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Foreword

The TriMedia™ PNX1300 Series is an enhanced version
of the TM-1300 family of media processor.

The PNX1300 Series contains an ultra-high performance
Very Long Instruction Word processor, as well as a com-
plete intelligent video and audio input/output subsystem.
The processor has an instruction set that is optimized for
processing audio, video and graphics. It includes power-
ful SIMD multimedia operators for eight- and 16-bitsignal
datatypes as well as a full complement of 32-bit IEEE
compatible floating point operations.

The PNX1300 Series is intended as a multi-standard
programmable video, audio and graphics processor. It
can either be used standalone, or as an accelerator to a
general purpose processor.

The architecture of the TriMedia family came about as
the result of many years of effort of many dedicated indi-
viduals. Going back in history, the origin of TriMedia was
laid by the LIFE-1 VLIW processor, designed by Junien
Labrousse and myself in 1987. Work continued after-
wards in Philips Research Labs, Palo Alto. My special
thanks go to the entire Palo Alto research team: Mike
Ang, Uzi Bar-Gadda, Peter Donovan, Martin Freeman,
Eino Jacobs, Beomsup Kim, Bob Law, Yen Lee, Vijay
Mehra, Pieter van der Meulen, Ross Morley, Mariette
Parekh, Bill Sommer, Artur Sorkin and Pierre Uszynski.

The Palo Alto period matured the architecture—we port-
ed all video and audio algorithms that we could find to the
compiler/simulator and refined the operation set. In addi-
tion, we learned how to give the architecture a market di-
rection. In May 1994, Philips management—in particular
Cees-Jan Koomen, Eddy Odijk, Theo Claasen and Doug
Dunn—decided to develop TriMedia into a major Philips
Semiconductors product line.

Under the guidance of Keith Flagler, the TriMedia team
was built. All of them contributed to take this from a set
of interesting ideas to a reliable and competitive product
in a short period of time. The initial TriMedia team includ-
ed Fuad Abu Nofal, Karel Allen, Mike Ang, Robert Aqui-
no, Manju Asthana, Patrick de Bakker, Shiv Balakrish-
nan, Jai Bannur, Marc Berger, Sunil Bhandari, Rusty
Biesele, Ahmet Bindal, David Blakely, Hans Bouw-
meester, Steve Bowden, Robert Bradfield, Nancy
Breede, Shawn Brown, Sujay Chari, Catherine Chen,
Howen Chen, Yan-ming Chen, Yong Cho, Scott Clapper,
Matthew Clayson, Paul Coelho, Richard Dodds, Marc
Duranton, Darcia Eding, Aaron Emigh, Li Chi Feng, Keith
Flagler, Jean Gobert, Sergio Golombek, Mike Grimwood,
Yudi Halim, Hari Hampapuram, Carl Hartshorn, Judy
Heider, Laura Hrenko, Jim Hsu, Eino Jacobs, Marcel
Janssens, Patricia Jones, Hann-Hwan Ju, Jayne Keith,
Bhushan Kerur, Ayub Khan, Keith Knowles, Mike Kong,
Ashok Krishnamurti, Yen Lee, Patrick Leong, Bill Lin,
Laura Ling, Chialun Lu, Naeem Maan, Nahid Mansipur,

Mike Maynard, Vijay Mehra, Jun Mejia, Derek Meyer,
Prabir Mohanty, Saed Muhssin, Chris Nelson, Stephen
Ness, Keith Ngo, Francis Nguyen, Kathleen Nguyen,
Derek Noonburg, Ciaran O’Donnel, Sang-Ju Park,
Charles Peplinski, Gene Pinkston, Maryam Pirayou, Par-
dha Potana, Bill Price, Victor Ramamoorthy, Babu Rao
Kandamilla, Ehsan Rashid, Selliah Rathnam, Margaret
Redmond, Donna Richardson, Alan Rodgers, Tilakray
Roychoudhury, Hani Salloum, Chris Salzmann, Bob
Seltzer, Ravi Selvaraj, Jim Shimandle, Deepak Singh,
Bill Sommer, Juul van der Spek, Manoj Srivastava, Ren-
ga Sundararajan, Ken-Sue Tan, Ray Ton, Steve Tran,
Cynthia Tripp, Ching-Yih Tseng, Allan Tzeng, Barbara
Vendelin, John Vivit, Rudy Wang, Rogier Wester, Wayne
Wonchoba, Anthony Wong, Sara Wu, David Wyland,
Ken Xie, Vincent Xie, Bettina Yeung, Robert Yin, Charles
Young, Grace Yun, Elena Zelayeta and Vivian Zhu.

Expert help and feedback was received from many. In
particular, I'd like to mention Kees van Zon of Philips
Eindhoven for the help with filtering-related issues, and
Craig Clapp of PictureTel for excellent feedback on all
aspects of the architecture.

My special thanks go to Joe Kostelec. He made me un-
derstand that my ambitions could better be realized in
California than in Europe. Furthermore, his vision and his
wisdom are credited with keeping this project alive and
growing until the ‘investment decision.’

The vision of a universal media accelerator is credited to
Jaap de Hoog. Jaap, | wish you were here to see it come
to fruition.

—Gerrit Slavenburg

After the initial TM-1000 product, the TM-1100, TM-1300
and now PNX1300 Series chips have been successfully
integrated in many video and audio products. Ithas been
my pleasure to have been involved in these designs and
would like to thank the people involved in TM-1300 and
PNX1300 Series projects under the guidande of Cees
Hartgring and Simon Wegerif. The team included Karel
Allen, Tien-Cheng Bau, Jim Campbell, Anitamk Chan,
John Chang, Roel Coppoolse, Taufik Dakhil, Mitch Dani-
il, Nam Dao, Patrick Debaumarche, Thuy Duong, Tor-
sten Fink, Jan Grotenbreg, Mohammad Hafeez, Feng
Hao, Farah Jubran, Babu Rao Kandamalla, Aki Kaniel,
Yan-Ling Li, Ying-Chao Liu, Naeem Maan, Don Marshal,
Thomas Meyer, Javed Mukarram, Long Nguyen, Tu
Nghiem, Elaine Outler, Charles Peplinski, Duc T. Pham,
Thorwald Rabeler, Raquel Ruiz, Ensieh Saffari, Hani
Salloum, Wenyi Song, Stephen Tomasello, Tran Tung,
Maria F. Wangsahamidjaja, Chang-Ming Yang, Moham-
med |. Yousuf, Hui Zhang and Gerrit Slavenburg.

- Luis Lucas
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by John Chang, Wenyi Song, Thorwald Rabeler, Luis Lucas

1.1 PNX1300 SERIES VERSUS TM-1300

The following summarizes differences between TM-1300 and PNX1300/01/02/11:

» Lower core voltage for PNX1311 (2.2V core voltage) and therefore lower power consumption.
e DSPCPU speed of up to 200 MHz
« SDRAM speed of up to 183 MHz.

e Support for 256 Mbit SDRAM organized in x16. The REFRESH counter must be changed. Refer for in Chapter 12,
“SDRAM Memory System” for details.

e Support for 16- and 32-bit Main Memory Interface.

« Simplified power supplies sequencing (see Section 1.9.4).

< Additional mode where VI_DATA[9:8] in message passing mode are not affected by the VI_DVALID signal.

* Bug fixed for PCI Special Cycles. PNX1300 Series discards PCI Special Cycles issued by some PCI chipsets.
» Autonomous boot bug in non 1:1 ratio is fixed, resulting in 2KB boot EEPROM size for all CPU:SDRAM ratios.

In the document, ‘PNX1300 Series’ is used interchangebly with ‘PNX1300/01/02/11', and it always refers to
PNX1300, PNX1301, PNX1302 and PNX1311 products. Any exception will be noted.

1.2 BOUNDARY SCAN NOTICE

PNX1300 Series implements full IEEE 1149.1 boundary scan. Any PNX1300 Series pin designated “IN” only (from a
functionality point of view) can become an output during boundary scan.

1.3 1/O CIRCUIT SUMMARY

PNX1300 Series has a total of 169 functional pins, excluding VDDQ, VSSQ, VREF_PCI and VREF_PERIPH and digital
power/ground. PNX1300 Series uses the types of 1/O circuits shown in the table below.

Pad Type Pad Type Description

PCI PCI2.1 compliant I/O, capable of using 3.3-V or 5-V PCI signaling conventions.
PCIOD PCI2.1 compliant Open Drain /O, capable of using 3.3-V or 5-V PCI signaling conventions.

lICOD Open drain 3.3-V or 5-V I2C I/O (for I°C pins).

STRG3 3.3-V only low impedance 1/O. Requires board level 27-33 ohm series terminator resistor to match 50 ohm
PCB trace.

NORM3 | 3.3-V only I/O circuit with regular drive strength and board trace matched drive impedance.

STRG5 3.3-V low impedance output, combined with 5-V tolerant input. If used as output, it requires a board level
27-33 ohm series terminator resistor to match 50-ohm PCB trace.

WEAKS | 3.3-V regular impedance output, with slow rise/fall, combined with 5-V tolerant input.

For the pins with 5-V input capability, the special pins VREF_PCI or VREF_PERIPH determine 3.3- or 5-V input toler-
ance, as per the table in Section 1.6. The above pad types are used in the modes listed in the following table.

Modes Description
IN Input only, except during boundary scan
ouT Output only, except during boundary scan
oD Open drain output - active pull low, no active drive high, requires external pull-up
110 Output or input
1/0D Open drain output with input - active pull low, no active drive high, requires external pull-up

Unused pins may remain floating, i.e. unconnected.
All pins that drive a clock should drive a series resistor.
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14  SIGNAL PIN LIST

In the table below, a pin nhame ending in a ‘#' designates an active-low signal (the active state of the signal is a low
voltage level). All other signals have active-high polarity.

Pin Name

BGA
Ball

Pad
Type

Mode

Description

Main Clock Interface

TRI_CLKIN

L20

NORM3

Main input clock. The SDRAM clock outputs (MM_CLKO and MM_CLK1) can be set to
2x or 3x this frequency. The on-chip DSPCPU clock (DSPCPU_CLK) can be set to 1x,
5/4, 4/3, 3/2 or 2x the SDRAM clock frequency. Maximum recommended ppm level is
+/- 100 ppm or lower to improve jitter on generated clocks. Duty cycle should not
exceed 30/70% asymmetry.

The operating limits of the internal PLLs are:

e 27 MHz < Output of the SDRAM PLL < 200 MHz

e 33 MHz < Output of the CPU PLL < 266 MHz

These are not the speed grades of the chips, just the PLL limits.

VDDQ

K20

N/A

PWR

Quiet VDD for the PLL subsystem. This pin should be supplied from VDD through a
low-Q series inductor. It should be bypassed for AC to VSSQ, using a dual capacitor
bypass (hi and low frequency AC bypass).

VSSQ

L19

N/A

GND

Quiet VSS for the PLL subsystem. Should be AC bypassed to VDDQ, but should
otherwise be left DC floating. It is connected on-chip to VSS. No external coil or
other connection to board ground is needed, such connection would create a
ground loop.

Miscellaneous System Interface

TRI_RESET#

G19

WEAKS

PNX1300/01/02/11 RESET input. This pin can be tied to the PCI RST# signal in PCI
bus systems. Upon releasing RESET, PNX1300/01/02/11 initiates its boot protocol.

BOOT_CLK

T20

NORM3

Used for testing purposes. Must be connected to TRI_CLKIN for normal operation.

TESTMODE

P19

NORM3

Used for testing purposes. Must be connected to VSS for normal operation.

SCANCPU

D20

NORM3

Used for testing purposes. Must be connected to VSS for normal operation.

RESERVED1

E19

NORM3

Reserved pin. Has to be left unconnected for normal operation.

RESERVED2

D19

STRG5S

Reserved pin. Has to be left unconnected for normal operation.

VREF_PClI

F2

N/A

VREF_PCI determines the mode of operation of the PCI pins listed in Section 1.6.
VREF_PCI must be connected to 5V for use in a 5V PCI signaling environment or to
VSS (0 V) for use in 3.3-V PCI signaling environment. The supply to this pin should be
AC bypassed and provide 40 mA of DC sink or source capability. Note that this pin
can not be directly connected to the PCI ‘I/O designated power pins’ in a dual
voltage PCI plug-in card. Board level conversion circuitry is required.

VREF_PERIPH

C18

N/A

PWR

VREF_PERIPH determines the mode of operation of the I/O pins listed inSection 1.6.
VREF_PERIPH should be connected to 5V if any of the listed I/O pins provided should
be 5-V input voltage capable. VREF_PERIPH should be connected to VSS (0-V) if all
listed 1/O pins are 3.3-V only inputs. The supply to this pin should be AC bypassed and
provide 40 mA of DC sink or source capability.

TRI_USERIRQ

G20

WEAKS

General purpose level/edge interrupt input. Vectored interrupt source number 4.

TRI_TIMER_CLK

H19

WEAKS

External general purpose clock source for timers. Max. 40 MHz.
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Pin Name BGA Pad Mode Description
Ball Type
Main Memory Interface
MM_CLKO Y10 | STRG3 | OUT | SDRAM output clock at 2x or 3x TRI_CLKIN frequency. Two identical outputs are pro-
MM_CLK1 W10 vided to reliably drive several small memory configurations without external glue.
A series terminating resistor close to PNX1300/01/02/11 is required to reduce ringing.
For driving a 50-ohm trace, a resistor of 27 to 33 ohm is recommended. It is recom-
mended against using higher impedance traces in the SDRAM signals.
MM_A00 W12 | NORM3 | OUT [ Main memory address bus; used for row and column addresses
MM_A01 Y12
MM_A02 w11
MM_A03 Y11
MM_A04 Y9
MM_A05 W9
MM_A06 V9
MM_A07 Y8
MM_A08 w8
MM_A09 Y7
MM_A10 V12
MM_A11 Y13 WARNING: MM_A[13:11] DO NOT CONNECT DIRECTLY TO SDRAM A[13:11] pins.
MM_A12 W13 Refer to Chapter 12, “SDRAM Memory System” for accurate connection diagrams.
MM_A13 Y14
MM_DQO00 Y20 | NORM3 110 32-bit data I/0O bus.
MM_DQO01 V18 The Main Memory Interface unit also supports a 16-bit I/O interface.Refer to Chapter
MM_DQO02 W19 12, “SDRAM Memory System.”
MM_DQO03 W20
MM_DQO04 u18
MM_DQO05 V19
MM_DQO06 V20
MM_DQO7 T18
MM_DQO08 w18
MM_DQ09 V17
MM_DQ10 Y18
MM_DQ11 w17
MM_DQ12 Y17
MM_DQ13 W16
MM_DQ14 Y16
MM_DQ15 V15
MM_DQ16 W7
MM_DQ17 Y6
MM_DQ18 W6
MM_DQ19 V6
MM_DQ20 Y5
MM_DQ21 W5
MM_DQ22 Y4
MM_DQ23 W4
MM_DQ24 V2
MM_DQ25 V3
MM_DQ26 w1
MM_DQ27 W2
MM_DQ28 Y1
MM_DQ29 Y2
MM_DQ30 w3
MM_DQ31 Y3
MM_CKEO Y19 [ NORM3 | OUT | Clock enable output to SDRAMs. Two identical outputs are provided in order to reliably
MM_CKE1 Ul drive several small memory configurations without external glue.
MM_CS0# U2 [ NORM3 | OUT | Chip select for DRAM rank n; active low
MM_CS1# u20 In PNX1300/01/02/11 the chip selects pins may be used as address pins to support
MM_CS2# u3 the 256 Mbit SDRAM device organized in x16. Refer to Chapter 12, “SDRAM Memory
MM_CS3# u19 System.”
MM_RAS# W14 [ NORM3 | OUT | Row address strobe; active low
MM_CAS# Y15 | NORM3 | OUT | Column address strobe; active low
MM_WE# W15 | NORM3 | OUT [ Write enable; active low
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Pin Name BGA Pad Mode Description
Ball Type

MM_DQMO T19 | NORM3 | OUT | MM_DQ Mask Enable; these are byte enable signals for the 32-bit MM_DQ bus

MM_DQM1 R18

MM_DQM2 V1

MM_DQM3 A\

PCl Interface (Note: current buffer design allows drive/receive from either 3.3 or 5V PCI bus)

PCI_CLK T2 PCI IN All PCI input signals are sampled with respect to the rising edge of this clock. All PCI
outputs are generated based on this clock Clock is required for normal operation of
the PCI block.

PCI_ADOO Tl PCI I/O Multiplexed address and data.

PCI_ADO1 R3

PCI_ADO2 R2

PCI_ADO3 R1

PCI_ADO0O4 P2

PCI_ADO5 P1

PCI_AD0O6 N2

PCI_ADO7 N1

PCI_ADO8 M2

PCI_AD09 M1

PCI_AD10 L2

PCI_AD11 L1

PCI_AD12 K1

PCI_AD13 K2

PCI_AD14 J1

PCI_AD15 J2

PCI_AD16 D1

PCI_AD17 D3

PCI_AD18 C1

PCI_AD19 B2

PCI_AD20 B1

PCI_AD21 c2

PCI_AD22 C3

PCI_AD23 Al

PCI_AD24 A3

PCI_AD25 C4

PCI_AD26 B4

PCI_AD27 A4

PCI_AD28 A5

PCI_AD29 C6

PCI_AD30 B6

PCI_AD31 A6

PCI_C/BE#0 M3 PCI I/O | Multiplexed bus commands and byte enables. High for command, low for byte enable.

PCI_C/BE#1 J3

PCI_C/BE#2 D2

PCI_C/BE#3 B3

PCI_PAR H1 PCI I/0 Even parity across AD and C/BE lines.

PCI_FRAME# E2 PCI I/O | Sustained tri-state. Frame is driven by a master to indicate the beginning and duration
of an access.

PCI_IRDY# El PCI I/O | Sustained tri-state. Initiator Ready indicates that the bus master is ready to complete
the current data phase.

PCI_TRDY# F3 PCI I/O | Sustained tri-state. Target Ready indicates that the bus target is ready to complete the
current data phase.

PCI_STOP# G2 PCI 1/0 Sustained tri-state. Indicates that the target is requesting that the master stop the cur-
rent transaction.

PCI_IDSEL A2 PCI IN Used as chip select during configuration read/write cycles.

PCI_DEVSEL# F1 PCI I/O | Sustained tri-state. Indicates whether any device on the bus has been selected.

PCI_REQ# B7 PCI I/O | Driven by PNX1300/01/02/11 as PCI bus master to request use of the PCI bus.

PCI_GNT# B5 PCI IN Indicates to PNX1300/01/02/11 that access to the bus has been granted.

PCI_PERR# Gl PCI I/O | Sustained tri-state. Parity error generated/received by PNX1300/01/02/11.

PCI_SERR# H2 PCI OD | System error. This signal is asserted when operating as target and detecting an
address parity error.

1-4 PRELIMINARY SPECIFICATION

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/

Philips Semiconductors

Pin List

Pin Name BGA Pad Mode Description
Ball Type

PCI_INTA# C9 | PCIOD I/0OD |« Can operate as input (power up default) or output, as determined by direction con-

PCI_INTB# A8 PCI 1/0/OD trol bits in PCI MMIO register INT_CTL.

PCI_INTC# B8 | PCIOD I/OD [+ Asinput, a PCI_INT# pin can be used to receive PCI interrupt requests (normal

PCI_INTD# A7 PCIOD 1/0D PCIl use is active low, level sensitive mode, but the VIC can be set to treat these as

positive edge triggered mode). As input, a PCI_INT# pin can also be used as a
general interrupt request pin if not needed for PCI.

« As output, the value of a PCI_INT# can be programmed through PCI MMIO regis-
ters to generate interrupts for other PCI masters.

* Whenever XIO bus functionality is active, PCI_INTB# is a push-pull CMOS 1/O pin.
When the XIO bus is not active and regular PCI bus functionality is activated, then
PCI_INTB# has a PCI compatible open drain output.

JTAG Interface (debug access port and 1149.1 boundary scan port)

JTAG_TDI F20 | WEAK5 IN JTAG test data input

JTAG_TDO F18 | WEAK5 1/10 | JTAG test data output. This pin can either drive active low, high or float.

JTAG_TCK F19 | WEAKS IN JTAG test clock input

JTAG_TMS E20 | WEAKS5 IN JTAG test mode select input

Video In
VI_CLK C20 | STRG5 I/O |+ If configured asinput (power up default):a positive transition on this incoming video

clock pin samples all other VI_DATA input signals below if VI_DVALID is HIGH. If
VI_DVALID is LOW, VI_DATA is ignored. Clock and data rates of up to 81 MHz are
supported. PNX1300 Series supports an additional mode where VI_DATA[9:8] in
message passing mode are not affected by the VI_DVALID signal,Section 6.6.1 on
page 6-12.

 If configured as output: programmable output clock to drive an external video A/D
converter. Can be programmed to emit integral dividers of DSPCPU_CLK.

If used as output, a board level 27-33 ohm series resistor is recommended to reduce

ringing.

VI_DVALID Al7 | WEAKS IN VI_DVALID indicates that valid data is present on the VI_DATA lines. If HIGH, VI_DATA
will be accepted on the next VI_CLK positive edge. If LOW, no VI_DATA will be sam-
pled. PNX1300 Series supports an additional mode where VI_DATA[9:8] in message
passing mode are not affected by the VI_DVALID signal, Section 6.6.1 on p age6-12.

VI_DATAO D18 | WEAKS5 IN CCIR656 style YUV 4:2:2 data from a digital camera, or general purpose high speed

VI_DATA1 C19 data input pins. Sampled on VI_CLK if VI_DVALID HIGH.

VI_DATA2 B20

VI_DATA3 B19

VI_DATA4 A20

VI_DATA5 A19

VI_DATA6 C17

VI_DATA7 B18

VI_DATA8 A18 | WEAKS5 IN Extension high speed data input bits to allow use of 10 bit video A/D converters in

VI_DATA9 B17 raw1l0 modes. VI_DATA[8] serves as START and VI_DATA[9] as END message input in
message passing mode. Sampled on positive transitions of VI_CLK if VI_DVALID
HIGH. PNX1300 Series supports an additional mode where VI_DATA[9:8] in message
passing mode are not affected by the VI_DVALID signal, Section 6.6.1 on p age6-12.

I2C Interface

IIC_SDA R19 | lICOD I/OD | |2¢c serial data

IIC_SCL R20 | lICOD /0D | 12¢ clock

Video Out

VO_DATAOQ P20 | WEAKS5 | OUT | CCIR656 style YUV 4:2:2 digital output data, or general purpose high speed data out-

VO_DATAL N19 put channel. Output changes on positive edge of VO_CLK.

VO_DATA2 N20

VO_DATA3 M18

VO_DATA4 M19

VO_DATAS M20

VO_DATA6 K19

VO_DATA7 J20
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Pin Name

BGA Pad

Ball

Type

Mode

Description

VO_l01

J18

WEAKS

110

This pin can function as HS output or as STMSG (Start Message) output.
« If set as HS output, it outputs the horizontal sync signal
* In message passing mode, this pin acts as STMSG output.

VO_102

H20

WEAKS

I/0

This pin can function as FS (frame sync) input, FS output or as ENDMSG output.

« If set as FS input, it can be set to respond to positive or negative edge transitions.

« If the Video Out (VO) unit operates in external sync mode and the selected transition
occurs, the VO unit sends two fields of video data. Note: this works only once after a
reset.

* In message passing mode, this pin acts as ENDMSG output.

VO_CLK

J19

STRG5S

110

The VO unit emits VO_DATA on a positive edge of VO_CLK. VO_CLK can be config-

ured as input (reset default) or output.

« If configured as input: VO_CLK is received from external display clock master cir-
cuitry.

« If configured as output, PNX1300/01/02/11 emits a programmable clock frequency.
The emitted frequency can be set between approx. 4 and 81 MHz with a sub-Hertz
resolution. The clock generated is frequency accurate and has low jitter properties
due to a combination of an on-chip DDS (Direct Digital Synthesizer) and VCO/PLL.

If used as output, a board level 27-33 ohm series resistor is recommended to reduce

ringing.

Audio In (always acts as receiver, but can be master or slave for A/D timing)

Al_OSCLK

B15

STRG3

ouT

Over-sampling clock. This output can be programmed to emit any frequency up to 40

MHz with a sub-Hertz resolution. It is intended for use as the 256fg or 384fg over sam-
pling clock by external A/D subsystem. A board level 27-33 ohm series resistor is rec-
ommended to reduce ringing.

Al_SCK

Al6

STRG5

I/0

e When the Audio In (Al) unit is programmed as a serial-interface timing slave
(power-up default), Al_SCK is an input. Al_SCK receives the serial bit clock from
the external A/D subsystem. This clock is treated as fully asynchronous to the
PNX1300/01/02/11 main clock.

* When the Al unit is programmed as the serial-interface timing master, Al_SCK s an
output. Al_SCK drives the serial clock for the external A/D subsystem. The fre-
guency is a programmable integral divisors of the Al_OSCLK frequency.

AI_SCK is limited to 22 MHz. The sample rate of valid samples embedded within the

serial stream is variable. If used as output, a board level 27-33 ohm series resistor is

recommended to reduce ringing.

Al_SD

Ci15

WEAKS

Serial data from external A/D subsystem. Data on this pin is sampled on positive or
negative edges of Al_SCK as determined by the CLOCK_EDGE bit in the Al_SERIAL
register.

AI_WS

B16

WEAKS

I/0

e When the Al unitis programmed as the serial-interface timing slave (power-up
default), Al_WS acts as an input. Al_WS is sampled on the same edge as selected
for Al_SD.

e When Audio In is programmed as the serial-interface timing master, Al_WS acts as
an output. It is asserted on the opposite edge of the Al_SD sampling edge.

Al_WS is the word-select or frame-synchronization signal from/to the external A/D

subsystem.
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Pin Name BGA Pad Mode Description
Ball Type
Audio Out (always acts as sender, but can be master or slave for D/A timing)

AO_OSCLK B14 | STRG3 | OUT | Over sampling clock. This output can be programmed to emit any frequency up to 40
MHz, with a sub-Hertz resolution. It is intended for use as the 256 or 384fg over sam-
pling clock by the external D/A conversion subsystem. A board level 27-33 ohm series
resistor is recommended to reduce ringing.

AO_SCK Al4 | STRG5 110 ¢ When the Audio Out (AO) unit is programmed to act as the serial interface timing
slave (power up default), AO_SCK acts as input. It receives the Serial Clock from
the external audio D/A subsystem. The clock is treated as fully asynchronous to the
PNX1300/01/02/11 main clock.

* When the AO unit is programmed to act as serial interface timing master, AO_SCK
acts as output. It drives the serial clock for the external audio D/A subsystem. The
clock frequency is a programmable integral divisor of the AO_OSCLK frequency.

AO_SCK s limited to 22 MHz. The sample rate of valid samples embedded within the

serial stream is variable. If used as output, a board level 27-33 ohm series resistor is

recommended to reduce ringing.

AO_SD1 B13 | WEAK5 | OUT | Serial data to external stereo audio D/A subsystem for first 2 of 8 channels. The timing
of transitions on this output is determined by the CLOCK_EDGE bit in the AO_SERIAL
register, and can be on positive or negative AO_SCK edges.

AO_SD2 Al13 | WEAKS5 | OUT | Serial data.

AO_SD3 C12 | WEAK5 | OUT | Serial data.

AO_SD4 B12 | WEAK5 | OUT | Serial data.

AO_WS Al15 | WEAK5 /0 |+ When the AO unit is programmed as the serial-interface timing slave (power-up
default), AO_WS acts as an input. AO_WS is sampled on the opposite AO_SCK
edge at which AO_SDx are asserted.

»  When the AO unit is programmed as serial-interface timing master, AO_WS acts as
an output. AO_WS is asserted on the same AO_SCK edge as AO_SDx.

AO_WS is the word-select or frame-synchronization signal from/to the external D/A

subsystem. Each audio channel receives 1 sample for every WS period.

S/PDIF Output (Output)

SPDO Al12 | STRG3 | OUT | Self clocking serial data stream as per IEC958, with 1937 extensions. Note that the
low impedance output buffer requires a 27 to 33 ohm series terminator close to
PNX1300/01/02/11 in order to match the board trace impedance. This series termina-
tor can be/must be part of the voltage divider needed to create the coaxial output
through the AC isolation transformer.

Synchronous Serial Interface (SSI) to an off-chip modem front-end

SSI_CLK B11 | WEAKS5 IN Clock signal of the synchronous serial interface to an off-chip modem analog frontend
or ISDN terminal adapter; provided by the receive channel of an external communica-
tion device.

SSI_RXFSX All | WEAKS IN Receive frame sync reference of the synchronous serial interface, provided by the
receive channel of an external communication device.

SSI_RXDATA A10 | WEAKS5 IN Receive serial data input; provided by the receive channel of an external communica-
tion device.

SSI_TXDATA B10 | WEAK5 | OUT [ Transmit serial data output; sent to the transmit channel of the external communication
device.

SSI_Io1 A9 | WEAK5 /0 | General purpose programmable I/O. Set to input on power up.

SSI_102 B9 | WEAKS5 /0 | General purpose programmable I/O. Set to input on power up. Can also be pro-
grammed to function as the transmit channel frame synchronization reference output.

Downloaded from Elcodis.com electronic components distributor
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15 POWER PIN LIST

VSS (ground) VCC (3.3V I/O supply) VDD (2.5V core supply)

C5 H8 L9 C7 G17 R4 C8 H17 N17
C16 H9 L10 C10 G18 R17 C13 H18 N18
D4 H10 L11 Cl1 K3 ué6 D8 J4 us
D5 H11 L12 Cl14 K4 u7 D9 Ji7 U9
D16 H12 L13 D6 K17 u10 D12 M4 Uiz
D17 H13 M8 D7 K18 ull D13 M17 ui13
E3 J8 M9 D10 L3 ul4 H3 N3 V8
E4 J9 M10 D11 L4 ul5 H4 N4 V13
E17 J10 M11 D14 L17 V7
E18 Ji1 M12 D15 L18 V10
T3 J12 M13 F4 P3 V11
T4 J13 N8 F17 P4 V14
T17 K8 N9 G3 P17
U4 K9 N10 G4 P18
U5 K10 N11
ul6 K11 N12
ulv K12 N13
V5 K13
V16 L8
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16 PINREFERENCE VOLTAGE

With the exception of Open Drain mode outputs, outputs always drive to a level determined by the 3.3-V I/O voltage.
VREF_PERIPH and VREF_PCI purely determine input voltage clamping, not input signal thresholds or output levels.

Downloaded from Elcodis.com electronic components distributor

Inputs always in 3.3V mode Output only pins
TRI_CLKIN VO_DATAO Al_OSCLK
BOOT_CLK VO_DATAL AO_OSCLK
TESTMODE VO_DATA2 AO_SD1
SCANCPU VO_DATA3 AO_SD2
RESERVED1 VO_DATA4 AO_SD3
VO_DATAS AO_SD4
VO_DATA6 SSI_TXDATA
VO_DATA7 SPDO
VREF_PCI determined mode VREF_PERIPH determined mode SDRAM i/f (always 3.3-Volt mode)
PCI_ADOO PCI_AD27 TRI_USERIRQ Al_SCK MM_CLKO MM_DQM2
PCI_ADO1 PCI_AD28 TRI_TIMER_CLK Al_SD MM_CLK1 MM_DQM3
PCI_AD02 PCI_AD29 JTAG_TDI Al_WS MM_A00 MM_DQ13
PCI_ADO3 PCI_AD30 JTAG_TDO AO_SCK MM_A01 MM_DQ14
PCI_ADO4 PCI_AD31 JTAG_TCK AO_WS MM_A02 MM_DQ15
PCI_ADO5 PCI_CLK JTAG_TMS SSI_CLK MM_A03 MM_DQ16
PCI_ADO6 PCI_C/BE#0 VI_CLK SSI_RXFSX MM_A04 MM_DQ17
PCI_ADO7 PCl_C/BE#1 VI_DVALID SSI_RXDATA MM_A05 MM_DQ18
PCI_ADO8 PCI_C/BE#2 VI_DATAO SSI_101 MM_A06 MM_DQ19
PCI_ADO9 PCI_C/BE#3 VI_DATA1 SSI_102 MM_A07 MM_DQ20
PCI_AD10 PCI_PAR VI_DATA2 RESERVED2 MM_A08 MM_DQ21
PCI_AD11 PCI_FRAME# VI_DATA3 MM_A09 MM_DQ22
PCI_AD12 PCI_IRDY# VI_DATA4 MM_A10 MM_DQ23
PCI_AD13 PCI_TRDY# VI_DATA5 MM_A11l MM_DQ24
PCI_AD14 PCI_STOP# VI_DATA6 MM_A12 MM_DQ25
PCI_AD15 PCI_IDSEL VI_DATA7 MM_A13 MM_DQ26
PCI_AD16 PCI_DEVSEL# VI_DATAS MM_DQO00 MM_DQ27
PCI_AD17 PCI_REQ# VI_DATA9 MM_DQO1 MM_DQ28
PCI_AD18 PCI_GNT# IIC_SDA MM_DQO02 MM_DQ29
PCI_AD19 PCI_PERR# IIC_SCL MM_DQO03 MM_DQ30
PCI_AD20 PCI_SERR# VO_I01 MM_DQO04 MM_DQ31
PCI_AD21 PCI_INTA# VO_102 MM_DQO5 MM_CKEO
PCI_AD22 PCI_INTB# VO_CLK MM_DQO6 MM_CKE1
PCI_AD23 PCI_INTC# MM_DQO07 MM_CSO0#
PCI_AD24 PCI_INTD# MM_DQO08 MM_CS1#
PCI_AD25 TRI_RESET# MM_DQO09 MM_CS2#
PCI_AD26 MM_DQ10 MM_CS3#
MM_DQ11 MM_RAS#
MM_DQ12 MM_CAS#
MM_DQMO MM_WE#
MM_DQM1
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1.7 PACKAGE

HBGA292: plastic, heatsink ball grid array package; 292 balls; body 27 x 27 x 1.75 mm SOT553-1
D 8]
|
\J
/ ! \ |
|
—)
|
ball A1 ‘ T A
index area A A2
1 X T T | B | i )
1 rAa . (O 0O 0O U
| A
|
i ! J y
: 1 7
T
A N\ 1 e
» Kk |-
C
- el -~ @8]
- owm™ = ‘
1 Aeeled | EvE ~{OD]
Y )00000% 000800000006 !
w | 6b0ooo00bdbdo0ojo00000000d »
v| boooooddoojoooooo00000d ]
U | 00000000000000000000
T| 0000 0000 | [e] P
R | 0000 ‘ 0000 |
Pl 0000 00061
N | 0000 000000 0 0-0-6
M| 0000 ooolooo 0000 }
L | ooo00O 000000 0000 |
K| 6000 000000 0000 1 .
J | oooo 000000 0000
H| oooo ooo‘ooo 0000
G | o000 0000
F| oooo w 0000
E | 0cooo 0000
D] 0000000000000 0000000 PAN
c | 00000000000000000000 / \
B| 00000000000000000000 ) \
A | 0000000000/0000000OEG N )
e
2 4 6 8 10 12 14 16 18 20 \
1 3 5 7 9 11 13 15 17 19 N~ .
X
0 10 20 mm
L I | I I J
L . ) scale
DIMENSIONS (mm are the original dimensions)
A .
UNIT max. | A1 Ao b D D1 E E1 e e1 o] k v w y Y1
0.70 | 1.83 | 0.90 | 27.2 | 24.1 | 27.2 | 24.1 210 | 42
mm | 251\ 450 | 163 | 0.60 | 26.8 | 23.9 | 26.8 | 23.9 | 127 |2413| 54| 3g | 02 | 02 | 015 025

18 ORDERING INFORMATION

To order 143-MHz/2.5V product, part number is ‘PNX1300’, 12 nc product code 9352 7097 6557.
To order 180-MHz/2.5V product, part number is ‘PNX1301’, 12 nc product code 9352 7097 9557.
To order 200-MHz/2.5V product, part number is ‘PNX1302’, 12 nc product code 9352 7098 2557.
To order 166-MHz/2.2V product, part number is ‘PNX1311’, 12 nc product code 9352 7098 5557.
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19 PARAMETRIC CHARACTERISTICS
191 PNX1300/01/02/11 Absolute Maximum Ratings
Permanent damage may occur if these conditions are exceeded
Symbol Parameter Min. Max Units Notes
VDDMAX 2.5-V core supply voltage (PNX1300/01/02/11) -0.5 35 \%
Veemax 3.3-V I/O supply voltage -0.5 4.6 \Y,
V| sv DC input voltage on all 5-V pins -0.5 VX+0.5 \ 1
Vi.33v DC input voltage on all 3.3-V pins -0.5 VCC+0.3 \%
Tsg Storage temperature range -65 150 Deg. C
Tcase Operating case temperature range 0 120 Deg. C
HBMgsp Human Body Model Electrostatic handling for all pins - - CLASS 1C 2
MMgsp Machine Model Electrostatic handling for all pins - - CLASS A 3
Notes: 1. VXinthe 5V mode pin is either VREF_PCI or VREF_PERIPH, see Section 1.6.
2. JEDEC Standard, June 2000
3. JEDEC Standard, October 1997
1.9.2 PNX1300/01/02 Operating Range and Thermal Characteristics

Functional operation, long-term reliability and AC/DC characteristics are guaranteed for the operating conditions below.

Symbol Parameter Minimum | Typical | Maximum | Units
Vpp PNX1300/01/02 Core supply voltage 2.375 2.50 2.625 \%
Vee I/O supply voltage 3.135 3.30 3.465 \%
Tcase Operating case temperature range 0 85 °C
Wit junction to case thermal resistance 3.8 °C/Iw
g junction to ambient thermal resistance (natural convection) 15 °CIW
1.9.3 PNX1311 Operating Range and Thermal Characteristics

Functional operation, long-term reliability and AC/DC characteristics are guaranteed for the operating conditions below.

Symbol Parameter Minimum | Typical | Maximum | Units
Vpp PNX1311 Core supply voltage 2.090 2.20 2.310 \%
Ve I/O supply voltage 3.135 3.30 3.465 Y
Tcase Operating case temperature range 0 85 °C
Wit junction to case thermal resistance 3.8 °C/W
Y junction to ambient thermal resistance (natural convection) 15 °CIW
194 PNX1300/01/02/11 Power Supply Sequencing
Power application and power removal should obey the following rule:

Vpp should never exceed V¢ by more than 0.5V
Permanent damage may occur if this rule is not observed.
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1.95 PNX1300/01/02 DC/AC Characteristics

Symbol Parameter Condition/Notes Min. Max Units
VDD Core supply voltage 2.375 2.625 \%
Vcc 1/0 supply voltage 3.135 3.465 \%
IDD-typ Core supply current 200 MHz CPU operation (Max. application) 1400 mA
Iccyp 1/O supply current 183 MHz SDRAM operation (Max. application) 160 mA
IpD-pdn Core supply current CPU power down mode; 200 MHz 300 mA
Icc-pdn 1/0 supply current CPU power down mode; 183 MHz 50 mA
V|H_5V Input HIGH voltage for I/O-5 V Note 1. All I/O's except IICOD 2.0 VX+ 0.5 \%
ViH-3.3v Input HIGH voltage for 1/0-3.3 V All 1/0s except 1ICOD 2.0 Vee+0.3 \%
VIL—5v Input LOW voltage for 1/0-5 V All I/Os except IICOD -0.5 0.8 \%
VIL-3.3V Input LOW voltage for 1/0-3.3 V All I/Os except IICOD -0.3 0.8 Y
sy Input leakage current for I/0-5V |0 <V <2.7V -70 70 UA
L33y Input leakage current for 1/0-3.3V | 0 <V|y < 2.7V -0 10 UA
CIN Input pin capacitance 8 pF

Notes: 1. VX for a 5V mode pin is either VREF_PCI or VREF_PERIPH, see Section 1.6.

1.9.6 PNX1311 DC/AC Characteristics

Symbol Parameter Condition/Notes Min. Max Units
VDD Core supply voltage 2.090 2.310 Y
Vcc 1/0 supply voltage 3.135 3.465 Y,
IpD-typ Core supply current 166 MHz CPU operation (Max. application) 1110 mA
lcctyp 1/0 supply current 166 MHz SDRAM operation (Max. application) 145 mA
IDD-pdn Core supply current CPU power down mode; 166 MHz 215 mA
Iccopdn 1/O supply current CPU power down mode; 166 MHz 46 mA
VIH—5V Input HIGH voltage for I/O-5 V Note 1. All I/O's except ICOD 2.0 VX+ 0.5 \Y
V|H-3.3v Input HIGH voltage for I/O-3.3 V All I/Os except IICOD 2.0 VCC +03 Y
VIL—5v Input LOW voltage for 1/0-5 V All 1/Os except IICOD -0.5 0.8 \%
Vilaay Input LOW voltage for 1/0-3.3 V All I/Os except ICOD -0.3 0.8 \Y
L5y Input leakage current for 1/0-5 V 0<V|y<27V -70 70 UA
I”___s_sv Input leakage current for I/0-3.3V |0 <V,y<2.7V -0 10 uA
ClN Input pin capacitance 8 pF

Notes: 1. VX for a 5V mode pin is either VREF_PCI or VREF_PERIPH, see Section 1.6.
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197

The power consumption of PNX1300 Series is depen-
dent on the activity of the DSPCPU, the amount of pe-
ripherals being used, the frequency at which the system
is running as well as the loads on the pins.

PNX1300 Series Power Consumption

The first section presents the power consumption for
known applications. The other power related sections
present the maximum power consumption. These maxi-
mum values are obtained with a ‘fake’ application that
turns on all the peripherals and runs intensive compute
on the CPU.

19.7.1 Power Consumption for

Applications on PNX1300 Series

The Table 1-1 and Table 1-2 present the power con-
sumption for two typical applications:

e The DVD playback includes video display using the
VO peripheral and audio streaming using AO periph-
eral. The bitstream is brought into the TM-1300 sys-
tem over the PCI peripheral. The VLD co-processor
is used to perform the bitstream parsing. The bit-
stream is not scrambled therefore the DVDD co-pro-
cessor is not used and it is turned off.

e The MPEG4 application includes video and audio
playback of an enocded CIF stream. The bit stream
is brought into the PNX1300 system over the PCI
peripheral. The Video and Audio subsystems of the
PNX1300 were used to render the video and sound
from the decoded stream into the video monitor and
speakers.

« The H263 video conferencing application includes
the following steps. It captures a CCIR656 video
stream at 30 frames/second using the VI peripheral.
The incoming video stream is downscaled, on the fly,
to SIF resolution by VI. The captured frames are then
downscaled to a QSIF resolution using the ICP co-
processor. The resulting QSIF image is sent over the
PCI bus via the ICP co-processor to a SVGA card
(PC monitor display) and encoded by the DSPCPU.
The resulting bitstream is then decoded by the
DSPCPU and displayed as a SIF image on the same
PC monitor (also using the ICP co-processor). All the
encoding/decoding part is done in the YUV color
space. The display is in the RGB16 color space.
Software is not optimized.

Three main technics may be applied to reduce the ‘Out
of the Box’ power consumption.

e Turn off the unused peripherals. Refer to Section
21.6 on pag e21-2.

* Run the system at the required speed, i.e. some
application may not require to run at the full speed
grade of the chip.

¢ Powerdown the system or the DSPCPU each time
the DSPCPU reached the Idle task.

A more detailed description can be found in the applica-
tion note ‘TM-1300 Power Saving Features’ available at
the following website:

http://www.semiconductors.philips.com/trimedia/

Table 1-1. Power Consumption of Example Applications for PNX1300/01/02 (Vdd = 2.5V)

Optimizations

AFTER WITHOUT
APPLICATIONS POWER POWER Unused
h System Speed Idle task power
OPTIMIZATIONS | OPTIMIZATIONS Peripherals Adjustment management
Turned Off
DVD Playback 22W 30W@ 180MHz [2.6 W@ 180 MHz |[2.6 W @ 180 MHz |2.2W @ 180 MHz
H.263 Vconf 1.7W 29W@ 166 MHz |2.7W@ 166 MHz |19W @ 111 MHz |1.7W @ 111 MHz

Table 1-2. Power Consumption of Example Applications for PNX1311(Vdd = 2.2V)

Optimizations

AFTER WITHOUT
APPLICATIONS POWER POWER Unused
. System Speed Idle task power
OPTIMIZATIONS | OPTIMIZATIONS Peripherals Adjustment management
Turned Off

MPEG4 (CIF) AIV 12W 25W@ 166 MHz [2.1W @ 166 MHz |1.3W @ 70 MHz 1.2W @ 70 MHz
Playback ’
H.263 Vconf 15W 24W@ 166 MHz [22W @ 166 MHz |1.7W @ 111 MHz |15W @ 111 MHz

As previously mentioned the Table 1-1 and Table 1-2
show that the final power consumption for a realistic ap-
plication may be lower than the values reported in the
next section.

Based on these results and the following section, the
power consumption of PNX1300 Series, using an artifi-

cial scenario depicting an extremely demanding applica-
tion, for commonly used speeds, is as follows:

+ PNX1300/01/02 is < 3.4 W @ 166:133 MHz

« PNX1311is<29W @ 166:133 MHz

¢ PNX1302is < 4.0 W @ 200:133 MHz

Downloaded from Elcodis.com electronic components distributor
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19.7.2 PNX1300/01/02 DSPCPU Core Current and Power Consumption
PNX1300 PNX1301 PNX1302 PNX1302
143:143 166:133 192:144 200:133
Symbol Current/Notes Pwd | Typ | Max |Pwd | Typ | Max | Pwd | Typ | Max | Pwd | Typ | Max [ Units
PNX130x | Ipp 225 | 1125 | 1200 250 | 1200 | 1300 | 300 | 1380 | 1475| 300 | 1400 | 1525| mA
(note 1) [ 40 | 125 [ 135 [ 40 | 120 | 135 | 40 | 130 [ 135 | 36 | 125 | 130 | mA
Total Power Dissipation | 0.8 3.2 351038 34 3.7 |1 09 3.9 41 | 0.9 4.0 4.2 W
Ipp » DSPCPU Only - 820 | 920 - 900 |[1030| - 1030 | 1200 | - 1050 | 1250 | mA
Icc » DSPCPU Only - 55 45 - 50 45 - 55 45 - 55 45 mA
Power DSPCPU Only - 2.2 2.5 - 2.4 2.7 - 2.8 3.1 - 2.8 3.3 W
PNX130x | Ipp , Standby - 550 - - 615 - - 720 - - 740 - mA
(note 1,2) | power Standby - 15 - - 17 - - 1.9 - - 2.0 - w
Ipp » Standby + bpwd - 405 - - 450 - - 525 - - 540 - mA
Power Standby + bpwd - 1.1 - - 1.2 - - 1.4 - - 1.5 - W
Notes: 1. Consumption for PNX1300/01/02 is organized in several categories. The “Typ” column shows current consumption for a typ-

2.

ical application with a CPI (Clocks Per Instruction) of 1.4. The “Max” column provides current consumption for an application
with a CPI of 1.1. The measurements were taken with all the peripheral units turned on (peripherals run on a random data
pattern at the specified frequencies, except for VO which runs at 27 MHz). This “Max” data represnts an application that
heavily uses the DSPCPU and does not reflect a realistic application; it is used to determine peak currents. The “Typ” mea-
surements reflect real applications. The “Pwd” column shows current consumption when Global Powerdown mode is acti-

vated. See Chapter 21, “Power Management.”

Standby rows indicate current consumption when DSPCPU is maintained under RESET (See Section 11.6.5, “BIU_CTL

Register”), all peripherals turned off (i.e. not enabled) and all peripherals powered down (+ bpwd row).

. Measurements accuracy is +/- 5%. Measurements are done with Vdd set to 2.5V and Vcc set to 3.3V.
. Currents do not scale with frequency unless the CPU to SDRAM ratio is maintained. As an example, the data for CPU to

SDRAM ratio 1:1 for 183:183 MHz can be calculated by using the data from the 143:143 MHz column, and scaling the cur-
rents by a factor of 1.279.

1.9.7.3 PNX1311 DSPCPU Core Current and Power Consumption Details
PNX1311 PNX1311 PNX1311 PNX1311
100:100 143:143 166:166 166:133
Symbol Current/Notes Pwd | Typ | Max |Pwd | Typ | Max |Pwd | Typ | Max [Pwd | Typ | Max | Units
PNX131x | Ipp 129 | 670 | 720 | 185 | 955 |1025| 215 | 1110 |1200| 200 | 1032 | 1100 | mA
(note 1) ¢ 28 | 87 | 100 | 40 | 125 | 140 | 46 | 145 | 170 | 37 | 123 | 130 | mA
Total Power Dissipation | 0.4 1.8 19 | 05 25 2.7 | 0.6 2.9 32 | 0.6 2.7 29 W
Ipp » DSPCPU Only - 490 | 550 - 700 | 785 - 815 | 915 - 756 880 mA
Icc » DSPCPU Only - 38 31 - 55 45 - 65 55 - 50 45 mA
Power DSPCPU Only - 1.2 1.3 - 1.7 1.9 - 2.0 2.2 - 1.8 2.1 W
PNX131x | Ipp , Standby - 325 - - 460 - - 535 - - 518 - mA
(note 1,2) "Power Standby - 0.8 - - 1.1 - - 1.3 - - 1.3 - W
Ipp , Standby + bpwd - 240 - - 340 - - 395 - - 375 - mA
Power Standby + bpwd - 0.6 - - 0.9 - - 1.0 - - 0.9 - W
Notes: 1. Consumption for PNX1311 is organized in several categories. The “Typ” column shows current consumption for a typical

application with a CPI (Clocks Per Instruction) of 1.4. The “Max” column provides current consumption for an application with
a CPI of 1.1. The measurements were taken with all the peripheral units turned on (peripherals run on a random data pattern
at the specified frequencies, except for VO which runs at 27 MHz). This “Max” data represnts an application that heavily uses
the DSPCPU and does not reflect a realistic application; it is used to determine peak currents. The “Typ” measurements
reflect real applications. The “Pwd” column shows current consumption when Global Powerdown mode is activated. See
Chapter 21, “Power Management.”

2. Standby rows indicate current consumption when DSPCPU is maintained under RESET (See Section 11.6.5, “BIU_CTL

3.
4.

Register”), all peripherals turned off (i.e. not enabled) and all peripherals powered down (+ bpwd row).
Measurements accuracy is +/- 5%. Measurements are done with Vdd set to 2.2V and Vcc set to 3.3V.
Currents do not scale with frequency unless the CPU to SDRAM ratio is maintained.
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19.74 PNX1300/01/02 Current Consumption For On-Chip Peripherals

PNX1300 PNX1301 PNX1302 PNX1302
143:143 166:133 192:144 200:133

Symbol Current/Notes Pwd | Typ | Max [Pwd | Typ | Max | Pwd | Typ | Max [ Pwd | Typ | Max | Units
VO Ipp » running raw mode 50 28 39 55 29 38 65 16 26 72 27 36 mA
21 MHz 1 running raw mode | - 9 |17 | - | 12 |17 | - | 12 |17 | - | 12 | 17 | mA
VO Ipp , running raw mode - 23 75 - 33 54 - 30 58 - 47 72 mA
8LMHz M rumningrawmode | - | 33 | 51 | - | 37 |51 | - | 3 |52 | - | 3 | 52| mA
\4 Ipp , running raw mode 6 8 18 6 6 18 7 8 18 7 6 18 mA
20 MHz 1 = Gnning raw mode | - 7 | 14 | - 6 | 14 | - 8 | 15 | - 9 | 15 | mA
AO Ipp , Stereo 16-bit 2 3 1 1 3 1 1 3 4 5 3 3 mA
44 KHz - 1 - stereo 16-bit - 2 | 1 | - T | 1| - T | 1| - 1 | 1| mA
Al Ipp . Stereo 16-bit 1 2 2 1 3 3 1 3 2 1 3 3 mA
44 KHz 1 - stereo 16-bit - 1 1| - 1 1| - 1 1| - 1 1 | mA
SPDIF Ipp running PCM audio 2 3 2 2 3 1 3 3 3 4 2 2 mA
48 KHz Icc running PCM audio - 3 3 - 2 2 - 2 2 - 2 2 mA
ICP Ipp , mem. block move 61 95 176 | 67 95 170 | 80 105 | 188 | 86 106 | 184 | mA

Icc » mem. block move - 28 28 - 27 54 - 30 61 - 29 59 mA
PCI Ipp » DMA transfer - 37 83 - 34 80 - 32 83 - 40 53 mA
83 MHz I~ ""DMA transfer | 58 |102| - | 58 |102| - | 58 |04 - | 58 | 82 | mA
VLD Iop 3 - - 5 - - 6 - - 6 - - mA

lcc - - - - - - - - - - - - mA
ssl Iob 4 - - 5 - - 6 - - 6 - - mA
10 MHz 5= - - - - - - - - - - - - —
DVDD  |[lIpp 18 - - 21 - - 24 - - 24 - - mA

lec - - - - - - - - - - - - mA

Notes: 1. Pwd. column for peripheral units indicates current savings when block powerdown is activated compared to when it is idle.
See Chapter 21, “Power Management” for block powerdown activation.

2. Typ. column for peripheral units indicates current required when data pattern is random. The Max. column indicates current
ratings when data is switching from high to low level each cycle. Again that Max. column is to show peak current and does
not represent a real application. For both columns the current reported is the current required by the peripheral as well as
the internal bus and MMI to transfer the data to/from the peripheral unit.

3. Some currents are not reported due to the difficulty to measure it or because they are not relevant. For example SSI current
is difficult to measure because it heavily involves the DSPCPU and thus makes it almost impossible to separate the current
consumed by the SSI or the DSPCPU.

4. Measurements accuracy is +/- 5%. Measurements are done with Vdd set to 2.5V and Vcc set to 3.3V.

5. Currents do not scale with frequency if the CPU:SDRAM ratio are different. Same ratio must be used.
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1.9.75 PNX1311 Current Consumption For On-Chip Peripherals
PNX1311-100:100 | PNX1311-143:143 | PNX1311-166:166 | PNX1311-166:133
Symbol Current/Notes Pwd | Typ | Max [Pwd | Typ | Max [ Pwd | Typ | Max [ Pwd | Typ | Max | Units
VO IppL » running raw mode | 33 17 23 47 25 33 56 29 38 48 24 31 mA
20 MHz B running raw mode | - 8 | 12| - | 12 |17 | - | 14 |20 | - | 25 | 17 | mA
VO IppL , running raw mode | - 14 31 - 20 44 - 23 51 - 33 54 mA
8LMHz F  rumningrawmode | - | 25 | 36 | - | 36 |52 | - | 42 | 60 | - | 37 | 51 | mA
\ IppL » running raw mode | 3 5 8 5 7 11 6 8 13 5 7 15 mA
20 MHz F - running raw mode | - 6 | 10 | - 9 |15 | - | 10 | 17 | - 8 | 15 | mA
AO IppL » Stereo 16-bit 4 2 1 6 3 2 7 3 2 1 2 2 mA
44 KHz M- Stereo 16-bit - 1 T | - 1 T | - 1 T | - 1 1 | mA
Al IppL » Stereo 16-bit 1 1 1 1 2 2 1 2 2 1 2 3 | mA
44 KHzZ M- Stereo 16-bit - 1 T | - 1 T | - 1 T | - 1 1 | mA
SPDIF IppL running PCM audio | 2 2 1 3 3 2 3 3 2 2 2 2 mA
48 KHz - running PCM audio | - T | 1] - 2 | 2 | - 2 | 2 | - 2 | 2 | mA
ICP IppL » mem. block move | 40 55 101 | 57 79 144 | 66 92 167 | 60 76 136 | mA
lcc » mem. block move - 19 38 - 27 55 - 31 64 - 26 54 mA
PCI IppL » DMA transfer - 17 36 - 25 51 - 29 59 - 20 50 mA
33 MHz I~ " "DMA transfer ~ | 41 [ 57| - | 58 | 82| - | 67 | 95| - | 45 | 8L | mA
VLD IppL 3 - - 4 - - 5 - - 4 - - mA
lcc - - - - - - - - - - - - mA
Ssi IbbL 2 - - 3 - - 3 - - 4 - - [ mA
10 MHz = - - - - - - - - - - - - —
DVDD | lppL 11 - - 16 - - 19 - - 18 - - mA
lcc - - - - - - - - - - - - mA
Notes: 1. The “Pwd” column for peripheral units indicates current savings when block powerdown is activated, compared to when it is

idle. See Chapter 21, “Power Management” for block powerdown activation.

. The “Typ” column for peripheral units indicates current required when data pattern is random. The “Max” column indicates

current ratings when data is switching from high to low level each cycle. Again that “Max” column is to show peak current
and does not represent a real application. For both columns the current reported is the current required by the peripheral as
well as the internal bus and MMI to transfer the data to/from the peripheral unit.

. Some currents are not reported due to the difficulty to measure it or because they are not relevant. For example SSI current

is difficult to measure because it heavily involves the DSPCPU and thus makes it almost impossible to separate the current
consumed by the SSI or the DSPCPU.

. Measurements accuracy is +/- 5%. Measurements are done with Vdd set to 2.2V and Vcc set to 3.3V.
. Currents do not scale with frequency if the CPU:SDRAM ratio are different. Same ratio must be used.
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1.9.7.6 STRG3, STRG5 type I/O circuit
PNX1300/01/02/11
Symbol Parameter Condition/Notes Min. | Nominal | Max Units
Vou Output HIGH voltage louT = 16.0 MA 0.9Vcc \
VoL Output LOW voltage louT = -16.0 mA 0.1V \Y
z OH Output AC impedance | HIGH level output state 11 ohm
z oL Output AC impedance | LOW level output state 11 ohm
t, Output rise time Test load of Figure 1-1. 2.0 ns
t Output fall time Test load of Figure 1-1. 2.0 ns
1.9.7.7 NORM3 type /O circuit
PNX1300/01/02/11
Symbol Parameter Condition/Notes Min. | Nominal | Max. Units
Vou Output HIGH voltage | !5 .- =8.0 mA 0.9V¢ce \
VOL Output LOW voltage lOUT =-8.0mA 0.1V¢e \
ZOH Output AC impedance | HIGH level output state 23 ohm
z oL Output AC impedance | LOW level output state 23 ohm
t Output rise time Test load of Figure 1-2. 4.0 ns
t Output fall time Test load of Figure 1-2. 4.0 ns
1.9.7.8 WEAKS type I/O circuit
PNX1300/01/02/11
Symbol Parameter Condition/Notes Min. | Nominal | Max. Units
Vou Output HIGH voltage louT = 6.0 MA 0.9V \
VoL Output LOW voltage louT=-6.0 MA 0.1V¢c v
ZOH Output AC impedance | HIGH level output state 33 ohm
ZOL Output AC impedance | LOW level output state 33 ohm
t Output rise time Test load of Figure 1-3. 4.0 ns
t Output fall time Test load of Figure 1-3. 4.0 ns
1.9.7.9  1ICOD (I%c) type I/O circuit
Symbol Parameter Condition/Notes Min. Nominal Max. Units
VIL-IIC Input LOW voltage -0.5 1.0 \%
VIH—IIC Input HIGH voltage VXis 3.3V or 5V depending 2.3 VX+0.5 \%
on VREF_PERIPH value
VHYS Input Schmitt trigger hysteresis 0.25
VoL Output LOW voltage louT = -6.0 MA 0.6 \
tf Output fall time 10 - 400 pF load 15 250 ns
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1.9.7.10 SDRAM interface timing for PNX1300/01/02/11 speed grades.

PNX1300 | PNX1301 | PNX1301 | PNX1311 | PNX1302 N

143 166 180 166 200 0

t

Symbol Parameter Min | Max | Min | Max | Min | Max | Min | Max | Min | Max | Units :
fspram | MM_CLK frequency 143 166 166 166 183 | MHz |1
Tes Skew between MM_CLKO, CLK1 0.05 0.05 0.05 0.05 005| ns |2
Tep Propagation delay of data, address, control 4.7 4.2 4.2 4.2 3.7 ns |3
Ton Output hold time of data, address and control | 1.5 15 15 15 1.5 ns |3
Tsu Input data setup time 0 0 0 0 0 ns |4
TiH Input data hold time 2.0 15 15 15 15 ns |4

Notes: 1. For best high speed SDRAM operation, 50-ohm matched PCB traces are recommended for all MM_xxx signals.
Use 27-33 ohm series terminator resistors close to PNX1300/01/02/11 in the MM_CLKO and MM_CLK1 line only.
2. Equal load circuit. MM_CLKO and MM_CLK1 are matched output buffers.
3. The center of the two rising edges on MM_CLKO0, MM_CLK1 are used as the clock reference point.
Propagation delay guarantee is defined from 50% point of clock edge to 50% level on D/A/C.
Output hold time guarantee is defined from 50% point of clock edge to 50% level on D/A/C.
4. MM_CLKO is used as a reference clock.
Input setup time requirement is defined as data value 50% complete to 50% level on clock.
Input hold time requirement is defined as minimum time from 50% level on clock to 50% change on data.

1.9.7.11 PCI Bus timing

The following specifications meet the PCI Specifications, Rev. 2.1 for 33-MHz bus operation.

Symbol Parameter Min. Max Units Notes
Tval-pCI (Bus) Clk to signal valid delay, bused signals 2 11 ns 1,2,3
Tval-PCi (ptp) Clk to signal valid delay, point-to-point signals 2 12 ns 1,2,3
Ton-pCl Float to active delay 2 ns 1
Toft-pcl Active to float delay 28 ns 1,7
Tsu-pcl Input setup time to CLK - bused signals 7 ns 34
Tsu-pCl (ptp) Input setup time to CLK - point-to-point signals 12 ns 34
Th-pcI Input hold time from CLK 021 ns 4
Tist-pCl Reset active time after power stable 1 ms 5
Tist-clk-PCI Reset active time after CLK stable 100 us 5
Tist-off-PCI Reset active to output float delay 40 ns 5,6,7

1. PCI Clock skew between two PCI devices must be lower than 1.8ns instead of the 2 ns as specified in PCI
2.1 specification

Notes: 1. See the timing measurement conditions in Figure 1-4.

. Minimum times are measured at the package pin with the load circuit shown in Figure 1-8. Maximum times are measured
with the load circuit shown in Figure 1-6 and Figure 1-7.

. REG# and GNT# are point-to-point signals and have different input setup times. All other signals are bused.

. See the timing measurement conditions in Figure 1-5.

. RST# is asserted and de-asserted asynchronously with respect to CLK.

. All output drivers are floated when RST# is active.

. For the purpose of Active/Float timing measurements, the Hi-Z or‘off’ state is defined to be when the total current delivered
through the component pin is less than or equal to the leakage current specification.

N

~NOoO Uk W

1-18 PRELIMINARY SPECIFICATION

Downloaded from Elcodis.com electronic components distributor


http://elcodis.com/

Philips Semiconductors Pin List
1.9.7.12 JTAG /O timing
Symbol Parameter Min. Max Units Notes
f31AG-CLK JTAG clock frequency 20 MHz
Tek-TDO JTAG_TCK to JTAG_TDO valid delay 2 10 ns
Tsu-Tck Input setup time to JTAG_TCK 3 ns 2
Th-Tck Input hold time from JTAG_TCK 7 ns 2
Notes: 1. See the timing measurement conditions in Figure 1-10.
2. See the timing measurement conditions in Figure 1-9.
1.9.7.13 12C /O timing
Symbol Parameter Min. Max Units Notes
fscL SCL clock frequency 400 kHz 1
Tgur Bus free time 1 us 2
Tsu-sTA Start condition set up time 1 us 3
Th-sTA Start condition hold time 1 us 3
TLow SCL LOW time 1 us 1
ThicH SCL HIGH time 1 us 1
Tt SCL and SDA fall time (Cb = 10-400 pF, from Vjy_c to V| ic) 20+0.1Cb 250 ns 1
Tsu-spa Data setup time 100 ns 4
Th-spa Data hold time 0 ns 4
Tgv-sDA SCL LOW to data out valid 0.5 us 5
Tav-sTO SCL HIGH to data out 1 ns 5
Notes: 1. See the timing measurement conditions in Figure 1-11.
2. See the timing measurement conditions in Figure 1-12.
3. See the timing measurement conditions in Figure 1-13.
4. See the timing measurement conditions in Figure 1-14.,
5. See the timing measurement conditions in Figure 1-15.
1.9.7.14 Video In I/O Timing
Symbol Parameter Min. Max Units Notes
fvi-cLk Video In clock frequency 81 MHz
Tsu-cLK Input setup time to VI_CLK 2 ns 1
Th-cLk Input hold time from VI_CLK 2 ns 1
Notes: 1. See the timing measurement conditions in Figure 1-16.
1.9.7.15 Video Out I/O Timing
Symbol Parameter Min. Max Units Notes
fvo-cLk Video Out clock frequency 81 MHz
TeLK-Dv VO_CLK to VO_DATA (or VO_10*) out 3 7.5 ns 1,3
TeLk-pv VO_CLK to VO_DATA (or VO_IO*) out 3 7.5 ns 1,4
Tsu-cLk VO_10* setup time to VO_CLK 10 ns 2
Th-cLk VO_|0O* hold time from VO_CLK 3 ns 2
Notes: 1. See the timing measurement conditions in Figure 1-17.
2. See the timing measurement conditions in Figure 1-18.
3. CLKOUT asserted, i.e. the VO unit is the source of VO_CLK
4. CLKOUT negated, i.e. the external world is the source of VO_CLK
PRELIMINARY SPECIFICATION 1-19
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1.9.7.16  Audioln I/O timing

Symbol Parameter Min. Max Units Notes
fAlsCK Audio In Al_SCK clock frequency 22 MHz
Tsu-scK Input setup time to Al_SCK ns 1,2
Th-sck Input hold time from Al_SCK 2 ns 1,2
Tsck-ws Al_SCKto AI_WS 10 ns 3

Notes: 1. See the timing measurement conditions in Figure 1-19.

2. The timing measurements are done with respect to the clock edge according to CLOCK_EDGE
3. SER_MASTER asserted, i.e. Audio In is the source of Al_WS. See the timing measurement condition in Figure 1-20.

1.9.7.17 Audio Out I/O timing

Symbol Parameter Min. Max Units Notes
fao-sck Audio Out AO_SCK clock frequency 22 MHz
Tscek-pv AO_SCK to AO_SDx valid 2 12 ns 134
Tsck-pv AO_SCK to AO_SDx valid 2 12 ns 1,35
Tsu-sck Input setup time to AO_SCK 4 ns 2,35
Th-sck Input hold time from AO_SCK 2 ns 2,35
Tsck-ws AO_SCK to AO_WS 10 ns 3,4,6

Notes: 1. See the timing measurement conditions in Figure 1-21.

2. See the timing measurement conditions in Figure 1-23.

3. The timing measurements are done with respect to the AO_SCK clock edge according to CLOCK_EDGE

4. PNX1300/01/02/11 is the serial interface master, i.e. AO_SCK, AO_WS are outputs

5. PNX1300/01/02/11 is serial interface slave, i.e. AO_SCK, AO_WS are inputs

6. See the timing measurement conditions in Figure 1-22.
1.9.7.18 SSI /O timing

Symbol Parameter Min. Max Units Notes

fssi-cLk SSI_CLK clock frequency 20 MHz 1
TeLk-pv SSI_CLK to data valid 12 ns 2
Tsu-cLK Input setup time to SSI_CLK 3 ns 3
Th-cLk Input hold time from SSI_CLK 2 ns 3

Notes: 1. Interrupt latency limits SSI to a practical use at a bit rate of 1.5 Mbit/sec.

2. See the timing measurement conditions in Figure 1-24.
3. See the timing measurement conditions in Figure 1-25.
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PNX1300 pin rise/fall test point V_th
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s | 12 pF
= = L inputs
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Figure 1-1. STRG3, STRGS5 test load circuit Figure 1-5. PCI Input Timing Measurement Conditions
. . . pin
PNX1300 pin rise/fall test point
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Figure 1-2. NORM3 test load circuit Figure 1-6. PCI T, 5 (max) Rising Edge
. . . pin
PNX1300 pin rise/fall test point
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Figure 1-9. JTAG Input Timing

Figure 1-4. PCI Output Timing Measurement Con-

ditions
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TCK /

Tek_TDO

TDO valid ><

SCL

SDA

Figure 1-10. JTAG Output Timing

Figure 1-15. I°C I/O Timing

_ THeH  Tiow _
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SCL /
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VI_DATA, VI_IO
Figure 1-11. 1°C I/O Timing Figure 1-16. Videol n I/O Timing
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SDA — VO_DATA valid

Figure 1-12. 1°C I/O Timing

Figure 1-17. Video Out I/O Timing

SCL /

Tsu_STA

SDA

VO_CLK e

Tsu_CLK
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VO 10 valid

Figure 1-13. I1°C I/O Timing

Figure 1-18. Video Out I/O Timing
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Figure 1-14. 1°C I/O Timing

Figure 1-19. Audio In I/O Timing
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ALSCK /N AO_SCK —

Tsck_ws T

su_SCK Th_SCK
Al_WS valid
AO_WS valid
Figure 1-20. Audio In I/O Timing Figure 1-23. Audio Out I/O Timing
AO_SCK f\ SSI_CLK f
Tsck_pv Teik_pv
AO_SDx valid SSI /0 valid

Figure 1-21. Audio Out I/O Timing

Figure 1-24. SSI I/0 Timing

AO_SCK f\
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AO_WS

valid

ssi_ctk N

Tsu_cLk

- TthLK

SSI_lo
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Figure 1-22. Audio Out I/0O Timing

Figure 1-25. SSI I/O Timing
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Chapter 2

21 INTRODUCTION

In this document, the generic PNX1300 name refers
to the PNX1300 Series, or the PNX1300/01/02/11
products.

PNX1300 is a successor to the TM-1300, TM-1100 and
TM-1000 media processors. For those familiar with the
TM-1300, the new features specific to the PNX1300 are
summarized in Section 2.6. For those familiar with the
TM-1100, the new features specific to the PNX1300 are
summarized in Section 2.7. For those familiar with the
TM-1000, new features for the PNX1300 are summa-
rized in Section 2.8.

2.2  PNX1300 FUNDAMENTALS

PNX1300 is a media processor for high-performance
multimedia applications that deal with high-quality video
and audio. These applications can range from low-cost,
dedicated systems such as video phones, video editing,
digital television, security systems or set-top boxesto re-
programmable, multipurpose plug-in cards for personal
computers. PNX1300 easily implements popular multi-
media standards such as MPEG-1 and MPEG-2, but its
orientation around a powerful general-purpose CPU
(called the DSPCPU) makes it capable of implementing
a variety of multimedia algorithms, both open and propri-
etary. PNX1300 is also easily configured in multiple pro-
cessor configurations for very high-end applications.

More than just an integrated microprocessor with unusu-
al peripherals, the PNX1300 is a fluid computer system
controlled by a small real-time OS kernel running on a
very-long instruction word (VLIW) processor core.
PNX1300 contains a DSPCPU, a high-bandwidth inter-
nal bus, and internal bus-mastering DMA peripherals.

Software compatibility between current and future Trime-
dia processor family members is at the source-code and
library API level; binary compatibility between family
members is not guaranteed.

Defining software compatibility at the source-code level
gives Philips the freedom to strike the optimum balance
between cost and performance for all chips in the family.
A powerful compiler and software development environ-
ment ensure that programmers never need to resort to
non-portable assembler programming. Programmers
use the library APIs and multimedia operations from C
and C++ source code.

by Gert Slavenburg

PNX1300 is designed both for use as an accelerator in a
PC environment or as the sole CPU in cost-effective
standalone systems. In standalone system applications,
the PNX1300 external bus allows for glueless connection
of 8-bit wide ROM, EEPROM, or Flash memory for code
storage. The external bus also allows intermixing of
PCI2.1 master/slave peripherals and 8-bit simple periph-
erals, such as UARTSs and other 8-bit microprocessor pe-
ripherals. This powerful external bus architecture gives
system designers a variety of options to configure low-
cost, high-performance system solutions.

Because it is based on a general-purpose CPU,
PNX1300 can also serve as a multifunctional PC en-
hancement vehicle. Typically, a PC must deal with multi
standard video and audio streams; and applications re-
quire both decompression and compression. While the
CPU chips used in PCs are becoming capable of low-
resolution, real-time video decompression, high-quality
decompression—not to mention compression—of stu-
dio-resolution video is still out of reach. Further, users
expect their systems to handle live video and audio with-
out sacrificing system responsiveness.

PNX1300 enhances a PC system by providing real-time
multimedia with the advantages of a special-purpose,
embedded solution—low cost and chip count—and the
advantages of a general-purpose processor—repro-
grammability. For PC applications, PNX1300 far sur-
passes the capabilities of fixed-function multimedia
chips.

Future media processor family members will have differ-
ent sets of interfaces appropriate for their intended use.

2.3  PNX1300 CHIP OVERVIEW

Key features of PNX1300 include:

e A very powerful, general-purpose VLIW processor
core (the DSPCPU) that coordinates all on-chip
activities. In addition to implementing the non-trivial
parts of multimedia algorithms, the DSPCPU runs a
small real-time operating system driven by interrupts
from the other units.

* Independent DMA-driven multimedia I/O units that
properly format data to make software media pro-
cessing efficient.

« DMA-driven multimedia coprocessors that operate
independently and in parallel with the DSPCPU to
perform operations specific to important multimedia
algorithms.
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¢ A high-performance bus and memory system that
provide communication between PNX1300’s pro-
cessing units.

* A flexible external bus interface.

Figure 2-1 shows a PNX1300 block diagram. The bulk of
a PNX1300 system consists of the PNX1300 micropro-
cessor itself, external synchronous DRAM (SDRAM),
and the external circuitry needed to interface to incoming
and/or outgoing video and audio data streams and com-
munication lines. PNX1300's external peripheral bus can
gluelessly interface to PC! 2.1 components and/or 8-bit
microprocessor peripherals.

Figure 2-2 shows a possible minimally configured
PNX1300 system. A video input stream might come di-
rectly from a CCIR 656-compliant video camera chip in
YUV 4:2:2 format through a glueless interface in this
case. An analog camera can be connected via a CCIR
656 interface chip (such as the Philips SAA7113H).
PNX1300 outputs a CCIR656 video stream to drive a
dedicated video monitor. Stereo audio input and up to 8-
channel audio output require only low-cost external ADC
and DAC. The operation of the video and audio interface
units is highly customizable through programmable pa-
rameters.

2Mx32 SDRAM

CCIR656 CCIR656
digital video™ ™| > dig. video
2-8ch
asereeZpoc k-l PNX1300 Lafore>z 2 5%
JTAG < font ond
ROM

i
PCIl and 8-bit peripheral bus

Figure 2-2. PNX1300 system connections. A minimal
PNX1300 requires few supporting components.

The glueless PCI interface allows the PNX1300 to dis-
play video in a host PC’s video card. The Image Copro-
cessor (ICP) provides display support for live video input
an arbitrary number of arbitrarily overlapped windows.

SDRAM 32-bitdata
up to 572 MB/sec
| |
PNX1300 Main Mfemory Huffman decoder
Interface Slice-at-a-time
MPEG-1 & 2
CCIR656 dig. video . VLD
YUV 4:2:2 P Video In Coprocessor
up to 81 MHz (40 Mpix/sec)
Stereo digital audio . . igi i
8 and 16-bit data —™|  Audioln 1= Video out 58{/R2:52?2d'gltal video
1S DC, up to 22 MHz Al_SCK up to 81 MHz (40 Mpix/sec)
2/4/6/8 ch. digital audio . .
16 and 3gz-bit data ®—1 Audio Out - Timers
12S DC, up to 22 MHz AO_SCK
IEC958 Synchronous Analog modem or ISDN
Up 0 40 Mbitsec ®—| SPDIFOut |<]<s ~ Serial [ pnaCgmodemo
Interface
12C bus to
camera, etc. > |2C Interface |=»] == DVDD
Down & up scaling
32K YUV — RGB
vow |18 [ <] . Image 50 Mpix/sec
Coprocessor
CPU 16K
D$ *
External bus
PCI-XIO Interface ‘ “PCI2.1 (32 bits, 33-MHz)
+ glueless 24A/8D slaves
% -

Figure 2-1. PNX1300 block diagram.
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Finally, the Synchronous Serial Interface (SSI) requires
only an external ISDN or analog modem front-end chip
and phone line interface to provide remote communica-
tion support. It can be used to connect PNX1300-based
systems for video phone or videoconferencing applica-
tions, or it can be used for general-purpose data commu-
nication in PC systems.

The PNX1300 JTAG port allows a debugger on a host
system to access and control the state of a PNX1300 in
a target system. It also implements 1149.1 boundary
scan functionality.

24  BRIEF EXAMPLES OF OPERATION

The key to understanding PNX1300 operation is observ-
ing that the DSPCPU and peripherals are time-shared
and that communication between units is through
SDRAM memory. The DSPCPU switches from one task
to the next; first it decompresses a video frame, then it
decompresses a slice of the audio stream, then back to
video, etc. As necessary, the DSPCPU issues com-
mands to the peripheral function units to orchestrate their
operation.

The DSPCPU can enlist the ICP and other coprocessors
to help with some of the straightforward, tedious tasks
associated with video processing. The ICP is very well
suited for arbitrary size horizontal and vertical video re-
sizing and color space conversion.

The DSPCPU can enlist the input/output peripherals to
autonomously receive or transmit digital video and audio
data with minimal CPU supervision. The 1/0 units have
been designed to interface to the outside world through
industry standard audio and video interfaces, while deliv-
ering or taking data in memory in formats suitable for
software processing.

24.1

An example PNX1300 implementation is as a video-de-
compression engine on a PCl card in a PC. In this case,
the PC does not need to know the PNX1300 has a pow-
erful, general-purpose CPU; rather, the PC just treats the
hardware on the PCI card as a ‘black-box’ engine.

Video Decompression in a PC

Video decompression begins when the PC operating
system hands the PNX1300 a pointer to compressed vid-
eo data in the PC’s memory (the details of the communi-
cation protocol are handled by the software driver in-
stalled in the PC’s operating system).

The DSPCPU fetches data from the compressed video
stream via the PCI bus, decompresses frames from the
video stream, and places them into local SDRAM. De-
compression may be aided by the VLD (variable-length
decoder) coprocessor unit, which implements Huffman
decoding and is controlled by the DSPCPU.

When a frame is ready for display, the DSPCPU gives
the ICP a display command. The ICP then autonomously
fetches the decompressed frame data from SDRAM and
transfers it over the PCI bus to the frame buffer in the

PC'’s video display card. Alternately, video can be sent to
the graphics card using the VO unit.

242

Another typical application for PNX1300 is in video com-
pression. In this case, uncompressed video is usually
supplied directly to the PNX1300 system via the Video In
(VI) unit. A camera chip connected directly to the VI unit
supplies YUV data in 8-bit, 4:2:2 format. The VI unit sam-
ples the data from the camera chip and demultiplexes
the raw video to SDRAM in three separate areas, one
each for Y, U, and V.

When a complete video frame has been read from the
camera chip by the VI unit, itinterrupts the DSPCPU. The
DSPCPU compresses the video data in software (using
a set of powerful data-parallel multimedia operations)
and writes the compressed data to a separate area of
SDRAM.

The compressed video data can now be transmitted or
stored in any of several ways. It can be sent to a host
system over the PCI bus for archival on local mass stor-

age, or the host can transfer the compressed video over
a network. The data can also be sent to a remote system
using the modem/ISDN interface to create, for example,

a video phone or videoconferencing system.

Video Compression

Since the powerful, general-purpose DSPCPU is avail-
able, the compressed data can be encrypted before be-
ing transferred for security.

2.5 INTRODUCTION TO PNX1300 BLOCKS

The remainder of this chapter provides a brief introduc-
tion to the internal components of PNX1300.

251

The internal bus (or data highway) connects all internal
blocks together and provides access to internal control/
status registers of each block, external SDRAM, and the
external bus peripheral chips. The internal bus consists
of separate 32-bit data and address buses. Transactions
on the bus use a block-transfer protocol. On-chip periph-
eral units and coprocessors can be masters or slaves on
the bus.

Internal ‘Data Highway’ Bus

Access to the internal bus is controlled by a central arbi-
ter, which has a request line from each potential bus
master. The arbiter is programmable so that the arbitra-
tion algorithm can be tailored for different applications.
Peripheral units make requests to the arbiter for bus ac-
cess and, depending on the arbitration mode, bus band-
width is allocated to the units in different amounts. Each
mode allocates bandwidth differently, but each mode
guarantees each unit a minimum bandwidth and maxi-
mum service latency. All unused bandwidth is allocated
to the DSPCPU.

The bus allocation mechanism is one of the features of
PNX1300 that makes it a true real-time system instead of
just a highly integrated microprocessor with unusual pe-
ripherals.
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25.2

The heart of PNX1300 is a powerful 32-bit DSPCPU
core. The DSPCPU implements a 32-bit linear address
space and 128, fully general-purpose 32-bit registers.
The registers are not separated into banks; any opera-
tion can use any register for any operand.

VLIW Processor Core

The PNX1300 core uses a VLIW instruction-set architec-
ture and is fully general-purpose. The VLIW instruction
length allows five simultaneous operations to be issued
every clock cycle. These operations can target any five
of the 27 functional units in the DSPCPU, including inte-
ger and floating-point arithmetic units and data-parallel
multimedia operation units.

Although the processor core runs a real-time operating
system to coordinate all activities in the PNX1300 sys-
tem, the core is not intended for true general-purpose
computer use. For example, the PNX1300 processor
core does not implement demand-paged virtual memory,
memory address translation, or 64-bit floating point - all
essential features in a general-purpose computer sys-
tem.

PNX1300 uses a VLIW architecture to maximize proces-
sor throughput at the lowest possible cost. VLIW archi-

tectures have performance exceeding that of supersca-
lar general-purpose CPUs without the cost and
complexity of a superscalar CPU implementation. The
hardware saved by eliminating superscalar logic reduces
cost and allows the integration of multimedia-specific
features that enhance the power of the processor core.

The PNX1300 operation set includes all traditional micro-
processor operations. In addition, multimedia operations
are included that dramatically accelerate standard video
and audio compression and decompression algorithms.
As just one of the five operations issued in a single
PNX1300 instruction, a single ‘custom’ or ‘media’ opera-
tion can implement up to 11 traditional microprocessor
operations. These multimedia operations combined with
the VLIW architecture result in tremendous throughput
for multimedia applications.

The DSPCPU core is supported by separate 16-KB data
and 32-KB instruction caches. The data cache is dual-
ported to allow two simultaneous accesses; both caches
are 8-way set-associative with a 64-byte block size.

2.5.3 Video In Unit

The Video In (VI) unitinterfaces directly to any CCIR 601/
656-compliant device that outputs 8-bit parallel, 4:2:2
YUV time-multiplexed data. Such devices include direct
digital camera systems, which can connect gluelessly to
PNX1300 or through the standard CCIR 656 connector
with only the addition of ECL level converters. A single
chip external device can be used to convert to/from serial
D1 professional video. Non-CCIR-compliant devices can
use a digital video decoder chip, such as the Philips
SAA7113H, to interface to PNX1300.

The VI unit demultiplexes the captured YUV data before
writing it into local PNX1300 SDRAM. Separate planar
data structures are maintained for Y, U, and V.

The VI unit can be programmed to perform on-the-fly
horizontal resolution subsampling by a factor of two if
needed. Many camera systems capture a 640-pixel/line
or 720-pixel/line image. With subsampling, direct conver-
sion to a 320-pixel/line or a 360-pixel/line image can be
performed with no DSPCPU intervention. Performing this
function during video input reduces initial storage and
bus bandwidth requirements for applications requiring
reduced resolution.

254 Enhanced Video Out Unit

The Enhanced Video Out (EVO) unit essentially per-
forms the inverse function of the VI unit. EVO generates
an 8-bit, CCIR656 digital video data stream that contains
a composited video and graphics overlay image. The vid-
eo image is taken from separate Y, U, and V planar data
structures in SDRAM. The graphics overlay is taken from
a pixel-packed YUV data structure in SDRAM. Compos-
iting allows both alpha-blending and chroma keying.

The EVO unit can also upscale the video image horizon-
tally by a factor of two to convert from CIF/SIF to CCIR
601 resolution. The overlay image, if enabled, is always
in full-pixel resolution.

The EVO unit is capable of pixel emission rates up to 40
Mpix/sec and allows full programming ofa horizontal and
vertical frame/field structure. Itis thus capable of refresh-
ing both interlaced and non-interlaced (‘two f},") video dis-
plays with 4:3 or 16:9 or other aspect ratios.

The sample rate for EVO unit pixels is independently and
dynamically programmable. The high-quality, on-chip
sample clock generator circuit allows the programmer
subtle control over the sampling frequency so that audio
and video synchronization can be achieved in any sys-
tem configuration. When changing the sample frequen-
¢y, the instantaneous phase does not change, which al-
lows sample frequency manipulation without introducing
audio or video distortion.

255

The ICP off-loads common image scaling or filtering
tasks from the DSPCPU. Although these tasks can be
easily performed by the DSPCPU, they are a poor use of
the relatively expensive CPU resource. When performed
in parallel by the ICP, these tasks are performed effi-
ciently by simple hardware, which allows the DSPCPU to
continue with more complex tasks.

Image Coprocessor

The ICP can operate as either a memory-to-memory or a
memory-to-PCl coprocessor device.

In memory-to-memory mode, the ICP can perform either
horizontal or vertical image filtering and resizing. A high
quality algorithm is used (5-tap polyphase filter in each
direction). Filtering or scaling is done in either the hori-
zontal or vertical direction in one pass. Two invocations
of the ICP are required to filter or resize in both direc-
tions.

In memory-to-PCl mode, the ICP can perform horizontal
resizing followed by color-space conversion. For exam-
ple, assume an n x m pixel array is to be displayed in a

2-4 PRELIMINARY SPECIFICATION
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Figure 2-3. ICP - Windows on the PC screen and data structures in SDRAM for two live video windows.

window on the PC video screen while the PC is running
a graphical user interface. The first step (if necessary)
would use the ICP in memory-to-memory mode to per-
form a vertical resizing. The second step would use the
ICP in memory-to-PCIl mode to perform horizontal resiz-
ing and optional colorspace conversion from YUV to
RGB.

While sending the final, resampled and converted pixels
over the PCI bus to the video frame buffer, the ICP uses
a full, per-pixel occlusion bit mask—accessed in destina-
tion coordinates—to determine which pixels are actually
written to the graphics card frame buffer for display. Con-
ditioning the transfer with the bit mask allows PNX1300
to accommodate an arbitrary arrangement of overlap-
ping windows on the PC video screen.

Figure 2-3 illustrates a possible display situation and the
data structures in SDRAM that support ICP operation.
On the left, the PC video screen has four overlapping
windows. Two, Image 1 and Image 2, are being used to
display video generated by PNX1300. The right side
shows a conceptual view of SDRAM contents. Two data
structures are present, one for Image 1 and the other for
Image 2. Figure 2-3 represents a point in time during
which the ICP is displaying Image 2.

When the ICP is displaying an image (i.e., copying it from
SDRAM to a frame buffer), it maintains four pointers to
the SDRAM data structures. Three pointers locate the Y,
U, and V data arrays, the fourth locates the per-pixel oc-
clusion bit map. The Y, U, and V arrays are indexed by
source coordinates while the occlusion bit map is ac-
cessed with screen coordinates.

As the ICP generates pixels for display, it performs hori-
zontal scaling and colorspace conversion. The final RGB

pixel value is then copied to the destination address in
the screen’s frame buffer only if the corresponding bit in
the occlusion bit map is a‘1’.

As shown in the conceptual diagram, the occlusion bit
map has a pattern of 1s and Os corresponding to the
shape of the visible area of the destination window in the
frame buffer. When the arrangement of windows on the
PC screen changes, modifications to the occlusion bit
map is performed by PNX1300 or host resident software.

It is important to note that there is no preset limit on the
number and sizes of windows that can be handled by the
ICP. The only limit is the available bandwidth. Thus, the
ICP can handle a few large windows or many small win-
dows. The ICP can sustain a transfer rate of 50 megapix-
els per second, which is more than enough to saturate
PCI when transferring images to video frame buffers.

2.5.6  Variable-Length Decoder (VLD)

The variable-length decoder (VLD) relieves the DSPCPU
of decoding Huffman-encoded video data streams. It can
be used to help decode high bitrate MPEG-1 and MPEG-
2 video streams. The lower bitrate of videoconferencing
can be adequately handled by DSPCPU software with-
out coprocessor.

The VLD is a memory-to-memory coprocessor. The
DSPCPU hands the VLD a pointer to a Huffman-encod-
ed bit stream, and the VLD produces a tokenized bit
stream that is very convenient for the PNX1300 image
decompression software to use. The format of the output
token stream is optimized for the MPEG-2 decompres-
sion software so that communication between the
DSPCPU and VLD is minimized.
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257 Audio In and Audio Out Units

The Audio In (Al) and Audio Out (AO) units are similar to
the video units. They connect to most serial ADC and
DAC chips, and are programmable enough to handle
most serial bit protocols. These units can transfer MSB
or LSB first and left or right channel first.

The audio sampling clock is driven by PNX1300 and is
software programmable within a wide range. Like the VO
unit, Al and AO sample rates are separately and dynam-
ically programmable. The high-quality on-chip sample
clock generator circuits allows the programmer subtle
control over the sampling frequency so that audio and
video synchronization can be achieved in any system
configuration. When changing the sample frequency, the
instantaneous phase does not change, which allows
sample frequency manipulation without introducing au-
dio or video distortion.

As with the video units, the audio-in and audio-out units
buffer incoming and outgoing audio data in SDRAM. The
audio-in unit buffers samples in either 8- or 16-bit format,
mono or stereo. The audio-out unit transfers 16- or 32-bit
sample data for mono, stereo or up to 8 audio channels
from memory to the external DACs. Any manipulation or
mixing of sound data is performed by the DSPCPU since
this processing will require only a small fraction of its pro-
cessing capacity.

2.5.8 S/PDIF Out Unit

The Sony/Philips Digital Interface Out (SPDO) unit al-
lows output of a 1-bit high-speed serial data stream. The
primary application is output of digital audio data in Sony/
Philips Digital Interface (S/PDIF) format to an external
electrically isolated transformer. The SPDO unit can also
be used as a general purpose high-speed data stream
output device such as a UART.

The SPDO unit supports 2-channel PCM audio, one or
more Dolby Digital six-channel data streams, or one or
more MPEG-1 or MPEG-2 audio streams (embedded
per Project 1937). It supports arbitrary programmable
sample rates independent of and asynchronous to the
AO unit sample rate.
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The on-chip synchronous serial interface (SSI) is spe-
cially designed to interface to high integration analog mo-
dem frontends or ISDN frontend devices. In the analog
modem case, all of the modem signal processing is per-
formed in the PNX1300 DSPCPU.

Synchronous Serial Interface

2.5.10 I2C Interface

The 1°C bus is a 2-wire multi-master, multi-slave inter-
face capable of transmitting up to 400kbit/sec. PNX1300
implements an 1°C master for use in single master envi-
ronments only. This interface allows PNX1300 to config-
ure and inspect the status of I°C peripheral devices, such
as video decoders, video encoders and some camera
types.

2.6 NEW IN PNX1300 (VERSUS TM-1300)

PNX1300/01/02/11 offers the following improvements
over the TM-1300:

¢ Lower core voltage for PNX1311 (2.2V core voltage)
and therefore lower power consumption.
* DSPCPU speed of up to 200 MHz for PNX1302.

* Support for 256 Mbit SDRAM organized in x16. The
REFRESH counter must be changed. Refer for Sec-
tion 12.11, “Refresh” in Chapter 12, “SDRAM Mem-
ory System” for details.

e Support for 16 and 32-bit Main Memory Interface.
« Bug fixes in VI message passing mode.

¢ Additional VI mode where VI_DATA[9:8] in message
passing mode are not affected by the VI_DVALID
signal.

¢ PCI bug fix on PCI Special Cycles.
* Autonomous boot in non 1:1 ratio is fixed.

2.7  NEW IN PNX1300 (VERSUS TM-1100)

In addition to the features described in Section 2.6
PNX1300 offers also the following improvements over
the TM-1100:

¢ no external MATCHOUT to MATCHIN delay line.
¢ Video output speed improvement: up to 81 MHz.
* Video input speed improvement: up to 81 MHz.

« Prefetcheable SDRAM aperture to increase perfor-
mance. See Chapter 11, “PCl Interface.”

¢ Individual powerdown capability for each coproces-
sor (e.g. ICP, EVO, etc.).

e New AO coprocessor with four separate channels
and support of 16 or 32-bit samples. 8-bit samples
are no longer supported.

¢ New SPDO coprocessor (for output of SPDIF and
other 1-bit high-speed serial data streams)

2.8  NEW IN PNX1300 (VERSUS TM-1000)

In addition to the features described in Section 2.7
PNX1300 offers also the following improvements over
the TM-1000:

« New DSPCPU instructions. See Appendix A,
“PNX1300/01/02/11 DSPCPU Operations.”

¢ Video Output unit improvements (8-bit alpha blend-
ing, chroma keying, genlock). See Chapter 7,
“Enhanced Video Out.”

e Capability to intermix PCI2.1 and 8-bit peripherals or
ROM/Flash memories on the external bus. See
Chapter 22, “PCI-XIO External I/O Bus.”

« An on-chip DVD authentication/descrambling copro-
cessor. Information available to DVD product devel-
opers on special request.

¢ Full 1149.1 boundary scan.

¢ Improved PCI DMA read performance. See Chapter
11, “PCI Interface.”

« Improved clock generation with new DDS blocks.
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Chapter 3

3.1 BASIC ARCHITECTURE CONCEPTS

In the document the generic PNX1300 product name
refers to PNX1300 Series, or the PNX1300/01/02/11
products.

This section documents the system programmer or
‘bare-machine’ view of the PNX1300 CPU (or DSPCPU).

3.11

Figure 3-1 shows the DSPCPU’s 128 general purpose
registers, r0...r127. In addition to the hardware program
counter, PC, there are 4 user-accessible special purpose
registers, PCSW, DPC (destination program counter),
SPC (source program counter), and CCCOUNT.
Table 3-1 lists the registers and their purposes.

Register Model

Register r0 always contains the integer value '0', corre-
sponding to the boolean value 'FALSE' or the single-pre-
cision floating point value +0.0. Register r1 always con-
tains the integer value '1' (TRUE'). The programmer is
NOT allowed to write to rO or r1.

Note: Writing to rO or r1 may cause reads from rO or
rl scheduled in adjacent clock cycles to return unpre-
dictable values. The standard assembler prevents/
forbids the use of rO or rl as a destination register.

Registers r2 through r127 are true general purpose reg-
isters; the hardware does not imply their use in any way,

by Gert Slavenburg, Marcel Janssens

though compiler or programmer conventions may assign
particular roles to particular registers. The DPC and SPC
relate to interrupt and exception handling and are treated
in Section 3.1.4, “SPC and DPC—Source and Destina-
tion Program Counter.” The PCSW (Program Control
and Status Word) register is treated in Section 3.1.3,
“PCSW Overview.” CCCOUNT, the 64-bit clock cycle
counter is treated in Section 3.1.5, “CCCOUNT—Clock
Cycle Counter.”

Table 3-1. DSPCPU registers

Register Size Details

ro 32 bits | Always reads as 0x0; must not be used
as destination of operations

rl 32 bits | Always reads as Ox1; must not be used
as destination of operations

r2—r127 | 32 bits | 126 general-purpose registers
PC 32 bits | Program counter
PCSW 32 bits | Program control & status word
DPC 32 bits | Destination program counter; latches
target of taken branch that is interrupted
SPC 32 bits | Source program counter; latches target

of taken branch that is not interrupted

CCCOUNT | 64 bits | Counts clock cycles since reset

31 23 15
000000000000000000000000000000O0oO0|r0
0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘0‘1 ri
128 General-Purpose Registers L L
*r0 & rl fixed .
e 12-r127 variable .
oo o nr.r.r—.rr—r—.—.r—.rrr.r.r. 1. 11 1 1 1 1 ©1. T T T 1T r126
P e
| |PC
System Status & Control Registers | | PCSW
— pprc
T spc
63 55 47 39
| | | CCCOUNT
Figure 3-1. PNX1300 registers.
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3.1.2 Basic DSPCPU Execution Model

The DSPCPU issues one ‘long instruction’ every clock
cycle. Each instruction consists of several operations
(five operations for the PNX1300 microprocessor). Each
operation is comparable to a RISC machine instruction,
except that the execution of an operation is conditional
upon the content of a general purpose register. Exam-
ples of operations are:

IF rl0 iadd rl1l rl2 — rl3

(if r10 true, add r11 and r12 and write sum in r13)
IF rl0 1d32d(4) rl5 — rile6

(if r10 true, load 32 bits from mem[r15+4] into r16)
IF r20 jmpf r21 r22

(if r20 true and r21 false, jump to address in r22)

Each operation has a specific, known execution latency
in clock cycles. For example, iadd takes 1 cycle; thus the
result of an iadd operation started in clock cyclei is avail-
able for use as an argument to operations issued in cycle
i+1 or later. The other operations issued in cycle i cannot
use the result of iadd. The Id32d operation has a latency
of 3 cycles. The result of an Id32d operation started in cy-
cle j is available for use by other operations issued in cy-
cle j+3 or later. Branches, such as the jmpf example
above have three delay slots. This means thatif a branch
operation in cycle k is taken, all operations in the instruc-
tions in cycle k+1, k+2 and k+3 are still executed.

In the above examples, r10 and r20 control conditional
execution of the operations. Also known as ‘guarding’,
here r10 and r20 contain the operation ‘guard’. See Sec-
tion 3.2.1, “Guarding (Conditional Execution).”

Certain restrictions exist in the choice of what operations
can be packed into an instruction. For example, the
DSPCPU in PNX1300 allows no more than two load/
store class operations to be packed into a single instruc-
tion. Also, no more than five results (of previously started
operations) can be written during any one cycle. The
packing of operations is not normally done by the pro-
grammer. Instead, the instruction scheduler (See Philips
TriMedia SDE Reference Manual) takes care of convert-
ing the parallel intermediate format code into packed in-
structions ready for the assembler. The rules are formally
described in the machine description file used by the in-
struction scheduler and other tools.

3.1.3 PCSW Overview

Figure 3-2 shows the PCSW register. The PNX1300 val-
ue of PCSW on reset is 0x800. For compatibility, any un-
defined PCSW fields should never be modified.

Note that the DSPCPU architecture has no condition
codes or integer arithmetic status flags. Integer opera-
tions that generate out-of-range results deliver an opera-
tion specific bit pattern. For examples, see dspiadd in
Appendix A, “PNX1300/01/02/11 DSPCPU Operations.”
Predicate operations exist that take the place of integer
status flags in a classical architecture. Multiword arith-
metic is supported by the ‘carry’ operation which gener-
ates a ‘0’ or ‘1’ depending on the carry that would be gen-
erated if its arguments were summed.

FP-Related Fields.The IEEE mode field determines the
IEEE rounding mode of all floating point operations, with
the exception of a few floating point conversion opera-
tions that use fixed rounding mode. For examples, see if-
ixrz, ifloatrz, ifixrz, ifloatrz in Appendix A, “PNX1300/01/
02/11 DSPCPU Operations.”

The FP exception flags are ‘sticky bits’ that are set as a
side effect of floating-point computations. Each floating
point operation can set one or more of the flags if itincurs
the corresponding exception. The flags can only be reset
by direct software manipulation of the PCSW (using the
writepcsw operation). The bits have the meanings shown
in Table 3-2.

The FP exception trap enable bits determine which FP
exception flags invoke CPU exception handling. An ex-
ception is requested if the intersection of the exception
flags and trap enable flags is non-zero. The acceptance
and handling of exceptions is described in Section 3.5,
“Special Event Handling.”

BSX (Bytesex). The DSPCPU has a switchable bytesex.
The BSX flag in the PCSW can be written by software.
Load/store operations observe little- or big-endian byte
ordering based on the current setting of BSX.

IEN (Interrupt Enable). The IEN flag disables or enables
interrupt processing for most interrupt sources. Only NMI
(non-maskable interrupt) bypasses IEN. The acceptance
and handling of interrupts is described in Section 3.5.3,
“INT and NMI (Maskable and Non-Maskable Interrupts).”

15 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
PCSW[15:0] | MSE | WBE | RSE |unper| CS | IEN | BSX |IEEE MODE| OFZ | IFZ | INV | OVF | UNF | INX | DBZ
\ L FP exceptions———
Misaligned store exception IEEE rounding mode
Write back error 0 = to nearest, 1 = to zero, 2 = to positive, 3 = to negative
Reserved exception Byte sex (1 = little endian)
Count stalls (1 = Yes) PCSW = 0x800
Interrupt enable (1 = allow interrupts) after RESET
31 30 29 28 27 26 25 23 22 21 20 19 18 17 16
PCSWIJ31:16] | TRP | TRP | TRP TRP | TRP | TRP | TRP | TRP | TRP | TRP
BL161] \yse | weE | RsE | UNPEF | TFE | unpeFINED | e | E7 | NV | OVF | UNF | INX | DBZ
Misaligned store J | L ) . L Fp exception trap-enable bits ——
exception trap enable J Reserved exception Trap on first exit
Write back error trap enable—'  trap enable

Figure 3-2. PNX1300 PCSW (Program Control and Status Word) register format.
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Table 3-2. PCSW FP exception flag definitions

Flag Function

INV | Standard IEEE invalid flag

OVF | Standard IEEE overflow flag

UNF | Standard IEEE underflow flag
INX | Standard IEEE inexact flag

DBZ | Standard IEEE divide-by-zero flag

OFZ | ‘Output flushed to zero’ set if an operation caused a
denormalized result

IFZ | ‘Input flushed to zero’ set if an operation was applied to
one or more denormalized operands

CS (Count Stalls). The CS flag determines the mode of
CCCOUNT, the 64-bit clock cycle counter. If CS =‘1’, the
cycle counter increments on all clock cycles. If CS = ‘0,
the clock cycle counter only increments on non-stall cy-
cles. See also Section 3.1.5, “CCCOUNT—Clock Cycle
Counter.” After RESET, CS is setto ‘1.

MSE and TRPMSE (Misaligned-Store Exception). The
MSE bit will be set when the processor detects a store
operation to an address that is not aligned. For example,
a 32-hit store executed with an address that is not a mul-
tiple of four will cause MSE to be set. The TRPMSE bit
enables the DSPCPU to raise misaligned address ex-
ceptions. An exception is requested if the intersection of
MSE and TRPMSE is non-zero. The acceptance and
handling of exceptions is described in Section 3.5, “Spe-
cial Event Handling.”

Unaligned load operations do not cause an exception,
because load operations can be speculative (i.e. their re-
sult is thrown away).

When the DSPCPU generates an unaligned address, the
low order address bit(s) (one bit in the case of a 16-bit
load, two bits for a 32-bit load) are forced to zero and the
load/store is executed from this aligned address.

WBE and TRPWBE (Write Back Error). The WBE flag
will be set whenever a program attempts to write back
more than 5 results simultaneously. This is indicative of
a programming error, likely caused by the scheduler or
assembler. The TRPWBE bit enables the corresponding
exception.

RSE, TRPRSE (Reserved Exception). RSE and TR-
PRSE are reserved for diagnostic purposes and not de-
scribed here.

TFE (Trap on First Exit). The TFE bitis a support bit for
the debugger. The TFE bit is set by the debugger prior to
taking a (non-interruptible) jump to the application pro-
gram. On the next interruptible jump (the first interrupt-
ible jump in the application being debugged), an excep-
tion is requested because the TFE bit is set. The
acceptance and handling of exception processing is de-
scribed in Section 3.5, “Special Event Handling.” It is the
responsibility of the exception handler software to clear
the TFE bit. The hardware does not clear or set TFE.

Corner-case note: Whenever a hardware update (e.g. an
exception being raised) and a software update (through
writepcsw) of the PCSW coincide, the new value of the

PCSW will be the value that is written by the writepcsw
instruction, except for those bits that the hardware is cur-
rently updating (which will reflect the hardware value).

SPC and DPC—Source and
Destination Program Counter

3.14

The SPC and DPC registers are support registers for ex-
ception processing. The DPC is updated during every in-
terruptible jump with the target address of that interrupt-
ible jump. If an exception is taken at an interruptible
jump, the value in the DPC register can be used by the
exception handling routine as the return address to re-
sume the program at the place of interruption.

The SPC register is updated during every interruptible
jump that is not interrupted by an exception. Thus on an
interrupted interruptible jump, the SPC register is not up-
dated. The SPC register allows the exception handling
routine to determine the start address of the decision tree
(a block of uninterruptible, scheduled PNX1300 code)
that was executing when the exception was taken (see
also Section 3.5, “Special Event Handling”).

Corner-case note: Whenever a hardware update (during
an interruptible jump) and a software update (through
writedpc or writespc) coincide, the software update takes
precedence.

3.15 CCCOUNT—cClock Cycle Counter

CCCOUNT is a 64-bit counter that counts clock cycles
since RESET. Cycle counting can occur in two modes,
depending on PCSW.CS. If PCSW.CS = ‘1’, the cycle
countincrements on every CPU clock cycle. IFPCSW.CS
='0’, the clock cycle count only increments on non-stall
CPU cycles.

CCCOUNT is implemented as a master counter/slave

register pair. The master 64-bit counter gets updated

continuously. The value of the CCCOUNT slave register
is updated with the current master cycle count during

successful interruptible jumps only. The cycles and hicy-

cles DSPCPU operations return the content of the 32

LSBs and 32 MSBs, respectively, of the slave register.

This ensures that the value returned by hicycles and cy-

cles is coherent, as long as there is no intervening inter-

ruptible jump, which makes these operations suitable for

64-bit high resolution timing from C source code pro-

grams. The curcycles DSPCPU operation returns the 32
LSBs of the master counter. The latter operation can be

used for instruction cycle precise timing. When used, it

must be precisely placed, probably at the assembly code
level.

3.16

The bit pattern generated by boolean valued operations
(ileq, fleq etc.) is '00...00"' (FALSE) or '00...01' (TRUE).
When interpreting a bit pattern as a boolean value, only
the LSB is taken into account, i.e. 'xx..x0' is interpreted
as FALSE and 'xx..x1'is interpreted as TRUE. In partic-
ular, wherever a general purpose register is used as a
‘guard’, the LSB determines whether execution of the
guarded operation takes place.

Boolean Representation
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3.1.7

The architecture supports the notion of 'unsigned inte-
gers' and 'signed integers.' Signed integers use the stan-
dard two’s-complement representation.

Integer Representation

Arithmetic on integers does not generate traps. If a result
is not representable, the bit pattern returned is operation
specific, as defined in the individual operation description
section. The typical cases are:

* Wrap around for regular add- and subtract-type oper-
ations.

¢ Clamping against the minimum or maximum repre-
sentable value for DSP-type operations.

* Returning the least significant 32-bit value of a 64-bit
result (e.g., integer/unsigned multiply).

3.1.8

The PNX1300 architecture supports single precision (32-
bit) IEEE-754 floating point arithmetic.

All arithmetic conforms to the IEEE-754 standard in
flush-to-zero mode.

Floating Point Representation

All floating point compute operations round according to
the current setting of the PCSW IEEE mode field. The
current setting of the field determines result rounding (to
nearest, to zero, to positive infinity, to negative infinity).
Conversions from float to integer/unsigned are available
in two forms: a PCSW rounding-mode-observing form
and an ANSI-C-specific-rounding form. The ANSI-C-
specific form forces round to zero regardless of the
PCSW IEEE rounding mode. Conversion from integer/
unsigned to float always observes the IEEE rounding
mode.

Floating point exceptions are supported with two mecha-
nisms. Each individual floating point operation (e.g. fadd)
has a counterpart operation (faddflags) that computes
the exception flag values. These o?erations can be used
for precise exception identification=. The second mecha-
nism uses the ‘sticky’ exception bits in the PCSW that
collect aggregate exception events. The PCSW excep-
tion bits can selectively invoke CPU exception handling.
See Section 3.5.2, “EXC (Exceptions).”

Table 3-3 shows the representation choices that were
made in PNX1300's floating point implementation .
3.19

The addressing modes shown in Table 3-4 are support-
ed by the DSPCPU architecture (store operations allow
onty dispfacementmode):

Addressing Modes

1. This mechanism allows precise exception identification
in the context of our multi-issue microprocessor core—
where many floating point operations may issue simul-
taneously—at the expense of additional operations
generated by the compiler. It also allows the compiler to
issue compute operations speculatively and compute
exceptions precisely.

Table 3-3. Special Float Value Representation

Item Representation

+inf 0x7f800000

-inf 0xff800000

self generated qNaN | Oxffffffff

result of operation argument | 0x00400000 (forcing the
on any NaN argu- NaN to be quiet)
ment

signalling NaN never generated by PNX1300,

accepted as per IEEE-754

Table 3-4. Addressing Modes

Mode Suffix Applies to Name
R[i] + scaled(#) d Load & Store | Displacement
R[] + R[K] r Load only Index
R[i] + scaled(R[K]) X Load only Scaled index

In these addressing modes, RJi] indicates one of the gen-
eral purpose registers. The scale factor applied (1/2/4) is

Table 3-5. Minimum values for implementation-
dependent addressing mode components

Parameter Minimum Range

‘i"and 'k’ [0..127 (i.e., each implementation has at least 128

registers)

ik -64..63 (i.e., displacements will be at least 7 bits

long and signed)

equal to the size of the item loaded or stored, i.e. 1 for a
byte operation, two for a 16-bit operation and four for a
32-bit operation. The range of valid 'i', J' and k' values
may differ between implementations of the architecture;
the minimum values for implementation-dependent char-
acteristics are shown in Table 3-5.

Note that the assembly code specifies the true displace-
ment, and not the value to be scaled. For example,
‘1d32d(-8) r3' loads a 32-bit value from address (r3 — 8).
This is encoded in the binary operation pattern as a -2 in
the seven-bit field by the assembler. At runtime, the
scale factor four is applied to reconstruct the intended
displacement of —8.

3.1.10 Software Compatibility

The DSPCPU architecture expressly does not support
binary compatibility between family members. The ANSI
C compiler ensures that all family members are compat-
ible at the source-code level.

3-4 PRELIMINARY SPECIFICATION
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DSPCPU Architecture

3.2 INSTRUCTION SET OVERVIEW

3.2.1

In the PNX1300 architecture, all operations can be op-
tionally 'guarded’. A guarded operation executes condi-
tionally, depending on the value in the ‘guard' register.
For example, a guarded add is written as:

Guarding (Conditional Execution)

IF R23 iadd R14 R10 — R13
This should be taken to mean
if R23 then R13 « R14 + R10.

The 'if R23' clause controls the execution of the opera-
tion based on the LSB of R23. Hence, depending on the
LSB of R23, R13 is either unchanged or set to contain
the integer sum of R14 and R10.

Guarding applies to all DSPCPU operations, except iimm
and uimm (load-immediate). It controls the effect on all
programmer-visible states of the system, i.e. register val-
ues, memory content, exception raising and device state.

3.2.2

Memory is byte addressable. Loads and stores must be
‘naturally aligned’, i.e. a 16-bit load or store must target
an address that is a multiple of 2. A 32-bit load or store
must target an address that is a multiple of 4. The BSX
bit in the PCSW determines the byte order of loads and
stores. For example, see 1d32 and st32 in Appendix A,
“PNX1300/01/02/11 DSPCPU Operations.”

Only 32-bit load and store operations are allowed to ac-
cess MMIO registers in the MMIO address aperture (see
Section 3.4, “Memory and MMIQ”). The results are unde-
fined for other loads and stores. A load from a non-exis-
tent MMIO register returns an undefined result. A store to
a non-existent MMIO register times out and then does
not happen. There are no other side effects of an access
to a nonexistent MMIO register. The state of the BSX bit
has no effect on the result of MMIO accesses.

Load and Store Operations

Loads are allowed to be issued speculatively. Loads out-
side the range of valid data memory addresses for the
active process return an implementation-dependent val-
ue and do not generate an exception. Misaligned loads
also return an implementation dependent value and do
not generate an exception.

If a pair of memory operations involves one or more com-
mon bytes in memory, the effect on the common bytes is
as defined in Table 3-6.

Table 3-4 shows the supported addressing modes. The
minimum values of implementation-dependent address-
ing-mode components are shown in Table 3-5.

Note: The index and scaled-index modes are not
allowed with store opcodes, due to the hardware

Table 3-6. Behavior of loads and stores with
coincident addresses

Condition Behavior

If a store is issued before a load, the value
loaded contains the new bytes.

Tstore < Tload

If a load is issued before a store, the value
loaded contains the old bytes.

Tload < Tstore

Tstore1 < Tstorez | If storel is issued before store2, the result-
ing value contains the bytes of store2.

T If a load and store are issued in the same

clock cycle, the result is UNDEFINED.

store = Tload

Tstore1 = Tstore2 | If two stores are issued in the same clock
cycle, the resulting stored value is unde-
fined.

restriction that each operation have at most 2 source
operand registers and 1 condition register. Stores
use 1 operand register for the value to be stored
leaving only 1 register to form an address.

The scale factor applied (1/2/4) in the scaled addressing
modes is equal to the size of the item loaded or stored,
i.e. 1 for a byte operation, 2 for a 16-bit operation and 4
for a 32-bit operation.

Table 3-7 lists the available load and store mnemonics
for the three addressing modes.

Table 3-7. Load and store mnemonics

Operation Displacement | Index SI%%I:)?'

8-bit signed load ildsd ild8r —

8-bit unsigned load uld8d uld8r —

16-bit signed load ild16d ild16r ild16x
16-bit unsigned load | uld16d uld16r | uld16x
32-bit load ld32d ld32r 1d32x
8-hit store st8d — —

16-bit store st16d — —

32-bit store st32d — —

Example usage of load and store operations:

IF rl1l0 ildied(12) rl2 — rl3

If the LSB of r10 is set, load 16 bits starting at
address (r12+12) using the byte ordering indicated
in PCSW.BSX, sign-extend the value to 32 bits and
store the result in r13.

IF rl0 st32d(40) rl2 rl3

If the LSB of r10 is set, store the 32-bit value from
r13 to the address (r12+40) using the byte ordering
indicated in PCSW.BSX.
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3.2.3

Compute operations are register-to-register operations.
The specified operation is performed on one or two
source registers and the result is written to the destina-
tion register.

Compute Operations

Immediate Operations. Immediate operations load an
immediate constant (specified in the opcode) and pro-
duce a result in the destination register.

Floating-Point Compute Operations. Floating-point
compute operations are register-to-register operations.
The specified operation is performed on one or two
source registers and the result is written to the destina-
tion register. Unless otherwise mentioned all floating
point operations observe the rounding mode bits defined
in the PCSW register. All floating-point operations not
ending in ‘flags’ update the PCSW exception flags. All
operations ending in ‘flags’ compute the exception flags
as if the operation were executed and return the flag val-
ues (in the same format as in the PCSW); the exception
flags in the PCSW itself remain unchanged.

Multimedia Operations. These special compute opera-
tions are like normal compute operations, but the speci-
fied operations are not usually found in general purpose
CPUs. These operations provide special support for mul-
timedia applications.

3.24

Special register operations operate on the special regis-
ters: PCSW, DPC, SPC and CCCOUNT.

Special-Register Operations

3.25

Control-flow operations change the value of the program
counter. Conditional jumps test the valu