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ADVANCE DATA

PQFP120
(Plastic Package)

ORDER CODE : STi4500

.SINGLE-CHIP ISO/IEC 11172-3 (LAYER I & II)
DECODER.DECODES IN SINGLE CHANNEL, DUAL
CHANNEL, STEREO OR JOINT STEREO
MODES.SUPPORTS ALL MPEG BIT RATES AT 32,
44.1 & 48kHz, AND FREE FORMAT AT 32 &
48kHz SAMPLING RATES. INPUT CAN BE EITHER PACKETS OR
AUDIO STREAM.BIT OR BYTE MODE COMPRESSED DATA
INPUT, WITH BURST RATE TO 20 Mbit/s.STEREO OUTPUT LEVEL CONTROL.16 OR 18-BIT PCM OUTPUT, I2S AND
OTHER FORMATS.8-BIT MICROCONTROLLER INTERFACE.SUPPORT FOR 1MBIT OF EXTERNAL DRAM
FOR AT LEAST 1 SECOND OF SYNCHRONI-
ZATION DELAY. INCLUDES SYSTEM TIME CLOCK FOR
HANDLING OF A/V SYNCHRONIZATION &
PTS EXTRACTION FROM PACKETS.AUTOMATIC ERROR CONCEALMENT ON
CRC OR SYNCHRONIZATION ERROR DE-
TECTION.LOW-POWER 5V CMOS TECHNOLOGY.PRIMARY CLOCK FREQUENCY UP TO
28MHz

APPLICATIONS.MULTIMEDIA COMPUTER.VIDEO CD PLAYER.DIGITAL TV RECEIVER

This is advance information on a new product now in development or undergoing evaluation. Detailsare subject to change without notice.

DESCRIPTION

The STi4500 is a single-chip audio decompression
processor compliant with layers 1 and 2 of the
ISO/IEC 11172-3 (MPEG) standard. Input data is
accepted at any of the MPEG-defined data rates,
and PCM output is provided at 32, 44.1 or 48kHz
sampling rates.

PQFP100
(Plastic Package)

ORDER CODE : STi4510

The input data may be in the form of packets or an
audio elementary stream. In the former case the
STi4500 extracts the audio packet data. The input
rate can be either constant or in bursts up to
20 Mbit/s. Data can be input either in bytes through
the microcontroller interface or througha dedicated
serial port.
The PCM audio output, selectable to be either
16 bits or 18 bits, supports all popular formats
including I2S.
The 8-bit microcontroller interface gives access to
control and status registers. A set of maskable
interrupts are available for critical status and error
indication.
An external 256K x 4 (or 1M x 4) DRAM can be
optionallyused for up to one second of data stream
buffering. This is also used to enhance error con-
cealment performance and synchronization ro-
bustness
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I.1 - Pin Connections (STi4500) (PQFP120)

I - PIN INFORMATION
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I.1 - Pin Connections (STi4510) (PQFP100)

I - PIN INFORMATION (continued)

I.2 - Pin Description

STi4500 STi4510 Name Type Function

SYSTEM SERVICES AND NON-FUNCTIONAL PINS

1,10,16,29,37,46,53,
61,76,89,104,113

3,12,16,27,34,40,
47,54,66,76,88,97

VDD Power Supply

2,5,15,21,30,38,47,
54,62,75,90,98,105

5,8,15,20,29,35,41,
48,55,65,77,82,89

GND Ground

3 6 OSCIN I 24MHz clock input or crystal connection

4 7 OSCOUT Crystal connection

8 11 CLKOUT O Buffered 24MHz clock output

6 9 OSCEN In Buffered clock output enable

116 99 RESET I Master Reset

7,9,12,13,18,24,31-36,39,40,45,
49,55,59,60,67,70,73,79,82,84,

91,92,96,97,106,110,115,119,120

2,4,10,28,30,31,
32,33,43,52,53,

78,90,94

N/C Reserved pins, leave unconnected,
or connect to ground

42 - GND Reserved pin, connect to ground
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I - PIN INFORMATION (continued)

I.2 - Pin Description (continued)

STi4500 STi4510 Name Type Function

DRAM INTERFACE

51,52,56,57 45,46,49,50 D3 - D0 I/O Bidirectional data port

58,63-66,68,
69,71,72,74

51,56-64 A9 - A0 O Address

50 44 RAS O Row address strobe

48 42 CAS O Column address strobe

44 39 OE O Output enable

43 38 WE O Write enable

SYSTEM TIME CLOCK CONTROL

28 26 STCLK I System clock

41 36 VSYNC I Video vertical synchronization signal

PCM OUTPUT INTERFACE

20 19 PCMDATA O PCM serial data output

14 14 PCMCLK I PCM clock input

19 18 SCLK O PCM clock output

17 17 LRCLK O Left/right channel select output

MICROCONTROLLER INTERFACE

77,78,80,81,
83,85-87

67-74 SDATA7 - SDATA0 I/O Bidirectional data bus

114,112,111,
109-107,103

98,96,95,
93-91,87

SADDR6 - SADDR0 I Address

94 80 DCS I Chip select

95 81 R/W I Read/write selection

100 84 WAIT O (3-state) Data acknowledge

101 85 IRQ O Interrupt request

102 86 IRQOD O (open-drain) Interrupt request, open drain output

COMPRESSED DATA INPUT

88 75 SIN I Serial compressed data input

93 79 DSTRB I Compressed data input strobe

99 83 REQ O Compressed data request

DECODING CONTROL AND STATUS

118 1 PLAY I Enable output of decoded audio

117 100 MUTE I Forced muted audio output

26,25 24,23 DMPH1, DMPH0 O De-emphasis mode of current frame

23,22 22,21 FS1,FS0 O Sampling frequency of current frame

27 25 BOF O Beginning of frame at PCM output

11 13 PTS O Frame at PCM output has associated PTS
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II - BLOCK DIAGRAM
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Figure 1

III - FUNCTIONAL DESCRIPTION

III.1 - STi4500/STi4510Architecture
The STi4500/STi4510has 5 principal blocks:
- host interface and control registers
- input processor
- DRAM controller
- DSP core
- PCM output
The interconnectionof these blocks, and all exter-
nal interfaces, are shown in Figure 1.

DA
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PCM Audio

Control/Status
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45
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Figure 2

Host Interface and Control Register
The block implements the 8-bit interface to thehost
processor. All control registers are accessible
through this block.

Input Processor
The block is responsible for the parsing of the
bitstream at the packet level, implementation of the
synchronizing algorithms, decoding of time
stamps, and the tagging of the audio bitstream with
the appropriate PTS before storage in the DRAM.
There is an internal 256-byte FIFO buffer.

DRAM Controller
This block has the functions of testing for the
presence of DRAM and generating ofall necessary
DRAM control signals.

DSP Core
This block performs bitstream decoding and syn-
thesis subband filter execution, according to layers
I and II of the MPEG algorithm.

PCM Output
This block organises the PCM audio output into the
required serial format, and generatesall of the D-A
convertercontrol signals. In addition, asystem time
clock counter is provided, which is not directly
connectedto any of the above blocks. This function
is required when managing synchronization in an
audio/video decoding system.

STi4500/STi4510
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III - FUNCTIONAL DESCRIPTION (continued)

III.2 - Input Formats Accepted
The STi4500/4510 is able to accept the following 3 types of bitstream :
- MPEG audio elementary stream, as defined by ISO/IEC 11172-3, Layers I and II
- ISO/IEC 11172-1 packets with syntax as shown below

no. of bits
packet() {

packet_start_code_prefix 24
stream_id 8
packet_length 16
if(stream_id != private_stream_2) {

while (nextbits() == ’1111 1111’)
stuffing_byte 8

if (nextbits() == ’ 01’) {
‘01’ 2
STD_buffer_scale 1
STD_buffer_size 13

}

if (nextbits() == ‘0010’) {
‘0010’ 4

presentation_time_stamp[32..30] 3
marker_bit 1
presentation_time_stamp[29..15] 15
marker_bit 1
presentation_time_stamp[14..0] 15
marker_bit 1

}

else if (nextbits() == ‘0011’) {
‘0011’ 4
presentation_time_stamp[32..30] 3
marker_bit 1
presentation_time_stamp[29..15] 15
marker_bit 1
presentation_time_stamp[14..0] 15
marker_bit 1
‘0001’ 4
decoding_time_stamp[32..30] 3
marker_bit 1
decoding_time_stamp[29..15] 15
marker_bit 1
decoding_time_stamp[14..0] 15
marker_bit 1

}
else

‘0000 1111’ 8
}
for (i=0; i N; i++) {

packet_data_byte 8
}
}

The outlined parts indicate the information which is extracted by the STi4500/4510. The other items of
packet body information are ignored.
- uncompressed PCM data (for bypass mode)
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III - FUNCTIONAL DESCRIPTION (continued)

III.3 - System Time Clock

This function is included to assist the implementa-
tion of audio/video synchronization in decoding
systems.

The system time clock (STC) counter is incre-
mented by a ’90 kHz’ programmable sub-multiple
of the input STCCLK, which could be, for example
be fed from the same clock as PCMCLK. The value
of STC can be latched by both BOF (internal signal
indicating beginning of audio frame), and VSYNC
(externally provided video picture synchronization
signal), and read by the host controller.

III.4 - Documentation 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 latter have an overbar
(i.e. SIGNAL).Where a signal has two differentand
mutually exclusive actions, a dual name is used
(e.g. 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 name of the
signal or variable is not true, the signal or variable
is said to be false , de-asserted or to have the
value 0.

When an active high signal is 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 isset , it has the
value 1. A bit 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.

III.5 - Summary Specification

Bitstreams accepted
ISO/IEC 11172-3 audio elementary stream
ISO/IEC 11172-1 packets
Audio PCM data (for decoder bypass)

Performance
ISO/IEC 11172-3 Layers I & II
All MPEG input bitrates supported with sampling
rates of 32, 44.1 and 48kHz, free format at 32 &
48kHz sampling rates
Decodes in single channel, dual channel, stereo,
or joint stereo modes

System Clock
24MHz nominal

Microcontroller Interface
8-bit interface with ”wait” signal handshake. Inter-
rupt request signal. Dedicated control inputs for
”play” and ”mute”.

CompressedData Input
Bit or byte-mode input
Burst rate up to 20 Mbit/s

External DRAM
External 1Mbit DRAM option for audio delay and
error concealment by frame repeat
Standard interface for 256K X 4 or 1M X 4 DRAM

PCM Output
16 or 18-pit PCM output
I2S and other popular formats supported

System Time Clock and Support for A/V Sync
Host-accessible counter included for handling of
audio/video synchronization. Sampled on start of
audio frame or video picture output.
PTS extraction from MPEG packet layer.

Error Concealment
Automatic error concealment on CRC or synchro-
nization error detection

Package
120-pin PQFP or 100-pin PQFP

Power Consumption
425mW typical

STi4500/STi4510
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IV - MICROCONTROLLER INTERFACE AND COMPRESSED DATA INPUT

IV.1 - Interface Signals

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

- SDATA7 - SDATA0 : I/O data port
- SADDR6-SADDR0 : I address
- R/W : I read/write selection
- DCS : I registe r read/write

strobe
- WAIT : O acknowledge
- SIN : I serial CD input
- DSTRB : I CD write strobe
- REQ : O CD data request
- IRQ, IRQOD : O Interrupt request

Input of compressed data in byte mode and
read/writeaccessto ST4500/4510controlregisters
share the same 8-bit data port, SDATA7-SDATA0.
The signal DCS requests a register access cycle,
while the signal DSTRB requests a compressed
data write cycle. R/W selects the direction of trans-
fer for a register access. Register addresses are
selected by the 7 address bits SADDR6-SADDR0.

If compressed data is input in byte mode, the
multiplexing of compressed data and control bytes
on to SDATA7-SDATA0, as well as arbitration of
compressed data and register read/write cycles,
must be performedexternally.

Compressed data can also be input in serial mode
through the dedicated port SIN.

WAIT (a 3-state output) is the acknowledge for
register access cycles triggered by DCS. REQ
indicates that the STi4500/4510 is available for the
input of compressed data, and together with
DSTRB, makes a DMA handshake.

Interrupt requests are signalled by IRQ. An alterna-
tive open-drain interrupt request, IRQOD, is also
provided.

IV.2 - Register Access
The addressbits, SADDR6-SADDR0, select oneof
the 128 one-byte control register locations. The
function of each register is detailed in section 8.0,
”REGISTER DESCRIPTIONS”. Some are
read/write, some read-only, and some write-only.
The signalR/W defineswhether theregister access
is a read or a write (high for read, low for write).
A cycle is defined by the assertion of signal DCS.
In response to this the signal WAIT is always
asserted. The address, read/write and data inputs
must be set up before DCS line is activated.
If a read cycle is requested, the data lines
SDATA7-SDATA0 wil l be driven by the
STi4500/4510.For a write cycle the STi4500/4510
will latch the data placed on the data lines on the
rising edge of DCS.
When WAIT is de-asserted, indicating the comple-
tion of the read or write operation, DCS can return
to its high state and the cycle ends. The timing of
register read/write cycles is given in Figure 16 and
Figure 16 of section 9.3.3, ”Microcontroller Inter-
face Timing” . The minimum time between two
successive read or write cycles is 100 ns. The
signal WAIT is in its high state when a read/write
cycle is not in progress (i.e. while DCS is high).
During a register read/write cycle (i.e. while DCS is
low), the compressed data input strobe DSTRB
must be high if :
1. The STi4500/4510 is configured for byte-mode

c ompressed dat a input ( i .e reg iste r
SIN_EN = 0),

2. The STi4500/4510 is configured for serial
c ompressed data input ( i .e. reg is ter
SIN_EN = 1), and register DATAIN is being
accessed.

The relative timing constraints of these two signals
are given in Figure 18 of section XI.3.3, ”Microcon-
troller Interface Timing” .

STi4500/STi4510
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IV - MICROCONTROLLER INTERFACE AND COMPRESSED DATA INPUT (continued)

IV.3 - Interrupts

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

No Condition Signalled
14 First bit of new frame at PCM output
13 Input FIFO full

12 Input FIFO level = FIFO_THRES
11 External DRAM full
10 De-emphasis changed
9 Sampling frequency changed

8 PCM output buffer underflow

7 Ancillary data register full
6 not used
5 CRC error detected
4 Blocks in DRAM ≥ BALF_LIM

3 Blocks in DRAM ≤ BALE_LIM
2 Valid PTS registered

1 Valid header registered
0 Change in synchronization status

An interrupt is enabled by setting the correspond-
ing bit in the interrupt mask register, INTR_EN. An
interrupt is signalled externally by a 100 ns pulse
appearing on IRQ. At the same time one of the bits
of the interrupt register, INTR, becomes set. The
interrupt source may then be identified by reading
INTR.

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

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

IV.4 - Compressed Data Input
The following 3 types of bitstream may be input :
1. MPEG audio elementary stream, as defined by

ISO/IEC 11172-3, Layers I and II.
2. ISO/IEC 11172-1 packets.
3. uncompressedPCM data.

The input mode is determinedby the programming
of register STR_SEL (see section X, ”REGISTER
DESCRIPTIONS” ).

There are three possible ways of inputting com-
pressed data, shown in the table below :

Serial Input
(SIN_EN = 1)

Parallel Input
(SIN_EN = 0)

Strobed by DSTRB DMA mode DMA mode

Strobed by DCS Write to DATAIN

The compressed bit stream can be input in parallel
or serial mode depending on the value of SIN_EN
register.
If serial mode is selected, data is placedon pin SIN,
and strobed in on the rising edge of signal DSTRB.
If the signal REQ is asserted (low), then another
databit can be input.REQ goeshigh when the input
buffer is full. Two further bits can safely be entered
after this. Serial input timing is given in Figure 20
of section XI.3.4, ”Compressed Data Input” .
If parallel mode is selected, data can be input using
DSTRB as described above, or by writing to the
DATAIN register using DCS. If the signal REQ is
asserted (low), then anotherdata bytecan be input.
REQ goes high when the input buffer is full. ONE
furtherbyte can safelybe enteredafter this. Parallel
input timing is given in Figure 20 of section XI.3.4,
”Compressed Data Input” and Figure 16 of section
XI.3.3, ”Microcontroller Interface Timing” .
The signal REQ is high for the duration of the reset
and restart processes (see section VIII.2, ”Initiali-
zation of the Decoder” and sectionVIII.3, ”Play and
Mute” ).
The relative timing constraints between DCS and
DSTRB specified in section IV.2, ”Register Ac-
cess”, must be respected.
Data may be input in bursts at rates of up to
20 Mbit/s in serial mode, or 2.5 Mbyte/s in parallel
mode.

IV.5 - Input Buffer Level Control
The input buffering is shown in Figure 2. Input data
is entered into a 256-byte FIFO store before inter-
pretation by the parser. If external DRAM is in-
stalled, and low latency mode (LATENCY = 0) or
bypass mode (STR_SEL = 112) are not enabled,
audio frames are stored in an additional 128 Kbyte
buffer before being sent to the decoder.The format
of data storage in the DRAM buffer is given in
section VI.3, ”Frame Data Storage Structure and
Delay”.
5 interruptsare available forthe monitoringofbuffer
levels, two relating to the input FIFO, and three
relating to the DRAM buffer.

STi4500/STi4510
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IV - MICROCONTROLLER INTERFACE AND
COMPRESSED DATA INPUT (continued)

Interrupt 13 indicates that the input FIFO is full,
while interrupt12 indicates that the inputFIFO level
is equal to the va lue loaded into register
FIFO_THRES. Interrupt 12 is generatedwhenever
the level crosses the threshold. It is recommended
to use REQ to control input data flow whenever
possible.
The level of data in the DRAM buffer can be read
fromregisterBUFF_LEVEL.Two thresholdscan be
set: an upper level in BALF_LIM,and a lower one
in BALE_LIM. When the level is greater than
BALF_LIM, interrupt 4 is generated, when it is
lower than BALE_LIM, interrupt 3 is generated.
When the DRAM buffer is full, interrupt 11 is gen-
erated.
All buffers are flushed after a reset or restart.

IV.6 - Latency
Before being able to output samples, the
STi4500/4510 must first be synchronized to the
bitstream. After this the decoder requires a certain
amount of data, equal to roughly 1/12 of a frame,
before the output samples can be computed. The
time required to compute these samples is
about 2ms.
The total delay is equal to the sum of the synchro-
nization time, the time required to input the data,
and the decoding time. The synchronization time is
time required to skip zero, one, two or three frames
(see section VIII.5, ”Bitstream Synchronization” ).
This depends on the Layer and sampling fre-
quency, and has a maximum valu e of
3 x 36 = 108ms (frame Duration for Layer II at
32kHz). Similarly, the longest data input time is
36/12 = 3ms. Once the STi4500/4510 is synchro-
nized, the longest latency in low latency mode is
3 + 2 = 5ms.
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Figure 4 : Primary Clock Circuit

V - CLOCKS
V.1 - Primary Clock

The STi4500/4510 primary clock, which has a
nominal value of 24MHz, can either be inde-
pendently generated or derived from another sys-
tem clock. It can either be input directly on Pin
OSCIN, or generated from a crystal using the circuit
shown in Figure 4.
The crystal should be a fundamental-mode,paral-
lel-resonant, 15pF device. The values of the ca-
pacitors shown should be in the range of 10
to 30pF.

V.2 - PCM Clock
The input PCMCLK is used to generate the PCM
output bit clock. Programming of the internal clock
divider is described in section VII.2, ”PCM Clock
Generation” .

V.3 - System Time Clock
The input STCLK is used to generated the system
time clock, which is used to increment the system
time clock counter. Programming of the internal
clock divider is described in section IX, ”SYSTEM
TIME COUNTER” .

VI - EXTERNAL DRAM
VI.1 - General
The utilisation of an external1 Mbit DRAM provides
the following capabilities :
- At least one second of audio may be buffered for

the purposes of audio/video synchronization
- Error concealment by frame repeat
- Skip and repeat of audio frames
- Synchronization look-ahead
The STi4500/4510 is designed to interface with a
(120ns maximum) 256K x 4 DRAM. It is also de-
signed to support a 1M x 4 DRAM in the event that
the 1M x 4 DRAM becomes less expensive than
the 256K x 4. When a 1M x 4 DRAM is used, only
256K x 4 of the1M x 4 is utilised.

STi4500/STi4510
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VI - EXTERNAL DRAM (continued)

VI.2 - Interface
The memory interface contains the following signals :
- D3 - D0 bidirectional data port
- A9 - A0 address
- RAS row address strobe
- CAS column address strobe
- OE output enable
- WE write enable
Memory timing diagrams are shown in section
XI.3.2, ”DRAM Interface” .
The STi4500/4510 provides a 655µs power-on
pause followed by 16 initialization cycles.
At power-up, the bit DRAM_EXT is set automat-
ically to indicate whether an external DRAM is
connected.

VI.3 - Frame Data Storage Structure and Delay
Frame data is stored in the external DRAM in units
of blocks, each containing 1024 bytes. The maxi-
mum number of blocks which can be stored in the
1 Mbit memory is 128.
A Layer I audio frame is always stored in one block.
A Layer II audio frame is always stored in two
blocks.
The organisationof data within a block is shown in
Figure 5.
The first byte is a status word indicating whether or
not the frame is valid. After this, a second byte
indicates whether the following PTS code is valid.
The PTS value is stored in 5 bytes. After the PTS,
the 4-byte audio frame header is stored. Following
the header is the frame length (2 bytes). Finally the
compressed audio data, plus any ancillary data, is
stored.

Frame Status (1 byte)

PTS (5 bytes)

Audio Header (4 bytes)

Frame Length (2 bytes)

Audio + Ancillary Data

1 byte

10
24
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Figure 5 : DRAM Block Format

The amount of audio delay possible in 128 blocks
depends on the layer and sampling rate.

For layer I : delay = (384 X 128) / sampling rate
For Layer II : delay = (1152 X 64) / sampling rate

The table below gives the values possible.

Sampling Frequency
32kHz 44.1kHz 48kHz

Layer I 1.536 s 1.115 s 1.024 s
Layer II 2.304 s 1.672 s 1.536 s

VII - PCM OUTPUT
VII.1 - Interface and Output Formats

The decoded audio data is output in serial PCM
format. The interface consists of the following sig-
nals :
- PCMDATA PCM serial data output
- SCLK PCM clock output
- LRCLK Left/right channel select output
- PCMCLK PCM clock input

Output precision is selectable to be either
16 bits/word or 18 bits/word by setting the output
precision select, PCM_18, register.

In 16-bit mode, data may be output either with the
most significant bit first or least significant bit first
as selected by the contents of the output order
select, PCM_ORD, register.

When 18-bit data is selected, 32 bits are output for
each channel. The data in front register, PCM_DIF,
is used to position the 18 data bits either at the
beginning or at the end of each 32-bit frame. The
PCM_FORMAT register is used to select standard
or I2S-compatible format when 18-bit precision is
selected.

Figure 6 shows the five different output formats
which are possible. PCM_ORD only has signifi-
cance in 16-bit mode. PCM_DIF only has signifi-
cance in 18-bit mode. PCM_FORMAT only has
sign i f icance in 18-b i t mode and when
PCM_DIF = 1. The last option shown in Figure 6 is
compatible with the I2S format.

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

Figure 7 shows the two polarities of SCLK. Nor-
mally, the DAC will sample LRCLK and PCMDATA
on the rising edge of SCLK in the first case, and on
the falling edge of SCLK in the second. The first
option (INV_SCLK = 0) is the one normally used in
I2S systems.

Figure 8 shows how the polarity of LRCLK is se-
lected. The second option (INV_LRCLK = 1) is
compatible with the I2S format.

PCMinterface timing is given inFigure 20of section
XI.3.4, ”Compressed Data Input” .

STi4500/STi4510
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Figure 6 : PCM Output Formats

VII - PCM OUTPUT (continued)

VII.2 - PCM Clock Generation
The PCM serial clock SCLK is derived from the
clock input PCMCLK. The frequency of PCMCLK
may be equal to the PCM output bit rate, or it may
be an integer multiple of this, allowing the use of
oversamplingD-A converters. In many applications
PCMCLK is externally synchronized to the com-
pressed audio bit stream.
SCLK is derived from PCMCLK by dividing it by the
contents of the divider register, PCM_DIV.This
number, in the range 0 to 63, defines the ratio of
the frequency of the PCM bit clock, SCLK, to that
of PCMCLK, according to the relationship :

fSCLK =
fPCMCLK

2 ⋅ (PCM_DIV + 1)
For example, PCM_DIV is loaded with 0, the fre-
quency of SCLK is one half of the frequency of

PCMCLK, while if PCM_DIV is loaded with 63, the
frequency of SCLK is one 128th of the frequency
of PCMCLK. The value of PCM_DIV = 16 is re-
served. If this number is loaded, the divider is
bypassed and the frequency of SCLK is equal to
the frequency of PCMCLK. PCM_DIV must be set
up before the output of SCLK starts. This can be
done byfirst disablingPCM outputsby de-asserting
the MUTE and PLAY commands, and then writing
to the PCM_DIV register. Once the register is set
up, the MUTE and/or PLAY commands can be
asserted. PCM_DIV cannot be changed ”on the fly”.
The frequency of LRCLK is given by :

fLRCLK =
fSCLK

32
; for 16-bit PCM output

fLRCLK =
fSCLK

64
; for 18-bit PCM output

VII.3 - Interrupts Associated with PCM Output
There are two interrupts associated with the
PCM output, interrupt 8, ”PCM Buffer Underflow”,
and interrupt 14, ”Output of New Frame”.
An interrupt 8 is generated (if not masked) when a
new output sample is required and the PCM buffer
is empty. The PCM buffer, which contains up to
64 samples (i.e. 64 word-pairs in stereo), receives
the decoded outputs from the DSP core. If the
buffer is empty the output sample will have the
value zero.Decodingwill not stop. If the PCMbuffer
becomes full, decoding will stop, but PCM output
will not be affected.
An interrupt 14 is generated (if not masked) when-
ever the first bit of a frame appears at the PCM
output.

STi4500/STi4510
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VIII - DECODER CONTROL

VIII.1 - Control and Status Pins
MUTE forces the output of muted PCM data. PCM
muting will be in effect if either this line or the MUTE
register is set. Muting does not affect the audio
decoding process.
PLAY enables the output of decoded audio data.
Output of decoded audio data is enabled only if
both this line is asserted and the PLAY register is
set. It does not affect the output of muted audio.
PTS becomes active when the first data word
associated with a frame that contained a PTS
(presentation time stamp) is at the PCM output
stage.PTS is active for a durationof 1ms. ThePTS
associatedwith the current frame may be read from
PTS[32:0]. This register is updated only if its asso-
ciated interrupt request is enabled.
The falling edge of BOF signals the beginning of a
new audio frame.The first sample of the new frame
is on the PCM output at the falling edge of this
signal. This signal is active for a duration of 180ns.
FS1, FS0 signal the sampling frequency code ex-
tracted from the frame header. This data is also
available in the PCM_FS register. The FS1 and
FS0 pins will reflect the current sampling frequency
when thefirst data point is at the PCM outputstage.
If enabled, an interrupt 9 is generated at this time
if the sampling frequency value has changed.
DMPH1, DMPH0 signal the audio de-emphasis
code extracted from the frame header. The same
information is also available in the DMPH register.
If enabled,an interrupt 10is generatedon a change
in the DMPH value. The interrupt occurs and the
DMPH1 and DMPH0 pins change state when the
corresponding frame is at the PCM output stage.
The action of RESET is described in the following
section.

VIII.2 - Initialization of the Decoder
There are two methods of initiating a reset of the
STi4500/4510 :
1. Writing 0 or 1 (after which it is automatically

restored to the 0 state) to the register RESET.
2. Asserting the RESET pin for a duration of at

least 200ns.
Either of these actions will reset the INTR and
INTR_EN registers. In addition, asserting the RE-
SET Pin will reset the registers INV_SCLK, MUTE,
PLAY, STC_INC and STC_CTL. All other registers

must be set up by themicrocontrollerbefore decod-
ing is started.
A reset, initiated either by RESET Pin or by register
write initiates the following actions :
- The RESET register is set (if not set already).
- The REQ Pin goes high.
- The INTR, INTR_EN and BUFF_LEV registers

are reset.
- The registers INV_SCLK, STC_INC, STC_DIV

and STC_CTL are cleared (only if reset was
activated by RESET Pin).

- The STi4500/4510 checks for the presence of
external DRAM and fixes state of bit DRAM_EXT
accordingly.

- The DRAM goes through its power-up refresh
cycling (only if reset was activated by RE-
SET Pin).

- All data buffers are cleared. This takes multiple
clock cycles.

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

- All other control registers remain at their pre-ex-
isting state

- The STi4500/4510 terminates the reset cycle.
The RESET register is cleared, and the REQ Pin
goes low. The PCM output clocks and data re-
main inactive.

Register accesses by the host interface are not
disabled during the reset process. However, while
the REQPin is asserted audio datacannotbe input.

The IRQ and IRQOD outputs are low while the
RESET Pin is asserted.

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

VIII.3 - Play and Mute
Once initialized and configured, decoding and out-
put of PCM data is controlled by the commands
PLAY and MUTE.

The command PLAY is asserted when both the
PLAY register is set and the PLAY Pin is asserted.

The command MUTE is asserted if either the
MUTE register or the MUTE Pin is asserted.

The actionsof the PLAYand MUTE commands are
specified in the Table 1.
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VIII - DECODER CONTROL (continued)

Table 1 : Mute and Play Functions

Mute Play Function

de-asserted de-asserted No output or decoding.
SCLOCK, LRCLK, PCMDATA allmove into their inactive state. LRCLK completes its current
cycle and stops, SCLK completes its last cycle in the second LRCLK frame and stops.
Decoding stops when all internal buffers become full.

de-asserted asserted Normal decoding and PCM output.
When PLAY is re-asserted, PCMDATA resumes where it left off without data loss.

asserted de-asserted PCM clocks only, no decoding.
PCMDATA becomes low after the output of the last complete sample. LRCLK and SCLK
are not stopped.
Decoding stops when all internal buffers become full.
When PLAY is re-asserted, PCMDATA resumes where it left off without data loss.

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

VIII.4 - Restart

The restart procedure is invoked when it is required
to flush all buffers and restart decoding immedi-
ately.

Restart is initiated by writing 0 or 1 (after which it
is automatically restored to the 0 state) to the
RESTART register. A restart initiates the following
actions :
- The REQ Pin goes high
- The INTR and INT_EN registers are cleared.
- The BUFF_LEV register is cleared.
- All data buffers are cleared.
- The MUTE, PLAYand all others registers (except

those mentioned above) remain in their existing
state.

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

- The STi4500/4510 terminates the restart cycle.
The RESTART register is cleared, and the REQ
Pin goes low

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

VIII.5 - Bitstream Synchronization
The compressed input bit stream must be synchro-
nized before the decompression step may begin.
This is done by looking for synchronization words
inserted into the data stream at encoding. Synchro-
nization must be done both at the audio frame and
at the system packet layer if present.
At the packet level, the audio decoder will look for
a valid start code, doing a bit by bit search. Once
an audio packet is found, it extracts the presenta-
tion time stamp (PTS), if present, and starts the
audio synchronization described below.
At the audio frame level, there isa non-uniquesync
word at the beginning of the header. The
STi4500/4510 attempts to find this sync word by
doing a bit by bit search. When found the action
takendependson the contents of theSYNC_LOCK
and LATENCY registers.
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VIII - DECODER CONTROL (continued)

VIII.5.1 - Packet Level Synchronization
The complete algorithm is given in Figure 9.
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Figure 9 : Packet Synchronization Algorithm

To help the synchronization algorithm ignore an
emulated packet synchronization word, an exten-
sion of the packet start code to be matched is
possible. Depending to the content of registers

PACKET_SYNC, AUDIO_ID and AUDIO_ID_EN,
synchronization can be made on the 24-bit
packet_start_code_prefix or can be extended to
the stream_id field.
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VIII - DECODER CONTROL (continued)
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Figure 10 : Audio Frame Synchronization
Algorithm

Synchronization mode depends on the type of
packets received by the STi4500/4510. The de-
coder can receive either :
1. Multiplexed audio/video bitstream

(PACKET_SYNC = 0).
In this case the STi4500/4510can receive both
video and audio streams multiplexed together.
Packet synchronization is possible only on the
24-bit start code. All packets are used by the
synchronization algorithm but all non-audio
packets and, if AUDIO_ID_EN is set, all audio
packetswhich have a stream_id which does not
match the AUDIO_ID register value, are not
decoded.

2. Multiplexed audio bitstream
(PACKET_SYNC = 1).
In this case, the STi4500/4510 expects to
receive only multiplexed audio streams.
Synchronization is performed on 27 bits (24 bits
packet_start_code_prefix + 3 f irst b its o f
stream_id). All packets are used by the
synchronization algorithm but if AUDIO_ID_EN
is set, all audio packets that have a stream_id
which does not match the AUDIO_ID register
value are not decoded.

3. Single audio bitstream
(PACKET_SYNC = 2, AUDIO_ID_EN=1).
Synchronization is performed on 32 bits. All
packets are used by the synchronization
algorithm, and all audio packets that have a
stream_id which matches the AUDIO_ID
register value are decoded.

The SYNCHRO_CONFIRM register is also taken
into account in the global synchronization algo-
rithm. If SYNCHRO_CONFIRM = 1, after the first
packe t synchronization word is found the
STi4500/4510 is considered to be synchronized.
If SYNCHRO_CONFIRM = 0, after the first packet
synchronization word is found, the STi4500/4510
must read the packet length and confirm synchro-
nization by finding the next synchronizationword in
the correct position.

VIII.5.2 - Audio Frame Synchronization
The synchronizationalgorithm is given in Figure 10.
Because the audio syncword can be emulated in
the bitstream, it is useful to extend this audio start
code to avoid the detection of a false sync word.
Each time the STi4500/4510 detects a false sync
word during the synchronizationprocess, the delay
to reach the locked state increases.
The SYNC_REG register is used for this purpose.
When no field of the SYNC_REG register is en-
abled, the STi4500/4510 saves the layer and sam-
pling frequency information after synchronization

has been achieved. This aids the task of resyn-
chronization, should synchronization be lost owing
to an error in the audio data or the system layer.
This internal register is disabled on RESET or
RESTART and will not be reinitialized until the
audio parser is synchronized.
The SYNC_LOCK register specifies how many
valid synchronization words after the initial one
have to be found before entering the locked state.
The highest value of SYNC_LOCK (i.e. 3) is as-
sumed when the SYNC_REG register has its de-
fault value. The definition of a valid synchronization
word depends on the LATENCY register value.
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VIII - DECODER CONTROL (continued)

In high latency mode (LATENCY = 1) a valid syn-
chronization word is a sequence of bits that
matches the expected word. In addition, the calcu-
lated length of the audio frame must be equal to the
distance to the start of the next sequence of bits
matching the synchronization word. In low latency
mode (LATENCY= 0), a valid synchronizationword
is a sequence of bits matching the expected word.
High latency mode is not allowed if no DRAM is
present.
In free-format mode one additional register
(FREE_FORM) can be used. The FREE_FORM
register is a way ofspecifying the length of an audio
frame in free-format mode. This register is 16 bits
long and contains the length of the frame in bits.
The method of storing frames in the DRAM is given
in sectionVI.3, ”FrameData Storage Structure and
Delay”.
By default a frame is always written always ”bad”
status. The back annotation process writes a
”good” status word. A frame with a ”bad” status
word is decoded using the concealment method
specified by the value of SYNC_ECM register.
The algorithm without DRAM is similar except that
back annotation is not possible. In thiscase frames
are lost before the locked state is achieved.

VIII.6 - Error Recovery and Concealment
The STi4500/4510 is able to recover from certain
detectable errors. For this purpose it has a number
of user-selectable error concealment modes.
Detectable errors may be caused by a bad audio
frame CRC or by loss of synchronization. Conceal-
ment is similar, but may be selected independently
by setting the CRC_ECM and SYNC_ECM regis-
ters.

The register CRC_ECM defines the action which
will be taken upon detection of a CRC error in an
input frame :
00 : Disab le CRC detect ion and error

concealment
01 : Mute on detectionof CRC error
10 : Repeat last valid frame. Repeat once if

Layer II, three times if layer I, mute thereafter.
Only possible when external DRAM used.

11 : Skip invalid frame

The register SYNC_ECM defines theaction which will
be taken upon detection of a synchronizationerror :
00 : Ignore error
01 : Mute on detectionof synchronization error
10 : Repeat last valid frame. Repeat once if

Layer II, three times if layer I, mute thereafter.
Only possible when external DRAM used.

11 : Skip invalid frame

VIII.7 - Ancillary Data Extraction
The ancillary data which may be held at the end of
audio frames can be extracted and read from the
ANC register. This register constitutes a 32-bit
FIFO. The first bit of ancillary data received is
stored in bit ANC[0].
The extraction of ancillary data in ANC is started by
enabling interrupt 7. An interrupt 7 is generated
when either :
1. 32 bits of ancillary data have beenreceived from

the bitstream and written into ANC, i.e. when it
is full, or

2. the end of a frame is reached.
Register ANC_AV holds the number of bits avail-
able in the ancillary data buffer, ANC[31:0]. When
ANC[31:24] is read, interrupt 7 is cleared, ANC_AV
is cleared and the ancillary data buffer is reinitial-
ized. Decoding stops if the STi4500/4510 tries to
write data into ANC when it is full. The normal
responsewould be to read ANC_AVand thenANC.
However, if interrupt 7 is disabled (by resetting
bit INTR_EN[7]), decoding will continue and the
registers ANC and ANC_AV will retain their con-
tents until ANC[31:24] is read. If ANC is not read at
the end of the frame, and it is not full, ancillary data
bits in the next frame will be appended.

VIII.8 - Bypass Mode
The STi4500/4510has an audio bypass capability
that allows 16-bit PCM data to be loaded directly
and passed through to the PCMDATA output.
To set up audio bypass operation the STR_SEL
register must be set to the bypass mode
(STR_SEL = 3) and then a reset or restart se-
quence must be executed. While the REQ output
is low, PCM data can be loaded into the device
directly. The data is loaded in exactly the same way
as compresseddata, using one of the three loading
mechanismsavailable.The data can be input at up
to the maximum burst rate of 20 Mbit/s. Data must
be input in the sequence: 2 bytes left, 2 bytes right,
2 bytes left, and so on. In each byte-pair, the most
significant byte must be loaded first. The external
DRAM is not used in bypass mode (the LATENCY
register must be reset during bypass). All 16-bit
PCM output modes can be used in bypass mode.
The volume control is operational in bypass mode.
The PCM underflow interrupt (interrupt 8) can be
used to detect when all bypass data has been
output. To switch back to compressed data input,
the STR_SEL register and the LATENCY register
must be changed back to select the normal input
configuration (STR_SEL = 0 or 1, LATENCY = 0
or 1) and then a reset or restart sequence must be
executed.

STi4500/STi4510

19/43



IX - SYSTEM TIME COUNTER

A System Time Counter (STC) has been added to
the STi4500/4510in order to improve integration in
a system which includes a video decoder.
The STC structure is shown in Figure 11. The
system time counter itself is constituted by the
accumulator and the adder from which its input is
taken.
The accumulator clock is derived from an external
clock provided by the system (STCCLK), divided
by a value programmed into register STC_DIV.
After a reset initiated by assertion of the RE-
SET pin, STC_DIV has the value 0 and STCCLK is
not divided. STC_INC is also reset after assertion
of RESET. Connecting PCMCLK to STCCLK al-
lows the STC to be locked to the audio clock.
The accumulator increment is programmable ; it is
defined by the contents of register STC_INC. This
gives the possibility to use a fractional division of
the input clock at the expense of a loss in STC
resolution. This is particularly useful when the
PCMCLK is used because typical PCMCLK fre-
quencies are not integer multiples of 90kHz.
The STC accumulator will be augmented by
STC_INC every STC_DIV cycles ofSTCCLK. If the
input clock in M/N times the frequency of the de-
sired STC frequency (usually 90khz), then M is
stored in STC_DIV and N stored in STC_INC.
The table opposite gives the values of STC_DIV
and STC_INC for typical values of PCMCLK fre-
quencies.
The lowest STC resolution is that in the first line of
the table. The time between STC updates is
45/90000 = 0.5ms.
The register STC_AUD will latch the STC value at
the start of every audio frame (BOF), and the
register STC_VID will latch the STC when the
display of very picture display starts (signalled by
VSYNC, available through a pin).
The register STC_CTL is used to transfer data to
and from the STC register. Writing to this register
with the appropriate bits set will trigger the action.
This register is also used to define the polarity of

VSYNC. Writing to the register with the appropriate
bit set will trigger the defined action.The different
functions of the STC_CTL register are given in the
Table 3.
Table 2

Sampling
Frequency

PCMCLK
Frequency STC_DIV STC_INC

32kHz 8192kHz 4096 45
32kHz 12288kHz 2048 15

44.1kHz 11289.6kHz 3136 25
44.1kHz 16934.4kHz 4704 25
48kHz 12288kHz 2048 15

48kHz 18432kHz 1024 5

Table 3

Bit Function
7 Must be low
6 STV_VID latched on rising edge of VSYNC
5 STV_VID latched on falling edge of VSYNC

4 Transfer STC_AUD to STC register

3 Transfer STC_VID to STC register
2 Transfer STC accumulator to STC register
1 Transfer STC to accumulator (Mode 1)
0 Transfer STC to accumulator (Mode 0)

Bits 5 and 6 must not be set together.
The STC register isa 33-bit value and it is spanned
by five 8-bit registers. The ”Mode 0” mapping is
direct but the ”Mode 1” mapping is particular, in
which the data aremapped exactlyas are the SCR,
PTS and DTS values in the bitstream. This map-
ping avoids bit manipulation when transferring val-
ues from the bitstream to the register. The two
mappings are defined in the STC register descrip-
tion in section X, ”REGISTER DESCRIPTIONS”.
Mode 0 mapping is applied for read access
(STC_CTL bit 2) and Mode 0 write access
(STC_CTL bit 0).
Mode 1 is applied write access (STC_CTL bit 1).
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Figure 11 : System Time Counter
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X - REGISTER DESCRIPTIONS

Registers are listed in alphabetical order. All addresses are in hexadecimal.
All unspecified addresses of the register map are reserved, and must not be written to. Unspecified bits of
user-accessible registers have no function.

ANC - Ancillary Data Buffer

7 0

09 ANC[31:24]

08 ANC[23:16]

07 ANC[15:8]

06 ANC[7:0]

Address : 09-06
Type : R
Reset State : undefined

Description
The 4 8-bit ancillary data registers constitute a
32-bit FIFO whichholds the ancillary data extracted
from audio frames. The first bit of ancillary data
received is stored in bit ANC[0].
The extraction of ancillary data in ANC is started by
enabling interrupt 7. An interrupt 7 is generated
when 32 bits have been written into ANC, i.e. when
it is full.
When ANC[31:24] is read, ANC_AV is cleared and
the ancillary data buffer is reinitialized.

ANC_AV - Ancillary Data Available

5 0

ANC_AV[5:0]

Address : 6C
Type : R
Reset State : 0

Description
This register holds the number of bits available in
the ancillary data buffer, ANC[31:0].
It is cleared by reading ANC[31:24].

ATTEN_L - Left Channel Attenuation

5 0

ATTEN_L[5:0]

Address : 1E
Type : R/W
Reset State : undefined

Description
This register defines the left channel attenuationin
steps of 2dB. The minimum attenuation is 0dB, the
maximum is 2 X 63 = 126dB.

ATTEN_R - Right Channel Attenuation

5 0

ATTEN_R[5:0]

Address : 20
Type : R/W
Reset State : undefined

Description
This register defines the right channel attenuation
in steps of 2dB. The minimum attenuation is 0dB,
the maximum is 2 X 63 = 126B.

AUD_ID - Audio Stream ID

4 0

AUD_ID[4:0]

Address : 22
Type : R/W
Reset State : undefined

Description
This value stored in this register is only taken into
account if AUD_ID_EN is set.
This register specifies the number (between 0
and 31) of the audio stream which is to be decoded.
The streamnumber is defined in the fieldstream_id
of the packet header. All other packets will be
discarded.
If AUD_ID_EN is reset, then all audio packets are
decoded.

AUD_ID_EN - Audio Stream ID Enable

bit 0

AUD_ID_EN

Address : 24
Type : R/W
Reset State : undefined

Description
If this bit is reset, then the contents of AUD_ID are
ignored.
If it is set, then the register AUD_ID is taken into
account.
0 : Ignore AUD_ID
1 : Use AUD_ID
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X - REGISTER DESCRIPTIONS (continued)

BALE_LIM - Buffer Almost Empty Limit

6 0

BALE_LIM[6:0]

Address : 69
Type : R/W
Reset State : undefined

Description
This register defines the level of data, in units of
blocks, in the external DRAM at or below which an
interrupt 3 can be generated.
A block can contain up to 8K bits of data. The
external DRAM can contain up to 128 blocks. For
Layer I frames, oneblock isused to storeone frame
of compressed data. For Layer II frames, two
blocks are used to store one frame of compressed
data.

BALF_LIM - Buffer Almost Full Limit

6 0

BALF_LIM[6:0]

Address : 6B
Type : R/W
Reset State : undefined

Description
This register defines the level of data, in units of
blocks, in the external DRAM at or above which an
interrupt 4 can be generated.
A block can contain up to 8K bits of data. The
external DRAM can contain up to 128 blocks. For
Layer I frames, oneblock isused to storeone frame
of compressed data. For Layer II frames, two
blocks are used to store one frame of compressed
data.

BUFF_LEV - DRAM Buffer Level

6 0

13 7 BUFF_LEV[14:8]

12 BUFF_LEV[7:0]

Address : 13-12
Type : R
Reset State : 0. Also cleared on restart.

Description
This register indicates the data level in the external
DRAM buffer. BUFF_LEV[14:8] gives the number
of complete blocks. BUFF_LEV[7:0] gives the re-
mainder, in units of 4 bytes (32 bits). When the
DRAM is full, the value of BUFF_LEV[14:8] is 124,
and the value of BUFF_LEV[7:0] is 0.
A block can contain up to 8K bits of data. The
external DRAM can contain up to 128 blocks. For
Layer I frames, one block isused to storeoneframe
of compressed data. For Layer II frames, two
blocks are used to store one frame of compressed
data.

CRC_ECM - CRC Error Concealment Mode

1 0

CRC_ECM - CRC[1:0]

Address : 2A
Type : R/W
Reset State : undefined

Description
This register defines the action which will be taken
upon detection of a CRC error in an input frame.
00 : Disab le CRC detection and erro r

concealment
01 : Mute on detection of CRC error
10 : Repeat last valid frame. Repeat once if

Layer II, three times if layer I, mute thereafter.
Only possible when external DRAM used.

11 : Skip invalid frame

DATAIN - Compressed Data Input

7 0

DATAIN[7:0]

Address : 18
Type : R/W
Reset State : undefined

Description
This register is provided to allow the transfer of
compressed data across the microcontroller inter-
face. When this mode of data entry is used, the
signal DSTRB must be inactive.
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X - REGISTER DESCRIPTIONS (continued)

DMPH - De-Emphasis Mode

1 0

DMPH[1:0]

Address : 46
Type : R
Reset State : undefined

Description
This register is set with the value of the emphasis
field of the frame currently being decoded.
00 : None
01 : 50/15µs
10 : Reserved value
11 : ITU-T J.17

DRAM_EXT - External Memory Status

bit 0

DRAM_EXT

Address : 3E
Type : R
Reset State : see below

Description
The value of this bit is determined automatically on
power-up.
0 : No external DRAM present. Only the internal

256-byte input FIFO buffer is used.
1 : External DRAM present. Both this memory

and the input FIFO are used.

FIFO_THRES - Input FIFO Threshold

7 0

FIFO_THRES[7:0]

Address : 52
Type : R/W
Reset State : undefined

Description
This value loaded into this register defines the input
FIFO level at which an interrupt 12 can be gener-
ated. The level is defined as a byte address, in the
range 0 to 255.

An interrupt can be generated each time the FIFO
level is equal to FIFO_THRES, regardless of
whether it was approached from above or below.
When external DRAM is installed, interrupt 12
should be masked, since interrupts 3 and 4 would
normally be used for buffer level indication.

FREE_FORM - Free-Format Frame Length

7 0

15 FREE_FORM[15:8]

14 FREE_FORM[7:0]

Address : 15-14
Type : R/W
Reset State : undefined

Description
When free-format decoding is used (bitrate_in-
dex = 0), the frame length, if known, can be loaded
into this register, in units of bits. (In free-format, the
frame length cannot be determined from bitstream
parameters).
The length loaded into FREE_FORM is used in the
internal synchronization algorithm.
If the frame length is not known, FREE_FORM
must be loaded with zero.

HEADER - Frame Header

7 0

61 HEADER[31:24]

60 HEADER[23:16]

5F HEADER[15:8]

5E HEADER[7:0]

Address : 61-5E
Type : R
Reset State : undefined

Description
This 32-bit register contains the header of the
frame currently being decoded.
This register is updated after interrupt 1 is enabled.
An interrupt 1 is generatedwhena valid headerhas
been received.
The contents are retained until HEADER[31:24] is
read.
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X - REGISTER DESCRIPTIONS (continued)

INTR - Interrupt Request Register

6 0

1B 7 INTR[14:8]

1A INTR[7:0]

Address : 1B-1A
Type : R
Reset State : 0. Also cleared on restart.

Description
An interrupt is signalled by a 100ns pulse on IRQ
whenever one of the bits of INTR becomes set.
This can only occur if the corresponding bit is set
in the INTR_EN register.
The INTR register is cleared on reset (assertion of
RESET Pin or settingof RESETregister), or restart
(setting the RESTART register).
Also the most significant byte, and bits 3-5 of the
least significant byte of INTR can be independently
cleared by reading.
Bits 0-2 and 7 are cleared by a different method,
as indicated in the notes below the following table.

No Condition Signalled

14 First bit of new frame at PCM output

13 Input FIFO full

12 Input FIFO level = FIFO_THRES

11 External DRAM full

10 De-emphasis changed

9 Sampling frequency changed

8 PCM output buffer underflow

7 Ancillary data register full (see Note 1)

6 not used

5 CRC error detected

4 Blocks in DRAM BALF_LIM

3 Blocks in DRAM BALE_LIM

2 Valid PTS registered (see Note 2)

1 Valid header registered (see Note 3)

0 Change in synchronization status (see Note 4)

Notes : 1. ANC[31:24] must be read in order to clear bit INTR[7]
and to reinitialize the ancillary data buffer.

2. PTS[32] must be read in order to clear bit INTR[2] and
to reinitialize the PTS register.

3. HEADER[31:24] must be read in order to clear bit
INTR[1] and to reinitialize the HEADER register.

4. SYNC_ST must be read in order to clear bit INTR[0] and
to reinitialize the SYNC_ST register.

INTR_EN - Interrupt Mask Register
6 0

1B 7 INTR[14:8]

1A INTR[7:0]

Address : 1D-1C
Type : R/W
Reset State : 0. Also cleared on restart.

Description
A one in any bit position of this register will enable
the correspondingbit of the INTR register.
In addition,setting certain bits of this register have
additional actions, as specified below :
- Setting INTR_EN[7] enables the reading of ancil-

lary data into ANC
- Setting INTR_EN[2] enables the updating of the

PTS register.
- Setting INTR_EN[1] enables the updating of the

HEADER register.
- Setting INTR_EN[0] enables the updating of the

SYNC_ST register.

INV_LRCLK - LRCLK Polarity
bit 0

INV_LRCLK

Address : 11
Type : R/W
Reset State : 0 after assertion of RESET Pin only

Description
This bit is used to define the polarity of the output
signal LRCLK.
0 : Left channel when LRCLK = 1
1 : Left channel when LRCLK = 0

INV_SCLK - SCLK Polarity
bit 0

INV_SCLK

Address : 53
Type : R/W
Reset State : 0 after assertion of RESET Pin only

Description
This bit defines the polarity of the PCM bit clock
output SCLK.
0 : The LRCLK and PCMDATA outputschange on

the falling edge of SCLK. The external DAC
will sample LRCLK and PCMDATA on the
rising edge of SCLK.

1 : The LRCLK and PCMDATA outputschange on
the rising edge of SCLK. Theexternal DAC will
sample LRCLK and PCMDATA on the falling
edge of SCLK (Figure 7).
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X - REGISTER DESCRIPTIONS (continued)

LATENCY - Latency Selection

bit 0

LATENCY

Address : 3C
Type : R/W
Reset State : undefined

Description
This bit is used to select the latency mode of the
decoder.
0 : Low latency mode. The decoding latency is

less than 5 ms (see section IV.6, ”Latency” ).
In this mode the STi4500/4510 is forced to
work without external DRAM, even if installed.
This mode must be selected if audio bypass is
required (STR_SEL = 3).

1 : High latencymode. The latency is greater than
one frame period. This mode must not be
selected unless external DRAM is installed. In
high latency mode synchronization detection
is morerobust, andloss ofsynchronizationcan
be checked for before the decoding of each
frame.

MUTE - Mute

bit 0

MUTE

Address : 30
Type : R/W
Reset State : 0 after assertionof RESETPin only

Description
The output of this register is ORed with the
MUTE Pin to form the mute command. The action
of the mute command isexplained in section VIII.3,
”Play and Mute” .

PACKET_SYNC - Packet Sync Mode

1 0

PACKET_SYNC[1:0]

Address : 23
Type : R/W
Reset State : undefined

Description
This register defines the packet synchronization
mode.
00 : Synchron ize on ly on 24-bi t

packet_start_code_prefix. (Mu lt ip lexed
audio/video bitstream).

01 : Synchron ize both on 24-bi t
packet_start_code_prefix and first 3 bits of
stream_id. (Multiplexed audio bitstream).

10 : Synchron ize both on 24-bi t
packet_start_code_prefix and all 8 bits of
stream_id. (Audio bitstream with unique id).

PCM_18 - PCM Output Precision

bit 0

PCM_18

Address : 16
Type : R/W
Reset State : undefined

Description
This bit defines the PCM output precision.
0 : 16-bit PCM data output
1 : 18-bit PCM data output

PCM_DIF - PCM Output Justification

bit 0

PCM_DIF

Address : 6F
Type : R/W
Reset State : undefined

Description
This bit selects whether the PCM output data is
right or left justified with respect to the 32-clock
frame when in 18-bitmode (i.e. when PCM_18= 1).
This bit is has no significance when in 16-bit mode
(i.e. when PCM_18 = 0).
0 : 18-bit PCM data is right justified (i.e. occupies

the last 18 cycles of each 32-cycle frame)
1 : 18-bit PCM data is left justified (i.e. occupies

the first 18 cycles of each 32-cycle frame when
PCM_FORMAT = 1, or the next 18 when
PCM_FORMAT = 0).
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X - REGISTER DESCRIPTIONS (continued)

PCM_DIV - PCM Clock Divider

5 0

PCM_DIV[5:0]

Address : 6E
Type : R/W
Reset State : undefined

Description
The number loaded into this register, in the range
0 to 63, defines the ratio of the frequency of the
PCM bit clock, SCLK, to that of PCMCLK, accord-
ing to the relationship :

fSCLK = fPCMCLK

2 ⋅ (PCM_DIV + 1)
For example, PCM_DIV is loaded with 0, the fre-
quency of SCLK is one half of the frequency of
PCMCLK, while if PCM_DIV is loaded with 63, the
frequency of SCLK is one 128th of the frequency
of PCMCLK.
The value of PCM_DIV = 16 is reserved. If this
number is loaded, the divider is bypassedand the
frequency of SCLK is equal to the frequency of
PCMCLK.
PCM_DIV must be set up before the output of
SCLK starts. This can be done by first disabling
PCM outputs by de-asserting the MUTE and PLAY
commands, and then writing to the PCM_DIV reg-
ister. Once the register is set up, the MUTE and/or
PLAY commands can be asserted. PCM_DIV can-
not be changed ”on the fly”.

PCM_FORMAT - PCM Output Format

bit 0

PCM_FORMAT

Address : 19
Type : R/W
Reset State : undefined

Description
This bit is used to select the I2S-compatible PCM
output format when in 18-bit left-justified mode
(i.e. when PCM_18 = 1 and PCM_DIF = 1). In this
mode the most- significant bit of the PCM data is
output one cycle later than the change of LRCLK.
PCM_FORMAT has no signi ficance when
PCM_18 =0.
0 : I2S-compatible PCM output
1 : Standard format (most-significant bit of data

coincident with LRCLK)

PCM_FS - Sampling Frequency

1 0

PCM_FS[1:0]

Address : 44
Type : R
Reset State : undefined

Description
This register is loaded with the sampling frequency
code extracted from the bitstream. This is equal to
the frequency of the output LRCLK.

00 : 44.1kHz
01 : 48kHz
10 : 32kHz
11 : reserved

PCM_ORD - PCM Output Bit Order

bit 0

PCM_ORD

Address : 38
Type : R/W
Reset State : undefined

Description
This bit determines the order of PCM data output
when in 16-bit mode (i.e. when PCM_18 = 0). Ithas
no significance when PCM_18 = 1, when data is
always output most-significant bit first.

0 : Most-significant bit output first
1 : Least-significantbit output first

PLAY - Play

bit 0

PLAY

Address : 2E
Type : R/W
Reset State : 0 after assertion of RESET Pin only

Description
The output of this register is ANDed with the
PLAYPin to form the play command. The action of
the mute command is explained in section VIII.3,
”Play and Mute” .
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X - REGISTER DESCRIPTIONS (continued)

PTS - Presentation Time Stamp

0

66 7 32

65 PTS[31:24]

64 PTS[23:16]

63 PTS[15:8]

62 PTS[7:0]

Address : 66-62
Type : R
Reset State : undefined

Description
This 33-bit register contains the PTS associated
with the frame currently being decoded.
This register is updated after interrupt2 is enabled.
An interrupt 2 is generated when a valid PTS has
been received.
The contents are retained until PTS[32] is read.

REPEAT - Repeat Next Frame

bit 0

REPEAT

Address : 34
Type : R/W
Reset State : 0 (command)

Description
When this bit is set, the next audio frame is re-
peated, and then the REPEAT bit is automatically
reset.
This command is only valid when external DRAM
is installed.

RESET - Software Reset

bit 0

RESET

Address : 40
Type : R/W
Reset State : 0 (command)

Description
Writinga 0 or 1 to this bit has an equivalent function
to asserting thehardwarereset pin, RESET, except
that the following registers are not cleared :
- INV_SCLK

- MUTE
- PLAY
- STC_INC
- STC_DIV
- STC_CTL

This bit is reset automatically after being set.
STi4500/4510 reset actions are described in sec-
tion VIII.2, ”Initialization of the Decoder” .

RESTART - Restart

bit 0

RESTART

Address : 42
Type : R/W
Reset State : 0 (command)

Description
When this bit is set, all databuffers are flushed, and
then the RESTART bit is automatically reset. In
addition the INTR and INTR_EN registers are
cleared.

SIN_EN - Enable Serial Input

bit 0

SIN_EN

Address : 70
Type : R/W
Reset State : undefined

Description
This bit determineswhethercompresseddata input
is serial (input through SIN pin), or parallel (input
through SDATA[7:0] pins).
0 : Parallel data input
1 : Serial data input

SKIP - Skip Next Frame

bit 0

SKIP

Address : 32
Type : R/W
Reset State : 0 (command)

Description
When this bit is set, the next audio frame is skipped,
and then the SKIP bit is automatically reset.
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X - REGISTER DESCRIPTIONS (continued)

STC - System Time Clock Access Register

Mode 0 0

4E 7 32

4D STC[31:24]

4C STC[23:16]

4B STC[15:8]

4A STC[7:0]

Mode 1 0

4E 7 [32:30]

4D STC[29:22]

4C STC[21:15]

4B STC[14:7]

4A STC[6:0]

Address : 4E-4A
Type : R/W
Reset State : undefined

Description
This register is used for read and write access to
the STC accumulator, and for read access to the
STC_AUD and STC_VID registers. Data transfers
are controlled by the STC_CTL register.
Two formats for data transfer into the STC accumu-
lator are defined. These are shown as ”Mode 0”
and ”Mode 1” above. Mode 1 is provided in order
to give compatibility with the format of the SCR,
PTS and DTS fields in the MPEG bitstream, be-
tween which are inserted marker bits.

STC_CTL - STC Control

7 0

STC_CTL[7:0]

Address : 21
Type : R/W
Reset State : 0 after assertionof RESETPin only

Description
This register is used to define the polarity of
VSYNC, and to control the transfer of data to and
from the STC register.

Writing to the register with the appropriate bit set
will trigger the defined action.

Bit Function
7 Must be low

6 STV_VID latched on rising edge of VSYNC
5 STV_VID latched on falling edge of VSYNC
4 Transfer STC_AUD to STC register

3 Transfer STC_VID to STC register
2 Transfer STC accumulator to STC register

1 Transfer STC to accumulator (Mode 1)
0 Transfer STC to accumulator (Mode 0)

Bits 5 and 6 must not be set together.

STC_DIV - STC Divisor

7 0

49 STC_DIV[15:8]

48 STC_DIV[7:0]

Address : 49-48
Type : R/W
Reset State : 1 after assertion of RESET Pin only

Description
This register defines the number by which the input
clock STCCLK is divided beforebeing used to clock
the STC accumulator.
This value, togetherwith that loaded into STC_INC,
define the internal STC rate.

STC_INC - STC Accumulator Increment

7 0

STC_INC[7:0]

Address : 10
Type : R/W
Reset State : 0 after assertion of RESET Pin only

Description
This register defines the amount by which the STC
accumulator is incremented on every cycle of the
divided STCCLK.
This value, togetherwith that loaded into STC_DIV,
define the internal STC rate.
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X - REGISTER DESCRIPTIONS (continued)

STR_SEL - Input Stream Selection

1 0

STR_SEL[1:0]

Address : 36
Type : R/W
Reset State : undefined

Description
This register defines the type of input bitstream
expected by the STi4500/4510.
00 : MPEG audio elementary stream
01 : MPEG packet stream
10 : reserved
11 : PCM data (select bypass mode)

SYNC_CONF - Sync Confirmation Mode

bit 0

SYNC_CONF

Address : 25
Type : R/W
Reset State : undefined

Description
This bit selects one of two options in the packet
synchronizationalgorithm.
0 : After the first valid packet start code and

stream id are found, the packet length is used
to locate the next start code and stream id
before synchronizationis confirmed and audio
decoding starts.

1 : Synchronization is confirmed when the first
valid packet start code and stream id are
found.

SYNC_ECM - Sync Error Concealment Mode

1 0

SYNC_ECM[1:0]

Address : 2C
Type : R/W
Reset State : undefined

Description
This register defines the action which will be taken
upon detection of a synchronization error.
00 : Ignore error
01 : Mute on detection of synchronization error
10 : Repeat last valid frame. Repeat once if

Layer II, three times if layer I, mute
thereafter. Only possible when external
DRAM used.

11 : Skip invalid frame

SYNC_LOCK - Sync Words Until Lock

1 0

SYNC_LOCK[1:0]

Address : 28
Type : R/W
Reset State : undefined

Description
This register defines how many valid synchroniza-
tion words after the initial one must be foundbefore
locking audio frame synchronization.
When SYNC_REG is set to its default value, the
STi4500/4510assumes that SYNC_LOCK is set to
the value 3.
Synchronization error concealment is still enabled
when SYNC_LOCK has the value zero.
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X - REGISTER DESCRIPTIONS (continued)

STC_REG - Sync Word Extension

7 0

STC_REG[7:0]

Address : 27
Type : R/W
Reset State : undefined

Description
This register defines an extension to the frame
synchronization word which can be used to in-
crease the reliability of synchronization when the
layer number, bit rate or sampling frequency are
known. The three fields are defined in the following
tables.
Programming of this register is mandatory.

Layer Field

Bits 7,6

11 Layer I

10 Layer II

00 This field not used

Bit Rate Field

Bits 5-2 Layer I Layer II

0000 free format free format

0001 32 kbits 32 kbits

0010 64 kbits 48 kbit/s

0011 96 kbit/s 56 kbit/s

0100 128 kbit/s 64 kbit/s

0101 160 kbit/s 80 kbit/s

0110 192 kbit/s 96 kbit/s

0111 224 kbit/s 112 kbit/s

1000 256 kbit/s 128 kbit/s

1001 288 kbit/s 160 kbit/s

1010 320 kbit/s 192 kbit/s

1011 352 kbit/s 224 kbit/s

1100 384 kbit/s 256 kbit/s

1101 416 kbit/s 320 kbit/s

1110 448 kbit/s 384 kbit/s

1111 This field not used This field not used

Sampling Frequency Field

Bits 1,0
00 44.1kHz
01 48kHz

10 32Hz
11 This field not used

Examples
1. Layer II, 48kHz sampling frequency, variable bit

rate : STC_REG = 101111012

2. Parameters unknown : STC_REG = 001111112

SYNC_ST - Synchronization Status

1 0

SYNC_ST[1:0]

Address : 26
Type : R
Reset State : undefined

Description
This register is loaded with the synchronization
status on every synchronization cycle. This status
values are:
00 : Unlocked
01 : Attempting to recover lost synchronization
11 : Locked
If the status changes an interrupt 0 is generated.
The status must then be read and the interrupt
cleared by reading SYNC_ST.

VERSION - Version Register

7 0

VERSION[7:0]

Address : 6D
Type : R

Description
This register holds the chip version number, ”x.y”,
where x is representedby bits 6-4,and y bybits 3-0.
Bit 7 is always 1.
The version numbers which currently exist are:
1.0 : VERSION = 10010002
1.1 : VERSION = 100100012
2.0 : VERSION = 101000002
2.1 : VERSION = 101000012
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XI - ELECTRICAL SPECIFICATION

XI.1 - Absolute Maximum Ratings
Symbol Parameter Value Unit

VDD Power Supply 6 V

VI, VO Voltages on Input and Output Pins -1, VDD + 0.5 V

Tstg Storage Temperature -65, +150 oC

Toper Ambient Operating Temperature 0, +70 oC

XI.2 - DC Electrical Characteristics (VDD = 5V ± 5%, Tamb = 0 to 70oC unless otherwise specified)
Symbol Parameter Test Condition s Min. Typ. Max. Unit

VDD Operating Voltage 4.75 5.25 V

IDD Average Power Supply Current CLOAD = 50pF on all outputs
fprimary = 24MHz, all inputs at VDD or 0V
fprimary = 0Hz

120
?

mA
mA

VIL Input Logic Low Voltage 2.4 V

VIH Input Logic High Voltage 2.75 V

Input Leakage Current
Inputs
I/Os

VDD = 5.25V, 0 ≤ VIN ≤ VDD
-5
-1

+5
+1

µA
µA

VOL Output Logic Low Voltage VDD = 4.75, ILOAD = 500µA 0.28 V

VOH Output Logic High Voltage VDD = 4.75, ILOAD = -500µA 4.5 V

CIN Input Capacitance Voffset = 2.5V, f = 1MHz 10 pF

XI.3 - AC Electrical Characteristics (VDD = 5V ± 5%, Tamb = 0 to 70oC)
Figure 11 : Test Load Circuit

VREFOUTPUT

VDD

IOL

IOH

45
00

-1
3.

E
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Test Loads

Output I OL IOH CL VREF

All Ouputs except IRQOD 5mA 5mA 30pF 1.5V

IRQOD 5mA 5mA 30pF 3.5V
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XI - ELECTRICAL SPECIFICATION (continued)

XI.3.1 - Primary Clock
(Timings other than rise and fall times are specified with respect to a threshold of 1.5V)
Figure 12 : Primary Clock

Symbol Parameter Min. Typ. Max. Unit

T Primary Clock Period (see Note 1) 35.75 45.5 ns

tHIGH Clock High Time 10 ns

tLOW Clock Low Time 10 ns

tR Clock Rise Time 5 ns

tF Clock Fall Time 5 ns

Note 1 : This corresponds to a maximum primary clock frequency of 28MHz.

XI.3.2 - DRAM Interface
(All timing measurements are made with respect to thresholds of 0.8V and 2.4V)
Figure 13 : RAS only Refresh Cycle

tRC

tRAS tRP

tRPCtCRP

tAS R tRAH

RAS

CAS

SADDR 6-0
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E
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RAS only Refresh Cycle

Symbol Parameter Min. Typ. Max. Unit

tRC Cycle Time 5.25 T ns

tRP RAS Precharge Time 2.5 T ns

tRAS RAS Pulse Width 2.75 T ns

tRPC RAS to CAS Precharge Time 0.5 T ns

tCRP CAS to RAS Precharge Time 0.5 T ns

tASR Row Adress Set-up Time 20 ns

tRAH Row Adress Hold Time 70 ns

Note : T : primary clock period .

tR tF

2.5V

0.6V

2.5V

0.6V

tHIGH tLOW

T

CLK
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XI - ELECTRICAL SPECIFICATION (continued)
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Figure 14 : Page Mode Read Cycle
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XI - ELECTRICAL SPECIFICATION (continued)

Page Mode Read Cycle

Symbol Parameter Min. Typ. Max. Unit

tRC Read cycle time 7 T ns

tRP RAS precharge time 2.5 T ns

tRASP RAS pulse width 4.5 T ns

tCRP CAS to RAS precharge time 2.5 T ns

tRCD RAS low to CAS low delay time 1.75 T ns

tPC Fast page mode read cycle time 1.75 T ns

tCP CAS precharge time 0.75 T ns

tRHCP RAS hold time after CAS precharge 1.5 T ns

tRSH RAS hold time after CAS 0.75 T ns

tCSH CAS hold time after RAS 2.75 T ns

tCAS CAS pulse width 0.75 T ns

tASR Row address set-up time to RAS 0.5 T ns

tRAH Row address hold time after RAS 0.6 T ns

tASC Column address set-up time to CAS 0.5 T ns

tRAD Column address delay time from RAS 1.25 T ns

tCAH Column address hold time from CAS 0.75 T ns

tAR Column address hold time from RAS 2.5 T ns

tCAL Column address to CAS lead time 1.75 T ns

tRAL Column address to RAS lead time 1.75 T ns

tDS Data in set-up time to CAS rising edge 0.5 T ns

tDH Data in hold time from CAS rising edge 0.75 T ns

tRCS Read command to CAS set-up time 0.5 T ns

tRCH Read command from CAS hold time 0.5 T ns

tRRH Read command from RAS hold time 0.5 T ns

tOCH CAS from OE hold time 1 T ns

tOES RAS from OE hold time 2 T ns
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XI - ELECTRICAL SPECIFICATION (continued)

Figure 15 : Page Mode Early Write Cycle
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XI - ELECTRICAL SPECIFICATION (continued)

Page Mode Early Write Cycle

Symbol Parameter Min. Typ. Max. Unit

tRP RAS precharge time 2.5 T ns

tRASP RAS pulse width 4.5 T ns

tCRP CAS to RAS precharge time 2.5 T ns

tRCD RAS low to CAS low delay time 1.75 T ns

tPC Fast page mode read cycle time 1.75 T ns

tCP CAS precharge time 0.75 T ns

tRSH RAS hold time after CAS 0.75 T ns

tCSH CAS hold time after RAS 2.75 T ns

tCAS CAS pulse width 0.75 T ns

tASR Row address set-up time to RAS 0.5 T ns

tRAH Row address hold time after RAS 0.6 T ns

tASC Column address set-up time to CAS 0.5 T ns

tRAD Column address delay time from RAS 1.25 T ns

tCAH Column address hold time from CAS 0.75 T ns

tAR Column address hold time from RAS 2.5 T ns

tCAL Column address to CAS lead time 1.75 T ns

tRAL Column address to RAS lead time 1.75 T ns

tWCS Write command set-up time to CAS 0.5 T ns

tRWL Write command to RAS lead time 1 T ns

tCWL Write command to CAS lead time 1 T ns

tWCR Write command hold time after RAS 3.25 T ns

tWCH Write command hold time after CAS 0.75 T ns

tWP Write command pulse width 2 T ns

tDS Data in set-up time to CAS rising edge 0.5 T ns

tDH Data in hold time from CAS rising edge 0.75 T ns

tDHR Data hold time after RAS 2.5 T ns
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XI - ELECTRICAL SPECIFICATION (continued)

SADDR[6-0]

R/W

DCS

WAIT

SDATA[7-0]

tAVSL tSHAX

tRVSL tS HRX

tCY

tWP

tS HSL

tS LWH tWHS H
tS LWL

tDVWH

tSHWZ

tS LDV tSHDZ

High-Z High-Z
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SADDR[6-0]

R/W

DCS

WAIT

SDATA[7-0]

tAVSL tSHAX

tRVSL tS HRX

tCY

tWP

tSHSL

tSLWH tWHSH
tSLWL

tDVWH

tS HWZ

tSHDX

High-Z High-Z

tDVSH

tS LWLtQLSL

REQ

The REQ signal is only required when writing to the DATAIN register.
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XI.3.3 - Microcontroller Interface Timing
(All timing measurements are made with respect to a threshold of 1.5V)
Figure 16 : Read Cycle Timing

Figure 17 : Write Cycle Timing
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XI - ELECTRICAL SPECIFICATION (continued)

Register Read and Write Cycles

Symbol Parameter Min. Typ. Max. Unit

tAVSL Address to DCS low set-up time 10 ns

tRVSL R/W to DCS low set-up time 10 ns

tSHAX Address from DCS high hold time 10 ns

tSHRX R/W from DCS high hold time 10 ns

tWP DCS pulse width 25 ns

tSHSL DCS high to low again 25 ns

tCY Read or write cycle time 100 ns

tSLWL DCS low to WAIT low 10 ns

tWHSH WAIT high to DCS high set-up time 10 ns

tSLWH DCS low to WAIT high (see Note 1) 15 ns

tSHWZ DCS high to WAIT disabled 30 ns

tDVWH Data valid before WAIT high 15 ns

tSHDZ DCS high to data off (hi-Z) 20 ns

tSLDV DCS low to data valid (see Note 1) 35 ns

tDVSH Data valid to DCS high set-up time 20 ns

tSHDX Data from DCS high hold time 20 ns

tQLSL REQ low to DCS low set-up time 25 ns

tSHQH DCS high to REQ high (see Note 2) 25 ns

Notes : 1. WAIT will remain low if PCM output is stopped and the buffers are full.
2. One more byte can be strobed in after REQ going high signals that the input buffer is full.

Interrupt Request

IRQ

BOF

PTS

tWIRQ

tWBOF

tWPTS

IRQ is low when RESET is low.

45
00

-2
0.

E
P

S

Figure 18 : Interrupt Request

Symbol Parameter Min. Typ. Max. Unit

tWIRQ IRQ pulse width (see Note 1) 3.5 T ns

tWBOF BOF pulse width 3.5 T ns

tWPTS PTS pulse width 23.5 T ns

Note 1 : IRQ pulse is generated when a bit becomes set in register INTR.
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XI - ELECTRICAL SPECIFICATION (continued)

Relative Timing of DCS and DSTRB (Note 1)

DCS

DSTRB

tSDS tDSS
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Figure 19 : DCS, DSTRB Timing

Symbol Parameter Min. Typ. Max. Unit

tSDS DCS high before DSTRB low 1 T ns

tDSS DSTRB high before DCS low 1 T ns

Note 1 : This constraint does not apply when compressed data in input serially (SIN_EN = 1) and no writes are made to DATAIN.

XI.3.4 - Compressed Data Input
(All timing measurements are made with respect to a threshold of 1.5V)

Bit-Serial Compressed Data Input (Note 1)

REQ

DSTRB

tQLDSL

S IN

tDSHQH

tWP DS tCYDSS

MSB

tS DVSH tS HSDX
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Figure 20 : Serial Port CD Input

Symbol Parameter Min. Typ. Max. Unit

tQLDSL REQ low to DSTRB low set-up time 25 ns

tDSHQH DSTRB high to REQ high (see Note 2) 20 ns

tWPDS DSTRB low time 20 ns

tCYDSS DSTRB cycle time (see Note 3) 50 ns

tSDVSH SIN set up time to DSTRB rising edge 20 ns

tSHSDX SIN hold time from DSTRB rising edge 20 ns

Notes : 1. Register bit SIN_EN must be set.
2. Two more bits can be strobed in after REQ going high signals that the input buffer is full.
3. This corresponds to a maximum input rate of 20 Mbit/s.
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XI - ELECTRICAL SPECIFICATION (continued)

Byte-Parallel Compressed Data Input (Note 1)

REQ

DSTRB

tQLDSL

SDATA[7-0]

tDSHQH

tWPDS

tCYDSP

tDVDSH tDSHDX
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Figure 21 : Byte-Parallel CD Input

Symbol Parameter Min. Typ. Max. Unit

tQLDSL REQ low to DSTRB low set-up time 25 ns

tDSHQH DSTRB high to REQ high (see Note 2) 20 ns

tWPDS DSTRB low time 20 ns

tCYDSP DSTRB cycle time (see Note 3) 400 ns

tDVDSH SDATA set up time to DSTRB rising edge 20 ns

tDSHDX SDATA hold time from DSTRB rising edge 20 ns

Notes : 1. Register bit SIN_EN must be set.
2. One more byte can be strobed in after REQ going high signals that the input buffer is full.
3. This corresponds to a maximum input rate of 2.5 Mbyte/s.
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XI - ELECTRICAL SPECIFICATION (continued)

XI.3.5 - PCM Data Output (All timing measurements are made with respect to a threshold of 1.5V)
Figure 22 : PCM Data Output Timing
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Symbol Parameter Min. Typ. Max. Unit
tSCLPD SC low to PCMDATA valid 10 ns
tSCLLR SC low to LRCLK 25 ns
tSCHPD SC high to PCMDATA valid 10 ns

tPXSCL PCMDATA invalid to SC low 10 ns

tPXSCH PCMDATA invalid to SC high 10 ns
tSCHLR SC high to LRCLK 25 ns
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PACKAGE MECHANICAL DATA
100 PINS - PLASTIC QUAD FLAT PACK (PQFP)

Dimensions
Millimeters Inches

Min. Typ. Max. Min. Typ. Max.
A 3.40 0.134

A1 0.25 0.010
A2 2.55 2.80 3.05 0.100 0.110 0.120
B 0.22 0.38 0.0087 0.015

C 0.13 0.23 0.005 0.009
D 22.95 23.20 23.45 0.903 0.913 0.923

D1 19.90 20.00 20.10 0.783 0.787 0.791
D3 18.85 0.742
e 0.65 0.026

E 16.95 17.20 17.45 0.667 0.677 0.687
E1 13.90 14.00 14.10 0.547 0.551 0.555

E3 12.35 0.486
L 0.65 0.80 0.95 0.026 0.0315 0.0374

L1 1.60 0.063
K 0o (Min.), 7o (Max.)

P
Q

F
P

10
0.

T
B

L
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PACKAGE MECHANICAL DATA
120 PINS - PLASTIC QUAD FLAT PACK (PQFP)

Dimensions
Millimeters Inches

Min. Typ. Max. Min. Typ. Max.
A 4.07 0.160

A1 0.25 0.010
A2 3.17 3.42 3.67 0.125 0.135 0.145
B 0.30 0.45 0.012 0.018
C 0.13 0.23 0.005 0.009

D 30.95 31.20 31.45 1.218 1.228 1.238
D1 27.90 28.00 28.10 1.098 1.102 1.106

D3 23.20 0.913
e 0.80 0.031
E 30.95 31.20 31.45 1.218 1.228 1.238

E1 27.90 28.00 28.10 1.098 1.102 1.106
E3 23.20 0.913

L 0.65 0.80 0.95 0.026 0.0315 0.0374
L1 1.60 0.063
K 0o (Min.), 7o (Max.)
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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 third parties which may result
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 Microelectronics products are not authorized for use as critical components in life
support devices or systems without express written approval of SGS-THOMSON Microelectronics.
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