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Detailed Revision History

Changes Since Previous Revision (1.21)

Section 4:  Physical Specifications
1. Explanation of Line 2 package marking now includes a reference to the 

CX23416-22, the lead-free part.

2. In Section 4.3, Standard Reflow Conditions, clarifies which sections refer to the 
standard CX23416-12 part and which refers to the CX23416-22 part.

Section 5:  Electrical and Thermal Specifications
3. Typical and maximum values for IDD3 and IDD2 in Table 5-3, Operating Current, 

have been updated and a notation added. Please refer to the table below:

Symbol Parameter Test Conditions Typ1 Max1 Unit

IDD3 Operating current, I/O 135 MHz, 3.3 V VDD3 30 40 mA

IDD2 Operating current, core 135 MHz, 1.25 V VDD2 330 380 mA

1 Approximately 60% of CX23416s will operate at the typical value; a relative few will exhibit the 
maximum current.
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1.0  About This Document

1.1  Product Overview

The CX23416 encoder is the industry’s lowest power MPEG-2 audio/video encoder. 
The versatile CX23416 actually incorporates the functionality of up to three different 
chips, allowing Conexant to deliver this device at a price point that will enable 
consumer electronics and personal computer companies to reduce dramatically the 
cost of designing and manufacturing their next-generation digital video products. Pre-
filtering improvements in the CX23416 include built-in noise filters which 
dynamically improve images in the pre-processing stage. As a result, end-users obtain 
the best possible picture, even as the data rate is reduced and the recording time is 
lengthened. Other video quality improvements include an increased motion search 
range, the de-coupling of motion estimation from encoding, and an adaptive 
quantization scheme. To reduce the overall cost of the CX23416 and achieve the 
highest video quality, Conexant devoted significant engineering resources to 
determining the optimal balance between hardware and software implementation of 
these processing improvements.

1.2  Document Structure

This document is organized into the following chapters:

About This Document. This section provides information that may help you 
understand and use the material presented in this document. This includes conventions 
used in the document, a list of acronyms, and contact information.

Introduction. This section details the features of the CX23416 encoder, and includes a 
simplified block diagram of the chip’s functionality.

Pin Descriptions. This section provides descriptions of the CX23416’s pins, broken 
down by functional group (e.g., video input interface). A pinout diagram and cross-
reference tables are provided, as well.

Physical Specifications. This section provides a package drawing and information on 
standard re-flow conditions.

Electrical and Thermal Specifications. This section provides electrical supply 
specifications, thermal ratings, and electrical operating specifications, including 
operating current.

Peripheral Interface Descriptions. This section provides information on the various 
peripheral interfaces used in the CX23416. Connection and timing diagrams are 
provided, as necessary. 
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Host Interface Descriptions. This section provides information on the various host 
interfaces used in the CX23416. Connection and timing diagrams are provided, as 
necessary.

Firmware Download and Bring-up Process. This section describes briefly the 
methods used to download firmware and the items that should be checked at first 
power-up.

1.3  Related Conexant Documentation

The documents in Table 1-1 below are intended to be used in conjunction with the 
CX23416 Data Sheet. This documentation is distributed as part of a Design Package 
which, in addition to an evaluation board or platform, includes release firmware, 
schematics, sample code, layout gerbers, Bill of Materials, and other related material. 
This specification is intended as a reference source only, not as a step-by-step guide 
for building a product. Additional documentation may be available if you have 
purchased one of the Conexant reference designs built for the CX23416 MPEG 
encoder.

1.4  Conventions

1.4.1  Terminology
Active-LOW Signals. Signal names containing the # sign (e.g., REQ#) indicate 
active-LOW signals. They are asserted in their low-voltage state and negated in their 
high-voltage state. When used in this context, HIGH and LOW are written in upper 
case letters.

Addresses. All addresses are expressed in hexadecimal and point to bytes.

Binary Numbers. Binary numbers are always indicated in their standard format, 
except in special instances when they will be denoted by the suffix ‘b’ for clarity. See 
“Hexadecimal Numbers” for information on how hexadecimal numbers are handled.

Table 1-1.  Related Documentation

Document Name Reference Number

iCompCap Capture Recorder/Viewer (Windows) User’s Guide DC075-SW005

CX23416 Host Driver Development Reference DC126-SW010

CX23416 Firmware API Reference Manual DC116-FW015

   Addendum: Summary of Current API Functions DC108-FW014

CX23416 Application Notes
Each App Note referenced 
individually

   App Note 005: Interfacing with Drivers and DirectShow Filters DC094-APP043

Schematics and Bill of Materials -
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Bit Ranges. In text, bit ranges are shown with an en-dash (e.g., bits 31–0). When 
accompanied by a signal or bus name, the highest and lowest bit numbers are 
contained in brackets and separated by a colon (e.g., SSDATA[31:0]).

Bit Values. Single bits can be either set to ‘1’ or cleared to ‘0’. Multiple bits are 
expressed in double quotes (e.g., “1001”).

Hexadecimal Numbers. Hexadecimal numbers are indicated by the prefix ‘0x’ (e.g., 
0x0048).

Invalid or Don’t Care. In timing diagrams, signal ranges that are invalid or don’t 
care are filled with a screen pattern.

Object Size Notation. The following are the conventions used to denote object size:

• byte — 8-bit object
• word — 16-bit (2-byte) object
• dword — 32-bit (4-byte) object

Signal Ranges. In a range of signals, the highest and lowest signal numbers are 
contained in brackets and separated by a colon (e.g., SSDATA[31:0]).

Tri-State. In timing diagrams, signal ranges that are high-impedance are shown as a 
straight horizontal line between the high and low levels.

1.4.2  Typography
Text like this is used to introduce a new term, or to indicate menu options field and 
button names in GUI windows and dialogue boxes, file names, directories, and 
program and utility names.

Text like this is used to emphasize important points. For example: ‘To keep your 
changes, you must save your work before quitting.’

Text like this is used for text that you type as a command or entry to a field in a 
dialogue box.

Text like this is used for text that you see displayed on the screen in a terminal 
window.

Text in square brackets is used to indicates keyboard keys. For example: ‘To reboot 
your computer, press [Ctrl]+[Alt]+[Del]’.

Type versus Enter. Type means type the text as shown in the instruction. Enter means 
type the text as indicated and then press [Enter], the Return key on the keyboard.

Section names are presented as follows: About This Document; Document names are 
presented as follows: CX2341X Data Sheet.

Web addresses are shown as follows: http://www.conexant.com.
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1.5  List of Acronyms

Table 1-2.  List of Acronyms  (1 of 2)

Acronym Definition

AADC audio analog-to-digital converter

AAI automatic address increment

API application programming interface

AVI audio/video input

AVO audio/video output

ARGB alpha red-green-blue

ATM asynchronous transfer mode

BLT block transfer

CCIR Comite' Consultatif International des Radio Communications

CLUT Color Lookup Table

DCE digital communication equipment

DMA direct memory access

DRAM dynamic random access memory

DSP digital signal processor

DVB Digital Video Broadcast

FIFO first in / first out

GOP group of pictures

GPIO general-purpose input/output

I/O input/output

LSB least significant bit

MCI microcontroller interface

MP@ML main profile / main level

MP@LL main profile / low level

MPEG Moving Picture Experts Group

MSB most significant bit

MUX multiplex

NTSC National Television System Committee

OSD on-screen display

PAL Phase Alternation Line

PBGA plastic ball grid array

PCI Peripheral Component Interconnect

PDH plesiochronic digital hierarchy

PLL phase-locked loop

RAM random access memory
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1.6  Contact Information

For additional information, contact Conexant Systems, Inc. at 1-408-861-7000, or 
visit the Conexant Web site located at http://www.conexant.com.

Access to technical support is available if you have already purchased a reference 
design from Conexant.

Updates to the CX23416 document set are available on Conexant’s Video 
Compression Group “ftp” site. Ask your representative for details.

1.7  Ordering Information

RF radio frequency

RGB red-green-blue

ROM read-only memory

RS Reed Solomon

SDRAM synchronous dynamic random access memory

SP@ML simple profile / main level

S/P DIF Sony/Philips Digital Interface Format

SPI synchronous parallel interface

TS Transport

USB Universal Serial Bus

VBI vertical blanking interval

Table 1-3.  Ordering Information

Package Ordering Part Number Description

233-pin BGA
CX23416-12
CX23416-22

Qualified version
Qualified lead-free version

Table 1-2.  List of Acronyms  (2 of 2)

Acronym Definition
DC109-SYS020 Conexant 1-5
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2.0  Introduction

2.1  Introduction

The CX23416 is an encode-only, cost-reduced version of the CX23415 codec. This 
highly integrated MPEG-2 encoder includes, on a single chip, an MPEG-2 video and 
audio encoder; system controller including support for elementary, Program, or 
Transport streams; and a video scaler.

The CX23416 is targeted at two markets:

• PCI add-in card for PC applications such as:
– Microsoft eHome
– DVD recordable
– Video editing

• Consumer electronics set-top box with 3rd party DVD decoder:
– DVD/PVR combination
– DVD recordable
– Security cameras
– USB peripherals (features low power for bus-powered USB devices)

2.2  Feature List

Video Encode • Supports MPEG-2 ML@MP:
• NTSC up to 720x480 @ 30fps
• PAL up to 720x576 @ 25fps 
• Supports MPEG-1 system stream
• High-quality, real-time encoding (I, B, P)
• WHQL compatibility
• VBI capture
• Raw video capture
• Sliced mode
• Video capture through AVI Interface
• Variable and constant bit rate up to 15 Mbit/sec
• Programmable GOP
• Adaptive field/frame
• Telescopic motion estimation:

– B-frame: +/- 296(H) x +/- 184(V)
– P-frame: +/- 326(H) x +/- 202 (V)

• Half-pel accuracy
• 4:2:2 to 4:2:0 conversion
• Picture complexity analyzer
• Recursive temporal noise reduction
DC109-SYS020 Conexant 2-1
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• Inverse telecine (3:2 pull-down)
• Scene change detection

Audio Encode • PCM audio bypass 
• RAW audio capture 
• MPEG-1 Layer II
• Sampling rates of 32, 44.1, and 48 KHz
• 16-bit samples
• Compressed bit rates up to 384 Kbit/sec

MPEG Video and Audio
Mux

• Program stream
• Transport stream

Raw Video and Audio
Capture

• PCM audio capture
• YUV video capture

Interfaces • Video input: 4:2:2 YUV CCIR-656
• Audio input: Stereo I2S
• MPEG data output supports:

– PCI DMA master 
– PCI slave

• MPEG data input supports:
– 8-bit parallel program data 
– 8-bit parallel SPI (Sync. Parallel Interface) transport data 
– 1-bit serial program or transport data

• External memory — one 64-Mbit or 128-Mbit SDRAM 

Host interfaces • 32-bit, 33 MHz PCI or
• 8-bit microcontroller

Input Output • General-purpose input/output
• 16 programmable pins

Power Management • WHQL compliant
• Power Down Mode

Package • 233-pin BGA, 1.27mm ball pitch, 23mm2
2-2 Conexant DC109-SYS020
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2.3  CX23416 Simplified Block Diagram

Figure 2-1.  CX23416 Block Diagram

CX23416

Program/TS/ES/
PES Stream Mux

PCI DMA Master or Microcontroller

64-Mbit
SDRAM

Video Picture
Analysis and Filter

MPEG-2/1
Video Encode

MPEG/AC-3
Audio Encode

Video Input

PCI or Microcontroller

Audio Input

Universal
MPEG Input

Compressed
Data Output

Raw Capture
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3.0  Pin Descriptions

3.1  Introduction

This section lists and describes all of the CX23416 pins. The pound sign (#) at the end 
of a signal name indicates that the polarity of the signal is active-LOW.

The following are abbreviations used for pin types:

Internal Pull-Down Pins The following pins are internally pulled down in the CX23416:

• STRIDATA[7:0]
• PI_SEL
• VIDIN[7:0]
• TEST_MODE[2:0]
• SCAN_EN
• PLMULT[1:0]

Table 3-1.  Pin Abbreviations

Abbreviation Pin Type

I5 5V tolerant, 3V input signal

IO5_4 5V tolerant, 4mA bi-directional signal

IO5_OD 5V tolerant, 4mA, open drain, bi-directional signal

O4 4mA output signal

O8 8mA output signal

O12 12mA output signal

PCII PCI bus compliant input signal

PCIO_OD PCI bus compliant, open drain, output signal

PCIIO PCI bus compliant bi-directional signal
DC109-SYS020 Conexant 3-1
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3.2  Peripheral Pin Functions

3.2.1  Video Input Interface

3.2.2  Audio Input Interface

3.2.3  I2C Interface

Table 3-2.  Video Input Interface Pin Functions

Symbol Type Coordinate Description

CREF I5 B8
Clock Reference. This is a clock qualifier signal.
     0: Incoming pixel valid.
     1: Incoming pixel invalid.

LLC I5 C8
Line-Locked Clock Input. This signal is genlocked to the incoming pixels at a nominal rate of 
27 MHz.

VIDIN[7:0] I5
See Tables 

3-14 and 3-15

Video In. 8-bit CCIR-656 digital input data. At power-up reset, PCI Sub-vendor IDs are 
determined by pull-up and pull-down resistors.These pins are internally pulled down. Please 
see Table 7-2, “Sub-vendor and Sub-device Bits vs. CX23416 Signals,” for more details.

Table 3-3.  Audio Input Interface Pin Functions

Symbol Type Coordinate Description

AICKIN I5 B7
Audio Input Clock. This is a serial input clock. The input clock can be 32xFs (16 clocks per 
channel), 48xFx (24 clocks per channel), or 64xFs (32 clocks per channel).

AIDAT I5 A7
Audio Input Data Channel. The CX23416 supports only 16-bit data per channel, left-
justified. It will ignore the LSB data if more than 16-bit data is supplied.

AILRIN I5 A6
Audio Input Left-Right Channel (based on left-justified)
     0: Indicates right audio channel data is present on AIDATA.
     1: Indicates left audio channel data is present on AIDATA.

Table 3-4.  I2C Interface Pin Functions

Symbol Type Coordinate Description

SCL IO5_OD M16 I2C Bus Clock. Pull high with a 1K to 2.7-kΩ resistor.

SDA IO5_OD L15 I2C Bus Data. Pull high with a 1K to 2.7-kΩ resistor.
3-2 Conexant DC109-SYS020
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3.2.4  Universal Data Input Interface

3.2.5  Encoded Stream Output Interface

 

Table 3-5.  Universal Data Input Interface Pin Functions

Symbol Type Coordinate Description

STRICLK I5 B17
Universal Data Input Clock. All control signals are synchronous to this clock (typical 27 
MHz).

STRIDATA[7:0] I5
See Tables 

3-14 and 3-15

Universal Data Input. Supports Program, Transport, or raw data. Data is clocked in 
whenever both STRIDVLD# and STRIDREQ# are asserted. These pins are internally pulled 
down. In PCI mode, this data can be DMA’d to the host for processing (e.g., soft decode). PCI 
Sub-vendor IDs are determined by pull-up and pull-down resistors. Please see Table 7-2, 
“Sub-vendor and Sub-device Bits vs. CX23416 Signals,” for more details.

STRIDREQ# O4 D16 Universal Data Input Request. Indicates the port is ready to accept data.

STRIDVLD# I5 C17 Universal Data Input Valid. Asserted when valid data is on data bus.

STRILVL O4 G16

Universal Data Input Internal FIFO Status
     0: Less than x bytes (programmable) of Input FIFO available, where x = 
        32 bytes in Program stream mode or 256 bytes in Transport mode.
     1: x bytes (programmable) of Input FIFO available, where x = 32 bytes in 
        Program stream mode or 256 bytes in Transport mode.

STRITP# I5 G15 Encoded Input Start of Transport Packet (Transport mode only)

Table 3-6.  Encode Stream Output Interface Pin Functions

Symbol Type Coordinate Description

STROGNT# I5 H15
Encoded Stream Output Bus Grant. When this signal is HIGH, CX23416 tri-states the 
encoded data stream interface. When this signal is LOW, CX23416 drives the encoded data 
stream interface. 

STROCLK I5 G17
Encoded Stream Output Clock. This clock is synchronous for the removal of data from the 
encoded stream port.

STRODATA[7:0] O4
See Tables 

3-14 and 3-15
Encoded Stream Output Data. Supports Program or Transport data. Data is clocked out 
whenever both STRODVLD# and STRODREQ# are both asserted.

STRODREQ# I5 H17

Encoded Stream Output Data Request
     0: External device requests encoded stream data from CX23416.
     1: External device does not request encoded stream data from 
        CX23416.

STRODVLD# O4 H16
Encoded Stream Output Data Valid
     0:  Data is valid.
     1:  Data is not valid.

STROTP# O4 M17
Encoded Stream Output Start of Transport Packet
     0: Transport stream synchronization byte is ready on STRODATA[7:0].
     1: Encoded data on STRODATA[7:0]
DC109-SYS020 Conexant 3-3
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3.2.6  PLL Interface

3.2.7  System Signals

 

Table 3-7.  PLL Interface Pin Functions

Symbol Type Coordinate Description

RCLK I5 C6

System Clock. This is the reference clock for the internal PLL. A multiple of this clock, as 
defined by PLMULT[1:0], will be used for the SDRAM clock and the core clock. In general, this 
clock does not have to be 27 MHz, but for cost-effective design the 27-MHz video clock is 
used.

PLFBCLKO O12 K3 Feedback Clock Output. Please refer to Section 6.9 for more details.

PLFBCLKI I5 B4
Feedback Clock Input. The clock on this pin is used by the internal deskew PLL logic. Please 
refer to Section 6.9 for more details.

PLMULT[1:0] I5
See Tables 

3-14 and 3-15

PLL Multiplexer. According to the tables below, PLMULT[1:0] determine the multiplier (X) 
that the internal PLL will use to generate SFCLK. These pins need to be externally pulled up (1 
value). They are internally pulled low in their default position.

PLMULT1       PLMULT0           X
      0                    0               8.00
      0                    1               7.00
      1                    0               6.00
      1                    1               5.00 (default. When RCLK is 27MHz = 135 MHz)

PLAVSS[1:0] I5
See Tables 

3-14 and 3-15
Analog Ground reference for the PLL. Please refer to Section 6.6 for information on the 
connectivity of this pin.

PLAVDD[1:0] –
See Tables 

3-14 and 3-15
Analog 1.25V Power for the PLL. Please refer to Section 6.6 for information on the 
connectivity of this pin.

Table 3-8.  System Pin Functions

Symbol Type Coordinate Description

CLK27 I5 A8
Internal Timer Clock. This is not a Schmitt trigger input. The clock source should be buffered 
before connection to this pin (if it is noisy).

RST# I5 B5 System Reset Signal. This signal should be asserted for at least 2.5 ms.

EIO[15:0] IO5_4
See Tables 

3-14 and 3-15

General-Purpose I/O Pins1. These pins are also used for Sub-device IDs at power-up reset, 
PCI Sub-device IDs are determined by external pull-up and pull-down resistors on these pins. 
Please see Table 7-2, “Sub-vendor and Sub-device Bits vs. CX23416 Signals,” for more details.

Note:  1 Some of the general-purpose I/O pins have recommended uses.
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3.2.8  SDRAM Interface

3.2.9  Miscellaneous Pins

Table 3-9.  SDRAM Encoder Interface Pin Functions

Symbol Type Coordinate Description

SFAD[13:0] O8
See Tables 

3-14 and 3-15
SDRAM Address

SFCAS# O8 L2 SDRAM Column Address Strobe

SFCLK O12 K2 SDRAM Clock

SFCS# O8 K1 SDRAM Chip Select

SFDATA[31:0] IO4
See Tables 

3-14 and 3-15
SDRAM Data

SFRAS# O8 L1 SDRAM Row Address Strobe

SFWE# O8 M1 SDRAM Write Enable

Table 3-10.  Miscellaneous Pin Functions

Symbol Type Coordinate Description

SCAN_EN I5 N17
Scan Enable. For normal operation this pin should be connected to VSS. This pin is 
internally pulled down.

TEST_MODE[2:
0]

I5
See Tables 

3-14 and 3-15
Scan Test. For normal operation this pin should be connected to VSS. These pins are 
internally pulled down.

VDD2 –
See Tables 

3-14 and 3-15
1.25V Power Supply

VDD3 –
See Tables 

3-14 and 3-15
3.3V Power Supply

VSS –
See Tables 

3-14 and 3-15
Ground
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3.3  Host Pin Functions

The CX23416 can be configured with either a PCI host interface or a microcontroller 
interface by the PI_SEL pin. When HIGH, the CX23416 operates in PCI mode; when 
LOW, it operates with a microcontroller interface. Pins are shared between the PCI 
interface and the microcontroller interface.

3.3.1  PCI Interface

Table 3-11.  PCI Interface Pin Functions

Symbol Type Coordinate Description

PI_AD[31:0] PCIIO
See Tables 

3-14 and 3-15
Multiplexed Address and Data

PI_C/BE#[3:0] PCIIO
See Tables 

3-14 and 3-15
Multiplexed Command and Byte Enable

PI_DEVSEL# PCIIO R11 PCI Device Select

PI_FRAME# PCIIO U11 Cycle Frame

PI_IDSEL# PCII U7 Device Select

PI_IRDY# PCIIO T11 Initiator Ready Signal

PI_PAR PCIIO T13 PCI Parity

PI_PERR# PCIIO U13 Parity Error

PI_CLK PCII U2 33-MHz PCI Clock

PI_INT# PCIO_OD R4 PCI Interrupt

PI_RST# PCII T3 PCI Reset

PI_PWDN# O4 P17

Active Power Down Output Control Signal. This signal is HIGH upon power-on. When 
the value of 0x3 is written into the PCI Power Management Control register 0x48 (PMCSR), 
this pin will go LOW. This pin can be used to turn off RCLK (system clock) with an external 
NAND gate. PI_RST# resets this signal; RST# does not.

PI_SEL I5 N16
PCI Select. When HIGH, the CX23416 operates in PCI mode. When LOW, the CX23416 
operates with a microcontroller interface. This pin is internally pulled down.

PI_SERR# PCIO_OD R12 System Error

PI_STOP# PCIIO T12 PCI Stop

PI_TRDY# PCIIO U12 Target Ready

PI_REQ# PCIIO T4 Master Request

PI_GNT# PCII R5 Master Bus Grant
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3.3.2  Microcontroller Interface

Table 3-12.  Microcontroller Interface Pin Functions

Symbol Type Description

MIADDR[7:0] IO5_4 Microcontroller Address

MICS# IO5_4 Microcontroller Chip Select

MIDATA[7:0] IO5_4 Microcontroller Data

MIRD# I5 Microcontroller Read

MIRDY O4 Microcontroller Ready (active-HIGH)

MIRDY# O4 Microcontroller Ready (active-LOW)

MIWR# I5 Microcontroller Write

Table 3-13.  Microcontroller Interface Functional Cross-Reference

PCI Function Microcontroller Function PCI Function Microcontroller Function

PI_AD0 MIADDR0 PI_AD27 MIDATA3

PI_AD1 MIADDR1 PI_AD28 MIDATA4

PI_AD2 MIADDR2 PI_AD29 MIDATA5

PI_AD3 MIADDR3 PI_AD30 MIDATA6

PI_AD4 MIADDR4 PI_AD31 MIDATA7

PI_AD5 MIADDR5 C/BE#0 MIRD#

PI_AD6 MIADDR6 C/BE#1 MIWR#

PI_AD7 MIADDR7 DEVSEL# MICS#

PI_AD24 MIDATA0 TRDY# MIRDY#

PI_AD25 MIDATA1 IRDY# MIRDY

PI_AD26 MIDATA2
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3.5  Pins Sorted by Coordinate

Table 3-14.  Pins Sorted by Coordinate  (1 of 3)

Coordinate Name Coordinate Name Coordinate Name

A1 SFDATA26 C1 SFDATA17 E1 SFAD4

A2 SFDATA23 C2 SFDATA19 E2 SFDATA16

A3 PLMULT1 C3 SFDATA27 E3 SFDATA18

A4 PLMULT0 C4 SFDATA22 E4 VDD2

A5 PLAVSS1 C5 SFDATA24 E14 VDD2

A6 AILRIN C6 RCLK E15 STRIDATA7

A7 AIDAT C7 PLAVDD0 E16 STRIDATA5

A8 CLK27 C8 LLC E17 STRIDATA3

A9 VIDIN5 C9 VIDIN7 F1 SFAD0

A10 VIDIN4 C10 VIDIN2 F2 SFAD1

A11 VIDIN1 C11 EIO15 F3 SFAD2

A12 N/C C12 EIO11 F4 VSS

A13 EIO13 C13 EIO6 F14 VSS

A14 EIO9 C14 EIO3 F15 STRIDATA4

A15 EIO8 C15 EIO0 F16 STRIDATA1

A16 EIO5 C16 TEST_MODE0 F17 STRIDATA0

A17 EIO2 C17 STRIDVLD# G1 SFAD10

B1 SFDATA29 D1 SFDATA31 G2 SFAD6

B2 SFDATA21 D2 SFDATA30 G3 SFAD5

B3 SFDATA25 D3 SFDATA28 G4 SFAD3

B4 PLFBCLKI D4 SFDATA20 G7 VSS

B5 RST# D5 VDD2 G8 VSS

B6 PLAVSS0 D6 VSS G9 VSS

B7 AICKIN D7 PLAVDD1 G10 VSS

B8 CREF D8 VDD3 G11 VSS

B9 VIDIN6 D9 VDD3 G14 STRIDATA2

B10 VIDIN3 D10 VDD3 G15 STRITP#

B11 VIDIN0 D11 EIO12 G16 STRILVL

B12 EIO14 D12 VSS G17 STROCLK

B13 EIO10 D13 VDD2 H1 SFAD8

B14 EIO7 D14 TEST_MODE2 H2 SFAD13

B15 EIO4 D15 TEST_MODE1 H3 SFAD7

B16 EIO1 D16 STRIDREQ# H4 VDD3

B17 STRICLK D17 STRIDATA6 H7 VSS
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3.0 Pin Descriptions CX23416
3.5 Pins Sorted by Coordinate Data Sheet v1.22
H8 VSS L3 SFDATA8 P15 PI_CBE_0

H9 VSS L4 SFDATA10 P16 PI_AD3

H10 VSS L14 PI_AD1 P17 PI_PWDN#

H11 VSS L15 SDA R1 SFDATA4

H14 VDD3 L16 STRODATA0 R2 SFDATA2

H15 STROGNT# L17 STRODATA2 R3 SFDATA0

H16 STRODVLD# M1 SFWE# R4 PI_INT#

H17 STRODREQ# M2 SFDATA7 R5 PI_GNT#

J1 SFAD12 M3 SFDATA5 R6 PI_AD29

J2 SFAD9 M4 VSS R7 PI_AD25

J3 SFAD11 M14 VSS R8 PI_AD23

J4 VDD3 M15 PI_AD0 R9 PI_AD20

J7 VSS M16 SCL R10 PI_CBE_2

J8 VSS M17 STROTP# R11 PI_DEVSEL#

J9 VSS N1 SFDATA9 R12 PI_SERR#

J10 VSS N2 SFDATA6 R13 PI_AD13

J11 VSS N3 SFDATA3 R14 PI_AD11

J14 VDD3 N4 VDD2 R15 PI_AD9

J15 STRODATA5 N14 VDD2 R16 PI_AD6

J16 STRODATA6 N15 PI_AD4 R17 PI_AD2

J17 STRODATA7 N16 PI_SEL T1 SFDATA13

K1 SFCS# N17 SCAN_EN T2 SFDATA15

K2 SFCLK P1 SFDATA11 T3 PI_RST#

K3 PLFBCLKO P2 SFDATA12 T4 PI_REQ#

K4 VDD3 P3 SFDATA14 T5 PI_AD28

K7 VSS P4 VDD2 T6 PI_AD26

K8 VSS P5 VDD2 T7 PI_CBE_3

K9 VSS P6 VSS T8 PI_AD22

K10 VSS P7 VSS T9 PI_AD19

K11 VSS P8 VDD3 T10 PI_AD16

K14 VDD3 P9 VDD3 T11 PI_IRDY#

K15 STRODATA1 P10 VDD3 T12 PI_STOP#

K16 STRODATA3 P11 VSS T13 PI_PAR

K17 STRODATA4 P12 VSS T14 PI_AD14

L1 SFRAS# P13 VDD2 T15 PI_AD12

L2 SFCAS# P14 VDD2 T16 PI_AD8

Table 3-14.  Pins Sorted by Coordinate  (2 of 3)

Coordinate Name Coordinate Name Coordinate Name
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CX23416 3.0 Pin Descriptions

Data Sheet v1.22 3.5 Pins Sorted by Coordinate
T17 PI_AD5 U6 PI_AD24 U12 PI_TRDY#

U1 SFDATA1 U7 PI_IDSEL# U13 PI_PERR#

U2 PI_CLK U8 PI_AD21 U14 PI_CBE_1

U3 PI_AD31 U9 PI_AD18 U15 PI_AD15

U4 PI_AD30 U10 PI_AD17 U16 PI_AD10

U5 PI_AD27 U11 PI_FRAME# U17 PI_AD7

Table 3-14.  Pins Sorted by Coordinate  (3 of 3)

Coordinate Name Coordinate Name Coordinate Name
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3.0 Pin Descriptions CX23416
3.6 Pins Sorted by Name Data Sheet v1.22
3.6  Pins Sorted by Name

Table 3-15.  Pins Sorted by Name  (1 of 2)

Coordinate Name Coordinate Name Coordinate Name

AICKIN B7 PI_AD11 R14 PI_PWDN# P17

AIDAT A7 PI_AD12 T15 PI_REQ# T4

AILRIN A6 PI_AD13 R13 PI_RST# T3

CLK27 A8 PI_AD14 T14 PI_SEL N16

CREF B8 PI_AD15 U15 PI_SERR# R12

EIO0 C15 PI_AD16 T10 PI_STOP# T12

EIO1 B16 PI_AD17 U10 PI_TRDY# U12

EIO2 A17 PI_AD18 U9 PLAVDD0 C7

EIO3 C14 PI_AD19 T9 PLAVDD1 D7

EIO4 B15 PI_AD20 R9 PLAVSS0 B6

EIO5 A16 PI_AD21 U8 PLAVSS1 A5

EIO6 C13 PI_AD22 T8 PLFBCLKI B4

EIO7 B14 PI_AD23 R8 PLFBCLKO K3

EIO8 A15 PI_AD24 U6 PLMULT0 A4

EIO9 A14 PI_AD25 R7 PLMULT1 A3

EIO10 B13 PI_AD26 T6 RCLK C6

EIO11 C12 PI_AD27 U5 RST# B5

EIO12 D11 PI_AD28 T5 SCAN_EN N17

EIO13 A13 PI_AD29 R6 SCL M16

EIO14 B12 PI_AD30 U4 SDA L15

EIO15 C11 PI_AD31 U3 SFAD0 F1

LLC C8 PI_CBE_0 P15 SFAD1 F2

N/C A12 PI_CBE_1 U14 SFAD2 F3

PI_AD0 M15 PI_CBE_2 R10 SFAD3 G4

PI_AD1 L14 PI_CBE_3 T7 SFAD4 E1

PI_AD2 R17 PI_CLK U2 SFAD5 G3

PI_AD3 P16 PI_DEVSEL# R11 SFAD6 G2

PI_AD4 N15 PI_FRAME# U11 SFAD7 H3

PI_AD5 T17 PI_GNT# R5 SFAD8 H1

PI_AD6 R16 PI_IDSEL# U7 SFAD9 J2

PI_AD7 U17 PI_INT# R4 SFAD10 G1

PI_AD8 T16 PI_IRDY# T11 SFAD11 J3

PI_AD9 R15 PI_PAR T13 SFAD12 J1

PI_AD10 U16 PI_PERR# U13 SFAD13 H2
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CX23416 3.0 Pin Descriptions

Data Sheet v1.22 3.6 Pins Sorted by Name
SFCAS# L2 SFDATA27 C3 STRODVLD# H16

SFCLK K2 SFDATA28 D3 STROGNT# H15

SFCS# K1 SFDATA29 B1 STROTP# M17

SFDATA0 R3 SFDATA30 D2 TEST_MODE0 C16

SFDATA1 U1 SFDATA31 D1 TEST_MODE1 D15

SFDATA2 R2 SFRAS# L1 TEST_MODE2 D14

SFDATA3 N3 SFWE# M1

VDD2

D5, D13, E4, 
E14, N4, N14, 
P4, P5, P13, 

P14

SFDATA4 R1 STRICLK B17

SFDATA5 M3 STRIDATA0 F17

SFDATA6 N2 STRIDATA1 F16

VDD3

D8, D9, D10, 
H4, H14, J4, 
J14, K4, K14, 
P8, P9, P10

SFDATA7 M2 STRIDATA2 G14

SFDATA8 L3 STRIDATA3 E17

SFDATA9 N1 STRIDATA4 F15 VIDIN0 B11

SFDATA10 L4 STRIDATA5 E16 VIDIN1 A11

SFDATA11 P1 STRIDATA6 D17 VIDIN2 C10

SFDATA12 P2 STRIDATA7 E15 VIDIN3 B10

SFDATA13 T1 STRIDREQ# D16 VIDIN4 A10

SFDATA14 P3 STRIDVLD# C17 VIDIN5 A9

SFDATA15 T2 STRILVL G16 VIDIN6 B9

SFDATA16 E2 STRITP# G15 VIDIN7 C9

SFDATA17 C1 STROCLK G17

VSS

D6, D12, F4, 
F14, G7, G8, 

G9, G10, G11, 
H7, H8, H9, 

H10, H11, J7, 
J8, J9, J10, 
J11, K7, K8, 

K9, K10, K11, 
L7, L8, L9, L10, 
L11, M4, M14, 

P6, P7, P11, 
P12

SFDATA18 E3 STRODATA0 L16

SFDATA19 C2 STRODATA1 K15

SFDATA20 D4 STRODATA2 L17

SFDATA21 B2 STRODATA3 K16

SFDATA22 C4 STRODATA4 K17

SFDATA23 A2 STRODATA5 J15

SFDATA24 C5 STRODATA6 J16

SFDATA25 B3 STRODATA7 J17

SFDATA26 A1 STRODREQ# H17

Table 3-15.  Pins Sorted by Name  (2 of 2)

Coordinate Name Coordinate Name Coordinate Name
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4.0  Physical Specifications

4.1  Package Drawing

Figure 4-1.  Package Drawing

E1

D1

e – A –

– B –

B

Pin A1

Pin A1

E3 E2 E

D3

D2

D

A2

A'
θ

A1

A
– C –

BAC
C

θ 0.30
S

S

θ 0.10

detail of       partA

c

ddd  C
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θ b

Table 4-1.  Package Specifications

Item mm Inches Item mm Inches

A 2.33
±0.20

0.092
±0.008

A1 0.60 ±0.10 0.024 
±0.004

A2
1.17

±0.05
0.046

±0.002
b 0.75 ±0.15 0.030 

±0.005

c 0.56
±0.05

0.022
±0.002

D 23.0 
±0.20

0.906
±0.007

D1 20.32 0.80 D2
19.5 

±0.20
0.768

±0.008

D3 14.7 0.579 E 23.0
±0.2

1.063
±0.008

E1 20.32 0.8 E2
19.5
±0.2

0.768
±0.008

E3 14.7 0.579 e 1.27 0.05

ddd 0.20
max

0.008
max

θ 30° TYP
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4.0 Physical Specifications CX23416
4.2 Package Markings Data Sheet v1.22
4.2  Package Markings

The marking instructions are as follows:

• Conexant LOGO
• Line 1: MPEG II A/V Encoder
• Line 2: CX23416-12 (standard) or CX23416-22 (lead-free)
• Line 3: Lot #
• Line 4: YYWW COUNTRY

Figure 4-2.  Package Markings
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CX23416 4.0 Physical Specifications

Data Sheet v1.22 4.3 Standard Reflow Conditions
4.3  Standard Reflow Conditions

The following sections are the recommended reflow conditions for attaching a 
CX23416 chip to a printed circuit board. Exposure to stresses beyond those listed 
below may result in device unreliability and/or permanent damage.

Sections 4.3.1 and 4.3.2 refer to part #CX23416-12.

4.3.1  Vapor Phase Soldering
Maintain temperature between 215–219°C for 60 seconds.

4.3.2  IR/Force Convection
• Ramp-up rate:  6°C/sec maximum.
• Temperature maintained at 125±5°C to 120 sec maximum.
• Maximum temperature:  220+5/–0°C.
• Ramp-down rate:  6°C/sec maximum.

Figure 4-3.  Recommended Temperature Profile for Reflow

Temp

Time

Ramp up at
6°C/sec max

Ramp down at
6°C/sec max

6°C/sec
max

<120 sec

120 - 130°C

10-40 sec
220 - 225°C
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4.0 Physical Specifications CX23416
4.3 Standard Reflow Conditions Data Sheet v1.22
4.3.3  Lead-free IR/Force Convection
This section refers to part #CX23416-22.

NOTE: The customer should not have to go as high as 260°C peak — the JEDEC 
standard calls for a 250(+0/–5)°C peak.

Table 4-1.  Lead-free IR/Force Convection Parameters

Condition Convection Heating

Average ramp-up rate (217°C to peak) 3°C/second maximum

Preheat temperature (150–200°C) 60–180 seconds

Temperature maintained above 217°C 60–150 seconds

Time with 5°C of actual peak temperature 10–30 seconds

Peak temperature range 260(+0/–5)°C

Ramp-down rate 6°C/second maximum

Time 25°C to peak temperature 8 minutes maximum

Figure 4-4.  Recommended Temperature Profile for Reflow (Lead-Free)

Temp

Time

Ramp down at
6°C/sec max

3°C/sec
max

60 - 180 sec

150 - 200°C

10-30 sec
260 (+0/–5)°C

(See Note)
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5.0  Electrical and Thermal 
Specifications

5.1  Introduction

This section describes the basic electrical and thermal characteristics of the CX23416.

5.2  Electrical Supply Specifications

5.3  Thermal Ratings

Operating Temperature: 0°C to 70°C

Storage Temperature: –55°C to 150°C

Exposure to stresses beyond those listed above may result in device unreliability 
and/or permanent damage.

Maximum Junction Temperature = 125°C

Thermal Resistance, Case to Junction (Theta JC) = 3°C/W

The junction temperature at maximum power is 18.5°C above the ambient 
temperature. For the maximum specified ambient temperature of 70°C, the 
junction temperature will be 88.5°C.

Thermal Resistance, Ambient (Theta JA) = 35°C/W

The measured case temperature is 17°C above the ambient temperature. For the 
maximum specified ambient temperature of 70°C, the case temperature will be 
87°C.

Table 5-1.  Electrical Supply Specifications

Parameter Min Typ Max Unit

Core voltage (VDD2) 1.2 1.25 1.3 V

I/O supply voltage (VDD3) 3.15 3.3 3.45 V

PLL analog supply voltage 1.2 1.25 1.3 V

PLL digital supply voltage 1.2 1.25 1.3 V
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5.0 Electrical and Thermal Specifications CX23416
5.4 Electrical Operating Specifications Data Sheet v1.22
5.4  Electrical Operating Specifications

Table 5-2.  Electrical Operating Specifications

Symbol Parameter Test Conditions Min Typ Max Unit

VIH

High-level input voltage (3V buffer) VDD = Max 2.0 - 3.6 V

High-level input voltage (5V buffer) VDD = Max 2.0 - 5.25 V

VIL Low-level input voltage VDD = Min 0 - 0.8 V

VOH High-level output voltage VDD = Max 2.4 - - V

VOL Low-level output voltage VDD = Min - - 0.5 V

IIH High-level input current VDD = Max, VIN = VDD = Max - - 10 µA

IIL Low-level input current VDD = Max, VIN = 0 V –10 - - µA

IOZ Output leakage current
Hi-Z output driven to 0 V, 
VDD = Max –10 - 10 µA

Ci Input capacitance - - 4 5 pF

Table 5-3.  Operating Current

Symbol Parameter Test Conditions Typ1 Max1 Unit

IDD3 Operating current, I/O 135 MHz, 3.3 V VDD3 30 40 mA

IDD2 Operating current, core 135 MHz, 1.25 V VDD2 330 380 mA

1 Approximately 60% of CX23416s will operate at the typical value; a relative few will exhibit the 
maximum current.

Table 5-4.  Test Condition for Timing

Symbol Parameter Typ Max Unit

CL Loading capacitance 35 - pF
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6.0  Peripheral Interface Descriptions

6.1  Video Input Interface

6.1.1  General Description
The video interface of the CX23416 provides flexibility, adapting to most decoder 
chips by using an 8-bit CCIR-656 component video interface. The data can be 
modulated using the CREF pin, allowing scaling or connection to an interface that 
bursts data. Two-way flow control is not implemented, and the data rate should not 
exceed 30 MHz. The 8-bit interface accepts 4:2:2 component video only and uses an 
8-bit data bus. LLC is assumed to be monotonic but need not be exact because this 
clock is used only for capturing video data.

The CLK27 pin is provided for a 27-MHz clock needed for MPEG time stamp 
generation. Using the line-locked video clock for this purpose can introduce issues for 
Transport operation if the accuracy of the clock is in doubt (i.e., a tunable signal or 
switched video source). It is recommended that this clock be provided by the external 
oscillator.

When in PCI mode, the video interface should be tri-stated during reset so that the 
PCI Sub-device ID and Sub-vendor ID can be latched in correctly. Otherwise, the 
wrong value may occur.

6.1.2  Video Input Interface Implementation
The figures that follow illustrate the suggested implementations for interfacing the 
CX23416 to either the Philips SAA7114 or Micronas VPX 3225D video decoder.

Figure 6-1.  Example Connection to Philips SAA7114/15/18

Philips SAA7114/5/8

IPD[7:0]

IDQ

ICLK

SDA

SCL

CX23416

VIDIN[7:0]

CREF

LLC

SDA

SCL

CLK27

27.0 MHz

2.7K

2.7K

2.7K
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6.0 Peripheral Interface Descriptions CX23416
6.1 Video Input Interface Data Sheet v1.22
6.1.3  Video Input Timing Diagram
The clock and data timing for the CX23416 are shown in the figure that follows.

Figure 6-2.  Example Connection to Micronas VPX 3225D

27.0 MHz

CX23416

VIDIN[7:0]

CREF

LLC

SDA

SCL

CLK27

Micronas VPX
3225D

PA[7:0]

LLC

SDA

SCL

2.7K

2.7K

Figure 6-3.  Video Input Timing

Table 6-1.  Video Input Interface Timing

Symbol Description Min Max Unit

tST Input setup time 5 – ns

tHD Input hold time 3 – ns

tLLC Cycle time 33 – ns

tLLCH Duty cycle for high phase 40 60 %

tLLCL Duty cycle for low phase 40 60 %

LLC

VIDIN[7:0], CREF

tLLCH tLLCL

tLLC

tST
tHD
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CX23416 6.0 Peripheral Interface Descriptions

Data Sheet v1.22 6.2 Audio Input Interface
6.2  Audio Input Interface

6.2.1  General Description
The CX23416 audio input interface is designed to work with most commonly 
available audio analog-to-digital converters (ADCs) that are compatible with the Sony 
I2S data format. An I2S-compatible audio part can be supported by running its AILR 
sync signal through an inverting flip-flop, clocked by an inverted AICKIN, before 
passing it to the CX23416. The digitizing input resolution is 16 bits, and the input 
samples are interpolated into 24-bit resolution internally. However, if the CX23416 
interfaces to an ADC that is greater than 16 bits, only the 16 MSB bits of the input are 
used and the other bits are ignored. The audio input interface has only three pins: left-
right channel (AILRIN), audio bit clock (AICKIN), and a serial audio data input pin 
(AIDAT). The CX23416 supports 32-KHz, 44.1-KHz, and 48-KHz sampling rates.

6.2.2  Audio Input Interface Implementation
Shown below is a sample audio input interface between the CX23416, Crystal 
CS5330 audio decoder, and Crystal CS8412 S/P DIF digital audio receiver.

Figure 6-4.  Audio Input Interface

Crystal
CS5330

SCLK

LRCK

SDATA

CX23416

AICKIN

AILRIN

AIDAT

Crystal
CS8412

SCLK

LRCK

SDATA

M
ux

Left

Right

S/P DIF

SEL

Input
Type
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6.0 Peripheral Interface Descriptions CX23416
6.2 Audio Input Interface Data Sheet v1.22
6.2.3  Audio Input Timing Diagrams

Figure 6-5.  AICLK to AIDATA, AILR

AICKIN

AILRIN

AIDAT

tSU tHD tR

10%

90%

tF

Figure 6-6.  Data Input Timing, Sony (Non-I2S) Compatible (CS5330A)

0 1 2 16 17 31 2

15 14 1 0 15 14 0

Left Audio Data Right Audio Data

AILRIN

AICKIN

AIDAT

15

1

16 170 1 3115 0 1

Table 6-2.  Audio Interface Timing

Symbol Description Min Max Unit

tSU Set-up time to rising edge of AICKIN 60 – ns

tHD Hold time from rising edge of AICKIN 60 – ns

tF Fall time of AICKIN – 5 ns

tR Rise time of AICKIN – 5 ns
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CX23416 6.0 Peripheral Interface Descriptions

Data Sheet v1.22 6.3 Universal Data Input Interface
6.3  Universal Data Input Interface

6.3.1  General Description
The Universal Data Input interface is used to transfer Program stream or Transport 
stream compressed MPEG-2 data into the CX23416. It consists of the following 
signals: 8-bit parallel (STRIDATA[7:0]) or 1-bit serial data (STRIDATA[7]), request 
output (STRIDREQ#), data valid input (STRIDVLD#), and clock input (STRICLK).

For Program stream, the encoded input supports handshake mode only. The external 
device can transmit data by monitoring the STRIREQ# and asserting STRIDVLD# 
and valid data. The CX23416 will clock in data (on the rising edge of STRICLK) 
when both STRIREQ# and STRIDVLD# are LOW.

For Transport stream, the encoded input supports continuous mode only 
(STRIDVLD# is pulled LOW). In this mode, the data can be clocked in on every 
clock edge (rising edge).

The CX23416 can also support raw data input.

Internally, the Universal Data Input Port (U-DIP) may be permitted to keep accepting 
data through its high-bandwidth port into the SDRAM without modification, typically 
up to 35 Mbyte/sec, observations of the hardware handshake during full operation 
becoming active start at 48 Mbyte/sec. It may also be programmed to suspend transfer 
as a method of modulation the transfer of data. Note this behavior if firmware 
dependent.

To flow control permits one byte after assertion of STRDREQ full to simplify 
synchronous designs.

For transport streams the PID filter limits the data transfer to controlled rates and 
modulation is not expected, however the STRIDREQ or STRILVL hardware 
handshake still works in all modes. In continuous input mode STRIDREQ being 
asserted would be viewed as an error. In transport mode the STRITP (i.e., PSYNC) 
may be used if present or the U-DIP can search for synchronization itself without 
using the external signal STRITP.

Behavior Using STRITP At the assertion of STRITP and U-DIP will accept 188 bytes. Data sent after the first 
188 bytes will be discarded. THe intervening data does not have to be a certain 
amount. When using hardware STRITP, any amount of inter-packet data is allowed in 
and discarded Hardware flow control will function if used.

Internally-generated STRITP depends on the among of extra data following the 188 
bytes beginning at the transport marker 0x47 to be 0, 16, or 20 bytes. These are set by 
firmware. Hardware flow control will still work. Stuffing an indeterminate amount of 
data will force resynchronization.
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6.0 Peripheral Interface Descriptions CX23416
6.3 Universal Data Input Interface Data Sheet v1.22
6.3.2  Universal Data Input Interface Timing Diagrams

6.3.2.1  Universal Data
(Handshake Mode)

NOTE: Data is accepted whenever STRIDVLD# and STRIDREQ# are asserted 
simultaneously or with 1 clock of STRIDREQ#.

Figure 6-7.  Universal Data Parallel Input Timing

STRICLK

STRIDREQ#

STRIDATA[7:0]

STRIDVLD#

D0 D1 D2

tSDRH

tSVLDH
tSVLDS

tDH

tDH

tDS

STRILVL

tSLVLH

tSLVLV

tSDRV

Figure 6-8.  Universal Data Serial Input Timing
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CX23416 6.0 Peripheral Interface Descriptions

Data Sheet v1.22 6.3 Universal Data Input Interface
6.3.2.2  Transport Stream
(Continuous Mode)

NOTE: STRIDVLD# typically is pulled LOW in continuous mode. When using 
STRITP# (PSYNC), 188 bytes following STRITP# are taken. Data after this is 
ignored.

Figure 6-9.  Transport Parallel Input Timing
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47h D0 D1

tSDRV
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Figure 6-10.  Transport Serial Input Timing
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6.0 Peripheral Interface Descriptions CX23416
6.3 Universal Data Input Interface Data Sheet v1.22
Table 6-3.  Decoder Input Interface Timing

Symbol Description Min Typ Max Unit

tDS STRIDATA data setup 5 – – ns

tDH STRIDATA data hold 2 – – ns

tSLVLV STRILVL output FIFO level valid time 18 – – ns

tSLVLH STRILVL output FIFO level hold 0 – – ns

tSDRH STRIDREQ# output hold time 0 – – ns

tSDRV STRIDREQ# output valid time – – 18 ns

tSVLDH STRIDVLD# input hold time 2 – – ns

tSVLDS STRIDVLD# input setup time 5 – – ns

tRTPS STRITP# input setup time 5 – – ns

tRTPH STRITP# input hold time 2 – – ns

STRICLK frequency 8 27 50 MHz

STRICLK duty cycle 40 – 60 %
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CX23416 6.0 Peripheral Interface Descriptions

Data Sheet v1.22 6.4 Encoded Stream Output Interface
6.4  Encoded Stream Output Interface

6.4.1  General Description
The Encoded Stream Output interface consists of the following signals: 8-bit parallel 
or 1-bit serial data, request input (STRODREQ#), data valid output (STRODVLD#), 
and clock input (STROCLK). The stream output FIFO size is 64 dwords.

The Program stream supports handshake transfer only. To request data, the target 
device asserts STRODREQ# when STRODVLD# is LOW. The CX23416 responds by 
outputting the next Encoded Stream Data (STRODATA), if available. Handshake 
serial interface flow control is similar to synchronous parallel flow control, but the 
serial encoded data is presented only on STRODATA[7].

The Transport stream format supports continuous transfers only, with a packet size of 
188 bytes (in this mode, STRODREQ# is pulled LOW). For Transport stream, the 
interface is programmed to generate null packets when demand exceeds payload.

6.4.2  Encoded Stream Output Interface Timing Diagrams

6.4.2.1  Program Stream
(Handshake Mode)

NOTE: STROGNT# signal should be tied LOW to enable data bus (see Section 3.2.5 
for information on this signal).

Figure 6-11.  Program Parallel Output Timing

STROCLK

STRODREQ#

STRODATA[7:0]

STRODVLD#

D0 D1 D2

tSDRS tSDRH

tSVLDHtSVLDV

tDH

tDV
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6.0 Peripheral Interface Descriptions CX23416
6.4 Encoded Stream Output Interface Data Sheet v1.22
NOTE: STROGNT# signal should be tied LOW to enable data bus (see Section 3.2.5 
for information on this signal).

6.4.2.2  Transport Stream
(Continuous Mode)

NOTE: STROGNT# signal should be tied LOW to enable data bus (see Section 3.2.5 
for information on this signal).

NOTE: STRODREQ# typically is pulled LOW in continuous mode.

Figure 6-12.  Program Serial Output Timing

STROCLK

STRODREQ#

STRODATA[7]

STRODVLD#

b7 b6 b5

tSDRS tSDRH

tSVLDHtSVLDV

tDH

tDV

Figure 6-13.  Transport Parallel Output Timing
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CX23416 6.0 Peripheral Interface Descriptions

Data Sheet v1.22 6.4 Encoded Stream Output Interface
NOTE: STROGNT# signal should be tied LOW to enable data bus (see Section 3.2.5 
for information on this signal).

Figure 6-14.  Transport Serial Output Timing

STROCLK

STRODREQ#

STRODATA[7]

STROTP#

b7 b6 b5

tSDRS

tSDRH

tDH

tDV

tRTPH

tRTPV

b0

Table 6-4.  Encoder Output Interface Timing

Symbol Description Min Typ Max Unit

tDV STRODATA valid time – – 18 ns

tDH STRODATA hold time 0 – – ns

tRTPV STROTP# valid – – 18 ns

tRTPH STROTP# hold 0 – – ns

tSDRH STRODREQ# hold time 2 – – ns

tSDRS STRODREQ# setup time 5 – – ns

tSVLDV STRODVLD# valid time – – 18 ns

tSVLDH STRODVLD# hold time – – 10 ns

STROCLK frequency 8 27 50 MHz

STROCLK duty cycle 40 – 60 %
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6.5 I2C Interface Data Sheet v1.22
6.5  I2C Interface

6.5.1  General Description
The I2C interface implementation in the CX23416 supports only master read and write 
operations; slave-mode operations are not implemented. The CX23416 uses standard-
mode I2C timing; fast-mode timing is not supported. The interface can be tri-stated, 
which will allow another master to use the I2C bus.

All control and data transfer functions are implemented by the firmware. The SDA 
and SCL pins are similar to the EIO pins. These two pins are toggled by the firmware 
to generate data and clock pulses for data transfer. A polling mechanism is used to 
monitor the I2C bus during data transfer. A start procedure preceding the data transfer 
is implemented in the firmware to ensure that the CX23416 can communicate with a 
fast device (see Figure 6-16 below).

No internal pull-ups are implemented for the SDA and SCL lines in the CX23416. 
Therefore, pull-up resistors are required on those lines.

6.5.2  I2C Interface Implementation
Shown below is a sample interface between the CX23416 and a target device.

6.5.3  I2C Timing Diagrams
Shown below are the timing diagrams for the I2C bus and its start byte procedure.

Figure 6-15.  I2C Interface 

CX23416

SDA

SCL

Target

SDA

SCL

3.3 V
or

5.0 V

3.3 V
or

5.0 V

Figure 6-16.  Start Byte Procedure

SDA

SCL 1 2 7 8 9

ACK

dummy acknowledge
(HIGH)

start byte 00000001
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Data Sheet v1.22 6.5 I2C Interface
Figure 6-17.  I2C Bus Timing
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Table 6-5.  I2C Timing

Symbol Description Min Max Unit

tDHT Data hold time 0 – ns

tDSU Data setup time 250 – ns

tFALL Fall time of both SDA and SCL signals – 0.3 µs

tFREE Bus free time 4.7 – µs

tH HIGH period of the SCL clock 4.0 – µs

tRISE Rise time of both SDA and SCL signals – 1.0 µs

tSHT
Hold time (repeated) START condition. After this period, the first clock 
pulse is generated.

4.0 – µs

tSTOSU STOP condition set-up time 4.0 – µs

tVALID SCL LOW to data out valid – 3.4 µs

tF SCL frequency – 100 kHz
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6.0 Peripheral Interface Descriptions CX23416
6.6 PLL Interface Data Sheet v1.22
6.6  PLL Interface

6.6.1  General Description
The phase-locked loop (PLL) for the CX23416 is used to generate the internal 
operating clock as well as the clocks to the SDRAM. The frequency depends on the 
reference clock (RCLK) as well as the state of pins PLMULT[1:0]. The states of these 
pins are latched after power-on reset and should not change during normal operation. 
Also, the CX23416 should be reset after power-up (RST# asserted) for a minimum of 
2.5 ms for proper operation of the PLL.

6.6.2  Clock Frequencies
The frequency of the clocks generated by the PLL is determined by PLMULT[1:0] 
and RCLK. The maximum frequency for the memory clock is 162 MHz. If a 27-MHz 
clock is used for RCLK, then the frequencies listed in Table 6-6 below will be 
generated for SFCLK.

Table 6-6.  PLL Interface Clock Frequencies

RCLK = 27.0 MHz

PLMULT[0] PLMULT[1] X SFCLK

0 0 5.0 1352 MHz

0 1 6.0 162 MHz

1 0 7.0 1891 MHz

1 1 8.0 2121 MHz

Note:  1 This frequency is out of range.
Note:  2 This is the recommended and default frequency.
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CX23416 6.0 Peripheral Interface Descriptions

Data Sheet v1.22 6.7 Reset Pin
6.6.3  PLL Interface Implementation
The figure below is the suggested implementation for the PLL.

6.7  Reset Pin

One reset signal is available on the CX23416: RST#. RST# is a global reset signal, 
and when asserted all internal blocks of the CX23416 will reset to their initial states.

Please refer to Section 8, Firmware Download and Bring-up Process, for more 
information.

Figure 6-18.  Suggested PLL Implementation

CX23416

PLAVDD[1:0]

PLAVSS[1:0]

PLMULT[1:0]

RCLK

PI_PWDN# *

0.01µF 0.1µF 10µF

3.3 V

1.25V

Oscillator

* This pin is used in PCI mode only.
For MCI mode, Host CPU will
substitute this pin with a GPIO pin.
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6.8 General-Purpose I/O Signals Data Sheet v1.22
6.8  General-Purpose I/O Signals

6.8.1  General Description
The general-purpose I/O (GPIO) signals can be used to build a general-purpose 
interface that the CX23416 uses to control and monitor external devices or events. 
There are 16 dedicated GPIO pins (denoted EIO), all of which are bi-directional. The 
signal directions are programmable through the internal GPIO control registers.

EIO[7:0] are controlled in a group (byte read or write), but EIO[15:8] can controlled 
individually.

The entire operation of writing to the register until the signal is output to the pins has 
an output clock latency of three clock cycles.

The status bits in the General I/O Input register are not “sticky” bits. These bits toggle 
when the external devices driving these pins change the signal states. Users, therefore, 
must pay extra attention if those pins are intended to be used as input control signals 
to the CX23416. The EIO pins are floating after power-up reset, so in a PCI design 
pull-up or pull-down resistors are required for those signals.

6.8.2  GPIO Timing Diagrams

Figure 6-19.  EIO Pin Configured as an Output

SFCLK

EIO[15:0]

tDV tDH

Figure 6-20.  EIO Pin Configured as an Input

Table 6-7.  GPIO Timing

Symbol Description Min Max Unit

tH Hold time, input 5 – ns

tDH Hold time, output 2 – ns

tDV Data valid – 6 ns

tSU Setup time 1 – ns

SFCLK

EIO[15:0]

tH
tSU
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Data Sheet v1.22 6.9 SDRAM Interface
6.9  SDRAM Interface

6.9.1  General Description
The CX23416 has a single SDRAM controllers with a CAS latency of three clocks. 

Care should be taken in routing the SFCLK pin. The drawing below illustrates the 
routing configuration. See CX23416 Application Note 002, PLFBCLK Routing 
Guidelines in the CX23416, for more details.

Table 6-8.  SDRAM Interface Settings

Encode Memory
Max. Clock Speed

Bus Width Size

32 bits 2M x 32b 162 MHz

Figure 6-21.  Example PLFBCLK Routing

CX23416

SFCLK

FBCLK_OUT

FBCLK_IN

SDRAM

SFCLK

FBCLK

SFCLK
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6.9 SDRAM Interface Data Sheet v1.22
6.9.2  SDRAM Interface Implementation
Shown below are sample implementations using a 2M × 32 SDRAM.

Figure 6-22.  SDRAM Interface

CX23416
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SFDATA[31:0]

SFCS#
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SFWE#
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SDRAM
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D[31:0]
CS#
RAS#
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WE#

CLK

DQM[3:0]

CLKE
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6.0 Peripheral Interface Descriptions CX23416
6.9 SDRAM Interface Data Sheet v1.22
Table 6-9.  SDRAM Timing

Symbol Description Min Max Unit

tCC SFCLK cycle time 7 – ns

tCH SFCLK high pulse width 3 – ns

tCL SFCLK low pulse width 3 – ns

tSAC SFCLK to data output delay – 3 ns

tOH SFCLK to data output hold 3 – ns

tDS SFCLK to data input setup 1.5 – ns

tDH SFCLK to data input hold 1 – ns

tPD SFCLK to (RAS#, CAS#, CS#, WE#) output delay – 3 ns

tPDAD SFCLK to address output delay – 3 ns

tRCD RAS# to CAS# delay 21 – ns

tRRD Row active to row active delay 14 – ns

tRP Row precharge time 14 – ns
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7.0  Host Interface Descriptions

7.1  Introduction

The host interface of the CX23416 can be configured as either a PCI interface or a 
microcontroller interface. When the PI_SEL pin is HIGH, the part operates in PCI 
mode, when LOW, it operates with a microcontroller interface. The pins are shared 
between the PCI and microcontroller interfaces.

7.2  PCI Interface

7.2.1  General Description

7.2.1.1  Bus Configuration The CX23416 PCI interface conforms to the PCI Revision 2.1 specifications and is 
both a master and slave interface. The CX23416 PCI interface implementation 
supports automatic configuration with the Vendor ID and Device ID registers using 
default values which the PCI host reads power-up reset. 

When the CX23416 is not configured for PCI mode of operation, care should be taken 
that the PCI signals not used by the microcontroller interface are driven to an inactive 
state by pull-up resistors.

The table on the following page summarizes the CX23416 PCI bus configuration.
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7.2 PCI Interface Data Sheet v1.22
The Subsystem Vendor ID and Subsystem Device ID registers are programmed at 
power-up reset through pull-up resistors on pins VIDIN[7:0], EIO[15:0], and 
STRIDATA[7:0]. VIDIN[7:0] and STRIDATA[7:0] are pulled down internally (but 
not EIO[15:0]. Please refer to Table 7-2 for additional information.

Table 7-1.  PCI Bus Configuration

Address
Byte

3 2 1 0

0x00
Device ID
0x0016

Vendor ID
0x4444

0x04
Status
0x0210

(Revision 2.2, Pointer Capability)

Command
0x0116

(Bus Master, Memory only)

0x08
Class Code
0x040000

(Multimedia device)

Revision ID
0x01

0x0C
BIST
0x00

Header Type
0x00

Latency Timer
0x20

Cache Line Size
0x08

0x10 Base Address Registers

0x14 Unused

0x18 Unused

0x1C Unused

0x20 Unused

0x24 Unused

0x28 Unused

0x2C
Sub-device ID
User Defined

Sub-vendor ID
User Defined

0x30 Unused

0x34 Reserved
Capability Pointer

0x44

0x38 Reserved

0x3C
Maximum Latency

0x08
(2µs)

Minimum Grant
0x80

(32 µs)

Interrupt Pin
0x01

(INTA#)

Interrupt Line
0x00

(POST BIOS)

0x40 Reserved
Retry Timeout 

Value
0x80

TRDY Timeout 
Value 0x80

0x44
Power Management

0x0002
(Revision 1.1)

Next Item Ptr
0x00

Capability ID
0x01

0x48
Data
0x00

PMCSR_Brid.
0x00

PMCSR
0x0000
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CX23416 7.0 Host Interface Descriptions

Data Sheet v1.22 7.2 PCI Interface
7.2.1.2  Memory Map The CX23416 allocates 16 Mbytes for the SDF memory. However, in the current 
board design the SDF memory is only using 8 MBytes — 8 MBytes for the top and 8 
MBytes for the bottom, which is not used. Any read or write to the empty bottom will 
be wrapped around to the top. If 16 Mbytes of memory is used then the whole 16-
Mbyte address range can be accessed. Make sure there are no unintentional writes to 
the bottom SDF, which can corrupt data at the top.

Any read or write to the reserved area will terminate normally with TRDY#, but this 
can corrupt the data at the top of the SDF memory. The read cycle normally starts with 
several retry cycles because the memory controller may be busy with other internal 
memory transactions.

The figure below is the memory map of the CX23416.

7.2.1.3  Data Transfer The data path of the CX23416 PCI interface is 32 bits wide with a maximum sustained 
transfer rate of 132 Mbytes/sec at 33 MHz. The CX23416 PCI interface does not 
support special cycle operations and treats all palette snooping operations as any other 
access. Parity errors are ignored and normal operations will continue. Address/data 
stepping is not implemented. Fast back-to-back transactions are only allowed in the 
same agent. In addition, user-definable features are not supported.

Target Read In general, there are three types of target read operations:

• Single Cycle
• Configuration
• Burst

Figure 7-1.  CX23416 Memory Map

SDF (Encode)
Memory Top

DMA Registers

BLT Registers

16 Mbytes

32 Mbytes – 128 Kbytes

Base Address

Reserved

8 Mbytes

64 Kbytes

64 Kbytes

0x1000000

0x2000000

0x2020000

0x3FFFFFF

Reserved

8 Mbytes

0x0800000 SDF (Encode)
Memory Bottom
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Timing for the target read operation is shown in Section 7.2.3. The sequence of 
operations is as follows:

1. Master acquires PCI bus mastership and asserts the FRAME# signal to start a 
bus transaction.

2. The CX23416 PCI interface latches the address and control signal on the first 
clock edge and performs address decoding.

3. The turnaround cycle is initiated immediately during the address phase. 
DEVSEL# will also be asserted to begin the data phase.

4. The bus master drives the byte enable signal to start the first data transfer. 
More data phases will follow if there is a burst read operation. The PCI 
master can insert wait states at any time during the transfer.

Target Write As with target read operations, three types of target write operations are supported:

• Single Cycle
• Configuration
• Burst

Timing for the target write operation is shown in Section 7.2.3. The sequence of 
operations is as follows:

1. The address phase begins when the master acquires mastership and asserts 
the FRAME# signal.

2. The CX23416 will decode the address and determine if the address is within 
range.

3. If the address is within range, the CX23416 will claim the cycle by asserting 
the DEVSEL# signal.

4. One or more data phases will follow.

Master Read and Write Master read works concurrently with master write. Please refer to the CX23416 
Firmware API Reference Manual for additional information on programming PCI 
master transactions. The parameters for these operations are kept in data structures 
called DMA links that reside in system memory. The parameters of the DMA links are 
as follows:

1. Source Address. The address of the first byte to be transferred from the 
source data block. If the Jump flag is set, this word is interpreted as the 
address of the next link.

2. Destination Address. The address of the first byte in the destination data 
block.

3. Byte Count. The number of bytes to be transferred.
4. Jump Flag. This flag indicates that the current sequence has ended. The first 

link of the next sequence is fetched from the location pointed by the first 
word in the link.

5. Last Flag. This flag is used to mark the last link in a sequence of links. Once 
the link is processed, the DMAC stops fetching links from memory. The done 
bit in the status register is set.

A DMA link always includes the source address, destination address, and byte count 
parameters. The master write operation can contain up to 8 links, but the master read 
operation contains only one.
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7.2.2  PCI Interface Implementation

NOTE: Please refer to Figure 6-18 for information on the connectivity of the 
PI_PWDN# pin.

Figure 7-2.  PCI Interface

CX23416
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Table 7-2.  Sub-vendor and Sub-device Bits vs. CX23416 Signals

Sub-vendor bit CX23416 Signal Sub-device bit CX23416 Signal

15 VIDIN[7]1 15 EIO[15]

14 VIDIN[6]1 14 EIO[14]

13 VIDIN[5]1 13 EIO[13]

12 VIDIN[4]1 12 EIO[12]

11 VIDIN[3]1 11 EIO[11]

10 VIDIN[2]1 10 EIO[10]

9 VIDIN[1]1 9 EIO[9]

8 VIDIN[0]1 8 EIO[8]

7 STRIDATA[7]1 7 EIO[7]

6 STRIDATA[6]1 6 EIO[6]

5 STRIDATA[5]1 5 EIO[5]

4 STRIDATA[4]1 4 EIO[4]

3 STRIDATA[3]1 3 EIO[3]

2 STRIDATA[2]1 2 EIO[2]

1 STRIDATA[1]1 1 EIO[1]

0 STRIDATA[0]1 0 EIO[0]

Note:  1 The pins for the Subsystem Vendor ID and Subsystem Device ID registers need to be pulled 
             to a known state when RST# is active.
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7.2.3  PCI Interface Timing Diagrams

Figure 7-3.  Target Burst Memory Read
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Figure 7-4.  Target Burst Memory Write
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7.3  Microcontroller Interface

7.3.1  General Description
The microcontroller interface (MCI) is implemented to move data between the 
external microcontroller and the CX23416’s DRAM (SDF). The MCI is an 8-bit 
interface that allows the microcontroller to read/write 32-bit data from SDF memory. 
A complete memory read/write requires 7 MCI cycles in regular mode.

The microcontroller interface consists of asynchronous signals. When writing to the 
MCI, the Chip Select and Write signals must be active-LOW; address and data must 
be ready for at least two MCI clocks. When read, Chip Select and Read must be 
active-LOW for at least two MCI clocks.

It is recommended that the eight address lines for the microcontroller be connected. 
The addresses MIADDR[7:4] may not need to be connected due to pin constraints, but 
should have a weak pull-down (22K) to keep these pins in static level during 
microcontroller read/write. See the connection diagram below for more information.

NOTE: The CX23416 provides two pins for the “Ready” line. One is active-LOW 
MIRDY#, and the other is active-HIGH MIRDY. Only one is needed for the 
MCI.

Table 7-3.  PCI Timing

Symbol Description Min Max Unit

tPD Clock to output delay – 9 ns

tSS Clock to input setup 4 – ns

tSH Clock to input hold 1 – ns

Figure 7-5.  Example Connection for Microcontroller Interface

µcontroller CX23416
MIADDR[7:0]

MIDATA[7:0]

MICS#

MIRD#

MIWR#

MIRDY / MIRDY#
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7.3.2  Firmware Download
The CX23416 does not support firmware download from an external ROM. The 
microcontroller will download the firmware to the CX23416 memory. Below is the 
trapping option for the Microcontroller Interface.

7.3.3  SDF Write Cycles
To write data to SDF memory, the first cycle is a write to MCI address 7 to select the 
memory bank. This address need be written only once if the same memory bank is 
used.

The next four write cycles (MCI address range 0–3) send in 4 bytes of data, LSB first, 
to the internal 32-bit data. The next 3 cycles (MCI address range 4–6) send in a 22-bit 
memory address of a doubleword (2^22*4 bytes=16-MByte memory range) and 1 bit 
of write command. Note that the CX23416 does not assert MIRDY when writing 
cycles for MCI address 0–5, so these cycles should be completed quickly. Only when 
MCI address 6 is written will the CX23416 generate a request to write to the SDRAM 
and assert MIRDY. As soon as the internal memory completes the write, the MIRDY 
will be deasserted to complete the cycle.

7.3.4  SDF Read Cycles
To read data from SDF memory, the first cycle is a write to MCI address 7 to select 
the memory bank. This address need be written only once if the same memory bank is 
used.

The next three cycles (MCI address range 4–6) send in a 22-bit memory address of a 
doubleword (2^22*4 bytes=16-MByte memory range) and 1 bit of read command. 
Note that the CX23416 does not assert MIRDY when writing cycles for MCI address 
range 4–5, so these cycles should be completed quickly. Only when MCI address 6 is 
written will the CX23416 generate a request to read data from the SDRAM and assert 
MIRDY. As soon as the internal memory has completed the read, MIRDY will be 
deasserted to complete the cycle. These cycles are completed without MIRDY. To 
read data from MCI address range 0–3, the microcontroller sends out a Write 
command to set up the read address first. Then it can read data at this address with the 
Read command.

7.3.5  Register Write Cycle
To write data to the CX23416 internal register, the first four write cycles (MCI 
address range 8–11) send in 4 bytes of data, LSB first, to the CX23416 internal 32-bit 
data. The next three cycles (MCI address range 12–14) send in a 16-bit memory 
address of a doubleword (2^16=64-KByte doubleword register) and 1 bit of write 
command. Note that the CX23416 does not assert MIRDY when writing cycles for 
MCI address range 8–14, so these cycles should be completed quickly. Only when 
MCI address 15 is written will the CX23416 generate a request to write to the internal 

Table 7-4.  MCI Trapping Option for Firmware Download

Pin Type Trapping Option

PI_SEL I5 Pull low
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register and assert MIRDY. As soon as the internal register write is completed, 
MIRDY will be deasserted to complete the cycle.

7.3.6  Register Read Cycle
To read data from the internal register, the first three cycles (MCI address range 12–
14) send in a 16-bit memory address of a doubleword (2^16=64-KByte doubleword 
register) and 1 bit of read command. Note that the CX23416 does not assert MIRDY 
when writing cycles for MCI address range 12–13, so these cycles should be 
completed quickly. Only when MCI address 14 is written will the CX23416 generate a 
request to read data from the internal register and assert MIRDY. As soon as the 
CX23416 internal controller completes the read, the MIRDY will be deasserted to 
complete the cycle. The microcontroller can send four read cycles (MCI address range 
8–11) to read 32-bit data from the CX23416. These cycles are completed without 
MIRDY.

Table 7-5.  MCI Address Definitions

MCI Address [4:0] MCI Data [7:0]

0 Memory Data [7:0]

1 Memory Data [15:8]

2 Memory Data [23:16]

3 Memory Data [31:24]

4

[7] = Must be set to ‘0’
[6] = mode:
     Read = 0
     Write = 1
[5:0] = Memory Address [21:16]

5 Memory Address [15:8]

6 Memory Address [7:0]

7

[7] = Reserved
[6:4] = 0b000
[3] = ready
[2:0] = Reserved

8 Register Data [7:0]

9 Register Data [15:8]

10 (0x0A) Register Data [23:16]

11 (0x0B) Register Data [31:24]

12 (0x0C) Register Address [7:0]

13 (0x0D) Register Address [15:8]

14 (0x0E)
[0] = mode
     Read = 0
     Write = 1

31–15 (0x0F) Not used
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7.3.7  Microcontroller Timing Diagrams

7.3.7.1  Read Cycle

NOTE: The host must wait until MIRDY/MIRDY# is deasserted from previous cycle 
before starting a new cycle.

Figure 7-6. Intel-Style Microcontroller Read Cycle Timing (Registers 0–5, 7) (No MIRDY 
asserted)

MICS#

MIADDR[7:0]

MIRD#

tMIARS

MIDATA[7:0]

tMIACS

tMIRA
tMIRI

tMIDH

MIRDY#

MIRDY

(High)

(Low)

tMIDV

tMIAH

Figure 7-7.  Microcontroller Read Cycle Timing (Register 6)

MICS#

MIADDR[7:0]

MIRD#

tMIARS

MIDATA[7:0]

MIRDY#

tMIACS

tMIRA tMIRI

tMIDH

MIRDY

tMIDV
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7.3.7.2  Write Cycle A typical write cycle is to put the valid data, drive the MICS# and MIWR# signals 
LOW for more than 4 iCLKs, then bring the signals HIGH to remove data.

NOTE: Writes may be posted without waiting for MIRDY#, but MIRDY# must enforce 
a recovery time.

Table 7-6.  Microcontroller Read Timing

Symbol Description Min Max Unit

tMIARS Address setup to active MIRD# 3 – ns

tMIACS Address setup to active MICS# 3 – ns

tMIDV Data valid from MIRDY# – 2 iCLK ns

tMIDH Data hold from inactive MIRD# 0 – ns

tMIRA Data tri-state to assertion from MIRD# active 0 – ns

tMIRI Data assertion to tri-state from MIRD# inactive 0 10 ns

tMIAH Address hold time 0 – ns

Note:  iCLK = Core clock cycle time determined by PLMULT pins, typically 135 MHz.

Figure 7-8.  Microcontroller Write Cycle Timing (Registers 0–5, 7)

MIADDR[7:0]

tMIMIC

MIRDY#

MIRDY

MICS#

MIWR#

MIDATA[7:0]

tMIAWS

tMIACS

tMIAWHtMIMIW

tMIDWS

tMIDWH

tMICWH

(High)

(Low)
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NOTE: Writes may be posted without waiting for MIRDY#, but MIRDY# must enforce 
a recovery time.

Figure 7-9.  Microcontroller Write Cycle Timing (Register 6)

Table 7-7.  Microcontroller Write Timing

Symbol Description Min Max Unit

tMIAWS Address setup to active MIWR# 3 – ns

tMIACS Address setup to active MICS# 3 – ns

tMIAWH Address hold time from end of MIWR# 5 – ns

tMICWH Address hold time from end of MICS# 3 – ns

tMIDWH Data hold time from beginning of MIWR# 3 iCLKs – ns

tMIDWS Data setup to beginning of MIWR# 0 – ns

tMIMIW Minimum MIWR# pulse width – 2 iCLKs ns

tMIMIC Minimum cycle time – 4 iCLKs ns

Note:  iCLK = Core clock cycle time determined by PLMULT pins, typically 135 MHz.

MICS#

MIADDR[7:0]

MIWR#

MIDATA[7:0]

MIRDY#

tMIAWS

tMICWS

tMIAWHtMIMIW

tMIDWS

tMIDWH

tMICWH

tMIMIC

MIRDY
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8.0  Firmware Download and 
Bring-up Process

8.1  Firmware Download

In a PCI or microcontroller design using the CX23416, firmware for video/audio 
encoding is downloaded into the SDF SDRAM memory while the internal CX23416 
logic module is in the reset mode. After the download process is complete, the 
CX23416’s DSP is programmed to active mode and it is ready to accept API 
commands.

8.2  Bring-up Process

The following are items that should be checked at first power-up:

1. Check +1.25V and +3.3V power supplies to the CX23416. Look carefully for 
any noise on 1.25 V and 3.3 V.

2. Check all the clocks:
– RCLK ()=27 MHz (rise time should be <3 ns)
– CLK27 ()=27 MHz (rise time should be <3 ns)
– SFCLK =135 MHz (with RCLK = 27 MHz and PLMULT[1:0] = 11b)

3. Make sure PI_SEL ()=low for microcontroller designs or high for PCI 
designs.

4. Make sure that the PLFBCLK was delayed in your layout to match the length 
of SFCLK.

5. Check the following control lines of post-encode memory toggle at the 
memory chip (SFAD[11:0], SFCAS#, SFRAS#, SFDATA[31:0]).

6. Check to see if memory can be read or written.
7. Check to see if CX23416 registers can be read or written.
8. After codes are downloaded, check to see if API commands can be sent to 

encoder (using NoOp command).
9. Check if the I2C bus is high at power-up. If not, check I2C pull-ups.
10. Check if the I2C bus starts toggling.
11. Try to encode video. If it fails, check if video digitizer output connects to the 

CX23416 Video Input pin.
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