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MICROELECTRONICS STi3520

MPEG AUDIO / MPEG-2 VIDEO INTEGRATED DECODER

» SINGLE CHIP COMBINING THE DECODING
FUNCTIONS OF THE STi3500A VIDEO DE-
CODER AND THE STi4500 AUDIO DE-
CODER

= VIDEO DECODER FULLY SUPPORTS
MPEG2 MAIN PROFILE/MAIN LEVEL
(MP@ML)

» SUPPORT FOR SYNCHRONOUS AND HY-
PER-PAGE-MODE (EDO) DRAMS

» AUDIO DECODER SUPPORTS LAYERS | & I
OF MPEG

= ALL POPULAR PCM AUDIO OUTPUT FOR-
MATS SUPPORTED

» AUTOMATIC VIDEO ERROR CONCEAL-
MENT

= ENHANCED ON-SCREEN DISPLAY GENER-
ATOR : 16 COLOURS/REGION, LINKED LIST
MEMORY MANAGEMENT

» STANDARD 8-BIT INTERFACE FOR MICRO-
CONTROLLER AND COMPRESSED DATA
INPUT

= 3.3V POWER SUPPLY, I/Os 5V COMPATIBLE

= 0.5um CMOS TECHNOLOGY

= ON CHIP PLL ALLOWING FULL CHIP OP-
ERATION WITH TWO EXTERNAL CLOCKS

APPLICATIONS

= DBS RECEIVER
= DIGITALTV RECEIVER
= DIGITAL CABLE TV RECEIVER

DESCRIPTION

The video decoderis areal-time videodecompres-
sion processor supportingthe MPEG-1and MPEG-
2 standards at video rates up to 720 x 480 x 60Hz
or 720 x 576 x 50Hz. Picture format conversion for
display is performed by a vertical and a horizontal
filter (sample rate converter). External DRAM, typi-
cally of size 16 Mbitsis required.

The audio decoder is compliant with layers | and 1|
of the MPEG standard. Sampling rates of 32, 44.1
and 48kHz can be used.

May 1995

PRELIMINARY DATA

The STi3520 requires minimal support from an
external microcontroller, which is mainly required
to initialise the video decoder at the start of every
picture. Separate audio and video data sireamsare
input through the 8-bit data port. Provisionis made
for detection of time stamps for the management
of audio/video synchronization.

User-defined bitmaps may be superimposedon the
displayed picture through use of the on-screen
display function. These bitmaps are written directly
into the DRAM memory by the microcontroller.
Undetected bitstream errors which would cause
decoder errors activate the error concealment
functions.

PQFP160
(Plastic Quad Flat Pack)

ORDER CODE : STi3520

1106

This is advance information on a new product now in development or underg oing evaluation. Details are subjectto changewithout notice.
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| - PIN DESCRIPTION
I.1 - Pin Connections
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1.2 - Pin List
| Pin Number Name Type Function
SYSTEM SERVICES AND NON-FUNCTIONAL PINS
2 2050 s qa e Voo Power Supply
1,12, 2181:;171 %16247?5385 101, GND Ground
100 CLK | Video Decoder Clock
82 AUDCLK | Audio Decoder Clock
102 RESET | Master Reset
115, 117,123 N/C Reserved Pin, Leave Unconnected
118 Vop Reserved Pin, Connect to Voo
98, 99, 114, 116,122, 124 GND Reserved Pins, Connectto Ground
MICROCONTROLLER INTERFACE
110-103 D7 - DO 7/e] Bidirectional Data Bus
120, 131, 130, 128-125 A6 - A0 1 Address
132 csS I Chip Select (video)
121 AUDCS I Chip Select (audio)
133 RW I Read/Write Selection
134 WAIT O (3-state) Data Acknowledge
137 iRQ O (open-drain) | Interrupt Request (video)
119 AUDIRQ O (open-drain) | Interrupt Request (audio)
AUDIO TIME-STAMP FLAG
81 AUDPTS o) | Indicates Latching of Audio Time-Stamp
STANDARD DRAM INTERFACE
138-142, 145-151, 154-158, 3-10,
13-19, 21-26, 253—%? 43-45, 48-50, DD63 - DDO /0 Bidirectional Data Port
71, 73-78, 83, 84 AAS8 - AAQD o) Address
64, 65 RAST1, RASO 0 Row Address Strobes for Banks 1 and 0
69 CAS 0 Column Address Strobe
66 OE (o} Output Enable
67 WE o) Write Enable
EDO DRAM INTERFACE (only in STi3520 cut 2.0)
158, 3-10, 13-19 DD31 - DD16 1o Bidirectional Data Port
21-26, 29-38 DD15 - DDO o Bidirectional Data Port
52 AAN (0] Address
53 AA10D O Address
54 AA9 O Address
56 WE 0 Write Enable
57 CAS o] Column Address Strobe
58 RAS 0 Row Address Strobe (single bank)
60 OE 0 Output Enable
71, 73-78, 83, 84 AAB - AAQ 0 Address
6/106 97 SGS-THOMSON
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Pin Number [ Name | Type Function
SYNCHRONOUS DRAM INTERFACE (only in STi3520 cut 2.0)
21-26,29-38 DD15 - DDO 170 Bidirectional Data Port
52 AAT1 0 Address
53 AA10 o) Address
54 AAS 0 Address
55 cs 0 Chip Select
56 WE 0 Write Enable
57 CAS 0] Column Address Strobe
58 RAS /o) Row Address Strobe (single bank)
59 CKE o) Clock Enable
60 OE o} Output Enable
61 CLK O Synchronous DRAM Clock
71, 73-78,83, 84 AAB - AAQ 0 Address
VIDEO OUTPUT INTERFACE
95-88 YC7 - YCO o Multiplexed YCgCr Video Port
87 PIXCLK | Pel Clock
97 B/T I Bottom/Top Field Selection {vertical sync)
96 HSYNC | Horizontal Sync
159 OSD 1O OSD Enable/OSD Active
AUDIO OUTPUT INTERFACE
39 LRCLK o] Left/Right Channel Select Output
40 SCLK o] PCM Clock Output
41 PCMDATA @) PCM Serial Data Qutput
42 PCMCLK | PCM Clock Input
COMPRESSED DATA INPUT CONTROL
111 CDREQ o) Video Compressed Data Request
135 CDSTR I Video Compressed Data Strobe
79 AUDREQ (0] Audio Compressed Data Request
80 AUDSTR I Audio Compressed Data Strobe
557 565-THOMSON 7/oe
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Il - BLOCK DIAGRAMS
Figure 1 : General Block Diagram
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Figure 2 : Audio Decoder Block Diagram
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Figure 3 : Video Decoder Block Diagram
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Il - FUNCTIONAL DESCRIPTION
lil.1 - STi3520 Architecture

A functional block diagram of the STi3520 is given
in Figure 1. The four external interfaces to the
microcontrolier, DRAM memory, display and audio
DACs are also shown. Together with a minimum of
8 or 16 Mhitsot DRAM, a microcontroller, and some
video and audio post processing, a complete
audio/video decoder system can be constructed.

The video decoding section is functionally equiva-
lent to the STi3500A video decoder, but with an
enhanced on-screen display generator and a
DRAM interface capable of supporting synchro-
nous and hyper-page-mode DRAMs.

The audio decoding sectionis functionally equiva-
lent to the STi4500/4510 audio decoder.

The microcontrollerinterface has an 8-bit databus

and a 7-bit address bus. This access port has two

functions :

- to pass the compressed data to the audio and
video decoders,

- to enable control of the STi3520 by providing
interrupts and a pathfor accessing internal regis-
ters.

lll.2 - Video Decoder (see Figure 3)

The DRAM interface includes all of the signals
necessary for control of the memory. Refresh is
handled automatically by the video decoder. The
memory is used to hold the bit buffer, store de-
coded pictures, and provide the display buffer. It
also holds the user-defined on-screen display
(OSD) bitmap and can be used by the microcon-
troller for private storage of data. For thedecoding
of MP@ML sequences, 16 Mbits of memory are
required. An 8-Mbit mode is also available for the
decoding of less demanding sequences.

The video interface outputs digital video in 8-bit
serial CsYCr formatunder the control of an exter-
nal clock and synchronization signals.

During the process of decoding, there are four
concurrent activities :

- buffering of the incoming bitstream,

- searching for start codes in the bitstream,

- decoding of a picture,

- display of a picture.

For each of these processes, the microcontroller
must set up parameters and monitor events com-
municated by interrupts. The main features of each
of these processes are summarized below.

.21 - Bitstream Buffering

The STi3520 performs the video bitstream buffer-
ing needed by the decoder. The size of this buffer,

10/106
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which is located in the DRAM memory, is set up by
the user. The bitstream is input through the 8-bit
microcontroller data bus. The writing process is
asynchronous to all other processes in the video
decoder. The bitstream data passes through a
1kbit internal FIFO (the compressed data FIFQ)
before being transterredin packetsto the bitstream
bufter through the memory data bus. An output
signal (and associated interrupt) indicate when this
FIFO is full, enabling the use of DMA for bitstream
input.
The maximum continuous bitstream input rate is
phcatlon -de 6pendent A rate of 15Mbit/s (where
1Mbit/s = 10°bit/s) is possible when decoding
MPEG-2 MP@ML bitstreams. The maximumburst
rate, for up to 1kbit bursts, is 228Mbit/s.

The video decoder only accepts MPEG video bit-
streams ; audio and systems data must not be
input.

111.2.2 - Start Code Search

The video decoder is able to decode in its entirety
a video bitstream from the slice layer downwards.
The user mustdecode the higher layers (i.e. picture
and upwards) in order to extract the information
need ed for decoding and appropriately set up the
video decoder registers and quantization tables.
Since the header information is byte-aligned and
requires minimal interpretation, this task repre-
sents only a small load on the microcontroller.

The startcode detector parses the bitstreamstored
in the bit buffer and locatesstart codes correspond-
ing to picture layer and above. When one of these

Figure 4 : Decoder System
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start codes has been found, the startcode detector
stops and raises an interrupt. The microcontroller
is then able to read the header data following the
start code. The start code detector starts automat-
ically whenever thedecoding of a new picture starts
and on user command. In normal operation, start
code parsing is performed one picture in advance
of decoding.

11.2.3 - Decoding

The video decoder is a picture decoder ; itdecodes
a whole picture and then stops until instructed to
decode the next picture present in the video bit-
stream.

Normally, the decoding of a new picture com-
mences in responseto the start of the displaying of
a new picture. The registers whose contents can
change from picture to picture are double-banked
and are updated automatically when decoding
starts. The bitstream is read from the bitbuffer into
the variable-length code decoder (VLD), and pic-
ture reconstruction can commence. Any predictors
required are fetched from the appropriate area of
the extemal memory, and the reconstructedpicture
is written back into the area of this memory as-
signed to the decoded picture.

While a picture is being decoded the start code
detector is used to locate the start of next picture
header, which the microcontroller then reads in
order to set up the double-banked registers for the
decoding of the next picture.

111.2.4 - Display

The video decoder is optimized for use with an
interlaced display. However, it can also be pro-
grammed to produce a non-interlaced (line-se-
quential) output. The standard video clock rate is
27MHz, which corresponds to a pel rate of
13.5MHz. The active video data output format is
compatible with ITU-R 656 ; 00 and FF codes are
never generated.

In order to matchthe horizontalsize of the decoded
picture to the display line length, an 8-tap upsam-
pling filter, or sample-rate converter (SRC), is pro-
vided for both luminance and chrominance. A 2-tap
vertical filter is provided for reconstruction of
chrominance samples for 4:2:2 output, and for
vertical luminance interpolation when displaying
half-resolution pictures. The vertical filter includes
a data delay line of length 720.

i11.2.5 - Enhanced OSD

An on-screen display (OSD) function allows the
user to define a bitmap for each field which can be

c y SG5-THOMSON
Y7, MICRGALICTRONICS

superimposed on the decoded picture output. An
OSD bitmap is defined as a set of rectangular
regions of programmable position and size, each
of which has a unique palette.

OSD data is written into memory areas assigned
for this purpose by the user. Reading and writing
to and fromthe memorythrough the microcontroller
interface can take place at any time. A block move
feature allows OSDdata to be moved fromone part
of memory to another without microcontroller inter-
vention.

There are two OSD modes, STi3500A compatibility
mode, and enhanced mode. In the firstmode, each
OSD region can use in its bitmap four colours
selected froma palette of 4095 colours. The 4096th
"colour” is fransparency. In the enhanced mode,
each region can use 16 colours chosen from a
16384 colour palette. In addition, each region has
a "blending factor” defined to enable the mixing of
OSD with picture data.

In enhanced mode, memory management by the
user is more flexible since OSD regions can be
organized in alinked list structure ; they do nothave
to be contiguous in memory.

111.2.6 - Enhanced Memory Interface (only in
STi3520 cut 2.0)

The memoryinterface has been upgraded toallow
support of a 1M x 16 synchronous DRAM or a
512k x 32 hyper-page-mode DRAM.

1.3 - Audio Decoder (see Figure 2)

The audio decoder has 4 principal blocks :

- host interface and control registers : the block
implements the 8-bit interface to the host proces-
sor. All control registers are accessible through
this block.

- input processor: the block is responsible for the
parsing of the bitstream at the packet level, im-
plementation of the synchronizing algorithms, de-
coding of time stamps, and the tagging of the
audio bitstream with the appropriate PTS before
storage in the DRAM. There is an internal 256-
byte FIFO buffer.

- DSP core : this block performs bitstream decod-
ing and synthesis subband filter execution, ac-
cording to layers | and I of the MPEG algorithm.

- PCM output: thisblock organises the PCM audio
output into the required serial format, and gener-
ates all of the D-A converter control signals.

The interconnection of these blocks, and all exter-
nal interfaces, are shown in Figure 1.

11/106

M 7929237 0073044 503 WA




STi3520

Input Formats Accepted

The STi3520is able to accept thefollowing 3 types
of audio bitstream:

- MPEG audio elementary stream, as defined by
ISO/IEG 11172-3, Layers land Ii,
- ISOMIEC 11172-1 packets with syntax as shown
below :
n® of bits
packet() {
packet_start_code_prefix 24
stream_id 8
packet_length 16
if (stream_id != private_stream_2) {
while (nextbits() == "1111 11171?)
stuffing_byte 8
if (nextbits() =="01"}{
‘01’ 2
STD_buffer_scale 1
STD_bufter_size 13
}
it (nextbits() == ‘0010°) {
‘0010
presentation_time_stamp{32..30]
marker_bit
presentation_time_stamp[29..15]
marker_bit
presentation_time_stamp[14..0]
marker_bit
1
else if (nextbits() == ‘0011°) {
‘0011’
presentation_time_stamp[32..30]
marker_bit
presentation_time_stamp[29..15]
marker_bit
presentation_time_stamp[14..0]
marker_bit
‘0001’
decoding_time_stamp[32..30]
marker_bit
decoding_time_stamp[29..15)
marker_bit
decoding_time_stamp{14..0]
marker_bit
}
else
‘0000 11171’ 8

iy -l
- =~ WA

w— ——h
SN N OB == 0= W

-

-t

}
for (i=0; i N;i++) {

packet_data byte 8
}

}
The outlined parts indicate the information which
is extracted by the STi3520. The other items of
packet body information are ignored.

- uncompressed PCM data (for bypass mode).
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IV - DOCUMENTATION CONVENTIONS

In this data sheet, the following conventions are

used when documenting the functions of signals:

- l/Osignals can sitherbe active high or active low.
The former have names without an overbar (i.e.
SIGNAL), the latter have an overbar (i.e. SIG-
NAL). Where a signal has two different and mu-
tually exclusive actions, adual nameisused (e.g.
COME/GOQ).

- Internal signals and variable names (e.g. bits in
registers) are always documented as active high.

- When the condition indicated by the name of the
signal or variable istrue, the signal or variable is
said to be true, asserted or to have the value 1.

- When the conditionindicated by the name of the
signal or variable is nottrue, the signal orvariable
is said to be false, de-asserted or to have the
value 0.

- When an active high signalis true or asserted, the
logic voltage level is high.

- When an active low signal is true or asserted, the
logic voltage levelis low.

- When an intemal signal or variable is set, it has
the value 1. A bitis never”set to 0", but "resetto
0"

- When an internal signal or variable isreset, it has
the value 0.

- Hexadecimal numbers are indicated by append-
ing an "h”, e.g. A70h.

VY - SUMMARY SPECIFICATION
V.1 - Video Decoder

Bitstreams Accepted

MPEG-1 video (ISO/IEC 11172-2).
MPEG-2 video (ISO/IEC 13818-2).

MPEG-2 Profiles/Levels Supported
Main Profile @ Main Level (MP@ML).
Main Profile@ Low Level (MP @ LL).
Simple Profile @ Main Level (SP @ ML).

Maximum Plcture Size
Width : 4080.
Number of macroblocks : 16,383.

Motion Vector Range

MPEG-1 : -1024 to 1023 (full pel), -512 to 511.5
(half pel) horizontal and vertical.

MPEG-2 : -1024 to 1023.5 horizontal and vertical.

(vertical range must be reduced in 8-Mbit memory
mode with certain picture sizes)

MICROGLECTRONICS
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Compressed Data Input

8-bit asynchronous data port (shared with micro-
controller interface).

Peak input rate : 28.5Mbyte/s (228Mbit/s).

Maximum sustained input rate (with 55MHz pri-
mary clock) : 100Mbit/sin 16-Mbit memory mode,
60Mbit/s in 8-Mbit memory mode (in practice the
sustained rate will be constrained by the memory
bandwidth required for real-time decoding).

Microcontroller Interface

8-bit data port with fixed length "WAIT” pulse ac-
knowledge.

Single interrupt request pin.

DRAM Interface

External DRAMused for storage of picture buffers,
bit bufter and on-screen display definitions.

16, 32 or 64 bit data bus.
Refresh handled by decoder.

DRAM directly accessible through microcontroller
interface.

Configurations supported :

- DRAM: 4 Mbits (1 bank), 8 Mbits(1 bank), 16 Mbits
(1 bank), 20 Mbits (2 banks), 32 Mbits (2 banks),

- SDRAM: 1M x 16 (only in STi3520 cut 2.0).

Hyper-page-mode DRAM : 512k x 32 (only in
STi3520 cut 2.0).
Start Code Detection

Automatic detection of start codes of picture layer
and above to enable microcontroller to access
header data.

Counters provided for time-stamptracking.
Decoding Pipeline

Instruction register set up each picture defines
pipeline operation.

Double-buffered quantization matrices enable
loading of new tables concurrently with decoding.
Error Concealment

Automatic concealment of errors detected by VLD
and decoding pipeline by macroblock copy.
Video Output

8-bit 27MHz multiplexed CsYCr port, compatible
with ITU-R 601 and 656 (00 and FF values never
output).

External pel clock and horizontal/vertical synchro-
nization required.

Interlaced or line-sequential output.

3:2 pulidown operation supported.

Programmable horizontal up-sampling by 8-tap fil-
ter.

&yy SETHONAON

Vertical chroma reconstruction or luma filtering by
2-tap filter including 720-sample delay line.
Pan & Scan Vectors

Horizontal : Maximum vector size : 512 pels, reso-
jution : 1/8 pel.

Vertical : Maximum vector size : 508 lines, resolu-
tion : 4 lines.
On-Screen Display (OSD)

Bitmap separately definable for each field can be
superimposed on final picture output.

OSD defined as rectangular regions, each with
unique palette defining 4 or 16 colours {ncluding
transparency). Each region has a blending factor,
which can be selectively applied to each colour in
the palette.

Number of regions limited by memory space allo-
cated to OSD. Regions definitions can be organ-
ized as a linked list (only in STi3520 cut 2.0).

Block move facility available for reduction of micro-
controller loading.

Primary Clock

60MHz maximum.

V.2 - Audio Decoder

Bitstreams Accepted

ISO/IEC 11172-3 audio elementary stream.
ISO/IEGC 11172-1 packets.

Audio PCM data (for decoder bypass).

Performance
ISO/IEC 11172-3 Layers| & li.

All MPEG input bitrates supported with sampling
rates of 32, 44.1 and 48kHz, free format at 32 &
48kHz sampling rates.

Decodes in single channel, dual channel, stereo,
or joint stereo modes.

System Clock

24MHz nominal.

Microcontroller Interface

8-bit interface with "WAIT” signal handshake. Inter-
rupt request signal. Dedicated control inputs for
"play” and "mute”.

Compressed Data Input

Bit or hyte-mode input.

Burst rate up to 20Mbit/s.

PCM Output

16 or 18-pit PCM output.

1S and other popular formats supported.
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Support for A/V Sync
PTS extraction from MPEG packet layer.

Error Concealment

Automatic error concealment on CRC or synchro-
nization error detection.

VI - MICROCONTROLLER INTERFACE AND
COMPRESSED DATA INPUT
V1.1 - Interface Signals

The combined microcontroller/compressed data
interface consists of the following signals :

Name Type Function
D7-D0 /0 | Data Port
A6-A0 | Address
RW I Read/Write Selection
CcS | | Read/Write Strobe (video)
AUDCS | Read/Write Strobe (audio)
WAIT O | Acknowledge
CDSTR | CD Write Strobe (video)
CDREQ O | CD Request (video)
AUDSTR I CD Write Strobe (audio)
AUDREQ O CD Request (audio)
IRQ O | Interrupt Request (video)
AUDIRQ o) Interrupt Request (audio)

Input of compresseddata and read/write accessto
STi3520 control registers share the same 8-bitdata
port, D7-D0. The signal CS requests a video regis-
ter access cycle, while AUDCS requests an audio
register access cycle. RW selects the direction of
transter for a register access. Register addresses
are selected by the 7 address bits A6-A0. The
signal CDSTR requests a video compressed data
write cycle, while AUDSTRrequests an audio com-
pressed data write cycle.

The multiplexing of compressed data and control
bytes onto D7-D0, as well as arbitration of com-
pressed data and register read/write cycles, must
be performed externally.

WAIT (a 3-state output) is the acknowledge for
register access cycles triggered by CS or AUDCS.
CDREQ (or AUDREQ) indicate that the STi3520is
available for the input of compressed data, and
together with CDSTR (or AUDSTR), make a DMA
handshake.

Interrupt requests from the video decoder are sig-
nalled by IRQ, and interrupt requests from the
audio decoder are signalled by AUDIRQ.
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VL2 - Register Access (video)

The 6 address bits, A5-A0, select one of the 64
one-byte video decoder register locations. The
function of each register is detailed in section XIV,
*Video Registers”. Some are read only, some write
only, and some read/write. The signal RAW defines
whether the register accesscycle is read or g write.

Address bit A6 is not taken into account when
accessing one of the video registers.

A cycle is defined by the assertion of signalCS. In
response to this the signal WAIT is always as-
serted. When WAIT is de-asserted, indicating the
completion of the read or write operation, CS can
return to its high state and the cycleends. Thetime
from the assertion of CS and the de-assertion of
WAIT has a fixed maximumvalue. During aregister
read/write cycle (i.e. while CS is low), the signal
CDSTR mustbe high, since compresseddata write
and register read/write cycles are mutually exclu-
sive. The timing diagrams of section X1i1.3, "Micro-
controller Interface (video)” define the timing
constraints. The minimum time between two suc-
cessive single-byte read or write cycles is 70ns
(equal to the sum of the values of tsiwH and tsnsL
defined in section XIill.3, "Microcontroller Interface
(video)”). The signal WAIT is in its high impedance
state when a read/write cycle is notin progress(i.e.
while CS is high).

The internal registers are organised in 16-bitunits,
as shown in Figure 5. Some require both byte
addresses, some only one. A 16-bit register is
mapped into two consecutive addresses.

In general register accesses require two cycles,
with the most significant byte being accessed first.
The exceptions are noted next page.

Figure 5 : Register Addressing

MSByte

e

LSByte

| HOF
CMD
GCF
| CTL
| STA
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V1.2.1 - Writing to a Register

To write to a 16-bit register, the most significant
byte (A0 = 0) is written first. This byte is stored in
an internal temporary register during the first cycle
and is not written to the destinationregister. In the
second cycle, the least significant byte (A0 = 1) is
written. In this operation, both bytes, the new byte
and the one stored in the first cycle, are written to
the destination register. So for example to write to
the CTL register, a write must first be made to
address 6, followed by awrite 10 address 7.

Itis not possible to write to the mostsignificant byte
alone, but it is possible in certain cases 10 write to
the least significant byte only. These are wherethe
most significant byte is not defined, or where itis a
read-only register. For example a single cycle write
to the one-byte MWF register (address 11) is pos-
sible because the register at the preceding even
address, MRF (address 10), is a read-only register.

The two parts of a register write operation must
never be interrupted by another register write op-
eration, since thecontents of the internal temporary
register could be overwritien before it is used.

Wirite cycle timing is given in Figure 71.

V1.2.2 - Reading a Register

To read a 16-bit register, the most significant byte
(A0 = 0) is read first. In this cycle the most signifi-
cant byte is available at the data port, and the least
significant byte of the registeris storedin aninternal
temporary register. (This is not the same physical
register as that used to store the most significant
byte when writing). In the second cycle (AQ = 1),
the contents of the temporary register are sent to
the data port ; the register addressed is not read
again.

it is thus possible to read only the most significant
byte of a register. in this case the byte loaded into
the temporary register is not read. It is not possible
to read the leastsignificant byte alone ; the preced-
ing most significant byte must be read firstin order
to load the least significant byte into the temporary
register.

The two parts of a register read operation must
never be interrupted by another register read op-
eration, since the contents of the temporary regis-
ter will be overwritten before itis read. ltis possible
to mix the cycles of the read from one register and
the write to another. Also, any register read or write
cycles can be mixed freely with compressed data
write cycles.

Read cydle timing is given in Figure 81.

‘ SGS-THOMSON
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When it is required to read two consecutive bytes,
it is possible to combine these into a single ex-
tended cycle. The cycle starts normally with the
reading of the most significant (even) byte. When
the de-assertionot WAIT indicates thatthe firstbyte
is available, the least significant address bit can be
changed. This causes the contents of the tempo-
rary registerto be switched to the output. WAIT will
remain high during the read of the secondbyte. The
timing of this operation is given in Figure 70.

V1.3 - Register Access (audio)

The address bits, A6-A0, select one of the 128
one-byte control register locations. The function of
each registeris detailed in section XIV.2, "Register
Descriptions”. Some are read/write, some read-
only, and some write-only. The signal RW defines
whether the register access is a read or a write
(high for read, low for write). '

A cycle is defined by the assertion of signal
AUDCS. In response to this the signal WAIT is
always asserted. The address, _read/write and data
inputs must be set up before AUDCS line is acti-
vated. If a read cycle is requested, the data lines
D7-DO will be driven by the STi3520. For a write
cycle the STi3520 will latch the data placed on the
data lines on the rising edge of AUDCS.

When WAIT is de-asserted, indicating the comple-
tion of the read or write operation, AUDCS can
return to its high state and the cycle ends. The
timing of register read/write cycles is given in Fig-
ure 78. The minimumtime between two successive
read or write cycles is 100ns. The signal WAIT is
in its high state when a read/write cycle is not in
progress (i.e. while AUDCS is high).

During a register read/write cycle (i.e. while
AUDCS is low), the compressed data input strobe
AUDSTR must be high.

The relative timing constraints of these two signals
are givenin Figure 80.

V1.4 - Interrupts (video)

The conditions which can cause an interrupt are
represented by the bits of the STA register. Any
change of state from 0 to 1 of one of these bits (an
"event”) will cause an interruptunless itis masked
by the corresponding bit of the ITM register being
reset. Each event causes a bit of the ITS register
to be set, regardless of the state of ITM. Any
unmasked bit becoming set in the ITS register
causes an interrupt request, indicated by the driv-
ing of the open-drain signal IRQ into its asserted
state.

15/106

BN 7929237 0073052 T3y WA



STi3520

The interrupt is acknowledged and its source(s)
identified by reading the ITS register. The reading
of the most significant byte of this register has the
effect of clearing the whole register and thereby
removing the interrupt request (i.e. IRQ returns to
its undrivenstate). The least significant byte can be
read fromthe temporary registerin a second cycle.
The timing of the removal of the interrupt request
is given in Figure 81.

Beforereading ITS, all interruptsshould be masked
by clearingthe iTMregister. This prevents an event
occurring during the read cyde from generating a
new interrupt. When ITM is restored, events which
occurred while the maskwas zeroed will now gen-
erate an second interrupt request.

V1.5 - Interrupts (audio)

The conditions that can cause an interrupt are
listed in the table below :

N° Condition Signalled
14 First bit of new frame at PCM output
13 Input FIFO full

12 Input FIFO level = FIFO_THRES
1 Not used

10 De-emphasis changed

9 Sampling frequency changed

8 PCM output buffer underfiow

7 Ancillary data register full

6 Not used

5 CRC errordetected

4 Not used

3 Not used

2 Valid PTS registered

1 Valid header registered

0 Change in synchronization status

An interrupt is enabled by setting the correspond-
ing bit in the interrupt mask register, INTR_EN. An
interrupt is signalled externally by a 100ns pulse
appearingon AUDIRQ. Atthe sametime one of the
bits of the interrupt register, INTR, becomes set.
The interrupt source may then be identified by
reading INTR.

The most significant byte (bits 8-14), and bits 3-5
of the least significant byte of INTR can be inde-
pendently cleared by reading. Bits 0-2 and 7 are
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cleared by a different method, as explained in the
description of the INTR register in section XIV.2,
"Register Descriptions”. If the condition giving rise
to the interrupt remains, a new interrupt will be
generated.

The INTR and INTR_EN registers are cleared on
reset (assertion of RESET pin or writing to RESET
register), or restart (writing to RESTART register).

V1.6 - Compressed Data Input (video)

The video compressed data input must be either
an MPEG-1 or an MPEG-2 video elementary
stream.

Compressed data input is placed on the shared
data bus, D7 - D0, and is strobed in on the rising
edge of the signal CDSTR. During a compressed
write cycie the signal CS must be high, since
compressed data write and register read/write cy-
cles are mutually exclusive. Compressed data in-
put bytesare written into the 1024-bit Compressed
Data (CD) FIFO (see Figure 1). Data from this
FIFO are transferred in 512-bit bursts to the bit
buffer area of the external memory, whose base
address is specified by the BBG register. The rate
at which these transfers can occur is governed by
the number of higher priority requests waiting for
service from the memory controlier. The de-asser-
tion of the signal CDREQ indicates that the CD
FIFO is full, but that 3 more bytes can be written.
No further compressed data bytes must be written
while CDREQremains de-asserted, since data will
be lost.

The timingdiagramin Figure 80, defines the timing
constraints. The minimum time between two suc-
cessive write cycles is 35ns (giving an upper limit
on port input rate of roughly 228Mbit/s).

Compressed data write cycles can be combined in
any sequence with register read/write cycles.

Start codes in the compressed data stream must
be byte-aligned.

The average rate of compressed data input overa
picture period is one of the decoder performance
constraints. It is related to picture size, prediction
modes and primary clock frequency. This rate can
be exceeded momentarily, provided that the num-
ber of bits written during a picture period does not
exceed the number used inthe performancecalcu-
lation.
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There are three ways of controlling the input of
compressed data bytes :

- handshake every byte,

- byteinput without handshake,

- burstinput without handshake.

In all cases, the average compressed data input
rate cannot exceed that used in the STi3520 video
decoder performance calculation.

VI.6.1 - Handshake every Byte

In this mode, the signal is CDREQ is checked after
the writing of everybyte. The maximumrate of data
transfer is one byte every 55ns, assuming that
CDSTR can be asserted again immediately
CDREQ becomes high. This is equivalent to a
maximum instantaneous rate of roughly 145Mbit/s.
if this is greater than the relevant sustained rate
given in the next section, some cycles will be
delayed due to the CD FIFO being full.

V1.6.2 - Byte Input without Handshake

Provided that the input rate is kept below given
limits, it can be guaranteed that the CD FIFO will
never become full, thus making unnecessary the
checking of CDREQ. The limits are:

Maximum sustained rate (normal memory
mode) :

primary clock frequency x 1.8
With a primary clock of 55MHz, this rate is
100Mbit/s.
Maximum sustained rate (8-Mbit memory
mode) :

primary clock frequency x 1.1
With aprimary clockof 55MHz, this rate is 60Mbit/s.
Maximum sustained rate (normal memory
mode, display only) :

primary clock frequency x 2.3
With a primary clock of 55MHz, this rate is
128Mbit/s.
Maximum sustained rate (8-Mbit memory
mode, display only):

primary clock frequency x 1.4
With aprimary clockof 55MHz, this rate is 77Mbit/s.
Maximum sustained rate (normal memory
mode, no decoding or display) :

primary clock frequency x 13

With a primary clock of 55MHz, this rate limited by
the maximum CD portinput rate of 228Mbit/s.

(ST -t

Maximum sustained rate (8-Mbit memory
mode, no decoding or display) :
primary clock frequency x 8

With a primary clock of 55MHz, this rate limited by
the maximum CD port input rate of 228Mbit/s.

V1.6.3 - Burst Input without Handshake

Data may be entered in bursts of up to 1024 bits at
the maximum rate (228Mbit/s). The minimum time
between burstsis 350 primary clock cycles (6.4us
at 55MHz) in 16-Mbit memory mode, and 590
primary clock cycles (10.7us) in 8-Mbit memory
mode. These are the maximum times which must
be allowed for the CD FIFO to be emptied into the
bit buffer.

VL.7 - Bit Buffer Control (video)

The amountof datain the bit huffer is available (in
units of 2 kbits) by reading the BBL register. When
this level is greater than or equal to the value
loaded into the BBT register (also defined in units
of 2kbits), the status bit STA.BBF becomes true.
This can be used to generate a "bit buffer nearly
full” interrupt. When the bit buffer contains no data,
the status bit STA.BBE becomes true. This can be
used to generate a "bit buffer empty” interrupt.
When the CD FIFQis full, the status bit STA.BFF
is_true. This bit is thus equivalent to the signal
CDREQ.

if the bit CTL.PBOis set, then transfer of data from
the CD FIFOto the bit bufferis prevented if the bit
bufter level is at or above the level defined in the
BBT register. If BBT is setto a value equal to the
size of the bit buffer, then this automatic mecha-
nism will ensure than overflow never occurs.

If it is required to complete the decoding of a
sequence beforethe arrival of another, for example
if the sequence contains a single picture, 63 zero
bytes must be written at the end of the first se-
quence, to ensure that the last packet is always
sent fromthe CD FIFO to the bit buffer.

If in the application it is not possible to do this, a
filush can be initiated from the microcontrolier by
entering a test mode. An Application Note is avail-
able on this topic.

V1.8 - Compressed Data input (audio)

The following 3 types of bitstream may be input :

- MPEG audio elementary stream, as defined by
ISO/IEC11172-3, Layers | and I,

- ISO/IEC 11172-1 packets,

- uncompressed PCM data.
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The inputmode is determined by the programming
of register STR_SEL (see section XIV.2, "Register
Descriptions”).

There are two ways of inputting compressed data :
- strobed in by AUDSTR. (DMA mode),

- writing to register DATAIN, strobed by AUDCS.

If the signal REQ is asserted (low), then another
data byte can be input. REQ goes high when the
input buffer is full. ONE further byte can safely be
entered after this. Input timing is given in Figure 78
and Figure 83

The signalREQ is high for the duration of the reset
and restart processes (see section X1.2.2, "Initiali-
zation of the Audio Decoder” and Section XI.2.3,
"Play and Mute”).

The relative timing constraints between AUDCS
and AUDSTR specified in section V1.3, "Register
Access (audio)”, must be respected.

Data may be input in bursts at rates 2.5Mbyte/s.

V1.9 - input Buffer Level Control (audio)

Input data is entered into a 256-byte FIFO store
before interpretation by the parser.

Two interrupts are available for the monitoring of
FIFO level. Interrupt 13 indicates that the input
FIFO is full, while interrupt 12 indicates that the
input FIFO level is equal to the value loaded into
register FIFO_THRES. Interrupt 12 is generated
whenever the level crosses the threshold. It is
recommended to use REQ to control input data
flow whenever possible.

All buffers are flushed after a reset or restart.

VI1.10 - Audio Decoder Latency

Before being able to output audio samples, the
STi3520 must first be synchronized to the audio bit-
stream. After this the decoder requires a certain
amountofdata, equaltoroughly 1/12of aframe, before
the output samples can be computed. The time re-
quiredto compute these samplesis about2ms.

The total delay is equal to the sum of the synchro-
nization time, the time required to input the data,
and the decoding time. The synchronizationtime is
time required to skip zero, one, two or three frames
(see section XI1.2.5, "Bitstream Synchronization”).
This depends on the Layer and sampling fre-
quency, and has a maximum value of
3 x 36 = 108ms (with 36 = frame duration for layer
Il at 32kHz). Similarly, the longest data input time
is 36/12 = 3ms. Once the STi3520is synchronized,
the longest latency in low latency mode is
3+2=5ms.
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Vil - EXTERNAL MEMORY
VIl.1 - Standard DRAM
Vil.1.1 - Memory Interface

The memory interface consists of the following
signals :

Name Function
DD63-DDO0 Bidirectional Data Port
AAB-AAD Address
RASO Row Address Strobe for Bank 0
RAST Row Address Strobe for Bank 1
CAS Column Address Strobe
OE Output Enable
WE Write Enable

These signals correspond directly the DRAM sig-
nals of the same names. Note that the address
output signals are inverted.

Memories with multiplexed 9-bit row and 9-bit col-
umn addresses mustbe used, exceptin the second
bank when in 20-Mbit mode, in which memories
with 8-bit row and column addresses are required.

The memory interface is disabled when bit
CTL.EDlis reset (the default state). In this state all
of the memory interface signals are in their_high
impedance state. If it is required to keep the RAS
and CAS signals high when the interface is dis-
abled in order to reduce DRAM power consump-
tion, they should be pulled up to Vop with 20kQ
resistors.

VIL.1.1.1 - Normal (16-Mbit) Mode

In the normal mode all 64 bits of the data bus are
connected to the memory.

The three diagrams below illustrate the memory
configurations possible in normal mode. Figure 6
shows the configuration in which there is a single
bank of 16 Mbits. The second row address strobe
(RAS1) signal is not used.

Figure 7 shows the configuration in which an extra
4 Mbitsis added in the second bankto give a total
memory capacity of 20 Mbits. The memory space
of the second bank is contiguous with that of the
first. When this mode is used, bit GCF.M20 must
always be set. Address signals AA7 to AAQ are
used for the second bank. (ltis also possible to use
the second 4-Mbit bank alone, to give a 4-Mbit
configuration).

Figure 8 shows the configuration in which both
banks contain 16 Mbits. Bit GCF.M20 must be
reset.
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Figure 6 : 16-Mbit Memory Configuration
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Figure 7 : 20-Mbit Memory Configuration
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Figure 8 : 32-Mbit Memory Configuration
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Vii.1.1.2 - 8-Mbit Mode

In 8-Mbit mode only bits DD47 to DD16 are used.
Only one memory configuration is possible - a
single bank connected as shown in Figure 9. When
this mode isused, bit CTL.S8Mmust always be set.

Figure 9 : 8-Mbit Memory Configuration

RASO

4Mbit 4Mbit
—
AAB-AAD 256K x 16 256K x 16

32 (DD31-DD0)

VIil.1.2 - Timing Requirements

The timing parameters for the memory interface
are given in section Xll1.2, "DRAM interface”. In
most instances, these are dependant on the pri-
mary clock frequency, which could enable slower
memories to be used when the primary clock fre-
quency is lower than the maximum. With a primary
clock of 55MHz, ”-80” or faster memories are re-
quired.

The maximum permissible memory access times
are related to the memory interface parameters as
follows :

tAA = tcaL - tos (read) = 3T - TBDns
tacp* =3T -TBDns
tcac =tcas - tos (read)= 2T - TBDns
toea =tocH - tos (read)= 3T - TBDns
tRAc = tcsH - tos (read) = 5T - TBD ns
Where T is the primary clock period.
* Also sometimes referred to as tcpa.

VI.1.3 - Refresh

Memory refresh is handled automatically by the
STi3520 memory controller by inserting "CAS be-
fore RAS” refresh cycles. The duration of a refresh
cycle is 9 primary clock periods. During these cy-
cles RASO and RAS1 are driven together, thus
refreshing a row from each bank. The refresh pe-
riod is defined, in units of 24 primary clock periods,
by the programming of GCF.RFI[6:0]. For example
if 512 memory rows must be refreshed every 8ms
and the primary clock is 55MHz, GCF.RFI[6:0]
must be loaded with :

8ms/512 x 55MHz/24 = 35 (after rounding down)

20106
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Vil.1.4 - Memory Mapping Examples

The first example (Figure 10) shows the memory
map in an application in which the picture size is
720 x 480. With 3 frame buffers each occupying
just less than 4 Mbits and an on-screen display
(OSD) buffer sufficient to define a bitmap covering
the full screen occupying 0.72 Mbits, there is suffi-
cient space for a 3.4-Mbit bit buffer. it is assumed
in the OSD space calculation thatthere is one OSD
region per line.

Figure 10 : 720 x 480 Framesin 16 Mbits

0
Bit Buffer
ODABOh
0sD 108A0h
Frame
Buffer 1
205C0h
Frame
Buffer 2
302E0h
Frame
Buffer 3
3FFFFh

The second example (Figure 11) shows the mem-
ory map in an application in which the picture size
is 720 x 576. With 3 frame buffers each occupying
4.75 Mbits there is sufficient space for a 1.75-Mbit
bit buffer. Between the bit buffer and the frame
buffers, there are 192 unused words (12288 bits)
which can be used for OSD buffer or to enlarge bit
buffer.

If a larger bit buffer is required, or if space needs
to be made for OSD (0.86 Mbits are needed to fill
a 720 x 576 screen), then a 20-Mbit configuration

Figure 11 : 720 x 576 Framesin 16 Mbits

0
Bit Buffer
07000h
070C0h
Frame
Buffer 1
1A080h
Frame
Buffer 2
2D040h
Frame
Buffer 3
3FFFFh
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will be necessary (it is possible to extend the bit
buffer off-chipif the burstmode of compresseddata
input is used. An application note is available on
this topic).

If it is required to store more than 3 frame buffers
(for exampile if overwrite mode is not used), then at
least 20 Mbits (for 720 x 480) or 32 Mbits (for
720 x 576) are necessary.

VIL.2 - Extended Data Out (EDO) DRAM

Extended data out DRAMs (also known as Hyper
page DRAMSs) effectively place a latch on the data
output. This allows the CAS signal to go high
without having to wait for the data out to become
valid as in normal DRAM. As soon as the CAS
signal goes high precharge for the next column
address can begin. This has the net effect of de-
creasing the page cyde time. The memory inter-
face of the STi3520 takes advantage of this by
using a special high frequency CAS signal thus
allowing the data bus to operate as a 32-bitbus.

The interface can supports a 16-Mbit configuration
as in Figure 12. In this mode only 32 of the 64-bit
memory data bus are used. The exact pinout is
given in the "Pin List”. The EDO memory interface
does not use the same control signals (RAS, CAS,
WE , OE) as standard DRAM. The control signals
use the unused data pins of the memory interface.

Figure 12 : 16-Mbit EDO DRAM Configuration

RASO
4 .
—— Siokx 2
AA11-AAD

32 (DD31-DDO)

The operation of this mode is controlled using the
general configuration register GCF. After power on
the GCF register must be programmed to enable
the EDO DRAM mode, GCF.EDO and the high
frequency memory subsytem clock, GCF.MSC
must be enabled.

Due to the variation in page size across different
memories control is provided to enable the display
process to work with 2 or 4 segments per row
GCF.SEG.

3520-13.EPS
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VIL.3 - Synchronous DRAM (only in STi3520 cut
2.0)

The interface can support a 16-Mbit configuration
as shown in Figure 13. The exact connection of the
memory is given in the "Pin List”. The control
signals for synchronous DRAM (SDRAM) are all
synchronous with a clock which is generated inter-
nally in the decoder and is output with the control
signals viathe unused data pins. The control of the
SDRAM uses the same signal types as standard
DRAM hutthe signals are all sampled using a clock
and achip select signal. The precisetiming is given
in Figure 71.

Figure 13 : 16-Mbit Synchronous DRAM
Configuration

RASO

1

16Mbit
512K
x2
x 16

16 (DD15-DDO)

The operation of SDRAMs is standardized by the
JEDEC standard but unfortunately the standard
does not cover all the aspects of interoperability.
The memory interface, therefore, makes use of a
constrained set of the JEDEC functionality. This
ensures operation with SDRAMs from different
vendors.

The Mode Register is programmed in thefollowing
manner :

- burst length 4,

- sequential wrap,

- 3 cycle CAS latency.

The memory interface does not make use of the
hidden precharge feature because this is not avail-
able from all manufacturers.

VIL.3.1 - Initialisation of Synchronous DRAMs
Synchronous DRAM must be initialised in the
power-on sequence like conventional DRAMSs.
Once power has been applied, a 10Qus delay must
precede any signals being toggled. During this
delay all the memory interface signals are held in
high impedance. In some cases all the control
signals tothe SDRAM must be held high duringthis
time in some cases just DQM and CKE must be
held high. Pullups should be applied to the control
signals which are required to be high.

21106
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After the initial 100us delay the both banks in the

SDRAM are precharged using the "All Banks Pre-

charge” command. Once the precharge is com-

plete and the minimum tp is satisfied the Mode

register is programmed. At least two SDRAM clock

cycles after the Mode register set, refresh is en-

abled. A certain number of refresh cycles (manu-

facturer specified) must then be performed before

the memory is ready for use. Care must be taken

to allow enough refreshes to occur before the

memory is used. A typical initialisation sequence is

as follows :

- enable all clocks including the memory subsys-
tem clock,

- enable the DRAM interface,

- setthe GCF2.MRS & GCF2.SDR bits (see Initial-
isation Sequence Variation below),

- allow sufficienttime for at least 8 refreshesbefore
beginning to use the memory,

- enable GCF2.MRS bit.

VIL3.2 - Initialisation Sequence Variation

Certain manufacturers specify that the mode reg-
ister should be programmed after a series of re-
freshes. To carry out a reset of this type the above
sequence is used but the GCF2.MRS bit is set in
step 5 and notin step 3.

VIL.4 - Picture Storage Data Structure

Pictures are storedin memory as frames. They can
be read and written as eitherframesor fields. inthe
latter case, every second line is accessed. Fig-
ure 14 shows how the data for a frame is mapped
into memory when the memory interface is operat-
ing in normal (16-Mbit) mode.

The luminance and chrominance data for a frame
are stored separately ; first all of the luminance
macroblocks, and then all of the chrominance mac-
roblocks. The base address of the luminance is
defined by the framebase address as set upin one
of the registers DFP {Display Frame Pointer), RFP
(Reconstructed Frame Pointer), FFP (Forward
Frame Pointer) or BFP (Backward Frame Pointer).
The chrominance base addresses are calculated
internally using the contents of the DFS (decoded
frame size) register and the bits GCF.DFA[7:0]. For
example for the display buffer the luminance start
address in normal mode is :

32 x DFP
while the chrominance start address is :
32 x (DFP + DFS + 4 x GCF.DFA[7:0])

The size of the chrominance area is half that of the
luminance area.
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Figure 14 : Storage of a Macroblock

MSB LSB
Luma
Base —P
Address
8 Byles
P
1
2 8 Words
3
4
1 Block
2
2
Chroma 2
Base {g
Address g
£ 1 Macroblock
1]2] (5] [e]
3|41 C; Cji
- Y
64 bits

GCF.DFA[7:0] is generally set to zero when oper-
ating in normal mode. The use of this offset in
8-Mbit mode is described in section X.5, "8-Mbit
Mode”.

One memory page contains 512 64-bitwords. One
block requires 8 words. Thus one page can hold
the luminance blocks of 16 macroblocks or the
chrominance blocks of 32 macroblocks. In order to
maximise the efficiency of memory access, mac-
roblocks never cross page boundaries.

in 8-Mbitmode (in which the external memorydata
bus width is 32 bits), a block is stored as shown in
Figure 15. Each word holds 4 8-bit luminance or
chrominance values. Macroblock storage order is
the same as that shown in Figure 14.

Figure 15 : Physical Storage of a Blockin 8-Mbit
Mode
MSB LSB MSB LSB

Word n+1 Word n
Word n+3 | Word n+2

HEEEEE

Word n+15
4 Bytes —i

Word n+14
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From the user point of view, the frame pointers are
programmed identically in the normal mode and
8-Mbit mode. In both cases, the pointer address
units correspond to 4 blocks ; in normal mode, they
correspond to 32 memory words, whereas in 8-Mbit
mode, they correspond to 64 memory words. Fig-
ure 16 illustrates the mapping in the two cases. In
8-Mbit mode the top two bits of the 14-bit pointer
are not used.

Figure 16 : Pointer to Physical Address Mapping

Normal Mode
19 Bit Physical Address (2 Banks)

A
| |

<+ —
14 Bit Pointer Address 5 Bits
(32 words, 4 blocks)

8-Mbit Mode
18 Bit Physical Address (1 Banks)
- Pt
12 Bit Pointer Address 6 Bits

(64 words, 4 blocks)

VIL5 - Memory Read and Write through the Mi-
crocontroller Interface

Words can be read and written directly into the
external memoryinto areas defined by the memory
read pointer register, MRP, and the memory write
pointer register, MWP, respectively.

VIl.5.1- Read

Data is transferred from the memory to the micro-
controller interface through a 2-word FIFO. When
the starting address of the area to be read fromis
loaded into the MRP register, this FIFO is cleared
and 2 memory data words, starting at the address
specified, are transferred into it. The status bit
STA.RFF indicates when these two words are
available in the FIFO. At this point the words can
be read byte-by-byte (most significant byte first)
from address MRF. When one word has beenread,
a new word is automatically loaded into the FIFO
from the next memory address. After each transfer
of a word from the memory to the FIFO, MRP is
incremented. The maximum latency between the
completion of the reading of a word and theloading
of another into the FIFO from the memory is 99
primary clock cycles (1.8us with a 55MHz clock) in

3520-17.EPS
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normal mode and 159 clock cycles in 8-Mbit mode
(2.9us). Therefore, if the reading of a word takes
longer than this, it is not necessary to check
STA.RFF; there will always be a word available in
the FIFOfor reading.

The timings of the two modes of reading, with and
without polling, are givenin Figure 17.

VII.5.2 - Write

Data in transferred from the microcontroller inter-
face to the memory through a 2-word FIFO. When
the starting address of the area to be written to is
loaded into the MWPregister, this FIFOQis cleared.
The status bit STA.WFE indicates when this FIFO
is empty. At this point two words can be written
byte-by-byte (most significant byte first) to address
MWF. When one word has been written, a word is
transferred into the memory at the address speci-
fied by MWP. After each transfer into the memory
MWP is incremented. The maximum latency be-
tween the completion of writing of a word and the
transfer of a word from the FIFO to the memory is
90 primary clock cycles (1.64us with a 55MHz
clock) in normal mode and 147 cycles in 8-Mbit
mode (2.67us). Theretore, if the writing of a word
takes longer than this, it is notnecessary to check
STA WFE; there will always be space available in
the FIFOwhen writing.

The timings of the two modes of writing, with and
without polling, are givenin Figure 18.

VII.6 - BlockMove

The block move facility allows blocks of words to
be written from one part of the memory to another
without the microcontroller having to perform any
data read and write operations. The procedure for
executing a block move is the following :

- set bit CMD.SBM to enable block move and
disable user read/write to memory,

- write the base address of the block to be moved
to register MRP. Write the base address of the
destination to register MWP,

- setup the BMS register with the number of words
to be moved. At the end of the write cycle, the
block move will start. STA.BMI will be reset,

- when bit STA.BMI s set, the block move is com-
plete,

- reset bit CMD.SBM. User read/writeis now avail-
able again.

Memory read/write and block move operations can
not be performed simultaneously.
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Figure 17 : Memory Read Timing

A - Memory Read without Polling
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Figure 18 : Memory Write Timing

A - Memory Write without Polling

STA.WFE _I

8 Byte Write .« - Pt} -
FIFQO Read
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B - Memory Write with Polling

STA.WFE _] _-I
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Vill - CLOCKS
VIIL.1 - Video Decoder Primary Clock (CLK)

The STi3520 video decoder primary clock has a
maximum value of 60MHz.

VIi1.2 - Pel Clock (PIXCLK)

The pel output rate is defined by this clock. For
ITU-R 601 output, the nominal value is 27MHz.

VIii.3 - Audio Primary Clock (AUDCLK)

The STi3520 audio decoder primary clock has a
nominal value of 24dMHz.

VIiL.4 - PCM Clock (PCMCLK)

The input PCMCLK is used to generate the PCM
output bit clock. Programming of the internal clock
divider is described in section X1.1.2, "PCM Clock
Generation™.

IX - CLOCK GENERATION (only in STi3520 cut
2.0)

The on board clock generation consists of a pat-
ented frequency synthesizer circuit and associated
dividers which derive all of the required system
clocks from a single selectable input, thus eliminat-
ing the need for externaldividers and PLL circuitry.

The reference input frequency may be obtained
from two possible sources :

- the input clock, VX,

- the pixel clock, PIXCLK.

The selected reference clock frequency is multi-
plied by a programmable integrated PLL and the
output of the PLL is steered to a bank of dividers to
generate each of the following clocks :

The input reference frequency, fin, is selected us-
ing the mux prior to entering phase detector. The
VCO feedback into the phase detector, fpu, is
programmably divided by M + 6, whereM is in the
range of 0 to 15. The phase detector detects the
phase error and signals to the charge pump to
increase ordecreasethe VCOfrequency. The VCO
typically operates at 200Mhz based on fin and M.

The various output clocks are then generatedusing
the three dividers. A programmabile divider is pro-
vided to keep the audio decoder clock in the range
24 - 30MHz irrespective of the frequency fvco.

IX.2 - Control of the Clock Generator

The clock generation is controlled using a single
register, PLL. See Register Map for more details.

IX.3 - Programming the PLL

The PLL is programmed based on a simple under-
standing of how the frequency synthesizer works.
When the PLL islocked, the two frequencies at the
input to the phase detector must be equal.

fret=fpu E.A
where
fpn=fvco/(M+6) E.1.2
and
0<M<15 EA13
Therefore

fveco=finx(M+86) E.2

Examples of PLL programvalues are shown in the
following table based on common values for fin :

- the internal MPEG audio decoder clock, -
- the internal MPEG video decoder clock, fn (MHz) M fuco (MHz)
- the memory sub-system clock. 13.5 9 202.5
14.31818 8 200.45452
IX.1 - Operational Overview 17.734475 5 195.079225
The frequency synthesizer is a classical PLL de- 11.2896 12 203.2128
sign, consisting of a phase detector, charge pump, 16.9344 6 203.2128
filter, VCO and post-divider, M. The overall block 2 5792 3 2030128
diagram is show in Figure 19. : -
THOMSON 25/106
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Figure 19 : Clock Generator Block Diagram
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X - VIDEO DECODER CIRCUIT DESCRIPTION
X.1 - Resets and Power-down Modes (video)
X.1.1 - Resets

There are three types of reset :

- ahardresetis generated by asserting PinRESET
for a duration of atleast 15 primary clock cycles
(270ns with a 55MHz clock),

- asoft resetis generated by setting and resetting
bit CTL.SRS. It must be set for a duration of at
least 40 primary clock cycles (730ns with a
55MHz clock),

- apipelineresetis generated by setting and reset-
ting bit CTL.PRS. It must be setfor a duration of
at least 3 primary clock cycles.

After a hard reset, all circuit activity stops and the
registers are forced into the reset states defined in
section XIV, *VIDEQ REGISTERS”. The circuit is
put into low power mode (definedin section X.1.2,
"Power-Down Modes”), and the video and memory
interfaces are put into a high impedance state. All
data remaining in the external memory is lost. A
hard reset would normally be used after power-up
and when it is required to place the circuitin low
power mode.

After a softreset, all processes concerning decod-
ing and bit buffer control are reset. Any data re-
maining in the bit buffer, the compresseddata FIFO
and the start code detector FIFO are lost. The
interrupt unit is reset. All registers maintain their
contents and the display process is not disturbed.
A soft reset would normally be used when the
decoding of the current bitstream must be termi-
nated and it is required to restart on a new se-
quence.

After a hard or a softreset, the first task performed
by the pipeline when it has been enabled will
always be a search for the beginning of a new
sequence. The bit buffer data is flushed untii the
first picture start code following a sequence start
code is detected by the pipeline, at which time it
stops. At this point normal picture decoding behav-
iour isresumed. After a hard or asoftreset, the first
search performed by the start code detector in
responseto thefirst DSYNC will alwaysbe asearch
for a sequence startcode, afterwhich itstops. After
this, the start code detector operates normally.

A pipeline reset terminates the decoding of the
current picture. The remaining bits of the picture
are flushed from the bit buffer until the next picture
start code is detected by the pipeline. At this point
normal behaviouris resumed, i.e. the pipeline waits
for the next picture decoding instruction. No other
part of the circuit is affected by a pipeline reset. A
pipeline resetwould normally be used as partof a
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manual errorrecovery procedure. A pipeline reset
has no effect if the decoding pipeline is in its idle
state.

X.1.2 - Power-Down Modes

Low power mode is entered after a hard reset, or
by resetting bits CTL.EVI, CTL.EDI and CTL.ECK.
In low power mode, the whole circuit is shut down,
and the video and memory and compressed data
interfaces are disabled. In low power mode, the
registers do notlose their contents (if there was no
hard reset) and can be accessed normally. Power
dissipation in this mode is the minimum possible.
Reduced power mode is entered by resetting bit
CTLEC2 and keeping bits CTL.EC3, CTL.ECK
and CTL.EDiset. In this mode decoding is idle, but
access to the external memory through the read
and write FIFOs is possible. If the video interface
is enabled by setting bit CTL.EVI, then the display
interface may be used.

X.2 - Bit Buffer and Start Code Detection
(video)
X.2.1 - Bit Buffer

The mechanism of writing compressed data into
the bit buffer through the CD FIFQO is detailed in
section V1.6, "Compressed Data Input (video)” and
section V1.7, "Bit Buffer Control (video)".

As part of the initialization sequence of the de-
coder, the registers BBG (bit buffer starting ad-
dress), BBS (bit buffer stop address) and BBT
(threshold for generation of BBF interrupt) mustbe
set up.

The level of the bit buffer at any instant can be
determined by reading the BBL register.

If it is required to change BBG before starting to
decode a new sequence, this should be done
before the softresetis activated.

If the bit CTL.PBO is set (see section V1.7, "Bit
Butfer Control (video)”), then BBT defines a ™full”
rather than "nearly full’ level and should be set
equaltoBBS + 1 - BBG to optimize memory usage.

X.2.2 Start Code Detection

The startcode detectoroperatesin parallel with the
decoding pipeline. The purpose of this unit is to
allow external access to the header data which
follows start codes in the input bitstream. Com-
pressed datais read twice from the bitbuffer - once
into the pipeline, and once into the start code
detector through the 128-byte header FIFO. The
transfer of data into the header FIFO does not
affect the bit buffer level ; only the datatransferinto
the pipeline can reduce the bit buffer level.
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Start code detection is initiated in two ways :

- automatically whenever the internal event
DSYNC occurs. DSYNC is derived from VSYNC
as described in section X.3.4, "Decoding Task
Control”. A DSYNC is generated every time the
pipeline starts a new picture decoding task,

- manually by writing to the CMD register with bit
CMD.HDS set.

When start code detection has been started, data
is read continuously from the bit buffer into the
header FIFOand parsed by the startcode detector,
which receivesthe FIFO output data. When a start
code is detected, the data scanning stops and the
status bit STA.SCHbecomes 1. When a startcode
has been detected, it can be identified by reading
the HDF register.

The startcode detector detects all startcodes other

than the slice start codes, which are "00000101h”

through "000001AFh”.

After detection of a start code the HDF register will

be one of the states shown in Figure 20.

Figure 20 : States of HDF After Start Code
Detection

| LastByte of StartCode |  First Header Bytle | HDF

[ 01
Address 00

| Last Byte of Start Code | HDF
Address 01

The first step is to examine the byte at address 00.
If this contains "01”, then the start code can be
identified by reading the byte at address 01. If the
first byte is not "01” then it mustbe the lastbyte of
the start code and the second byte is the firstbyte
of the head erdata. In both cases subsequentreads
from HDF will give accessto the header datawhich
follows the start code.

Scanning for start codes will reccommence on the
next DSYNC or write to CMD.HDS. Whenever a
start code has been detected, the HDF register
must be read in order for the start code detectorto
restart correctly.
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X.2.3 - Handling of Time-Stamps

The video decoder is designed to accept only
MPEG-1 or MPEG-2 video elementary streams.
Time-stamps are not transmitted in this layer, but
at the packet layer.

A mechanism is thus provided to enable the asso-
ciation of the time-stamps which are included in
video packet headers with the times at which par-
ticular pictures are decoded. This is needed be-
cause the number of pictures which may be stored
in the bit buffer at any instant is unknown, and
therefore there is a variable delay between the
input of a picture into the bit buffer and its entry into
the decoding pipeline.

There is a 24-bit counter at the input and at the
output of the CD FIFO - bit buffer - header FIFO
chain, as shown in Figure 21. Each time a byte is
written into the CD FIFOthe counter "CDcount” is
incremented. Each time a 16-bit word is read from
the header FIFO the counter "SCDcount”is incre-
mented. Both of the counters are reset by a hard
or soft reset. Both are modulo 224, i.e. the state
following FFFFFF is 000000.

When thefirstbyte of video data from a new packet
containing a time-stamp is written into the CD
FIFO, CDcount is read. This value is recorded by
the microcontroller in a list along with the time-
stamp. When a picture startcode is detected by the
start code detector, SCDcountis read. [f this value
multiplied by two is greater (modulo 2%) than the
last CDcount in the list, then the next picture to be
decoded is associated with the time-stamp stored
at this position of the list. This time-stamp and
CDcount pair is now removed from the list.

Bits CDcount[23:16] are read by firstwriting "01” to

CMD.AVSJ1:0] and then reading the least signifi-

cant byte of CMD. Bits CDcount[15:0] are read by

fci:rst writing "00” to CMD.AVS][1:0] and then reading
MD.

Figure 21 : Bit Buffer Read and Write Counters

DataIn

The firststart code search after a hard or softreset
will be a searchfor a sequence header startcode ; CD count
all other startcodes will be ignored. When this start
code has been read, all subsequent searches will

her than sli .
look for any start-codes other than slice startcodes Bytes In Data Out
The two status bits STA HFE {(header FIFO empty)
and STA.HFF (header FIFO full) indicate the state SCD count
of the header FIFO. Reading from HDF must never
be performed if STA.HFE is 1. STA.HFF is set
\t«)v;teegever the header FIFO contains at least 66 Words Out
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Bits SCDcount[23:16] are read by first writing "11”
to CMD.AVS[1:0]and then reading the least signifi-
cant byte of CMD. Bits SCDcount[15:0] are read by
firstwriting "10” to CMD.AVS[1:0]and then reading
CMD.

X.3 - Video Decoding Pipeline Control
X.3.1 - General

The pipeline is thatpartof the circuitwhich converts
the compressedbitstream datafor each picture into
a decoded (or reconstructed) picture. These pic-
tures can be frame or field pictures. The operation
of the pipeline is controlled picture-by-picture. The
decoding of a new picture can potentially start on
every VSYNC, but usually the rate of decoding is
less than the VSYNC rate.

The pipeline is controlled by the pipeline controller
(see General Block Diagram). When the pipeline
controller starts the decoding pipeline a DSYNC
signal is issued. This signal is also sent to the start
code detector. Whenthe pipeline has completedits
decoding operation, a completion signal is sent to
the pipeline controller, which is then able to launch
another decoding operation, either immediately or
when the next VSYNC occurs. The pipeline con-
troller interprets certain bits of the decoding instruc-
tion, which must be set up by the user before the
start of each new task. The remaining bits of the
instruction define the decoding task itself.

The pipeline receives its compressed datafrom the
bit buffer. This data is first processed by the vari-
able length decoder (VLD) which egenerates the
runflevel coded DCT coefficients and the motion
vectors (if present) for each macroblock. The pic-
ture data is reconstructed by passing the run/level
data through the inverse quantizer and inverse
DCT blocks. This is then added to the predictors
which have been fetched from the memory taking
into account the macroblock prediction modes and
motion vectors. Finally, the decoded picture is writ-
ten back into the memory, from where it can be
accessed by the display unit for output.

The pipeline is also able to skipthrough picturedata

for various reasons. The different possibilities are :

- Skip to Next Sequence. This occurs uncondition-
ally on the firstinstruction execution after a hard
or soft reset (see section X.1.1, "Resets”). Com-
pressed data is skipped until the first picture start
code following a sequence start code is found.
The pipeline then indicates task completion and
waits for a new instruction.

- Skip to Next Picture. This occurs either after a
pipeline reset (see section X.1.1, "Resets”), or
when the decoding instruction specifies that one
or two pictures should be skipped (see section

IYl %%?aém"m“ Ioum"
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X.3.4,”Decoding Task Control”). In the firstcase
compressed datais skipped until the next picture
start code is found, after which the pipeline indi-
cates task completion and waits for anew instruc-
tion. In the second case, after the skipping
operation the decoding of the following picture is
started immediately.

- Skip to Next Slice. This occurs after automatic
error concealment (see section X.3.6, "Error Re-
covery and Missing Macroblock Concealment”).
Compressed data is skipped until the next slice
start code in the picture is found, after which
normal decoding resumes.

Before startingto decode a sequence,certain static

parameters mustbe setup. These are :

- MPEG-1 or MPEG-2 mode selection. Bit
CTL.MP2 must be set for an MPEG-2 sequence,
reset for an MPEG-1 sequence.

- decoded picture size. Register DFW mustbe set
up with the picture width in macroblocks, and
register DFS must be set up with the number of
macroblocks in the picture.

Decoding is enabled by setting bit CTL.EDC.

X.3.2 - Quantization Table Loading

The two quantizationmatrices (intra and non-intra)
used by the inverse quantizer must be initialized by
the user. There are no built-in quantization matri-
ces. Therefore, they must be loaded either with
default matrices or with those extracted from the
bitstream by the microcontroller. The quantization
tables are double-buftered. This enabies one or
both tables to be updated without disturbing the
decoding task in progress. The STi3520 maintains
two bits which record whether one or both of the
tables have been modified. A modified table is
automatically brought into operation at the start of
the next decoding operation, i.e. when the next
DSYNG occurs.

After ahard reset, the same pair oftables is always
selected. Thedata previouslyloaded into thetables
is not affected. Other types of reset have no effect
on the quantization tables.

The quantization tables are written at address
QMW. Bits CMD.QMN and CMD.QMI are used to
control access to the tables. The writing procedure
is describedin the CMD and QMW register descrip-
tions in section XIV, "VIDEQO REGISTERS”.

X.3.3 - Utilization of Plcture Pointers

Before the decoding of each picture the following
frame buffer pointers must be setup :

- RFP : Reconstructed Frame Pointer,

- FFP : Forward prediction Frame Pointer,

- BFP : Backward prediction Frame Pointer.
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(A fourth pointer, DFP, the displayed frame pointer
is described in section X.4.3, "Setting Up the Dis-
play”).

RFP defines the memory buffer to which the de-
coded picture is written. FFP and BFP defined the
areas in memory from which the predictors are
fetched. How these two latter pointers are used
depends on the prediction mode. The rules are
given below.

Note that pictures are always stored as frames, and
that to access a field {top or bottom), the starting
address of the frame must be defined.

P-Frame-Picture (Frame, Field or Dual-Prime
Prediction)

FFP is set to the address of the predictor frame (in
which the two predictor fields lie). BFP is not used.

B-Frame-Picture (Frame or Field Prediction)

FFP is set to the address of the forward predictor
frame (in which the two predictor fields lie). BFP set
to the addressof the backward predictor frame (in
which the two predictor fields lie).

P-Field-Picture (Field, 16 x 8 or Dual-Prime Pre-
diction)

When decoding either field, FFP is set to the ad-
dress of the previous decoded | or P frame. BFP is
not used.

B-Field-Picture (Field or 16 x 8 Prediction)

FFPis setto the address of frame in which the two
forward predictor fields lie. BFP set to the address
of the frame in which the two backward predictor
fields lie.

I-Pictures

For l-picture decoding, no predictors are neces-
sary, but FFP must be set to the address of the last
decoded | or P-picture for use by the automatic
error concealment function.

There are additional rules for frame pointer use in
8-Mbit mode. These are given in section X.5, "8-
MBIT MODE".

X.3.4 - Decoding Task Control

A taskis a single picturedecoding operation. A task
is specified by the task description or instruction,
which is set up beforethe decoding of each picture.
A task commences when the internal signal
DSYNC is generated. A task completes (the pipe-
line becomes idle) when the picture header of the
following picture is detected by the pipeline and the
picture is entirely reconstructedin the memory.The
instruction is double buffered, so that during exe-
cution of a decoding task, the instruction for the
next task can be set up by the microcontroller.
When the next instruction is activated, a DSYNC
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can be generated, and the next decoding task
started. The buffering mechanism is illustrated in
Figure 22. Note that some instruction bits are
latched by VSYNC, others by a signal from the
pipeline controller "new instruction” (this only has
consequences when a taskoverruns. See Section
X.3.5, "Task Overrun”).

The instruction is written into registers INS1 and
INS2, and bits CMD_SKP[1:0]. If a new instruction
is not written, the task descriptor will be the same
as the previous one.

Figure 22 : Instruction Buffering

"New Instruction”

or VSYNC
From Instruction S:ve o 135K
'\chl)?tm Register g Register Descriptor

INS1, INS2, CMD.SKP[0:1}]

Normally, it is a VSYNC that starts the execution of
a new instruction, and thus the generation of
DSYNC. If however, a VSYNC occurs before task
completion (i.e. before the pipeline becomes idle),
the start of the next task will be delayed until the
present one is completed. In this way the decoding
of a picture can be allowed to extend beyond the
nominal period allotted to it, usually one or two
VSYNC periods.

Two statusbits (and thus interrupts) are associated
with pipeline control. STA.PSD indicates the occur-
rence of a DSYNC. STA.PID indicates that the
pipeline is idle.

Figure 23 : Task Control State Diagram
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The operation of the pipeline controller is shown in
the state diagram of Figure 23.

The instruction bits which affect state transitions
are INS1.EXE, INS1.RPT and INS1.SEQ. The
events to which the controller responds are
VSYNC, which could be a "VSYNC top” or a
"VSYNC bottom” and "IDLE" representing the idle
state of the pipeline.

The resting state of the controlleris "taskcomplete”
which is entered after hard or soft resets or when
a decoding task is completed. if a VSYNC occurs
while the controller is in this state, the controller
moves to state "new instruction”. Here new instruc-
tion bits are loaded using the mechanism shownin
Figure 22.

If the action required is "wait for one VSYNC pe-
riod”, i.e. do not generate a DSYNC and thus do
not start the pipeline and start code detector, bits
INS1.EXE and INS1.RPT must both be 0. The
controller retumsto state "taskcomplete” and waits
for the next VSYNC. if the action required is "wait
for two VSYNC periods”, the bit INS1.EXEmust be
0 and bit INS1.RPT must be 1. The controller now
passes through the states "new instruction” and
"wait”.

If the pipeline and start code detector are to be
started, then bit INS1.EXE must be set. This will
cause the controller to enter the state "new task”
from which a DSYNC is generated. The pipeline
will now execute the operation defined by the task
description bits of the instruction (see later), pro-
vided that bit CTL.EDC is set. If CTL.EDC is not
set, controlleroperationis not affected, but the task
will not be executed by the pipeline and idle will
remain reset.

If the time allocated to the task is one VSYNC
period, INS1.RPT must be 0. The controller will
remain in state "new task” until either the task
completes or a VSYNC occurs. In the former case,
the controlier returns to state "task complete” and
waits for the next VSYNC. In the latter case, the
task has overrun and VSYNC arrives before IDLE.
The state "delayed task” is entered. The controller
remains here until IDLE occurs, when the state
"new insfruction” is immediately entered. Thus the
next task is chained immediately to the one just
completed.

&7 BTN

If the time allocated to the task is two VSYNC
periods, INS1.RPT must be 1. The controller will
remain in state "new task” until the VSYNC at the
end of the first period occurs. It now moves into
state "repeat”. The controller will remain in this
state until either the task completes or the second
VSYNC occurs. In the former case, the controller
returns to state "task complete” and waits for the
next VSYNC. In the latter case, the task has over-
run and VSYNC arrives before IDLE. The state
"delayed task” is entered. The controller remains
here until IDLE occurs, when the state "new instruc-
tion” is immediately entered. Thus the next task is
chained immediately to the one just completed.

The bitINS1.SEQhas a special function and is only
used after a hard or soft reset. Before decoding is
enabled after such areset (bit CTL.LEDC is set), bit
INS1.SEQ and INS1.EXE must be set. On the
occurrence of the reset, the pipeline starts scan-
ning the bitstream until the first picture start code
following a sequence start code is found. The
controlier will enter the state "async task” in which
it is not responsive to VSYNCs. When the pipeline
has found the startcode for which it was searching,
IDLE becomes true and the state “task complete”
is entered. To prevent the pipeline starting a task
immediately on the following VSYNC, an instruc-
tion with INS1.EXE setto 0 can be loaded while the
controller is in state "async task”. (Entry into this
state can be detected by monitoring bit STA.PSD).

It is possible to skip one or two pictures by using
the bits CMD.SKP[1:0} as defined in the CMD
register description (see section XIV, "VIDEO
REGISTERS"). A skipping task consists of a skip
followed by the decoding of the next picture.

The bit INS1.0VWmust be set when the pictureis
being reconstructed into the same buffer as that
from which the displayed picture is being read, i.e.
RFP = DFP. Overwrite mode is explained in more
detail in section X.6.2, "Buffer Sequencing and
Overwrite Mode”.

The remaining bits of INS1 and INS2 are all setup
with picture parameters derived directly from the
picture header of the bitstream. These are detailed
in the INS1 and INS2 descriptions (see Section
XIV, "VIDEO REGISTERS").

31106
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X.3.5- Task Overrun

Figure 24 illustrates the timing, with respect to
VSYNCG, of both normal and overrunning tasks. In
the former case, the decoding task is complete
before the next (or second when INS1.RPT = 1)
VSYNC arrives. At this point all bits of the new
instruction are updated. in the case of an overrun-
ning task, the latching of the new instruction bits
occurs in two stages ; the first when the first
(INS1.RPT = 0) or second (INS1.RPT = 1) VSYNC
arrives, the second when the taskis completed, at
which point a DSYNC is also generated (if
INS1.EXE = 1). The instruction mustthus never be
changed between the last VSYNC and the follow-
ing DSYNC.

Figure24 : Normal and Overrunning Task
Timing with INS1.RPT = 1
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X.3.6 - Error Recovery and Missing
Macroblock Concealment

There are four levels of error detection and recov-

ery available in the video decoder :

- bitstream syntax error detection with the option of
automatic missing macroblock concealment,

- bitstream semantic error detection with the option
of automatic concealment or skip to the next
picture,

- pipeline overflow or underflow error detection,

- user-initiated skip to next sequence using soft
reset.

Syntax Error Detection and Concealment

In normal operation of the STi3520, error conceal-
ment must always be enabled, i.e. CTL.DEC
should be reset.

if the VLD detects a syntax error in the bitstream,
the pipeline will copy macroblocks from the pre-
vious picture using the motion vectors recon-
structed for the previous row of macroblocksin the
current picture, while scanning the bitstream until
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a slice start code is detected. At this point normal
decoding resumes. If the slice in which the error
occurred was the last one in the picture, conceal-
ment will continue until the end of the picture, at
which time the pipeline stops normally (assuming
that the following picture start code is intact).

Concealment of macroblocks is carried out by us-
ing the vectors of the macroblock immediately
above the lost macroblock. The pipeline is able to
store one row of such information, for a decoded
picture size of up 10 a maximum of 46 macroblocks
(for decoded picture widths of more than this, error
concealment will be degraded). Two vectors are
stored for each macroblock in the row.

The concealmentmacroblocks are accessed using
the pointers FFP and BFP. Lost Macroblocks inthe
first row are copied directly from the previous pic-
tures (i.e. as P-macroblocks with zero motion vec-
tors). If an intra picture is coded with concealment
motion vectors, these willbe used. i not, then the
concealment will be a simple copy from the pre-
vious picture using zero vectors. Even in intra
pictures, the pointer FFP must be setup.

The following rules are used for the fetching of

concealment macroblocks :

- |-pictures :

* I-macroblocks without vectors — copy with zero
motion,

» |-Macroblocks with vectors — copy as forward
predicted macroblock.

- P-pictures:

¢ |-macroblocks — as above,

¢ P- macroblocks — copy using stored vector,

» P-field-macroblocks — copy in field mode using
both vectors,

¢ Skipped macroblocks — copy with zero vector,

» Dual-prime macroblocks — same as for normal
P-macroblock, since both full vectors are saved.

- B-pictures :

+ |-macroblocks — as above,

* Forward macroblocks— as above for P-macrob-
locks,

* Backward macroblocks — as above for P-mac-
roblocks, but using backward vectors,

¢ Bidirectional macroblocks — only the forward
vectors are stored, concealed as forward mac-
roblock,

o Skipped macroblocks — copy in frame mode
using the same mode and vectors as the pre-
vious macroblock.
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If an error is detected in the bitstream before it
enters the STi3520, then an error startcode canbe
inserted into the bitstream in order to initiate con-
cealment. However, when doing this there are
certain restrictions on the placement of the error
start code in order to avoid emulation of other start
codes. An Application Note is available on this
topic.

Pipeline Error

A pipeline etror occurs whenever the pipeline re-
constructsmore than 64 coefficientsin ablock. This
condition is signalled by bit STA.PER. If bit
CTL.EPR is set, a pipeline reset is automatically
generated, and STA.PERisreset. If a pipelinereset
is generated, the remainder of the picture will not
be reconstructed ; the data displayed will be that
which was already in the buffer from a previously
decoded picture.

Overflow or Underflow Error

An overflow error occurs whenever the pipeline
reconstructs more macroblocks than are defined
by the decoded picture size, DFS. This condition is
signalled by bit STA.SER. Decoding is halted when
this erroris detected. In orderto restartdecoding a
pipeline reset must be performed.

An underflow error occurs whenever the pipeline
reconstructs less macroblocks than are defined by
the decoded picture size, DFS. This condition is
signalled by bit STA.PDE. Decoding is halted when
this error occurs. In order to restart decoding a
pileline reset must be performed.

Soft Reset

The effect of this last resort action is described in
section X.1.1, ’Resets”.

X.4 - Display Functions
X.4.1 - Operation of the Display Unit

The display unit performs the following functions :

- requests and receives from the picture bufferin
external memory the decoded picture data for
display,

- optionally performs horizontal resampling of both
luminance and chrominance data,

- reconstructs vertical data to create 4:2:2 sample
format,

- generates on-screen display bitmap for superpo-
sition onto picture output.

Figure 25 is a simplified block diagram of the
display unit, showing the sequence in which the
horizontal and vertical filtering operations occur
and where the on-screen display (OSD) data is
added.

The picture data is received from the display frame
buffer area of the external memory through three

‘ SGS-THOMSON
Y ICROELIGTRGNICS

Figure 25 : Display Unit Block Diagram
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FIFOs (one for luminance and two for chromi-
nance) into the luminance and chrominance hori-
zontal sample-rate converter (SRC). For every line
of luminance(Y) samples, an equivalentnumber of
chrominance (Cs, Cr) samples are read from the
memory. This chrominance line duplicationis done
in order to simplify the vertical filtering operation.
The lines of a frame can be read out from the
memory either in interlaced or line-sequential or-
der. The integer part of the horizontal pan-scan
offset set up by the user defines which pel will be
the first one of aline to be read from the FIFOs.

The samplerateconverter(SRC), an 8-tapfilter,has
two functions : upsampling of pel data when the
displayed line length is greater than the decoded
picture width, and implementation of the fractional
part of the pan-scan horizontal ofiset. The outputs
of the SRC are upsampled lines each having equal
numbers of luminance and chrominance samples.
The SRC can be bypassed if desired.

The vertical filter, used for vertical interpolation, is
2-tap filter which includes a 720-sample delay line.
The filter can be applied either to chrominance or
luminance data, but not both at the same time.
There are four different modes for vertical recon-
struction of chrominance data for interlaced pic-
tures, and 3 modes for the display of half resolution
pictures.

The coded specification for the top or bottom field
OSD bitmap is received through a FIFO from the
external memory into the OSD generator, which
creates a bitmap. When there is bitmapdata which
is not defined as "ransparent”, the output multi-
plexer replaces the decoded picture with the OSD
data. Four bits are available to define each of the
Y, Cs and Cr values of an OSD region. A special
OSD output value is available to define transpar-
ency. The OSD bitmap is defined with respect to
the display area and is independent of decoded
picture size and any pan-scan offset.
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X.4.2 - VideoInterface

The video interface consists of the following sig-
nals:

Name Function
YG7-YCO Video Port
PIXCLK Pel Clock
HSYNC Horizontal Sync
BT Bottom/Top Field Selection

In response to each rising edge of PIXCLK a new
8-bit data word is available at the video port YG7-
YCO. These data words are output in the 4:2:2
format sequence :

CeYCrRYCs...

The first three words are the co-sited samples of
the first pel, while the fourthis the luminance only
sample of the second pel. The next three refer to
the third pel, and so on. The first data word output
in each active line period is always Cg.

The startof each line is signalled by a falling edge
of the HSYNC input. Internal pel (i.e. horizontal)
counting is started by this event. The internal line
counter_is_incremented by the rising edge of this
signal. HSYNGC must be low for at least 4 PIXCLK
cycles, and must return to high before the end of
horizontal blanking.

Vertical synchronization is derived from the BT
input. This signal is high during the bottomfield and
low during the top field. The internal vertical syn-
chronization signals "VSYNC top” and "VSYNC
bottom” are derived from the transitions of B/T
(when the term "VSYNC”is used alone, it refersto
"VSYNC top” or "VSYNC bottom”). These signals
are mapped onto the register bits STA.VST and
STA.VSB, and can be used to generate interrupt
requests.

The internal line counter is reset on every transition
of B/T, and incremented by the rising edge of
HSYNC. The state of the line counter at the startof
the top and bottom fields is shown in Figure 26.
Note thatthe internalline countrestarts every field.
In the 525/60 standard, internal line count 1 in the
top field corresponds to line 4, and internat line
count 1 in the bottom field corresponds to line 267.
in the 625/50 standard, internal line count 1 in the
top field corresponds to line 1, and intemal line
count 1 in the bottom field corresponds to line 314.

Atthe beginning of the top field, the falling transition
of the signal B/T must be sampled by the STi3520
before the rising transition of the firstHSYNC of this
field. The timing constraints of the video interface
are given in section Xlil.10, "Video Interface Tim-
ing”. In most applications the value of PIXCLK will
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Figure 26 : Internal Line Numbering
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be 27MHz, in order for the output to be compatible
with the ITU-R 601 standard.

The video interface can be disabled in order to
reduce power consumption by resetting register bit
CTL.EVL. When the video interfaceis disabled, the
outputs are put into their high impedance state and
the inputs are disabled. PIXCLK is thus removed
from the internal circuitry. After a hard reset, the
video interfaceis in thedisabled state.

X.4.3 - Setting Up the Display

The DFP register must be set up with the base
address of the buffer containing the picture to be
displayed. This register is double-buffered ; when
a newvalue iswritten itistaken into accounton the
occurrence ofa VSYNC. Thus itis possible to write
a new value of DFP every field, although it would
normally be updated only once per frame.

The picture stored in the bufferis always treated as
a frameby the STi3520.

The STi3520 has two built-inways ofdisplaying this
data :

- every second line of this data is read from the
buffer. The reading of one ofthese fields is started
on every VSYNC. lif B/T indicates the topfield, the
1st, 3rd, 5th, etc. lines will be read. If B/T indicates

the bottom field, then the 2nd, 4th, 6th, etc. lines

will be read. This mode is selected by resetting
bit DCF.VFC[2] (together with bit CTL.HRD if

overwrite mode is snabled).

every line of the picture buffer is read starting on

every VSYNC, i.e. scan is line-sequential. This
mode would normally be used when displaying a
picture which was decoded at half of the resolu-
tion of the display, and where it is necessary to

MICROELICTROMIES
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use the same picture data for each field. it is
selected by setting bit DCF.VFC[2] (togetherwith
bit CTL.HRD if overwrite mode is enabled).
To use these standard modes, bit DCF.USR must
be reset. Other,non-standard, modes of controiling
the display sequence are described in section
X.4.9, "Displayed Field Sequence Control”.
if at any time no display is required, bit DCF.EVD
may be reset, in which case a constantblack value
(Y = 16, Cg = Cr = 128) is output.
The size and location of the display window is
defined by the registers XDO, XDS, YDO and YDS.
The values loaded into these registers define the
horizontal and vertical boundaries of the displayed
picture, as shown in Figure 27. Qutside of the
picture area ablack (Y = 16, Cg = Cr = 128) border
is generated.

Figure 27 : Display Window Positioning
=L HSYNC

Register YDO is loaded with the number of the last
line of the upper border, where lines are numbered
in fields as shown in Figure 26. The first active line
is thereforedefined by :

First active line = YDO +1

The same YDO value serves for both fields ; the
uppermost line of the picture display will be in the
top field.
Register YDS is loaded with a number defining the
last line of the picture display in a field, according
to the relation :

Last active line = YDO + (vertical size/2) =

YDS +129

For example, with a 525/60 display, in which the
vertical size of the decoded picture is 480 lines,
typical values of YDO and YDS could be :

YDO =21, YDS=YDO +240 -129 =132,

and with a 625/50 display, in which the vertical size
of the decoded picture is 576 lines, typical values
of YDO and YDS could be :

YDO =22, YDS = YDO + 288 - 129 = 181.
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Register XDO defines the number of PIXCLK cy-
cles between the falling edge of the signalHSYNC
and the beginning of the picture display, according
to the relation :

Cycles from HSYNC to start of picture =
2XDO + 40

The ITU-R601 standard defines this number to be
264 27 MHz clock cycles for a 625/50 display, and
244 tor a 525/60 display. The respective values of
XDO arethus 112 and 102.

XDO must never be less than (177 x bel)/(2 x
fprimary), where fprimary is the video decoder primary
clock frequency and e is the pel clock frequency.
If fprimary = 55MHz and ﬂ)el = 27MHZ, the minimum
value of XDO is 44.

The first picture data in a line, output in the 2XDO
+ 41st PIXCLK cycle after the falling edge of
HSYNC, is always a Gs component. Since the
external video generation circuitry will usually re-
late its Y/C phasing to the horizontal synchroniza-
tion signal, and has no knowledge of the value of
XDO, not all values of horizontal offset will be
useable ; some will cause incorrect interpretation
of the colour difference components. In any given
system, XDO values will have to be either always
odd or always even.

XDS is loaded with a numberdefining the lastactive
sample in each line, counted in units of PIXCLK
cycles from the falling edge of the signal HSYNC,
according to the relation :

Last sample of active video = 2XDS + 28.
Thus, if L is the number of pels per line of the
displayed picture, then :

2XDO + 40 + 2L = 2XDS + 28, and thus

XDS=XDO+L +6
If L =720, then XDS = XDO + 726.
The resolution to which the horizontal offset and
end values can be defined is equal to two cycles of
PIXCLK. In order to position the display window
horizontally to a finer precision the DCF.PXD bit is
used. When this bit is set, the active video is
delayed by one PIXCLK cycle. Since the firstactive
video sample is Cg, the Y/C phasing with respect
to the horizontal synchronizationsignalwill change.

X.4.4 - Sample Rate Converter and Pan Vector
X.4.4.1 - Sample Rate Converter

The purpose of the sample rate converter (SRC) is
allow upsampling of picture data in order to in-
crease the number of horizontal samples in aline.
This is necessaryif the horizontal size of the display
is greater than the decoded picture width. For
example if it is required to display a 720-pel wide
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16:9 source image on a 4:3 display also of 720-pel
width, then 540 pels selected each sourceline must
be upsampiedto 720.

To enable the SRC, bit DCF.DSR must be reset. it
this bit is set, the SRC is bypassed and the hori-
zontal resolution of the decoded picture is not
changed.

The SRC operates by interpolating samples be-
tween those of the decoded picture data read from
the display buffer. This is performed by an 8-tap
interpolation filter with the structure shown in Fig-
ure 28. The filter has three sets of delay registers
multiplexed between the Y, CGs and Cr samples. It
has 8 sets of coefficients, each set defining one of
8 sub-pel interpolation positions. For example, for
sub-pel position 0, the outputis aligned with stored
sample "r4”, for sub-pel position 1, the output cor-
responds to an interpolated pel position one eighth
of the distance from sample "r4”to sample™r5”, and
$O on.

The numberofinputs clocked into the SRCisequal
to the number of samples used in each line of the
source image, and the number of outputs gener-
ated is equal to the number of samples displayed.
Thus the rate of generation of outputs will be
greater than the input data rate.

The example in Figure 29 illustrates the operation
of the sample rate converter when the upsampling
ratio is 8:7. For every 8 samples clocked out of the
filters, 7 samples are clocked in. To illustrate the
interpolation positions, at the right of the figure are

Figure 29 : SRC Example for 8:7 Upsampling

shown the outputs which would occur with a simple
linear interpolation (i.e.a 2-tap filter). The actual
SRC output values are the 8-tap filter outputs with
coefficients appropriate to sub-pel positions 0, 7, 6,
5 4,3,2,1,0etc.

Figure 28 : 8-Tap Interpolation Filter

Input from
Display Bufter

co

Delay Registers

New Input —

A - Relation of Input and Output Samples B - Filter Operation
B 7 6 5 4 13 12 n
it O O OO 0O0O0O0O0
n+7[n+6|n+5n+4n+3 n+2(N+1| n n+3
Output X X X X X X X X X
0 7 6 5 4 3 2 1 0 * In+7|n+6|n+5[n+4|n+3|n+2{n+1| n | 7/8(n+4) + 1/8(n+3)
Sub-pel Position n+8[n+7{n+6|n+5|n+4|n+3[n+2|n+1| 3/4(n+5) + 1/4(n+4)
n+8|n+8|n+7|n+6{n+5|n+4|n+3|n+2| 5/8(n+6) + 3/8(n+5)
N+10|n+9in+8[n+7|n+6|n+5|n+4|n+3| 1/2(n+7) + 1/2(n+6)
N+11n+101n+9 IN+8{n+7{n+6|n+5i n+4| 3/8(n+8) + 5/8(n+7)
N+12n+11n+10[n+9|n+8|n+7[n+6|n+5|  1/4(n+9) + 3/4(n+8)
N+13in+12n+11n+10{n+9| n+8{n+7|n+6| 1/8(n+10) + 7/8(n+9)
N+14n+13n4+12P411 410 n+8{ n+8n+7} n+10
Delay Register Contents Qutput
(One Line per Output Clock Cycle) (Shown Linearly
Interpolated)
* No Input Sampie Read
36/106 iy 565-THOMSON
Y7 MICROULICTROMICS

B 7929237 0073073 769 M

3520-29. EPS

3520-30.EPS



STi3520

The SRC output is limited to lie within the range
[1,254], i.e. the codes 00h and FFh are never
output, giving compatibility with ITU-R 656.

The SRC upsampling factor is set up in the LSR
and CSR registers, which hold the factors for the
luminance and chrominance components respec-
tively. The same value must be loaded into both of
these registers. The upsampling factor is equal to
256/L.SR (or 256/CSR). This value is used to deter-
mine both the rate of input of data into the filters
and the sequence of sub-pel inferpolation posi-
tions. The mechanism by which this is achieved is
shown in Figure 30.

Figure 30 : Upsampling Filter Control

LSR (or CSR)
Load Carry ¢ ‘
New «——————— 8-bit Adder
Input
\ 4
initialize—{ | | | [ 1 1 1]
L_I_J \
Sub-pel
Position

The LSR value is added into an accumulator reg-
ister at arate equal to the filter output rate. Anew
input is loaded into the filter at beginning of a line
and whenever a carry is generated by the adder.
The top three bits of the accumulator register are
used 1o select the sub-pel position. For example,
with an upsampling factor of 8:7, the LSR value is
(256/8) x 7 = 224. The sequence of values in the
accumulator register will be (assuming that it is
initialized to zero) :

Acc. Register New Input Sub-pel Position

0 Yes 0
224 No 7
192 Yes 6
160 Yes 5
128 Yes 4

96 Yes 3

64 Yes 2

32 Yes 1

0 Yes o

The LSR/CSRyvalue thus defines a cycle of sub-pel
positions as well as the rate of data input. If a value
of less than 32 is loaded into LSR/CSR, i.e. an
upsampling ration of greaterthan 8 is defined, there
could be repeated values in the filter output. This
may cause unacceptable display artifacts.
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At the start of a line, the 3 sets of delay registers
r1, r2 and r3 are loaded with the black value (Y =
16, Cs = Cr = 128). The first output is thus derived
from the inputs stored in registers r4 to r8. At the
end ofa line, the lasteight inputsamples are stored
in registersr1 to r8. The last valid interpolation is
between the samples stored in r4 and r5. Correct
Interpolation is not possible beyond this except in
the casewhere thenext outputis in sub-pelposition
0. This outputis valid since coefficient CO is zero
for this position and the invalid sample beyond the
end of the line is ignored. There is thus no valid
interpolation possible between the last four input
samples. This is illustrated in Figure 31 in which
544 pels are upsampled to 721, in which the up-
sampling ratio is 4:3. The LSR and CSR registers
would be loaded with the value 192.
The number of valid outputs generated can be
calculated as follows.
The ratio of the distances between input and output
samples is 256:LSR. Given that the last output
sample cannot occupy a position beyond the
fourth-last input sample, the following inequality is
always true :
LSR(N-1) < 256(M-4)

where N is the number of output samples and M is
the number of input samples. The value of N is thus
given by :

N =|256(M-4)/L.SR+ 1
where " x " indicates the integer part of x.
The value programmedinto the XDS register must
be such that all samples beyond the last valid one
are masked.

Figure 31 : Upsampling from 544 to 720

1 2 3 4 5
mut QO O O O O
Ouput XX X X X X X
1 2 3 4 5 6
Start of Line
538 539 540 541 542 543 544

o o0 O O 0 O O

X X X X X =— LastValid Output
717 718 719 720 721 (Sub-pel Position 0)

End of Line
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X.4.4.2 - Pan/Scan Vectors

When the display window has a smaller horizontal
dimension than the decoded picture, a vector can
be programmed in order to define the starting point
of thedisplayed picture, as shownin Figure 32. This
vector defines the point in the decoded picture
which corresponds to the top-left-hand comer of
the displayed picture. The displayed picture size
and location is defined by the numbers pro-
grammed in registers XDO, XDS, YDO and YDS.

Figure 32 : Pan/Scan Vector
Vector

Displayed
Picture

Decoded Picture

The pan/scan vector is programmed into the PSV
register. This register is double-buffered ; when a
new value is written it is taken into account on the
occurrence of a VSYNC. Thus itis possible to write
a new value of PSV every field.

The integerpart of the horizontal component of the
pan/scan vector is loaded into PSV_H[8:0], and the
fractional part defines the contents of the LSO and

3520-33.EPS

The vertical component of the pan/scan vector is
programmed into PSV.V[7:1], in units of 2 field
lines, or 4 frame lines. For example, if PSV.V[7:1]
is set to the value 16, then the 32 top lines of every
field would not be output to the display.

X.4.5 - Vertical Filter

The verticalfilter performs the reconstructionof the
4:2:2 data output from the decoded (and possibly
upsampled) picture data which is stored in 4:2:0
format.

The vertical filter has six modes for the handling of
different methods of chrominance reconstruction
and for the display of half-resolution pictures. The
vertical filter mode is selected by the programming
of bits DCF.VFC[2:0].

In order to explain the modes, the following line

numbering system will be used :

- for an interlaced frame, the fields stored in the
memory have the sampling pattens and line
numbers shown in Figure 34,

- for a line-sequential frame, the sampling pattern
and line numbering is as shown in Figure 35.

These patterns are preserved by the SRC and are
thus the patterns entering the vertical fitter. For
every luminance line output from the memory, a
chrominance line is also output. The sequence in
which chrominance lines are output is determined
by the vertical filter mode.

Figure 34 : Field Sampling Patterns

CSO0 registers. The relationship between these
quantities is illustrated in Figure 33. The numbers
loaded into the LSO and CSO registers are used _
to initialize the luminance and chrominance up- YIX X X X X X Lluma
sampling control registers (see Figure 30) at the Cl1o o o Chroma
start of every line. LSO is set up directly with the
value of the fractional part of the pan/scan vector Y3X X X X X X
horizontal component. CSO is set up with half of Top Fleld v
this number, plus 128 if the integer part is an odd Cg X X X X X X
number. The resolution to which the horizontal o o ©
component can be defined is 1/8 pel.
Y7X X X X X X
Figure 33 : Components of the Pan Vector -
Y2X X X X X X
® 0O 0 0|0 O 0O O O Lm
LSO DECODED s: g X )0( x >°< X
o) o o] o] O  Chroma Bottom Fiekd
Y6 X X X X X X
PSV
X X X X X X 0 o0 o
DISPLAYED Y8X X X X X X
00 % X choma | & —
3
Pan Vector g
38/106 -THOMSO
1573 S amomsoN

B 7929237 0073075 531 M

3520-35.EPS




STi3520

Figure 35 : Frame Sampling Pattern

iX X X X X X
¢ O O O
X X X X X X
BX X X XXX
20 O O
X X X X X X
X X X X XX
O O O
X X X X XX

Mode 0 : Full Resolution, Chrominance Line
Repeat with interpolation

This mode is used when the MPEG-2 picture-layer
bitstream variable "progressive_frame” is 0, indi-
cating that the chrominance samples were derived
for each field independently, and when interpola-

Figure 36 : Derivation of Chrominance in Mode 0

3520-36.EPS

tion is required. Figure 36 shows how the chromi-
nance is reconstructed in the two fields for 4:2:2
output. The luminance is unaffected by the vertical
filter.

The chrominance data output with the last line of
the top field (line 479 in a 480-line frame, or line
575 in a 576-lineframe) is the same as that output
with the previous line (line 477 or line 573). The
chrominance data output with the last line of the
bottom field (line 480 or 576) is the same as the last
line of chrominance input.

Mode 1 : Full Resolution, Chrominance Line
Repeat

This mode is used when the MPEG-2 picture-layer
bitstream variable "progressive_frame” is 0, indi-
cating that the chrominance samples were derived
for each field independently, and when interpola-
tion is not required. Figure 37 shows how the
chrominance is reconstructed in the two fields for
4:2:2 output. The luminance is unaffected by the
vertical filter.

Figure 37 : Derivation of Chrominance in Mode 1

Reconstructed Chroma Reconstructed Chroma
_ _ ) 1 }
YT X ® X ® X C YI® X B X ® X Ct
Clo o) o] clo o} (o]
Y3 X ® X ® X (C1+C3) Y3 X B X ® X C
Top Field Top Field
Ysm X ® X ® X C3 Ys® X ®m X ® X C3
c3o o (o] C3o (o} o
Y7® X B X ® X (C3+CHR2 LYH!xnxuxca
Y2 X B X ® X C2 Y2 X ® X ® X C2
c2o o] o] c20 (o} o
YaR X R X B X (3C2+C4y4 YA X ® X ®W X G2
Bottom Field Bottom Field
Yo X B X ® X (C2+3C4)y4 Ye®m X W X ® X C4
¢40 O O § 4o ©0 o
Ysﬂxxxnx(304+06)/4§ Y X B® X ® X C4
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Mode 2 : Full Resolution, Chrominance Field
Repeat with Interpolation

This mode is used when the MPEG-2 picture-layer
bitstream variable “progressive_frame” is 1, indi-
cating that the chrominance samples in each field
were derived from both fields, and when interpola-
tion is required. Figure 38 shows how the chromi-
nance is reconstructed in the two fields for 4:2:2
output. The luminance is unaffected by the vertical
filter.

The chrominancefor the lastline of the bottomfield
(line 480 in a 480-line frame, or line 576 in a
576-line frame) is equal to the last line of chromi-
nance input.

Figure 38 : Derivation of Chrominance in Mode 2

Reconstructed Chroma
YIR X ® X ® X C1
c10 (o) o
Y3® X ® X B X (C1+3C2)4
Top Field
YS® X W@ X B X (C2+3C3)/4
C3o 0 (o]
L Y7R X ® X & X (C3+3Ca)4
Y 2® X B X B X C2
c20 (o] (o]
Yam X B X ® X (3C2+C3)4
Bottom Field
YR X B X B X (3C3+C4)4
c40 o o) &
YB® X W X ® X (3C4+C5)/4 g

Mode 3 : Full Resolution, Chrominance Field
Repeat

This mode is used when the MPEG-2 picture-layer
bitstream variable "progressive_frame” is 1, indi-
cating that the chrominance samples in each field
were derived from both fields, and when interpola-
tion is not required. Figure 39 shows how the
chrominance is reconstructed in the two fields for
4:2:2 output. The luminance is unaffected by the
vertical filter.

Mode 4 : Half Resolution with Chrominance
Interpolation

This mode is for the display of pictures having only
half the resolution of the display, when the same

40/106
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picture is displayed in both fields, and when inter-
polation of chrominance is required. The mostcom-
mon application is the display of MPEG-1 SIF
pictures on a ITU-R 601 resolution interlaced dis-
play. Figure 40 shows how the chrominance is
constructed for each identical field. The luminance
is unaffected by the verticalfilter.

The chrominance outputin last line of each field is
equal to that output in the second-lastline.

Figure 39 : Derivation of Chrominance in Mode 3

Reconstructed Chroma
YIR X ®@ X ® x Cf
C10 (o] (o]
Y3 X ® X ® x C2
Top Fiekd
Ysm X X ® X C
C3o (o) o)
YTR X ® ® X C4
Y2R X ® ®| X Ct
cC20 0 O
YA X B X ® X G2
Bottom Field
Yo® X B X ®m X C3
C40 (o] (o]
Yal@ X ® X ® X C4

Figure 40 : Derivation of Chrominance in Mode 4

Reconstructed Chroma

' Y v
YIR X B X B X C1
Cio0 o] (o]
Y2 X B X B X (Ci+C2)/2
Y3 X W X ® X C2
c20 0 o]
Y4R X B X ® X (C2+C3)2
YS® X M X W X C3
C3o o] O
Y6l X R X R X (C3+C4)2

Both Fields are Identical
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Mode 5 : Half Resolution, Chrominance Repeat

This mode is for the display of pictures having only
half the resolution of the dispiay, when the same
picture is displayed in both fields, and when inter-
polation of chrominance is not required. The most
common application is the display of MPEG-1 SIF
pictures on a ITU-R 601 resolution interlaced dis-
play. Figure 41 shows how the chrominance is
constructed for each identical field. The luminance
is unaffected by the vertical filter.

Figure 41 : Derivation of Chrominance in Mode 5

Reconstructed Chroma

v Y '
Y1 X ® X R X C

C10 o] 0
Y2m® X W X R X Cf
Y3 X ® X ® X C2

Cc20 (o) 0O
Y4 X R X R X C2
Y5 X ® X R X C3

(o< o) 0 0
Y6 X W X B X C3
Both Fields are Identical

Mode 6 : Half Resolution with Luminance Inter-
polation

This mode is for the display of pictures having only
half the resolution of the display, and when it is
required to interpolate two different fields from the
luminance lines of the source picture. The most
common application is the display of MPEG-1 SIF
pictures on a ITU-R 601 resolution interlaced dis-
play. Figure 42 shows how the twoluminancefields
are interpolated.

The interpolation of the luminance lines is per-
formed as follows, where the subscript”s” indicates
the source picture :
Top Field
Y1 =Yis
Y3 = (Y1e + 3Y2:)/4
Y5 = (Y25 + 3Y3:)/4

Bottom Field
Y2 =Y2
Y4 = (3Y2s + Y3)/4
Y6 = (3Y3s + Y4s)/4

Y2N-1 = (YN-1s + 3YNs)/4 Y2N = YN

The output chrominance is constructed by duplica-
tion. The first line of chrominance is used for lines
1, 2, 3 and 4, the second for lines 5, 6, 7, 8, and so
on asin mode 5.

3520-42EPS
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Figure 42 : Luminance Interpolation in mode 6

Top Field Bottom Fleld
1
3
2
4
5
3
6
7
4
8

Vertical Filter Precision

The vertical filter calculation is performed in un-
signed arithmetic with full precision and then the
10-bit results are rounded to 8 bits for output.
Different rounding rules are used for luminanceand
chrominance. The rnules are as follows :

- for luminance, the results are rounded towards
zero, i.e. if the bottom two bits are 00, 01 or 10,
the 10-bit number is truncated to 8, while if the
bottom two hits are 11, one is added to the
truncated 8-bit number.

- forchrominance, the results are rounded towards
128, i.e. if the 10-bit number is larger than
1000000000, the rule above is applied, while if
the number is less than this, 10z is added to the
10-bit number before truncation.

X.4.6 - Decoding and Display across Se-
quence Boundaries

In certaininstancesit will be neccessaryto maintain
seamless transistions accross sequence bounda-
ries. This functionality requires that the decoder
can display and decode simultainiously two se-
quences of different size.

To facilitateimplementation of this mode the regis-
ters DFW, DFS and DFA have been quadruple
buffered. The function is controlied using the
GCF2.SQF bit. When the bit is set XFW, XFS and
XFA can be programmed. These registers are
synchronized on VSync where as the registers
DFW, DFS and DFA are synchronized to Dsync.
This enables different parameters to be attached
to the display and decode processes.

X.4.7 - On-Screen Display (OSD)
X.4.7.1 - OSD Regions

The OSD function can be used to display a user-
defined bitmap over any part of the displayable (i.e.
non-blanked) screen, independent of the size and
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location of the active video area (defined by XDO,
XDS, YDO, YDS). This bitmap can be defined
independently for each field, and is specified as
coliections of "OSD regions”. A region is a rectan-
gular area specified by its boundaries and by a
bitmap defining its contents. Each region has as-
sociated with it a palette defining four or sixteeen
colours which can be used within that region. If
required, one of these colours can be "transpar-
ent”, allowing the background to show through.
Figure 43 shows examples of OSD regions.

Figure 43 : OSD Regions

Boundary of Displayable Area

Background (Black)

OSD is enabled if bit DCF.EOSis set.

The starting address in memory of the OSD speci-
fication for the top field is defined by register OTP,
and that for the bottom field is defined by register
OBP. OSD specifications are written into the mem-
ory using the procedure described in section VII.5,
"Memory Read and Write through the Microcontrol-
ler Interface”. OSD specifications can be rapidly
moved in memory using the procedure described
in section VII.6, "Block Move”.

Figure 44 shows how OSD specifications are
stored in memory as a sequence of words. The tirst
word defines the boundaries of the region, the
second word defines the palette for the region, and
the subsequent words define the colour of every
pel in the region. There must not be unused words
between the specifications of any two regions
within an OSD specification. A display line cannot
be included in more than one OSDregion ; in other
words, only one OSDregion can be active ona line
(this limitation can be partially overcome by the use
of transparency within an OSD region). Within an
OSD specification the region specifications must
be stored in order of increasing starting line num-
ber. The last word in an OSD specification must
define a stanting line which is beyond the display-
able area. Line numbers are the internal (field) line

421106
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Figure 44 : OSD Buffer Format
64bits

Coordinates
Palette
Bitmap Data
Bitmap Data
Bitmap Data
Bitmap Data
Bitmap Data
Bitmap Data
Coordinates
Palette
v Bitmap Data
Bitmap Data
Bitmap Data
Bitmap Data

Region n

Increasing Address

Region n+1

numbers defined in Figure 26. It is thus possible to
share the same OSD specification for bothfields of
a frame. In this case the OTP and OBP registers
would be loaded with the same address. The num-
ber of OSD specifications which may be residentin
memory at any time is limited only by the amount
of memory available.

Two methods of OSD specification are possible, a
mode which is backwards-compatible with the
STi3500A, and mode new to the STi3520.

X.4.7.2 - OSD Specification : STi3500 Compat-
ible Mode

The format of the OSD region specification words
is givenin Figure 45. In this mode, all non used bits
must be reset.

In the first word, the positions of the left and right
edge samples of an OSD region, counted in num-
bers of PIXCLK cycles from the falling edge of
HSYNC, are defined as follows :

left edge position = 2Xert + 9

right edge position = 2Xight + 10

where Xett and Xright are the values defined in the
first word of the OSD region specification. This is
illustrated in Figure 46. Xt must always have the
same parity as the offset loaded into the XDO
register (i.e. both must be even or both must be
odd). These constraints ensure that the OSD re-
gion datasamples are always correctly phased with
respect to the active video. The first sample output
in an OSD region is always a Cs value.
The top line specified in the first word of an OSD
region specification must be greaterthan or equal
to 3.

B 7929237 0073079 187 WM

3520-45.EP8



STi3520

Figure 45 : OSD Region Specification Word Formats

63 31

Top Line (9bits)

Last Line (9bits)

31

Colowr Index0 Colouwr Index 1

First Pel

63 47

Lett Edge (10bits)

Colour Index 2

Region Coordinates

Right Edge (10bits)

.§

15

Palette

Colour Index 3

Last Bitmap Word

Last Pel

Figure 46 : OSD Region Horizontal Positioning

HSYNC
T—I_ 2(X g - Xen) + 2 Samples
B L (Xigr = Xer) + 1 Pels
o GG GG &Y [G]Y
! }

Sample Number 2X, +9  Sampie Number 2X,, + 10

The secondword definesthe palette whichapplies
to the OSD region. Four colours can be defined,
each chosen from a set of 4096. The 4 bits of Y,
Cr and Cgs output from the palette define the top4
bits of an output sample. The bottom four are set
to zero. The "colour” Y = Cr = Cg = 0, in palette
index O only, defines transparency.

The following words define the bitmapin leftto right
and top to bottom order. Two bits are used todefine
the colour index (i.e. palette address) of each pel.
The first, third, fifth, etc. bitmap bit-pairs are used
to reference all three components (Y, Cs and Cr)

picture, the Ca chrominance value associated with
the first pel of the decoded picture display will be
defined by the OSD bitmap, not by the picture.

For the same reason, the transition to and from
transparency must only occur at points which are
an even number of pels from the start of the left-
hand edge of an OSD region.

The following table shows the 4-bit OSD palette Y,
Cs, Cr values nearest to the standard "colour bar”
colours.

of the respective pels ; the second, fourth, sixth, Y16 Cz/16 Cr/16
::c. relferer}ce gnl}; ;hzefluminagt::e components cl)f White 1111 1000 1000
e palette (in the 4:2:2 format chrominance is only Black 0001 1000 1000
defined for every second pel). For this reason the Ra ; 1
bitmap for a region must define horizontal seg- ed 010 0110 LN
ments containing a whole number of pel-pairs. It is Green 1001 0011 0010
possible, however, to define a value of Xignt such Blue 0011 1111 0111
that an o?d aumber oihpe|s will be outpgt in a Yellow 1101 0001 1001
segment. In this case the two bits of the bitmap 1011 101 1
defining the end of each line segment are redun- Cyan 9 010 000
dant. Also, at the transition between OSD and the Magenta om 1101 1110
. 43/106
Lz S5THMN
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X.4.7.3 - OSD Specification : STi3520 Mode

The OSD of the STi3520 has been upgraded with

the addition of three new modes.

- linked list memory management,

- 16 palette mode with 6-bit luma resolution and
4-bit chroma resolution,

- programmable mixing factor (7-bits) for each osd
block to blend video and OSD data.

The bit map for the OSD is backwards comptible

with the 2 bits/pixel (STi3500) mode. The compati-

bility is controlled with the M flag, see Table 1 &

Table 2 OSD Header Definitions.

If M = 0 (2 bits/pel) the header contains only 8,

16-bit words. If M = 1 (6,4,4 bits/pixel) the header

contains 20 16-bit words.

In the compatible mode all the fiekis which control

the new features (Mix Weight, T, OSDp) are sup-

Table 1 : 2 Bits/Pixel OSD Header Definition (M = 0)

posed tobe ‘0’, however, the new features can be
used in this mode if required.

OSD Zone Pointer

Each OSD block contains the pointer OSDp{18:0]
in the header. The pointer contains the address of
the nextblockto load from memory. The blocks can
be anywhere in memory (up to 32 Mbits are ad-
dressable), however, the pointer OSDp[18:0] is
constrained to be a multiple of 8 (OSD[2:0] = 0). If
OSDp[18:0] = 0 then the next OSD block is read
contiguously from the memory after the currentone
(backward compatibility).

The first OSD block of a field is constrained to be
at an address multiple of 32 64-bit words as it is
defined by the OBT or OTP (previously OEP or
OOP) registers.

OSD Header Definition
16 Bit Words Description
1514 | 13] 12 |11]10] 9| 8] 76 5| 4] 3] 2]1] 0| BiPositon
M=0| O 0 %%? 0 0 0 Row Start Position Header Word 0
MixWeight OSDpl6:4] Row Stop Position Header Word 1
OSDp[12:7] Column Start Position Header Word 2
OSDp[18:13] Column Stop Position Header Word 3
Palette0 Y 0 | TO Palette0 U Palette0 V Header Word 4
Palettet Y 0 T Palette1 U Palette1 V Header Word 5
Palette2 Y 0 | T2 Palette2 U Palette2 V Header Word6é
Palette3 Y 0 T3 Palette3 U Palette3 V Header Word 7
Bit Map for 8 OSD Pixels Body Word 0
M T Opeoration
0 2 bit/ Pixel
1 4 bit/ Pixel
0 Do NOT blend video with OSD for this colour
1 Blend video with OSD for this colour with mix weight
441
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Figure 47 : Linked List Structure for OSD Data

Decoded Image

|

OSD2 Odd Block | —_|

osD2

OSD3 Even Block

OSD3 Odd Block

OSD1 Even Block / OSsD3
OSD2 Even Block

Table 2 : 6,4,4 Bits/Pixel OSD Header Definition (M= 1)

OSD Header Definition
16 Bit Words Description
15 |14 |13] 12 1n]10] e8] 7|6|5]| 4] 3]|]2]|1]o0] B8iPositon
M=1| 0 | O %[33']) olofo Row Start Position Header Word 0
MixWeight OSDp[6:4] Row Stop Position Header Word 1
OSDp[12:7] Column Start Position Header Word 2
OSDp[18:13] Column Stop Position Header Word 3
PaletteQ Y 0 T0 Palette0 U Palette0 V Header Word 4
Palette1 Y 0| M Palette1 U Palette1 V Header Word &
Palette2 Y 0 | T2 Palette2 U Palette2 V Header Word6
Palette3 Y 0 | T3 Palette3 U Palette3V Header Word 7
Palette4 Y 0 | T4 Palette4 U Palette4 V Header Word 8
Palette5 Y 0 T5 Palette5 U Palette5 V Header Word 9
Palette6 Y 0 T6 Palette6 U Palette6 V Header Word10
Palette7 Y 0 T7 Palette7 U Palette7 V Header Word 11
Palette8 Y 0 | T8 Palette8 U Palette8 V Header Word 12
Palette9 Y 0 T9 Palette9 U Palette9 V Header Word 13
Palette10 Y 0 | T10 Palette10 U Palette10 V Header Word 14
Palette11 Y 0 | T Palettet1 U Palette11 V Header Word 15
Palette12 Y 0 |T12 Palette12 U Palettei2 V Header Word 16
Palette13 Y 0 |Ti3 Palette13 U Paletie13 V Header Word 17
Palette14 Y 0 | T4 Palette14 U Palette14 V Header Word 18
Palette15 Y 0 [T15 Palette15 U Palette15 V Header Word 19
Bit Map for 4 OSD Pixels Body Word 0
45/106
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Mixing OSD with Video

The mixing function (schematic shownin Figure 48)
allows each OSD value to be blended with the
spatially corresponding video pixel. The mixweight
is a programmable parameter and can be set for
each OSD block. Furthermore, each individual col-
our in the palette can be designatedto be used with
or without mixing by setting the ‘T’ bit of the palette.
A T bit equal to 0 designates no mixing for the
particular colour and a ‘T’ of 1 designates that
mixing should be usedfor the particularcolour. The
mix weight is a 4-bit number allowing mixing ratios
from O to 1 with a resolution of 1/16 therefore, the
resulting pixel can be completely transparent
(weighting of 1/16) or can completly cover the video
(15/16). Palette zero can also be transparent by
setting the YUV values to zero in palette 0. Only
palette zero can be usedin this way.

X.4.8 - OSD Active Signal

The OSD active signal can be used in two modes.
The modeis controlled using DCF.OAM. In the first
mode the OSD active signal is configured as an
output. In this mode the OSD active signal denotes
when an active OSD pixel (non transparent)is on
the YC output bus, Figure 50. The signal, in this
mode, has a programmable delay controlled by
DCF.OAD. This delay can be setsuch that the OAD
active signal is set as much as two clocks before
or one clock after the actual pixel.

In the second mode of operation, the OSD active
signal is configured as an input and is used to
disable the OSD. When the signal goes high OSD
will be placed on the YC bus if OSD is enabled.
When this signal is low thenno OSD will be placed
on the bus even if OSD is enabled. The program-
mabie delay is used in the same way as forthe input
signal.

Figure 48 : OSD/Video Mixing Detail

Table 3 : OSD Active Signal Operation

OSD Active | OSD Active
Mode Signal

Signal is an output.
Video Pixels only on
display bus.

Signal is an output.
OSD Pixels on the
display bus.

Signal is an input.
Disable the OSD
output.

Signal is an input.
Enable OSD output if
available.

0 0

X.4.9 - Displayed Field Sequence Control

This function is performed automatically, unless
specifically disabled by the user. By default the
display field output sequence is govemned by the
input signal BT ; the bottomfield is output when it
is high, and the top field is output when it is low.
When bit DCF.USR is set, the user has direct
control over which field is to displayed after the
occurrence of VSYNC ; the built-in modes are
disabled. For example in an interlaced sequence it
is possible to program the same field to be dis-
played twice if desired.

Control over the order in which picture data is read
from the picture buffer is given by bits DCF.FLD
and DCF.DAMJ2:0]. These bits must not be pro-
grammed independently of bits DCF.VFC[2:0],
which define the vertical filter mode. The allowed
combinations are detailed below. The DCF register
is double buffered, and new values written are
taken into account on the occurrenceof a VSYNC.
The values otbits DCF.FLD and DCF.DAM[2:0]are
not taken in account when bit DCF.USR is reset.

dcf.evd

¢

OSD Active

l OSD Active & I T

Black l
Video i
Display Output
- QoSsD
| i
08D —*uf
Mix Weight ’
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Figure 49 : OSD Active Timing when DCF.OEM =1

PIXCLK

with DCF.FY)((:EI =°J

with DCF.AXD -

\

Enable OSD Pixels
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\

Y

i
| | | | Enable OSD Pixels
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OSD Active Signal

(input)

OSD Active Signal
Delay

Figure 50 : OSD Active Timing when DCF.OEM =0

~ [T

l !
} ---:---3 --------------------------------
OSD Active Slgnal b b vl o
{output) ' ] r 2!
R U A S A R
| |
OSD Active Signal 0 1 2 3
Delay
DCF.VFC[2:0] | Fiekd | DCF.FLD | DCF.DAM[2:0] The value of bit DCF.ALD controls which field is to
Top 0 6 be displayed : 1 for the bottom field, O for the top
0 Botiom » 6 field. The signal BIT is thus overridden.
1 Top 0 2 The allowed combinations are given in this table.
Bottom 1 2
0 Top 0 3 These values must be updated every field.
Bottom 1 7 . .
Top 0 3 These bits do not affect the display of OSD. OSD
3 field selection is under the exclusive control of the
Bottom 1 3 T P;
B/T Pin.
4 Both 0 4
5 Both ] 0 An application of user display sequence control is
Top 0 0 when thedisplayed picture must be frozen. In this
6 Botiom > 0 case the same field can be output continuously in
order to reduce flicker.
47106
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X.5 - 8-MBit Mode
X.5.1 - General

8-Mbit mode can be used for decoding smaller (up
to approximately half-ITU-R 601) pictures without
any restrictions on prediction modes, or for decod-
ing larger pictures with certain restrictions on pre-
diction modes and motion vector range.

The setting up of 8-Mbit mode is explained in
section VII.1,”Standard DRAM”, and the data stor-
age structure in memory is described in section
VIil.4, "Picture Storage Data Structure”.

The physical memory address range is the same
as that in normal (16-Mbit) mode, i.e. 00000h to
3FFFFh, but each memory word contains 32 bits
instead of 64 bits.

X.5.2 - Unrestricted Decoding

Decoding can be performedin 8 Mbits without any
restriction on decoding modes, provided that all of
the required picture buffers, the bit buffer and any
OSD area required can be fitted into the 8 Mbits of
memory available. Figure 51 show how 3 frames
of size 352 x 480, together with a 1-Mbit bit buffer
and an OSD buffer area can be placed in 8 Mbits
of memory. The pointer values for the framebuffers
are 1126,2116 and 3106.

The BFP/FBP register is loaded with the value of
the backward prediction frame pointer. The fold-
back function is never activated since memory
addressing never passes the end of memory,
3FFFh.

Figure 51 : 352 x 480 Frames in 8 Mbits

0
BIBUREF | o7rFrn
0SsD 08000h
11980h
Frame
Buffer 1
21100h
Frame
Buffer 2
30880h
Frame
Buffer 3
3FFFFh
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X.5.3 - Memory Folding Principle

A memory folding option is available in 8-Mbit
mode. This allows the decoding of forward-pre-
dicted pictures of size too large to allow the storage
of 2 frames and the bit buffer in 8 Mbits of memory.
This folding is invoked automaticallyin 8-Mbit mode
whenever memory addressing passes the end of
memory.

Memory is conserved by overwritingthe lastrecon-
structed picture with the one currently being de-
coded, and rotating memory addresses around a
predefined frame buffer area. This is illustrated in
Figure 52.

Reconstructed frame "i+1”is written into an area of
memory starting at a lower address than the start
of the reconstructed picture "i". Note that there
must be a gapbetween the luminance and chromi-
nance storage areas to prevent overwriting of the
end of the luminance area of picture "n” with
chrominance of picture "n+1". This gap is equal to
the difference in the starting addresses of the two
frame buffers. The size of this gap also definesthe
maximum negative vertical motion vector possible.

The size of the gap, expressed in macroblocks,
allows the value of GCF.DFA[7:0]to be calculated.
An example calculation is given in section XIV,
"VIDEQ REGISTERS".

In addition, the register BFP/FPB needs to be set
up with the start address of the frame buffer area.

Figure 52 : Memory Reuse in 8-Mbit Mode

Reconstructed Frame "i+-1"
i ~ RFP

3 FFP

o .

E u‘.‘._’ Luma

| 3 ¥

8| B Max. Vert. MV
: e

3| & |

gl 8

gl &

i Chroma .

* Pointwhere Frame "i+2" Reconstruction Start
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This is the address to which fold-back occurs when
memory addresses exceed the 8-Mbit limit. When
folding is invoked, BFP must not be used ; back-
ward prediction is thus not allowed.

The amount of memory required for the frame
buffer area is equal to the size of one frame buffer
plus twice the gap defined by DFA.

The example (Figure 53) iliustrates the evolution of
memory usage during the decoding of a sequence

Figure 53 : Buffer Sequencing Example in
8-Mbit Mode

0 1260
|

4095

Bit Buffer
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of pictures of size 720 x 480. The motion vector
rangeis -128 to 127, and the gap required between
luma and chroma is thus 404 macroblocks (giving
a value of GCF.DFA of 101).

The value of 1260 for the start of the picture buffer
area is calculated as folliows :

Total amount of memory = 4096 x 64 32-bit words
(pointer addresses are in units of 64 32-bit words
in 8-Mbit mode).

Memory for one frame buffer = 720 x 480 x 12 bits
= 2025 x 64 32-bit words.

2 DFAgaps =2 x 404 x 4 x 64 x 8 bits = 808 x 64
32-bit words.

4096 -2025 - 808 = 1263, the spaceleft for bit butfer
and OSD.

In this example the buffer states are shown after
reconstruction of the pictureinto the buffer pointed
to by RFP. The forward predictors are fetched from
the buffer pointed to by FFP. The pointer address
values given are the values loaded into the RFP
register. The algorithm used to calculate pointer
value is the following :
- Firstframe :

RFP = first allowed starting address beyond bit

huffer

FBP = first allowed starting address beyond bit

buffer
- Subsequent frames :

FFP = RFP

RFP = RFP - 4 x GCF.DFA

If RFP < FBP then RFP = RFP + 4096 - FBP

X.5.4 - Performance in 8-Mbit Mode

STi3520 video decoding performance is lower in
8-Mbit mode since the reduced memory data bus
width reduces the available data transfer band-
width.

For picture sizes which allow 3 frame buffers to be
stored in the memory, all prediction modes can be
supported.

For larger picture sizes, where memory folding is
required, only forward prediction is possible. In this
case, for ITU-R 601 sized pictures, there is a
limitation on the number of dual-prime macroblocks
which can be decoded in any picture.

49/106
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X.6 - Video Decoding Control

This section explains in outline how the STi3520
video decoder must be controlled in order for it to
perform real-time decoding. Onlythe principlesare
given here ; more detail is available in the
STi3500/3520 Application Notes.

X.6.1 - Initialization

After a power-on hard reset, certain registers must
be set up before decoding can start. These con-
cem:

- general configuration : enable interfaces, set
memory mode and refresh interval (CTL and
GCF).

- bitbuffer : setup BBS.

- interrupt unit : read ITS to clear all pending inter-
rupts. Setup ITM.

- memory pointers : set up RFP for first decoded
picture.

- display: set up display window (XDO, XDS, YDO,
YDS). Set up OSD if required. Disable display.
Parameters conceming the format of the decoded
picture will be read fromthe first sequence header.

Figure 54 shows the events which occur during the
start-up of decoding the new sequence. Thiswould
occur after a hard or a softreset. (in the diagram a
soft reset is shown).

After the reset, the instruction bits INS1.EXE and
INS1.SEQ are set, and decoding is enabled by
setting bit CTL.EDC. When the next VSYNC oc-
curs, the pipeline starts its task and a DSYNC is

Figure 54 : Initialization of a Sequence

generated. The latter event starts the start code
detector. When the DSYNC has been detected
(indicated by the PSDinterrupt), the instruction bits
INS1.EXE and INS1.SEQare written as zero. This
will take effect on the next "new instruction” event
(see section X.3.4, "Decoding Task Control”).

The search for the beginning of the new sequence
now takes place - this is the only possible action
after a hard or soft reset. When the start code
detector has found a sequence start code it stops
and an SCHinterrupt is generated. When the pipe-
line has found the first picture header after a se-
quence header, it too stops and a PID interrupt is
generated. On the next VSYNC the new instruction
is executed, but since this has INS1.EXE = 0, the
pipeline waits. During this searching processthe bit
buffer does not fill ; all data entering the bit buffer
is transferred immediately to the pipeline. How-
ever, when the pipeline has found the start of the
sequence, the bitbuffer starts to fill. During thistime
the sequence header can be read fromtheheader
FIFO and analysed. The decoder set-up can be
completed and the quantizationtableslioaded. The
start codes following the first sequence header can
be detected by launching additional start code
searches (using command CMD.HDS). This will
include the first picture start code, following which
is the picture header containing the information
needed to complete the first decoding instruction.
The bit buffer threshold, BBT, can now be calcu-
lated fromthe "vbv_delay” parameter and set up.
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When the BBF interrupt occurs, there is enough
data in the bit buffer for decoding to commence.
The decoding instruction for the first picture is now
loaded, withbit INS1.EXEset. Onthe nextVSYNC,
the instruction is executed, and a DSYNC is gen-
erated. The correct phasing of the first picture
decode with respect to the top and bottom fields
can be ensured by monitoring the VST and VSB
interrupts before loading the firstinstruction. A start
code detection is launched in response to the
DSYNC, enabling the startcode for the next picture
to be found and analysed. When decoding is com-
plete, a PID (pipeline idle) interrupt is generated.
This pattern of events is now repeated until the end
of the sequence.

X.6.2 - Buffer Sequencing and Overwrite Mode
Before the decoding of each picture, when the
picture header has been analysed, the memory
addresses pictures buffers from which the predic-
tors are to be fetched, the buffer in which the
pictures is reconstructed, and the display buffer
must be set up.

The use of the different buffers is described in
section X.3.3, "Utilization of Plcture Pointers”.

Figure 55 : Allocation of 4 Picture Buffers for
Decoding of Sequence withM =3

The pointer to the displayed picture, DFP, is up-
dated on every VSYNC. The pointersto the buffers
used by the pipeline BFP, FFP and RFP, are
updated when a DSYNC occurs, i.e. at the start of
decoding.

Figure 55 shows one way of allocating picture
buffers for decoding a sequencein which there are
2 B-pictures between |- or P-pictures (M = 3). Four
buffers are used, since in the worst case - the
decoding of a B-picture while the previously de-
coded B-pictureis being displayed - twobuffers are
required for the reference pictures, one for the
picture currently being decoded, and one for the
picture being displayed.

Figure 56 shows how the same sequence can be
decoded using only three picture buffers. This is
made possible by using the same picture butfer for
reconstruction and display (i.e. RFP = DFP) when
the displayed picture does not have to be saved,
which is the case for B-pictures. The displayed
picture is thus overwriften by the picture being
constructed.

Overwrite Mode is enabled for a picture decoding
operation by setting bit INS1.OVW of the instruc-
tion, and setting RFP and DFP to the same value.

Figure 56 : Allocation of 3 Picture Buffersfor
Decoding of Sequence with M= 3

with Overwrite Mode Selected
0 Decode 10 Decode
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Figure 57 shows how overwrite mode operates
when using the same buffer for reconstruction and
display of an interlaced picture.

Figure 57 : Picture Bufter Overwrite
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The reconstructionof a picture, which is performed
macroblock-by-macroblock, is overlapped with the
display of the second field of the previous picture
and the display of the first field of the current
picture. Overwriting cannot start until 8 lines have
been displayed ; this frees one row of macroblocks
in the buffer for writing. Reconstruction must be
complete 8 lines before the end of the display ; this
ensures that the iastline of macroblocks has been
written. There is an automatic mechanism which
ensures that the overwriting of reconstructeddata
never overtakes the display process.

When decoding a picture with overwrite mode en-
abled, there isless than afull frame periodavailable
for decoding. If the decoding of a picture can not
be completed in this time, the end of the display
would not be updated, but the decoding sequence
would not be disturbed, since reconstructionwould
still be completed before the next picturedecoding
stalrgs (see section X.3.4, "Decoding Task Con-
trol”).

X.6.3 - Decoding/Display Synchronization

Figure 58 shows how picture decoding and display
are synchronized in the most common application
of the STi3520 : full resolution pictures, interiaced
display with overwrite mode enabled when decod-
ing and displaying B-pictures. It is assumed in this
diagram that the decoding and display order is the
same. This does not affect the principle of opera-
tion.

The bit INS1.RPT is set in every instruction ; this
ensures that the decoding task duration is two
VSYNC intervals. A DSYNCis generated on every
second VSYNC.

While a picture is being decoded the start code
detector scans through the same picture data in
order to locate the start code of the following pic-
ture. When this has been detected the microcon-
troller can read the header data and set up in
advance the parameters which will be taken into
account on the nextDSYNC.

When decoding half-resolution pictures, the same
information must be read from the display in both
fields. If overwrite mode is used, then the timing will
be the same as that shown in Figure 58. Bit
CTL.HRD must be set since overwriting cannot
commence until 16 lines have been displayed.

Figure 58 : Decoding/Display Synchronization : Full Resolution, Interlaced Display, Overwrite Mode
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X.6.4 - 3:2 Pull-Down Operation

For display of a progressive sequence coded at 24
frames/sec on a 30 frames/sec display, pictures
must be alternately displayed for periods of 2 and
3 fields. Figure 59 shows how decoding and display
are synchronized in this application. {(as beforeit is
assumed in this diagram that the decoding and
display order is the same).

For one VSYNC period in five, no decoding opera-
tion is required. In these periods the pipeline is put
into a waiting state by defining an instruction with
INS1.EXE =0 and INS1.RPT=0.

X.6.5 - Control in 8-Mbit Mode
X.6.5.1 - Overwrite Mechanism

in 8-Mbit mode the display buffer overwrite can
work in two modes. One mode for use with a
circular buffer when the 8 Mbits is not enough to
allow space for the bit bufferand the frame buffers.
The secondmode is for use without a circular buffer
when the 8 Mbitsis sufficient space for the bit buffer
and frame buffers. The selection of the circular
butfer is controlled using CTL.CBC.

Overwrite With Circular Buffer

if memory folding is used (because 8 Mbits are not
enough in which todo unrestricteddecoding), over-
write.

mode must always be activated and control must
be done as described in this section.

The operation of the overwrite in this mode has
three phases, illustrated in Figure 60.

Phase 1

The STi3520 generates DSYNC (and a PSD inter-
rupt) and latches the new instruction. The recon-
struction of the new picture can start into the free
memory area whose size is equal to GCF.DFAX 4
macroblocks. Reconstruction will stop when this
area isfilled. Note thatif GFA.DFA= 0, nodataare
reconstructed during this phase.

During this phase the first field of the previous
picture is displayed.

Phase 2

Reconstructionwill continuewith the constraintthat
memory locations still required for thedisplay of the

Figure 59 : Decoding/Display Synchronization in 3:2 Pull-Down Mode with Overwrite
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second field of the previous picture will not be
overwritten ; the condition:

decode address < display address +
GCF.DFAx 4

is satisfied.
At the end of this phase the picture will not be
completely decoded.

Phase 3

With the overwrite constraint removed, decoding
will proceed as quickly as possible up the end of
the picture. The end of decoding can occur several
milliseconds after VSYNC. At this point a new
DSYNC is generated., the next instruction is
latched and a newdecoding "Phase 1’ startsfor the
next picture. Note that some bits of the instruction
(INS1.0VW, INS1.SEQ, INS1.EXE,INS1.RPT and
CMD.SKP[1:0]) are latched on VSYNC, while the
others are latched on DSYNCwhich occursseveral
milliseconds later (cf. section X.3.5, "Task Over-
run®).

Except for the very first picture, the complete de-
coding taskwill take roughly 2 VSYNG periods, as
in normal mode, except that decoding is shifted
with respect to VSYNC. All tasks are delayed in-
stead of starting immediately.

X.6.5.2 - Decoder Control

The consequence of the changes in the overwrite
mechanism s that decoding control mustbe modi-
fied ; the decoding process must start two fields
before the firstdisplay instead of one. If the display
is done top-field-first (as in the example of Figure
60), then the decoding task must also start on top
fields.
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The following points must be noted :

- the instruction can only be computed after the
next start code is detected. As start code detec-
tion is started automatically by DSYNC, the
header will only be available in the middle of the
VSYNC period. The time available for the micro-
controller to compute the instruction is less than
normal. The instruction mustbe set up beforethe
next VSYNC which leavesless than one and half
fields.

- the DFP registeris not setup atthe sametime as
before - it mustnot be changed on DSYNC or on
start code detection but only after the following
VSYNC (i.e. at the start of decoding Phase 2).

Unrestricted Decoding

In this case the 8 Mbits of memory allow enough
space for the bit buffer and the frame buffers. The
control can be done in three different ways :

- overwritemode always off. In this case the control
of the STi3520 is exactly as in standard mode
without overwrite.

- overwrite mode always on + Non-Circular Buffer.
In this case the control is performed as in stand-
ard mode with overwrite.

It is not recommended to switch the overwrite
control bits (INS1.OVW or CTL.CBC) on and off
while decodingsince the control phase depends on
overwrite and may become difficultto manage.

Note that when DFPis changed in Phase 2, it must
be changed to the value of the current RFP, not to
the value of the next one which has at this time
been pre-computed.
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Figure 61 : PCM Output Formats
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Xl - AUDIO DECODER CIRCUIT DESCRIPTION

XL1 - PCM Output
X1.1.1 - Interface and Output Formats

The decoded audio data is output in serial PCM
format. The interface consists of the following sig-
nals :

Name Function
PCMDATA PCM Serial Data Output

SCLK PCM Clock Output

LRCLK Left/Right Channel Select Output
PCMCLK PCM Clock Input

Output precision is selectable to be either 16
bits/word or 18 bits/word by setting the output
precision select, PCM_18, register. In 16-bitmode,
data may be output either with the most significant
bit firstor least significant bit first as selected by the
contents of the output order select, PCM_ORD,
register. When 18-bit data is selected, 32 bits are
output for each channel. The data in front register,
PCM_DIF, is used to position the 18 databits either
at the beginning or at the end of each 32-bit frame.
The PCM_FORMAT register is used to select
standard or I’S compatible format when 18-bit
precision is selected.

Ly SESTHOMEON

Figure 61 shows the five different output formats
which are possible. PCM_ORD only has signifi-
cance in 16-bit mode. PCM_DIF only has signifi-
cance in 18-bit mode. PCM_FORMAT only has
significance in 18-bit mode and when
PCM_DIF = 1. The last option shown in Figure is
compatible with the FS format.

The polarity of the PCM serial output clock, SCLK,
and the left/right channel selection, LRCLK, are
selected by bits INV_SCLK and INV_LRCLK, re-
spectively.

Figure 62 shows the two polarities of SCLK. Nor-
mally, the DAC will sample LRCLK and PCMDATA
on therising edge of SCLK in the firstcase, and on
the falling edge of SCLK in the second. The first
ozption (INV_SCLK = 0) is the one normallyused in
I°S systems.

Figure 62 : SCLK Polarity

SCLK —\\ /

LRCLK,
PCMDATA

INV_SCLK=0

INV_SCLK=1
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Figure 63 shows how the polarity of LRCLK is
selected. The second option {INV_LRCLK = 1) is
compatible with the S format.

PCM interface timing is given in Figure 83.
Figure 63 : LRCLK Polarity

Left Right
LRCLK | B

INV_LRCLK=0
LRCLK |

INV_LRCLK =1

X1.1.2 - PCM Clock Generation

The PCM serial clock SCLK is derived from the
clock input PCMCLK. The frequency of PCMCLK
may be equal to the PCM output bit rate, or it may
be an integer multiple of this, allowing the use of
oversampling D-Aconverters. In many applications
PCMCLK is extemally synchronized to the com-
pressed audio bit stream.

SCLK is derived from PCMCLK by dividingit by the
contents of the divider register, PCM_DIV.This
number, in the range 0 to 63, defines the ratio of
the frequency of the PCM bit clock, SCLK, to that
of PCMCLK, according to the relationship :

frcmeLk
2-(PCM_DW+1)

For example, PCM_DIV is loaded with 0, the fre-
quency of SCLK is one half of the frequency of
PCMCLK, while if PCM_DIV is loaded with 63, the
frequency of SCLK is one 128th of the frequency
of PCMCLK.

The value of PCM_DIV = 16 is reserved. If this
number is loaded, the divider is bypassed and the
frequency of SCLK is equal to the frequency of
PCMCLK.

PCM_DIV must be set up before the output of
SCLK starts. This can be done by first disabling
PCM outputs by de-assertingthe MUTE and PLAY
commands, and then writing to the PCM_DIV reg-
ister. Once the registeris setup, the MUTE and/or
PLAY commands can be asserted. PCM_DIV can-
not be changed "on the fly”.

fscLk=
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The frequency of LRCLK is given by :

fLRCLK= % for 16-bit PCM output

fLRCLK= foTf‘K for 18-bit PCM output

X1.1.3 - Interrupts Associated with PCM
Output

There are two interrupts associated with the PCM
output, interrupt 8, "PCM Buffer Underflow”, and
interrupt 14, "Output of New Frame”.

An interrupt 8 is generated (if not masked) when a
new output sample is required and the PCM buffer
is empty. The PCM bufier, which contains up to 64
samples (i.e. 64 word-pairs in stereo), receives the
decoded outputs from the DSP core. Ifthe bufferis
empty the output sample will have the value zero.
Decoding will not stop. If the PCM buffer becomes
full, decoding will stop, but PCM output will not be
affected.

An interrupt 14 is generated (if not masked) when-
ever the first bit of a frame appears at the PCM
output.

X1.2 - Audio Decoder Control

X1.2.1 - Control and Status Pins

AUDPTS becomes active when the first data word
associated with a frame that contained a PTS
(presentation time stamp) is at the PCM output
stage. AUDPTS is activefor a duration of ims.The
PTS associated with the currentframe may be read
from PTS[32:0]. This register is updated only it its
associated interrupt request is enabled.

The action of RESET is described in the following
section.

X1.2.2 - Initialization of the Audio Decoder

There are two methods of initiating a reset of the

STi3520 audio decoder :

- writing 0 or 1 (after which it is automatically re-
stored to the Q state) to the register RESET,

- asserting the RESET Pin for a duration of at least
200ns.

Either of these actions will reset the INTR and
INTR_EN registers. In addition, asserting the RE-
SET Pin will reset the registers INV_SCLK, MUTE,
PLAY, STC_INC and STC_CTL. All otherregisters
must be set up by the microcontrollerbefore decod-
ing is started.

MICROELECTRINIES
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A reset, initiated either by RESET Pin or by register

write initiates the following actions :

- the RESET register is set (if not set already),

- the REQ Pin goes high,

- the INTR,INTR_EN and BUFF_LEVregisters are
reset,

- the registers INV_SCLK, STC_INC, STC_DIV
and STC_CTL are cleared (only if reset was
activated by RESET Pin),

- all data buffers are cleared. This takes multiple
clock cycles,

- the MUTE and PLAY registers are reset (only if
reset was activated by RESET Pin). This inhibits
the output clocks, LRCLK and SCLK, and places
PCMDATA in their inactive state,

- all other control registers remain at their pre-ex-
isting state,

- the STi3520 terminates the reset cycle. The RE-
SET register is cleared, and the REQ Pin goes
jow. The PCM output clocks and data remain
inactive.

Register accesses by the host interface are not
disabled during the reset process. However, while
the REQ Pinis asserted audio data cannotbe input.
The IRQ and IRQOD outputs are low while the
RESET Pin is asserted.

Changing of layer or sampling frequency requires
a prior reset of the decoder.

X1.2.3 - Piay and Mute

Once initialized and configured, decoding and out-
put of PCM data is controlled by the commands
PLAY and MUTE.

Table 4 : Mute and Play Functions

The command PLAY is asserted when the PLAY
register is written to.

The command MUTE is asserted when the MUTE
register is written to.

The actionsofthe PLAY and MUTE commands are
specified in the Table 4.

X1.2.4 - Restart

The restarnt procedureis invoked when it isrequired
to flush all buffers and restart decoding immedi-
ately.

Restart is initiated by writing 0 or 1 (after which it is
automatically restored to the 0 state) to the RE-
START register. A restart initiates the following
actions :

- the REQ Pin goes high,

- the INTR and INT_EN rregisters are cleared,

- the BUFF_LEV register is cleared,

- all data buffers are cleared,

- the MUTE, PLAY and all others registers (except
those mentioned above) remain in their existing
state,

- registers access is not disabled. However, while
the REQ Pin is high audio data cannot be input,

- the STi3520 terminates the restart cycle. The
RESTART register is cleared, and the REQ Pin
goes low.

The DRAM does not go through the power-up
refresh cycle during the restart sequence.

Mute Play

Function

De-asserted Asserted

No output or decoding.

SCLOCK, LRCLK, PCMDATA all move into their inactive state. LRCLK
completes its current cycle and stops, SCLK completes its last cycle in the
second LRCLK frame and stops.

Decoding stops when all internal buffers become full.

De-asserted Asserted

loss.

Normal decoding and PCM outﬁlut.
When PLAY is re-asserted, PC

DATA resumes where it left off without data

Asserted De-asserted

loss.

PCM clocks only, no decoding.

PCMDATA becomes low after the output of the last complete sample. LRCLK
and SCLK are not stopped.

Decoding stops when all internal buffers become full.

When PLAY is re-asserted, PCMDATA resumes where it left off without data

Decoding

Asserted Asserted

and muted output (soft mute).
PCMDATA gradually decays to zero.
Decoding continues normally. Data consumed as if output were playing.

&y SR
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X1.2.5 - Bitstream Synchronization

The compressedinput bit stream must be synchro-
nized before the decompression step may begin.
This is done by looking for synchronization words
insertedinto the data stream at encoding. Synchro-
nization mustbe done both at the audio frame and
at the system packet layer it present.

At the packet level, the audio decoder will look for
a valid start code, doing a bit by bit search. Once
an audio packet is found, it extracts the presenta-
tion time stamp (PTS), if present, and starits the
audio synchronization desaibed below.

Atthe audio framelevel, there is anon-uniquesync
word at the beginning of the header. The STi3520
attempts to find this sync word by doing a bit by bit
search. When found the action taken depends on
the contents of the SYNC_LOCK and LATENCY
registers.

X1.2.5.1 - Packet Level Synchronization
The complete algorithm is given in Figure 64.

To help the synchronization algorithm ignore an
emulated packet synchronization word, an exten-
sion of the packet start code to be matched is
possible. Depending to the content of registers
PACKET_SYNC, AUDIO_ID and AUDIO_ID_EN,
synchronization can be made on the 24-bit
packet_start_code_prefixor can be extended to
the stream_id field.

Synchronization mode depends on the type of
packets received by the STi3520. The decodercan
receive either:

- Multiplexed audio/video
(PACKET_SYNC=0):

In this case the STi3520 can receive both video
and audio streams multiplexed together. Packet
synchronizationis possible only on the 24-bitstart
code.

All packets are used by the synchronization algo-
rithm but all non-audio packets and, if
AUDIO_ID_EN is set, all audio packets which
have a stream_id which does not match the
AUDIO_ID register value, are not decoded.
Muttiplexed audio bitstream (PACKET_SYNC = 1):
In this case, the STi3520 expects to receive only
multiplexed audio streams. Synchronization is
performed on 27 bits (24 Dbits
packet_start_code_prefix + 3 first bits of
stream_id).

All packets are used by the synchronization algo-
rithm butif AUDIO_ID_EN:is set, all audio packets
that have a stream_id which does not match the
AUDIO_ID register value are not decoded.

bitstream
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- Single audio bitstream (PACKET_SYNC = 2,
AUDIO_ID_EN=1):
Synchronization is performed on 32 bits.
All packets are used by the synchronization algo-
rithm, and all audio packets thathave astream_id
which matches the AUDIO_ID register value are
decoded.

The SYNCHRO_CONFIRM register is also taken
into account in the global synchronization algo-
rithm.

If SYNCHRO_CONFIRM = 1, after the first packet
synchronization word is found the STi3520 is con-
sidered to be synchronized. If SYNCHRO_CON-
FIRM = 0, after the first packet synchronization
word is found, the STi3520 must read the packet
length and confirm synchronization by finding the
next synchronization word in the correct position.

X1.2.5.2 - Audio Frame Synchronization
The synchronizationalgorithmis given in Figure 65.

Because the audio syncword can be emulated in
the bitstream, it is usefut to extend this audio start
code to avoid the detection of a false sync word.
Each time the STi3520 detects a false sync word
during the synchronization process, the delay to
reach the locked state increases.

The SYNC_REG register is used for this purpose.
When no field of the SYNGC_REG register is en-
abled, the STi3520 saves the layer and sampling
frequency information after synchronization has
been achieved. This aids the task of resynchroni-
zation, should synchronization be lost owing to an
error in the audio data or the system layer. This
internal register is disabled on RESET or RE-
START and will not be reinitialized until the audio
parser is synchronized.

The SYNC_LOCK register specifies how many
valid synchronization words after the initial one
have to be found before entering the locked state.
The highest value of SYNC_LOCK (i.e. 3) is as-
sumed when the SYNC_REG register has its de-
fault value. The definition of a valid synchronization
word depends on the LATENCY register value.

In high latency mode (LATENCY = 1) a valid syn-
chronization word is a sequence of bits that
matches the expected word. In addition, the calcu-
lated Iength ofthe audio frame must be equal to the
distance to the start of the next sequence of bits
matching the synchronization word.

A valid synchronization word is a sequence of bits
matching the expected word.
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Figure 64 : Packet Synchronization Algorithm

(Hard Sync Process s : Initial State || *
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1

Skip Packet
(Fetch N Bytes)
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Store PTS

Y
Send Audio Data

\
Shift 32 Bits

tartcode

No (& Stream_id)
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* On reset, packet parser goes to "Initial State”
** Skip video or audio packet that does not have Stream_id
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Figure 65 : Audio Frame Synchronization Algorithm
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in free-format mode one additional register
(FREE_FORM) can be used. The FREE_FORM
register is a way of specifyingthe length of an audio
frame in free-format mode. This register is 16 bits
long and contains the length of the frame in bits.

By default a frame is always written always "bad”
status. The back annotation process writes a
"good” status word. A frame with a "bad” status
word is decoded using the concealment method
specified by the value of SYNC_ECM register.

The algorithm without DRAM is similar except that
back annotation is not possible. In this case frames
are lost before the locked state is achieved.

X1.2.6 - Error Recovery and Concealment

The STi3520 audio decoder is able to recover from
certain detectable errors. For this purpose it has a
number of user-selectable error concealment
modes.

Detectable errors may be caused by a bad audio
frame CRC or by loss of synchronization. Conceal-
ment is similar, but may be selected ndependently
by setting the CRC_ECM and SYNC_ECM regis-
ters.

The register CRC_ECM defines the action which

will be taken upon detection of a CRC error in an

input frame.

00 : Disable CRC detection and error
conceaiment.

01 : Mute on detection of CRC error.

10 : lllegal.

11 : Skip invalid frame.

The register SYNC_ECM defines the action which

will be taken upon detection of a synchronization

error.

00 : Ignore error.

01 : Mute on detection of synchronization error.

10 : lliegal.

11 : Skip invalid frame.

X1.2.7 - Ancillary Data Extraction

The ancillary data which may be held at the end of
audio frames can be extracted and read from the
ANC register. This register constitutes a 32-bit
FIFO. The first bit of ancillary data received is
stored in bit ANCI0].

The extractionof ancillarydatain ANC is started by
enabling interrupt 7. An interrupt 7 is generated
when either :

- 32 bits of ancillary data have been received from
the bitstream and writteninto ANC, i.e. when itis
full, or,

- the end of a frame is reached.

ST+ ]

Register ANC_AV holds the number of bits avail-
able in the ancillary data buffer, ANC[31:0].

When ANCI[31:24] is read, interrupt 7 is cleared,
ANGC_AYV is cleared and the ancillary data bufferis
reinitialized.

Decoding stops if the STi3520 tries to write data
into ANCwhen itis full. The normalresponsewould
be to read ANG_AV and then ANC. However, if
interrupt 7 is disabled (by resetting bit
INTR_EN[7]), decoding will continue and the reg-
isters ANC and ANC_AYV will retain their contents
until ANC[31:24] is read.

It ANC is notread at the end of the frame, and it is
not full, ancillary data bits in the next frame will be
appended.

X1.2.8 - Bypass Mode

The STi3520 has an audio bypass capability that
allows 16-bit PCM data to be loaded directly and
passed through to the PCMDATA output.

To set up audio bypass operation the STR_SEL
register must be setto the bypass mode (STR_SEL
= 3) and then a reset or restart sequence must be
executed. While the REQ output is low, PCM data
can be loaded into the device directly. The data is
loaded in exactly the same way as compressed
data, using one of the three loading mechanisms
available. The data can be input at up to the maxi-
mum burstrate of 20 Mbit/s.

Data must be input in the sequence : 2 bytes left,
2 bytes right, 2 bytes left, and so on. In each
byte-pair, the most significant byte must be loaded
first. All 16-bit PCM output modes can be used in
bypass mode. The volume control is operational in
bypass mode.

The PCM underflow interrupt (interrupt 8) can be
used to detect when all bypass data has been
output.

To switch back to compressed data input, the
STR_SELregisterand the LATENCY register must
be changed back to select the normal input con-
figuration (STR_SEL =0 or 1, LATENCY =0 or 1)
and then a reset or restart sequence must be
executed.
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Xil - ELECTRICAL CHARACTERISTICS
Xil.1 - Absolute Maximum Ratings

Maximum limits indicate where permanent device damage occurs. confhuous operation at these limits is

not intended and should be limited to those conditions specified in section XIl.2, "DC Electrical Charac-

teristics”.
Symbol Parameter Min. Max. Unit
Voo Power Supply \
Vi, Vo Voltages on Input and Output Pins -0.3 Vop + 0.3 Vv
Tstg Storage Temperature -65 150 °C
Toper Ambient Operating Temperature 0 70 °C
Xil.2 - DC Electrical Characteristics
Operating conditions : Vop = 3.3V £0.3%, Tamb = 0 to 70°C unless otherwise specified.

Symbol Parameter Test Conditions Min. Typ. | Max. | Unit
Vop Operating Voltage 3.0 36 '
loo Average Power Supply CLoap = 50pF on all outputs

Current forimary= 24MHz, all inputs atVpp or OV T8D mA
primary = 0Hz TBD
Vi Input Logic Low Voltage 0.8 Vv
VIH Input Logic High Voltage 2 v
Input Leakage Current Vop=TBD V,0< VNS Voo
Inputs TBD TBD | pA
I/ TBD TBD uA
VoL Output Logic Low Voltage | l.oap =TBD 04 Vv
Vo Output Logic High Voltage | lLoapo = TBD 24 Vv
CiN Input Capacitance Vottset=TBD V, f= 1MHz TBD pF
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Xli.3 - AC Electrical Characteristics
Test Conditions : Vpbp = 3.3V 10.3%, Tamb = 0 to 70°C, unless otherwise specified.

Figure 66 : TestLoad Circuit

OUTPUT
Test Loads
Output lou lon C. Vret
YC7-¥C0, D7-D0, COREQ, WAIT
IRQ
OE
WE, CAS
AA8 - AAO
RAST1, RAS0, DD15-DDO
Transition Times
Symbol Parameter Min. Max. Unit
tr Transition Time between 0.8V and 2 4V for all Qutputs ns
XHI - TIMING DIAGRAMS
Timings other than rise and fall times are specified with respect to a threshold of 1.5V.
XNl.1 - Clock
Figure 67 : Clock Signals
t1'|igh tIcw
2v
CLK
0.8V
T
Symbol Parameter Min. Max. Units
T Primary Clock Period (1) 20 ns
thigh Clock High Time 8 ns
tiow Clock Low Time 8 ns
Note: 1. Thiscorresponds to a maximum primary clock frequency of SOMHz.
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Xill.2 - DRAM Interface
For the following, T is the primary dock period.

Figure 68 : CAS Befor RAS Refresh Cycle

e | LT LT LT LT LT | 1| | LI
» tac
) tap - tas
H_AE .............. S——
tarc tesn torm
tee 11 10
m ..............
_ tren tanm .
wE -------------- — ind hatl|
(OE) AW
Symbol Parameter Min. Max. Units
trc Cycle Time 9T ns
trp RAS Precharge Time 4T7-9 ns
tRas RAS Pulse Width 5T-9 ns
trrc RAS to CAS Precharge Time (2) 3T-8 ns
tcsh CAS to RAS Set-up Time T-6 ns
toHR CAS from RAS Hold Time (1) 5T-10 ns
fcp CAS Precharge Time aT-2 ns
trsR Read Command to RAS Set-up Time (2) 4T-10 ns
trHR Read Command from RAS Hold Time (3, 4) 117-56 ns
Notes: 1. Worst case is with one bankof memory, and each package having a single CAS Pin.
2. Sometimes referred to as twsa.
3. Sometimes referred to as twhn. —
4. Worst case is with one bankof memory, and each package having a single WE Pin.
64/106

(ST Rk

M 7929237 00?3101 453 HN

3520-69.EPS

3250-10.TBL



STi3520

Figure 69 : Page Mode Read Cycle

ex LML LTI reririJsirereririe

tre thase
e
RAS /
tcRP | by tFI(.‘,D ‘HHCP
tee
tc : _ trsn _
cas
tASR tCSM “EH- tCAS
beso tos
Data X X
'AR tCAL
tF!AD tCAH tF\»\L o
LT W~ was
A ROW COLUMN 1 COLUMN 2 XC
1
ik temn
WE /
toon e
cas
o _ 7 /[
. tOES
—V RAS

Figure 70 : Page Mode Early Write Cycle
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Page Mode Read Cycle
Symbol Parameter Min. Max. Units
tre Read Cycle Time 9T ns
trp RAS Precharge Time 4T-9 ns
trasp | RAS Pulse Width 5T-9 ns
tcrp CAS to RAS Precharge Time 47-2 ns
tRcD RAS Low to CAS Low Delay Time (1) 37-75 3T+6 ns
trc Fast Page Mode Read Cycle Time 3T ns
e CAS Precharge Time T-2 ns
trHCP RAS Hold Time after CAS Precharge (2) 3T-6 ns
tRsH RAS Hold Time after CAS 2T-10 ns
tosH CAS Hold Time after RAS (1) 5T-10 ns
tcas CAS Pulse Width 2T-10 ns
tasR Row Address Set-up Time to RAS T-TBD ns
tRaH Row Address Hold Time after RAS (4) 2T-TBD ns
tasc Column Address Set-up Time to CAS (3) T-TBD ns
tRAD Column Address Delay Time from RAS (4) 2T+TBD | 2T+TBD ns
tcan Column Address Hold Time from CAS 2T-TBD ns
tar Column Address Hold Time from RAS (4) 5T-TBD ns
tcaL Column Address to CAS Lead Time 3T-TBD ns
trAL Column Address to RAS Lead Time 3T-TBD ns
tos Data in Set-up Time to CAS Rising Edge 4 ns
toH Data in Hold Time from CAS Rising Edge 0 ns
tacs Read Command to CAS Set-up Time 7T-10 ns
trcH Read Command from CAS Hold Time 1 ns
tRRH Read Command from RAS Hold Time (5) -5 ns
tocH CAS trom OE Hold Time aT-13 ns
toes RAS from OE Hold Time aT-13 ns
Notes: 1. Worst case for min. value is with one bank of memory, and each package having a single CAS Pin.
2. Sometimes referred to as tcpaH. L
3. Worst case is with two banks of memory, and each package havinga single CAS Pin.
4. Worst case for min. value is with one bank of memory. _
5. Worst case is with one bankof memory, and each package having a single WE Pin.
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Page Mode Early Write Cycle
Symbol Parameter Min. Max. Units
tap RAS Precharge Time 4T-9 ns
trase | RAS Pulse Width 5T-9 ns
fcrpP CAS to RAS Precharge Time 4T-2 ns
treD RAS Low to CAS Low Delay Time (1) 3T-75 3T+6 ns
tec Fast Page Mode Read Cycle Time 3T ns
tcp CAS Precharge Time T2 ns
tAsH RAS Hold Time after CAS 27-10 ns
fcsH CAS Hold Time after RAS (1) 5T-10 ns
fcas CAS Pulse Width 2T-10 ns
tash Row Address Set-up Time to RAS T-TBD ns
tRaH Row Address Hold Time after RAS (2) 2T-TBD ns
tasc Column Address Set-up Time to CAS (3) T-TBD ns
traD Column Address Delay Time from RAS (2) 2T+TBD 2T+TBD ns
fcan Column Address Hold Time from CAS 2T-TBD ns
tar Column Address Hold Time from RAS (2) 5T-TBD ns
CAL Column Address to CAS Lead Time 3T-TBD ns
tRAL Column Address to RAS Lead Time 3T-TBD ns
twes Write Command Set-up Time to CAS T-11 ns
thwL Write Command to RAS Lead Time 3T-15 ns
towL Write Command to CAS Lead Time 3T-15 ns
twer Write Command Hold Time after RAS (4) 5T-8 ns
tweh Write Command Hold Time after CAS 2T-6 ns
twp Write Command Pulse Width 3T-13 ns
tos Data in Set-up Time to CAS Rising Edge T-18 ns
toH Data in Hold Time from CAS Rising Edge 2T+9 ns
toED OE High before Data Valid 6T-10 ns
toen OE High Hold Time after Write Command (WE falling edge) (5) 9T-14 ns
toHR Data Hold Time after RAS (2) 5T+7 ns
Notes : Worst case for min. value is with one bank of memory, and each package having a single ‘CAS Pin.

Worst case for min. value is with one bank of memory.

Worst case is with two banks of memory, and each package having a single CAS Pin.
Worst case is with one bankof memory, and each package having a single WE Pin.
Not shown on timing diagram.
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Figure 71 : Synchronous DRAM Power-on Sequence
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Note : the number of refreshes required varies for different suppliers.
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Figure 72 : AC Parameters for Read and Write (synchronous DRAM)
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Figure 73 : Synchronous DRAM Write (burst length = 4, CAS latency = 3)
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Figure 74 : Synchronous DRAM Read (burst length = 4, CAS latency = 3)
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Synchronous DRAM Read and Write

Symbol Parameter Min. Max. Units
tre REF to REF / ACTIVE Command Period 84 ns
trp ACTIVE to PRE Command Period 120 ns
1ok Clock Cycle Time 12 ns
fcr Clock High Level Width 4 ns
oL Clock Low Level Width 4 ns
ts Data Input Set-up Time 3 ns
tH Data Input Hold Time 4 ns
toH Output Data Hold Time 1.5 ns
tac Output Data Access Time 8.5 ns
tsa Address Set-up 35 ns
tHA Address Hold Time 1.5 ns

toms Command (CS, RAS, CAS, WE, DQM) Set-up Time 35 ns
tomH Command (CS, RAS, CAS, WE, DQM) Hold Time 15 ns
taco Delay Time ACTIVE to READ/WRITE Command 36 ns
tARD ACTIVE to ACTIVE Command Period 36 ns
toaL Data-out to ACTIVE Command Period (1) 2T'+36 ns
torL Data-out to PRECHARGE Command Period T+12 ns
tras ACTIVE to PRECHARGE Command Period 84 ns
Note: 1. T memory subsystem clock period.
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Figure 75 : EDO Early Write Cycle
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Figure 76 : EDO Read Cycle
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EDO Early Write Cycle (see Note 1)

Symbol Parameter Min. Max. Units
tap RAS Precharge Time 4T-TBD ns
trasp RAS Pulse Width 8T-TBD ns
tcRP CAS to RAS Precharge Time 5T-TBD ns
trcD RAS Low to CAS Low Delay Time 3T-TBD 4T'+TBD ns
trc Fast Page Mode Read Cycle Time 2T ns
tcp CAS Precharge Time T-TBD ns
tRsH RAS Hold Time after CAS 2T'-TBD ns
tosH CAS Hold Time after RAS 4T-TBD ns
tcas CAS Pulse Width T-TBD ns
tash Row Address Set-up Time to RAS T-TBD ns
tRAH Row Address Hold Time after RAS 3T-TBD ns
tasc Column Address Set-up Time to CAS T-TBD ns
tRAD Column Address Delay Time from RAS 2T+TBD 3T'+TBD ns
toanH Column Address Hold Time from CAS T-TBD ns
taR Column Address Hold Time from RAS 4T-TBD ns
{cAL Column Address to CAS Lead Time 2T-TBD ns
trAL Column Address to RAS Lead Time 5T-TBD ns
twes Write Command Set-up Time to CAS 4T-TBD ns
taw. | Write Command to RAS Lead Time 9T-TBD ns
tow Write Command to CAS Lead Time 5T-TBD ns
twer Write Command Hold Time after RAS 6T-TBD ns
tweH Write Command Hold Time after CAS T-TBD ns
twe Write Command Pulse Width 77-TBD ns
tps Data in Set-up Time to CAS Rising Edge T-TBD ns
toH Data in Hold Time from CAS Rising Edge T+TBD ns
toep | OE High before Data Valid 8T-TBD ns
toer OE High Hold Time after Write Command (WE falling edge) 12T-TBD ns
toHR Data Hold Time after RAS 5T'+TBD ns

3250-14.TBL

Note: 1. The timingare givenin terms of the clock period of the memory subsystem clock (T7).
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Page Mode Read Cycle
Symbol Parameter Min. Max. Units

trc Read Cycle Time (1) 12T ns

trp RAS Precharge Time 4T"-TBD ns
taase | RAS Pulse Width 8T-TBD ns
fcre CAS to RAS Precharge Time 5T-TBD ns
tRCD RAS Low to CAS Low Delay Time 3T-TBD 4T+TBD ns
trc Fast Page Mode Read Cycle Time 2T ns
fcp CAS Precharge Time T-TBD ns
taHcp | RAS Hold Time after CAS Precharge T-TBD ns
tAsH RAS Hold Time after CAS 2T-TBD ns
tcsn | CAS Hold Time after RAS 4T-TBD ns
tcas | CAS Pulse Width T-TBD ns
tash Row Address Set-up Time to RAS T-TBD ns
traH Row Address Hold Time after RAS 3T-TBD ns
tasc Column Address Set-up Time to CAS T-TBD ns
tRAD Column Address Delay Time from RAS 2T+TBD | 3T+TBD ns
tcan Column Address Hold Time from CAS T-T8D ns
tar Column Address Hold Time from RAS 4T7-TBD ns
tcaL Column Address to CAS Lead Time 2T-TBD ns
thaL Column Address to RAS Lead Time 5T-TBD ns
tos Data in Set-up Time to CAS Rising Edge TBD ns
toH Data in Hold Time from CAS Rising Edge 0 ns
trcs Read Command to CAS Set-up Time 4T-TBD ns
treH Read Command from CAS Hold Time 0 ns
tRAH Read Command from RAS Hold Time -T ns
toch | CAS from OE Hold Time 4T-TBD ns
toes | RAS from OE Hold Time 4T-TBD ns

Note: 1. The timingare givenin terms of the clock period of the memory subsystem clock (T7).
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XIH1.3 - Microcontroller Interface (video)
Timing measurements are made with respect to thresholds of 1.5V.

Figure 77 : Single Byte Register Read Cycle (video)
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Figure 78 : Byte Register Read Cycle (video)
A5-AD EVEN ADDRESS >< ODD ADDRESS
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RW
tFVSL ‘SHRX
t'.'*?LWH . lWHA)(
cs ) f T
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Figure 79 : Register Write Cycle (video)

A5-A0

ts%
tsnax /

‘SLWH

cs
\ / tSNOL
lGLWI. IWHSH o
WATT high-Z /_ ——\ high-Z
tSLWD tSI'MZV
D7-DO
'DVSH tSHOX
CDSTR mustbe High
Symbol Parameter Min. Max. Units
tavse Address to CS Set-up Time 5 ns
tRvsL R/W to CS Set-up Time 5 ns
tsHAX Address from CS Hold Time 5 ns
tsiax | R/W from CS Hold Time 5 ns
tsLwp CS Low to WAIT On 10 ns
tsiwe CS Low to WAIT Low 25 ns
tsLwH CS Low to WAIT High 50 ns
tsawz | CS High to WAIT Off (hi-2) 10 ns
tsHsL CS High to CS or CDSTR Low Again 20 ns
twHsH cs High from WAIT High Hold Time 0 ns
tovwH Data Valid before WAIT High 5 ns
tsHDI CS High to Data Invalid 10 ns
tsipz | CS High to Data Off (hi-Z) 20 ns
twHAX Address from WAIT High Hold Time (first byte) 0 ns
tavpy Address Valid to Data Valid (second byte) 20 ns
tovsH Data Valid to CS High Set-up Time 15 ns
tsiox | Datafrom CS High Hold Time 5 ns
(57 5GS-THOMSON 751106
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XIliL4 - Interrupt Acknowledge (video)

Timing measurements are made with respectto thresholds of 1.5V.

Figure 80 : Interrupt Acknowledge (video)

- 9
IRQ )‘/
<N /
Symbol Parameter Min. Max. Units
tair CS Low to IRQ High 50 ns
XiiL.5 - Microcontroller Interface (audio)
Timing measurements are made with respect to thresholds of 1.5V.
Figure 81 : Read Cyde (audio)
AB-AD
tAVSL ‘SHAX
RW
lRVSA. tSHHX
——'\ twp
AUDCS \ / tshsL N
lSLWH tWHSH
. tsiwL A
m high-Z /_ high-Z
lSHwi
tovwn
high-2 / > <
D7-D0 \
'SLDV lSHDZ >
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Figure 82 : Write Cycle (audio)
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The REQ signal Is only required when writing to the DATAIN register

3520-83.EPS

Symbol Parameter Min. Max. Units

tavsL Address to AUDCS Low Set-up Time 15 ns
tavsL R/W to AUDCS Low Set-up Time 15 ns
tsHAX Address from AUDCS High Hold Time 25 ns
tsHRX R/W from AUDCS High Hold Time 25 ns

toy Read or Write Cycle Time 100 ns
taw. | AUDCS Low to WAIT Low 20 ns
tsLwH AUDCS Low to WAIT High (1) 45 ns

(2) 80
twisH | WAIT High from AUDCS High Set-up Time 0 ns
tsHwz AUDCS High to WAIT Disabled 20 ns
tovwn Data Valid before WAIT High 5 ns
tstov AUDCS Low to Data Invalid (1) 5 40 ns
(2) 5 75
tsHDz AUDCS High to Data Off (hi-Z) 10 ns
tovsH Data Valid to AUDCS High Set-up Time 25 ns
tsHDX Data from AUDCS High Hold Time ns
talst AUDREQ Low to AUDDCS Low Set-up Time 25 ns é
tsHaH AUDDCS High to AUDREQ High (3) 80 ns é
Notes: 1. When accessing any register except DATAIN.
2. When accessing DATIN register. WAIT will remain low if PCM output is stopped and the buftersare full.
3. One more bytecan be strobed in after REQ going high signals thatthe input buffer is full.
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XIiL6 - Interrupt Request (audio)
Figure 83 : Interrupt Request (audio)

la gNIRQ
AUDIRQ
AUDIRQ is low when RESET is low
Symbol Parameter Min. Max. Units
twira AUDIRQ Pulse Width (1) 100 ns
Note: 1. IRQ pulseis generated when a bitbecomes setin register INTR.
XIIL.7 - Relative Timing of AUDCS and AUDSTR
Figure 84 : AUDCS, AUDSTR
DCS
tsos toss
DSTRB
Symbol Parameter Min. Max. Units
tsps AUDCS High before AUDSTR Low 50 ns
toss AUDSTR Highbefore AUDCS Low 50 ns
78/106
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Xiil.8 - Compressed Data Write Cycle (video)

Timing measurements are made with respect to thresholds of 1.5V.

Figure 85 : Compressed Data Write (video)

taw
CDSTR L
D7-DO
b
tDVIF!H tRHDX o
tHHQH
CDREQ /
CS must be High
Symbol Parameter Min. Max. Units

taw CDSTR Pulse Width 15 ns
tAHAL CDSTR Highto CDSTR or CS Low Again (1) 20 ns
tovrH D7-D0 Set-up Time to CDSTR Rising Edge 15 ns
tRHDX D7-D0 Hold Time from CDSTR Rising Edge 5 ns
tawoH | CDREQ Highfrom CDSTR High (2, 3) 40 ns
taHaL CDREQ Highto Low Again : Primary

Normal Mode 180 Clock
8-Mbit Mode 300 Cycles
Notes: 1. |f CDREQ handshake not used.
2. CDREQ goes highif the write caused CD FIFO to become almost full.
3. CTDREQ becoming high indicates that only 3 more bytes can be written. For the CD FIFO to become empty there is &
maximum delay of 350 primary clock cycles (or 580 in 8-Mbit mode) after the rising edge of CDSTH.
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Xiii.9 - Compressed Data Input (audio)

Timing measurements are made with respect to thresholds of 1.5V.

Figure 86 : Compressed Data Write (audio)

tas.

AUDREQ

tDSHQH

tWPDS
AUDSTR N /

D7-DO
t[)VDSH tDSHDX

Symbol Parameter Min. Max. Unlts
toLbsL AUREQ Low to AUDSTR Low Set-up Time 25 ns
tosHaH AUDSTR Highto AUDREQ High (1) 80 ns

twrps AUDSTR Low Time 25 ns
fcyosp AUDSTR Cycle Time (2) 400 ns
tovpsH D Set-up Time to AUDSTR Rising Edge 25 ns
tosHDX D Hold Time from AUDSTR Rising Edge 0 ns

Notes: 1. One more bytecan bestrobed inafter REQ going high signals that the input buffer is full.

2. Thiscorresponds to a maximum input rate of 2.5Mbytess.
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Xl1.10 - Video Interface Timing
Timing measurements are made with respectto thresholds of 1.5V.

Figure 87 : Video Interface

2.0V /
PIXCLK

HSYNC
B/T
'SYCK lCKF‘V tCKSY
YC7-YCO
Symbol Parameter Min. Max. Units
Tp Pel Clock Period (1) 35 ns
thighp Pel Clock High Time 14 ns
towp Pel Clock Low Time 14 ns
tp Pel Clock Rise Time ns
tp Pel Clock Fall Time ns
tsyck | HSYNC, B/T Set-up Time to PIXCLK Rising Edge 10 ns
tcksy | HSYNC, B/T from PIXCLK Rising Edge Hold Time 0 ns
tckpy PIXCLK to YC7-YCO Valid 4 25 ns
Note: 1. Thiscomesponds to a PIXCLK frequency of 28 6MHz.
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XIii.11 - PCM Data Output
Timing measurements are made with respectto thresholds of 1.5V.

Figure 88 : PCM Data Output

PCMDATA >< >< >< ><

INV_SCLK =0

SCLK Yschpo Lcnn
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INV_SCLK = 1
Symbol Parameter Min. Max. Units
TscLro SC Low to PCMDATA Valid 50 ns
tscLLr SC Low to LRCLK 50 ns
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XIV - VIDEO REGISTERS
XIV.1 - Register Map

Address (hex) MSByte LSByte Address (hex)
00 HDF (R) 01
02 CMD (RW) 03
04 GCF (R/W) e5
06 CTL (RW) 07

PLL (R/W)
08 STA (R) 09
0A IT™ (R/W) 0B
oc ITS (R) 0D
0E INS1 (R/W) OF
INS2 (R/W)
10 MRF (R) l MWF (W) 11
12 13
14 MRP (R/W) 15
16 17
18 MWP (R/W) 19
1A DFP (R/W) 18
16 RFP (R/W) 10
1E FFP (RAW) ¥
20 BFP/FBP (R/W) 21
24 BBS (R/W) 25
BBG (R/W)
26 BBT (R/W) 27
28 DFW (R/W) 29
XEW (R/W)
2A DFS (R/W) 28
4 XES (/W)
2C YDO (R/W) XDO (RW) 2D
2 YDS (R/W) XDS (R/W) 2F
30 OBP (R/W) 31
32 OTP (R/W) 33
34 LSO (RW) LSR (RIW) 35
3% CSO (RMW) CSR (A/W) a7
38 DCF (R/W) 39
3A PSV (RMW) 3B
3C QMW (W) QMW (W) 3D
3E - ' ' 3F
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XIV.2 - Register Descriptions
Registers are listed in alphabetical order.
All addresses are in hexadecimal.

All unspecified bits of the register map are re-
served. Only the value 0 must be written to any of
these hits. The values which are read from these
bits are undefined.

The reset state is the state existing after a hard
reset.

Synchronization

There are two types of register : synchronized and
unsynchronized.

Synchronized registers only change value in re-
sponse to an interal event, either DSYNC or
VSYNC, depending on the register. These regis-
ters are double-banked ; during the write cycle the
new valueis loaded into a master register, and on
the occurrence of the synchronizing event this
value is loaded into a slave register, at which time
the new value is available to the circuit. When a
synchronized register is read, the value returnedis
that held in the master register.

Unsynchronized registers change their value im-
mediately they are written to. With the exception of
the BBT, BMS, CTL and ITM registers and bit
CMD.HDS, the unsynchronized registers are sim-
ple latches which are open when the signals CS
and RW are both low.

BBG - Start of Bit Buffer

13 0
BBG[13:0] |

Address : 24-25

Type : R/W

Reset State : 0

Synchronization: None

Description

The register holds the starting address of the bit
buffer, defined in units of 2 kbits (32 words). If the
bit bufferstarts at address 0, then this registerdoes
not need to be set up, since its reset state is 0. A
softreset must be done immediately after the load-
ing of this register in order for the value to be taken
into account. In other words it must only be
changed before the firstcompressed dataof anew
sequence is input, and never during the decoding
of a sequence.

This register shares the same addresses as the
BBS register. Bit CMD.BBG selects which of the
two registers is accessible at these addresses.
When this bit is set, the BBG register is selected.

84/106

BBL - Bit Buffer Level
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13 0
BBL[13:0] ]

Address : 22-23

Type : R

Reset State : 0

Description

This register holds the current level of occupation
of the bit buffer, defined in units of 2 kbits (32
words). It can be read at any timefor the monitoring
of the bit buffer ievel. When BBL is greaterthan or
equal to the value held in the BBT register, the
status bit STA.BBF becomes set. When BBL is
zero, the status bit STA.BBE becomes set. These
conditions can be used to cause interrupts.

BBS - Bit Buffer Stop Address

13 0
BBS[13:0] |

Address : 24-25

Type : R/W

Reset State : 0

Synchronization: None

Description

This register holds the address of the top of the bit
buffer, defined in units of 2 kbits (32 words). The
space allocated to the bit buffer starts at the ad-
dress defined by the BBG register, or, by defauit,
0. The end address of the bit bufferis :

(32 x BBS) + 31

BBS must only be changed before the first com-
pressed data of anew sequenceis input, and never
during the decoding of a sequence.

This register shares the same addresses as the
BBG register. Bit CMD.BBG selects which of the
two registers is accessible at these addresses.
When this bit is reset, the BBS register is selected.

BBT - Bit Buffer Threshold

13 0
[ BBT[13:0]

Address : 26-27

Type : RW

Reset State : 0

Synchronization: None

Description

This register holds the level of occupancy of the bit
buffer, in units of 2 kbits (32 words), which when
reached causes the status bit STA.BBF to become
set, i.e. if BBL 2 BBT, STA.BBFis set.
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This threshold would normally be used to generate
a "bit buffer nearly full” interrupt.

If the bit CTL.PBOQis set, then transfer of data from
the CD FiFOto the bit bufferis prevented if the bit
buffer level is at or above the level defined in the
BBT register. If BBT is setto a value equal to the

Thisregister shares thesame addressesasthe MRF
and MWF registers. Bit CMD.SBM selects whether
MRF/MWF or BMSis accessible attheseaddresses.
When this bit is set, the BMS register is selected.

CMD - Command (Write)

size of the bit buffer (i.e. BBT = BBS + 1 - BBG), 9 8 7 6 S5 4 3 2 1 0
then this automatic mechanism will ensure than s|o vl zZ|z o
overflow never occurs. AVS[10} | @ | @ | SKP[10] | 2 (23 & 2
BFP/FBP - Backward Frame / Fold-back Address : 02-03
Pointer Type : w
Reset State : 0
13 0 synchronization : SKP[1:0] with VSYNG, others
[ BFP/FBP[13:0] none. Bit HDS is stored in a
] master-siave register to
¢ddre.ss. %%1 prevent undesired launching
ype . of header searches.
Reset State : 0 .
Synchronization: DSYNGC Description _
Description The following write-only bits are used to control a
P variety of operations.
This register holds the start address of the back- . : : : ;
ward prediction frame picture buffer, defined in AVS[1:0] It::;et?;s éﬂgc?ev;?;i\r?:gg:vaﬂable
units of 32 words.
AVS[1] | AVS[0] CMD data
When the STi3520 s operating in 8-Mbit mode (bit 0 0 | CDcount[15:0]
CTL.S8Mis set), this register has a dual function. 0 1 | CDcount[23:16}
If address folding is required, the register must be 1 0 | SCDeount15:0]
set up with the value of the starting address in )
memory, in units of 64 32-bit words, of the frame ! L SCDcount{23:16]
buffer area. This is the fold-back address. If ad- SBM Select Block Move. When this bit is set
dress folding is not required, i.e. accesses will block move operation is enabled and
never go beyond the end of memory, then this the BMS register is accessible at
register is set up with the backward prediction addresses 10 and 11. Otherwise (the
frame buffer address. Thus, address folding and default state) the MRF and MWF
B-picture decoding are mutually exclusive. registersare accessible and read/write
operations to the memory are enabled.
. BBG Selects registers BBG, XFS, XFW,
BMS - Block Move Size GCF2 and PLL. When this bit is set,
15 0 the BBG register is accessible at
| BMS[15:0] } addresses 24 and 25. Otherwise (the
- default state) the BBS register is
Address : 10-11 accessible. The registers XFS and
Type : R/W XFW are accessible at 2A-2B and 29.
Reset State : 0 Otherwise (the default state) the DFS
Synchronization: None and DFWregisters are accessible. The
. register GCF2 is accessible at 04-05
Description otherwise GCF1 (default state) is
This register holds the number of words to be accessible. The register PLL is
moved in a blockmove operation. Writing to it starts accessible at 06-07 otherwise (default
a block move operation. state) the CTL register is available.
THOMSON 85/106
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SKP[1:0] These bits are part of the instruction
register, and are synchronized by the
signal VSYNC. They define the
skipping of one or two pictures, as

defined in the following table :

SKP[1] | SKP[0}
0 0 No skip (defauit)
0 1 Skip one picture,
decode next
1 0 Skip two pictures,
decode next
1 1 Ilegal

If skipping is required, then these bits
must be setup as part of the instruction
for the picture which will be decoded.
The skipping and the decoding of the
following picture represent one task.

INS This bit selects which instruction
register, INS1 or INS2, is accessible.
When set, INS2 is selected, when
reset (the default state), INS1 is
selected.

QMN, QMI These two bits are used to control
access to the inverse quantizer tables.

QMN aMmi

0 0 Tables not accessible

(lock)
1 Select the intra table

1 0 Select the non-intra
table

1 1 Enable writing to the
selected table

For example, to write a new intra table,
the following steps are required :
Write CMD.QMI=1, CMD.QMN =0
Write CMD.QMI = CMD.QMN = 1
Write 64 weights to QMW

Write CMD.QMI = CMD.QMW =0

HDS Writing a 1 to this bit starts a header
search. Completion of the header
search is indicated by the setting of bit
STA.SCH.

CMD - Command (Read)

15 0

| CD/SCDcount{15:8] | CD/SCDeount[23:161,[7:0] |

Address : 02-03

Type : R

Reset State : 0

86/106
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Description

The contents of the bit buffer input and output
counters, "CDcount” and "SCDcount” can be read
from addresses 02 and 03. Which data is accessi-
ble is defined by the state of bits CMD.AVS[1:0].

AVS[1] | AVS[0] CMD data
0 0 CDcount{15:0]
0 1 CDcount[23:16]
1 0 SCDcount{15:0]
1 1 SCDcount[23:16)

CDcount[23:16] or SDCcount[23:16]is available in
bits CMD[7:0]. CDcount[15:0] or SCDcount]15:0}is
available in bits CMD[15:0}.

CSO - SRC Chrominance Offset

7 0
] CSO[7:0]

Address : 36

Type: RW

Reset State : 0

Synchronization: VSYNC

Description

This register is set up with a value calculated from
the fractional partof thepan vector. If no pan vector
is defined, this register can be left in its reset
(default) state.

The method of calculation ofthe CSOvalue is given
in the PSV register description.

CSR - SRC Chrominance Resolution

7 0
CSR[7:0]

Address : 37

Type : R/W

Reset State : 0

Synchronization: VSYNGC

Description

The register holds the upsampling factor of the
chrominance SRC (sample rate converter). This
value must always be equal to that loaded into the
LSR register.

The method of calculation of this value is given in
the LSR register description.
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CTL - Control

15141312 11 10 9

8 76 5 4 3 21

o

Ol =

EES

Q
@
a

MP2
HRD
EPR

Q
m
o

EC3
EC2
ECK
EDI
EVI
PRS
SRS
EDC

Address :
Type :

06-07
R/W

Reset State : 0

Synchronization :

None

This is implemented as a master-slave register in
order to preventproblems of erroneous commands
being issued during the write cycle.

Description

35A

DEC

S8M

Enable STi3500A features. When this
bit is set, the additionalfunctions of the
STi3500A which are not compatible
with the STi3500 are activated. When
this bit is reset, the STi3520 behaves
in a manner which is compatible with
the STi3500.

The features which are enabled by this

bit are :

- GCF.DFA[7:0]is defined.

- DFW, DFS are synchronized to
DSYNC.

- YC output never has values 00h
and FFh.

- PSV.V[7:1]and PSV.H[8] are
defined.

- CSO,CSR, DCF.PXD, DCF.EQS,
DCF.DSR, LSO, LSR, XDO, XDS,
YDOQ, YDS are synchronized to
VSYNC.

- XDOJ9,8] and XDS[9,8] are defined.

Disable Error Concealment. When this

hit is set, automatic error concealment

is disabled. This should only be done
for debugging purposes, since the
occurrence of a syntax error with error
concealment disabled will cause
decoding to stop. Recovery is only
possible with a pipeline or a softreset.

Select 8-Mbit memory mode. When

this bit is set, 8-Mbit memory mode is

entered.

PBO

MP2

HRD

EPR

CBC

EC3

EC2

ECK

IOTR i

Preventbit Buffer Overflow. When this bit
isset, bitbufferoverflow (andthustheloss
of data) is prevented by disabling the
transfer of data from the compressed
data FIFO to the bit bufferwhenever the
bit buffer level reaches the threshold
definedin the BBT register.

MPEG-2 mode. When this bit is set,
the STi3520 expects an MPEG-2
video bitstream. If it is reset, then an
MPEG-1 bitstream is expected.
Half-Resolution Display. This bit must
be set if the decoded picture vertical
resolution is halfthat of the display, i.e.
the whole decoded picture isdisplayed
in both fields. (This bit determines
whether buffer overwriting can
commence after 8 (CTL.HRD = 0) or
16 (CTL.HRD = 1) lines).

Enable Pipeline Reset. When this bitis
set, a pipeline reset is automatically
generated if morethan 64 samples are
decoded in a block (i.e. in case of
pipeline error).

Circular Buffer Control. When this bitis
set, the memory wraps at DFA and the
overwrite mode is modified as
described in section X.6.5.1
"Overwrite Mechanism”.

Enable "Clock 3". When this bit is
reset, the internal "clock 3 is disabled.
This bit must be set for normal
operation and for reduced power
mode. It is reset in low power mode.
(Power-down modes are defined in
section X.1.2, "Power-Down Modes”).
Enable”Clock 2”. When this bit isreset,
theinternal"dock 2" is disabled. This bit
must be set for normal operation, and
resetin reduced and low powermodes.
(Power-down modes are defined in
section X.1.2, "Power-Down Modes”).
Enable Clocks. When this bit is reset,
all internal clocks are disabled. This bit
must be set for normal operation and
for reduced power mode. It is reset in
low power mode. (Power-down modes
are defined in section X.1.2, "Power-
Down Modes").
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EDI Enable DRAM Interface. When thisbit ~ Description
Is reset the DRAM interface (DD63-  oAp[1:0) OSD Active signal Delay. These bits
DDO, AA8-AAO, RAS1, RASO, CAS, are used todefine thedelay ofthe OSD
OE and WE) and the signal CDREQ active signal corresponding to output
are put intotheir high impedancestate. OSD pixels. Their programming is
ThiS bit must be set fOl' nOl’mal described in secﬁon X.4.7.3 ”OSD
operation and for reduced power Specification : STi3520 Mode”.
mode. it is reset in low power mode.  oam OSD Active signal Mode. When thisbit
(Power-down ”modes are deﬂned” n is set, OSD active signal is an input.
section X.1.2, "Power-DownModes™ ). When it is reset, OSD active signal is
EVI Enable Video Interface. When this bitis an output. Note that OSD active signal
reset the video interface (YC7 -YC0) is must never be driven when
putintoits highimpedancestate andthe CTL.EVI=1 and DCF.OAM=0.
intemal PIXCLK disabled. Thisbitmust  xyg Select XDO/XDS Extensions. When
be set for normal operation and for this bit is set, register bits XD0[9,8] and
reduced power mode (if the display XDS[9,8] are accessible at addresses
interfaceis used). it isresetin low power 2Dh and 2Fh. When is it reset,
gnode._(Power-d:)wn modes are defined XDQOJ[7:0]and XDS[7:0]are accessible.
insectionX.1.2,"Power-DownModes”).  paM[2:0] Display Access Mode. These bits are
PRS Pipeline Reset. In order to generate a only active when bit DCF.USR is set.
pipeline reset, this bit must be kept set They are used in conjunction with the
for aduration of atleast3 primaryclock bit DCF.FLD. Their use is described in
cycles (55ns with a 55MHz primary section X.4.9, "Displayed Field
clock). The effectof a pipeline reset is Sequence Control”.
described in section X.1.1, "Resets”. FLD Field bit. This bitis only active when bit
SRS Soft Reset. In order to generate a soft DCF.USRis set. it defines which field
reset, this bit must be kept set for a is to be displayed : 1 for the bottom
duration of at least 40 primary clock field, 0 for the top.
cycles (730ns with a 55MHz primary Bits DCF.DAM{[2:0] and DCF.FLD
clock). The effect of a soft reset is must be programmed in conjunction
described in section X.1.1, "Resets”. with the bits DCF.VFCJ2:0], as defined
EDC Enable Decoding. This bit must be set in the table appearing in section X.4.9,
to enable the decoding pipeline to run. "Displayed Field Sequence Control”.
It's action is asynchronous and USR Enable user field sequence control.
independent of the task control state When this bitis set, bits DCF.DAM[2:0]
machine (see Figure 29). If EDC is and DCF.FLD can be programmed
reset while the pipeline is idle, then it field-by-field to enable a user-defined
is still possible for the next instruction display sequence. Otherwise, these
to be executed on the next VSYNG, bits have no effect, and the fields are
and for a DSYNC to be generated. displayed in a sequence determined
However, in this case, the decoding by the B/T signal.
task will not start until EDCis set. PXD Add one PIXCLK Delay. When this bitis
set the active video is delayed by one
DCF - Display Configuration PIXCLK cyde with respect to HSYNC.
Thisis to allowits horizontalpositionto be
15 14 131211 98765432 0 defined more precisely than is possible
s|w alela ol e with XDO and XDS, which have a
OAD[1:0] | &I | DAM[2:0] | | B X = Q/4Q VFCl2:0] resolution of 2 PIXCLK cydes. Changing
the value of PXD also has the effect of
inverting the phasing of the Y/C ou
Address : 38-39 samplzgwﬂh f'):sper;tgto HSYNC. ot
Type: R/W EVD Enable Video Display. When this bitis
Reset State 0 reset, the video output has a constant
Synchronization: XYE, USR : None value of Y =16, Cs = Cr = 128. OSD
Others : VSYNC is still displayed.
88/106
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EOS Enable OSD. When this bit is set, the
OSD (on-screen display) bitmap
defined in the top and bottom field OSD
buftersis displayed over the picture.

DSR Disable SRC. When this bitis set, both
luminance and chrominance SRCs
(sample rate converters) are disabled.
In this case no horizontal filtering can
occur, as would be required when the
horizontal resolution of the decoded
picture is equal to the horizontal
resolution of the display.

VFC[2:0] Vertical Filter Configuration. These
bits define the ventical filter mode.
VFCI[2] |VFC[1]|VFC[0] Mode

0 0 0 Full resolution,
chrominance
line repeat with
interpolation

0 0 1 Full resolution,
chrominance
line repeat

0 1 0 Full resolution,
chrominance
field repeat with
interpolation

0 1 1 Full resolution,
chrominance
field repeat

1 0 0 Half resolution,
chrominance
interpolation

1 0 1 Half resolution,
chrominance
repeat

1 1 0 Halif resolution,
luminance
interpolation

1 1 1 | legal

The vertical filtering modes are
described in detail in section X.4.5,
*Vertical Filter”.

DFP - Displayed Frame Pointer

13 0
DFP[13:0] I

Address : 1A-1B

Type : R/W

Reset State : 0

Synchronization: VSYNC

Description

This register holds the start address, defined in
units of 32 words, of the frame which is currently
being displayed. When a new value is written this
is used at the start of the next field.

TOT R At

When DFP is set to same value as RFP (i.e. the
decoder is writing the reconstructed picture into the
buffer which is being displayed), bit INS1.0VW
must be set.

DFS - Decoded Frame Size

13 0
| DFS[13:0]

Address : 2A-2B

Type : R/W

Reset State : 0

Synchronization: DSYNC

Description

This register is set up with a value equal to the
number of macroblocks in the decoded picture.
This is derived from the horizontal_size and verti-
cal_size values transmitted in the sequence
header.

DFW - Decoded Frame Width

7 0
| DFW[7:0]

Address : 29

Type : R/W

Reset State: 0

Synchronization: DSYNC

Description

This registeris setup witha value equal tothe width
in macroblocks of the decoded picture. This is
derived fromthe horizontal_size value transmitted
in the sequence header.

FFP - Forward Frame Pointer

13 0
[ FFP[130]

Address : 1E-1F

Type : R/W

Reset State : 0

Synchronization: DSYNC

Description

This registerholds the start address of the forward
prediction frame picture buffer, defined in units of
32 words.

89/106
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GCF1 - General Configuration Synchronization :  XFA[7:0] synchronized
15 8 7 6 0 to VSYNC
Others : None
S Description
DFA[7:0] s RFI[6:0] XFA[7:0] XFS Adjustment. 4 x XFA[7:0] defines
the offset, in units of macroblocks,
. between the end of the luminance
-?3329.83 ) ms storage area and the beginning of the
Res et- State - 0 g:;fommgp;e stcf>fr8:=\ge_area in thlcla framle
. . ers. This offset is normally on
Synchronization: DFA[7:0] synchronized used in 8-Mbit mode, in which i:i:se%
to DSY!\IC equal to the size in macroblocks of the
Others : None picture overlap required for motion
Description compensation minus 1, rounded up to
DFA[7:0] DFS Adjustment.4 x DFA[7:0]defines the next highest multiple of 4. For
the offset, in units of macroblocks, exampie, if the maximum vertical
between the end of the luminance vector range is -128 to 127 and the
storage area and the beginning of the picture width is 720 pels, then the area
chrominance storage areain the frame needed for motion compensation is :
buffers. This offset is normally only (720 x (128 + 16)/256) - 1
used in 8-Mbit mode, in which it is set = 404 macroblocks
equal to the size in macroblocks of the thus, XFA[7:0]=101
picture overlap required for motion NPD Not Power Down. When this bitis reset
compensation minus 1, rounded up to the signal DQM is forced high turning
the next highest multiple of 4. For off the output buifers of the memory
example, if the maximum vertical and CKE is forced low disabling the
vector range is -128 to 127 and the internal clock in the DRAM. The
picture width is 720 pels, then the area memory is in power down mode.
needed for motion compensation is : Setting this bit will re-enable the clock
(720 x (128 + 16)/256) - 1 and other inputs asynchronously. A
= 404 macroblocks minimum setup time must be
thus, DFA[7:0] = 101 respected before any command is
M20 Select 20-Mbit memory mode. When issued to the memory. o
this bit is set, 20-Mbit memory mode MRS Mode Register Set. When this bit is set
(one 16-Mbit bank plus one 4-Mbit the special power-on-reset sequence
bank) is entered. and_ mode register programming is
RFI6:0] DRAM Refresh Interval. This is carried out.When this bit is reset the
defined in units of 24 primary clock procedure is m!ubated.Thus bit can-be
periods. For example if each row must programmed with the SDR selection
be refreshed every 8 ms, with a bit in the GCF2 register.
primary clock of 55MHz, the following ~ SQF Select Quadruple Frame parameter
value mustbe storedin GCF.RFI[6:0]: buffers. When this bit is set the buffers
(8 x 10°/512) x (55 x 10°/24) = 35 for DFW,DFS and DFA are separated
into two banks one for the decode
process and one for the display
GCF2 - General Configuration process.
15 8 7 6543210 SGR Segments per Row. This bit is used by
ol @ the memory controller to determine
) el s &S how a given DRAM should be
XFAI70] HHEEEEE addressed. The bit indicates the
internal organisation of the DRAM to
Address : 04-05 the memory controller. The bit is
Type : RW programmed in the following manner
Reset State : 0 for the listed memory configurations.
90/106 .
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SGR Memory Configuration

0 | Standard DRAM 4 x 4-Mbit, 2 x 4-
Mbit

1 |EDO DRAM 524.288 x 32-bit

1 | Synchronous DRAM 524.288 x 16
bit x 2 banks

CLK Memory Subsystem Clock Enable.
This bit when selt enabk;g the high TFF This bit is set equal to the
frequency internal clock which is used top_field_first bit of the MPEG-2
in the generation of certain sirobes. cture coding extension. It is onl
The clockmustbe enabledin EDOand Paken Mo :gcount when d Iing);l
Synchronous DRAM queg. MPEG-2 dual-prime pictures.
HPD EDO DRAM mode. This bit enables s L
the EDO DRAM mod OvW This bit must be set when the
e moae. L displayed picture and the
SDR Synchronous DRAM mode. This bit reconstructed picture share the same
enables the Synchronous DRAM buffer (i.e. DFP = RFP). It enables the
mode. When the bit is enabled the overwrite mode which ensures thatthe
automatic initialisation sequence for reconstructed picture does not
the Synchronous DRAM is launched overwrite data which has not yet been
only if the MRS bit is set. displayed.
BFH[3:0] in MPEG-1 mode BFH[3] is set equal
HDF - Header Data FIFO to full_pel_backward_vector of the
15 0 picture header, and BFH[2:0] is set
) equal to backward_f_code of the
HDF[15:0) ‘ picture header.
Address : 00-01 In MPEG-2mode BFH[3:0]is setequal
Type : R to backwarq_horizont_al_f_oode of the
Reset State : Undefined F'C&U;e godlng extension.
FFH[3:0] InMPEG-1mode FFH[3]is setequal to
Description -
full_pel_f f th
When the start code detectorhas found a start code, hue;g ;,":nng a,;?;p\g%tﬂsos;t z&:r :g
theheaderdataFIFOmust be readin orderto identify forvvard i codeof tﬁe picture header
the start code and if required to obtain the header In MPEG-2 mode BFH[3:0]is set equél
data. The start code identification procedure is de- to forward horizontal f code of the
scribed in section X.2.2, "Start Code Detection™. picture oodﬁig axtension.
Before reading the header FIFO, status bit PCT[1:0] This is set equal to the two least
STA . HFE should be checked to ensure thatit is not signiﬁcant bits of picture cod|ng type
empty. Bit STA.HFF set indicates that the header in the picture header. - -
FIFO contains at least 66 bytes of data. SEQ Search for next Sequence. This bit
must be set while the decoder is
INS1 - Instruction 1 searching for the start of a new
15 14 13 10 9 6 5 43210 sequence after a softreset. It has the
3 ol wl | > effect of putting the controller into a
& : o1 |PCT] state in which VSYNCs are ignored.
LLi> BFH[30 FFH[3:0 Wi ) =
Fl10 13:0] B perio)| | @) €| S EXE When this bit is not set, no decoding
taskis executedfor one or two VSYNC
Address : OE-OF periods, depending on the state of
Type : R/W RPT.
Reset State : 0 RPT When this bit is set, the task duration
Synchronization : “new instruction” (see Figure is two VSYNC periods. In many
23), except bits OVW, SEQ, applications, when the frame display
EXE and RPT, which are rate is equal to the picture decoding
updated by VSYNC rate, RPT will always be set.
g 91/106
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Description

This register contains 16 bits of the decoding in-
struction. The other bits are CMD.SKP[1:0] and
INS2[15:0]. The mechanism of instruction execu-
tion is described in section X.3.4, "Decoding Task
Control”.
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CMV This bit is set equal to the
concealment_motion_vectors bit of
the MPEG-2 picture coding extension.
It indicates that motion vectors are
coded for intra macroblocks. It is only
taken into account when decoding
MPEG-2 pictures.

This register shares the same addresses as the
INS2 register. Bit CMD.INSselects which ofthe two
registers is accessibie at these addresses. When
this bit is reset, the INS1 register is selected.

INS2 - Instruction 2

15 1413 10 9 6 5 43210
PST[1] ) ~ [DCPII | B N|w
PSTI0] BFV[3:0] FFV[3:0] DCPI0] F%\IE >
Address : OE-OF
Type : R/W
Reset State : 0
Synchronization: “new instruction”

(see Figure 23)
Description

This register contains 16 bits of the decoding in-
struction. The other bits are CMD.SKP[1:0] and
INS1[15:0]. The mechanism of instruction execu-
tion is described in section X.3.4, "Decoding Task
Control”.

In MPEG-1 mode (i.e. when CTL.MP2 is reset),
INS2 is not used, and mustbe keptreset.

PST[1:0] This is set equal the picture_structure
bits of the MPEG-2 picture coding
extension. Note that code 00" also
indicates frame structure, even though
this value is illegal in the MPEG-2

variable.
PST[1] | PST[O]
0 0 Frame picture
0 1 Top field
1 0 Bottom field
1 1 Frame picture

BFV[3:0] INS2.BFV[3:0] is set equal to
backward_vertical_f_code ot the
picture coding extension.
INS2.FFV[3:0] is set equal to
forward_vertical_f_code of the picture
coding extension.

INS2.DCP[1:0] is set equal to
intra_dc_precision of the picture
coding extension. The value "11”,
defining a precision of 11 bits, is not
allowed.

FFV[3:0]

DCP[1:0]
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FRM This bit is set equal to the

frame_pred_frame_dct bit of the

picture coding extension.

This bit is set equal to the

q_scale_type bit of the picture coding

extension.

This bit is set equal to the

altemate_scanbit of the picture coding

extension.

IVF This bit is set equal to the
intra_vic_format bit of the picture
coding extension.

QST

AZZ

ITM - Interrupt Mask

1514131211109 8 7 6 5 4 3 2 1 0
Wwao g b uWaiocol=lolw b whw T
DM B E kLT 2228 8 kS
Address : 0A-0B

Type : Rw

Reset State : 0 (all interrupts disabled)
Synchronization: None

Description

Any bit set in this register will enable the corre-
sponding interrupt. An interrupt is generated when-
ever at bit in the STA register changes from0 to 1
and the corresponding mask bit is set.

ITS - Interrupt Status

1514131211109 8 7 6 5 4 3 2 1 0

WelskbwWaloclo-joflwiow|wiw I
s o

AR REEEHREEEEEE R

Address : 0C-0D

Type : R

Reset State : 0

After clocks have been enabled, the state changes
to be the same as that of STA.

Description

When a bit in the STA register changes from0 to
1, the corresponding bit in the ITS register is set,
independent of the state of ITM. if any set ITS bit
is unmasked, the signal IRQis asserted. Reading
the_most significant byte of ITS clears it, leaving
IRQ in its de-asserted (high) state.

See section V1.4, "Interrupts (video)” for more in-
formation on interrupt handling.

MICRIELICTROMICS
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LSO - SRC Luminance Offset

7 0
| LSO[7:0] |
Address : 34

Type : R/W

Reset State : 0

Synchronization: VSYNGC

Description

This register is set up with a value calculated from
the fractional part of the pan vector. if no pan vector
is defined, this register can be left in its reset
(default) state.

The method of calculation of the LSOvalue is given
in the PSV register description.

LSR - SRC Luminance Resolution

7 0
| LSR[7:0]

Address : 35

Type: R/W

Reset State : 0

Synchronization: VSYNC

Description

This register holds the upsampling factor of the
luminance SRC (sample rate converter).

The upsampling factoris equal to 256/LSR. Below
are given some examples of upsampling factors,
where in each case the displayed picture has a
nominal width of 720 pels®. Also shown are the
numbers of valid pelsgenerated, "N, calculated as
shown in section X.4.4.1, "Sample Rate Con-
verter”.

* Displayed picture widths other than 720 can of course be sup-
ported.

MRF - Memory Read FIFO

7 ]
| MRF[7:0]

Address : 10

Type : R

Reset State : Undefined

Description

The memory read FIFO data is read from this
address. The mechanism of data transferfrom the
memory into the FIFOis described in section VIL5,
"Memory Read and Writethrough the Microcontrol-
ler Interface”.Each 64-bit (or 32-bit, when in 8-Mbit
mode) word is accessed most significant-byte-first.

This register shares the same address as the most
significant byte of the BMSregister. Bit CMD.SBM
selects whether MRF or BMS is accessible at this
address. When this bit isreset, the MRF register is
selected.

MRP - Memory Read Pointer

18 0
| MRP[18:0]

Address : 13-14-15

Type : R/W

Reset State : Undefined

Synchronization: None

Description

This register holds the address of the word which

Decoded Picture Width LSR N will be transferred next from the memory into the
640 208 715 memory read FIFO. It is incremented each time a
640 227 718 word is transferred from the memory to the FIFO.
oAa 193 717 It is thus not the address of the word currently

available in the FIFO, but one or two addresses
480 170 717
480 169 722 MRP is only setup at the beginning of a memory
352 125 713 read sequence, at which time the memory read
352 124 719 FIFO is cleared. The mechanism of data transfer
— 250 17 from the memory into the FIFO is described in
section VIL.5,”"Memory Read and Writethrough the
704 249 720 Microcontroller Interface”.
. 93/106
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MWF - Memory Write FIFO

7 0
[ MWE[7:0] |
Address : 11

Type : W

Reset State : Undefined

Synchronization: None (not a register)
Description

The memory write FIFO data is written to this
address. The mechanism of data transfer from the
FIFO to the memory is described in section VIL5,
"Memory Read and Writethrough the Microcontrol-
ler Interface”. Each 64-bit (or 32-bit, when in 8-Mbit
mode) word must be written most significant-byte-
first.

This register shares the same address as the least
significant byte of the BMS register. Bit CMD.SBM
selects whether MWF or BMSiis accessible at this
address. When this bit is reset, the MWF register
is selected.

MWP - Memory Write Pointer

Description

The register holds the start address, in units of 32
words, of the current OSD specification buffer for
the bottomfield. This specification will bedecoded
during bottom fields when OSD is enabled (bit
DCT.EOSis set).

* Formerly called OEP.

OTP - OSD Top Field Pointer*

13 0
| OTP[13:0]

Address : 32-33

Type : R/W

Reset State : 0

Synchronization : VSYNC top

Description

The register holds the start address, in units of 32
words, of the current OSD specification buffer for
the top field. This specification will be decoded
during top fields when OSD is enabled (bit
DCF.EOSis set).

18 o * Formerly called OOP.
[ MWP[18:0]
Address : 17-18-19 PLL - Phased Locked Loop Configuration
Lype :S le/\gl fd Register
eset State: ndefin

Synchronization: None 1 109 8 7 65 2 1.0
Description e 219228 ME3: 1:
This register holds the address of the word which @ R R 20 Sl
will be transferrednext from the memory write FIFO
into the memory. ltisincrementedeachtimeaword ~ Address : 06-07
is transferred from the FIFO to the memory. Itis  Type: R/W
thus not the address of the word last writtentothe ~ Reset State : 0
FIFO, but one or two addresses behind. Synchronization: None
MWP is only set up at the beginning of a memory  g[1:0] Audio clock divider. This divider must
write sequence, at which time the memory write be setto keep the audio decoder clock
FIFQ is cleared. The mechanism of data transfer in the range 24 - 30MHz. The PLL
fromthe FIFO to the memoryis describedin section output frequency can be calculated as
VII.5, "Memory Read and Write through the Micro- a function of M and the reference
controller Interface”. frequency. The audio clock divider

must then be set for a divisionby 8,9
OBP - OSD Bottom Field Pointer* or 10 to respect the clock frequency
13 0 limits.
l OBP[13:0] S[1:0] Division Factor

00 10
Address : 30-31 01 9
Type: R/W
Reset State : 0 10 8
Synchronization: VSYNC bottom 11 8
94/106
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M[3:0] PLL Multiptication Factor, M. These
bits control the reference frequency
input tothe clockgenerator'sPLL. The
actual multiplication factor is M + 6.
This bit corresponds to "M” in E. 2 in

section 1X.3.

Select Reference Clock. This bit when
set selects an external clock for the
reference clock. The default (reset
state) is pixclk.

Select Video Clock. This bit when set
selects the video decoder clock
generated by the PLL. The default
{reset state) is that the video decoder
clock is generated extemally.

Select Audio Clock. This bit when set
selects the audio clock generated by
the PLL. The default (reset state) is
that the audio decoder clock is
generated externally.

Select Memory subsystem Clock. This
bit when set allows an externally
generated memory clock to be
connected to Pin 61 in both the EDO
and Synchronous DRAM modes. The
clock, if supplied externally, must be
locked to the video decoder clock
which must also be supplied
externally. For more details and a
schematic see section VIL.3. The
default condition is that the clock is
generated by the PLL.

Select PLL Test mode. This bit should
be programmed to zero.

SRC

SVC

SAC

SMC

SPT

PSV - Pan/Scan Vector
15 9 8 0
| VIl J H[B:0] |

Address : 3A-3B
Type : R/W
Reset State : 0
Synchronization: VSYNC

Description

V[71] Vertical Offset. The vertical
component of the pan/scan vector is
programmed into V[7:1], in units of 2
field lines, or 4 frame lines. For
example, it V[7:1]is setto the value 16,
then the 32 top lines of every field
would not be output to the display.

(ST e

H[8:0] Horizontal Offset. These bits are setup
with the integer part of the horizontal
component of the pan/scan vector.
This number defines, in the decoded
picture, the location of the first
displayed luminance sample relative
to the first luminance sample in the
line. The LSO and CSO registers are
setup with the fractionalpart ofthe pan
vector, as follows :

PSV = | pan vector|

where ” | x|” indicates the integer part
of x.

LSO = 256 x (pan vector - PSV)

CSO =LS0/2 (+1if PSVis odd)
Referto section X.4.4.1,”Sample Rate
Converter” for more details.

OMW - Quantization Matrix Data

7 0
[ Q[7:0] I
Address : 3Cor3D

Type : w

Reset State : Undefined

Synchronization : None (not a register)

Description

To either of these addresses are written the quan-
tization coefficients in the order in which they ap-
pear in the bitstream, i.e. in zig-zag order. Which
matrix {intraor non-intra)is written is defined by bits
CMD.QMN and CMD.QML.

There are no built-in default quantization matrices.

RFP - Reconstructed Frame Pointer

13 0
[ RFP[13:0]

Address : 1C-1D

Type : RW

Reset State : 0]

Synchronization: DSYNC

Description

This register holds the start address of the recon-
structed (decoded) frame picture buffer, defined in
units of 32 words.

95/106
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STA - Status BMI
151413121110 9 8 7 6 5 4 3 2 1 0
uelslululWaolclo| =0 W www I
A HE SRR EEE T -—

Address : 08-09

Type . R RFF

Reset State : 0

After clocks have been enabled, the statechanges ~ WFE

to:

PDE = O PID

SER = 0

BMI = 1

HFF = 0

RFF = 1

WFE = 1

PD = 1

PER = 0 PER

PSD = 0

VST = 0

VSB = 0

BBE = 1

BBF = 1

HFE = 1 PSD

BFF = 0

SCH = 0

Description Vet

This register contains a set of bits which represent

the status of the decoder at any instant. Any

change from 0 to 1 of any of these bits sets the VSB

corresponding bit of the ITS register, and can thus

potentially cause an interrupt.

The status vector is sampled internally at the start

of the read cycle accessing the most significant BBE

byte of STA (address 08). VST, VSBand PSD are

pulses and are unlikely evertobe read as a 1. BBF

The status bits have the following significance :

PDE Picture Decoding Error or underflow
error. This bit is setwhen less than the
programmed number of macroblocks  {Fg
{(defined by DFS) have been decoded,
either due to a data or a programming BFF
error. Decoding is halted automatically
when this error condition is detected.

This bit is reset by all 3 types of reset.

SER Severe Error or overflow error. This bit SCH
is set when more than the
programmed number of macroblocks
(defined by DFS) have been decoded,
either due to a data ora programming
error. Decoding is halted automaticatly
when this error condition is detected.

This bit is reset by all 3 types of reset.
96/106 g
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Block Move Idle. This bit is setwhen a
block move operation has terminated.
Itis automatically reset at the startof a
block move.

Header FIFO Full. This bit is set when
the header FIFO contains at least 66
bytes.

Read FIFO Full. This bitis setwhen the
memory read FIFO contains 16 bytes.
Wirite FIFO Empty. This bitis set when
the memory write FIFO is empty.
Pipeline Idle. This bit is set when the
STi3520 is not in the course of
decoding a picture, i.e. when the
pipeline is inactive. 1t becomes low
when the decoding of a picture starts
and high when picture decoding is
complete.

Pipeline Error. This bit is set when due
to a data error, more than 64
coefficients are reconstructed for a
block. if bit CTL.EPRis set, a pipeline
reset is generated. This bit is reset by
all 3 types of reset.

Pipeline Starting to Decode. This bit is
set for a short period at the instant the
pipeline starts decoding a picture.
VSYNC Top. This bit is set for a short
time at the beginning of the top field,
corresponding o the falling edge ofthe
B/T signal.

VSYNC Bottom. This bit is set for a
short time at the beginning of the
bottom field, corresponding to the
rising edge of the B/T signal.

Bit Buffer Empty. This bit is set when
the bit buffer contains no data.

Bit Butfer Full. This bit is set when the
bit buffer level (= BBL) is greater than
or equal to the value loaded into the
BBT register.

Header FIFO Empty. This bit is set
when the header FIFOis empty.
Compressed Data (bitstream) FiFO
Full. This bit is set when the CD FIFO
is full. This bitis equivalentto the signal
CDREQ.

Starnt Code Hit. This bit is setwhenever
the first 16-bit word available in the
header FIFO contains one of the start
codes recognised (see section X.2.2,
*Start Code Detection”). While data is
being read from the header FIFO, this
bit can be tested to determine whether
the next word contains a start code.
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XDO - Display X Offset
1 0
|  xoop, 8 |
7 0
| XDO[7:0] |
Address : 2D
Type : R/W
Reset State : 0
Synchronization: VSYNC
Description

This register is set up with a number defining the
first active video sample of each line. Preceding
pels are output as black (unless OSD s defined for
this region).

When bit DCF.XYE is set, XDO[9,8] is accessible.
When bit DCF.XYE is reset, XDO[7:0}is accessible.

XDO programming is described in section X.4.3,
"Setting up the Display”.

XDS - Display X End

1 0
|  xpS[e,8] |

7 0

| XDS[7:0] |

Address : 2F

Type : R/Ww

Reset State : 0

Synchronization: VSYNC

Description

This register is set up with a number defining the
last active video sample of each line. Succeeding
pels are output as black (unless OSD is defined for
this region).

When bit DCF.XYE is set, XDS[9,8]is accessible.
When bit DCF.XYEis reset, XDS[7:0]is accessible.
Note : Whenbit CTL.35Ais set,care mustbe taken
to set up XDS[9,8], since the default value is 0,

Description

This register is set up with a value equal to the
number of macroblocks in the decoded picture.
This is derived from the horizontal_size and verti-
cal_size values transmitted in the sequence
header. See section X.4.6, "Decoding and Display
across Sequence Boundaries”.

XFW - Decoded Frame Width

7 0
\ XFW[7:0] |
Address : 29

Type : RWwW

Reset State : 0

Synchronization: VSYNC

Description

This register is setup with a value equal to the width
in macroblocks of the decoded picture. This is de-
rived from the horizontal_size value transmitted in
the sequenceheader. See section X 4.6, "Decoding
and Display across Sequence Boundaries”.

YDO - Display Y Offset

7 0
{ YDO[7:0]

Address : 2C

Type : R/W

Reset State : 0

Synchronization: VSYNC

Description

This register is set up with a number defining the
first active video line of a field. Preceding lines are
output as black (unless OSD is defined for this
region).

YDO programming is described in section X.4.3,
"Setting up the Display”.

YDS - Display Y End

while in the STi3500, in which these bits are not |7 — o
programmable, this value is 3. S[7.0]
XDS programming is described in section X.4.3,  Address: 2E
"Setting up the Display”. Type : R/W
Reset State : 0
XFS - Decoded Frame Size Synchronization: VSYNC
13 0 Description
XFS[13.0] This register is set up with a number defining the
- last activevideo line of a field. Succeedinglines are
Address : 2A-2B output as black (unless OSD is defined for this
Type : R/W region).
Reset State : 0 YDS programming is described in section X.4.3,
Synchronization: VSYNC "Setting up the Display”.
97/106
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XV - AUDIO REGISTERS
Registers are listedin alphabetical order.
All addresses are in hexadecimal.

All unspecified addresses of the register map are
reserved, and must not be written to. Unspecified
bits of user-accessible registers have no function.
All unspecified bits of the register map are re-
served. Only the value 0 must be written to any of
these bits. The values which are read from these
bits are undefined.

The reset siate is the state existing after a hard
reset.

ANC - Ancillary Data Buffer

ATTEN_L - Left Channel Attenuation

5 0
ATTEN_L[5:0] ]

Address ; 1E

Type : RW

Reset State : Undefined

Description

This register defines the leftchannel attenuationin
steps of 2dB. The minimum attenuation is 0dB, the
maximum is 2 x 63 = 126dB.

ATTEN_R - Right Channel Attenuation

7 0
09 ANC[31:24] 5 0
08 ANCI[23:16] L ATTEN_RI[5:0]
07 ANC[15:8] Address - 20
06 ANC[7:0] Type : R/W
Address : 09-06 Reset State : Undefined
Type: R Description
Reset State : Undefined ) ) _ ) _
Description This register defines the right channel attenuation

The 4 8-bit ancillary data registers constitute a
32-bit FIFOwhichholds the ancillary data extracted
from audio frames. The first bit of ancillary data
received is stored in bit ANC[O].

The extractionof ancillarydatain ANC is started by
enabling interrupt 7. An interrupt 7 is generated
when 32 bits have been writteninto ANC, i.e. when
itis full.

When ANC[31:24]}is read, ANC_AV is cleared and
the ancillary data buffer is reinitialized.

ANC_AV - Ancillary Data Available

5 0
] ANC_AV[5:0] 1
Address : 6C

Type : R

Reset State : 0

Description

This register holds the number of bits available in
the ancillary data buffer, ANC[31:0].

It is cleared by reading ANC[31:24].

98/106
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in steps of 2dB. The minimum attenuation is 0dB,
the maximumis 2 x 63 = 126dB.

AUD_ID - Audio Stream ID

4 0
| AUD_ID[4:0]

Address : 22

Type : R/W

Reset State : Undefined

Description

This value stored in this register is only taken into
account if AUD_ID_EN is set.

This register specifies the number (between 0 and
31) ofthe audio streamwhich is tobe decoded. The
stream number is defined in the field stream_id of
the packet header. All other packets will be dis-
carded.

It AUD_ID_EN: s reset, then all audio packets are
decoded.

IERGRL TGRS
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AUD_ID_EN - Audio Stream ID Enable

Bit 0

| AUD_ID_EN
Address : 24

Type : R/W
Reset State : Undefined
Description

if this bit is reset, then the contents of AUD_ID are
ignored.

If it is set, then the register AUD_ID is taken into
account.

0 : Ignore AUD_ID.

1 : Use AUD_ID.

CRC_ECM - CRC Error Concealment Mode

1 0
[ CRC_ECM[1:0] ]
Address : 2A

Type : R/W

Reset State : Undefined

Description

This register defines the action which will be taken

upon detection of a CRC error in an input frame.

00 : Disable CRC detection and error
concealment.

01 : Mute on detection of CRC error.

10 : llegal.

11 : Skipinvalid frame.

DATAIN - Compressed Data Input

7 0
[ DATAIN[7:0] |
Address : 18

Type: R/W

Reset State : Undefined

Description

This register is provided to allow the transfer of
compressed data across the microcontroller inter-
face. When this mode of data entry is used, the
signal DSTRB must be inactive.

Description

This register is set with the value of the emphasis
field of the frame currently being decoded.

00 : None.

01 : 50/15us.

10 : Reserved value.

11 ITU-TJ.17.

FIFO_THRES - Input FIFO Threshold

7 0
[ FIFO_THRES[7:0]

Address : 52

Type : R/W

Reset State : Undefined

Description

This value loaded into this registerdefines the input
FIFO level at which an interrupt 12 can be gener-
ated. Thelevel is defined as a byte address, in the
range 0to 255.

An interrupt can be generated each time the FIFO
level is equal to FIFO_THRES, regardiess of
whether it was approached from above or below.

FREE_FORM - Free Format Frame Length

7 0
15 FREE_FORM[15:8]
14 FREE_FORM[7:0]
Address : 15-14
Type : R/W
Reset State : Undefined
Description

When free-format decoding is used (bitrate_index
= 0), the frame length, if known, can be loaded into
this register, in units of bits. (In free-format, the
frame length cannot be determined from bitstream
parameters).

The lengthloaded into FREE_FORMis used in the
intemal synchronization algorithm.

if the frame length is not known, FREE_FORM
must be loaded with zero.

DMPH - De-emphasis Mode HEADER - Frame Header
1 0 7 0
[ DMPH[1:0] 61 HEADER[31:24]
Address - 46 60 HEADER[23:16]
Type : R 5F HEADER[15:8]
Reset State : Undefined 5E HEADER([7:0]
R 99/106
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Address : 61-5E

Type : R

Reset State : Undefined

Description

This 32-bit register contains the header of the
frame currently being decoded.

This register is upd ated after interrupt 1 is enabled.
Aninterrupt1 isgenerated when avalid header has
been received.

The contents are retained until HEADER[31:24] is
read.

INTR - interrupt Request Register

6 0
1B ] INTR[14:8] |
7 0
1A | INTR[7:0] ]
Address : 1B-1A
Type: R
Reset State : 0. Alsocleared on restart
Description

An interrupt is signalled by a 100ns pulse on IRQ
whenever one of the bits of INTRbecomes set. This
can only occur if the corresponding bit is setinthe
INTR_EN register. The INTR registeris cleared on
reset (assertion of RESET pin or setting of RESET
register), or restart(setting the RESTART register).
Also the most significant byte, and bits 3-5 of the
least significant byte of INTR can be independently
cleared by reading. Bits 0-2 and 7 are cleared by a
different method, as indicated in the notes below
the following table :

N° Conditlon Signalled

14 First bit of new frame at PCM output

13 Input FIFO full

12 input FIFO level = FIFO_THRES

11

10 De-emphasis changed

9 Sampling frequency changed

8 PCM outputbuffer underflow

7 Ancillary data register full (1)

6 Not used

5 CRC error detected

4

3

2 Valid PTS registered (2)

1 Valid header registered (3)

0 Change in synchronization status (4)
100/106
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Notes : 1. ANC[31 :24{ must be read in order to clear bitINTR[7]
and to reinitialize the andcillary data butfer.

2. PTS[32] mustbe read in order to clear bit INTR[2] and
to reinitialize the PTS register.

3. HEADER[31:24] must be read in order to clear bit
INTR[t]and toreinitialize the HEADER register.

4. SYNC_ST mustbe read in order to clear bit INTR[O]
and to reinitialize the SYNC_ST register.

INTR_EN - Interrupt Mask Register

6 0
1D | INTR_EN[14:8] |
7 0
ic | INTR_EN[7:0] |
Address : 1D-1C
Type : R/W
Reset State : 0. Also cleared on restart
Description ‘

A one in any bit position of this register will enable
the corresponding bit of the INTR register.

In addition, setting certain bits of this register have

additional actions, as specified below :

- setting INTR_EN][7] enables the reading of ancil-
lary data into ANC,

- setting INTR_EN[2] enables the updating of the
PTS register,

- setting INTR_EN[1] enables the updating of the
HEADER register,

- setting INTR_EN|O] enables the updating of the
SYNC_STregister.

INV_LRCLK - LRCLK Polarity

Bit 0
[ INV_LRCLK
Address : 11
Type : R/W
Reset State : 0 after assertionof RESET Pin
only
Description
This bit is used to define the polarity of the output
signal LRCLK.

0 : Leftchannel when LRCLK = 1.
1 : Leftchannel when LRCLK = 0.

INV_SCLK - SCLK Polarity

Bit 0
| INV_SCLK
Address : 53
Type : R/W
Reset State : 0 after assertionof RESET Pin
only
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Description
This bit defines the polarity of the PCM bit clock

output SCLK.

0 : The LRCLK and PCMDATA outputs change
on the falling edge of SCLK. The external
DAC will sample LRCLK and PCMDATA on
the rising edge of SCLK.

1 : The LRCLK and PCMDATA outputs change
on the rising edge of SCLK. The external
DAC will sample LRCLK and PCMDATA on
the falling edge of SCLK.

LATENCY - Latency Selection

Bit 0
[ LATENCY |
Address : 3C
Type : R/W
Reset State : Undefined
Description

This bit is used to select the latency mode of the

decoder.

0 : Low latency mode. The decoding latency is
less than 5 ms (see section VI.10, "Audio

Decoder Latency”).
1 : lllegal.
MUTE - Mute

Bit 0
MUTE |

Address : 30
Type : R/W
Reset State : 0 afterassertion of RESET Pin

only
Description

The action of the mute command is explained in
section X1.2.3, "Play and Mute”.

PACKET_SYNC - Packet Sync Mode

Description

This register defines the packet synchronization

mode.

00 : Synchronize only on 24-bit
packet_start_code_prefix.

(Multiplexed audio/video bitstream).

01 : Synchronize both on 24-bit
packet_start_code_prefixand first 3 bits of
stream_id. (Multiplexed audio bitstream).

10 : Synchronize both on 24-bit
packet_start_code_prefixand all 8 bits of
stream_id. (Audio bitstream with unique id).

PCM_18 - PCM Qutput Precision

Bit 0
| PCM_18 |
Address : 16
Type : RwW
Reset State : Undefined
Description

This bit defines the PCM output precision.
0 : 16-bit PCMdata output.

1 : 18-bit PCMdata output.

PCM_DIF - PCM Output Justification
(DIF : Data In Front)

Bit 0
I PCM_DIF
Address : 6F
Type : R/wW
Reset State : Undefined
Description

This bit selects whether the PCM output data is

right or left justified with respect to the 32-clock

frame when in 18-bit mode (i.e. when

PCM_18 = 1). This bit is has no significance when

in 16-bit mode (i.e. when PCM_18 =0).

0 : 18-bit PCMdata is right justified (i.e.
occupies the last 18 cydes of each 32-cycle

1 0
[ PACKET_SYNC[1:0] | frame). .

= : 1 : 18-bit PCMdata is left justified (i.e. occupies
Address : 23 the first 18 cycles of each 32-cycle frame
Type: RW when PCM_FORMAT =1, orthe next 18
Reset State : Undefined when PCM_FORMAT = 0).

1011106
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PCM_DIV - PCM Clock Divider

5 0
[ PCM_DIV[5:0] |
Address : 6E

Type : R/W

Reset State : Undefined

Description

The number loaded into this register, in the range
0 to 63, defines the ratio of the frequency of the
PCM bit clock, SCLK, to that of PCMCLK, accord-
ing to the relationship :

frcMeLk
2-(PCM_DIV+1)

For example, PCM_DIV is loaded with 0, the fre-
quency of SCLK is one half of the frequency of
PCMCLK, while if PCM_DIV is loaded with 63, the
frequency of SCLK is one 128th of the frequency
of PCMCLK.

The value of PCM_DIV = 16 is reserved. If this
number is loaded, the divider is bypassed and the
frequency of SCLK is equal to the frequency of
PCMCLK.

PCM_DIV must be set up before the output of
SCLK starts. This can be done by first disabling
PCM outputs by de-assertingthe MUTE and PLAY
commands, and then writing to the PCM_DIV reg-
ister. Once the registeris setup, the MUTE and/or
PLAY commands can be asserted. PCM_DIV can-

fscLk=

not be changed "on the fly”.

PCM_FORMAT - PCM Output Format
Bit 0

| PCM_FORMAT

Address : 19

Type : R/W

Reset State : Undefined

Description

This bit is used to select the PS compatible PCM

output formatwhen in 18-bit left-justifiedmode (i.e.

when PCM_18=1 and PCM_DIF=1). In thismode

the most- significant bit of the PCM data is output

one cycle later than the change of LRCLK.

PCM_FORMAT has no significance when

PCM_18=0.

0 :I’S compatible PCM output.

1 : Standard format (most-significant bit of data
coincident with LRCLK).
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PCM_FS - Sampling Frequency

1 0
l PCM_FS[1 0]

Address : 44

Type : R

Reset State : Undefined

Description

This registeris loaded with the sampling frequency
code extracted from the bitstream. This is equal to
the frequency of the output LRCLK.

00 : 44.1kHz.
01 : 48kHz.

10 : 32kHz.
11 : Reserved.

PCM_ORD - PCM Output Bit Order

Bit 0

I PCM_ORD
Address : 38

Type : RwW
Reset State : Undefined
Description

This bit determines the order of PCM data output
when in 16-bitmode (i.e. when PCM_18=0). lthas
no significance when PCM_18 = 1, when data is
always output most-significant bit first.

0 : Most-significant bit output first.
1 : Least-significant bit output first.

PLAY - Play
Bit 0
1 PLAY ]
Address : 2E
Type : R/W
Reset State : 0 after assertionof RESETPin
only
Description

The action of the mute command is explained in
section X1.2.3, "Play and Mute”.

MICROGLACTROMICS
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PTS - Presentation Time Stamp

7 0
66 32
65 PTS[31:24]
64 PTS[23:16]
63 PTS[15:8]]
62 PTS[7:0}
Address : 66-62
Type : R
Reset State : Undefined
Description

This 33-bit register contains the PTS associated
with the frame currently being decoded.

This register is upd ated after interrupt 2 is enabled.
An interrupt 2 is generated when a valid PTS has
been received.

The contents are retained until PTS[32] is read.

RESET - Software Reset

Bit0
| RESET |
Address : 40
Type : R/W
Reset State : 0 (command)
Description

Writing a 0 or 1 to this bit has an equivalent function
to asserting the hardware reset Pin, RESET, ex-
cept that the following registers are not cleared :

- INV_SCLK

- MUTE

- PLAY

- STC_INC

- STC_DIV

- STC_CTL
This bitis reset automatically after being set.

STi3520 audio decoder reset actions are described
in section X1.2.2, "Initialization of the Audio De-
coder”.

RESTART - Restart

Description

When this bitis set, all data buffers are flushed, and
then the RESTART bit is automatically reset. In
addition the INTR and INTR_EN registers are
cleared.

SIN_EN - Enable Serial Input

Bit 0
] SIN_EN
Address : 70
Type : R/W
Reset State : Undefined
Description

This bitdetermines whethercompresseddatainput
is serial, or parallel (input through SDATA[7:0]

Pins).
0 : Parallel datainput.
1 : llegal.
SKIP - Skip Next Frame
Bit 0
1 SKIP
Address : 32
Type : R/W
Reset State : 0 (command)
Description

When this bitis set, the next audio frameis skipped,
and then the SKIP bit is automatically reset.

STR_SEL - Input Stream Selection

1 0
[ STR_SEL[1:0]

Address : 36

Type : R/W

Reset State : Undefined

Description

This register defines the type of audio input bit-
stream expected by the STi3520.

00 : MPEG audio elementary stream.

01 : MPEG packet stream.

10 : Reserved.

11 : PCMdata (select bypass mode).

SYNC_CONF - Sync Confirmation Mode

Bit 0 Bit 0
| RESTART || SYNG_CONF
Address : 42 Address : 25
Type : R/W Type : R/W
Reset State : 0 (command) Reset State : Undefined
-THOMSON 103/106
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Description

This bit selects one of two options in the packet

synchronization algorithm.

0 : After the first valid packet start code and

streamid are found, the packet length is

used to locate the next start code and stream
id before synchronizationis confirmed and
audio decoding starts.

1 : Synchronization is confirmed when the first
valid packet start code and streamid are

Description

This register defines an extension to the frame
synchronization word which can be used to in-
crease the reliability of synchronization when the
layer number, bit rate or sampling frequency are
known. The three fields are defined in thefollowing
tables.

Programming of this register is mandatory.

found. .
" Layer Field

SYNC_ECM - Sync Error Concealment Mode Bits 7.6
1 0 11 Layer |
| SYNG_ECM[1:0] 10 | Layer |l
Address : 2C 00 This field not used
Type : R/W . .
Reset State : Undefined Bit Rate Field
Description Bits 5, 2 Layer | Layer Il
This register defines the action which will be taken 0000 Free format Free format
ggqn' gsg:gtgrr\o(:f a synchronization error. 0001 32 kbit/s 32 Kbit/s
01 : Mute on detection of synchronization error. 0010 e kb.'ts 48 kbfvs
10 : |||egal 0011 96 kbit/s 56 kbit/s
11 : Sk]p invalld frame‘ 0100 128 kbit/s 64 kbit/s

0101 160 khit/s 80 kbit/s
SYNC_LOCK - Sync Words Until Lock 0110 192 kbit/s 96 kbit/s
1 0 0111 224 kbit/s 112 Koit/s
| SYNC_LOCK[1:0] 1000 256 khit/s 128 kbit/s

1001 288 khit/s 160 kbit/s
#33?55 ) ,2:3W 1010 320 kbit/s 192 kbit/s
Reset State : Undefined 1011 352 kbit/s 224 kbit/s
Description 1100 384 kbit/s 256 kbit/s
This register defines how many valid synchroniza- 1101 416 kbft/s 320 kbft/s
tion words afterthe initial one must be found before 1110 448 khit/s 384 kbit/s
locking audio frame synchronization. 1111 This field not used | This field not used
When SYNC_REG is set to its default value, the . .
STi3520 assumes that SYNC_LOCK is setto the ~ Sampling Frequency Field
value 3. Bis 1.0
Synchronization error concealment is still enabled % : yYRT
when SYNC_LOCK has the value zero. LA

01 48kHz
STC_REG - Sync Word Extension 10 32kHz
7 0 11 This field not used
‘ STC_REG[7:0] Examples :
Address : 27 - Layer II, 48kHz sampling frequency, variable bit
Type : R/W . rate : STC_REG = 101111012
Reset State : Undefined - Parameters unknown : STC_REG =001111112
104/106 .
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SYNC_ST.VERSION- Version Register

7 0
VERSION[7:0] |

Address : 6D

Type: R

Description

This register holds the audio decoder version num-
ber, "x.y", where x is represented by bits 6-4, and
y by bits 3-0. Bit 7 is always 1.

The version numbers which currently exist are :

1.0: VERSION = 1001000,

1.1: VERSION = 100100012
2.0: VERSION = 101000002
2.1: VERSION = 101000012

‘ SGS-THOMSON
Y/, MICROULECTRONICS

SYNC_ST - Synchronization Status

1 0
[ SYNC_ST[1:0]

Address : 26

Type : R

Reset State : Undefined

Description

This register is loaded with the synchronization
status on every synchronization cycle. This status
values are:

00 : Unlocked.

01 : Attempting to recover lost synchronization.
11 : Locked.

If the status changes an interrupt O is generated.
The status must then be read and the interrupt
cleared by reading.
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PACKAGE MECHANICAL DATA
160 PINS - PLASTIC QUAD FLAT PACK

" Millimeters inches
Dimensions Min. Typ. Max. Min. Typ. Max.
A 407 0.160
Al 0.25 0.010
A2 3.17 342 367 0.125 0.135 0.145
B 0.22 0.38 0.008 0.015
C 0.13 0.23 0.005 0.009
D 30.95 31.20 3145 1.218 1.228 1.238
D1 27.90 28.00 28.10 1.098 1.102 1.106
D3 25.35 0.998
e 0.65 0.0256
E 30.95 31.20 31.45 1.218 1.228 1.238
E1 27.90 28.00 28.10 1.098 1.102 1.106
E3 25.35 0.998
L 0.65 0.80 0.95 0.026 0.031 0.037
L1 1.60 0.063
K 0° (min.), 7° {(max.)

Information fumished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility
for the consequences of use of such intormation nor for any infringement of patents or other rights of third parties which may result
from its use. No licence is granted by implicationor otherwise unde rany patent or patent rights of SGS-THOMSON Microelectronics.
Specifications mentioned in this publication are subject to change without notice. This publication supersedes and replaces ali
information previously supplied. SGS-THOMSON Microelectronics products are not authorized foruse as critical components in life
support devices or systems without express written approval of SGS-THOMSON Microelectronics.

© 1995 SGS-THOMSON Microelectronics - All Rights Reserved

Purchase of FC Components of SGS-THOMSON Microelectronics, conveys a license under the Philips
1°C Patent. Rights to use these components ina 1’c system, is granted provided that the system conforms to
the FC Standard Specifications as defined by Philips.
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