broadcasts the Interrupt Priority ID on address
lines A[3:1].

3. The host system asserts the INTACK signal to acknowledge the
interrupt.

4. The CL450 determines that the Interrupt Priority ID matches
IPID, and drives the DTACK signal to indicate to the host pro-
cessor that the vector interrupt address is valid.

5. The CLA450 drives the vector interrupt address byte (IVect) on
D[7:0].

6. The host releases the INTACK line. (The host latches the inter-
rupt address on the rising edge of INTACK.) This action signals
the CL450 that the interrupt acknowledge cycle is complete.

7. The CLA50 completes the cycle by releasing the interrupt re-

quest line (if AIC=1), DTACK, and the address and data buses.

Interrupt Cycle Timing
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5
Local DRAM
Interface

This chapter describes the local DRAM interface bus and how it is used.
It details all of the signals necessary to connect the CL450 to a DRAM
array and shows several example applications. The sections in this
chapter are:

o 5.1: General Description

o 5.2: Memory Bus Interface

o 5.3: Memory Bus Timing



General Description

In addition to the CL450°s internal registers, the host has direct access
5.1 5 the CL450’s external DRAM buffer. Typically, DRAM is initialized

Ge_ne_ral by the host with the CL450’s microapplication (as described in Section
Description 10.2.2, Loading Sequence). After initialization, the host may access
variables stored in DRAM (see Appendix A). The microapplication
does not support any other host access to DRAM.

Note: Access to off-chip DRAM is the only operation in
which byte-wide rather than 16-bit access to the CL450 is
possible. All other transactions with the CL450 must be 16
bits.

5.1.1 Amount of DRAM

The CL450 can be connected to either four Mbits or eight Mbits of local
dynamic RAM. However, only four Mbits of DRAM are needed. If a
second four Mbits of DRAM are added, it may be used by the system
but it will be ignored by the microapplication.

The DRAM array is used to store:

o Compressed video data waiting to be decoded by the bitstream
buffer

The decoded video frame that is currently being displayed

0

Future and past decoded reference frames
CLA450 microapplication instructions

o o o

Bitstream header parameters
o The Command FIFO

5.1.2 Type and Organization of DRAM

The DRAM is organized as one or two banks of memory, each 256K lo-
cations deep by 16 bits wide, using 80ns fast-page-mode DRAMs. The
CL450 can decode any MPEG constrained-parameter bitstream with a
single bank of DRAM. However, designing the system so that it can be
expanded to support the full amount of memory could allow the system
to accommodate larger bitstream buffers and/or future enhanced mi-
croapplications.

Note: DRAMs which are “write per bit” or have a write
mask should not be used with the CL450. More specifically,
the DRAM used must ignore the state of the WE signal dur-
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Memory Bus Interface

ing a CAS-before-RAS refresh cycle. (See the next section for
an explanation of these signals.) Aside from this restriction,
any normal 256K x 16 fast-page-mode DRAM can be used,
and either 8/10 or 9/9 RAS/CAS may be used.

Although this chapter primarily addresses the connections between the
DRAM controller and external memory, it is also useful in understand-
ing some of the other functions that the controller performs. For exam-
ple, the DRAM controller acts as an intelligent peripheral to the
CL450’s internal CPU. It can be programmed in the microapplication
to:
o Extract data from CMEM and place it in DRAM
o Move data from DRAM to the MPEG decoding engine
o Move data from the MPEG decoding engine back into the DRAM
o Move adecoded video frame from the DRAM to the video display
unit
o Arbitrate requests from the host interface for access to the local
DRAM

Once the CL450 CPU has instructed the controller to perform one or
more of these functions, no more intervention is required until the pro-
cess is complete. The CL450 CPU is thus free to perform other impor-
tant functions.

The memory interface on the CL450 consists of a 10-bit multiplexed ad- 5.2
dress bus, a 16-bit data bus, and the control lines necessary for reading
and writing the DRAM: Write Enable (WE), Column and Row Address
Strobes (LCAS, UCAS and RAS[1:0]), and the data latch enable signals
(LCASIN and UCASIN). The high output drive of the CL450 allows it
to directly drive the DRAMs without external buffers or logic. This low-
ers the system parts count and allows slower DRAMs to be used.

Memory Bus
Interface

Memory arrays designed to use 256K x 4 DRAMs should only use nine
of the ten address lines, MA[8:0]. Memory arrays designed to use 256K
x 16 DRAMs should use all ten bits, MA[9:0], because some 256K x 16
DRAMs have asymmetrical row and column addresses (a ten-bit row
address and an eight-bit column address). The CL450 supports both of

Local DRAM Interface 5-3
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these memory organizations by duplicating column address bit nine in
the tenth location of the row address as shown in Figure 5-1.

Row Address
9 8 7 6 5 4 3 2 1 0

Al9] |AD8l| AD71[ Al16] | Al15] | Al14] | A[13] | A[12] | A[11] | A[10]

Column Address
9 8 7 6 5 4 3 2 1 0

A[9] | Al8] | A[7] | A6] | A[S] | Al4] | A[3] | A[2] | Al1]

450-108

Figure 5-1 DRAM Address Bus Configuration

5.2.1 Memory Interface Connections

Figure 5-2 shows how the memory bus interface is connected when us-
ing 256K x 16 DRAMSs, and Figure 5-3 show how the interface is con-
nected when using 256K x 4 DRAMs.

The host processor addresses the local DRAM whenever address line
A[20] is LOW. A[19] is used to select Bank O or Bank 1 through asser-
tion of the RAS[0] or RAS[1] signal, respectively. Host address signals
A[18:1] map directly into the multiplexed row and column DRAM ad-
dresses. The host bus interface signal R/W maps directly to the DRAM
interface WE signal.

The host bus interface supports byte-wide accesses to the local DRAM
by using the signals LDS and UDS to select LCAS and UCAS, respec-
tively. LCASIN and UCASIN are used to latch the data coming back
from the DRAMs.
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CL450 DRAM Controller
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Y
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Local DRAM Implementation with 256K x 16 DRAMs

450-109

Memory Bus Interface

Local DRAM Interface 5-5



Memary Bus Interface

CL450 DRAM
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5.2.2 Memory Design Guidelines
When designing DRAM arrays for use with the CL450, the following
guidelines should be followed:

o When using 256K x 16 DRAMs, connect all 10 address lines to the
DRAMs. This allows DRAMs with either ten row and eight col-
umn address lines or nine row and nine column address lines to be
used. The 10th address bit on 256K x 16 DRAMs is located on pin
15 of SOJ packages, pin 17 of TSOP packages and pin 25 of ZIP
packages. This pin has no effect on DRAMs with nine row and
nine column addresses.

o The LCAS and UCAS signals should be routed from the DRAM
farthest from the CL450 to the LCASIN and UCASIN inputs. This
gives the CASIN signal a delay path similar to the path of the
DRAM read data to the CL450.

o Series damping resistors may need to be placed between the
CL450 and the DRAMs to reduce overshoot and undershoot on
the address lines and control signals. This problem can occur when
there is a large array with long traces, such as when eight 256K x
4 DRAMs are used. The resistors should be connected as close to
the CLA450 as possible. The best value for the resistors depends on
the board characteristics. The resistors are typically between 20
and 40 ohms with 33 ohms being most common.

o If the host bus byte-wide write capability is not used, only one of
the CAS signals needs to be connected to the DRAMs. Either
LCAS or UCAS can be used but must be connected to both the
LCASIN and the UCASIN inputs. This allows 256K x 16 DRAMs
with a single CAS input to be used.

Note: The elimination of all possible DRAM noise is critical
to proper DRAM layout for the CL450. Therefore, it is im-
portant that you keep the DRAM very close to the CL450, use
terminations, and have a very “clean” ground and V¢ plane
below the DRAM and those portions of the CL450 that con-
nect to it. If possible, do not pass any other signals or clocks
anywhere under the DRAMs or their traces.
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The DRAM interface on the CL450 is designed to work with 80ns fast-

. _5'3 page-mode DRAMs. All DRAM accesses are synchronized to GCLK.
Memory Bus Timing  p,q¢ page-mode DRAMSs allow shorter read and write cycle periods
within a DRAM row. During a set of fast-page-mode accesses, a row ad-
dress is strobed in using the RAS line, followed by several column ad-
dresses strobed in by CAS. Releasing the RAS and CAS lines
simultaneously completes the set of cycles.

Refresh is accomplished by asserting the CAS signal before the RAS
signal (opposite of normal operation). This sequence starts a refresh cy-
cle within the DRAM using the DRAM’s internal address counter.

Refresh is performed at regular intervals determined by the value pro-
grammed into the DRAM_refent register (see page 8-23). Typical
DRAM specifications require that all pages be refreshed each 8ms. The
CL450 meets this specification by refreshing one page at a time.

5.3.1 DRAM Page-Mode Read Timing
Figure 5-4 shows the timing for a page-mode read. The circled numbers
in the figure refer to the steps on the next page.

S T O o O B B A

RAS @ q

- o Tt P

MA[S:0] Row Address Col. Address X Col. Address

" :Lé

molso] ) O Wigy
= b

450-111

Figure 5-4 Page-Mode Read Timing
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10.

11.
12.

13.

The CL450 starts a read cycle by three-stating the memory data
bus, MD[15:0], and setting the write enable (WE) line HIGH.

The CLA450 then drives the row address onto the memory ad-
dress (MA) bus.

The CL450 asserts the RAS line (LOW ) to latch the row ad-
dress into the DRAM.

The CL450 then outputs the column address of the first word to
be read on MA.

The CLA50 latches the column address into the DRAM by as-
serting the CAS line(s) (LOW).

The DRAMSs output the data from the selected address.
The CL450 deasserts CAS.

The data is loaded into the input latch of the CL.450 on the rising
edge of CASIN. For a single-location read, the CL450 ends the
cycle by deasserting RAS at this time.

For a page-mode read cycle, the CL450 outputs the column ad-
dress of the next word to be read on MA[9:0].

The CL450 latches the address into the DRAM by asserting the
CAS line.

The DRAMSs output the data from the selected address.

The data is loaded into the input latch of the CL450 on the rising
edge of CASIN. '

The CL450 deasserts RAS and CAS to complete the cycle.

5.3.2 DRAM Page-Mode Write Timing
Figure 5-5 shows the timing for a page-mode write. The circled num-
bers in the figure refer to the steps that follow.

Memory Bus Timing

Local DRAM Interface 5-9



Memory Bus Timing

GCLK
RAS
CAS
MA[9:0]
WE
MD[15:0]

CASIN

N I O O
@

1c

G
. o A
Row Address Col. Address X Col. Address
® ®
®
{ Valid Data X Valid Data )——

450-112

Figure 5-5 Page-Mode Write Timing
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The CL450 starts a write cycle by asserting the write enable
(WE) line LOW.

The CL450 then drives the row address on the memory address
(MA) bus.

The CL450 asserts the RAS line (LOW) to latch the row address
into the DRAM.

The CL450 then outputs the column address of the first word to
be written on the MA bus, and outputs the data to be written into
the first address on the MD bus.

The CL450 asserts the CAS line (LOW) to write the data into
the selected location of the DRAM.

For a single-location write, the write operation is terminated by
driving the RAS and CAS lines inactive (HIGH) at this point.
For a page-mode write, the address and data for the next word
to be written are output on the MA and MD buses, respectively.
The CL450 asserts the CAS line to write the data into the select-
ed location of the DRAM.

When the last word is written, the write operation is terminated
by driving the RAS and CAS lines HIGH.



Memory Bus Timing

5.3.3 DRAM Refresh Timing
Figure 5-6 shows the timing for a memory refresh cycle. The circled
numbers in the figure refer to the steps below.

BCLK mmm_mfummmﬁju

450-113

Figure5-6  CAS-before-RAS Refresh Cycle

1. The CL450 initiates a DRAM refresh cycle by asserting the
CAS line while the RAS line is inactive.

2. The CL450 asserts the RAS line to enable the refresh at the ad-
dress pointed to by the DRAM’s internal address counter.

3. The CL450 completes the refresh cycle by releasing RAS and
CAS.

Note: The CL450 WE signal does not necessarily go inactive
during DRAM refreshes, so use DRAMs that do not acknowl-
edge the state of WE during DRAM refresh timing (i.e., when
CAS is asserted while the RAS line is inactive).
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6
Video Display
Interface

This chapter describes the operation of the video display unit. It as-
sumes that the reader is familiar with the way that television pictures are
received, synchronized, and displayed.

The purpose of the video display unit is to output the decompressed vid-
eo data in a form that can be either displayed on a television or video
monitor, or mixed with computer-generated graphics to provide a video
signal within a graphics window.

To perform these functions, the video display horizontally interpolates
decompressed video, optionally converts pixel data from YCbCr to
RGB color spaces, synchronizes it to the video clock, and outputs it to
a display device.

The sections in this chapter are:

o 6.1: Digital Video Standards
o 6.2: Video Display Unit
o 6.3: Video Synchronization



Digital Video Standards

o 6.4: Video Output
o 6.5: Video Output Enable Signal

6 There are two primary standards for analog video transmission used in
Digital Video the world today:
Standards o NTSC (National Television Systems Committee) standard: Used
by North America, Japan, Korea, and Taiwan.

o PAL (Phase Alternating Line) standard: Used by Europe, China,
and most of Africa.

The NTSC video standard specifies a scanning system of 525 horizontal
lines per frame. Each frame consists of two interlaced fields of 262.5
horizontal lines. The field rate is 59.94 Hz.

The start of the frame is synchronized with a vertical sync pulse fol-
lowed by an interval of 42 lines with no video, called vertical blanking.
This leaves 480 lines in a frame for picture information (240 in a field).

The horizontal lines are synchronized with a horizontal synchronization
pulse followed by an interval with no video, called horizontal blanking.
Horizontal synchronization pulses occur at a rate of 15,734 Hz.

PAL video operates in much the same way, with these distinctions:

o The field rate is 50 Hz.
There are 625 lines in a frame and 312.5 lines in a field.

O

O

The horizontal sync pulses occur at a rate of 15,626 Hz.

There are 576 lines of active video in a PAL frame and 288 lines
in a field.

)

The SIF (source input format) specification reflects these standards by
defining two digital video formats: 352 pixels x 240 lines x 30 Hz for
compatibility with NTSC, and 352 pixels x 288 lines x 25 Hz for com-
patibility with PAL. Because the SIF frame rates are half those of the
standard field rates, the CL450 displays each decoded SIF picture nom-
inally for two field periods.

6-2 C-Cube Microsystems



Video Display Unit

The actual video information may be represented using two data for-
mats:

o YCbCr data: Consists of a Y value for the luminance, or bright-
ness, of a pixel and two color values, Cb and Cr, for the chromi-
nance. The Cb and Cr values represent color difference signals
that can be converted into red, green, and blue values.

0 RGB (red, green, blue): The data output has a digital value that
corresponds to the amplitude of the red, green, and blue signals.
This digital value is converted to an analog signal before being
displayed.
In accordance with the MPEG standard, CL450 compressed video data
is always stored in YCbCr format, with Y values ranging from 16 to 235
as specified by MPEG. If RGB-encoded output video is needed, the
YCbCr data is converted by the CL450 using a matrix which preserves
the 220 discrete levels encoded by MPEG (as required by the CD-I stan-
dard), in which 16-16-16 RGB indicates the color black, while 235-235-
235 indicates the color white.

Note: Your DAC should be set to the 16-235 values. If your
DAC expects black at 0-0-0 and white at 255-255-255, then
your output colors will not be as brilliant as expected.

On the CLA50 development board or similar designs using
the DAC in which the output of the CL450 is being stored
into memory, the following steps may be taken to convert
from 16-235 to the full, dynamic range of 0-255:

1. Subtract 16 to shift the RGB range to 0-219.

2. Multiply by 256/220 (1.1634) to expand the range to 256
levels.

RGB will now equal (RGB-16) x (1.1634).

The CL450’s video display unit accepts decompressed YCbCr data 6.2
from the local DRAM and outputs it as either horizontally interpolated y;
YCbCr or RGB pixels. The pixels are clocked out by the VCLK (video
clock) signal and are synchronized to external devices using the

Video Display Unit
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Video Synchronization

HSYNC (Horizontal Sync) and VSYNC (Vertical Sync) input signals.
Figure 6-1 shows the video bus connections.

CL450

PD[23:16]
PD[15:8]

PDI7:0]

VCLK

VSYNC

Video DACs

or YChCr Mixer

-

Y

Blue-AUXreg
Green-Y
Red-Cb/Cr

Sync

Video and
> Sync to
Monitor

System Video
Control Unit

A

Figure 6-1

Video
Synchronization

VCLK

VSYNC

Typical Video Bus Connections

450-128

6.3 The CL450 does not generate video synchronization signals, but rather
is designed to be synchronized with external horizontal and vertical
sync signals. This allows it to be easily integrated with other video com-
ponents in a multimedia system.

In a typical video display, the video information is surrounded by a col-
ored border. The size and color of the border are programmed using the
microapplication’s SetBorder() command described in Chapter 11.

If the CL450 is directly driving the video generation logic, the border
can be programmed to emulate the horizontal and vertical blanking in-
tervals by selecting the appropriate border widths and setting the border

color to black.
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Video Synchronization

If the CL450 is being used to display video within a computer graphics
window, the borders can be used to position the video window horizon-
tally and vertically within the graphics frame. The border color is then
programmed to a value that can easily be multiplexed with the comput-
er-generated video color values.

A video field example is shown in Figure 6-2. This example field has a
15-line top border, 240 lines of displayed video, and a 12-line bottom
border. Horizontally it has a 13-pixel left border, 320 pixels of displayed
video, and a 15-pixel right border.

HASYNC L

ONASA

Figure 6-2 Example Video Frame

The display of the first of 15 lines of the top border of Figure 6-2 begins
on the rising edge of the vertical synchronization pulse (VSYNC) re-
ceived from the system video controller as shown in Figure 6-3. The cir-
cled numbers of Figure 6-3 refer to the steps below.
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>

15 Lines
Top Border
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vsne @\

pulses
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(cont.) swa
@ (whole scan lines)
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; 15 Lines
12 L|nes_>|<_ Top Border —
Bottom Border of next field

VSYNC

|
T T T T T T

210
PD[23:0]

®/
220 230 240

Border Color

(whole scan lines) @
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Figure 6-3 Vertical Timing

4.

The video field begins when the CL450 receives the first rising
edge of HSYNC after the rising edge of the vertical sync
(VSYNC) pulse. (VSYNC can occur asynchronously to
VCLK.)

At the end of the vertical border time, the CL450 starts to output
active video lines on the pixel bus: in this example, 240 lines.
Video lines start when the rising (inactive) edge of HSYNC is
received.

The CL450 continues to output video until the last line has been
output. At this point, it outputs the border color again until the
end of the video field.

A rising edge on VSYNC starts a new field.

Figure 6-4 shows the beginning and end of a typical horizontal line.
This example line has a border at the left side of the field that is 13
VCLKSs wide, 320 active pixels, and a 15-pixel-wide border at the right
side of the field. The circled numbers refer to the steps below.
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13 Pixels
| Left Border
VCLK
—I—J@ {cont.)
1 10 20 30 40 Y
@
15 Pixels
(— Right Border
VCLK
HSYNC L@

290 300 310 320
®
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Figure 6-4 Harizontal Timing

1. A horizontal line begins when the CL450 receives an inactive
(rising) edge on the horizontal sync signal (HSYNC).

2. Atthe end of the left border time, the CL450 starts to output ac-

tive video on the pixel bus. In our example, this will continue
for 320 VCLK pulse widths.

3. The CL450 continues to output video until the last pixel has
been transmitted. At that point, it will output the border color
again until the end of the horizontal line.

4. Aninactive edge on HSYNC causes a new horizontal line to be
displayed.

To be reliably recognized, HSYNC falling edges must occur either less
than 2 us or more than 20 us after the rising edge of VSYNC. If this re-
striction is not met, the first HSYNC signal after VSYNC might be ig-
nored, causing the visible video window to randomly shift up and down
by one line.

HSYNC edges which occur less than 2 us after the VSYNC edge are
considered to have been received before the VSYNC edge, while
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Video Output

HSYNC edges which occur more than 20 us after the rising edge of
VSYNC are considered as being received after the VSYNC edge.

HSYNC
_-l_l Must be < 2.0us LJ_
[<—— or>20us —>

VSYNC I

Figure 6-5 VSYNC Timing Restriction

6.4 The video display unit outputs pixel values on the 24-bit wide pixel bus,
Video Output PD[23:0]. The pixels can be output as either YCbCr or RGB values. The

display mode is selected by the RGB bit in the VID_selmode register as
described in Chapter 8.

In YCbCr mode, luminance values (Y) are output on PD[15:8] and
chrominance (Cb and Cr) values are output on PD[7:0]. While lumi-
nance values are stored for every pixel, chrominance values Cb and Cr
are only stored for every alternate pixel as shown in Figure 2-3. The rea-
son for this is that the eye is far less sensitive to changes in color
(chrominance) than it is to changes in brightness (luminance). The
MPEG standard takes advantage of that fact to increase the data com-
pression factor in this way. Because only a quarter as many Cb and Cr
values (each) are stored as Y values, Cb and Cr are output by the CL450
in alternate VCLK periods (as shown in Figure 6-6) and identical CbCr
information is output for every pair of scan lines displayed.

Note: The CL450 may begin output with a Cb or a Cr value.
The determination as to whether the CL450 begins output
with a decoded or interpolated value is, however, somewhat
more complicated. That is, if the xOffset parameter of the
SetWindow() command (see page 11-41) is an even number,
the CL450 begins output with decoded (real Y) values; how-
ever, if the xOffset parameter is odd, the CLA50 begins out-
put with an interpolated value.
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Figure 6-6 YChCr Display Mode
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Video Output
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In YCbCr mode, PD[23:16] outputs the 8-bit value in the VID_selaux
register. Since these pins have no predefined use, they can be used as
general-purpose programmable outputs.

Decompressed video data is always stored in YCbCr format in the
CL450’s local DRAM. If RGB outputs are required, the CL450 can be
programmed to convert the data to RGB. The equation used to perform
the conversion is shown in the description of the VID_sela and VID_-
selb registers in Chapter 8. Figure 6-7 shows the PD[23:0] outputs when
the CL450 is configured in RGB mode.

L N I O I O O O A
PD[23:16] B X BY B X B X B F (B
PDI15:8 X6 X6XexX6X6X6xX6,
PDI7:0] X RYX RYXRXR R R R
Border Picl | Pxel | Phel | Pxel | Pl | Picl | Pixe

Figure 6-7 RGB Display Mode

Note: CL450 RGB mode is set to be compatible with CD-I
players and therefore conforms to an output range of 16-235
as opposed to a range of 0-255 values (see page 6-3).

450-133
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Video Output Enable Signal

6.5
Video Qutput
Enable Signal

6-10

The VOE signal is used to enable or disable the pixel bus outputs. When
VOE is active (LOW), the PD[23:0] signals are driven. When VOE is
HIGH, the outputs are three-stated as shown in Figure 6-8.

VOE /

PD[23:16] Data )

450-134

Figure 6-8 Video Output Enable Signal

In a typical video-within-a-window system, PD[23:0] outputs form a
three-state bus along with the outputs of the system video controller.
This bus is connected to the inputs to the video DACs. The system video
controller disables its outputs and enables the CL450 outputs during the
time that the CL450 window is being displayed. An example is shown
in Figure 6-9.

CL450 Video DACs

RGB
Outputs

Y

N Video
Output

System Video
Controller

RGB
Output

450-135

Figure 6-9  Multiplexing Video Outputs Using VOE
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Electrical and
Physical
Specifications

This chapter describes the CL450’s electrical and mechanical character-
istics. The chapter is divided into three sections:

o 7.1: Operating Conditions

o 7.2: AC Timing Characteristics

o 7.3: Package Specifications

Note: These specifications represent an improvement over
previously published specifications.



Operating Conditions

Operatin'g Table 7-1
Conditions

This section specifies the electrical characteristics of the CL450.

Absolute Maximum Ratings'

Parameter Value
Supply Voltage (Vpp) 05t06.5V
Input Voltage -1.0to (Vpp +1.0)
Output Voltage -0.5t0 (Vpp +0.5)
Storage temperature range -65°C to 150°C
QOperating temperature range {case) 0°C to 90°C

Reflow Soldering temperature 240°C for 5 Seconds Maximum

1. Exposure to stresses beyond those listed in this table may result in device unreliability, perma-
nent damage, or both.

Table 7-2 Operating Conditions
Parameters Commercial Unit
' Min  Max
Vpp  Supply Voltage 4.75 5.25 v
tease  Operating Temperature 0 85 °C
Table 7-3 DC Characteristics
Parameters Test Conditions . Commercial Unit
Min Typ Max
Vi High-level input voltage ' Vpp = MAX 24 v
V,  Low-level input voltage " Vpp = MIN 08 Vv
Vou High-level output voltage  Vpp = MIN, lgy =-2.0 mA 28 Vv
Vg, Low-level output voltage  Vpp=MIN, g =8.0 mA 05 Vv
iy High-level input current  Vpp=MAX, Viy=Vpp 10 pA
Iy Low-levelinputcurrent  Vpp=MAX, Vjy=0V -10 pA
loz  Outputleakage current  Hi-Z output driven to 0V and  -10 +10 YA
525V
lopg  Supply Current Vpp = MAX, GCLK = 40MHz 320 400 mA
@ T]=U°C VlN =0or VDD' CL=5ODF
lopgs  Supply Current Vpp = MAX, GCLK = 40MHz 300 350 mA
@ T]‘=85°C V|N =0or VDD' CL=50pF

Cn  Input Capacitance ' 10 pF
Cour Output Capacitance ' 12 pF
Cl/0  Output Capacitance ' 12 pF

1. Not 100% tested, guaranteed by design characterization

7-2  C-Cube Microsystems



This section describes the AC timing characteristics of the CL450. The
timing characteristics are divided into related groups and depicted with
one or more timing diagrams and a table of timing values. The groups

are:

0

Host Bus Memory and Register Timing
Figure 7-1, Host Bus Local DRAM Read
Figure 7-2, Host Bus Register Read

Figure 7-3, Host Bus Local DRAM Write
Figure 7-4, Host Bus Register Write

Table 7-4, Local DRAM or Register Access
Host Bus CMEM Timing

o Figure 7-5, CMEM Write

o Figure 7-6, CMEM DMA Write

o Table 7-5, CMEM Access

Host Bus Vectored Interrupt Cycle Timing

0O o o o o

o Figure 7-7, Vectored Interrupt Cycle with Auto Clear
o Table 7-6, Vectored Interrupt Cycle with Auto Clear
Local DRAM Bus Timing

o Figure 7-8, Local DRAM Bus

o Figure 7-9, Local DRAM CAS-before-RAS Refresh
o Table 7-7, Local DRAM Bus

GCLK, SCLK and RESET Timing

Figure 7-10, GCLK

Figure 7-11, RESET

Table 7-8, GCLK and RESET

Figure 7-12, SCLK Input

Table 7-9, SCLK Input

Video Bus Timing

O o o o o

o Figure 7-13, Video Bus Inputs
o Figure 7-14, VCLK ’
o Table 7-10, Video Bus Inputs

AC Timing Characteristics

1.2
AC Timing
Characteristics

Efectrical and Physical Specifications
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AC Timing Characteristics

7.2.1 Host Bus Memory and Register Timing
Host requests for access to the CL450’s local DRAM and registers are
not always honored immediately since higher priority operations within
the CL450 may delay access. In such cases, the CL450 inserts wait
states by holding off the assertion of DTACK. At least one wait state is
inserted in every local DRAM or register access. Since register and lo-
cal DRAM accesses are made primarily during initialization of the
CL450, and rarely during operation, the impact of these delays on sys-
tem performance are minimal.

T2 T3

-
-

3

S2

-

S3

Wait
States

SB SB SB SB

N

SB SB S4 S5 S0 S1

S2

|

A[20:19]

ADDRESS

Al18:8]

A[7:1]

ADDRESS

T105

—— T36 ——/

—

AS +UDS
+1DS

—

RIW

<—T15—>

D[15:0]

J@ﬂ

450-114

Note: Please see Motorola’'s MC68070 Technical Summary for an explanation
of cycle time naming conventions SB, S0, etc.

Figure 7-1
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g2 I3 Wait
Tt States — >
SO S1|{S2|S3{SB SB SB SB|SB SB S4 S5 SO St S2

N
|

/L
ADDRESS “

T5—>l

ADDRESS

A[20:19]

Al18:8]

Al7:1] ADDRESS

T122 | T107

AS+UDS
+ DS 45

AS

uns!
DS

R/W

«—T15 —»

D[15:0]

| t—

450-114

Note: Please see Motorola’s MC68070 Technical Summary for an explanation
of cycle time naming conventions SB, S0, etc.

DTACK

1. CMEM does not support byte-wide writes.

Figure 7-2 Timing Diagram - Host Bus Register Read

AC Timing Characteristics
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AC Timing Characteristics

T2 T3 Wait
T >ri< States
S0 S1 S2 S3,SB SB SB SB|SB SB S4 S5 SO St 82

HCLK __'

1%
7

15 —>l

A[20:19] ADDRESS \V ADDRESS
7 T
Al18:8] ADDRESS
Al7:1] ADDRESS
l«— T108
KS
DS # - T4 —»
DS \ . / ’
AS +UDS */
+10S T15 —» ¥ <—T10
—— Tg —> ]
RIW
D[15:0]
DTACK

450-115

Note: Please see Motorola’s MC68070 Technical Summary for an explanation
of cycle time naming conventions SB, S0, etc.

Figure 7-3 Timing Diagram - Host Bus Local DRAM Write
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AC Timing Characteristics

o T2 T3 Wait
T i States
SO S1/S2|S3|SB SB SB SB|SB SB S4 S5 SO S1 82

i

T5 —»{

ADDRESS W& ADDRESS

Al18:8]

Al7:1]

T15 —» T10|-€—

T9 —»

1. The CL450’s registers do not support byte-wide writes. 450-115

Note: Please see Motorola’s MC68070 Technical Summary for an explanation
of cycle time naming conventions SB, S0, etc.

Figure 7-4 Host Bus Register Write
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AC Timing Characteristics

Table 7-4 Timing Characteristics - Local DRAM or Register Access '

Time Description Min Max  Units
T1  HCLK Clock Period 2(T31) ns
T2 HCLK HIGH Pulse Width 3 20 ns
T3 HCLK LOW Puise Width 3 20 ns
T4 A[20:19] valid setup to AS LOW 10 ns
T5  A{20:19] valid hold past AS HIGH 0 ns
T6  D[15:0] setup to AS + UDS + DS LOW {write) 15 ns
T7  D[15:0] hold past AS + UDS + [DS HIGH (write) 0 ns
T8 AS+UDS+TDS HIGH to DTACK HIGH (write) 2 25 ns
T9  R/W setup to UDS, IDS LOW {write) 20 ns
T10  R/W hold past AS HIGH (write) 0 ns
T12  DTACK low to D[15:0] valid (read) 3 15 ns
T3 DO\ S:Ol turn-off time from AS + UDS + [DS HIGH 2 15 ns

(read) °*
T14  ASHIGH to DTACK HIGH {read) 2 ns
T15  R/W setup to AS LOW 10 ns
T16  R/W hold past AS HIGH (read) 10 ns
T23 AS+UDS +1DS LOW to D[15:0] driven 0 ns
T48  HCLK HIGH to DTACK LOW 25 ns
T49  R/W hold past HCLK HIGH (write]® 2{T1)+10 ns

T105 A[18:1] hold time from DTACK LOW 0 ns

T106  A[18:1] setup time to DTACK LOW T8D ns

T107  Al7:1] hold time from AS LOW 10 ns

T108 A[18:1] hold time from DTACK LOW 3(T31)+10 ns

T122  Al7:1] setup time to AS LOW TBD

1. Inputs switch between 0.0V and 3.5V at 1V/ns. Measurements are made at 1.5V. Qutput load ca-
pacitance = 50 pF.

2. Open-Drain Output. Timing specification assumes an external pull-up resistor with a value of
470 Ohms.

3. Not 100% tested, guaranteed by design characterization.

4, Time at which output achieves an open circuit condition; not referenced to an output voltage
level.
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AC Timing Characteristics

7.22 Host Bus CMEM Timing

CMEM logic has been optimized to minimize data transfer times. Direct
writes and DMA transfers to CMEM are synchronized within the
CL450 so no host bus wait states are necessary.

T2 T3

1 a3t
[ T |—

HCLK
T4—>|

Al20:1] ADDRESS

Al18:8]

Al7:1]

> Ti5 | 47| |«
AS
T130

UDS ___/———\___/
[0S Ti29
AS +TUDS \ /

—T9 —»

RIW

D[15:0]

DTACK e—T36 ———»41%/———\

1. CMEM does not support byte-wide writes.

450-118

Note: Please see Motorola’s MC68070 Technical Summary for an explanation
of cycle time naming conventions SB, S0, etc.

Figure 7-5 Timing Diagram - CMEM Write
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HCLK _J ‘—

A[20:19]

i

A[18:8]

Al7:0]

AS

UDS
(LY

RW

D[15:0]

| T18 ]

DTC T19 T123 N\

- T112 —

DMAACK - T131 ——»4——T20-7l/

DMAREQ \ — 21

T22
DONE <« TIN
(Optional)

Note: DMAREQ will only be assertd by the CL450 after the DMA En-
able bit (DE, see page 8-11) has been correctly set by the host. Once
set, any number of falling edges may be produced on DMAREQ until
the bit is cleared.

Figure 7-6 Timing Diagram - CMEM DMA Write

450-117
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Table 7-5 Timing Characteristics - CMEM Access
Time Description Min Max  Units
T11 ASto DTACK LOW (CMEM write) TBD 30 ns
T17  D[15:0] setup to DTC LOW 5 ns
T18 D[15:0] hold from DTC LOW 10 ns
T19 DTC LOW Pulse Width 15 ns
T20 DMAACK hold to DTC LOW 10 ns
T21  DMAACK to DMAREQ HIGH (to end request) 20 ns
T22  DONE low to DMAREQ HIGH' 20 ns
T36 DTACK LOW to AS HIGH 0 ns
T47  AS HIGH to HCLK HIGH 10 ns
T109 D[15:0] hold time from AS + UDS + DS LOW 10 ns
T110 DMAACK HIGH time TBD ns
T111 DONE pulse width TBD ns
T112 DMA cycle time TBD(T31) ns
T113 AS setup to DMAACK LOW TBD ns
T114 AS hold to DMAACK HIGH TBD ns
T115 R/W HIGH to DMAACK LOW TBD ns
T116  R/W hold to DMAACK HIGH TBD ns
T129 AS setup to UDS/IDS LOW (CMEM write) TBD ns
T130 AS HIGH pulse width TBD ns
T131 DMAACK setup to DTC LOW TBD ns

1.

pulse occurs.

Note: DONE causes DMAREQ to be come inactive only if CMEM is not full when the DONE

AC Timing Characteristics
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AC Timing Characteristics |

1.23 Host Bus Vectored Interrupt Cycle Timing

The CL450 supports the 680X0 Vectored Interrupt Cycle. Shown is the
Vectored Interrupt Cycle with the CL450°s Auto Interrupt Clear enabled
(AIC in HOST _control equal to 1, see page 8-10).

T25 3]
Al3:1] ADDRESS
AS
T120
uns
DS
RW
D{15:8]
T28 —»
D[7:0] DATA
— T2] —]
T29 —»
DTACK
126
NTATR N\
> |72
NT - 11—

Note: INTACK should be tied HIGH if not used. When used,

450-119
INTACK must not be asserted unless INT is asserted.

Figure 7-7 Timing Diagram - Vectored Interrupt Cycle with Auto Clear
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AC Timing Characteristics

Table 7-6 Timing Characteristics - Vectored Interrupt Cycle with Auto
Clear!

Time Description Min Max Units
T24 TNTACK HIGH to INT HIGH (release) 30 ns
T25  A[3:1] setup to INTACK LOW 10 ns
726 TNTACK LOW to DTACK LOW (vectored interrupt) 2 30 ns
127 TNTACK LOW to D[7:0] valid (vectored interrupt) 3 TBD 15 ns
728 D[7:0] turn-off from INTACK HIGH (vectored interrupt) ** ~ TBD 15 ns
729  TNTACK HIGH to DTACK HIGH (vectored interrupt) 2 25 ns
T30 A[3:1]hold past INTACK HIGH 0 ns
T119 TNTACK pulse width TBD ns
T120 AS setup time to INTACK LOW TBD ns
T121  AS hold time from INTACK HIGH TBD ns

1. Inputs switch between 0.0V and 3.5V at 1V/ns. Measurements are made at 1.5V. Output load
capacitance =50 pF.

2. Open-Drain Output. Timing specification assumes an external pull-up resistor with a value of

470 Chms.

Not 100% tested, guaranteed by design characterization.

Time at which cutput achieves an open circuit condition; not referenced to an output voltage

level.

> w

71.24 Local DRAM Bus Timing

Local DRAM bus timing is specified differently than the other timing
parameters. The DRAM interface times are specified at 0.8 Volts and 2.4
Volts, instead of at 1.5 Volts. This allows the designer to easily cross ref-
erence CL450 timing values to DRAM specifications. The Timing
Characteristics table also gives the industry-standard DRAM timing pa-
rameter names as well as the CL450 parameter names.
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AC Timing Characteristics

Table7-7  Timing Characteristics - Local DRAM Bus'

Time Description Parameter Min Max  Units
T31  GCLK Period (tCYC) 25 ns
T61  GCLK HIGH to RAS HIGH? TBD 3 ns
T62  GCLK HIGH to TAS HIGH? TBD 2% ns
T63  GCLK HIGH to Memory Data HIGH or LOW (DRAM write) 2 TBD 30 ns
T64  GCLK HIGH to WE HIGH or LOW 2 TBD 22 ns
T65  GCLK HIGH to Memory Address HIGH or LOW 2 TBD 24 ns
T66 Read Data Setup Time before CASIN HIGH 5 ns
T67  Read Data Hold Time after CASIN HIGH 5 ns
T68  Row Address Setup Time ? tasp tCYC- 10 ns
T69  Write Data Setup Time before CAS LOW ? tos tCYC- 15 ns
T70  Write Data Hold Time after CAS LOW? tou tCYC- 10 ns
771 BAS Hold Time after CAS LOW 2 thsH tCYC-5 ns
172 Read Command Hold Time from CAS 2 Ry tCYC - 15 ns
773 Read Command Setup Time to CAS LOW 2 thes 5*tCYC - 10 ns
T74  Column Address Setup Time to CAS LOW 2 tas tCYC- 15 ns
75  Column Address Hold Time from CAS LOW 2 toan tCYC - 10 ns
T76  Row Address Hold Time from RAS LOW 2 tran 2%tCYC- 15 ns
T77  TASLOW Time 2 teag tCYC-5 ns
778  TAS HIGH Time 2 tep tCYC- 10 ns
779 RAS HIGH Time 2 tap 3*CYC-5 ns
780 RAS LOW Time? thas 4%CYC-15 TBD  ns
81 Write Command Setup Time to CAS LOW ? twes 2CYC-15 ns
782 Write Command Hold Time from TAS LOW 2 twen 2*tCYC-10 ns
T83  TAS HIGH to Memory Data Driven z3 3*tCYC-5 ns
T84  Column Address to TAS HIGH 2 tan+166  2*CYC-5 ns
785  RAS to TAS delay 2 taeo 3*CYC- 15 ns
786 CTAS Setup Time to RAS (Memory Refresh Cycle) 2 tosR tCYC- 10 ns
787 TAS Hold Time from RAS (Memory Refresh Cycle) ? toum 3*CYC- 15 ns
788 RAS HIGH to TAS LOW delay (Memory Refresh Cycle) 2 tree 2*tCYC- 10 ns
789 Column Address to RAS HIGH ? tha 2*tCYC - 10 ns
T90 RASLOW to CAS HIGH ? taac+ 166 4*CYC-15 ns
T91  RAS Hold Time from CAS Precharge tRucp 24CYC-5 ns
T93  Read Command Hold Time from RAS taratey tCYC-15 ns
T94  GCLK to MD three-state (write) TBD TBD ns

1. Inputs switch between 0.0V and 3.5V at 1V/ns and measurements are made at 0.8V and 2.4V. Output load capacitance

=50 pF
Not 100% tested, guaranteed by design characterization.
MD[15:0] driven only when next cycle will be a write.

XIS
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AC Timing Characteristics

Table 7-7 Timing Characteristics - Local DRAM Bus (cont.)

Time Description Parameter Min Max  Units
T95 CTAS HIGH to MD three-state {read) TBD TBD ns
T96 CASIN LOW Time TBD ns
T97  CASIN HIGH TIME TBD ns
T98 TASIN HIGH to CAS LOW TBD ns
T123  GCLK HIGH to CAS LOW TBD TBD ns

T124  GCLK HIGH to RAS LOW TBD 18D ns

7.25 GCLK, SCLK, and RESET Timing

T2 T3
e—— T3] —> =

Y
A
\

GCLK

Figure 7-10  GCLK Timing Diagram

RESET _\’ﬁ T125 =/1|/_
Figure 7-11 RESET Timing Diagram
Table7-8  Timing Characteristics - GCLK and RESET !

Time Description Min Max Units
T31 GCLK frequency 40 MHz
T31 GCLK Period (tCYC) 25 ns
T32  GCLK HIGH Pulse Width 10 ns
T33  GCLK LOW Pulse Width 10 ns
T125  RESET Pulse Width 50(T31) ns

1. Inputs switch between 0.0V and 3.5V at 1V/ns. Measurements are made at 1.5V.
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AC Timing Characteristics

VCLK

PD[23:0]

5] L L
SCLK
450-127
Figure 7-12  Timing Diagram - SCLK Input
Table7-9  Timing Characteristics - SCLK Input !

Time Description Min Max Units
T51  SCLK Period 2(131) ns
T52  SCLK HIGH Pulse Width 2 T31 ns
T53  SCLK LOW Pulse Width 2 731 ns

—_

Inputs switch between 0.0V and 3.5V at 1V/ns. Measurements are made at 1.5V,
Not 100% tested, guaranteed by design characterization

7.2.6 Video Bus Timing

T39

T40

| T33 — |
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T44

Figure 7-13
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Timing Diagram - Video Bus Inputs
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AC Timing Characteristics

TS e e T e e e T T s e O M
T127>* l:*l T127 » 1:_»
T128 T128
VCLK l
T126 T39  T40
Figure 7-14  VCLK Timing (20 MHz only)
Table 7-10  Timing Characteristics - Video Bus Inputs '

Time Description Min Max Units

T38  VCLK Period” 2(T31)+17 ns

T39  VCLK HIGH Pulse Width 20 ns

T40  VCLK LOW Pulse Width 20 ns

T41  HSYNC setup to VCLK HIGH 10 ns

T42  HSYNC hold from VCLK HIGH 0 ns

T43  PDvalid from VCLK HIGH 20 ns

T44  VOE LOW to PD[23:0] driven 8D 20 ns

T45  PD[23:0] turn-off time from VOEHIGH34  TBD 20 ns

T46  PD hold time from VCLK HIGH TBD ns

T126  Alternate VCLK period 2(T31) 2(T31) ns

T127  VCLK setup to GCLK® TBD

T128  VCLK hold from GCLK® TBD

5.

put load capacitance = 50pF.

. Inputs switch between 0.0V and 3.5V at 1V/ns. Measurements are made at 1.5V. Out-

Note: T126 may be substituted for T38 if additional timing constraints in Figure 7-14

(T127 and T128) are met.

Not 100% tested, guaranteed by design characterization.
Time at which output achieves an open circuit condition; not referenced to an output

voltage level.
Must be met only when T126 is used in place of T38.
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Package Specifications

The CL450 is packaged in a plastic quad flat pack (PQFP). The package
has an internal heat spreader and a copper-alloy lead frame to improve
thermal conductivity. This section includes:

o The CL450 Pinout Diagram
o Tables of CL450 pin connections

13
Package
Specifications

o Host Bus Interface Pins

o DRAM Bus Interface Pins

o Video Bus Interface Pins

o Power and Miscellaneous Pins

o Package Physical Dimensions

The CLA450 is shipped in a drypack with desiccant and a humidity mon-
itor. Do not use the parts if the humidity indicator indicates that the hu-
midity is greater than 30% at the initial opening of the drypack. To avoid

cracking the plastic during soldering, the parts should be soldered with-
in three days after breaking the drypack seal.

Note the following conventions used in this section:

o “NO CONNECT” pins are not connected internally.

o “RESERVED?” pins are reserved for future use. They should be
pulled either HIGH or LOW.
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Figure 7-15  CL450 PQFP Pinout Diagram
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Package Specifications

71.3.7 Pin List

Table 7-11 Host Bus Interface Pins

Function  Group I/0 Pin# | Function  Group 1/0 Pin #
GCLK Host | 102 A2 Host | 66
HCLK Host | 76 Al Host | 67
SCLK Host | 123 R/W Host | 73
INT! Host 0 108 D15 Host /0 106

INTACK Host | 109 D14 Host I/0 105
CFLEVEL Host 0 78 D13 Host 170 104
RESET Host | 71 D12 Host 1/0 103
TEST Host I 124 D11 Host 1/0 99
AS Host | 74 D10 Host 1/0 98
A20 Host I 70 D9 Host 1/0 97
A19 Host | 69 D8 Host 1/0 96
A18 Host I 48 D7 Host 1/0 93
A7 Host I 49 D6 Host 1/0 92
A16 Host I 50 D5 Host 1/0 91
A15 Host I 51 D4 Host 1/0 90
Al4 Host | 52 D3 Host I/0 87
A13 Host I 53 D2 Host I/0 86
A12 Host | 55 D1 Host /0 85
Al Host | 56 Do Host I/0 84
A10 Host | 57 DTACK Host 0 77
A9 Host | 58 DS Host I 88
A8 Host | 59 UDs Host | 100
A7 Host i 60 DMAREQ Host 0 72
A6 Host I 62 DMAACK Host | 118
A5 Host | 63 DTC Host I 94
Ad Host | 64 DONE Host | 17
A3 Host I 65

1. Open-Drain Qutput.
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Package Specifications

Table 7-12 DRAM Bus Interface Pins
Function  Group /0 Pin# | Function Group 1/0 Pin #

MA9 DRAM 0 3 MD8 DRAM I/0 28
MA8 DRAM 0 4 MD7 DRAM /0 26
MA7 DRAM 0 5 MD6 DRAM 1/0 25
MAG DRAM 0 7 MD5 DRAM I/0 24
MA5 DRAM 0 8 MD4 DRAM 1/0 23
MA4 DRAM 0 9 MD3 DRAM 1/0 20
MA3 DRAM 0 10 MD2 DRAM 1/0 19
MA2 DRAM 0 12 MD1 DRAM 1/0 18
MA1 DRAM 0 13 MDO DRAM 1/0 17
MAQ DRAM 0 14 RAS[0]  DRAM 0 46
MD15 DRAM I/0 37 RAS[1] DRAM 0 45
MD14 DRAM I/0 36 [CAS DRAM 0 44
MD13 DRAM /0 35 UCAS DRAM 0 43
MD12 DRAM I/0 34 [CASIN  DRAM I 22
MD11 DRAM 1/0 31 UCASIN  DRAM I 33
MD10 DRAM /0 30 WE DRAM 0 15
MD9 DRAM 1/0 29
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Package Specifications

Table 7-13 Video Bus Interface Pins
Function Group I/0 Pin# | Function Group 1/0 Pin #
PD23 Video 0 158 PD9 Video 0 139
PD22 Video 0 156 PD8 Video 0 138
PD21 Video 0 155 PD7 Video 0 136
PD20 Video 0 154 PD6 Video 0 133
PD19 Video 0 153 PD5 Video 0 132
PD18 Video 0 151 PD4 Video 0 131
PD17 Video 0 150 PD3 Video 0 130
PD16 Video 0 149 PD2 Video 0 128
PD15 Video 0 148 PD1 Video 0 127
PD14 Video 0 146 PDO Video 0 126
PD13 Video 0 145 HSYNC  Video | 134
PD12 Video 0 144 VOE Video | 143
PD11 Video 0 14