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MICROELECTRONICS STi3500A

MPEG-2 / CCIR 601 VIDEO DECODER

= REAL-TIME DECODING OF MPEG-1 AND
MPEG-2 VIDEO BITSTREAMS AT CCIR 601
RESOLUTION

= FULLY SUPPORTS MPEG-2 MAIN PRO-
FILE/MAIN LEVEL (MP@ML)

= VIDEO OUTPUT COMPATIBLE WITH
CCIR 601

= INTERLACED AND LINE-SEQUENTIAL OUT-
PUT MODES, 3:2 PULLDOWN SUPPORTED

= HORIZONTAL AND VERTICAL FILTERS FOR
PICTURE FORMAT CONVERSION

= ON-SCREEN DISPLAY FUNCTION

= AUTOMATIC MACROBLOCK ERROR CON-
CEALMENT

» DIRECT ADDRESSING OF UP TO 32MBITS
OF DRAM

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

= MAXIMUM POWER DISSIPATION 1W

APPLICATIONS

= DBS RECEIVER
= DIGITALTV RECEIVER
s DIGITALCABLE TV RECEIVER

DESCRIPTION

The STi3500Ais a real-time video decompression
processor supporting the MPEG-1 and MPEG-2
standards at video rates up to 720 x 480 x 60Hz or
720 x 576 x 50Hz. The complete decoding func-
tion is realised with the STi3500A, a standard 8-bit
microcontroller and a bank of DRAM memory. A
typical memory configuration is four 256K x 16
DRAMSs.

The STi3500A requires minimal support from an
external microcontrolier, which is mainly required
to initialise the decoder at the start of every picture.
To aid the external processing of the upper layers
of MPEG bitstream syntax, a startcode detectoris
provided on-chip. In additionregisters are provided
to allow the tracking of time-stamps.

June 1995

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.

Picture format conversion for display is performed
by a vertical and a horizontal filter (sample rate
converter).

Undetected bitstream errors which would cause
decoder errors bring into play an error concealment
function, replacing the lost data with data from a
previous picture.

PQFP144
(Plastic Quad Flat Pack)

ORDER CODE : STi3500ACV
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I - PIN DESCRIPTIONS
1.1 - Pin Connections
er22285882838c ENS8&883=& IBIBBER o 23 z923I¢e
58855885885 F583888F68688885£F888888883
nnranaqaooaonooonaonannononnananonoononoid
/353534333231302928272525242322212019181716151413121110987654321\
DD15 —F 37 144 ] DD47
DD14 [} %8 o 143 F—J pD48
DD13 [ 39 142 7] DDA49
Vo T 40 141 /] pD50
aND [ 41 140 1 pD51
DD12 42 139 1 aND
DD ] 4 138 7 v
DD10 [ 44 137 =1 pns2
GND ] 4 136 [ pDs3
DD [} 46 135 71 D54
DDs ] 47 134 I3 DD55
DD7 [ 48 133 1 DDse
DDs [ 49 132 3 ppsy
DD5 ] %0 131 £ ppsa
pbs ] 51 130 .3 oND
ppa [ 52 120 v,
DD2 L %° 128 1 poss
DD1 ] 54 127 =1 DpDso
DDo C— 55 126 1 D81
Voo —f 56 125 3 poe2
aND T} 57 124 = DD63
RAS1 ] se 123 I3 IRQ
RASO ] 59 122 1 aND
OE [ 60 121 - ©OSTR
WE 1 61 120 =3 WA
vV, ] 62 18 | RW
CAs ] &2 18— Cs
GND T 64 M7 [ As
A8 ] &5 16 1 a4
Vo 1 66 M5 vy,
An7 ] 67 114 =7 A3
AAE ] 68 13— Az
AAS 3 69 112 |1 At
ARG ] 70 11 =1 A0
AAZ 171 110 ] oND
Anz ] 72 109 1 N
7374 75 76 77 76 79 80 81 82 83 84 85 86 87 88 89 90 91 92 93 94 95 95 97 94 99 100101 102103104 165106107 108 /
UUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUUU
ZI3g#58338388p255353(§8588388583 5228884
Y I <3 5]
4172

Lyy $55.THOMSON
[ ] 7929237 00729L9 589 m

3500A-01.EPS




STi3500A

1.2 - Pin List
[ Pin N° Name Type Description
SYSTEM SERVICES AND NON-FUNCTIONAL PINS
%6, 10, 115,15, 138 Voo Power Supply
Ot 108,123, 150, 139 GND Ground
90 CLK In System Clock
2 RESET in Master Reset
105,107,109 N/C Reserved Pin, Leave Unconnected
108 Vop Reserved Pin, Connect to Vpp
88, 89, 104, 106, 110 GND Reserved Pins, Connect to Ground
DRAM INTERFACE
124-128, 131-137, 140-
144, 1-8, 11-17, 19-24, DD63 - DDO In/Out Bidirectional Data Port
27-39, 42-44, 46-55
65, 67-74 AAS - AAD Out Address
58, 59 RAST, RASO Out Row Address Strobes for Banks 1 and 0
63 CAS Out Column Address Strobe
60 OE Out Output Enable
61 WE Out Write Enable
VIDEO INTERFACE
85-78 YC7-YCO Out Multiplexed YCgCnr Video Port
77 PIXCLK In Pel Clock
87 BT In Bottom/top Field Selection (Vertical Sync)
86 HSYNC In Horizontal Sync
MICROCONTROLLER INTERFACE
100-93 D7- DO InfOut Bidirectional Data Bus
117, 116, 114-111 A5 - AD In Address
118 CS In Chip Select
119 R/W In Read/Write Selection
120 WAIT Out (3-state) Data Acknowledge
101 CDREQ Out Compressed Data Request
121 CDSTR In Compressed Data Strobe
123 IRQ Out (Open-drain) | Interrupt Request
572
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Il - BLOCK DIAGRAM
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STi3500A

Il - FUNCTIONAL DESCRIPTION
ii.1 - STi3500A Architecture

Afunctional blockdiagramof the STI3500Ais given
in Section Il. The three external interfaces to the
microcontroller, DRAM memory and display are
also shown. Together with a minimum of 8 or
16Mbits of DRAM, a microcontroller, and some
video post processing, a complete video decoder
system can be constructed.

The STi3500Ahas twointernal global buses, a high
speed 64-hit memorydata bus, and a 16-bit control
bus. All data transfers to and from the external
DRAMmemory pass through the memory bus. This
datais organised in packets in order to take advan-
tage of page-mode access to the memory. The
memory controller allocates bus bandwidth to the
processes requiring data transfers according to a
fixed priority scheme. The low bandwidth control
bus is the communication path for data passing
through the microcontroller interface.

The microcontroller interface has an 8-bit data bus
and a 6-bit address bus. This access port has two
functions :

- to pass the compressed data into the bit buffer,
located in the external DRAM,

- to enable control of the STi3500A by providing
interrupts and a path for accessing internal regis-
ters.

The DRAM interface includes all of the signals
necessary for control of the memory. Refresh is
handled automatically by the STi3500A. The mem-
ory is used to hold the hit buffer, store decoded
pictures, and provide the display buffer. It also
holds the user-defined on-screen display (OSD)
bitmap and can be used by the microcontroller for
private storage of data.

The video interface outputs digital video in 8-bit
serial CgYCr 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.

Bitstream Buffering

The STi3500A performs the bitstream buffering
needed by the decoder. The size of this buffer,
which is locatedin the DRAM memory, is set up by

[STR - i

the user. The bitstream is input through the 8-bit
microcontroller data bus. The writing process is
asynchronous to all other processes in the
STi3500A. The bitstream data passes through a
1Kbit internal FIFO (the compressed data FIFO)
before being transferredin packets to the bitstream
buffer through the memory data bus. An output
signal (and associated interrupt)indicate when this
FIFQis full, enabling the use of DMA for bitstream
input.

The maximum continuous bitstream input rate is
application-dependent. A rate of 15Mbit/s (where
1Mbit/s = 10°bit/s) is possible when decoding
MPEG-2 MP@ML bitstreams. The maximum burst
rate, for up to 1Kbit bursts, is 228Mbit/s.

The STi3500A only accepts MPEG video bit-
streams ; audio and systems datamust notbe input.

Start Code Search

The STi3500A is able to decode in its entirety a
video bitstream from the slice layer downwards.
The usermustdecodethe higherlayers(i.e. picture
and upwards) in order to extract the information
needed for decoding and appropriately set up the
STi3500A registers and quantization tables. Since
the headerinformationis byte-aligned and requires
minimal interpretation, this task represents only a
small load on the microcontroller.

The start codedetector parses the bitstream stored
in the bitbuffer and locates start codes correspond-
ing to picture layer and above. When one of these
start codes has been found, the start code 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 wheneverthe decoding of a new picture starts
and on user command. In normal operation, start
code parsing is performed one picture in advance
of decoding.

Figure 1 : Decoder System

DRAMs
9 32/64
8 g
A D }——<p Digital Video
STi3500A 4:2:.2 YCBCR
b A |les—swc

s$ 15

Microcontroller and Compressed
Data Interface
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Decoding

The STi3500Ais a picture decoder ; it decodes 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-
mencesin response to 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 bit buffer into
the variable-length code decoder (VLD), and pic-
ture reconstruction can commence. Any predictors
required are fetched from the appropriate area of
the external memory, and the reconstructedpicture
is written back into the area of this memory as-
signed to the decoded picture. The pipeline con-
tains the following sub-blocks :

- predictor construction and averaging ("fiter”),

- run/level decoder (RLD),

- inverse zig-zag reordering,

- inverse quantizer (IQUANT),

- inverse discrete cosine transformation (IDCT).

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.

Display

The STi3500A is optimized for use with an inter-
laced display. However, it can also be programmed
to produce a non-interlaced (line-sequential) out-
put. 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 CCIR
656 ; 00 and FF codes are never generated.

In order to match the horizontal size 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. A2-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 datadelay line of length 720.

An on-screen display (OSD) function allows the
user to define a bitmap for each field which can be
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 of 4095 colors. The
4096th "color” is transparency.

OSD data is written into memory areas assigned
for this purpose by the user. Reading and writing to

8/72
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and from the memory through the microcontroller
interface can take place at any time. Ablock move
feature allows OSDdata to bemoved fromone part
of memory to another without microcontroller inter-
vention.

.2 - Prediction Modes Supported
Hi.2.1 - Field Pictures and Frame Pictures

Two types of frame sequence are defined in
MPEG-2, progressive and interlaced. In a progres-
sive sequence each picture is a frame - separate
fields are not defined. In an interlaced sequence
each frame has two fields, a topfield and a bottom
field*. Each frame in an interlaced sequence may
be treated either as a single picture, or as a pair of
pictures, one for each field. Aninterlaced sequence
can contain a mixture of frame pictures and field
pictures. A frame picture in aninterlacedsequence
may also be progressive. The differentpossibilities
are shown in Figure 2.

Frames are always sampled in the 4:2:0 format in
the main and simple profiles of MPEG-2. This
pattemn is shown in Figure 3.

* The terms odd fieldand even field are notused in MPEG-2.

Figure 2 : Frame Pictures and Field Pictures

MPEG-2 Sequence

Progressive

(pictures are frames) Interlaced

Field Picture(s)
Bottom

Frame Picture(s)
Top

(progressive or
non-progressive)

Figure 3 : Frame Sampling Structure

X X X X X X
(o] o o
BottomFied X X X X X X

Top Field

X X X X
o o]
BottomField X X X X X X

X
X

Top Field

O

X Luminance Samples (Y)
© Chrominance Samples (C,, C.)

(top and bottom fieids not distinguished
in progressive sequences)
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It is the responsibility of the encoder to resample
the input picture chrominance data to conform with
this format. When encoding an interlaced se-
quence, the encoder may either interpolate each
half of the chroma samples using information from
a single field, or use all of the chrominance data in
the frame. The latter would be the case for a
progressive frame, i.e. a frame in which all of the
picture data was sampled at the same instant. The
decoder mustreconstructthe chrominance data for
display in the appropriate manner.

When an interlaced frame is coded as two field
pictures, the chrominance samples maintain their
spatial positions, as shown in Figure 4. Note that
the chrominancesamples are not midway between
luminance samples in the vertical direction.

Figure 4 : Position of Chrominance Samples in
Field Pictures

(Vertical Cross Section)

Frame Top Field Bottom Fieid
X X
o o]
b 4 X
X X
o] o]
X X
X X
o o
X X
X X
o o]
X X

The differentprediction modes available in MPEG-
2 are outlined below. The prediction mode is de-
fined at the macroblock layer ; therefore within a
single picture more than one prediction mode may
be defined.

111.2.2 - Prediction in Frame Pictures

Macroblocks in frame pictures contain information
from both fields. Each macroblock represents a
16 x 16 area of the image. In an interiaced picture

3500A-06.EPS

It is sometimes more efficient to predict such a
macroblock from other interlaced macroblocks,
and sometimes more efficient to predict each field
separately. The former corresponds to frame pre-
diction, the latter to field prediction.

Frame prediction in MPEG-2 is identical to the
prediction method of MPEG-1. When decoding a
P-picture (frame) the predictor macroblocks are
taken from the most recently reconstructed |- or
P-frame. This reference frame could have been
reconstructed as a frame picture or two field pic-
tures. In a B-picture (frame) the predictor macrob-
locks are taken from either or both of the two most
recently reconstructed 1- or P-frames. Each of
these reference frames could be a frame picture or
a pair of field pictures. Not more than one motion
vector is necessary to locate the predictors for
P-frames, two for B-frames.

With field prediction, the predictors for each field
are independent. In a P-frame picture with field
prediction, the prediction is from the two fields of
the most recently decoded !- or P-frame, as shown
in Figure 5. This frame may have been decoded as
a frame picture or as two field pictures. One vector
is used for each predictor, which could be in a field
with the same parity* as the field being predicted,
or the opposite. Each predictor contains 16 x 8
luminance samples and two blocks of 8 x 4 chromi-
nance samples, all from the same field.

* The MPEG-2 convention is that the top field has parity zero, and
the bottom field parity one.

Figure 5 : Field Prediction of P-Frame Picture

B-Frame

P-Frame

Bottom Fields 0“
bl
Most recently At most one "a” vector

macroblocks will contain information from both 7900’;5‘;00'9" and one "b” vector used
fields, as can be seen from Figure 3 and Figure 4. _orr-Trame
$CS- SON 9/72
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Field prediction of a B-frame picture requires up to
4 vectors, as shownin Figure 6. The predictionsfor
each field are formed by averaging the forward and
backward predictors. The frames from which the
predictors are taken may have heen decoded as a
frame picture or as two field pictures.

Figure 6 : Field Prediction of B-Frame Picture

At most one "a", "b", "c®
and "d" vector used

Previous
|- or P-Frame

Moet recently reconstructed
|- or P-Frame

1i.2.3 - Prediction in Field Pictures

Macroblocks in field pictures contain information
from only one field. A 16 x 16 macroblock repre-
sents an area of the image of size 16 x 32, i.e.itis
twice as high as it is long since half of the lines
belong to the other field. In a sequence of field
pictures, the two fields of a frame may have a
different picture type. The two simpiest prediction
modes in field pictures are field prediction and
16 x 8 motion compensation.

Field prediction in field pictures is the analogue of
frame prediction in frame pictures. In both cases
zero, one or two motion vectors are required for
each 16 x 16 predictor. Figure 7 shows the predictor
sources for a P-field picture. When the second field
is being predicted, one of the most recently recon-
structed |- or P-fields may in fact be the first field of
the same frame. In the figure it is assumed that the
top field is transmitted first, but it is also possible
for the bottomfield to be transmittedfirst. In the top
case, the referencefields may have been decoded
as two field pictures or as a single frame picture,
and in the bottom one the earlier reference field
may have beendecoded as afield pictureor asone
field of a frame picture.

Figure 8 illustrates field prediction for a B-field
picture. Here each half of the prediction is made
from one of the two most recently reconstructed I-
or P-fields which belong to the same frame. These
frames may have been decoded as frame pictures
or as pairs of field pictures. The prediction for the
bottomfield is made from the same referencefields
as those used for the top field.

10/72
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Figure 7 : Field Prediction of P-Field Picture

=R

moet recently a*
reconstructed
I- or P-Frame

Atmost one "a”
vector ueed

Figure 8 : Field Prediction of B-Field Picture

At mostone "a”and  Bottom field predictors
one "b” vector used  chosen from same lields

When using the 16 x 8 motion compensation pre-
diction mode, the upper and lower halves of each
macroblock are predicted separately. Each half-
macroblock covers a 16 x 16 region of a frame, as
shownin Figure 9. Macroblocks now requires zero,
two or four vectors since independent vectors are
required for each half-macroblock.

Figure9 : Upper and Lower Macroblock
Regions in Field Pictures
16
f
Upper
8 16x8
Region
32 Lines
of Frame
Lower
8 16x8
Region
|
{all information is one field only)
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STi3500A

16 x 8 prediction in a P-field picture follows the
patternof Figure 7, exceptthatnow an uppervector
and a lowervector are required. These vectors may
or may notreference the samefield of the reference
frame. Figure 8 also applies to the 16 x 8 case. In
a B-field picture up to 4 vectors may be required, a
maximum of two for each half-macroblock.

ill.2.4 - Dual-prime Prediction

This prediction mode is only used in P-pictures and
is applicable to sequences in which there are no
B-pictures. Only one vector, plus a small differential
vector, is sentwith every macroblock. All necessary
vectors are derived from these, as shown below for
the cases of field pictures and frame pictures.

Figure 10 : Dual-Prime Predictionin Field
Pictures

P-Field

Prediction
of Top Field

Prediction
of Bottom Field

T : Transmitted Vector
D : Derived Vector

P-Field
Figure 11 : Dual-Prime Predictionin Frame
Pictures
P-Frame

T : Transmitted Vector

(T) :Copyof T
D : Derived Vector

In both cases the predictor used for each field is
the average of the two predictors specified by the
vectors. (Dual-prime prediction thus retains one of
the features of B-picture prediction). In field pic-
tures, the predictors are of the same type as those

3500A-12.EPS
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used in field prediction, i.e. they are of size 16 x 16.
In frame pictures, the predictors are the same as
those used in field prediction, i.e. they are of size
16 x 8 and contain information from one field only.

ill.3 - Other MPEG-2 Modes Supported

Inthis sectionthe other majordifferences of MPEG-
2 with respect to MPEG-1 are indicated. All are
supported by the STI3500A.

Extended Motion Vector Range

in MPEG-1 the maximum motion vector range is
-1024 to 1023 for fuli-pel resolution, and -512 to
511.5 for half-pel resolution. MPEG-2 specifies a
maximum range of -2048 to 2047.5 at half-pel
resolution ; full-pel resolutionis notdefined. MPEG-
2 MP@ML specifies a vertical range of -128 to
127.5 and horizontalrange of -1024t0 1023.5. The
STi3500A supports a maximum range of -1024 to
1023.5 in both dimensions. In field pictures the
vertical range is halved.

Frame/Field DCT Coding

The luminance part of macroblock data may be
reordered after the IDCT is performed on the
blocks. The frameordering is the same as thatused
in MPEG-1, as shown in Figure 12.

Figure 12 : Frame DCT Ordering
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The field ordering is shown in Figure 13.

Field or frame ordering is selectable macroblock-
by-macroblock and is specified in the bitstream.

Figure 13 : Field DCT Ordering

1

Concealment Motion Vectors

The option exists in MPEG-2 to transmit motion
vectors with intra macroblocks. This additional in-
formation is intended to be used when data is lost
due to errors in the bitstream. In this case the lost
macroblocks are reconstructed as if they were
skipped macroblocksin a forwardpredicted field or
frame, using motion vectors which have been
stored by the decoder in the previous row of mac-
roblocks.

Alternative Zig-Zag Scan

MPEG-2 allows two zig-zag block scanning pat-
terns. Which one is used is specified in the picture
layer of the bitstream. The second pattern is in-
tended to maximise the run lengths of blocks con-
taining data from a single field.

increased DCT Coefficient Precision

MPEG-2 decoders must be able to handle DCT
coefficients in the range -2048 to 2047 (12 bits).
The range in MPEG-1 is -256 to 255.

Alternative Intra VLCs

The precision to which the DC coefficients of intra-
coded blocks are coded can be changed every
picture. Values of 8, 9 or 10 bits are allowed in
MPEG-2 MP@ML. (The precision is fixed at 8 bits
in MPEG-1).

12/72
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There is also the option in MPEG-2to select at the
picture layer an alternative, more efficient, VLC
tabie for coding the intra DCT coefficients. This
selection is independent of the intra DC precision
selection.

Non-Linear Quantizer Scale Mapping

Two mappings are defined between the 5-bit quan-
tizer scale code transmitted in the bitstream and
the actual quantizer scale. The first mapping is
linear, as in MPEG-1. The alternative mapping is
non-finear and is designed to give afiner control of
quantizer scale when the values are low. Which
mapping is used is defined at the picture layer of
the bitstream.

ARernative IDCT Mismatch Control

The coefficients at the input to the IDCT are modi-
fied in order to avoid certain patterns of data. This
operation reduces the mismatch of outputs be-
tween different IDCT implementations, specifically
in the encoder and decoder. In MPEG-1 the de-
quantized AG coefficients are forced to be odd
before saturation. in MPEG-2 all of the coefficients
of a block are summed after the saturation stage.
If this sum is even, then the last coefficient is
adjusted.

Pan-Scan

Information is transmitted in the bitstream which
defines the dimensions and location of the display-
able regionwithinthe decoded picture. The position
of this window can be changed every field. This
featureis useful, for example, when displaying part
of a 16/9-format coded picture on a 4/3-format
display. The MPEG-2 standard does not specify
what should be done with this information, since it
affects the display and not the decoding process.

Il.4 - VSYNCand DSYNC

These are the two principal internal synchroniza-
tion signals in the STi3500A. They will be referred
to many times in the sections that follow.

VSYNCoccurson everytransitionofthe inputsignal
B/T. VSYNC always starts the display of a newfield.
It also can potentially start the decoding of a picture,
since it is the primary synchronization signal of the
pipeline controller (see block diagram).

At the start of a new picture decoding task, the
signal DSYNCis generated. DSYNC also launches
the searchfor a startcode. Thus the picture decod-
ing and start code detection functions are slaved to
the display. (it is also possible for the external
controllerto initiate startcode detectionif required).
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{1L.5 - A Note on Conventions

In this data sheet, the following conventions are
used when documenting the functions of signals :

I/O signals can either be active high or active low.
The former have names without an overbar (i.e.
SIGNAL), the latterhave an overbar (i.e. SIGNAL).
Where a signal has two different and mutually
exclusive actions, a dual name is used (eg.
COME/GO).

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 is true, the signal or variable is
said to be true, asserted or to have the value 1.

When the condition indicated by the hame of the
signal or variable is not true, the signal or variable
is said to be false, de-asserted or to have thevalue
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 level is low.

When an internal signal or variable is set, it hasthe
value 1. Abit is never "set to 0", but "reset to 0.

When an internal signal or variable is reset, it has
the value 0.

Hexadecimalnumbers are indicated by appending
an"h”, e.g. A70h.

111.6 - Summary Specification

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 Picture 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 8Mbit memory
mode with certain picture sizes).

&z S THNE

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 56MHz pri-
mary clock) : 100Mbit/s in 16Mbit memory mode,
60Mbit/s in 8Mbit 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 DRAM used for storage of picture buffers,
hit buffer and on-screen display definitions.

32 or 64 bitdata bus.
Refresh handled by STi3500A.

DRAM directly accessible through microcontroller
interface.

Configurations supported : 4Mbits (1 bank), 8Mbits
(1 bank), 16Mbits (1 bank), 20Mbits (2 banks),
32Mbits (2 banks).

Start Code Detection

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

Counters provided for time-stamp tracking.

Decoding Pipeline

Instruction register set up each picture defines
pipeline operation.

Double-butfered 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 30MHz multiplexed CgYCRr port, compatible
with CCIR 601 and 656 (00h and FFhvalues never
output).

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

Interdaced or line-sequential output.

3:2 pulidown operation supported.

Programmable horizontal up-sampling by 8-tapfilter.
Vertical chroma reconstruction or luma filtering by
2-tap filter including 720-sample delay line.

13/72
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Pan & Scan Vectors

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

Vertical : Maximum vector size : 508 lines, resolu-
tion : 4 lines.

On-Screen Display (OSD)

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

OSD defined as rectangular regions, each with
unique palette defining 3 colors and transparency
or 4 colors.

Number of regions limited only by the memory
space allocated to OSD.

Blockmove facility available for reduction of micro-
controller loading.

Primary Clock
56MHz maximum.

Power Dissipation
1W maximum.

Package
144-pin PQFP.

IV- MICROCONTROLLER INTERFACE AND
COMPRESSED DATA INPUT
V.1 - Interface Signals

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

D7 - DO Data Port

A5 - AD Address
cS Register Read/Write Strobe
RW Read/write Selection

WAIT Acknowledge

CDSTR CD Write Strobe

CDREQ CD Request
IRQ Interrupt Request

Input of compresseddata and read/write access to
STi3500A registers share the same data port, D7-
DO. The signal CS requests a register access cy-
cle, while signal CDSTR requests a compressed
data write cycle.

The multiplexing of data onto D7-D0 and the arbi-
tration of compressed data and register /O cycle
requests must be performed externally.

The microcontroller interface is completed by the
signals A5-AQ, R'W and WAIT. The delay between
the start of a register access and WAIT is a fixed
interval. WAIT will only be needed if the microcon-
troller has a short bus cycle.
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The signal CDREQ completes the compressed
data transfer handshake.

STi3500A interrupt requests are signalled by IRQ.

IV.2 - Register Access

The 6 address bits, A5-AQ, select one of the 64
one-byte intemal register locations. The function of
each register is detailed in section Xil, "REGIS-
TERS”. Some are read only, some write only, and
some read/write. The signal RW defines whether
the register access cycle is a read or a write.

A cycle is defined by the assertion of signal CS. 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
returnto its high state and the cycle ends. The time
from the assertion of CS and the de-assertion of
WAIT has a fixedmaximumvalue. During aregister
read/write cycle (i.e. while CS is low), the signal
CDSTR mustbe high, since compressed datawrite
and register read/write cycles are mutually exclu-
sive. The timing diagrams of section XIV.2, "Regis-
ter Read and Write Cycles”, define the timing
constraints. The minimum time between two suc-
cessive single-byte read or write cycles is 70ns”.
The signal WAIT is in its high impedance state
when a read/writecycle is notin progress(i.e. while
CS is high).

The internal registers are organised in 16-bit units,
as shown in Figure 14. Some require both byte
addresses, some only one. A 16-bit register is
mapped into two consecutive addresses.

* This is equal to the sum of the values of tSLWH and tSHSL, de-
fined in section XIV.2,"Register Read and Write Cycles”.

Figure 14 : Register Addressing

MSByte

LSByte

HDF
| CMD
GCF
| cTL
| sTA

A0=0 AQ =

In general register accesses require two cycles,
with the most significant byte being accessed first.
The exceptions are noted below.
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Writing to a Register

Towrite to a 16-bitregister, the mostsignificant byte
(A0 = 0) is written first. This byte is stored in an
intermaltemporary registerduring thefirst cycleand
is not written to the destination register. 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 a write to address 7.

Itis not possibleto write to the most significantbyte
alone, but itis possible in certain cases to write {0
the least significant byte only. These are where the
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 aread-onlyregister.

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

Wirite cycle timing is given in Figure 67.

Reading a Register

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

ltis thus possible to read only the most significant
byte of aregister. In this case the byte loaded into
the temporary register is not read. It is not possible
to read the least significantbyte alone ; the preced-
ing most significant byte must be read firstin order
to load the leastsignificant 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 it is read. it is possible
to mix the cycles of the read from one register and
the write to another. Also, any registerread orwrite
cycles can be mixed freely with compressed data
write cycles.

Read cycle timing is given in Figure 65.

When it is required to read two consecutive bytes,
it is possible to combine these into a single ex-
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tended cycle. The cycle starts normally with the
reading of the most significant (even) byte. When
thede-assertionof WAITindicates that the firstbyte
is available, the least significant address bit can be
changed. This causes the contents of the tempo-
rary register to be switched to the output. WAIT will
remain high during the read of the secondbyte. The
timing of this operation is given in Figure 66.

V.3 - Interrupts

The conditions which can cause an interrupt are
represented by the bits of the STA register. Any
change of state from 0to 1 of one of these bits (an
"event”) will cause an interruptunless it is 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.

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 retums to
its undrivenstate). The least significantbyte canbe
read from the temporary registerin a secondcycle.
The timing of the removal of the interrupt request
is given in section XIV.3, "Interrupt Acknowledge”.

Beforereading ITS, all interrupts should be masked
by clearing the ITMregister. This prevents an event
occurring during the read cycle from generating a
new interrupt. When ITM s restored, events which
occurred while the mask was zeroed will now gen-
erate an second interrupt request.

iV.4 - Compressed Data Input

The compressed data input to the STi3500A must
be either an MPEG-1 or an MPEG-2video elemen-
tary stream.

Compressed data input is placed on the shared
data bus, D7 - DO,_and is strobed in on the rising
edge of the signal COSTR. During a compressed
write cycle the signal CS must be high, since
compressed data write and register read/write cy-
cles are mutually exclusive. Compressed data in-
put bytes are written into the 1024-bit Compressed
Data(CD) FIFO(see block diagram).Data fromthis
FIFO are transferred in 512-bit bursts to the bit
buffer area of the extemal memory, whose base
address is specified by the BBGregister. The rate
at which these transfers can occur is governed by
the number of higher priority requests waiting for
service from the memory controller. The de-asser-
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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 mustbe written
while CDREQremains de-asserted, since data will
be lost.

The timing diagram of section XIV.4,"Compressed
Data Write Cycle” , defines the timing constraints.
The minimum time between two successive write
cycles is 35ns (giving an upper limit on port input
rate of roughly 228Mbit/s).

Compressed data write cycles can be combinedin
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 over a
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 in the performance calcu-
lation.

There are three ways of controlling the input of
compressed data bytes :

- A. Handshake every byte.

- B. Byte input without handshake.

- C. Burst input without handshake.

In all cases, the average compressed data input
rate cannot exceed that used in the STi3500A
performance calculation.

A. Handshake every Byte

In this mode, the signal is CDREQ s checked after
the writing of every byte. The maximumrate of data
transier is one byte every 55ns, assuming that
CDSTR can be asserted again immediately
CDREQ becomes high. This is equivalent to a
maximuminstantaneous 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.

B. 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 56MHz, this rate is
100Mbit/s.
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Maximum sustained rate (8Mbit memory mode) :

Primary clock frequency x 1.1.
With a primary clock of 56MHz, this rate is 60Mbit/s.
Maximum sustained rate (normal memory
mode, display only) :

Primary clock frequency x 2.3.
With a primary clock of 56MHz, this rate is
128Mbit/s.
Maximum sustained rate (8Mbit memory mode,
display only) :

Primary clock frequency x 1.4.
With a primary clock of 56 MHz, 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 56MHz, this rate limited by
the maximum CD port input rate of 228Mbit/s.
Maximum sustained rate (8Mbit memory mode,
no decoding or display) :

Primary clock frequency x 8.

With a primary clock of 56MHz, this rate limited by
the maximum CD port input rate of 228Mbit/s.

C. Burst Input without Handshake

Data may be enteredin bursts of up to 1024 bits at
the maximum rate (228Mbit/s). The minimum time
between bursts is 350 primary clock cycles (6.4us
at 56MHz) 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.

IV.5 - Bit Buffer Control

The amount of data in the bit buffer is available (in
units of 2Kbits) 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
tull” 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 FIFO is full, the status bit STA.BFF

is_true. This bit is thus equivalent to the signal
CDREQ.

if the bit CTL.PBOQis set, then transferof 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 set to a value equal to the
size of the bit buffer, then this automatic mecha-
nism will ensure than overflow never occurs.
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IV.6 - Bit Buffer Flushing

If it is required to complete the decoding of a
sequence before the 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 from the CD FIFOto the bit buffer.

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

V - EXTERNAL MEMORY
V.1 - Memory Interface

The memory interface consists of the following
signals :

DD63-DD0 Bidirectional Data Port
AAB-AAD Address
RASO Row Address Strobe for Bank0
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 STi3500A
address output signals are inverted.

Memories with multiplexed 9-bit row and 9-bit col-
umn addresses must be 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-

The Figures 15, 16 and 17 illustrate the memory
configurations possible in normal mode. Figure 15
shows the configuration in which there is a single
bank of 16Mbits. The second row address strobe
(RAS1) signal is not used.

Figure 15 : 16Mbit Memory Configuration

RASO
| [ I ]
4AMbit 4Mbit 4Mbit 4Mbit
—r—
AAB-AAD 256K x 16 256K x 16 256K x 16 256K x 16
16 16 16 16

Figure 16 showsthe configurationin which an extra
4Mbits is added in the second bank to give a total
memory capacity of 20Mbits. The memory space
of the second bank is contiguous with that of the
first. When this mode is used, bit GCFM20 must
always be set. Address signals AA7 to AAQ are
used forthe second bank. (ltis also possibleto use
the second 4Mbit bank alone, to give a 4Mbit
configuration).

Figure 16 : 20Mbit Memory Configuration

RASO
] | I l
4Mbit 4Mbit 4AMbit 4Mbit
—~—
AAB-AAD 256K x 16 256K x 16 256K x 16 256K x 16

tion, they should be pulled up to Vpp with 20kQ
resistors. .
sl W ||t || it | | e,
Normal (16Mbit) Mode I I l i
In the normal mode all 64 bits of the data bus are RAST
connected to the memory.
SON 17172
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Figure 17 shows the configuration in which both
banks contain 16Mbits. Bit GCF.M20 must be reset.

Figure 17 : 32Mbit Memory Configuration

RAS0

I I l |

4Mbit
256K x 16

4Mbit
256K x 16

4Mbit
256K x 16

4Mbit
—r—
AAS-AAD 256K x 16

Mot ambt ambt aMoit

AAS ARG 256K x 16| | 256K x 16 | | 256K x 16 | | 256K x 16
| | | |

RAST

8-Mbit Mode

In 8-Mbit mode only bits DD31 to DDO are used.
Only one memory configuration is possible - a
single bank connected as shown in Figure 18.
When this mode is used, bit CTL.S8M must always
be set.

Figure 18 : 8Mbit Memory Configuration

RASO

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

32 (DD31-DDO)
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V.2 - Timing Requirements

The timing parameters for the memory interface
are given in section XIV.5, "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 56MHz, "-80” or faster memories are re-
quired.

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

taa = fcaL - tos (read)= 3T - 12ns
tace* = 3T+ 2ns
tcac = tcas - tos (read) = 2T - 4ns
toea = tocH - tos (read) =3T - 5ns
tRAc = tcsH - tos (read) = 5T - 6ns
Where T is the primary clock period.

* Also sometimes referred to astcpa.

V.3- Refresh

Memory refresh is handled automatically by the
STi3500A memory controller by inserting "CAS
before RAS” refresh cycles. The duration of a
refresh cycle is 9 primary clock periods. During
these cydes RAS0 and RAS1 are driven together,
thus refreshing a row from each bank. The refresh
period is defined, in units of 24 primary clock peri-
ods, 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)
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V.4 - Memory Mapping Examples

The first example (Figure 19) shows the memory
map in an application in which the picture size is
720 x 480. With 3 frame huffers each occupying
just less than 4Mbits and an on-screen display
(OSD) buffer sufficient to define a bitmap covering
the full screen occupying 0.72Mbits, there is suffi-
cient space for a 3.4Mbit bit buffer. It is assumed in
the OSD space calculation that there is one OSD
region per line. The frame huffer addresses are
constrained to start on 128-word boundaries.

The second example (Figure 20) showsthe memory
mapin an applicationin which the picturesizeis 720
x 576. With 3 frame buffers each occupying
4.75Mbitsthereis sufficient space for a 1.75Mbit bit
buffer. The frame buffer addresses are constrained
to start on 128-word boundaries. Atthe end of each
of the frame buffers, there are 64 unused words
(4096bits) which can be used for OSD buffers.

If a larger bit buffer is required, or if space needsto
be made for OSD (0.86Mbits are needed to fili a
720 x 576 screen), then a 20Mbit configurationwill
be necessary®.

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

* {tis possible to extend the bit buffer off-chipif the burst mode of
compressed data inputis used. An application note is available on
this topic.

Figure 19 : 720 x 480 Framesin 16Mbits

V.5 - Picture Storage Data Structure

Pictures are storedin memory as frames. They can
be read and written as either framesor fields. In the
latter case, every second line is accessed.

Figure 21 shows how the data for a frame is
mapped into memory when the memory interface
is operating in normal (16Mbit) mode.

Figure 21 : Storage of a Macroblock

MSB LSB
Luma
Base
Address
8 Byles
-
1
21 8 Words
3
4
1 Block
Chroma 24
Base F]
Address g
£ 1 Macroblock
1]2] [5] [e]
3|4 G Gy
o Y
64 bits

0
Bit Bufter
0D990h
osb 10780h
Frame
Buffer 1
20500h
Frame
Bufter 2
30280h
Frame
Buffer 3

3FFFFh

Figure 20 : 720 x 576 Framesin 16Mbits

0
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07000h
Frame
Buffer 1
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The luminance and chrominance data for a frame
are stored separately ; first all of the luminance
macroblocks, and then all of the chrominancemac-
roblocks. The base address of the luminance is
defined by the frame base 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 calculatedinter-
nally using the contentsofthe DFS (decoded frame
size) register andthe bits GCF.DFA[7:0]. For exam-
ple for the display buffer the luminance start ad-
dress in normal mode is :

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

The size of the chrominance area is halfthat of the
luminance area.

GCF.DFA[7:0]is generally set to zero when operat-
ing in normalmode. The use of this offset in 8-Mbit
mode is described in section X, "8-Mbit MODE".
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One memorypage contains 512 64-hitwords. 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. Thereis an
additional constraint imposed on frame buffers
which are to be displayed: their base addresses
must be multiples of 128 (i.e. the bottomtwo bits of
the frame pointer register must both be zero).

In 8-Mbitmode (in which the external memory data
bus width is 32bits), a blockis stored as shown in
Figure 22. Each word hoids 4 8-bit luminance or
chrominance values. Macroblock storage order is
the same as that shown in Figure 21.

Figure 22 : Physical Storage of a Block in 8Mbit
Mode

MSB LSB MSB LSB

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

EEEEEE

Word n+15
—4 Bytes —

Word n+14

Fromthe 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 normalmode, they
correspondto 32 memorywords, whereasin 8-Mbit
mode, they correspond to 64 memory words. Fig-
ure 23 illustrates the mapping in the two cases. In
both modes the bottom two bits of a frame pointer
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must be zero if the corresponding buffer is to be
displayed. In 8-Mbit mode the top two bits of the
14-bit pointer are not used.

V.6 - Memory Read and Write through
the Microcontroller Interface

Words can be read and written directly into the
extemalmemoryinto areasdefined by the memory
read pointer register, MRP, and the memory write
pointer register, MWP, respectively.

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 from is
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.RFFindicates when these two words are avail-
ablein the FIFQ. At thispoint the words canbe read
byte-by-byte (most significant byte first) from ad-
dress MRF. When one word has been read, a new
word is automatically loaded into the FIFO from the
next memory address. After each transterof a word
fromthe memory tothe FIFO, MRP is incremented.
The maximum latency between the completion of
the reading of a word and the loading of anotherinto
the FIFOfromthe memoryis 99 primary clock cycles
(1.8mswith a 55MHz clock)in normal mode and 159
clock cydes in 8-Mbit mode (2.9ms). Therefore, if
the reading of a word takeslongerthan this, itis not
necessary to check STA.RFF ; there will always be
a word availablein the FIFOfor reading. The timings
of the two modes of reading, with and without poll-
ing, are given in Figure 24.

Figure 24 : Memory Read Timing

Figure 23 : Pointer to Physical Address Mapping A- Memory Read without Polling
Normal Mode STARFF 5
19 Bit Physical Address (2 Banks) FIFO Load 117* Cycles Max. Cycles Max.
8-byte Rsad - it > >
|0|0I I FiFO Level O 1 2 1 1
- — -
14 Bit Pointer Address 5 Bits toad MRP
(32 words, 4 blocks)
B - Memory Read with Polling
8-Mbit Mode STARFF
18 Bit Physical Address (1 Banks)
4 117" Cycles Max. 117* Cycles Max.
FIFOLoad  wth——fipmett——p - Jo-aah »
E J 0] ] 8-byte Read > l—
-— - o-atf > % FIFO Level 0 1 2 1 1 2
12 Bit Pointer Address 6 Bits g * 183 InBMik Moce
(64 words, 4 blocks) 3 ?Load MRP 7 158 in B Mode
20772 [y $G5-THOMSON
Y7 SE5:THOMSON
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Write

Data in transferred from the microcontroller inter-
face to the memory through a 2-word FIFO. When
the starling address of the area to be writtento is
loaded into the MWP register, this FIFO is 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
MWE 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 (2.67ps). Therefore, if the writing of a word
takes longer than this, it is not necessary to check
STA.WFE; there will always be space available in
the FIFO when writing.

The timings of the two modes of writing, with and
without polling, are given in Figure 25.

Figure 25 : Memory Write Timing

A - Memory Write without Polling

STA.WFE _l
8 Byte Write g g -t -
FIFO Read
90*
Cycles Max.
FIFO Level 0 1 1 1
?Load MWP

B - Memory Write with Polling

STAWFE —l

8 Byte Write «tt—to-tt—0-

FIFO Read P
99" Cycles Max.
FIFO Level 0 1 1 1] 1
* 147 in 8Mbit Mode
Load MWP ** 159 in BMbit Mode
V.7 - Block Move

The biock 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 :

- setbit CMD.SBMto enable blockmoveand disable
user read/write to memory. Write the base address
of the block to be moved to register MRP,
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- write the base address of the destination to reg-
ister MWP,

- set up the BMSregister 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 is set, the block move is com-
plete,

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

Memory read/write and blockmove operationscan
not be performed simultaneously.

VI - RESETS AND POWER-DOWN MODES
VIi.1 - Resets

There are three types of reset :

- ahardresetis generatedby asserting pin RESET
for a duration of at least 15 primary clock cycles,

- a soft reset is generated by setting and resetting
bit CTL.SRS. it must be set for a duration of at
least 40 primary clock cycles,

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

After a hand reset, all circuit activity stops and the
registers are forced into the reset states defined in
section Xl1.2,” Register Descriptions”. The circuit is put
into low power mode (defined in section V1.2, "Power-
Down Modes” ), and the video andmemory interfaces
are putinto a highimpedance state. Al dataremaining
in the extemal memory is lost. A hard reset would
nomallybe used afterpower-upandwhenitisrequired
to place the circuit in low power mode.

The software reset should be implemented as fol-

lows :

- configure CTL register MSB depending on appli-
cation,

- in CTL register LSB enable CLK3 and software
reset,

- wait for at least 40 primary clock periods,

- disable CLK3 while leaving SRS still active,

- release SRS while leaving CLK3 still disabled,

- enable CLK3 and enable decoding (CLK.EDC).

After a soft reset, all processes concerning decod-
ing and bit buffercontrol are reset. Anydataremain-
ing 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 processis not disturbed. Asoftreset
would normally be used when the decoding of the
current bitstream must be terminated and it is
required to restart on a new sequence.

After a hard or a soft reset, the firsttask 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 until the
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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 is resumed. After a hard or a softreset, the first
search performed by the start code detector in
responseto thefirstDSYNCwill always be asearch
for a sequence start code, after which it stops. After
this, the startcode 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. Atthis point
normalbehaviour is resumed, i.e. the pipeline waits
for the next picture decoding instruction. No other
part of the circuitis affected by a pipeline reset. A
pipeline reset would normally be used as partof a
manual error recovery procedure. A pipeline reset
has no effect if the decoding pipeline is in its idle
state.

V1.2 - 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 powermode, the whole circuitis shutdown,
and the video and memory and compresseddata
interfaces are disabled. In low power mode, the
registers do not lose their contents (if there wasno
hard reset) and can be accessed normally. Power
dissipation in this mode is the minimum possible.

Reduced power mode is entered by resetting bit
CTL.EC2 and keeping bits CTL.EC3, CTL.ECK
and CTL.EDIset. In this mode decodingis 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.

Vil - BIT BUFFER AND START CODE DETEC-
TION
Vil.1 - Bit Buffer

The mechanism of writing compressed data into
the bit buffer through the CD FIFO is detailed in
section IV.4, "Compressed Data input” and section
1V.5, "Bit Buffer Control”.

As part of the initialization sequence of thedecoder,
the registers BBG (bit bufferstarting address), BBS

(bit buffer stop address) and BBT (threshoid for Address 00 Address 01
generation of BBF interrupt) must be set up.
22172 THOMSO
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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 soft resetis activated.

If the bit CTL.PBO is set (see section 1V.5, "Bit
Buffer Control”), then BBT defines a "full” rather
than "nearly full” level and should be set equal to
BBS + 1 - BBG to optimize memory usage.

VII.2 - Start Code Detection

The startcode detectoroperates in paralleiwith 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. Gom-
presseddata is read twice from the bit buffer- 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.

Start code detection is initiated in two ways :

- automatically whenever the internal event
DSYNC occurs. DSYNC is derived from VSYNC
as described in section VIll.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 FIFO and parsed by the startcode detector,
which receives the FIFO output data. When a start
code is detected, the data scanning stops and the
status bit STA.SCHbecomes 1. When a start code
has been detected, it can be identified by reading
the HDF register.

The start codedetectordetects 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 26.

Figure 26 : Statesof HDF after Start Code Detection

| Last Byte of StartCode | First HeaderByte | HDF

[ 01 | Last Byte of Start Code | HDF
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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 must be the last byte of
the start code and the second byte is the first byte
oftheheaderdata. In bothcases subsequentreads
fromHDF will give access to the header datawhich
follows the start code.

Scanning for start codes will recommence 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.

The first start code search after a hard or soft reset
will be a search for a sequence header start code;
all other startcodes will be ignored. When this start
code has been read, all subsequent searches will
look for any start codes other than slice startcodes.

The two status bits STA.HFE (header FIFO empty)
and STA.HFF (header FIFOfull) indicate the state
of the header FIFO. Reading from HDF must never
be performed if STAHFE is 1. STA.HFF is set
whenever the header FIFO contains at least 66
bytes.

Vil.3 - Handiing of Time-Stamps

The STi3500Ais 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.

Amechanism 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

written into the CD FIFOthe counter "CDcount” is
incremented. Each time a 16-bitword isread from
the header FIFO the counter "SCDcount” is incre-
mented. Both of the counters are reset by a hard
reset. Both are modulo 224, i..e. the state following
FFFFFF is 000000.

When the first byte of video data froma 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 start code is detected by the
start code detector, SCDcount is read. If this value
multiplied by two is greater (modulo 224 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 first writing "01” to
CMD.AVS[1:0] and then reading the least signifi-
cant byte of CMD. Bits CDcount[15:0] are read by
firstwriting "00” to CMD.AV S[1:0] and then reading
CMD.

Bits SCDcount[23:16] are read by first writing "11”
to CMD.AVS[1:0] and thenreading the least signifi-
cant byte of CMD. Bits SCDcount[15:0] are read by
firstwriting ”10” to CMD.AV S[1:0] and then reading
CMD.

Figure 27 : Bit Buffer Read and Write Counters

Data In

therefore there is a variable delay between the Bytes In Data Out

input of a pictureinto the bit bufferand its entry into SCD count

the decoding pipeline.

There is a 24-bit counter at the input and at the l

output of the CD FIFO - bit buffer - header FIFO Words Out

chain, as shown in Figure 27. Each time a byte is ords Yu
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Vill - DECODING PIPELINE
VIL.1 - General

The pipeline is that partof the circuitwhich converts
the compressed bitstream datafor eachpicture 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 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. When the pipeline has completed its de-
coding operation, a completionsignal is sentto the
pipeline controller, which is then able to launch
another decoding operation, either immediately or
when the next VSYNC occurs. The pipeline con-
trollerinterprets certain bits of thedecoding 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
bitbuffer. Thisdatais firstprocessed by the variable
length decoder (VLD) which regenerates 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 VI.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 VI.1, "Reseis”), or
when the decoding instruction specifies that one
or two pictures should be skipped (see section
VIiL.4, "Decoding Task Control”). In the first case
compressed data is skipped until the next picture
start code is found, after which the pipeline indi-
catestask completion and waitsfor a new instruc-
tion. In the second case, after the skipping
operation the decoding of the following picture is
started immediately,
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- skip to Next Slice. This occurs after automatic
error concealment (see section VIiL.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.

Beforestarting to decode a sequence, certain static

parameters must be set up. These are :

- MPEG-1 or MPEG-2 mode selection. Bit
CTL.MP2must be setfor an MPEG-2 sequence,
reset for an MPEG-1 sequence,

- decoded picture size. Register DFW must be 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.

Viil.2 - Quantization Table Loading

The two quantizationmatrices (intra and non-intra)
used by the inversequantizer mustbe 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-butfered. This enables one or
both tables to be updated without disturbing the
decoding task in progress. The STi3500A main-
tains 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
DSYNC occurs.

After ahard reset, the same pair of tables is always
selected. The data previously loaded into the tables
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.QM I are used to
control access to the tables. The writing procedure
is describedin the CMD and QMWregisterdescrip-
tions in section Xll.2, "Register Descriptions™.

VI3 - Utilization of Picture Pointers

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

- RFP - reconstructed frame pointer.

- FFP - torward prediction frame pointer.

- BFP - backward prediction frame pointer.

{A fourth pointer, DFP, the displayed frame pointer
is described in section IX.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

N
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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 predictorframe (in
which the two predictorfields 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 predictorfields lie). BFP set
to the address of the backward predictor frame (in
which the two predictor fields lie).

P-Fleld-Picture
(Field, 16 x 8 or Dual-Prime Prediction)

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

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

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

{-Pictures

For I-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-Mbitmode. These are givenin section X, "8-Mbit
MODE".

VIil.4 - Decoding Task Control

Atask is a single picture decoding operation. Atask
is specified by the task description or instruction,
whichis set up before the decoding of each picture.
Atask commences whentheinternal signal DSYNC
is generated. A task completes (the pipeline be-
comes idie) whenthe pictureheader of thefoliowing
picture is detected by the pipeline and the picture is
entirely reconstructed in the memory. The instruc-
tion is double buffered, so that during execution of
adecodingtask, the instruction for the nexttask can
be set up by the microcontroller. When the next
instructionis activated,a DSYNC canbegenerated,
and the next decoding task started. The buffering
mechanism is illustrated in Figure 28. Note that
some instruction bits are latched by VSYNC, others
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by a signal fromthe pipeline controller’new instruc-
tion™.

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.

* This is only consequences when a task overruns. See section
VIS5, "Task Overrun®.

Figure 28 : Instruction Buffering

"New Instruction”

or VSYNC
From - *
Micro Instruction Sla_ve Task
Port ’ Register 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 becomesidle),
the start of the next task will be delayed until the
presentone 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 status bits (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.

The operation of the pipeline controlleris shown in
the state diagram of Figure 29.

Figure 29 : Task Control State Diagram

Reset

IDLE

1d4H 30

SEQ

D38 LdH ONABA
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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 idie
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
movesto state "new instruction”. Here new instruc-
tion bits are loaded using the mechanism shown in
Figure 28.

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
controllerreturns to state"task complete” and waits
for the next VSYNC. Iif the action required is "wait
fortwo 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”
fromwhicha 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 CTLEEDC is not
set, controller operation is 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 ora 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 overrun and VSYNC arrives before IDLE.
The state "delayed task” is entered. The controlier
remains here until IDLE occurs, when the state
"new instruction” is immediately entered. Thus the
next task is chained immediately to the one just
completed.
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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 nhow moves into
state "repeat’. The controlier will remain in this
state until either the task completes or the second
VSYNGC 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 bit INS1.SEQhas a special function and is only
used after a hard or soft reset. Before decoding is
enabled aftersuch a reset (bit CTL.EDC 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
controller will enter the state "async task” in which
it is not responsiveto 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 set to 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 Xll.2, "Register
Descriptions”). A skipping task consists of a skip
followed by the decoding of the next picture.

The bit INS1.0VW must be set when the piclureis
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 XI.2, "Buffer Sequencing and Over-
write 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
XIl.2, "Register Descriptions”).
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VL5 - Task Overrun

Figure 30 illustrates the timing, with respect to
VSYNC, 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 task is completed, at
which point a DSYNC is also generated (if
INS1.EXE =1). The instruction must thus neverbe
changed between the last VSYNC and the follow-
ing DSYNC.

Figure 30 : Normal and Overrunning Task
Timing with INS1.RPT =1
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VIIL.6 - Error Recovery and Missing
Macroblock Concealment

There are four levels of error detection and recov-

ery available in the STi3500A:

- Bitstream syntax error detection with the option
of automatic missing macroblock concealment.

- Bitstreamsemantic error detection with the option
of automatic concealment or skip to the next
picture.

- Pipeline severe error detection.

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

Syntax Error Detection and Concealment

In normal operation of the STI3500A, errorconceal-
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

3500A-32 EPS

[S7§ = Rl

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 to a maximum of 46 macrob-
locks®. Twovectors are stored for each macroblock

in the row.

* For decoded picture widths of more than this, error concealment
will be degraded.

The concealmentmacroblocks are accessed using
the pointers FFP and BFP. Lost Macroblocks in the
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 conceaiment
motion vectors, these will be used. If 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 set up.

The following rules are used for the fetching of
concealment macroblocks :

- l-pictures :

» |-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,

¢ skipped macroblocks => copy in frame mode

using the same mode and vectors as the pre-
vious macroblock.

27172
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if an error is detected in the bitstream before it
enters the STI3500A, then an error start code can
be inserted into the bitstream in order to initiate
concealment. However, when doing this there are
certain restrictions on the placement of the error
startcode in order to avoid emulation of other start
codes. An Application Note is available on this
topic.

Pipeline Error

A pipeline error occurs whenever the pipeline re-
constructsmore than 64 coefficientsin a block. This
condition is signalled by bit STAPER. If bit
CTL.EPR s set, a pipeline reset is automatically
generated, and STA.PERis reset. Ha 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.

Severe Error

Asevere error occurs whenever the pipelinerecon-
structs more macroblock than are defined by the
decoded picture size, DFS. This condition is sig-
nalled by bit STA.SER. Decoding is halted when
this error is detected. In orderto restart decoding a
pipeline reset must be performed.

Soft Reset
The effect of this last resort action is described in

IX - DISPLAY FUNCTIONS
IX.1 - Operation of the Display Unit

The display unit performs the following functions :

- requests and receives from the picture buffer in
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 31 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.
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Figure 31 : Display Unit Block Diagram
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The picture data is received from the display frame
buffer area of the external memory through three
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 (Cg, Cr) samples are read from the
memory. This chrominanceline 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 a line to be read from the FIFOs.

The sample rate converter (SRC), an 8-tap filter,
has two functions : upsampling of pel data when
the displayed line length is greater than the de-
coded picture width, and implementation of the
fractionalpart of the pan-scanhorizontal offset. The
outputs of the SRC are upsampled lines each
having equal numbers of luminance and chromi-
nance samples. The SRC can be bypassed if de-
sired.

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 tfor interlaced pic-
tures, and 3 modes for the display of half resolution
pictures.
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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
createsa bitmap. When there is bitmap data which
is not defined as "transparent®, the output multi-
plexer replaces the decoded picture with the OSD
data. Four bits are available to define each of the
Y, CB 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.

IX.2 - Video Interface
The video interface consists of the following signals :
YC7-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 YC7-
YCO0. These data words are outputin the 4:2:2-for-
mat sequence :

CeYCrYCs..

The first three words are the co-sited samples of
the first pel, while the fourth is 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 activeline period is always Ca.

The start of eachline 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. HSYNC 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*.
These signals are mapped onto the register bits
STA.VST and STA.VSB, and can be used to gen-

erate interrupt requests.
* When the term "VSYNC" is used alone, it refers to "VSYNC top”
or "VSYNC bottom".

Theinternalline counter is reseton everytransition
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 32.
Note that the intemal line count restarts every field.

Ei &ﬂ%ﬂm ROMICS

In the 525/60 standard, internal line count 1 in the
top field corresponds to line 4, and internal line
count 1 in the bottom field correspondsto line 267.
In the 625/50 standard, internal line count 1 in the
top field corresponds o line 1, and internal line
count 1 in the bottomfiekd correspondsto line 314.

Figure 32 : Internal Line Numbering
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Atthe beginning of the topfield, the falling transition
of the signal B/T mustbe sampled by the STi3500A
before therising transition of thefirst HSYNC of this
field. The timing constraints of the video interface
are givenin section XIV.6,”Video Interface Timing”.
In most applications the value of PIXCLK will be
27MHz, in order forthe outputto be compatiblewith
the CCIR 601 standard.

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

IX.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
anewvalue is written it is taken into account on the
occurrence of a VSYNC. Thus itis possible to write
a new value of DFP every field, although it would
normally be updated only once per frame.
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The picture stored in thebufferis always treated as
a frame by the STi3500A.

The STi3500A has two built-in ways of displaying
this data :

- every second line of this data is read from the
buffer. The reading of one ofthese fields s started
on every VSYNC. f B/T indicatesthe top field, the
1st, 3rd, 5th, etc. lines will beread. Iif B/T indicates
the bottom field, then the 2nd, 4th, 6th, etc. lines
will be read. This mode is selected by resetting
bit DCFEVFC|2] (together with bit CTL.HRD if
overwrite mode is enabled),

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
use the same picture data for each field. It is
selected by settingbit DCFVFC[2] (together with
bit CTL.HRD if overwrite mode is enabled).

To use these standard modes, bit DCF.USR must
bereset. Other,non-standard, modes of controlling
the display sequence are described in section 1X.7,
"Dispiayed 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 33. Outside of the
picture area a black(Y = 16, Cg = Cr = 128) border
is generated.

Figure 33 : Display Window Positioning
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Register YDO is loaded with the number of the last
line of the upperborder, where lines are numbered
in fields as shown in Figure 32. The first active line
is therefore defined 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

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 CCIR 601 standard defines this number to be
264 27MHz clock cycles for a 625/50 display, and
244 for a 525/60 display. The respective values of
XDO are thus 112 and 102.

XDO must never be less than :

(177 x fpel)/(2 X fprimary)
where fprimary is the STi3500A primary clock fre-
quency and fe is the pel clock frequency.

If fprimary = 55MHz and fpel = 27MHZ, the minimum
value of XDO is 44.

The first picture data in a line, output in the 2XDO
+ 4ist PIXCLK cycle after the falling edge of
HSYNC, is always a Cs 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 color difference components. In any given
system, XDO values will have to be either always
odd or always even.
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XDSis loaded with a numberdefining the last active
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 cydes of
PIXCLK. In order to position the display window
horizontally to a finer precision the DCF.PXD bitis
used. When this bit is set, the active video is
delayed by one PIXCLKcycle. Since the first active
video sample is Cg, the Y/C phasing with respect
to the horizontal synchronizationsignal will change.

IX.4 - Sample Rate Converter and Pan Vector
1X.4.1 - Sample Rate Converter

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

To enable the SRC, bit DCF.DSR must be reset. If
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 dataread from
the display buffer. This is performed by an 8-tap
interpolation filter with the structure shown in Fig-
ure 34. The filter has three sets of delay registers

"I. Eeﬁéw%w@%’é
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multiplexed between the Y, CB and CR samples. it
has 8 sets of coefficients, each set defining one of
8 sub-pel interpolation positions. For exampile, for
sub-pel position 0, the output is aligned with stored
sample "r4”, for sub-pel position 1, the output cor-
responds to an interpolated pel position one eighth
of thedistance from sample "r4” to sample "r5”, and
so on.

The number of inputs clocked into the SRCis equal
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 datarate.

Figure 34 : 8-Tap Interpolation Filter
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The example in Figure 35 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 illusirate the
interpolation positions, at the right of the figure are
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,
54,32,1,0etc.

Figure 35 : SRC Example for 8:7 Upsampling
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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 CCIR 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/LSR (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 interpolation posi-
tions. The mechanism by which this is achieved is
shown in Figure 36.
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Figure 36 : Upsampling Filter Control
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The LSR value is added into an accumuiator 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 to 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 0

The LSR/CSRvalue thus defines a cyde 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 greater than 8 isdefined, there
could be repeated values in the filter output. This
may cause unacceptable display artifacts.

At the start of a line, the 3 sets of delay registers
r1,r2 andr3 are loaded with the black value (Y= 16,
Cs = Cr = 128). The firstoutput is thusderived from
the inputs stored in registers r4 to r8. At the end of
a line, the last eight input samples are stored in
registers r1 to r8. The last valid interpolation is
between the samples stored in r4 and r5. Correct
interpolation is not possible beyond this exceptin
the case where the nextoutputis in sub-pelposition
0. This output is valid since coefficient CO is zero
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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 37 in which
544 pels are upsampled to 721, in which the up-
sampling ratio is 4:3. The LSR and CSRregisters
would be loaded with the value 192.
The number of valid outputs generated can be
calculated as follows :
Therratio of thedistances between input and output
samples is 256:LSR. Given that the last output
sample cannot occupy a position beyond the
fourth-lastinput sample, the following inequality is
always true :
LSR(N-1) < 256(M-4)

where N is the number of outputsamples and Mis
the number of inputsamples. The value of N is thus
givenby :

N =|256(M-4)1L.SR +1
where” | x I’ indicates the integer part of x.
The value programmed into the XDS register must

be such that all samples beyond the last valid one
are masked.

Figure 37 : Upsampling from 544 to 720
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IX.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 the displayed picture, as shownin Figure 38. This
vector defines the point in the decoded picture
which corresponds to the top-left-hand corner of
the displayed picture. The displayed picture size
and location is defined by the numbers pro-
grammed in registers XDO, XDS, YDO and YDS.
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Figure 38 : Pan/Scan Vector
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The pan/scanvector 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 integer part 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
CSO registers. The relationship between these
quantities is illustrated in Figure 39. The numbers
loaded into the LSO and CSO registers are used
to initialize the luminance and chrominance up-
sampling control registers (see Figure 36) at the
start of every line. LSO is set up directly with the
value of the fractional part of the pan/scan vector
horizontal component. CSO is set up with half of
this number, plus 128 if the integer partis an odd
number. The resolution to which the horizontal
component can be defined is 1/8 pel.

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 setto the value 16, then the 32 top lines of every
field would not be outputto the display.

Figure 39 : Components of the Pan Vector

® O 0O Q0|0 O O O O um
LSO DECODED
) o O (@) O Chroma
PSV
X X X X X X wm
DISPLAYED
080 b 4 X b s Chroma
Pan Vector
33/72

ME 7929237 0072998 38T WA

3500A-40.EPS

3500A-41.EPS



STi3500A

IX.5 - Vertical Filter

The verticalfilter performs the reconstruction of 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 foliowing line

numbering system will be used :

- For an interlaced frame, the fields stored in the
memory have the sampling pattems and line
numbers shown in Figure 40.

- For a line-sequential frame, the sampling pattern
and line numbering is as shown in Figure 41.

These patterns are preserved by the SRC and are
thus the patterns entering the vertical filter. 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 40 : Field Sampling Patterns

Figure 41 : Frame Sampling Pattem
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Mode 0 : Full Resolution, Chrominance Line
Repeat with Interpolation

This mode is used when the MPEG-2 picture-layer
bitstreamvariable "progressive_frame”is 0, indicat-
ing that the chrominance samples were derived for
each field independently, and when interpolationis
required. Figure 42 shows how the chrominance is
reconstructed in the two fields for 4:2:2 output. The
luminance is unaffected by the vertical filter.

Figure 42 : Derivation of Chrominance in Mode 0
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The chrominance data output with the last line of
the top fiekd (line 479 in a 480-line frame, or line
575in a 576-line frame) 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
bottomfield (line 480 or 576) isthe 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 43 shows how the
chrominance is reconstructed in the two fields for

Figure 43 : Derivation of Chrominance in Mode 1

4:2:2 output. The luminance is unaffected by the
vertical filter.

Mode 2 : Full Resolution, Chrominance Field
Repeat with Interpolation

This mode is used when the MPEG-2 picture-layer
bitstreamvariable "progressive_frame”is 1, indicat-
ing thatthe chrominance samples in eachfield were
derived from both fields, and when interpolation is
required. Figure 44 shows how the chrominance is
reconstructed in the two fields for 4:2:2 output. The
luminance is unaffected by the vertical filter.

The chrominance for 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 44 : Derivation of Chrominance in Mode 2
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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 45 shows how the
chrominance is reconstructed in the two fields for
4:2:2 output. The luminance is unaffected by the
vertical filter.

Figure 45 : Derivation of Chrominance in Mode 3

Reconstructed Chroma
_ i '
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Ya® X R X ® X C2
Bottom Field
Yo X R X ® X C3
C40 o] o)
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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
picture is displayed in both fields, and when inter-
polationof chrominanceis required. Themost com-
mon application is the display of MPEG-1 SIF
pictures on a CCIR 601 resolution interlaced dis-
play. Figure 46 shows how the chrominance is
constructedfor each identical field. The luminance
is unaffected by the vertical filter.

The chrominance output in last line of each field is
equal to that output in the second-last line.
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Figure 46 : Derivation of Chrominance in Mode 4

Reconstructed Chroma
v ) '
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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 display, 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 CCIR 601 resolution interlaced dis-
play. Figure 47 shows how the chrominance is
constructed for each identical field. The luminance
is unaffected by the vertical filter.

Figure 47 : Derivation of Chrominance in Mode 5§
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Mode 6 : Half Resolution with Luminance
Interpolation

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 CCIR 601 resolution interlaced dis-
play. Figure 48 shows how the twoluminance fields
are interpolated.

Figure 48 : Luminance Interpolationin Mode 6

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

The interpolation of the luminance lines is per-
formed as follows, wherethe subscript”s” indicates
the source picture :
Top Field
Y1 =Yg
Y3 = (Y1g + 3Y2)4
Y5 = (Y25 + 3Y3:)/4

Bottom Field
Y2=Y2
Y4 = (3YZ + Y3s)/4
Y6 = (3Y% + Y4s)/4

Y2N-1 = (YN-15 + 3YNs)/4 Y2N = YNs

The outputchrominanceis constructed by duplication.
The first line of chrominance is used forlines 1, 2, 3
and 4, the second forline 5, 6, 7 and 8, and soon, as
inmode>5.

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.

Differentrounding rules are usedforluminance arxi

chrominance. The rules are as follows :

- for luminance, the results are rounded towards
zero, i.e. if the bottom two bits are 00, 01 or 10,

3500A-50.EPS
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the 10-bit number is truncated to 8, while if the
bottom two bits are 11, one is added to the
truncated 8-bit number,

- for chrominance, the results are rounded towards
128, i.e. if the 10-bit number is larger than
10000000002, the rule above is applied, while if
the number is less than this, 10z is added to the
10-bit number before truncation.

1X.6 - On-Screen Display (OSD)

The OSD function can be used to display a user-
defined bitmap over any partof the displayable(i.e.
non-blanked) screen, independent of the size and
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
collections of "OSD regions”. Aregion 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 colors which
can be used within that region. If required, one of
these colors can be "transparent”, allowing the
background to show through. Figure 49 shows
examples of OSD regions.

Figure 49 : OSD Regions

Boundary of Displayable Area

Background (Black)

QOSD is enabled if bit DCFEOS is 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 V.6,
"Memory Read and Write through the Microcontrol-
ler Interface™. OSD specifications can be rapidly
moved in memory using the procedure described
in section V.7, "Block Move”.
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Figure 50 shows how OSD specifications are
storedin memory as a sequenceof words. The first
word defines the boundaries of the region, the
second word defines the palette for the region, and
the subsequent words define the color 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 includedin more than one OSDregion ; in other
words, only one OSD region can be active on a
line*. Within an OSD specification the region speci-
fications must be stored in order of increasing
starting line number. The last word in an OSD
specification must define a starting line which is
beyondthe displayable area. Line numbers are the
internal (field) line numbers definedin Figure32. It
is thus possible to share the same OSD specifica-
tion for both fields of a frame. In this case the OTP
and OBP registers woukl be loaded with the same
address. The number of OSD specifications which

Figure 50 : OSD Buffer Format
64bits

Coordinates
Palette
Bitmap Data
Bitmap Data
Bitmap Data
Bitmap Data
Bitmap Data
Bitmap Data | -
Coordinates | —
Palette
\ Bitmap Data
Bitmap Data Region n+1
Bitmap Data
Bitmap Data

Regionn

Increasing Address
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may be resident in memory at any time is limited

only by the amount of memory available.

* This limitation can be partially overcome by the use of tran-
parency within an OSD region.

The format of the OSD region specification words
is givenin Figure 51.

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= 2Xjeit + 9
Right edge position = 2Xight + 10

where Xient and Xiight are the values defined in the
first word of the OSD region specification. This is
illustrated in Figure 52. Xjent 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
respectto the active video. The first sample output
in an OSD region is always a Cs value.

Thetopline specifiedin the firstword of anOSDregion
specificationmust be greaterthan orequalto17.

The second word defines the palette which applies
to the OSD region. Four colors can be defined,
each chosen from a setof 4096. The 4 bits of Y, Cr
and Cg outputfrom the palette define the top 4 bits
of an output sample. The bottom four are set to
zero. The "color” Y = Cr = Cg = 0, in palette index
0 only, defines transparency.

Figure 52 : OSD Region Horizontal Positioning

HSYNC

Z(Xngm - Xi) + 2 Samples
. K gn - X,) + 1 Pole
l'2x_+8
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Sampie Number 2X, +9  Sample Number 2X, + 10

Figure 51 : OSD Region Specification Word Formats
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The followingwords define the bitmapin left to right
and topto bottomorder. Two bits are used to define
the color 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)
of the respective pels ; the second, fourth, sixth,
etc. reference only the luminance components of
the palette*. For this reason the bitmap for a region
must define horizontal segments containing a
whole number of pel-pairs.

For the same reason, the transition o 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.

There is an additional constraint in the fact that a
horizontat segment must contain a number of pix-
els whichis a multiple of 4 (i.e. Xignt - Xieft + 1 must
be a multiple of 4).

The following table shows the 4-bit OSD palette
Y, Cg, Cr values nearestto the standard "color bar”

colors.
* Irlx the 4:2:2 format chrominance is only defined for every second
pel.

Y16 Cp/16 Cr/16
White 1111 1000 1000
Black 0001 1000 1000
Red 0101 0110 1N
Green 1001 0011 0010
Blue 0011 1111 0111
Yellow 1101 0001 1001
Cyan 1011 1010 0001
Magenta 0111 1101 1110

IX.7 - Displayed Field Sequence Control

This function is performed automatically, unless
specifically disabled by the user. By default the
display field output sequence is governed by the
input signal B/T ; the bottom field is output when it
is high, and the top field is output when it is low.
When bit DCFUSR 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
fromthe picture buffer is given by bits DCF.FLD and
DCF.DAMI[2:0]. These bits must not be pro-
grammed independently of bits DCF.VFC[2:0],
which define the vertical filter mode. The allowed

IS7 R - Rk

combinations are detailed below. The DCF register
is double buffered, and new values written are
taken into account on the occurrence of a VSYNC.
Thevalues of bits DCF.FLLD and DCF.DAM[2:0] are
not taken in account when bit DCF.USR is reset.

The value of bit DCF.FLD controls which field is to
be displayed : 1 for the bottom field, 0 for the top
field. The signal B/T is thus overridden.

The allowed combinations are given in the follow-
ing table :

DCF.VFC[2:0] | Field | DCF.FLD | DCF.DAM[2:0]
0 Top 0 6
Bottom 1 6
1 Top 0 2
Bottom 1 2
2 Top 0 3
Bottom 1 7
3 Top 0 3
Bottom 1 3
4 Both 0 4
5 Both 0 0
6 Top 0 0
Bottom 1 0

These values must be updated every field.

These bits do not affect the display of OSD. OSD
field selection is under the exclusive control of the
B/T pin.

An application of user display sequence control is
when the displayed picture must be frozen. In this
case the same field can be output continuously in
order to reduce flicker.

X - 8-Mbit MODE
X.1 - General

8-Mbit mode can be used for decoding smaller (up
to approximately half-CCIR 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 V.1, "Memory Interface”, and the data stor-
age structure in memory is describedin section V.5,
”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.

39/72
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X.2 - Unrestricted Decoding

Decoding can be performed in 8Mbits 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 8Mbits of
memory available. Figure 53 show how 3 frames
of size 352 x 480, together with a 1Mbit bit buffer
and an OSD buffer area can be placed in 8Mbits of
memory. The frame buffer starting addresses are
constrainedto lie on 4 x 64 = 256 word boundaries
(in normal mode, frame bufferslie on 4 x 32 = 128
word boundaries). The pointer values for the frame
buffers are 1120, 2112 and 3104.

Figure 53 : 352 x 480 Frames in 8Mbits

0
Bit BUHEF | o7FFFn
0SD 08000h
11800h
Frame
Buffer 1
21000h
Frame
Buffer 2
30800h
Frame
Buffer 3
3FFFFh

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.

X.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 bufferin 8 Mbits of memory.
Thisfoldingis invokedautomaticallyin 8-Mbitmode
whenever memory addressing passes the end of

3500A-55.EP8

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 54.

Figure 54 : Memory Reuse in 8-Mbit mode

Reconstructed Frame "i+1”
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* Point where Frame "i+2" Reconstruction Stan

Reconstructedframe "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 defines the
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 XI1.2,
"Register Descriptions”.

In addition, the register BFP/FPB needs to be set
up with the start address of the frame buffer area.
Thisis the address to which fold-back occurs when
memory addresses exceed the 8Mbit 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

memory. plus twice the gap defined by DFA.
40/72 -
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The example (Figure 55) below illustrates the evo-
lution of memory usage during the decoding of a
sequence of pictures of size 720 x 480. The motion
vector range is -128 to 127, and the gap required
betweeniuma and chromais thus 404 macroblocks
(giving a value of GCF.DFA of 101).

Figure 55: Buffer Sequencing Examplein
8-Mbit Mode

0 1260

4095

Bit Buffer

RFP FFP

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

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 butfer = 720 x 480 x 12bits
= 2025 x 64 32-bit words.

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

4096 - 2025 - 808 = 1263, the space leftforbit buffer
and OSD.

However, since pointer addresses must be multi-
ples of 4, 2025 must be rounded up to 2028.

Thus, 4096 - 2028 - 808 = 1260.

In this example the buffer states are shown after
reconstruction of the picture into 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
buffer

FBP = first allowed starting address beyond bit
buffer

- Subsequent frames :

FFP = RFP

RFP = RFP - 4 x GCFDFA
If RFP < FBP then RFP = RFP + 4096 - FBP

X.4 - Performance in 8-Mbit Mode

STi3500A performance is lower in 8-Mbit mode
since the reduced memory data bus width reduces
the available data transfer bandwidth.

For picture sizes which allow 3 frame buffersto 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 CCIR 601-sized pictures, there is a limi-
4 tation on the number of dual-prime macroblocks
3 which can be decoded in any picture.
. SON 41/72
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Xl - CONTROL OF THE STi3500A

This section explains in outline how the STi3500A
must be controlled in order for it to perform real-
time decoding. Only the principles are givenhere ;
more detail is availablein the STi3500AApplication
Note.

Xl.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),

- bit buffer : set up BBS,

- interrupt unit : read ITSto clear all pending inter-
rupts. Setup ITM,

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

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

Figure 56 shows the events which occur during the
start-up of decoding the new sequence. This would
occur after a hard or a softreset. (Inthe 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 56 : Initialization of a Sequence

generated. The latter event starts the start code
detector. When the DSYNC has been detected
(indicated by the PSD interrupt), the instruction bits
INS1.EXE and INS1.SEQare written as zero. This
will take effect on the next "new instruction” event
(see section VIil.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 process the bit
buffer does not fill ; all data entering the bit buffer
is transferredimmediately to the pipeline. However,
when the pipeline has found the start of the se-
quence, the bit buffer starts to fill. During this time
the sequence header can be read from the header
FIFO and analysed. The decoder set-up can be
completed and the quantizationtables loaded. The
start codes following thefirst 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 from the "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, with bit INS1.EXEset. On the next VSYNC,
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 first instruction. A start
code detection is launched in response to the
DSYNC, enabling the start code for the next picture
to be found and analysed. When decoding is com-
plete, a PID (pipeline idle) interruptis generated.

This pattern of eventsis nowrepeated until the end
of the sequence.

Xli.2 - Buffer Sequencing and Overwrite Mode

Before the decoding of each picture, when the
picture header has been analysed, the memory
addresses pictures bufters from which the predic-
tors are to be fetched, the buffer in which the
pictures is reconstructed, and the display buffer
must be setup.

The use of the different buffers is described in
section VIIIL.3, "Utilization of Picture Pointers”.

Figure 57 : Allocation of 4 Picture Bulfers for

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 up-
dated when a DSYNC occurs, i.e. at the start of
decoding.

Figure 57 shows one way of allocating picture
buffers for decoding a sequence in 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 58 shows how the same sequence can be
decoded using only three picture buffers. This is
made possible by using the same picture buffer 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 overwritten 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.

Figure58 : Allocation of 3 Picture Buffers for
Decoding of Sequencewith M =3

Decoding of Sequence with M = 3 with Overwrite Mode Selected
0 Decode 10 Decode
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Figure 59 shows how overwrite mode operates
when using the same bufferfor reconstruction and
display of an interlaced picture.

Figure 59 : Picture Buffer Overwrite

Display of
2nd Field
of Picture N-1

Display of
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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 last line of macroblocks has been
written. There is an automatic mechanism which
ensures that the overwriting of reconstructed data
never overtakes the display process.

When decoding a picture with overwrite mode en-
abled, thereislessthan 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 picture decoding
starts(see section Vill.4,"Decoding Task Control”).

X1.3 - Decoding/Display Synchronization

Figure 60 shows how picture decoding and display
are synchronized in the most common application
of the STI3500A : full resolution pictures, interlaced
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 setin every instruction ; this
ensures that the decoding task duration is two
VSYNC intervals. ADSYNC is 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
accounton the next DSYNC.

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 60. Bit
CTL.HRD must be set since overwriting cannot
commence until 16 lines have been displayed.

Figure 60 : Decoding/Display Synchronization : Full Resolution, Interlaced Display, Overwrite Mode
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X1.4 - 3:2 Pull-Down Operation

Fordisplay of a progressive sequence coded at24
frames/sec on a 30 frames/sec display, pictures
must be alternately displayed for periods of 2 and
3fields. Figure 61 shows how decoding and display
are synchronized in this application. (As before itis
assumed in this diagram that the decoding and
display order is the same).

Forone VSYNCperiodin 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.

X1.5 - Control in 8-Mbit Mode
XI.5.1 - Overwrite Mechanism

In 8-Mbit mode display buffer overwrite works in a
manner different to that of normal mode. The op-
eration has three phases, illustrated in Figure 62.

Phase1:

The STi3500A generates DSYNC (and a PSD in-
terrupt) and latchesthe new instruction. The recon-
struction of the new picture can startinto the free
memory area whose size is equal to GCFDFAx 4
macroblocks. Reconstruction will stop when this
areais filled. Note that if GFA.DFA= 0, no data are
reconstructed during this phase.

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

Figure 61 : Decoding/Display Synchronization in 3:2 Pull-Down Mode with Overwrite
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Figure 62 : Decoding/Display Synchronization in 8-Mbit Mode
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Phase2:

Reconstructionwill continue with the constraintthat
memory locations still required for the display of the
second field of the previous picture will not be
overwritten ; the condition :

decode address < display address + GCF.DFA x 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 new decoding "Phase 1’ starts for 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 VSYNG, while the
others are latched on DSYNC which occurs several
milliseconds later (cf. section VIIL5, "Task Over-
run”).

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

X1.5.2 - Decoder Control

The consequence of the changes in the overwrite
mechanismis that decoding control must be modi-
fied ; the decoding process must start two fields
before thefirstdisplay instead of one. If the display
is done top-field-first (as in the example of Fig-
ure 62), then the decoding task must also start on
top fields.

46/(72 . MSO
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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
VSYNGC period. The time available for the micro-
controller to compute the instruction is less than
normal. The instruction must be set up before the
next VSYNC which leaves less than one and half
fields.

- The DFP register is not set up at the same time
as before - it must not be changed on DSYNC or
on startcode detectionbut only afterthe following
VSYNC (i.e. at the start of decoding Phase 2).

Unrestricted Decoding

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

- 1. Overwrite mode always off. In this case the
control of the STi3500Ais exactly as in standard
mode.

- 2. Overwrite mode always on. In this case the
control must be performed as described in this
section.

it is not recommended to switch the overwrite
control bit (INS1.OVW) on and off while decoding
since the control phase depends on overwrite and
may become difficult to manage.

Decoding with Memory Folding

If memory folding is used (because 8Mbits are not
enough in whichto do unrestricteddecoding), over-
write mode must always be activated and control
must be done as described in this section.

Note that when DFPis changedin 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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Xl - REGISTERS
Xll.1 - Register Map
Address (hex) MSByte LSByte Address (hex)
00 HDF (R) 01
02 CMD (RW) 03
04 GCF (R/W) 05
06 CTL (RW) 07
08 STA(R) 09
0A IT™ (R/W) 0B
0c ITS (R) oD
OE INS1 (RIW) OF
INS2 (RIW)
10 MRF (R) [ MWF (W) 11
BMS (R/W
12 13
14 MRP (R/W) 15
16 17
18 MWP (R/W) 19
1A DFP (R/W) 1B
1C RFP (RW) 1D
1E FFP (RIW) 1F
20 BFP/FBP (R/W) 21
22 BBL (R) 23
24 BBS (R/W) 25
BBG (R/W)
26 BBT (R/W) 27
28 DFW (R/W) 29
2A DFS (R/W) 2B
2C YDO (RW) XDO (R/W) 2D
2E YDS (RW) XDS (RAW) 2F
30 OBP (R/W) 3
32 OTP (R/W) 33
34 LSO (R/W) LSR (R/W) 35
36 CSO (RW) CSR (R/W) 37
38 DCF (R/W) 39
3A PSV (R/W) 38
3 QMW (W) QMW (W) 3
SE 3F
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XIl.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 bits. 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 internal event, either DSYNC or
VSYNC,depending onthe register. Theseregisters
are double-banked ; during the write cyde the new
value is loaded into a master register, and on the
occurrence of the synchronizing eventthis value is
loaded into a slave register, at which time the new
value is available to the circuit When a synchro-
nized registeris read, the value returnedis thatheld
in the master register.

Unsynchronized registers change their value im-
mediately they are writtento. 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 R/W are both low.

BBG - Start of Bit Buffer

13 0
[ BBG[13:0] 1
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 2Kbits (32 words). if the
bitbuffer starts at address 0, then this register does
not need to be set up, since its reset stateis 0. A
soft reset must be done immediately after the load-
ing of this register in order forthe value to be taken
into account. In other words it must only be
changed before the first compressed data of 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.

48/72

BBL - Bit Buffer Level
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13 0
I 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 2Kbits (32
words). It can beread atany timefor the monitoring
of the bit bufferlevel. When BBL is greater than 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
1 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 2Kbits (32 words). The
space allocated to the bit buffer starts at the ad-
dress defined by the BBG register, or, by default, 0.
The end address of the bit buffer is :

(32 x BBS) + 31
BBS must only be changed before the first com-

presseddata 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 bitis reset, the BBS register is selected.

BBT - Bit Buffer Threshold

13 0
| BBT[13:0] |
Address: 26-27

Type: R/W

Reset State : 0

Synchronization: None

Description

This register holds the level of occupancy of the bit
buffer, in units of 2Kbits (32 words), which when
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reached causes the status bit STA.BBFto become
set, i.e. if BBL2 BBT, STA.BBFis set.

This threshold would normally be used to generate
a "bit buffer nearly full” interrupt.

if the bit CTL.PBOis set, then transfer of data from
the CD FIFOto the bit buffer is prevented if the bit
buffer level is at or above the level defined in the
BBT register. If BBT is set 10 a value equal to the
size of the bit buffer (i.e. BBT = BBS + 1 - BBG),
then this automatic mechanism will ensure than
overflow never occurs.

BFP/FBP - Backward Frame / Fold-back
Pointer

13 0
| BFP/FBP[13:0] 1
Address : 20-21

Type: R/W

Reset State : 0

Synchronization: DSYNC

Description

This register holds the start address of the back-

Thisregister sharesthe sameaddressesasthe MRF
and MWF registers. Bit CMD.SBM selects whether
MRF/MWF or BMSis accessibleatthese addresses.
Whenthis bitis set, the BMS register is selected.

CMD - Command (Write)

9 8 7 6 5 4 3 2 1 0
= w £S5 92

AVS[1:0] % §SKP[1.0] 4 (53 & %

Address : 02-03

Type : w

Reset State : 0

Synchronization: SKP[1:0] with VSYNC, others
none. Bit HDS is stored in a
master-slave register to
prevent undesired launching
of header searches.

Description

The following write-only bits are used to control a
variety of operations.

ward prediction frame picture buffer, defined in AVS[1:0] Thesebitsselectwhich datais available
units of 32 words. when the CMD registeris read.
If this buffer is also to be used for display, then the AVS[1] | AVS[0] CMD data
bottomtwo bits, BFP[1] and BFP[0], mustbe zero. In 0 0 CDcount{15:0]
this casethe backward frame bufferis constrainedto 0 1 CDcount[23:16]
start at an address which is a multiple of 128 words. 1 0 SCDcount[15:0]
Whenthe STi3500Ais operatingin 8-Mbitmode (bit 1 1 SCDcount[23:16]
CTL.S8M s set), this register has a dual function. —
If address folding is required, the register mustbe ~ SBM Select block move. When this bitis set
set up with the value of the starting address in block move operation is enabled and
memory, in units of 64 32-bit words, of the frame the BMS register is accessible at
buffer area. This is the fold-back address. If ad- addresses 10 and 11. Otherwise (the
dress folding is not required, i.e. accesses will default state) the MRF and MWF
never go beyond the end of memory, then this registers are accessible and read/write
register is set up with the backward prediction operationsto thememory are enabl ed.
frame buffer address. Thus, address folding and BBG Select BBG register. When this bit is
B-picture decoding are mutually exclusive. set, the BBG register is accessible at
addresses 24 and 25. Otherwise (the
BMS - Block Move Size default state) the BBS register is
i5 0 accessible.
1 BMS[15:0] | SKP[1:0] These bits are part of the instruction
- register, and are synchronized by the
Address : 10-11 signal VSYNC. They define the
Type: RW skipping of one or two pictures, as
Reset State . 0 defined in the following table :
Synchronization: None SKP[] | SKP[0]
Description 0 0 No skip (default)
This register holds the number of words to be 0 ! Sk!p one p'lcture, decode next
movedin a blockmove operation. Writing to it starts 1 0___| Skip two pictures, decode next
a block move operation. 1 1 | Wegal
49/72
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If skipping is required, then these bits must be set
up 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 These two bits are used to control
access
QMi to the inverse quantizer tables.
QMN oMl
0 0 Tables not accessible (lock)
0 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 tabie, the follow-
ing steps are required :

Wiite CMD.QMI =1, CMD.QMN =0

Wirite CMD.QMI = CMD.QMN = 1

Wiite 64 weights to QMW

Write CMD.QMI = CMD.QMW =0

HDS Wiriting 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/SCDcount[23:16],[7:0]
Address : 02-03
Type: R
Reset State : 0
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[O} 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].

50/72
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CSO - SRC Chrominance Ofiset

7 0
I CSO[7:0] ]
Address : 36
Type: R/W
Reset State : 0
Synchronization: VSYNC
Description

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

Themethod of calculationof the CSOvalue isgiven
in the PSV register description.

CSR - SRC Chrominance Resolution

7 0
| CSR[7:0] |
Address: 37

Type : R/W

Reset State : 0

Synchronization: VSYNC

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
L.SR register.

The method of calculation of this value is givenin

the LSR register description.

CTL - Control

15 14 13 12 1110 9 7 6 543210
<l OlsSlolalojx| (nlaix =i=lvlvlo
AR R E R
Address : 06-07

Type : R/W

Reset State : 0

Synchronization: None

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

MEON
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Description

35A

DEC

SsM

PBO

MP2

HRD

Enable STi3500A features. When this
bit is set, the additional functions of the
STi3500A which are not compatible
with the STi3500 are activated. When
this bit is reset, the STi3500Abehaves
in a manner which is compatible with
the STi3500.

The features which are enabled by this

hit 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, DCFEOS,
DCF.DSR, LSO, LSR, XDO, XDS,
YDO, YDS are synchronizedto
VSYNC.

- XDQOI[9,8] and XDS[9,8] are defined.
Disable error concealment. When this
bit 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 soft reset.
Select8Mbit memory mode. When this
bit is set, 8Mbit memory mode is
entered.
Prevent bit buffer overflow. When this
bit is set, bit buffer overflow (and thus
the loss of data) is prevented by
disabling the transfer of data from the
compressed data FIFO to the bit buffer
whenever the bit buffer level reaches
the threshold defined in the BBT
register.

MPEG-2 mode. When this bit is set,

the STi3500A 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

resolutionis half that ofthe display, i.e.

the whole decoded pictureis displayed

in both fields. (This bit determines
whether butfer overwriting can
commence after 8 (CTL.HRD = 0) or

16 (CTL.HRD = 1) lines).

EPR

EC3

EC2

ECK

EDI

EVI

PRS

£ - SON
S/ A I!%t?@ﬂ.[l RONICS

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

Enable "clock 3”. Whenthis bitis reset,
the internal "clock 3" is disabled. This
bit must be set for normal operation
and for reduced powermode. it isreset
in low power mode. (Power-down
modes are defined in section VI.2,
"Power-Down Modes™).

Enabie "clock2”. Whenthis bitis reset,
the internal "clock 2” is disabled. This
bit must be set for normal operation,
and reset in reduced and low power
modes. (Power-down modes are
defined in section V1.2, "Power-Down
Modes”).

Enable clocks. When this bit is reset,
all internal clocks are disabied. This bit
must be set for normal operation and
for reduced power mode. It is resetin
low power mode. (Power-down modes
are defined in section V1.2, "Power-
Down Modes”).

Enable DRAM interface. When this bit
is reset the DRAM interface (DD63-
DDO, AA8-AAQ, RAS1, RASQ, CAS
OE and WE) and the signal CDREQ
are putinto their highimpedance state.
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 V1.2, "Power-Down Modes” ).
Enable video interface. When this bit
is resetthe video interface (YC7 -YCO)
is putinto its highimpedance stateand
the internal PIXCLK disabled. This bit
must be set for normal operation and
for reduced power mode (if the display
interface is used). It is reset in low
power mode. (Power-down modes are
defined in section V1.2, "Power-Down
Modes").

Pipeline reset. In order to generate a
pipeline reset, this bit must be kept set
for adurationof at least3 primaryclock
cycles (55ns with a 55MHz primary
clock). The effect of a pipeline resetis
described in section V1.1, "Resets” .

51/72
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SRS

EDC

Soft reset. In order to generate a soft
reset, this bit must be kept set for a
duration of at least 40 primary clock
cycles (730ns with a 55MHz primary
clock). The effect of a soft reset is
described in section VL1, "Resets”.
Enable decoding. This bit must be set
to enable the decoding pipeline to run.
It’'s action is asynchronous and
independent of the task control state
machine (see Figure 29). If EDC is
reset while the pipeline is idle, then it
is still possible for the next instruction
to be executed on the next VSYNC,
and for a DSYNC to be generated.
However, in this case, the decoding
task will not start until EDC is set.

DCF - Display Configuration

12 11 9 8 7 6 5 4 3 2 0
w ol ooV x
; DAM[2:0] | & CDD Xla 8 8 VFC[2:0]

Address : 38-39

Type: R/W

Reset State : 0

Synchronization: XYE, USR : None

Others: VSYNC

Description

XYE Select XDO/XDS extensions. When
this bit is set, register bits XD0[9,8] and
XDSJ9,8] are accessible at addresses
2Dh and 2Fh. When is it reset,
XDO[7:0] and XDS[7:0] are
accessible.

DAM[2:0] Display access mode. These bits are
only active when bit DCFUSR is set.
They are used in conjunction with the
bit DCF.FLD. Their use is described in
section 1X.7, "Displayed Field
Sequence Control”.

FLD Field bit. This bit is only active when bit
DCF.USR is set. It defines which field
is to be displayed : 1 for the bottom
field, O for the top.

Bits DCF.DAM[2:0] and DCF.FLD must

be programmedin conjunctionwith the

bits DCF.VFC[2:0], as defined in the

table appearing in section IX.7,

"Displayed Field Sequence Control”.
52/72

USR

PXD

EVD

EOS

DSR

VFC[2:0]

Enable user field sequence control.
When this bit is set, bits DCFDAM[2:0]
and DCF.FLD can be programmed
field-by-field to enable a user-defined
display sequence. Otherwise, these
bits have no effect, and the fields are
displayed in a sequence determined
by the B/T signal.

Add one PIXCLK delay. When this bit is
set the active video is delayed by one
PIXCLK cycle with respect to HSYNC.
Thisis to allow its horizontalpositiontobe
defined more precisely than is possible
with XDO and XDS, which have a
resolution of 2 PIXCLK cydes. Changing
the value of PXD also has the effect of
inverting the phasing of the Y/C output
samples with respectto HSYNC.
Enable video display. When this bit is
reset, the video output has a constant
value of ¥ = 16, Cs = Cr = 128. OSD
is still displayed.

Enable OSD. When this bit is set, the
OSD (on-screen display) bitmap
definedin thetop and bottomfield OSD
buffersis displayed over the picture.
Disable SRC. When this bit is 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.

Vertical filter configuration. These bits
define the vertical filter mode.

VFC[2]

VFC[1]

VFC[0] Mode

0

0 0 Full resolution,
chrominance line repeat
with interpolation

Full resolution,
chrominance line repeat

Full resolution,
chrominance field repeat
with interpolation

Full resolution,
chrominance field repeat

Half resolution,
chrominance interpolation

Half resolution,
chrominance repeat

1

1 0 Half resolution, luminance

interpolation

1

1 1 liegal

The vertical filtering modes are described in detail
in section IX.5, "Vertical Filter”.

ISTR o i
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DFP - Displayed Frame Pointer

13 0
I DFP[13:0] |
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 wriiten this
is used at the start of the next field.

The bottom two bits, DFP[1] and DFPJ[0], must be
zero. The displayed frame buffer is thus con-
strained to start at an address which is a multiple
of 128 words.

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

FFP - Forward Frame Pointer

13 0
| FFP[13:0] |
Address : 1E-1F
Type: R/W
Reset State : 0
Synchronization: DSYNC
Description

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

If this buffer is also to be used for display, then the
bottom two bits, FFP[1] and FFP[0], must be zero.
In this case the forward frame buffer is constrained
to start at an address which is a multiple of 128
words.

GCF - General Configuration

15 8 7 6 0
DFS - Decoded Frame Size o
13 0 DFA[7:0] g RFI[6:0]
| DFS[13:0] |
Address : 2A-2B Address : 04-05
Type: R/W Type: R/W
Reset State : 0 Reset State : 0
Synchronization: DSYNC Synchronization: DFA[7:0] synchronized

to DSYNC

Description Others : None
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- Description ]
cal_size values transmitted in the sequence = DFA[7:0] DFS adjustment. 4 x DFA[7:0] defines

header.

DFW - Decoded Frame Width

7 0
1 DFWI[7:0] |
Address : 29

Type: RwW

Reset State : 0

Synchronization: DSYNC

Description

Thisregister is set upwith a value equal to the width
in macroblocks of the decoded picture. This is
derived from the horizontal_sizevalue transmitted
in the sequence header.

o7 - R

the offset, in units of macroblocks,
between the end of the luminance
storage area and the beginning of the
chrominance storage areain the frame
buffers. This offset is normally only
used in 8-Mbit mode, in which it is set
equal to the size in macroblocks of the
picture overlap required for motion
compensation minus 1, rounded up to
the next highest multiple of 4. For
example, if the maximum vertical
vector range is -128 to 127 and the
picture width is 720 pels, then the area
needed for motion compensation is :
(720 x (128 + 16)/256) - 1

= 404 macroblocks

thus, DFA[7:0] = 101
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M20 Select 20Mbit memory mode. When
this bit is set, 20Mbit memory mode
(one 16Mbit bankplus one 4Mbitbank)
is entered.

RFi[6:0] DRAM refresh interval. This is defined
in units of 24 primary clock periods. For
exampleif each row must be refreshed
every 8 ms, with a primary clock of 55
MHz, the following value must be
stored in GCF.RFI[6:0] :

(8 x 10°%/512) x (55 x 10%/24) - 35

HDF - Header Data FIFO

15 0

I HDF[15:0] l

Address : 00-01

Type: R

Reset State : Undefined

Description

When the starnt code detectorhas found a start code,
theheaderdataFIFO musthe readin orderto identify
the start code and if required to obtain the header
data. The start code identification procedure is de-
scribed in section V1.2, "Start Code Detection”.

Before reading the header FIFO, status bit
STA HFE should be checked to ensure thatit is not
empty. Bit STA.HFF set indicates that the header
FIFO contains at least 66 bytes of data.

INS1 - Instruction 1

15 14 13 10 9 6 5 43 210
w2 L ES
£ 3 erupo | FrHpo) BTN XIEIS
Address : OE-OF

Type: W

Reset State : 0

Synchronization: "new instruction” (see Figure
29), except bits OVW, SEQ,
EXE and RPT, which are

updated by VSYNGC

Description

This register contains 16 bits ot 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 V1il.4, "Decoding Task

Control”.

TFF This bit is set equal to the
top_field_first bit of the MPEG-2
picture coding extension. It is only
taken into account when decoding
MPEG-2 dual-prime pictures.
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Oovw This bit must be set when the
displayed picture and the
reconstructed picture share the same
buffer (i.e. DFP = RFP). it enables the
overwrite mode which ensuresthatthe
reconstructed picture does not
overwrite data which has not yet been
displayed.
In MPEG-1 mode BFHI[3] is set equal
to full_pel_backward_vector of the
picture header, and BFH[2:0] is set
equal to backward_{ code of the
picture header.
In MPEG-2mode BFH[3:0]is set equal
to backward_horizontal_f_codeof the
picture coding extension.
In MPEG-1 mode FFH[3]is setequalto
full_pel_forward_vector of the picture
header, and FFH[2:0] is set equal to
forward_{_code of the picture header.
In MPEG-2 mode BFH[3:0]is setequal
to forward_horizontal f code of the
picture coding extension.
This is set equal to the two least
significant bits of picture_coding_type
in the picture header. The STi3500A
does not support D-pictures, and
therefore the code "00” must not be
used.
Search for next sequence. This bit
must be set while the decoder is
searching for the start of a new
sequence after a softreset. It has the
effect of putting the controller into a
state in which VSYNCs are ignored.
EXE When this bit is not set, no decoding
taskis executedfor one or two VSYNC
periods, depending on the state of
RPT.
RPT When this bit is set, the task duration
is two VSYNC periods. In many
applications, when the frame display
rate is equal to the picture decoding
rate, RPT will always be set.
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.

BFH[3:0]

FFH[3:0]

PCT[1:0]

SEQ

CMV

This register shares the same addresses as the
INS2register. Bit CMD.INS selects which of the two
registers is accessible at these addresses. When
this bit is reset, the INS1 register is selected.
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INS2 - Instruction 2

ITM - Interrupt Mask

15 14 13 10 9 6 5 43210 1413121110 9 8 7 6 5 4 3 2 1 0
PSTH . . DCP[1] 2| 5 w A A A = AL R R R
rern| BPvisal | Fevisal (BCERNE @INIS| |B\F EEILR E 2228 8 L E S
Address : OE-OF Address: 0A-0B
Type: R/wW Type: R/W
Reset State : 0 Reset State : 0 (all interrupts disabied)
Synchronization: “new instruction” Synchronization: None

(see Figure 29)

Description

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 VlIl.4, "Decoding Task

Control”.

in MPEG-1 mode (i.e. when CTL.MP2 is reset),

INS2 is not used, and must be kept reset.

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] | PSTIO]

0 0

Frame picture
Top field
Bottom field
Frame picture

INS2.BFV[3:0] is set equal to
backward_vertical_f_code of 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.

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
alternate_scanbit ofthe picture coding
extension.

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

1
1 0
1

BFV[3:0]

FFV[3:0]

DCP[1:0]

FRM

QST

AZZ

(ST - Rk

Any bit set in this register will enable the corre-
sponding interrupt. An interruptis generatedwhen-
ever at bit in the STA register changes from 0 fo 1
and the corresponding mask bit is set.

ITS - Interrupt Status

1413121110 9 8 7 6 5 4 3 2 1 0
CcisjbjiulWUancoEowew wew T
B EBEE R EEE 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 STAregister changesfromOto 1,
the corresponding bit in the ITS register is set,
independent of the state of [TM. If any set ITS bit
is unmasked, the signal IRQis asserted. Reading
the most significant byte of ITS clears it, leaving
IRQin its de-asserted (high) state.

See section IV.3, "Interrupts” for more information
on interrupt handling.

LSO - SRC Luminance Offset

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

Type: R/W

Reset State : 0

Synchronization: VSYNC

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 calculationof the LSOvalue is given
in the PSV register description.
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LSR - SRC Luminance Resolution

7 0
[ LSRI[7:0] |
Address : 35

Type: R/W

Reset State : 0

Synchronization: VSYNC

Description

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

The upsampling factoris equalto 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 pels generated, "N, calculated as

shown in section 1X.4.1, "Sample Rate Converter”.
* Dizﬂayed picture widths other than 720 can of course be sup-
ported.

Pictura Width LSR N
640 228 715
640 227 718
544 193 717
544 192 721
480 170 717
480 169 722
352 125 713
352 124 719
704 250 717
704 249 720
MRF - Memory Read FIFO
7 0
| 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 transfer from the
memory into the FIFO is described in section V.6,
"Memory Read and Wiite through 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 BMS register. Bit CMD.SBM
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selects whether MRF or BMS is accessible at this
address. When this bit is reset, the MRF registeris
selected.

MRP - Memory Read Pointer

18 0
[ MRP[18:0] 1
Address : 13-14-15

Type: R/W

Reset State : Undefined

Synchronization: None

Description

This register holds the address of the word which
will be transferred next from the memory into the
memory read FIFO. It is incremented each time a
word is transferred from the memory to the FIFO.
It is thus not the address of the word currently
available in the FIFO, but one or two addresses
ahead.

MRP is only set up at the beginning of a memory
read sequence, at which time the memory read
FIFQ s cleared. The mechanism of data transfer
from the memory into the FIFO is described in
section V.6, "Memory Read and Wiite through the
Microcontroller Interface”.

MWF - Memory Write FIFO

7 0
| MWF[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 transter from the
FIFO to the memory is described in section V.6,
"Memory Read and Write through 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 asthe least
significant byte of the BMS register. Bit CMD.SBM
selects whether MWF or BMS is accessible at this
address. When this bit is reset, the MWF register
is selected.
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MWP - Memory Write Pointer

18 0
1 MWP[18:0] |
Address : 17-18-19

Type: RW

Reset State : Undefined

Synchronization: None

Description

This register holds the address of the word which
will be transferrednext fromthe memorywrite FIFO
into the memory. ltis incremented each time a word
is transferred from the FIFO to the memory. It is
thus not the address of the word last written to the
FIFO, but one or two addresses behind.

MWP is only set up at the beginning of a memory
write sequence, at which time the memory write
FIFQ is cleared. The mechanism of data transfer
fromthe FIFOto the memoryis describedin section
V.6, "Memory Read and Write through the Micro-
controller Interface”.

OBP - OSD Bottom Field Pointer*

13 0
I OBP[13:0] |
Address : 30-31

Type: Rw

Reset State : 0

Synchronization: VSYNC bottom

Description

The register holds the start address, in units of 32
words, of the current OSD specification buffer for
the bottom field. This specification will be decoded

during bottom fields when OSD is enabled (bit
DCTEQCS is set).

* Formerly called OEP.

OTP - OSD Top Field Pointer*

13 0
I OTP[13:0] |
Address : 32-33

Type: R/W

Reset State : 0

Synchronization: VSYNCtop

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

DCFEOQOS s set).
* Formerly called OOP.

(ST - Rl

PSV - Pan/Scan Vector

15 9 8 0
l V[7:1] | H[8:0] |
Address : 3A-3B
Type: R/W
Reset State : 0
Synchronization: VSYNC
Description
V[7:1] Vertical Offset. The verticalcomponent

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

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
set up with the fractional partof the pan
vector, as follows :

PSV =| pan vector|

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

LSO = 256 x (pan vector - PSV)

CSO =LS02 (+1 if PSVis odd)
Refer to section 1X.4.1, "Sample Rate
Converter” for more details.

H[8:0]

QMW - Quantization Matrix Data

7 0
I Q[7:0] |
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 (intra or non-intra)is writtenis defined by bits
CMD.QMN and CMD.QMI.

There are no built-in default quantization matrices.
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RFP - Reconstructed Frame Pointer

13 0
I 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.

If this buffer is also to be used for display, then the
bottomtwo bits, RFP[1] and RFP[0], mustbe zero.
In this case the reconstructedframe buffer is con-
strained to start at an address which is a multiple
of 128 words.

STA - Status
1413121110 9 8 7 6 5 4 3 2 1 0
CleslkluWMAalcol-olw wiw|luw T
B EREEEEEERSE
Address : 08-09

Type: R

Reset State : 0

After clocks have been enabled, the state changes
to:

The status vector is sampled internally at the start
of the read cycle accessing the most significant
byte of STA (address 08). VST, VSB and PSD are
pulses and are unlikely ever to be read as a 1.

The status bits have the following significance :

SER Severe Enor. This bitis set whenmore
than the programmed number of
macroblocks (defined by DFS) have
been decoded, either due to a data or
a programming error. Decoding is
haited automatically when this error
condition is detected. This bit is reset
by all 3 types of reset.

BMI Block Move Idle. This bit is setwhena
block move operation has terminated.
Itis automaticallyresetat the startof a

block move.

HFF Header FIFO Full. This bitis set when
the header FIFO contains at least 66
bytes.

RFF Read FIFO Full. This bitis setwhenthe

memory read FIFO contains 16 bytes.

Write FIFO Empty. This bit is set when

the memory write FIFO is empty.

PID Pipeline Idle. This bit is set when the
STi3500A is not in the course of
decoding a picture, i.e. when the
pipeline is inactive. t becomes low
when the decoding of a picture starts
and high when picture decoding is

WFE

complete.
SER= 0 PER Pipeline Error. This bit is set when due
BMI= 1 to a data error, more than 64
HFF= 0 coefficients are reconstructed for a
RFF= 1 block. If bit CTL.EPR is set, a pipeline
WFE= 1 resetis generated. This bit is reset by
PID = 1 all 3 types of reset.
PER= 0 PSD Pipeline Starting to Decode. This bit is
PSD= 0 set for a short period atthe instantthe
VST= 0 pipeline starts decoding a picture.
VSB= 0 VST VSYNC Top. This bit is set for a short

time at the beginning of the top field,
BBE= 1 corresponding to the falling edge ofthe
BBF= 1 B/T signal.
HFE= 1 VSB VSYNC Bottom. This bit is set for a
BFF= 0 short time at the beginning of the
SCH= 0 bottom field, corresponding to the

rising edge of the B/T signal.
Description BBE Bit Buffer Empty. This bit is set when
This register contains a set of bits which represent the bit buffer contains no data.
the statusofthe decoder at anyinstant. Anychange =~ BBF Bit Buffer Full. This bit is set when the
from 0 to 1 of any of these bits sets the correspond- bit buffer level (= BBL) is greater than
ing bit of the ITS register, and can thus potentially or equal to the value loaded into the
cause an interrupt. BBT register.
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HFE Header FIFO Empty. This bit is set
when the header FIFOis empty.

BFF Compressed Data (bitstream) FIFO
Full. This bit is set when the CD FIFO
is full. This bitis equivalentto the signal
CDREQ.

SCH Start Code Hit. This bitis setwhenever
the first 16-bit word available in the
header FIFO contains one of the start
codes recognised (see section VIl.2,
"Start Code Detection”). While data is
being read from the header FIFQ, this
bit can be tested to determine whether
the next word contains a start code.

XDO - Display X Offset

1 0
| XDO[9,8 |

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 is defined for
this region).

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.XYE is reset, XDS[7:0}is accessible.

Note : When bit CTL.35Ais set, care must be taken
to set up XDS|9,8], since the default value is 0,
while in the STi3500, in which these bits are not
programmabile, this value is 3.

XDS programming is described in section 1X.3,
"Setting up the Display”.

YDO - Display Y Offset

7 0
l YDO[7:01 |
Address : 2C

Type: RW

Reset State : 0

Synchronization: VSYNC

Description

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

YDO programming is described in section 1X.3,
"Setting up the Display”.

When bit DCFXYE is set, XDO[9,8] is accessible. ~ YDS - Display Y End
Whenbit DCF.XYE isreset, XDO[7:0]is accessible. 7 0
XDO programming is described in section IX.3, | YDS[7:0] |
"Setting up the Display”. Address 2E
Type: RW
XDS - Display X End Reset State : 0
1 0 Synchronization: VSYNC
L__XDS[9,8] |
7 0 Description
| XDS[7:0] | This register is set up with a number defining the
) last active video line of afield. Succeeding lines are
Address: 2F output as black (unless OSD is defined for this
Type: R/W region).
Reset State : 0 YDS programming is described in section 1X.3,
Synchronization : VSYNC ”Settjng up the Display”.
Sy . 59/72
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Xill - ELECTRICAL CHARACTERISTICS

X1ii.1 - Absolute Maximum Ratings

Parameter Min. Max. Unit
Voo Power Supply - 6 \)
Vi, Vo Voltages on Input and Output Pins -1 Vop + 0.5 Vv
Tstg Storage Temperature -65 150 °C
Toper Ambient Operating Temperature 0 70 °C
Xiil.2 - DC Electrical Characteristics
Operating conditions : Vpp = 5V 5%, Ta = 0 to 70°C unless otherwise specified.
Parameter Test Conditions Min. Typ. Max. Unit
Vbp Operating Voltage 4.75 5.25 '
oo Average Power Supply Curoap = 50pF on all outputs
Current fpnmary = 56MHz, all inputs at Vpp or 0V 200 mA
Brﬁnim_am video interfaces disabled
forimary = 56MHz, allinputs at Vop or 0V
fprimary = OHz
ViL Input O%IC Low Voltage 08 A
(except
Vi Input Logc High Voltage 2 Vv
(except CLK, PIXCLK)
Vi, {CLK) Irg)ut Logic Low Voitage 0.6 A
(CLK)
ViH(CLK) Iléput Logic High Voltage 3 \
(CLK)
ViH Input Logic High Voltage 25 \
(PIXCLK) | (PIXCLK)
Input Leakage Current Vop =5.25V,0 < ViN< Vop
Inputs -5 + RA
IOs -1 +1 RA
VoL Output Logic Low Voltage | Vpp = 5.25V, I oap = 500pA 04 v
VoH Output Logic High Voltage | Vpp = 4.75V, ILoap = -500uA 24 \
Cin Input Capacitance Vottsst= 2.5V, f = IMHz 10 pF
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XIit.3 - AC Electrical Characteristics

Test Conditions : Vpp = 5V 5%, Ta = 0 to 70°C

Figure 63 : Test Load Circuit
OUTPUT
g
:
Test Loads
Output lou loH CL Vret
YC7-YCO, D7-D0, CDREQ, WAIT 500pA 500pA 50pF 1.5V
IRQ 5mA 0 50pF 3.5V
OE 200pA 200pA 56pF 1.5V
WE, CAS 200uA 200pA 112pF 15V
AAS8 - AAD 200pA 200pA 40pF 1.5V
RAST, RASO, DD63-DDO 200pA 200pA 30pF 15V
X1V - TIMING DIAGRAMS
XIV.1 - Primary Clock
Figure 64 : Primary Clock
tmgn
3V
CLK
0.6V
g
§
T g
3
Symbol Parameter Min. Max. Units
T Primary clock period (1,2) 17.8 ns
thigh Clock high time 6 ns
tow Clock low time 6 ns

Notes: 1. This corresponds to a maximum primary clock frequency of 56MHz.
2. No maximum value is given since, although the STi3500A is fully static, large values of T would conflict with performance and

memory refresh constraints

[O7 R - it
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XIV.2 - Register Read and Write Cycles

Figure 65 : Single-Byte Register Read Cycle

AS-AQ

CS \ /
tsl.wu. twnsn —
WA high- /—
tGLWD IBFWZ
tDVWN
D7-DO <
CDSTR must be High

4

ts LWH

toust ’ \ N
N\

high-Z

taro l l
tGPDZ

Figure 66 : Two-Byte Register Read Cycle

AS5-AQ EVEN ADDRESS >< ODD ADDRESS
tAVSL ‘SHAX
AW
tRVSL tSHR)(
‘SLWH . 'WHAX
cs ) / }
\ / tSMSL
tSLWL ¥
WAIT high-2 / \ high-Z
tSLWD 'SHWZ
'DVWH 'AVDV
high-Z
D7-DO g < MSByte LSByte
tSHDI
CDSTR must be High tshoz
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Figure 67 : Register Write Cycle

A5-AD

X

tSHH)(

tSLWH

tSLVIL LIHBH et
WA high-Z /_ \ high-Z
tawo Torw
D7-DO
tSNDX

toven
CDSTR must be High

Register Read and Write Cycles (1)

Symbol Parameter Min. Max. Units
tavsL 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
tsHAX R/W from CS hold time 5 ns
tsLwp CS low to WAIT on 10 ns
tstw. | CS low to WAIT low 25 ns
tstw | GS low to WAIT high 50 ns
tstwz | CS high to WAIT off (hi-Z) 10 ns
tsHsL CS high to CS or CDSTR low again 20 ns
twis | CS high from WAIT high hold time 0 ns
tovwH Data valid before WAIT high 51 ns
tsHD! CS high to data invalid 10 ns
tsioz | CS high to data off (hi-Z) 20 ns
twHAX Address from WAIT high hold time (first byte) 0 ns
tavov Address valid to data valid (second byte) 20 ns
tbvsH Data valid to CS high set-up time 15 ns
tsipx | Data from CS high hold time 5 ns

Note: 1. Timingmeasurements are made with respect to thresholds of 1.5V.
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XiV.3 - Interrupt Acknowledge

Figure 68 : interrupt Acknowledge

. for _
IRQ /'\/

Symbol Parameter Min. Max. Units
tsi CS low to IRQ high (1) 50 ns
Note: 1. Timingmeasurements are made with respect to thresholds of 1.5V.
X1v.4 - Compressed Data Write Cycle
Figure 69 : Compressed Data Write
tRW
CDSTR
tF!HF!L
D7-DO
tQHQL
tDVRH tRHDX
CDREQ /
— " tanan
CS must be High >
64/72
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Compressed Data Wiite (1)
Symbol Parameter Min. Max. Units
trw CDSTR pulse width 15 ns
tRHAL CDSTR high to CDSTR or CS low again (2) 20 ns
tovRH D7 - DO set-up time to CDSTR rising edge 15 ns
tRHDX D7 - DO hold time from CDSTR rising edge 5 ns
tAHOH CDREQ high from GDSTR high (3,4) 40 ns
oL CDREQ high to low again : primary
Normal mode 180 clock
8- Mbit mode 300 cycles
Notes : 1. Measuremaents are made with respect to thresholds of 1.5V.
2. |t CDREQ handshake not used.
3. CDREQ goes high if the write caused CD FIFO to become almost full.
4. CDREQ becoming high indicates that only 3 more bytes can be written. For the CD FIFO to become empty there is a

XIv.5 - DRAM Intertace

Test Conditions

Unless otherwise stated, the worst case values correspond to maximum loading, i.e. 2 banks each with
4 memory packages. Also, unless otherwise stated, it is assumed that the memories have dual WE and

CAS inputs each of which are linked.

Measurement Thresholds
All timing measurements are made with respect to thresholds Viy = 4V, ViL = 0.2V, Vou = 2.4V, VoL = 0.8V.

TOT R Rk

maximum delay of 350 primary clock cycles (or 580 in 8-Mbit mode) after the rising edge of CDSTR.
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Figure 70 : CAS Before RAS Refresh Cycle
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CAS before RAS Refresh Cycle (1)
Symbol Parameter Min. Max. Units
tre Cycle time 9T ns
trp RAS precharge time 4T-7 ns
thas RAS pulse width 5T-7 ns
tarc RAS to CAS precharge time (2) 3T1-8 ns
tosr CAS to RAS set-up time T-6 ns
tchr CAS from RAS hold time (2) 5T7-8 ns
tcp CAS precharge time 3T-6 ns
trsR Read command to RAS set-up time (3) 4T-10 ns
tRHR Read command from RAS hold time (4,5) 11T-5 ns

. Tis the primary clock period.

. Worst case is with one bank of memory, and each package having a single CAS Pin.

1
2
3. Sometimes referred to astwsa.
4. Sometimes referred to astwhn.
5

. Worst case is with one bank of memory, and each package having a single WE Pin,
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Figure 71 : Page Mode Read Cycle
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Page Mode Read Cycle (1)

Symbol Parameter Min. Max. Units
tre Read cycle time aT ns
trp RAS precharge time AT-7 ns

trasP RAS pulse width 5T-7 ns
tcRp CAS to RAS precharge time 4T-7 ns
trco RAS low to CAS low delay time (2) 3T-4 3T+3 ns
trc Fast page mode read cycle time 3T ns
tcp CAS precharge time T-6 ns
tRHCP RAS hold time after CAS precharge (3) 3T-6 ns
trsH RAS hold time after CAS 2T-6 ns
CsH CAS hold time after RAS (2) 57-8 ns
fcas CAS pulse width 2T-6 ns
tasr Row address set-up time to RAS T-13 ns
tRaH Row address hold time after RAS (4) 2T ns
tasc Column address set-up time to CAS (5) T-14 ns
trAD Column address delay time from RAS (4) 2T 2T+15 ns
tean Column address hold time from CAS 2T ns
tan Column address hold time from RAS 4) 5T ns
toar Column address to CAS lead time 3T-14 ns
tRAL Column address to RAS lead time 3T1-13 ns
tos Data in set-up time to CAS rising edge -2 ns
toH Data in hold time from CAS rising edge 75 ns
trcs Read command to CAS set-up time 7T-15 ns
tReH Read command from CAS hold time 6T ns
tRRH Read command from RAS hold time (6) 6T ns
tocH CAS from OE hold time 3T-7 ns
toEs RAS from OE hokd time 3T-7 ns
Notes : 1. Tis the primary clock period. _
2, Worst cass for min. value is with one bank of memory, and each package having a single CAS Pin.
3. Sometimes referred to as tcprh.
4. Worst case for min. value is with one bank of memory. _
5. Worst case is with two banks of memory, and each package having a single _E_AS Pin.
6. Worst case is with one bank of memory, and each package having a single WE Pin.
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Figure 72 : Page Mode Early Write Cycle
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Page Mode Early Write Cycle (1)

Symbol Parameter Min. Max. Units
tre RAS precharge time 477 ns
trasP RAS pulse width 5T-7 ns
fcrp CAS to RAS precharge time 4T-7 ns
treD RAS low to CAS low delay time (2) 3T-4 3T+3 ns
trc Fast page mode read cycle time 3T ns
tcp CAS precharge time T-6 ns
tasH RAS hold time after CAS 2T-6 ns
tcsH CAS hold time after RAS (2) 5T-8 ns
tcas CAS pulse width 2T-6 ns
tasm Row address set-up time to RAS T-13 ns
traH Row address hold time after RAS (3) °T ns
tasc Column address set-up time to CAS (4) T-14 ns
traD Column address delay time from RAS (3) 2T 2T+15 ns
tcaH Column address hold time from CAS 2T ns
tan Column address hold time from RAS (3) 8T ns
fcaL Column address to CAS lead time 3T-14 ns
tRAL Column address to RAS lead time 3T-13 ns
twes Write command set-up time to GAS T-14 ns
tawL Write command to RAS lead time 3T-15 ns
towL Write command to CAS lead time 3T-14 ns
twer Write command hold time after RAS (5) 5T-8 ns
twcH Write command hold time after CAS 2T-6 ns
twe Write command pulse width 3T-13 ns
tos Data in set-uptime to CAS falling edge T-18 ns
toH Data in hold time from CAS falling edge 2T ns
toED OE high before data valid 6T-10 ns
toeH OE high hold time after write command (WE falling edge) (6) 9T-14 ns
toHR Data hokd time after RAS (3) 5T ns
Notes: 1. Tis theprimary clock period. -
2. Worst case for min. value is with one bank of memory, and each package having a single CAS Pin.
3. Worst case for min. value is with one bank of memory. .
4, Worst case is with two banks of memory, and each package having a single iAS Pin.
5. Worst case is with one bank of memory, and each package having a single WE Pin.
6. Not shown on timing diagram.

70/72

‘YI. S- o
I 7929237 0073035 955 W




STi3500A

XI1V.6 - Video interface Timing

Figure 73 : Video Interface
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Video Interface (1)
Symbol Parameter Min. Max. Units
Te Pel clock period (1) 333 ns
thighp Pel clock high time 10 ns
towp Pel clock low time 10 ns
tsvck HSYNC, B/T set-up time to PIXCLK rising edge 7 ns
toksy HSYNC, B/T trom PIXCLK rising edge hold time 4 ns
tckpy PIXCLK to YC7 - YCO valid 4 25 ns
Notes: 1. This corresponds to a PIXCLK frequency of 30MHz.
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XV - PACKAGE MECHANICAL DATA
144 PINS - PLASTIC QUAD FLAT PACK

PifN 1 % g ":f
IDENTIFICATION c <
UK
Dim. _ mm inches
Min Typ Max Min Typ Max

A 4.07 0.160
Al 0.25 0.010
A2 3.17 3.42 3.67 0.125 0.133 0.144
B 0.22 0.38 0.009 0.015
G 0.13 0.23 0.005 0.009
D 30.95 31.20 31.45 1.219 1.228 1.238
D1 27.90 28.00 28.10 1.098 1.102 1.106
D3 22.75 0.896

e 0.65 0.026

E 30.95 31.20 31.45 1.219 1.228 1.238
E1l 27.90 28.00 28.10 1.098 1.102 1.106
E3 22.75 0.896

L 0.65 0.80 0.95 0.026 0.031 0.037
L1 1.60 0.063

K 0° (min.), 7° (max.)

Information furnished is believed to be accurate and reliable. However, SGS-THOMSON Microelectronics assumes no responsibility
for the consequences of use of such information nor for any infringement of patents or other rights of thirdparties whichmay resuit

from its use. No licence is granted by implication or otherwise under any patent or patent rights of SGS-THOMSON Microelectronics.

Specifications mentioned in this publication are subject to change without notice. This publication supersedes and replaces all
information previously supplied. SGS-THOMSON Microelecironics products are not authorized for use as critical components inlife
support devices or systems without express written approval of SGS-THOMSON Microselectronics.

© 1995 SGS-THOMSON Microelectronics - All Rights Reserved
Purchase of FC Components of SGS-THOMSON Microelectronics, conveys a license under the Philips
I’C Patent. Rightsto use these components ina Ic system, is granted provided that the system conforms to
the I°C Standard Specifications as defined by Philips.
SGS-THOMSON Microselectronics GROUP OF COMPANIES

Australia - Brazil - China - France - Germany - Hong Kong - ltaly- Japan - Korea - Malaysia - Malta - Morocco
The Netherlands - Singapore - Spain - Sweden - Switzerland - Taiwan - Thailand - United Kingdom - U.S.A.
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