Advance Information

This document contains information on a product under development.
The parametric information contains target parameters that are subject to change.

Bt878/879
Single-Chip Video and Broadcast Audio Capture for the PCI Bu

The Bt878/879 is a complete, low cost, single-chip solution for analog broadcast s@@eneral Features
nal capture on the PCI bus. The Bt878/879 takes advantage of the PCl-based sys:
tem’s rl? h bandwidth and inherent multimedia capability. It gs designed to be 'nte'r}/ Supports NTSC/PAL/SECAM video decoding
'9 ) wi ! . u : _' pability. Tt 9 INte] Supports image resolutions up to 768x576 (full

operable with any other PCI multimedia device at the component or board level. PAL resolution)

The Bt878/879 has all the video capture features of Bt848A, plus integrated Supports complex clipping of video source
BTSC stereo decode, and FM radio capture data processing. The DMA capability isZero wait state PCI burst writes
enhanced to allow for low latency, digitized audio stream transport. The chip enablesField/frame masking support to throttle
db liment stereo, TV, FM radio, and base-band video and audio as ingut andWidth to target

x-compliment stereo, TV, FM radio, and base-band video and audio as inQUty ipie YCrCh and RGB pixel formats
sources. In addition, the chip simplifies the computer/broadcast signal interfacesypported on output

down to a single PCI connection. « Image size scalable down to icon using
vertical & horizontal interpolation filtering
« Multiple composite and S-video inputs

Functional Block Diagram + Supports different program control for even
and odd fields
GPIO and Digital/Video Port e Supports different color space/scaling factors
d for even and odd fields
Pixel e Supports planar YUV data format
Format . i i
coormat 2C . Support for mapping of video to 225 color
L palette
1 « VBI data capture for closed captioning,
[P0 |— teletext and Intercast data decoding
Y A e Auxiliary GPIO port to support external
Compos-ite 1 N _'I:ar_g?t_ control
composte 2 A0 NEZ -, 3 Controller Initiator * Fully PCI Rev. 2.1 compliant
Composite S-V'i)deo ) — s D";‘éﬁﬁe « Integrated audio ADCs to digitize the
§ and Scaling PCIIF 1> composite audio spectrum
) S \ e Mono line level and mic level audio capture
S-Video (C) 40 MHz @ T ! ; (
> ADC a | Target | « Audio capture without analog audio cable to
Oiralook Controller Initiator sound card
and Clock
Generation
Bt879 Specific Features
> Audio « Full stereo decoding for both TV audio
12S (dig. audio) o Stream (BTSC) and FM radio
Forr:‘at « Full dbx noise reduction
v é Input High BW DBX Stereo App”C&tiOﬂS
FM Gain Audio Decode
Mic : Control ADC (Bt879) PC Television
“Smart” PC Radio

¢ Intercast receiver

¢ Desktop video phone

« Motion video capture

« Still frame capture

« VBI data services capture

Related Documents

« Fusion Technical Reference Manual
* Fusion Programmers Guide
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Ordering Information

Model Number Package Ambient Temperature Range
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FUNCTIONAL
DESCRIPTION

Functional Over view

TheBt879video and audio capture chip is a multi-function Peripheral Component
Interconnect (PCI) dece intended for +% only operationThe video function
features a Direct MemoryAccess (DMA)/PCI bs master for analog
NTSC/RAL/SECAM composite, S-Meo, and digital CCIR656 video captuféie
audio function features a completely independent DMA/RGInbaster for FM ra-
dio orTV sound capture.
The Bt878 andt879are based on the Bt848A video capture chipe Bt879
is a Bt848A upgraded to includanious audio capture capabilitid$he main fea-
tures of the Bt848A are: NTSGXR/SECAM video decoding, multipl¥CrCb
and RGB piel formats supported on the outpdertical Blanking Interal (VBI)
data capture for closed captioning, teteétand intercast data decodifigne com-
plete set of video and audio capture features are documented in thicapewifi
Tablel indicates which audio capture features are added to the Bt848A to pro-
duce the Bt878/Bt879.

Table 1. Audio/Video Capture Pr oduct F amily

All Features of the Bt848A, Plus: Bt878 | Bt879
Mono line level and mic level audio capture X X
Mono TV audio X X
Full TV stereo decoding for both TV audio (BTSC) and FM audio X
Full DBX noise reduction X

NOTE: In this speciftation, Bt878 and Bt879 are referred to generically as the
Bt879 unless the distinction is important to the understanding of a specif-
ic version of the chip.

Figurel shavs a block diagram of thBt879, andFigure2 shavs a detailed
block diagram of the decoder and scaler sections dtBi£.

N Rockwell D879DSA



FUNCTIONALDESCRIPTION Bt878/879
Functional Over view Single-Chip \eo and BoadcastAudio Captue for the PCI Bus

Figure 1. Bt879 Detailed Bloc k Diagram

Digital
Audio
l DMA Controller PCI Initiator
Anal Address Generator
nalo
Audiog = Audio FIFO FIFO Data MUX pCl
Decoder > 35x36 > Bus
C Instruction
Queue
Y ] !
. Instr Data
‘ Local Regns\ters y pCI
Wr Arbiter [*
' ' l )
PCI Rd
Config || o] Target = AD MUX !
Registers
»| Interrupts | Parity
Generator
Video Data Format Converter
YCrCb 4:2:2, 4:1:1 FIFOs DMA Controller PCI Initiator [«
Analog
; Video Video Format Y: 70x36 >
Video becoder—1 Scaler [ CSC/Gamma | = |—t= === == Address Generator
MUX Cb: 35x36 > FIFO Data MUX
8-Bit Dither Cr: 35x36 .
Y y y Instruction
# DWORDs > Queue
Y Y
Instr Data
v ¥ ¥ Local Registers 1
Y Y Y Y
Wr
' ' ' v y
PCl PCI Target
GPIO 12C Master Config fe—s{ 22 S0 AD MUX
Registers Rd
\ ) > "
Parity Generator
»{ Interrupts
' '
Digital Video 1’C

2 D879DSA ’N Rockwell



Bt878/879

Single-Chip eo and BoadcastAudio Captue for the PCI Bus Functional Over view

FUNCTIONALDESCRIPTION S ‘

Figure 2. Bt879 Audio/Video Decoder and Scaler Bloc k Diagram
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Video Capture

Audio Capture

The Bt879 integrates an NTSCAR./SECAM composite and Sidfeo decoder
scaler DMA controller and PCI Bus master on a singlevide. The Bt879 can
place video data directly into host memory for video capture applications and into
a taget video display frameuffer for video @erlay applicationsAs a PCl initia-
tor, the Bt879 can tale control of the PClus as soon as it ivalable, thereby
avoiding the need for on-board framaffers. The Bt879 contains a piel data
FIFO to decouple the high speed PG$lirom the continuous video data stream.

The video data input may be scaled, color translated, ustiipansferred to a
target location on adid basisThis allovs for simultaneous pveew of one feld
and capture of the otheefd. Alternatively, theBt879is able to capture bottefis
simultaneously or pxeéew both felds simultaneouslirhe fields may be interlaced
into memory or sent to separateldi buffers.

The Bt879 can also capture the broadcast audio spectuamtbe PCI bs. This
enables system solutions without the use of an analog audio cable. In addition, the
audio capture can be used to implement microphone audio capture for complete
videoconferencing applications.

’N Rockwell
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<\ Functional Over view

Bt878/879
Single-Chip \eo and BoadcastAudio Captue for the PCI Bus

Analog Video and
Digital Camera Capture

Intel Inter cast™
Suppor t

TVI/Stereo Suppor t
(Bt897 Only)

FM Radio Stereo Suppor t
(Bt879 Only)

Video DMA Channels

The Bt879 includes a digital camera port to support digital video capiuris.
speciftation defines the rgisters and functionality required for implementing an-
alog video capture suppoithe majority of the analog and digital videgisger
settings are identical.

In addition to standard CCIR 656 digital ineeré, theBt879 can accept digital
video from digital cameras including the Rockwell Quartsight™,
SiliconVision™, and Logitech™The digital stream is routed to the high-quality
down-scaler and color adjustment processing. It is thsanbastered into system
memory or displayed via the graphics frarnédr.

TheBt879fully supports the Intel Intercast technologiytel Intercast technology
combines the rich programming of talgon and theseciting world of the Internet
on your PC. Imagine atching a n&'s broadcast while simultaneously displaying
a historical perspest Web page or viging a music video while ordering concert
tickets aer the Internet. Nw your PC and telésion can interact in useful and en-
tertaining vays.

The Bt879 support§V/stereo decodinglhe complete Broadcaselevision Sys-

tems Committee-Multichann&klevision Sound (BTSC-MTS) audio spectrum is
digitized. Digital processing is then used tdract the content out of the data
stream.The Bt879 performs the folldng operations:ract (L+R) sound spec-

trum and (L—R) sound spectrum, pilot tone detection, de-emphasize the (L+R) sig-
nal, matrix to restore L and R channel signals, and demodulate the (L—R) spectrum
and perform DBX decompression.

The Bt879 digitizes the composite FM stereo signal, which is an output on com-
mercial FM tunersThe system performs demodulation, de-emphasis, decoding,
and re-matrixing. Currentlymost &ailable TV stereo decoder chips cannot deal
with this type of FM tuner outputfettively because unlithe BTSC scheme, the
(L-R) channel in FM radio broadcasting is not DBX encoded. Ratliepreem-
phasized the sameaw as with the (L+R) channel, requiring a separate decoder
chip.

The Bt879 enables separate destinations for the odd wed felds, each con-
trolled by a piel Reduced Instruction Set Computing (RISC) instructionTisis
instruction list is created by tBt879device driver and placed in the host memory
The instructions control the transfer of @ix to taget memory locations on a byte
resolution basis. Compleclipping can be accomplished by the instruction list,
blocking the generation of PCu$ g/cles for pixls that are not to be seen on the
display

The DMA channels can be programmed orla foasis to defer the video data
in pacled or planar format. In paeld modeYCrCb data is stored in a single con-
tinuous block of memoryn planar mode, théCrCb data is separated into three
streams which areuipst to diferent taget memory blocks. Hing the video data
in planar format is useful for applications where the data compression is accom-
plished via softare and the CPU.
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Audio DMA Channels

Data Transpor t Engine

PCI Bus Interface

UltraLoc k™

The audio channel debrs 8-bit or 16-bit samples of a frequemoultiplexed an-
alog signal-to-system memory in patk of DNVORDs. RISC controls the audio
DMA Initiator. The flow of audio data and audio RISC instructions is completely
independent and asynchronous to tbe f video data and video RISC instruc-
tions.

Since the audio data path operates in continuous transfer mode (n@agsghc g
both the analog and the digital audio inputs can be used for other data capture ap-
plications.The analog input érs 360 kHz usable BW at 8fettive bits or 100
kHz usable BW at 12 fdctive bits.The digital input diers up to 1 MB/s or 8
Mbps.

The audio DMA channel controller is similar to the video DMA controller in
that it supports paeki mode RISC instructions. It also only ingéeds to one
35x36 FIFO and its associated 6-b#WWDRD counter

The audio PCI initiator is identical to the video PCI initiator; i.e., same DMA
controller interce and same support for interrupts and gardition space. Since
the video and audio initiators are independent, each can handle retries without in-
hibiting the otherThus, the audio function can initiate transfers to the host bridge
even when a GFX tget is retrying the video function.

The audio PCI tget is similar to the video PCI gt with respect to interrupts,
configuration space, memory-mappedjisters, and parity error checkinghe
main diference in audio is that all of the memory-mappegsters remain in the
PCI clock and 32-bit inteate domainThere is no rgister interce to the audio
clock domainThus, this taget neer issues a disconnect or a retry

TheBt879data transport engine operates in instruction mbtkeaudio data is de-
livered oer the PCI bs synchronized with the dediry of video data.

The Bt879is designed to &tiently utilize the gailable 132 MB/s PClus.The
32-bit DWORDs are output on the PQidwith the appropriate image data under
the control of the DMA channels.

The pixel instruction stream for the DMA channels consumes a minimum of 0.1
MB/s. The Bt879 provides the means for handling the bandwidth bottlenecks
caused by sl tagets and longus access latencies that can occur in some system
configurations.To overcome these system bottlenecks, Bt@&79 gracefully de-
grades and regers from FIFO werruns to the nearest pidin real time.

The Bt879 emplag/s a proprietary technique ko as UltraLock™ to lock to the
incoming analog video signal. It willahys generate the required number of pix-

els per line from an analog source in which the line length aanby as much as

a fav microseconds. UltraLock™ digital locking circuitry enables thé&deo-
Stream decoders to quickly and accurately lock on to video signgdsdless of

their source. Since the technique is completely digital, UltraLock™ can recognize
unstable signals causedWgR headswitches or giother deiation, and adapt the
locking mechanism to accommodate the source. UltraLock™ uses nonlinear tech-
nigues which are ditult, if not impossible, to implement in genlock systefwmsl

unlike linear techniques, it adapts the locking mechanism automatically

’N Rockwell
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Scaling and Cr opping

Input Interface

General Purpose 1/0
(GPIO) Port

Vertical Blanking Inter val
Data Capture

Inter -Integrated Cir cuit
(1°C) Interface

The Bt879 can reduce the video image size in both horizontal artital direc-
tions independently using arbitrarily selected scaling rafibe.X andyY dimen-
sions can be scaledwlp to one-sixteenth of the full resolution. Horizontal scaling
is implemented with a 6-tap interpolatiotiefi, while up to 5-tap interpolation is
used for ertical scaling with a line store.

The video image can be arbitrarily cropped by reducing the number & acti
scan lines and ag horizontal pirls per line.

The Bt879 supports a temporal decimation feature that reduces video band-
width. This is accomplished by allong frames or &lds to be dropped from a vid-
eo sequence aikéd hut arbitrarily selected inteals.

Analog video signals are input to tB&879via a three-input multipleer. The mul-
tiplexer can select between four composite source inputs or between three compos-
ite and a single S4deo input sourceWhen an S-\deo source is input to the
Bt879 the luma component is fed through the input analog muépland the
chroma component is fed directly into the C input pimautomatic gin control
circuit enables thBt879to compensate for non-standard amplitudes in the analog
signal input.

The clock signal intedice consists of a pair of pins that connect to a 28.63636
MHz (8*NTSC Fsc) crystal. Either fundamental or third harmonic crystals may be
usedAlternatively, CMOS oscillators may be used.

TheBt879provides a 24-bit GPIOUs. This interfice can be used to input or out-
put up to 24 general purpose I/O signAlgernatively, the GPIO port can be used
as a means to input video datar Example, theBt879 can input the video data
from an aternal digital camera and bypass B#879s internal video decoder
block.

TheBt879provides a complete solution for capturing and decodidbdata.The
Bt879can operate in@BI Line Output Mode, in which théBI data is only cap-
tured during select line§his mode of operation enables concurrent capture of
VBI lines containing ancillary data and normal video image data.

In addition, theBt879 supports & Bl Frame Output Mode in whichvery line
in the video frame is treated as if iagvavBI line. This mode of operation is de-
signed for use with still frame capture/processing applications.

The Bt879s I°C interface supports both 99.2 kHz timing transactions and 396.8
kHz, repeated start, multi-byte sequential transactidéasan FC masterBt879
can program other giees on the video card, such ag\atuner The Bt879 sup-
ports multi-byte sequential reads (more than one transaction) and multi-byte write
transactions (greater than three transactions), which enable communication to de-
vices that support auto-increment internal addressing.

For additional information, refer td2C Interface on pageso.
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Pin Descriptions

Table2 provides a description of pin functions grouped by common fundigiure3 displays the pinout diagram.

Table 2. Pin Descriptions Gr ouped by Pin Function (1 of 5)

Pin # Pin Name 1/0 Signal Description

PCI Interface (50 pins)

40 CLK | Clock This input provides timing for all PCI transactions. All PCI sig-
nals except RST and INTA are sampled on the rising edge of
CLK, and all other timing parameters are defined with

respect to this edge. The Bt879 supports a PCI clock of up to

33.3333 MHz.
127 RST I Reset This input three-states all PCI signals asynchronous to the
CLK signal.
3 REQ 0] Request Agent desires bus.
2 GNT | Grant Agent granted bus.
13 IDSEL | Initialization This input is used to select the Bt879 during configuration
Device Select read and write transactions.
4-11, ADJ[31:0] 1/0 | Address/Data These three-state, bidirectional 1/O pins transfer both
14-18, address and data information. A bus transaction consists of
21-23, an address phase followed by one or more data phases for
34-37, either read or write operations.
41-44, The address phase is the clock cycle in which FRAME is
46-53 first asserted. During the address phase, AD[31:0] contains a

byte address for I/O operations and a DWORD address for
configuration and memory operations. During data phases,
ADI[7:0] contains the least significant byte and AD[31:24]
contains the most significant byte.

Read data is stable and valid when TRDY is asserted and
write data is stable and valid when IRDY is asserted. Data is
transferred during the clocks when both TRDY and IRDY are

asserted.
12, 24, CBE[3:0] /0 | Bus These three-state, bidirectional 1/O pins transfer both bus
33,45 Command/Byte command and byte enable information. During the address
Enables phase of a transaction, CBE[3:0] contain the bus command.

During the data phase, CBE[3:0] are used as byte enables.
The byte enables are valid for the entire data phase and
determine which byte lanes carry meaningful data. CBE[3]
refers to the most significant byte and CBE[0] refers to the
least significant byte.
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Table 2. Pin Descriptions Gr ouped by Pin Function (2 of 5)

Pin #

Pin Name

/0

Signal

Description

32

PAR

I/0

Parity

This three-state, bidirectional I/O pin provides even parity
across AD[31:0] and CBE[3:0]. This means that the number
of 1s on PAR, AD[31:0], and CBE[3:0] equals an even num-
ber.

PAR is stable and valid one clock after the address phase.
For data phases, PAR is stable and valid one clock after
either TRDY is asserted on a read, or IRDY is asserted on a
write. Once valid, PAR remains valid until one clock after the
completion of the current data phase. PAR and AD[31:0]
have the same timing, but PAR is delayed by one clock. The
target drives PAR for read data phases; the master drives
PAR for address and write data phases.

25

FRAME

I/0

Cycle Frame

This sustained, three-state signal is driven by the current
master to indicate the beginning and duration of an access.
FRAME is asserted to signal the beginning of a bus transac-
tion. Data transfer continues throughout assertion. At deas-
sertion, the transaction is in the final data phase.

26

IRDY

/0

Initiator Ready

This sustained, three-state signal indicates the bus master’s
readiness to complete the current data phase.

IRDY is used in conjunction with TRDY. When both IRDY
and TRDY are asserted, a data phase is completed on that
clock. During a read, IRDY indicates when the initiator is
ready to accept data. During a write, IRDY indicates when
the initiator has placed valid data on AD[31:0]. Wait cycles
are inserted until both IRDY and TRDY are asserted together.

28

DEVSEL

I/0

Device Select

This sustained, three-state signal indicates device selection.
When actively driven, DEVSEL indicates the driving device
has decoded its address as the target of the current access.

27

TRDY

I/0

Target Ready

This sustained, three-state signal indicates the target’s readi-
ness to complete the current data phase.

IRDY is used in conjunction with TRDY. When both IRDY
and TRDY are asserted, a data phase is completed on that
clock. During a read, TRDY indicates when the target is pre-
senting data. During a write, TRDY indicates when the target
is ready to accept the data. Wait cycles are inserted until
both IRDY and TRDY are asserted together.

29

STOP

I/0

Stop

This sustained, three-state signal indicates the target is
requesting the master to stop the current transaction.

30

PERR

I/0

Parity Error

Report data parity error.

31

SERR

0]

System Error

Report address parity error. Open drain.

126

INTA

0]

Interrupt A

This signal is an open drain interrupt output.

See PCI Specification 2.1 for further documentation.

D879DSA
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Table 2. Pin Descriptions Gr ouped by Pin Function (3 of 5)

Pin # Pin Name 1/0 Signal Description

JTAG (5 pins)

122 TCK | Test clock Used to synchronize all JTAG test structures. When JTAG
operations are not being performed, this pin must be driven
to a logical low.

123 T™MS | Test Mode Select JTAG input pin whose transitions drive the JTAG state
machine through its sequences. When JTAG operations are
not being performed, this pin must be left floating or tied high.

125 TDI | Test Data Input JTAG pin used for loading instructions to the TAP controller or
for loading test vector data for boundary-scan operation.
When JTAG operations are not being performed, this pin
must be left floating or tied high.

124 TDO (0] Test Data Output JTAG pin used for verifying test results of all JTAG sampling
operations. This output pin is active for certain JTAG opera-
tions and will be three-stated at all other times.

121 TRST | Test Reset JTAG pin used to initialize the JTAG controller. When JTAG
operations are not being performed, this pin must be driven
to a logical low.

I2C Interface (2 pins)

90 SCL /O | Serial Clock Bus clock, output open drain.

91 SDA /O | Serial Data Bit Data or Acknowledge, output open drain.

General Purpose I/O (25 pins)

66 GPCLK /0 | GP Clock Video clock. Internally pulled up to VDD.

56-61, GPI0[23:0] /0 | General Purpose Bt879 pin decoding in normal mode. Pins pulled up to VDD.
67-72, 110 For additional information, see Tables 15 and 16.

75-86

Digital A udio Input/A udio Test Signals (3 pins)

87 ADATA /0 | Audio Data Bit serial data.
88 ALRCK /0 | Audio Clock Left/right framing clock.
89 ASCLK 1/0 | Audio Serial Clock | Bit serial clock.

Reference Timing Interface Signals (2 pins)

62 XTI | A 28.63636 MHz crystal can be tied directly to these pins, or
a single-ended oscillator can be connected to XTI.
63 XTO 0 g

N Rockwell D879DSA 9



FUNCTIONALDESCRIPTION Bt878/879
Pin Descriptions Single-Chip \eo and BoadcastAudio Captue for the PCI Bus

Table 2. Pin Descriptions Gr ouped by Pin Function (4 of 5)

Pin # Pin Name 1/0 Signal Description

Video Input Signals (7 pins)

114, 116, MUX[0:3] | Analog composite video inputs to the on-chip 4:1 analog mul-
118, 120 tiplexer. Unused inputs should be tied to AGND. The output of
the mux is direct-coupled to Y-A/D.

112 REFP A The top of the reference ladder for the video A/Ds. Connect
to a 0.1 puF decoupling capacitor to AGND.

111 AGCCAP A The AGC time constant control capacitor node. Must be con-
nected to a 0.1pF capacitor to AGND.

109 CIN | Analog chroma input to the C-A/D.

TV/Radio A udio Input Signals (10 pins)

100 STV | TV sound input from TV tuner.

98 SFM | FM sound input from FM tuner.

94 SML | MIC/line input.

96 SMXC A Audio mux antialias filter RC node. Connect through 68 pF
capacitor to BGND.

106 RBIAS A Connection point for external bias 9.53 k Q 1% resistor.

105 VCOMO A Common mode voltage for the audio analog circuitry. This pin

should be connected to an external filtering 0.1 pF capacitor.

104 VCOMI A Common mode voltage for the audio analog circuitry. This pin
should be connected to an external filtering 0.1 pF capacitor.

107 VCCAP A Audio analog voltage compensation capacitor. This pin
should be connected to an external filtering 0.1 yuF capacitor.

103 VRXP A Audio input circuitry reference voltage. This pin should be
connected to an external filtering 0.1 uF capacitor.

102 VRXN A Audio input circuitry reference voltage. This pin should be
connected to an external filtering 0.1 puF capacitor.

1/0 and Core P ower and Gr ound (14 pins)

1,19, 38, VDD P Digital outputs power supply.
54, 65 73,
92

20, 39, GND G Digital outputs ground.
55, 64,
74,93,
128
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Table 2. Pin Descriptions Gr ouped by Pin Function (5 of 5)

Pin # Pin Name 1/0 Signal Description

Analog Video Power and Gr ound (6 pins)

108 AGND A C video A/D ground. Connect to analog ground AGND.

110 VAA A Charge pump power supply and C video A/D power. Connect
to analog power VAA and a 0.1pF decoupling capacitor to
AGND.

113 AGND A Charge pump ground return.

115 VAA A Y video A/D power. Connect to analog power VAA and a

0.1pF decoupling capacitor to AGND.

117 VAA A Y video A/D power. Connect to analog power VAA and a
0.1pF decoupling capacitor to AGND.

119 AGND A Y video A/D ground. Connect to analog ground AGND.

Analog A udio P ower and Gr ound (4 pins)

95 VBB P Audio A/D power supply.

97 BGND G Ground for audio A/D.

99 BGND G Ground for audio A/D.

101 VBB P Power supply for audio A/D.

Note: 1/0 Column Legend:
I = Digital Input
O = Digital Output
1/0 = Digital Bidirectional

A = Analog
G = Ground
P = Power

’N Rockwell D87IDSA 11
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Figure 3. Bt879 Pinout Dia gram

VDD
GNT
REQ
AD[31]
AD[30]
AD[29]
AD[28]
AD[27]
AD[26]
AD[25]
AD[24]
CBE[3]
IDSEL
AD[23]
AD[22]
AD[21]
AD[20]
AD[19]
VDD
GND
AD[18]
AD[17]
AD[16]
CBE[2]
FRAME
TRDY
TRDY
DEVSEL
STOP
PERR
SERR
PAR
CBE[1]
AD[15]
AD[14]
AD[13]
AD[12]
VDD

0000000000000000000000000000000000000700

125 1 TDI

124 [ TDO

123 1 T™MS

121 1 TRST
117 [ VAA
116 [ MUX1

120 [ MUX3
119 [ AGND

122 1 TCK
118 [ MUX2
115 [ vAA
114 [ MUX0
113 [ AGND
112 [ REFP

Bt878/879

111 11 AGCCAP

110 [ VAA
109 [1 CIN

108 11 AGND

107 |3 vccAP
106 [1 RBIAS

105 [1 vCOMO
104 [ vcoMml
103 [ VRXP

102
101
100

[EEEREEEEN

VRXN
VBB
STV
BGND
SFM
BGND
SMXC
VBB
SML
GND
VDD
SDA
scL
ASCLK
ALRCK
ADATA
GPIO[00]
GPIO[01]
GPIO[02]
GPIO[03]
GPIO[04]
GPIO[05]
GPIO[06]
GPIO[07]
GPIO[08]
GPIO[09]
GPIO[10]
GPIO[11]
GND
VDD
GPIO[12]
GPIO[13]
GPIO[14]
GPIO[15]
GPIO[16]
GPIO[17]
GPCLK
VDD

O TN R TRNTTS D0 NTETD )
23d88825888858852RNaRa8kes
oA odmaonaanoaa~>0000000 XO
IO ACCCCCICCC oooooo
[CRCRCRURURU]
12 D879DSA

’N Rockwell




Bt878/879

Single-Chip eo and BoadcastAudio Captue for the PCI Bus UltraLoc k™

FUNCTIONAL DESCRIPTION 0%

The Challeng e

Operation Principles of
UltraLoc k™

UltraLoc k™

The line length (the inteal between the midpoints of thadlfng edges of succeed-
ing horizontal sync pulses) of analog video sources is not consterd. $table
source such as studio quality source or test signal generatorsyriaiion is ery
small:£2 ns. Havever, for an unstable source such a8GR, laser disk playepr
TV tuner, line length ariation is as much as aFenicroseconds.

Digital display systems require aéd number of pigls per line despite these
variations.The Bt879 emplg/s a technique kmwen as UltraLock™ to implement
locking to the horizontal sync and the subcarrier of the incoming analog video sig-
nal and generating the required number oélgiyer line.

UltraLock™ is based on sampling usingxet-frequeny, stable clock. Since the
video line length will ary, the number of samples generated usingeaffrequen-
cy sample clock will alsoary from line to line. If the number of generated samples
per line is alvays greater than the number of samples per line required by the par
ticular video format, the number of acquired samples can be reducethéoré-
quired number of peds per line.

TheBt879requires an 8*Fsc (28.63636 MHz for NTSC and 35.46895 MHz for
PAL) reference time sourc&he 8*Fsc clock signal, or CLKx2, isuidled davn to
CLKx1 internally (14.31818 MHz for NTSC and 17.73 MHz f&xLp. CLKx2
and CLKx1 are internal signals and are not madalable to the system.
UltraLock™ operates at CLKx1 although the inpuaveform is sampled at
CLKx2 then lav pass fiered and decimated to CLKx1 sample rate.

At a 4*Fsc (CLKx1) sample rate there are 91@fsxor NTSC and 1,135 pis
for PAL/SECAM within a nominal line time inteat (63.5us for NTSC and 64s
for PAL/SECAM). For square pigl NTSC and RL/SECAM formats, there
should only be 780 and 944 piz per video line, respeatly. This is because the
square pigl clock rates are sler than a 4*Fsc clock rate; i.e., 12.27 MHz for
NTSC and 14.75 MHz forAL.

UltraLock™ accommodates line lengthriations from nominal in the incom-
ing video by alvays acquiring more samples, at deefve 4*Fsc rate, than are re-
quired by the particular video format and outputting the correct numbered$ pix
per line. UltraLock™ then interpolates the required number elpir a vay that
maintains the stability of the original image despégation in the line length of
the incoming analog aveform.

The example illustrated ifrigure4 shavs three succesa lines of video being
decoded for square @kNTSC outputThe first line is shorter than the nominal
NTSC line time interal of 63.5us. On this fist line, a line time of 63.@s sampled
at 4*Fsc (14.31831 MHz) generates only 90%[sxThe second line matches the
nominal line time of 63.;us and pruides the gpected 910 piels. Finally the
third line is too long at 63.8s within which 913 pigls are generated. In all three
cases, UltraLock™ outputs only 780 gis.

’N Rockwell
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Figure 4. UltraLoc k™ Behavior f or NTSC Square Pix el Output

Analog
Waveform

63.5 us

Line - 63.2 us
Length

- 63.8 us

Pixels 905 pixels 910 pixels < 913 pixels
Per Line

Pixels
Sent to . ) .
the EIEO - 780 pixels o 780 pixels L 780 pixels
by
UltraLock™

UltraLock™ can be used txteact aly programmable number of gls from
the original video stream as long as the sum of the nomirell lpie length (910
for NTSC and 1,135 forR_/SECAM) and the wrst case line lengthalidation
from nominal in the acte ragion is greater than or equal to the required number of
output piels per line; i.e.,

I:)Nom + F)Var = I:)Desired
where:  Pnom = Nominal number of pigls per line at 4*Fsc sample rate
(910 for NTSC, 1,135 for PAL/SECAM)
Pyvar = Variation of pixel count from nominal at 4*Fsc (can be a

positive or negative number)
Ppesired = Desired number of output pixels per line

NOTE: With stable inputs, UltraLock™ guarantees the time betweerattirgf
edges of HRESET only to within one pixUltraLock™ does, heever,
guarantee the number of agtipixels in a line as long as the abaela-
tionship holds.

14
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Composite Video Input Formats

Bt879supports seeral composite video input formalable3 shavs the diferent
video formats and some of the countries in which each format is used.

Table 3. Video Input Formats Suppor ted by the Bt879

Format Lines Fields Fsc Country
NTSC-M 525 60 3.58 MHz U.S., many others
NTSC-Japan® 525 60 3.58 MHz Japan
PAL-B, G, H 625 50 4.43 MHz Western/Central Europe, others
PAL-D 625 50 4.43 MHz China
PAL-I 625 50 4.43 MHz U.K., Ireland, South Africa
PAL-M 525 60 3.58 MHz Brazil
PAL-N¢ 625 50 3.58 MHz Argentina
PAL-N 625 50 3.58 MHz Paraguay, Uruguay
SECAM 625 50 4.406 MHz Eastern Europe, France, Middle East

4.250 MHz
Notes: (1). NTSC-Japan has 0 IRE setup.

The video decoder must be programmed appropriately for each of the compos-
ite video input formatslable4 lists the rgister \alues that need to be programmed
for each input format.
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Table 4. Register Values for Square Pix el Video Input Formats

output.

. . PAL-B, D, PAL-N

Register Bit NTSC-M NTSC-Japan G H I PAL-M PAL-N Combination SECAM
IFORM FORMAT | 001 010 011 100 101 111 110
(Ox01) [2:0]
Cropping: | [7:0] in Set to Setto Set to Setto Set to PAL-B, D, G, H, | square
HDELAY, | all five desired crop- | NTSC-M desired NTSC-M pixel values
VDELAY, registers | ping values square pixel | cropping val- | square pixel
VACTIVE, in registers values ues in regis- | values
CROP, ters
HACTIVE
HSCALE | [15:0] 0x02AC 0x02AC 0x033C 0x02AC 0x033C | 0x033C® 0x033C
ADELAY [7:0] 0x70 0x70 OX7F 0x70 Ox7F OXx7F OX7F
BDELAY [7:0] 0x5D 0x5D 0x72 0x5D 0x72 0x72 0xA0
Notes: (1). The Bt879 will not output square pixel resolution for PAL N-combination. A smaller number of pixels must be

16

D879DSA

’N Rockwell



Bt878/879

Single-Chip eo and BoadcastAudio Captue for the PCI Bus Y/C Separation and Chr oma Demodulation

FUNCTIONALDESCRIPTION S ‘

Y/C Separation and Chr oma Demodulation

Y/C separation and chroma decoding are handled asmshd-igure5. Bandpass
and notch fters are implemented to separate the composite video sffearfi-
ter responses are stio in Figure6. The optional chroma combltér is imple-
mented in the ertical scaling block. Se@/ideo Scaling, Cropping, afémporal
Decimatiori on pagelo.

Figure7 schematically describes thédring and scaling operations.

In addition to theY/C separation and chroma demodulation illustrated in
Figure5, theBt879also supports chrominance conitefing as an optionallfer-
ing stage after chroma demodulatidine chroma demodulation generates base-
band | and Q (NTSC) or U ant(PAL/SECAM) color difference signals.

For S-Mdeo operation, the digitized luma data bypasses tB@eseparation
block completelyand the digitized chrominance is passed directly to the chroma
demodulatar

For monochrome operation, tMéC separation block must be disabled, and the
saturation rgisters (SA_U and SA_V) are set to 0.

Figure 5. Y/C Separation and Chr oma Demodulation f or Composite Video

Composite

17 oy
Notch Filter
\ —————» U
Low Pass Filter

sin

Band Pass Filter Low Pass Filter
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Figure 6. Y/C Separation Filter Responses

Luma Notch Filter Frequency Responses for NTSC and PAL/SECAM Chroma Band Pass Filter Frequency Responses for NTSC and PAL/SECAM
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Figure 7. Filtering and Scaling
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Note: Z-1 refers to a pixel delay in the horizontal direction, and a line delay in the vertical direction. The coefficients
are determined by UltraLock™ and the scaling algorithm.
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FUNCTIONALDESCRIPTION S ‘

Horizontal and
Vertical Scaling

Field Aligned
Vertical Scaling

Luminance Scaling

Video Scaling, Cropping, and Temporal Decimation

TheBt879 provides three mechanisms to reduce the amount of videbgata in
its output stream: dan-scaling, cropping, and temporal decimatidihthree can
be controlled independently

The Bt879 provides independent and arbitrary horizontal aedieal davn scal-

ing. The maximum scaling ratio is 16:1 in both X ahdimensionsThe maxi-
mum \ertical scaling ratio is reduced from 16:1 when using frames to 8:1 when
using felds. The diferent methods utilized for scaling luminance and chromi-
nance are described in the feliog sections.

If Common Interchangedfmat (CIF) resolution video is wieed at 60/50 Hz rates,
then the video éilds must be dild-aligned for propenerlay (sequenced on top of
each other successly). This could be done in interlac&rtical Scaling mode
(INT set) which group delays iiers) only one &ld by one lineThe two fields are
vertically aligned for werlay but the two fields hae different frequeng respons-
es. One has not beelidred, while the other has been lineemgedA new option
exists to flter both felds in a similar manner yet maintain propeldfialignment.
This mode is selected by settiMBbFLDALIGN and resetting the INT bit to
non-interlaced/ertical Scaling mode.

The first stage in horizontal luminance scaling is an optional fteg-fthich pro-
vides the capability to reduce antialiasing adis. It is generally desirable to limit
the bandwidth of the luminance spectrum prior to performing horizontal scaling
because the scaling of high-frequgmomponents may create image adif in

the resized imag&he optional lav pass fters shavn in Figure8 reduce the her
izontal high-frequencspectrum in the luminance signilgure9 andFigure10

shav the combined results of the optionalipass fiters, the luma notchlfier and

the 2x wersampling fter. Figurell shaws the combined responses of the luma
notch fiter and the 2xwersampling fier.

The Bt879 implements horizontal scaling through poly-phase interpolation.
The Bt879 uses 32 dferent phases to accurately interpolate thieer of a piel.

This provides an dective pixel jitter of less than 6 ns.

In simple pixel- and line-dropping algorithms, non-igee scaling ratios intro-
duce a step function in the video signal th&aively introduces high-frequenc
spectral components. Poly-phase interpolation accurately interpolates to-the cor
rect pixel and line position prading more accurate informatioithis results in
aesthetically pleasing video as well as higher compression ratios in bandwidth lim-
ited applications.

’N Rockwell
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Bt878/879

Single-Chip \eo and BoadcastAudio Captue for the PCI Bus

For vertical scaling, th®&t879uses a line store to implement fourfeliént fi-
tering optionsThe fiter characteristics are shn in Figure12. The Bt879 pro-
vides up to 5-taplfering to ensure renval of aliasing art#cts.

The number of taps in theestical fiter is set by th&/ideo Timing Control
(VTC) register The user may select 2, 3, 4 or 5 tadse number of taps must be
chosen in conjunction with the horizontal scaletér in order to ensure the needed
data can fiin the internal FIFO (see tM&-ILT bits in theVTC register for limita-
tions).As the scaling ratio is increased, the number of tapsable for \ertical
scaling is increased. In addition tavgnass fitering, \ertical interpolation is also
employed to minimize artéicts when scaling to non-igier scaling ratios.

Figure 8. Optional Horizontal Luma Lo w-Pass Filter Responses
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Figure 9. Combined Luma Notc h, 2x Over sampling and Optional Lo w-Pass Filter Response (NTSC)

L
o

Amplitude in dB [20*log10{ampl]]
|
n
o

-30

. T ]
Full Spectrum:

b 0

~
Amplitude in dB [20*log10[ampl]]

4
equency in MHz

o

Pass Band

CIF

15
Frequency in MHz

2

20

D879DSA

’N Rockwell



Bt878/879 FUNCTIONAL DESCRIPTION T8
Single-Chip eo and BoadcastAudio Captue for the PCI Bus Video Scaling, Cropping, and Temporal Decimation

Figure 10. Combined Luma Notc h, 2x Over sampling and Optional Lo w-Pass Filter Response (P AL/SECAM)
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Figure 12. Frequency Responses f or the Four Optional Vertical Luma Lo w-Pass
Filters
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Video Scaling, Cropping, and Temporal Decimation

FUNCTIONALDESCRIPTION S ‘

Peaking

TheBt879enables four diérent peaking kels by programming the PEAK bit and
HFILT bits in the SCLOOP gister The fiters are shen in Figuresl3 and14.

For more information, refer t6SC Loop Control Rgistef’ on pagell6

Figure 13. Peaking Filter s
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Figure 14. Luma P eaking Filter s with 2x Over sampling Filter and Luma Notc h
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FUNCTIONAL DESCRIPTION 0%

Chrominance Scaling

Scaling Register s

A 2-tap, 32-phase interpolatioiftéir is used for horizontal scaling of chrominance.
Vertical scaling of chrominance is implemented through chrominance deenb fi
ing using a line store, foleed by simple decimation or line dropping.

The Horizontal Scaling Ratio Register (HSCALE) HSCALE is programmed with
the horizontal scaling rati®Vhen outputting unscaled video (in NTSC), Bi879
will produce 910 pigls per line.This corresponds to the ixrate at & ky1
(4*Fsc).This raister is the control for scaling the video to the desired strexF
ample, square pgt NTSC requires 780 samples per line, while CCIR601 requires
858 samples per line. HSCALE_HI and HSCALE_LO are 8abit registers that,
when concatenated, form the 16-bit HSCALBister

The method belw uses piel ratios to determine the scaling rafitie follow-
ing formula should be used to determine the scaling ratio to be entered into the
16-bit register:

NTSC: HSCALE = [ ( 910/Pyesireq — 1] * 4096
PAL/SECAM: HSCALE = [ ( 1135/Rjgjred — 1] * 4096

where:  Pgesireq = Desired number of pixels per line of video, including ac-
tive, sync and blanking.

For example, to scaleR./SECAM input to square p&d QCIF, the total num-
ber of horizontal pigls desired is 236:

HSCALE =[(1135/236)—1]* 4096
= 12331
= Ox3CF2

An alternatve method for determining the HSCALEIlue uses the ratio of the
scaled actie region to the unscaled aeti region as shen belav:

NTSC: HSCALE = [ (754 / HACTIVE) — 1] * 4096
PAL/SECAM: HSCALE =[ (922 / HACTIVE) — 1] * 4096

where: HACTIVE = Desired number of pixels per line of video, not includ-
ing sync or blanking.

In this equation, the HBTIVE value cannot be cropped; it represents the total
active raggion of the video lineThis equation produces roughly the same result as
using the full line length ratio stum in the fist e<kample. Hovever, due to trunca-
tion, the HSCALE wlues determined using the aetipixel ratio method will be
slightly different than those obtained using the total line lengthl pitio method.
The \alues inTable5 were calculated using the full line length ratio.

’N Rockwell
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The Vertical Scaling Ratio Register (VSCALE)  VSCALE is programmed with the
vertical scaling ratio. It defes the number ofevtical lines output by thBt879.
The following formula should be used to determine thlei® to be entered into this
13-bit rggister The loaded &lue is a tw’s-complement, rgative \alue.

VSCALE = (0x10000 - {[ ( scaling_ratio) — 1] *512 }) & Ox1FFF

For example, to scaleAR_/SECAM input to square ped QCIF, the total num-
ber of \ertical lines is 156:

VSCALE = (0x10000 —{[(4/1)-1]*512}) & OX1FFF
= 0x1A00

Only the 13 LSBs of the/SCALE value are used; thevé LSBs of
VSCALE_HI and the 8-bi¥SCALE_LO reyister form the 13-bWSCALE reyis-
ter. The three Most Signifant Bits (MSBs) oWSCALE_HI are used to control
other functionsThe user must ta&kcare not to alter theales of the three MSBs
when writing a 'ertical scaling &lue.

The following C-code fragment illustrates changing teetical scaling &lue:

#define BYTE unsigned char
#define WORD unsigned int
#define VSCALE_HI 0x13
#define VSCALE_LO 0x14
BYTE ReadFromBt879(BYTE regAddress);
void WriteToBt879(BYTE regAddress, BYTE regValue);
void SetBt879VScaling(WORD VSCALE)
{
BYTE oldVscaleMSByte, newVscaleMSByte;
[* get existing VscaleMSByte value from */
[* Bt879 VSCALE_Hl register */
oldVscaleMSByte = ReadFromBt879(VSCALE_HI);
[* create a new VscaleMSByte, preserving top 3 bits */
newVscaleMSByte = (oldVscaleMSByte & 0xEQ) | (VSCALE >> 8);
/* send the new VscaleMSByte to the VSCALE_HI reg */
WriteToBt879(VSCALE_HI, newVscaleMSByte);
/* send the new VscaleLSByte to the VSCALE_LO reg */
WriteToBt879(VSCALE_LO, (BYTE) VSCALE);
}
where: & = bitwise AND
| = bitwise OR
>> = bit shift, MSB to LSB
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FUNCTIONAL DESCRIPTION T8
Video Scaling, Cropping, and Temporal Decimation 1

If your taget machine has didient memory to statically store the scalirarv
ues locallythe READ operation can be eliminated.

NOTE: When scaling belw CIF resolution, it may be useful to use a singiélfi
as opposed to using botklfis. Using a singledid will ensure there are
no interfield motion artificts on the scaled outpWhen performing sin-
gle field scaling, the ertical scaling ratio will be twice as &g as when
scaling with both #lds. or example, CIF scaling from onesfd does not
require ag vertical scaling, bt when scaling from bothefids, the scaling
ratio is 50%.Also, the non-interlaced bit should be reset when scaling
from a single &ld (INT=0 in theVSCALE_HI register).

Table5 lists scaling ratios forarious video formats and thegrister \alues
required.

Table 5. Scaling Ratios f or Popular Formats Using Frequenc vy Values

HSCALE | VSCALE Register Values
Output
. . ) .
Scaling Ratio Format Total Resolution (Alzteijglg?)?gls) Register Use Both Single
Values Fields Field
Full Resolution | NTSC SQ Pixel 780x525 640x480 0x02AA 0x0000 N/A
1:1 NTSC CCIR601 | 858x525 720x480 0x00F8 0x0000 N/A
PAL CCIR601 864x625 720x576 0x0504 0x0000 N/A
PAL SQ Pixel 944x625 768x576 0x033C 0x0000 N/A
CIF NTSC SQ Pixel | 390x262 320x240 0x1555 O0x1EO0 0x0000
2:1 NTSC CCIR601 | 429x262 360x240 0x11FO0 Ox1EO0 0x0000
PAL CCIR601 432x312 360x288 0x1A09 Ox1EO0 0x0000
PAL SQ Pixel 472x312 384x288 0x1679 0x1E00 0x0000
QCIF NTSC SQ Pixel 195x131 160x120 OX3AAA 0x1A00 Ox1EO00
4:1 NTSC CCIR601 | 214x131 180x120 0x3409 0x1A00 Ox1EO0
PAL CCIR601 216x156 180x144 0x4412 0x1A00 Ox1EO0
PAL SQ Pixel 236x156 192x144 0x3CF2 0x1A00 0x1E00
ICON NTSC SQ Pixel | 97x65 80x60 0x861A 0x1200 0x1A00
8:1 NTSC CCIR601 | 107x65 90x60 0x7813 0x1200 0x1A00
PAL CCIR601 108x78 90x72 0x9825 0x1200 0x1A00
PAL SQ Pixel 118x78 96x72 O0x89ES5 0x1200 0x1A00
Notes: (1). Including sync and blanking interval.

Image Cropping

Cropping enables the user to output anbsection of the video imagehe start of
the actve area in theertical direction is referenced YRESET (beginning of a
new field). In the horizontal direction it is referenced®ESET (beginning of a
new line). The dimensions of the ae# video rgion are defied by HDELA,
HACTIVE, VDELAY, andvACTIVE. All four registers are 10-bitaluesThe two
MSBs of each mgister are contained in the OR rayister while the laver eight
bits are in the respeed HDELAY_LO, HACTIVE_LO, VDELAY_LO, and
VACTIVE_LO raisters.The \ertical and horizontal delayalues determine the
position of the cropped image within a frame while the horizontal aerittal ac-
tive values set the pét dimensions of the cropped image as illustrated in
Figurel5s.
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Figure 15. Effect of the Cr opping and Active Register s
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Video Scaling, Cropping, and Temporal Decimation

Cropping Register s Horizontal Dela y Register (HDELA Y) For video decoding, HDELA s pro-
grammed with the number of gits between horizontal sync and thistfpixel of
each line to be displayed or capturedr GPIO SPIOUTHDELAY is pro-
grammed with the number of gibs between thafling edge of HRESET and the
rising edge of HETIVE. HDELAY should be ven number to get CB as thesfi
pixel, an odd number for Cr

The reister \alue is programmed with respect to the scaled frequelnck.

Horizontal Active Register (HA CTIVE) For video decoding, HBTIVE is pro-
grammed with the actual number of displayed or captureelspper line. Br
GPIO SPIOUTHACTIVE is programmed with the number of eig that HAC-
TIVE signal is high after the HBTIVE signal goes high.
The reyister \alue is programmed with respect to the scaled frequanck.
The video line can be considered a combination of three components:

Back porch and Sync -
Active Video - Defined by HACTIVE
Front Porch - Total scaled pixels—HDELAY-HACTIVE

For uncropped images, the squareephalues for these components at 4xFsc

Defined by HDELAY

are:
CLKx1 CLKx1 CLKx1 CLKx1
Front Porch HDELAY HACTIVE Total
NTSC 21 135 754 910
PAL/SECAM 27 186 922 1135

Therefore, for uncropped images:

HDELAY (NTSC)
HDELAY (PAL)

= (135/754 * HACTIVE) & Ox3FE
= (186/922 * HACTIVE) & Ox3FE

For cropped images, HDEYAcan be increased and IEAIVE decreased such
that HDELAY + HACTIVE < 889 * HSCALE for NTSC ang 1108 * HSCALE
for PAL. If HDELAY + HACTIVE is too much, then you will see front or back

porch piels.

Figure 16. Regions of the Video Signal
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The Vertical Dela y Register (VDELA Y) For video decodingVDELAY is pro-
grammed with the number of half lines between the end of the serration pulses and
the frst line to be displayed or captured.

For GPIO SPIOUTVDELAY is programmed with the number of half lines be-
tween the rising edge ¥RESET and the rising edge ®ACTIVE.

The rayister \alue is programmed with respect to the unscaled input signal.
VDELAY must be programmed to avem number toweid apparent &ld reversal.

The Vertical Active Register (Vv ACTIVE) For video decoding and GPIO SPIOUT
VACTIVE is programmed with the number of lines in one frame for the source vid-
€o.

NOTE: It is important to note the dérence between the implementation of the
horizontal rgisters (HSCALE, HDELX, and HACTIVE) and the
vertical rejisters (VSCALE,VDELAY, andVACTIVE). Horizontally
HDELAY and HACTIVE are programmed with respect to the scaled
pixels defned by HSCALE.Vertically, VDELAY and VACTIVE are
programmed with respect to the number of lines before scaling (before
VSCALE is applied).

For GPIO SPI IN, the gisters HDELA, HACTIVE, VDELAY, andvACTIVE
are not used.
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FUNCTIONAL DESCRIPTION 0%

Temporal Decimation

Temporal decimation puides a solution for video synchronization during periods
when full frame rate cannot be supported due to bandwidth and system restrictions.

For example, when capturingvié video for storage, system limitations such as
hard disk transfer rates or systeustbandwidth may limit the frame capture rate.
If these restrictions limit the frame rate to 15 frames per seconB{88s time
scaling operation will enable the system to captuegyeother frame instead of al-
lowing the hard disk timing restrictions to dictate which frame to capfinis.
maintains anen distrilution of captured frames and aflgtes the “jerly” effects
caused by systems that simplyrét in data when the bandwidth becomesila
able.

The Bt879 provides temporal decimation on either eldi or frame basislhe
temporal decimation gester (TDEC) is loaded with alue from 1 to 60 (NTSC)
or 1 to 50 (RL/SECAM). This wvalue is the number ofdids or frames skipped by
the chip during a sequence of 60 for NTSC or 50 Ai/BECAM. Skipped flds
and frames are considered inaetiwhich is indicated by thHeCTIVE pin remain-
ing low.

Examples:

TDEC = 0x02 Decimation is performed by frames. Two frames are
skipped per 60 frames of video, assuming NTSC decod-
ing.

Frames 1-29 are output normalyenACTIVE re-
mains lav for one frame. Frames 31-59 are then output
followed by another frame of inaeti video.

TDEC = Ox9E Decimation is performed by fields. Thirty fields are out-

put per 60 fields of video, assuming NTSC decoding.
This value outputswery other feld (every odd feld) of
video starting with &ld one in frame one.

TDEC = 0x01 Decimation is performed by frames. One frame is skipped
per 50 frames of video, assuming PAL/SECAM decod-
ing.

TDEC = 0x00 Decimation is not performed. Full frame rate video is out-
put by theBt879

When changing the programming in the temporal decimatigistez 0x00
should be loadedrBt, and then the decimatioalue.This will ensure that the dec-
imation counter is reset to 0. If 0 is nesfiloaded, the decimation may start oy an
field or frame in the sequence of 60 (or 50 {AaL/SECAM). On paverup, this
preload is not necessary because the counter is internally reset.

When decimating éids, the FLIBALIGN bit in the TDEC register can be pro-
grammed to choose whether the decimation starts with an elddofi an een
field. If the FLDALIGN bit is set to logical 0, therft field that is dropped during
the decimation process will be an odeldi Cowersely setting the FLBLIGN bit
to logical 1 causes theen field to be droppedr8t in the decimation process.
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Bt878/879
Single-Chip \eo and BoadcastAudio Captue for the PCI Bus

The Hue Adjust Register

(HUE)

The Contrast
Adjust Register
(CONTRAST)

The Saturation

Adjust Register s (SAT_U,

SAT V)

The Brightness Register

(BRIGHT)

Video Adjustments
TheBt879 provides programmable hue, contrast, saturation, and brightness.

The HueAdjust Rajister is used to tet the hue of the decoded signal. In NTSC,
the hue of the video signal is dedid as the phase of the subcarrier with reference
to the lurst. The value programmed in thisgister is added to or subtracted from
the phase of the subcartiehich efectively changes the hue of the vidébe hue

can be shifted by plus or minus 9@dees. Because of the nature ALFSECAM
encoding, hue adjustments can not be made when dec@divgECAM.

The ContrasAdjust Rayister (also called the lumaig) prorides the ability to
change the contrast from approximately 0% to 200% of the origahag \fhe de-
coded luma alue is multiplied by the 9-bit cdéfient loaded into this gister

The Saturatio\djust Reyisters are additional color adjustmergisters. It is a
multiplicative gain of the U and/ signals.The \alue programmed in thesegis-
ters are the co€ients for the multiplicatiorThe saturation range is from approx-
imately 0% to 200% of the originahlue.

The Brightness Rgster is simply an det for the decoded lumalie.The pro-
grammed walue is added to or subtracted from the original lumlaes which
changes the brightness of the video oufplbié luma output is in the range of 0 to
255. Brightness adjustment can be madkr a range of —128 to +127.

Automatic Chr ominance Gain Contr ol

TheAutomatic Chrominance Gain Control compensates for reduced chrominance
and colorburst amplitudes. Here, the colourst amplitude is calculated and com-
pared to nominalThe colordifference signals are then increased or decreased in
amplitude according to the colburst amplitude dference from nominalThe

range of chrominancea is 0.5-2 times the original amplitudéis compensa-

tion coeficient is then multiplied by the Saturatiddjust value for a total chromi-
nance gin range of 0-2 times the original signalitomatic chrominanceain
control may be disabled.

32
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FUNCTIONALDESCRIPTION S ‘

Low Color Detection and Remo val

If a colorburst of 25 percent (NTSC) or 35 perceral(FSECAM) or less of the
nominal amplitude is detected for 127 conseeusican lines, the colalifference
signals U and/ are set to OWhen the lav color detection is acste, the reduced
chrominance signal is still separated from the composite signal to generate the lu-
minance portion of the signdlhe resulting Cr and Chalues are 128. Output of

the chrominance signal is re-enabled when a dmlmst of 43 percent (NTSC) or

60 percent (RL/ISECAM) or greater of nominal amplitude is detected for 127 con-
secutve scan lines. Lw color detection and rensal may be disabled.

Coring

TheBt879video decoder can perform a coring function, in which it forcesahll v
ues belar a programmed el to be 0.This is useful because the humam és
more sensitie to \ariations in black images. By taking nddack images and
turning them into black, the image appears clearer toyéhe e

Four coring alues can be selected: 0, 8, 16, or 3%alimack. If the total lu-
minance lgel is belav the selected limit, the luminance signal is truncated to the
black \alue. If the luma range is limited (i.e., black is 16), then the coring circuitry
automatically taks this into account and references the approprites for
black. Coring is illustrated iRigurel7.

Figure 17. Coring Map
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VBI Data Output Interface

A frame of video is composed of 525 lines for NSTC and 625A0/FECAM.
Figurel8illustrates an NTSC video frame, in which there are a number of distinct
regions.The video image or picture data is contained in the odd \ee felds
within lines 21 to 263 and lines 283 to 525, respebti Each feld of video also
contains a rgion for \ertical synchronization (lines 1 through 9 and 263 through
272) as well as a gioon which can contain non-video ancillary data (lines 10
through 20 and 272 through 288Je will refer to these ggons which are between

the \ertical synchronization ggon and the video picturegi®n as th&/BI portion

of the video signal.

Figure 18. Regions of the NTSC Video Frame

Lines 1-9 Vertical Synchronization Region
Lines 10-20 Vertical Blanking Interval
=]
o
i
3
Lines 21-263 Video Image Region o
Lines 263-272 Vertical Synchronization Region
Lines 272-283 Vertical Blanking Interval =
@
LL
&
Lines 283-525 Video Image Region o

Figure 19. Regions of the P AL Video Frame (Fields 1, 2,5, and 6)

Lines 1-6 Vertical Synchronization Region
Lines 7-23 Vertical Blanking Interval
o
°
L
3
Lines 24-310 Video Image Region ©]
Lines 311-318 Vertical Synchronization Region
Lines 319-335 Vertical Blanking Interval
=}
o)
i
g
Lines 336-625 Video Image Region O
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VBI Line Output Mode

TheBt879is able to capturgBl data and store it in the host memory for later
processing by thBt879VBI decoder softw@re. Two modes oWBI capture &ist:
VBI line output mode andBI frame output mode. Both types of data may be cap-
tured during the sameefd.

In theVBI line output modeYBI capture occurs during thesktical blanking in-
tenal. The start oVBI data capture is set by thBI_HDELAY bit in theVBI
Paclet Size/Delay rgister and is in reference to the trailing edge of HIRESET
signal. The number of WORDs of VBI data is selected by the usdfach
DWORD contains 4Bl bytes, and eacWBI pixel consists of twVBI samples.
For example, for a gien 800 piel line in theVBI region, there gist 1600VBI
samples, which are eguaient to 400 WORDs ofVBI data. TheVBI_PKT_HI
andVBI_PKT_LO rgjister bits are concatenated to create the 9atitevfor the
number of IVORDs to be captured.

VBI line data capture occurs when the CAPTURE_VBI_EVEdister bit is
enabled for theven field, and CAPTURE_VBI_ODD ggster bit is enabled for
the odd feld. TheVBI data is sampled at a rate of 8*Fsc and is stored in the FIFO
as a sequence of 8-bit samples. Line méiBkdata starts horizontally lgening
atVBI_HDELAY pixels from the trailing edge ®iRESETand ending after the
VBI_PKT number of BVORDSs. Line mod& Bl data starts ertically beinning at
the first line folloving VRESETand ending afACTIVE. VBI register settings can
only be changed on a per frame babieVBI timing is illustrated inFigure20.

Figure 20. VBI Timing

@ESET
7

| VBI_HDELAY | VBI_PKT # |
VDELAY |‘ 'l‘ 'l
‘ | I | VBI Line Data Capture |
HRESET
VACTIVE :
L]
v | |

Once the/Bl data has been captured and stored iBtB&Z9FIFO, it is treated
as aw other type of data. It is outpwer the PCI bs via RISC instructions. If the
number ol/BI lines desired by the user is smaller than the enéirgécal blanking
region, the &tra data will be discarded by the use of the SKIP RISC instruction.
Alternatively, if the user desires a tgrVBI region in theVBI line output mode,
the \ertical blanking rgion can bex@ended by setting théDELAY register to the
appropriate &lue.TheVBI line output mode can infefct extend the/Bl region to
the entire #&ld. Figure21 shavs a block diagram of théBI section.

’N Rockwell
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Figure 21. VBI Section Bloc k Diagram

Video Data Format Converter

FIFOs DMA Controller  PCI Initiator je—s
. . PCI
YCrCb 4:2:2, 4:1:1 N 70x36 . Bus
Ar_lglog VBI Format | beceonnmonnl Address Generator
Video _ /' apc |P¥a,| csc/Gamma »| Cb:35x36 > FIFO Data MUX
MUX TCrdsae ]
8-Bit Dither - Instruction
# Dwords > Queue

In theVBI frame output mode, théBIl data capture occurs in the agtivideo
region and includes all the horizontal blank/sync information in the data stream.
This feature can be used to yide a high quality still-capture of videdhe data
is vertically bound bginning at the fist line duringACTIVE and ending after a
fixed number of pa&ks. The data stream is pasticed into a series of
256-DWORD blocks.

A fixed number of BWORD blocks (434 for NTSC and 650 foklB are cap-
tured during eachdld. This is equialent to 111,104 WORDs for NTSC (434 *
256 DNVORDs) and 166,400\ WORDs for AL (650 * 256 DNVORDs) per #ld.
TheVBI frame capture rgion can bexended to include the 10 lines prior to the
defaultVACTIVE region by setting the EXT_FRAME géster bit VDELAY must
also be set to its minimuralue of 2.The extended MVORD block size is 450
DWORD blocks for NTSC and 674BORD blocks for RL.

The VBI frame data capture occurs during thgere field when the
CAPTURE_EVEN rgister bit is set and the COLOR_EVEN bit is set to ra
mode, and during the od@fl when the CAPTURE_ODD gester bit is set and
the COLOR_ODD hit is set towamode.The captured data stream is continuous
and not aligned with HSYNC.
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Pixel Data Path

Video Contr ol Code
Status Data

Video Data Format Con version

The video decoder/scaler portion of tB#79 generates a video data stream in
pacled 4:2:2YCrCb format.The video data is then color spacested and for
matted in a 32-bit wide WORD. Figure22 shaws the steps in ceerting the vid-
eo data from padd 4:2:2YCrCb to the desired formatheYCrCb 4:2:2 data is
up-sampled to 4:4:4 format prior to e@nsion to RGB. It can then be dithered,
have gamma correction remved, or be presented directly to the byteygwircuit.

In the case where 4:1:1 data is desired, the 4:2:2 datt ddvn-sampled, then
pacled into BtYUV format (se@able7) or corverted to planar format anenti-
cally subsampled to achie theYUV9 format. Alternatively, pacled 4:2:2 data
may be cowerted to planar 4:2:2 andertically sub-sampled t6UV12 format.
The \ertical subsampling is achied via the appropriate DMA instructions (see
the DMA controller section).

Bt879 also ofers aY8 color format, in which the chroma component of the
packed 4:2:2 data is stripped and the luma component issgdanko 8 bitsThis
format is otherwise kivan as gray scal@able6 shavs the \arious color formats
supported by thBt879and the mapping of the bytes onto 32-BiYORDs.

In addition to the pigl information, thd3t879sVideo Data Brmat Corerter pro-
vides four bits of video control status code to the FIH@&se four bits of status
code SATUSJ[3:0] are based on inputs from the video decoder/scaler block of the
Bt879and comey information about the pet data and the state of the video timing
(seeFigure22). STATUS[3:0] are used to specify the FIFO mode (jgalctr pla-

nar), pravide information rgarding the piel data (respecte position of the pigl

and number ofalid bytes), indicate if the pgt data is slid, and signal the end of

a capture enablecefd.

’N Rockwell
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Figure 22. Video Data Format Con verter

RGB
Linear
Gamma RGB
»—»| Correction »-
Removal FI[31:0]
From Bt879 Family 8-bit Dithered
Video Decoder/Scaler Up-sample | 4:4:4 SColor RGB To FIFO
L L ace L i L
Packed 4:2:2 Chroma Convarsion Dither st%ta%
Packed 4:2:2 Stripa%r(ljroma Y8 (Gray Scalez Planar 4:2:2 _
Pack Luma o
Planar 4:1:1 FIFO
Packed 4:2:2 [ Syp-sample Packed 4:1:1 BtYUV. | ;
™ cChroma o DMA
Controller
Packed to Planar 4:1:1 -
Planar > Vertical
Y Conversion Sub-sample
Packed to Planar 4:2:2 Chroma
Planar >
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_ Status[3:0] FI[35:32] \/
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Video Data Format Con version

Table 6. Color Formats

Pixel Data [31:0]

Format Dword Byte Lane 3 Byte Lane 2 Byte Lane 1 Byte Lane 0
[31:24] [23:16] [15:8] [7:0]
RGB32@ dwO Alpha R G B
dwo B1 RO GO BO
RGB24 dwl G2 B2 R1 Gl
dw?2 R3 G3 B3 R2
RGB16 dwO {R1[7:3],G1[7:2],B1[7:3]} {RO[7:3],G0[7:2],BO[7:3]}
RGB15 dwO {0,R1[7:3],G1[7:3],B1[7:3]} {0,R0O[7:3],G0[7:3],BO[7:3]}
YUY2—YCrCb 4:2:2 @ awo cro " Cbo Y0
dwl Cr2 Y3 Cb2 Y2
dwO Y1 Cr0 YO CbO
BtYUV—YCrCb 4:1:1 dwl Y3 Cr4 Y2 Cbh4
dw2 Y7 Y6 Y5 Y4
Y8 (Gray Scale) dwO Y3 Y2 Y1 YO
8-bit Dithered dwo B3 B2 B1 BO
VBI Data dwO D3 D2 D1 DO
dwO FIFO1 Y3 Y2 Y1 YO
dwl FIFO1 Y7 Y6 Y5 Y4
YCrCb 4:2:2 Planar
dwO FIFO2 Cbh6 Cbh4 Cb2 CbhO
dwO FIFO3 Cr6 Cr4 Cr2 Cr0
YUV12 Planar Vertically sub-sampled to 4:2:2 by the DMA controller
dwO FIFO1 Y3 Y2 Y1l YO
dwl FIFO1 Y7 Y6 Y5 Y4
dw2 FIFO1 Y11 Y10 Y9 Y8
YCrCb 4:1:1 Planar
dw3 FIFO1 Y15 Y14 Y13 Y12
dwO0 FIFO2 Cbh12 Ch8 Ch4 ChO
dwO FIFO3 Cr12 Cr8 Crd Cr0

YUV9 Planar

Vertically sub-sampled to 4:1:1 by the DMA controller

Notes: (1). The alpha byte can be written as 0 data, or not written.
(2). UYVY can be achieved by byte swapping.
3. All planar modes require HACTIVE register to be multiple of 16 pixels.

’N Rockwell
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YCrCb to RGB
Conversion

Gamma Correction
Removal

YCrCb Sub-sampling

The 4:2:2YCrCb data stream from the video decoder portion oBtB29 must be
converted to 4:4:4CrCb before the RGB cerrsion occurs, using an interpola-
tion filter on the chroma data paffhe even \alid chroma data pass through un-
modified, while the odd data is generated bgraging adjacentven dataThe
chroma component is up-sampled using the fofig equations:

Forn=0, 2, 4, etc.

Ch, = Ch,

Cr,=Cr,

Cbns1 = (Chy + Chyyi0)/2
Crpe1= (Cry + Cryi)/2

RGB Cowersion:

R = 1.164(Y-16) + 1.596(Cr—128)
G = 1.164(Y-16) — 0.813(Cr—128) — 0.391(Cbh—128)
B = 1.164(Y—16) + 2.018(Cb-128)

Y range = [16,235]
Cr/Cb range = [16,240]
RGB range =[0,255]

Bt879provides @mma correction rerval capability The available @mma alues
are:

NTSC: RGBout = RGBif?2
PAL: RGBout = RGBIrf-8

Gamma correction remal capability is not programmable on eldi basis.
Furthermore, gmma correction remval is not &ailable wherYCrCb data is out-
put.

The 4:2:2 data stream is horizontally sub-sampled to 4:1:1 using theifiglo
equations:

Forn=0, 4, 8, etc.:

Cby = (Chy, + Chy.)
Cr,=(Cr+ Ciy4)

Vertical sub-sampling is supported Bt879s YUV9 and YUV12 planar
modes. In these modes, the video datassfianarized and placed in the FIFO as
4:2:2 planar or 4:1:1 planar daféne FIFO data is therettically sub-sampled to
4:1:1 forYUV9 and 4:2:2 foiyUV12 formats.The \ertical sub-sampling is per
formed via RISC instructions that aneeeuted by the DMA controller

Table6, “Color Formats’ on page39 shawvs an @ample of a 4 pigl line for
YUV9 andYUV12 formats. In th&’UV12 format. Line 2 of Cr/Cb data is discard-
ed, and hence 4:2:2xtical sub-sampling is aclied. In thevUV9 format, lines
2-4 of Cr/Cb data are discarded, and hence 4:grlical sub-sampling is
achieved.
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Video Data Format Con version

Byte Swapping

Before the data enters the FIFO it passes throughay4wwix to allev swapping
of the bytes to support Macintosh (big endian) color data forriaes.piel

DWORD PDJ[31:0] maps onto the FIFO input FI[31:0he byte-svap mux
remaps the data bytesjtthyte lane 0 or bits[7:0] will still be considered thstfi
byte of the scan line. Refer Table7.

Table 7. Byte Swapping Map

Word Swap 0

Byte Swap 0 1 0 1

FIFO Inputs Outputs of FIFO Data Formatter
FI[31:24] PD[31:24] PD[23:16] PD[15:8] PD[7:0]
FI[23:16] PD[23:16] PD[31:24] PD[7:0] PD[15:8]
FI[15:8] PD[15:8] PD[7:0] PD[31:24] PD[23:16]
FI[7:0] PD[7:0] PD[15:8] PD[23:16] PD[31:24]

Note: The byte swapping mode is disabled during VBI data.

’N Rockwell
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Logical Or ganization

Video and Contr ol Data FIFO

The FIFO block accepts data from the video data formatecsion process Uff-
ers the data in FIFO memoithen outputs WORDs to the DMA Controller to be
burst onto the PClus.

The 630-byte data FIFO is logicallyganized into 3 sgments: FIFO1 = 70 ards

deep by 36 bits wide, FIFO2 = 35 x 36 bits, and FIFO3 = 35 x 36 hits. Each of the
140 FIFO data wrds praide for one WORD of pixel data and four bits of video
control code statu3his is illustrated irFigure23. The FIFOs are lge enough to
support eicient size brst transfers (16 to 32 data phases) in planar as well as
pacled mode.

Figure 23. Data FIFO Bloc k Diagram

From FIFO Input Data Formatter

FI[35:32] FI[31:0]

Control Status Code i i Pixel Data
FIFO Write Signals 3
(From VDFC)
FIFO1 3, FIFO Read Signals
70x36 (From DMA Controller)
FIFO Enable Signal v
(From Control —| | ... ... .....
Register) FIFO2
cb_ 3936 L (Synchronous o
FIFO Write Clock [ "7 FI-F-O-3 T P>(/:I Clock)
(Synchronous to
Video Decoder — * Cr 3536

Pixel Clock)

v

FIFO1 FIFO2 FIFO3
Output Output Output
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FIFO Data Interface

Loading data into the FIFO candie only when wlid pixels are present during the
even or the odd éld. The piel DWORD Pixl Data (PD) [31:0] is stored in
FI[31:0], and the video control code SMUS[3:0] is stored in FI[35:32 heVBI
data will be included in the captured sequeneBlfcapture capability is enabled.
The four bits of SATUS are used to encode information about thelpiata
and the state of the video timing unit (3able8, “Status Bit$ on page43). Video
timing and control information are passed through the FIFO along with the data
streamThe FIFO liffer isolates the asynchronous video input and PCI output do-
mains. Control of the input stream can only occur from the video timing unit of the
video decoder and from the canfred rgisters.The interaction and synchroniza-
tion of the DMA Controller and the RISC instruction sequence relies solely on the
output side of the FIFO.

Table 8. Status Bits

Status[3:0] Description
0110 FM1 | FIFO Mode: packed data to follow
1110 FM3 | FIFO Mode: planar data to follow
0010 SOL | First active pixel/data DWORD of scan line
0001 EOL | Last active pixel/data DWORD of scan line, 4 Valid Bytes
1101 EOL | Last active pixel/data DWORD of scan line, 3 Valid Bytes
1001 EOL | Last active pixel/data DWORD of scan line, 2 Valid Bytes
0101 EOL | Last active pixel/data DWORD of scan line, 1 Valid Byte
0100 VRE | VRESET following an even field—falling edge of FIELD
1100 VRO | VRESET following an odd field-rising edge of FIELD
0000 PXV | Valid pixel/data DWORD

Capturing data to the FIFOvadys bgins with a FIFO mode indicator code fol-
lowed by pixl dataThe FIFO Mode Indicator is to be stored in the FIFOs at the
beginning of eery capture-enabledefd, when the data format is changed
mid-field such as transitioning from pa&kvBI data to planar mode, and when
video capture of adid is asynchronously enabléithe mode status codes are al-
ways stored in planar format. FIFO1 rees two copies of the status code, while
FIFO2 and FIFO3 each regeione cop.

The SOL code is paekl in the FIFO with therft valid pixel data byte, which
is the frst pixel DWORD for the scan linélhe EOL code is paekl in the FIFO
with the last alid pixel data byte, which is the lastWIDRD location written to the
FIFO for the scan lineThe EOL code indicates one to fouwalid bytes.The
VRE/VRO code is stored in the FIFO at the end of a capture-enablddTie
DMA controller actvates the appropriate PCI byte enables by the timeem gi
DWORD arrves on the output side of the FIFO.
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The DMA Controller will guarantee that the FIFO does ribttfierefore the
VDFC has no responsibility for FIFGrerruns.The DMA Controller will be able
to resynchronize to data streams that are shorter or longexibecte.

Planar mode and pastt mode data can be present in the FIFOs at the same time
if a bus access latep@ersists across a FIELD transition, or if pedkBl data
proceeds planafCrCb data.

Physical Implementation The three FIFO outputs are delied in parallel so that the DMA Controller can
monitor the FIFOs and perform skipping (reading and discarding data), if neces-
sary on all three simultaneously

Due to the latencin determining the number ofBORDs placed in each
FIFO, a FIFO Full (FFULL) condition is indicated prior to the FIFO count reach-
ing the maximum FIFO Siz&he FIFO is considered FFULL when the FIFO
Count (FCNT) alue equals orxeeeds the FFULL alue.Figure9 indicates the
FIFO size and FIFO Full/Almost Full counts in units WDRDs.

Table 9. FIFO Full/Almost Full Counts

FIFO Size FFULL FAFULL
FIFO1 70 68 64
FIFO2 35 34 32
FIFO3 35 34 32
Total 140 136 128

A read must occur on the samele as FFULL, otherwise data willerflow
and will be @erwritten.The maximum bs latencies forarious video formats and
modes are shn in Table10.

In planar mode the three FIFOs operate concurrently and independiently
pacled mode, hwever, the three FIFOs operate in a geat mode to prode the
maximum size bffer. FSIZE1, 2, 3 indicate the péical size of each FIFO.
FSIZET represents the totalffer size when the FIFOsork together in paad
mode.

FIFO Input/Output Rates The input and output ports of tB&879s FIFO can operate simultaneously and are
asynchronous to one another

The maximum FIFO input rateould be for consecwe writes of RL video at
17.73 MHz. Havever, there will neer be consecute-pixel-cycle writes to the
same FIFOThe fastest FIFO write sequence is F1, F2, F1,TiR@refore, thedst-
est write rate to anFIFO is less than or equal to half of thegpirate.

The maximum FIFO output read rate is one FIFgddnat the PCI clock rate (33
MHz). All three FIFOs can be read simultaneouSlgme kis systems may be de-
signed with PCI clocks sheer than 33 MHzThe Bt879data FIFO only supports
systems where the maximum input data rate is less than the output data rate. It can
support a input video clock (17.73 MH3aster than the PCI clock (16 MHz) as
long as the video data rate does n@ieed the wilable PCI lorst rate.
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Table 10. Table of PCI Bus Access Latencies

Max Bus
Video Format Resolution Mode Latency Before FIFO
Overfl ow (uS)
NTSC 30 fps 640 x 480 RGB32 10
RGB24 13
RGB16/YCrCb 4:2:2 20
YCrCb 4:1:1 27
Y8, 8-bit dithered, VBI 41
NTSC 30 fps 320 x 240 RGB32 20
RGB24 27
RGB16/YCrCb 4:2:2 41
YCrCb 4:1:1 55
Y8, 8-bit dithered, VBI 83
PAL/SECAM 25 fps 768 x 576 RGB32 8
RGB24 11
RGB16/YCrCb 4:2:2 17
YCrCb 4:1:1 23
Y8, 8-bit dithered, VBI 34
PAL/SECAM 25 fps 384 x 288 RGB32 17
RGB24 23
RGB16/YCrCb 4:2:2 34
YCrCb 4:1:1 46
Y8, 8-bit dithered, VBI 69
Effective Rate M Pixels/Sec
NTSC 640 x 480 12.27
NTSC 320 x 240 6.14
NTSC 720 x 480 13.50
PAL 768 x 576 14.75
PAL 384 x 288 7.38
Notes: 1. The above figures are based on a 33.33 MHz PCI bus.
2. Max Bus Latency before FIFO Overflow (uS) = FIFO FAFULL Limit (Effective Rate*Number of Bytes/Pixel)
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DMA Contr oller

TheBt879incorporates a unique DMA controller architecture whiglkegihe cap-

ture system great#ibility in its ability to delver data to memoryt is architected

as a small RISC engine which runs on a set of instructions generated and main-
tained in host system memory by 8879 device driver software.The video and

audio DMA controllers are identicakeept that the audio DMA controller does

not support planar mode instructions.

In this architecture, the DMA can dynamically changgegamemory address
from one video line to the re This enables multiple memory tgats to be estab-
lished for \arious components of each video framar. &ample, an NTSC video
frame contains four discrete components which require sepaggertaamory lo-
cations: gen field video image data, odcelil video image data, line 21 closed
captioning data, and line 15 teletelata.The Bt879 DMA can concurrently sup-
port a display memory tget for the een field image and three separate system
memory tagets for the odddid image, line 21 data and line 15 data, respalgti

TheBt879device driver software creates a RISC program which runs the DMA
controller The RISC program resides in host system menmidmpugh the use of
the PCI taget, the RISC program puts it&/o starting address inBt879register
and maks it aailable to the DMA controlleiThe DMA controller then requests
that the PCI initiator fetch an instructiofhe RISC instructionsvailable are
WRITE, SKIR SYNC, and JUMP

The decoded composite video data is stored iBtB@9 FIFO.The DMA con-
troller then presents the data to the PCl initiator and requests that the data be output
to the taget memoryThe PCI initiator outputs the pkdata on the PClus after
gaining access to the PQi4 It is the responsibility of the DMA controller to pre-
vent and manage theearflow of theBt879FIFOs.This is illustrated ifFigure24.
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Figure 24. Audio/Video RISC Bloc k Diagram
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TheBt879s FIFO DNORDs are perfectly aligned to the P@kbi.e., bit 0 of the
FIFO DWORD:s lines up with biAD[0] on the PCl lns.Thus, video scan line data
is aligned to tayet memory locations, and data path combinational logic between
the FIFO and the PCls is not required.
The taget memory for a gen scan line of data is assumed to be linaare-
menting, and contiguousoFa 1024-piel scan line a maximum of 4 kB of con-
tiguous plysical memory is required. Each scan line can be stosadhane in the
32-bit address spac&.scan line can be brek into sgments with each genent
sent to a dferent taget areaAn image liffer can be allocated to line fragments
arywhere in the pysical memoryas the line sequence is arbittary
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RISC Program Setup and

Sync hronization

RISC Instructions

There are tw independent sets of RISC instructions in the host memory: one for
the odd feld and the other for theen field. The frst field bayins with a synchro-
nization instruction (See SYNC Trable11) indicating packd or planar data from
the FIFO (SATUS[3:0] = FM1 or FM3)The frst field ends with a SYNC instruc-
tion indicating aneen or an odd éld to follov (STATUS[3:0] =VRE orVRO).
The second éld begins with a SYNC instruction and ends with a SYNC instruc-
tion followed by a JUMP instruction back to thesfifield. The SYNC instructions
allow the synchronization of the FIFO output and the RISC program start/end
points.

The softvare will set up a ped data fbw by creating a RISC instruction se-
guence in the host memory for the odd avehefields. The DMA controller nor
mally branches through the RISC instruction sequence via JUMP instrugtens.
RISC program sequence only needs to be changed when the parameters of the vid-
eo capture/preew mode change. Otherwise, the DMA controller continuously ¢
cles through the same program, which is set up once for control of an entire frame.

There are fie types of padd mode RISC instructions (WRITB/RITEC, SKIR
SYNC, JUMP) that control the data stored in the FIFQree additional planar
mode instructionsxést, which replace the simple pactkmodeVRITE/SKIP in-
structions. Instruction details are listedleble11. The DMA controller switches
from pacled mode to planar mode or vicersa based on the status codasifig
through the FIFOs along with the phdata.
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Table 11. RISC Instructions (1 of 4)

Instruction Opcode Dwords Description
WRITE 0001 2 Write packed mode pixels to memory from the FIFO beginning at the specified
target address.
DWORDO:
[11:0] Byte Count

[15:12] Byte Enables

[23:16] Reset/Set RISC_STATUS

[24] IRQ
[25] Reserved
[26] EOL
[27] SoL

[31:28] Opcode

DWORD1:

[31:0] 32-bit Target Address Byte Address of first pixel byte.
WRITE123 1001 5 Write pixels to memory in planar mode from the FIFOs beginning at the speci-

fied target addresses.

DWORDO:

[11:0] Byte Count #1 Byte transfer count from FIFO1

[15:12] Byte Enables

[23:16] Reset/Set RISC_STATUS

[24] IRQ
[25] Reserved
[26] EOL
[27] SoL

[31:28] Opcode

DWORD1:

[11:0] Byte Count #2 Byte transfer count from FIFO2
[27:16] Byte count #3 Byte transfer count from FIFO3
DWORD2:

[31:0] 32-bit Target Address Byte Address for Y data from FIFO1
DWORD3:

[31:0] 32-bit Target Address Byte Address for Cb data from FIFO2
DWORD4:

[31:0] 32-bit Target Address Byte Address for Cr data from FIFO3
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Table 11. RISC Instructions (2 of 4)

Instruction Opcode Dwords Description

WRITE1S23 1011 3 Write pixels to memory in planar mode from the FIFO1 beginning at the speci-
fied target addresses. Skip pixels from FIFO2 and FIFO3. This instruction is
used to achieve the YUV9 and YUV12 color modes, where the chroma compo-
nents are sub-sampled.

DWORDO:

[11:0] Byte Count #1 Byte transfer count from FIFO1

[15:12] Byte Enables

[23:16] | Reset/Set RISC_STATUS

[24] IRQ
[25] Reserved
[26] EOL
[27] soL

[31:28] Opcode

DWORD1:

[11:0] Byte Count #2 Byte skip count from FIFO2

[27:16] Byte count #3 Byte skip count from FIFO3

DWORD2:

[31:0] 32-bit Target Address Byte Address for Y data from FIFO1
WRITEC 0101 1 Write packed mode pixels to memory from the FIFO continuing from the cur-

rent target address.

DWORDO:

[11:0] Byte Count

[15:12] Byte Enables

[23:16] Reset/Set RISC_STATUS

[24] IRQ

[25] Reserved

[26] EOL

[27] SOL Cannot be set

[31:28] Opcode
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Table 11. RISC Instructions (3 of4)

Instruction Opcode Dwords Description
SKIP 0010 1 Skip pixels by discarding byte count # of bytes from the FIFO. This may start
and stop in the middle of a DWORD.
DWORDO:
[11:0] Byte Count

[15:12] Reserved

[23:16] Reset/Set RISC_STATUS

[24] IRQ
[25] Reserved
[26] EOL
[27] soL

[31:28] Opcode

SKIP123 1010 2 Skip pixels in planar mode by discarding byte count #1 of bytes from the FIFO1
and byte count #2 from FIFO2 and FIFO3. This may start and stop in the mid-
dle of a DWORD.

DWORDO:

[11:0] Byte Count #1

[15:12] Reserved

[23:16] | Reset/Set RISC_STATUS

[24] IRQ
[25] Reserved
[26] EOL
[27] soL

[31:28] Opcode

DWORD1:

[11:0] Byte Count #2

[27:16] Byte Count #3
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Table 11. RISC Instructions (4 of 4)

Instruction Opcode Dwords Description

JUMP 0111 2 Jump the RISC program counter to the jump address. This allows uncondi-
tional branching of the sequencer program.

DWORDO:

[15:0] Reserved

[23:16] Reset/Set RISC_STATUS

[24] IRQ

[27:25] Reserved

[31:28] Opcode
DWORD1.:

[31:0] Jump Address DWORD-aligned

SYNC 1000 2 Synchronize all data in FIFO until the RISC instruction status bits equal to the
FIFO status bits.

DWORDO:

[3:0] Status

[14:4] Reserved

[15] RESYNC A value of 1 disables FDSR errors

[23:16] Reset/Set RISC_STATUS

[24] IRQ

[27:25] Reserved

[31:28] Opcode
DWORD1.:

[31:0] Reserved
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Each RISC instruction consists of 1 to W/DRDs.The 32 bits in the YORDs
relay information such as the opcodegétraddress, status codes, synchronization
codes, byte count/enables, and start/end of line codes.

The SOL bitin th&/RITE and SKIP instructions indicate that this particular in-
struction is the fit instruction of the scan lin&€he EOL bit in theVRITE and
SKIP instructions indicates that this particular instruction is the last instruction of
the scan lineAn EOL flag from the FIFO along with the last\ABDRD for the scan
line coincide with finishing the last instruction of the scan line. If the FIFO EOL
condition occurs earyhe current instruction and all instructions leading up to the
one that contains the EOLlaf will be aborted. If there is only one instruction to
process the line, both SOL and EOL bits will be set.

WRITE, WRITEC, and SKIP control the processing of eepixel data stored
in the FIFO.These three instructions alone control the sequenpaakied mode
data written to tayet memory on a byte resolution ba3ise WRITEC instruction
does not supply a @t address. Instead, it relies on continuing from the current
DMA pointer contained in the get address countérhis value is updated and
kept currenteen during SKIP mode or FIFQverruns. Havever, WRITEC cannot
be used to l@n a nev line; i.e., this instruction cannotvethe SOL bit set.

WRITE123,WRITE1S23, and SKIP123 control the processing ofagiixel
data stored in the FIFO$hese three instructions alone control the sequence of
planar modedata written to tget memory on a byte resolution basi$e
WRITE1S23 instruction supports further decimation of chroma on a line basis. F
each of these instructions, the same number of bytes will be processed from FIFO2
and FIFO3.

The JUMP instruction is useful for repeating the savee/®dd program fone
ery frame or switching to a weprogram when the sequence needs to be changed
without interrupting the pid flow.

The SYNC instruction is used to synchronize the RISC program and e pix
data streamThe DMA controller achiees this by using of the status bits in
DWORDO of the SYNC instruction and matching them to the four FIFO status bits
provided along with the pied data. Once the DMA controller has matched the sta-
tus bits between the FIFO and the RISC instruction, it proceeds with outputting da-
ta. Prior to establishing synchronization, the DMA controller reads and discards
the FIFO data.

Opcodes 0000 and 1111 are resdrto detect instruction errors. If these op-
codes or the other unused opcodes are detected, an interrupt willlifedaMA
controller will stop processing until the RISC program is re-enalblgd.also ap-
plies to SYNC instructions specifying unused or resgistatus codes. Detecting
RISC instruction errors is useful for detecting safteverrors in programming, or
ensuring that the DMA controller is follang a \alid RISC sequence. In other
words, it ensures that the program counter is not pointing to the wrong location.

All unused/reserd bits in the instruction\WORDs must be set to O.
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Comple x Clipping

It is necessary to be able to clip the video image before it is put onto the$Cl b
when writing video data directly into on-screen display menidrg Bt879 sup-
ports complg clipping of the video image for those applications which require the
displayed video picture to be occluded by graphics objects such as wull-do
menu, @erlaying graphics windme, etc.Typically, a taget graphics frameuffer
controller cannot prdde overlay control for the video pet data stream when it
being preided by a PCIl bs master peripheral to the graphics PCI host axerf

The Bt879implements clipping by blocking the video image as it is being put
onto the PCI bs in the areas where graphics are to be displayed, that is, where
graphics objects are Verlaying” the video imag&-he Bt879 cuts out portions of
the video image so that it can “inlay” or diround the displayed graphics objects.

A clip list is provided through the graphics system DirectDRAnterface
(DDI) provider to theBt879 device driver software.This indicates the areas of the
display where the video image is to be occludéddBt879driver software inter
prets the clip list and generates a RISC program that blocks writing of vidd® pix
that are to be occluded, as illustratedrigure25.

Figure 25. Example of Bt879 Performing Comple x Clipping
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Executing Instructions

FIFO Overrun Conditions

Once the DMA controller has ackiedl synchronization between the FIFO and the
RISC program, it starts withkecuting the RISC instructionghe data in the FIFO
will be aligned with the data bytegpmected by the RISC instructionghe DMA
controller reads RISC instructions and performsbwrites from the FIFO.

The DMA controller can be programmed taitvfor 4, 8, 16, or 32 /ORDs
in the FIFO beforexecuting aVRITE instruction. Setting this FIFO trigger point
optimizes the bs eficieng by not allaving the DMA controller to access thash
every time a WVORD enters the FIFO. Keever, the FIFO trigger point is ignored
when the DMA controller is near the end of an instruction and the number of
DWORD:s left to transfer is less than the numberW@RDS in the FIFO. By al-
lowing the instruction to completeyen if the FIFO is belw its trigger point, the
RISC instructions can bauhed sooner fowery scan line. Otherwise, the DMA
controller may hee to wait for mary scan lines before the required number of
DWORDs are present in the FIFO, especially when capturing highly scaled do
imagesThere may be seral horizontal lines before anotheMf®RD enters the
FIFO.

The FIFO trigger point is ignored by the DMA controller during all SKIP in-
structions. In the planar mode, the trigger points for the FIFOs should be set to the
same lgel, even though the luma data is being stored irvtf¢FO at least twice
as hst the chroma data is being stored in the Cr and Cb FTR3®nsures that the
Y FIFO will be selected fst to urst data onto the PCub.

When the initiator is disconnected from the PQ$ kvhile in the planar mode,
it is essential to @ain control of the s as soon as possible and toelary
gueued DVORDs.The DMA controller will ignore the FIFO trigger point as it
needs to empty the FIFO immediatedtherwise it may not lva a chance to empty
the rest of the FIFOs before it has to relinquish tieThis is not a concern in the
pacled mode because all three FIFOs are treated as geeHdO.

The DMA controller immediately stopsiist data writes and RISC instruction
reads when the PCI gt detects a parity error while the PCI initiator is reading
the instruction datalhis condition also causes an interrupt.

There will be cases where tB&879 PCI initiator cannot gin control of the PCI
bus, and the DMA controller is not able taeeute the necessaWRITE instruc-
tions. Instead of writing data to thad) the DMA controller reads data out of the
FIFO and discards the data.the FIFO, it appears as if the DMA controller is out-
putting to the bs.This allonvs the FIFO werruns to be handled gracefyllyith
minimal loss of datalhe Bt879is not required to abort a whole scan during FIFO
overruns.The DMA controller leeps track of the data to the nearest byte, and is
able to delier the rest of the scan line in case the FIM®rmin condition is
cleared.
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The Bt879 DMA controller is normally monitoring the FIFO Full counters
(FFULL) to determine hw full the FIFOs are. Hwever, before the DMA control-
ler begins a lorst write operation to proces$\#RITE instruction, it is desirable to
have some headroom in the FIFO to allfor more data to enter while the PCI ini-
tiator is waiting for the taget to respond. Hence, tB&879monitors the FIFQ\I-
most Full (RFULL) counts. The diference between FFULL andAFULL
provides the necessary headroom to handgetdateng.

Prior to the DMA controllerxecuting the address phase of a PCI write trans-
action to process WRITE instruction, the FIFO countlue must be belo the
FAFULL level.At all other times, the FIFOs must be maintainedwéie FFULL
level. The FIFO counters for all three FIFOs are monitored for full/almost full con-
ditions in both planar and pas# modes.

Once the DMA controller lggns the PCI bs transaction, it has committed to a
target DMA start address. If the FIF@earflows while it is vaiting for the taget to
respond, then the initiator must terminate the transaction just after dglé rier
spondsThis is because the DMA controller will\eto start discarding the FIFO
data, since the tget pointer and the data are out of syfrtds terminating condi-
tion will be communicated to tH&879device driver by setting an interrupt bit that
indicates intedcing to unreasonably sidamgets.

If an instruction is xhausted while the FIFO is in awesrun condition, the
Bt879 DMA controller will continue discarding the FIFO data during thgt ne
pre-fetched instruction as well. If the DMA controller runs out of RISC instruc-
tions, the FIFO continues tdlfup, and PCI bs access is still denied, the DMA
controller will continue discarding FIFO data for the remainder of that scan line.
Once théBt879DMA controller detects the EOL control bits from the FIFO, it will
attempt to gin access to the PClus and resynchronize itself with the RISC in-
struction EOL status bits. Maver, if the DMA controller is not successful in get-
ting control of the bs, it will keep track of the number of scan lines discarded out
of the FIFO and will resynchronize itself with the RISC program based on the
number of EOL control signals detected.

The planar mode requires that the DMA controlleegriority to theY FIFO
to be emptied fst. If there is a@ry long lateng in getting access to the PQld)
all three FIFOs will be almost full when thasis fhally grantedWhile bursting
theY data, the CrCb data is 8ky to overflow. Attempting to delrer data from each
FIFO to the s will yield poor lns performance. Preference igagi to they FIFO
to finish the lrst write operation, and if Cr or Cb FIFOs each reach a full condi-
tion, the DMA controller will discard their data in parallel to deting theY data.
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FIFO Data Stream
Resync hronization

The Bt879 DMA controller is constantly monitoring whether there is a mismatch
between the amount of datepected by the RISC instruction and the amount of
data being pnaded by the FIFOThe DMA controller then corrects for the mis-
matches and realigns the RISC program and the FIFO data stream.

For example, if the FIFO contains a shorter video line thgoeeted by the
RISC instruction, the DMA controller detects the EOL control code from the FIFO
earlier than epectedThe DMA controller then aborts the rest of the RISC instruc-
tions until it detects the EOL control code from the RISC program.

If the FIFO contains a longer video line thapected by the RISC instruction,
the DMAC will not detect the EOL control code from the FIFO at tkgeeted
time. The DMAC will continue reading the FIFO datawever it will discard the
additional FIFO data until it reaches the EOL control code from the FIFO.

Similarly, if the FIFO proides a smaller number of scan lines peldfthan &-
pected by the RISC program, the end eldficontrol codes from the FIFO
(VRE/VRO) will arrive early The DMA controller then aborts all RISC instruc-
tions until the SYNC status codes from the RISC instruction match the eattlof fi
status codes from the FIFO.

If the FIFO praides a lager number of scan lines peglfl than &pected by the
RISC program, the end o&fd control codes from the FIFO (VRE/ @R will not
arrive at the gpected timeAgain, the FIFO data is read by the DRAnd dis-
carded until the SYNC status codes from the RISC instruction match the end of
field status codes from the FIFO.

The DMA controller manages all of the akoerror conditions, i the FIFO
Data Stream Resynchronization interrupt bit will be set as well.
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Normal PCI Mode

430FX
Compatibility Mode

Multifunction Arbiter

An internal arbiter is necessary to determine whether the video or audio DMA con-
trollers claims the PCIus when &NT is issued to thBt879. Only one of the tew
functions may actually see ti&NT active during ag one PCI clock ycle. This

also ensures that only one function can park onub& he folloving rules outline

the arbitration algorithnThe internal signalREQ0:1] andGNT[0:1] are for the
video Function 0 and the audio Function 1 respelsti

The PCIREQsignal is the logical-or of the incoming function requekh® inter

nal GNTJ[0:1] signals are @ted asynchronously witBNT and demultipleed by
the audio request signdhus the arbiter defilts to the video function atwer-up

and parks there during no requests s accesslhis is desirable since the video
will request the bs more often. Heever, the audio will hge highest bs access
priority. Thus the audio will hze first access to theib een when issuing a request
after the video requestibbefore the PChaernal arbiter has granted access to the
Bt879. Neither function can preempt the other once on tieeThe duration to
empty the entire video PCI FIFO onto the PG$ Iis \ery short compared to the
bus access latepthe audio PCI FIFO can tolerate.

When using the 430FX PCI, the folimg rules will ensure compatibility:
1 DeasserREQat the same time as assertFigAME.
2 Do not reasseREQto request anotheub transaction until aftemiish-
ing the preious transaction.

Since the indiidual bus masters do not ¥ direct control oREQ, a simple
logical-or of video and audio requestsud violate the ruled hus, both the arbi-
ter and the initiator contain 430FX compatibility mode logiz.enable 430FX
mode, set the EN_TBFX bit as indicated ‘iDevice Control Rgistef’ on
pagel04

When EN_TBFX is enabled, the arbiter ensures that thedmpatibility rules
are satistd. BeforeGNT is asserted by the PCI arbijtétis internal arbiter may
still logical-or the tvo requests. Heever, once the&GNT is issued, this arbiter must
lock in its decision and moroute only the granted request to BEQ pin. The ar
biter decision lock happensgardless of the state BRAME because it does not
know whenFRAME will be asserted (typically - each initiator will asSERAME
on the gcle following GNT).

WhenFRAME is asserted, it is the initiatsrresponsibility to reme its re-
guest at the same time. It is the arb#te€sponsibility to all this request todiv
through toREQand not allav the other request to hdREQassertedlhe decision
lock may be remeed at the end of the transaction: faample, when theus is
idle FRAME andIRDY). The arbiter decision may then continue asynchronously
until GNT is again asserted.
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Interfacing with Non-PCI A small percentage of core logicuvilees may start aus transaction during the
2.1 Compliant Core Logic same gcle thatGNT is de-assertedhis is non PCI 2.1 complianfo ensure com-

patibility when using PCs with these PCI controllers, the EN_VSFX bit must be
enabled (refer tbDevice Control Rgistef on pagel04). When in this mode, the
arbiter does not pa€8NT to the internal functions unle&EQ is assertedThis
prevents a bis transaction from starting the sangele asGNT is de-asserted@his

also has the sidefett of not being able to takadwantage of bs parking, thus le-

ering arbitration performanc&he Bt879 drivers must query for these non-com-
pliant devices, and set the EN_VSFX bit only if required.
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DIGITAL AUDIO
PACKETIZER

The DigitalAudio Pacletizer (DAP) block decodes and paatizes seeral digital
audio formats that are input & CLK, ALRCK, andADATA. The Bt879 selects
either the digital audio input or the digitized audio tovenonto the audio FIFO
and audio DMA controller

Audio FIFO Memor y and Status Codes

The audio FIFO is identical to the video 36x35 FIFO memory blblek.36 bits
allow for two 16-bit samples (or four 8-bit samples) and a 4-bit status nikinde.
planar mode FM3 code and tMRE code are not generated from the audio pack-
etizer The SOL/EOL {1-4} codes bound thenitie size audio paeits (number of
bytes indicated bALP_LEN). The size of the data byteiffiers may typically be
set to the system memory page siZé& FM1 and/RO codes bound afiite num-
ber of packts.These delimiter codes are useful fonpding data deliery checks,
risc program loop checks, and synchronizafidre PXV code is used for alalid
audio samples between the petiking codes SOL/EOL.

Both the input and output side of the FIFO ruintioé PCI clock.

PCI Bus Latenc y Tolerance f or Audio Buff er

The lateng-effective size of the audio FIFO is essentially 3%ORDs or 64 sam-

ples of 16-bit audioThis allons for a maximum PCIus lateng of 286us at 224

KHz (381 ps at 149 KHz) sample rate beforeedlow will occur. This lateng

drops to 1431s when in 8-bit mode, because the rate is 4X and the number of bits
is half. The digital audio input muld tolerate a maximum latenof 667us at 48

KHz 16-bit L,R or 122us at 1 MB/s data before FIFQexflow.
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FIFO Interface

The audio FIFO decouples the high-speed PCI exterfrom the slw audio data
pacletizer The size vas chosen to pvide for eficient PCI lirsts and déctive
PCI tus lateng tolerance:

FSIZE = 35 FFULL=34  FAFULL=32

FIFO_WR must not be agg for two consecutie FWCLK g/cles.Thus each
word write must be follwed by at least one deagcte. FIFO_WR write data rate
must also be less than the FRCLK rate. Since FWCLK = FRCLK = PCI-CLK for
this instance, the write rate is not an issue.

The 6-bit DNVORD counter indicates the number dMORDs stored in the
FIFO. It is cleared when FIFO_EBLE is reset to 0. Otherwise, FIFO_WR —>
cntr++, and FIFO_RD —> cntt This counter is part of theAP block.

The 6-bit DNVORD counter will beaailable for monitoring on GP10[13:8] dur
ing delug mode (similar to the videoVBMORD counter monitor on GPIO[7:0]).

Figure26illustrates the FIFO inteaite.

Figure 26. FIFO Interface

FIFO WR ————» «——— FIFO_RD

FIFO
35x 36

FI[35:32] — | Status — FO[35:0]

FI[31:0] — | Data
<«— FIFO_ENABLE

FWCLK ——— «— FRCLK

6-bit DWORD Counter
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DIGITAL AUDIO PACKETIZER QW%

Audio P ackets and Data Capture

The audio samples are grouped into a line gacklengthALP_LEN bytesThe
audio line pacéts are also grouped together to form an audio fiaclet of length
AFP_LEN audio linesThus the number of data bytes in an audedfiis
ALP_LEN*AFP_LEN.The line and &ld concept applied to audio only seswo
delimit the real-time continuous data stream into ptcthat can be monitored for
error conditionsThe FIFO status and dataMl is belav.

FIFO Status FIFO Data

begin Audio Field

FM1 Don't care

begin Audio Line /lrepeat (AFP_LEN)
SOL audio DWORD
PXV audio DWORD //repeat (AFP_LEN)

EOL{1-4} audio DWORD or sub-DWORD
end Audio Line
VRO Don't care
end Audio Field

WhenACAP_EN is set high, the audio capture sequengmbd he frst 36-bit
word written to the FIFO contains the FM1 petknode status code YIORD
data portion = dom’care).The net word written contains 1 WORD of audio
samples and the SOL status codeenALP_LEN/4 - 2 words are written with the
PXV status code and one audio dat®@RD, followed by one more @rd of one
audio data WORD and the EOL status code. Each line of audio detayalbe-
gins DIWVORD aligned. SincALP_LEN has byte resolution, the last audio data
DWORD of the line may contain less thanalia bytes as indicated by the proper
EOL{1-4} code.This data is right-justifid. The net line starts BVORD aligned
again.

Regardless of where the audio is sourced (A/D, Diditadio, or Racket Data),
ALP_LEN alwvays controls the proper usage of EOL codésis in the case of the
A/D interface where data is presented as 16-bitds, an odd # of bytes used for
ALP_LEN would cause one byte to be lost since this bytelevnot be carried into
the net line. Similarly for the digital audio intea€e, which consists of L,Roxd
pairs, arALP_LEN not a multiple of four wuld cause data to be lost. So it is rec-
ommended thaALP_LEN be used with byte resolution for Datacket mode,
word resolution foA/D mode, and WWORD resolution for Digitafhudio mode.
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The audio data samples from the DDF are presented tcAR&a®16-bit wrds
or 8-bit bytes as determined byADSBR.The DAP packs wrds or bytes together
into DWORDs for writing into the FIFO. Usuallywo words are paad together
(little-endian format) into a WORD to be written into the audio FIFO. If
ALP_LENmod4 = 2 then the lastord of the line for the FIFO will contain only 2
valid bytes (EOL2).The ne&t 16-bit audio sample will lggn the net line
(right-justified, DNORD aligned). SimilarlyL,R digital audio wrd pairs are
pacled together (atays a DWVORD) and written to a common FIFO location. Data
bytes from the paeit mode intedce are collected intoORDs also, xcept for
the last WORD of the line which may ka fever than 4 alid bytesThe data fol-
lowing one line of lengtALP_LEN will begin the nat line (no data lost).

The ALP_LEN sequence is repeatédrP_LEN times.The last 36-bit wrd
written to the FIFO contains théRO end-of-audio-Bld status code (WORD
data portion = do'’care).This whole feld sequence repeats uMiCAP_EN is re-
set lav. The end of data capture will be synchronized withAR® code DVORD.
FIFO_ENABLE should be set high during audio capture to enable the FIFO. If
FIFO_ENABLE is reset, this will asynchronously (&lefect immediately) stop
capture (no more writing to the FIFO) and reset the capture state machine so that
machine will bgin the sequence from the start of avrffilmme (FM1...).
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Digital A udio Input Mode

Digital A udio Input

The digital audio intedce consists of three input pidfsDATA, ALRCK, and
ASCLK. This 3-wire interice can be used to capture 16-45 $tyle digital audio
(DA_DPM = 0) or more generic non-continuous petckynchronized data bytes
(DA_DPM = 1).The PCI clock will be used to re-sample the asynchronous clock
ASCLK, since it is at a much higher rafthe ALRCK and ADATA signals are
sampled with respect to this re-synchronized clock. Refer ttAindio Control
Register” on pagd 44.

The digital audio is a serial bit stream where the higASELK allowed is
64 x 48 KHz = 3.072 MHzADATA must supply at least 16 bits per left and 16 bits
per right audio samplelhe framingALRCK clock is a square ave usually
aligned with the start of each sample.

The unversal interhice can be comfiired by seeral rayister \alues.The bit
DA_SCE (0 =rising, 1 =diling) chooses the edge ASCLK used to sample the
bit stream o ADATA. The bit DA_LRI (0 =left, 1 = right) is used to determine the
left/right sample synchronized with the rising edg@&IlbRCK. It is assumed that
the left sample will lead and be paired with the folteg right sampleThus
DA _LRI can be used to indicate whiéhRCK edge points to start of the sample
coincident pair(If a particular format is R then L oriented, then this wilerse
the order of data presented to memoey, the right sample will be at thenler ad-
dress.)The 5-bit \alue DA _LRD is used to delay from ead’LRCK edge,
DA _LRD ASCLKs before transferring the left or right shifgister data to a par
allel rggister The value DA_LRD indicates the number 8iSCLKs following the
edge ofALRCK where the fist bit of the 16-bit data (gardless of serial transfer
order) can be found:he bit DA_MLB (= MSB 1st, 1 = LSB 1st) determines the
order that the data came in, so the 16-bit samplegedeti to the paekizer can be
properly aligned. & an &ample of audio input timing, séegure27.

Figure 27. Audio Input Timing

ADATA  { XMSBX...XLSBX_X XmsBX ... XLsBX X X )

ALRCK /  Left16-bitSample  \ __Right 16-bit Sample /

Note: {DA_SCE,DA_LRI,DA_MLB,DA_LRD} = 0x01.
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There can be gnnumber ofASCLKs = 16 (usually 16—32 betwedkLRCK
edgesThus there may bexeka ASCLKSs \ersus collected data bifEhere is no re-
guirement foASCLK (orALRCK or ADATA)) to be continuous\ specifed edge
of ASCLK is used to sample the other 2 signals. Each 16-bit sample is sampled a
specifed number oASCLK edges from the edge ALRCK which seres as a
word sync.

The Number of Bytes/AudioLinALP_LEN should be B/ORD aligned so a
whole number of L,R sample pairs can bevdg#d to memorylhe start of audio
L,R data capture is asynchronous and is enabled\@P_EN.The end of data
capture is synchronized to ti®RO code VORD afterACAP_EN is disabled.

Data Packet Mode

The serial data 0ADATA is agpin sampled with a programmatA&CLK edge.
Data is collected in bytes (shiftgister bit order programmable viaADMLB).
There are noxra ASCLKs between bytesub there can bexéra ASCLKs be-
tween packts (frames of data byte$he maximum data rate alled is 1 MB/s or
8 MHz forASCLK. There is no requirement for the intcé signals to be contin-
uous.The signaALRCK is used for byte alignment and patkaming. A LRD
will be used agin to delay sampling of the shiftgister to output paek data
bytes (A_LRD ASCLKs after the leading edge ALRCK indicates the fst bit
of the frst byte. Success bytes are transferredezy BASCLKs). DA_LRI will
be used to indicate the edge (0 = rising, &lknfy) of ALRCK to use for synchro-
nization.

The Number of Bytes/AudioLin&LP_LEN is used here to indicate the number
of bytes to collect/count peXLRCK sync/framing signalThere can bextra
ASCLKs or data follaving this count which will be ignore@he FIFO will only be
sent data that belongs to the petcks speciéid byALP_LEN bytes from the start
of eachALRCK frame syncThe start of data capture is enabled AGAP_EN
and then synchronized to the start of a packhus the byte synchronized to
ALRCK will be the frst data byte in the audio lineffer. The end of data capture
is synchronized to théRO code DVORD afterACAP_EN is disabled.

Figure28 shavs the data paet mode signals.

Figure 28. Data Packet Mode Timing

ADATA  {  XLSBX... XMSBXLSBX ... XMsBYXLSBX ... XmMsBf X )

ALRCK / \ Byte O Byte 1 Byte 2

Note: {DA_SCE,DA_LRI,DA_MLB,DA_LRD} = 0x21.
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Audio Data Formats

Table12 provides a summary of audio data formats (signed int 16/8-bitjrfy
through the audio FIF(he audio data path is skio in Figure29.

Table 12. Audio Data Formats

Format F[35:32] F[31:24] | F[23:16] | F[15:8] F[7:0]
8-bit Samples Status S3[7:0] S2[7:0] S1[7:0] S0[7:0]
16-bit Samples Status S1[15:8] S1[7:0] S0[15:8] S0[7:0]
L,R Digital Audio Status R[15:8] R[7:0] L[15:8] L[7:0]
Data Status D3[7:0] D2[7:0] D1[7:0] DO[7:0]

Figure 29. Audio Data P ath

TV Audio Decimatio 35 % 36 PCI Bus
udi ecimation X
— — — — -
FM ADC LPF DAP FIFO DMA

Mic

Audio Dr opout Detection

When a FIFO eerflow occurs due to longus access latencies, some data will not
be written to the tgeted memory differ. When the DMA resumes, data writing
will begin at the address as if all the skipped data were writtars there wuld
exist a hole or gp in the memoryuiffer containing old or stale data. By initializing
the luffer DWORDs to 0x80008000 (0x808080) it will be possible to detectis
or bytes of audio not dekred (davn to a single sample resolutiowéd).

Enabling DA_LMT will cause the audio DMA tox&lude writing 0x8000
words or 0x80 bytes (mode determined &y BBR) to the memoryuifer. When
the DAP detects 0x8000, it will replace this code with 0x8001 while in 16-bit
mode.The 0x8000 sample is usually not present since it represents the grost ne
ative value of a 2 complement 16-bit ingeer While in 8-bit mode, 0x80 samples
will be replaced by 0x81.
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A/D

Muxing and Antialiasing Filtering

Before entering the aud&/D, the TV, FM, and microphone/line audio inputs are
selected byA_ SEL and multiplged. The mux selects are break-before-malt
A_SEL is set to 3, no mux is enabld@thus the SMXC pin can be used as a direct
connect to the pre-amp (bypass mux) if only one analog input is required. Refer to
“Audio Control Reistel’ on pagel44for register information.

The SMXC pad leads directly to the single-endefédihtial conerter The resis-

tive load seen by the audio inputs is approximately20 k

Input Gain Contr ol

The audio frequeryc(AF) output leel from theTV tuners range from 250 mys
to 750 mV,,s typically riding on a 2/DC offset. If theA/D nominal operating
point is 0.5V (1.414V, ), then the input@n needs toary from —3.5 dB to
+6.0 dB.

The input signal is@ned in discrete linear steps iaGAIN[3:0]. Table13
shows the calculatedain valuesTheA_GAIN value is set iffAudio Control Rg-
ister’ on pagel44.

Table 13. Gain Contr ol (1 of 2)

R I I R S
0 0.500 -6.02 1.000 2.828
1 0.667 -3.52 0.750 2.121
2 0.833 -1.58 0.600 1.697
3 1.000 0.00 0.500 1.414
4 1.167 1.34 0.429 1.212
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Table 13. Gain Contr ol (2 of 2)

5 1.333 2.50 0.375 1.061
6 1.500 3.52 0.333 0.943
7 1.667 4.44 0.300 0.849
8 1.833 5.26 0.273 0.771
9 2.000 6.02 0.250 0.707
10 2.167 6.72 0.231 0.653
11 2.333 7.36 0.214 0.606
12 2.500 7.96 0.200 0.566
13 2.667 8.52 0.188 0.530
14 2.833 9.05 0.176 0.499
15 3.000 9.54 0.167 0.471

In addition to the switched capacitaig control, there is a +6 dB switch in the
pre-ampThis additional amplifiation is enabled &_G2X is set highThus, when
A_GAIN=3 andA_G2X=1, the maximum signal inputowld be 0.25/,,,s The 6
dB boost is useful forary small input signals (SML).
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Analog Signal Selection

ELECTRICAL
INTERFACES

Input Interface

TheBt879contains an on-chip 4:1 mux (MUX][3:0]) that can be used to switch be-
tween four composite sources or three composite sources and aheoSaurce.
In the frst confguration, connect the inputs of the mux to the four composite
sources. In the second canfiation, connect three inputs to the composite sources
and the other input to the luma component of thed&d/connectoWhen an
S-Video source is input to ti&879, the luma component is fed through the input
analog multipleger, and the chroma component is fed directly into the C input pin.
An automatic gin control circuit enables ti&879to compensate for nonstandard
amplitudes in the analog signal input.

Figure30 shavs theBt879s typical &ternal circuitry
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Figure 30. Typical External Cir cuitry
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Multiple xer
Considerations

Flash A/D Con verters

A/D Clamping

Power-up Operation

Automatic Gain Contr ols

Crystal Inputs and Cloc k
Generation

The video multiplger is not a break-before-maklesignTherefore, during the
multiplexer switching time, it is possible for the input video signals to be momen-
tarily connected together through the eqient of 200Q. In addition, the multi-
plexers cannot be switched on a real-timegphby-pixel basis.

The Bt879 uses tw, on-chip fash,A/D corverters to digitize the video signals.
YREF+, CREF+ and¥REF-, CREF- are the respeetitop and bottom of the in-
ternal resistor ladders.

The input video is &lays ac-coupled to the decodEREF- andYREF- are
connected to analog grounthe wltage leels forYREF+ and CREF+ are con-
trolled by the gin control circuitry If the input video momentarilyxeeeds the
corresponding REF+oltage, it is indicated by LOF and COF in the B$US
register

YREF+ and CREF+ are internally connected to REFFEF- is internally con-
nected tAGND. YREF- is eternally connected tAGND viaYREFN.

An internally generated clamp control signal is used to clamp the inputs of the
A/D corverter for DC restoration of the video signals. Clamping for bot¥ tred

C analog inputs occurs within the horizontal syncTipeY input is alvays re-
stored to ground while the C input isvalys restored to REFP/2.

Upon paver-up, the status of thBt879s registers is indeterminat#he RST sig-
nal must be asserted to set thgiseer bits to their delult values.The Bt879 de-
faults to NTSC-M format upon reset.

TheBt879controls the gltage for the top of the reference ladder for &€€h The
automatic gin control adjusts the REFFRREF+, and CREF+altage leels until
the back porch sampling of tievideo input as controlled BWDELAY generates
a digital code 0x38 from th&/D.

The Bt879 includes an internal phase leckloop that may be used to decode
NTSC and BL using only a single crystal.he clock signal intedce consists of

a pair of I/0 pins (XTI and XD) that connect to a 28.63636 MHz (8*NTSC Fsc)
crystal. Either fundamental or third harmonic crystals may be Mgken using
the PLL, a 28.6363B81Hz, 50 ppm, fundamental (or thirdi@rtone) crystal must
be connected across XTI and XWlternately a single-ended oscillator can be
connected to XTI.
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This clock is used to generate the CLKx2 freqyena the follaving equation:

Frequency= (F_input/PLL_X)*PLL I.LPLL F/PLL_C

where F_input =28.63636 MHz (50 ppm)
PLL_X = Reference pre-divider (divide by 2)
PLL_I = Integer input

PLL_F = Fractional input
PLL_C = Post divider (divide by 6)

These alues should be programmed as faddo generateA. frequencies:

PAL (CLKx2 = 35.46895 MHz)
PLL X=1
PLL_I = Ox0E
PLL_F = OxDCF9
PLL C=0
The PLL can be put intovopowver mode by setting PLL_|to O0OFNTSC op-
eration PLL_| should be set to 0 to disable PLL. In this mode, the correct clock fre-
gueny is already input to the system, and the PLL is shwindan out-of-lock or
error condition is indicated by the PLOCK bit in the BSUS ragister
When using the PLL to generate the required NTSC Ahd:Pck frequencies
the followving sequence must be faolled: Initially, TGCKI bits in theTGCTRL
register must be programmed for normal operation of thALXforts. After the
PLL registers are programmed, the PLOCK bit in the BBJS ragister must be
polled until it has beenevified that the PLL has attained lock (approximately 500
ms).At that point theTGCKI bits are set to select operation via the PLL.
Crystals are speodd as follavs:
» 28.63636 MHz
* Third overtone or fundamental
* Parallel resonant
* 30 pF load capacitance
* 50 ppm
» Series resistance 4Dor less

Recommended crystals for use with Bt879are listed infable14.
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Table 14. Recommended Cr ystals

Cryeil EINEE Part Number Internet Ad dress
Manufacturer Number
Standard (626)443-2121 | 2BAK28M636363GLE30A, 3rd Overtone
Crystal 2AAK28M636363GLE30A, Fundamental
MMD (714)444-1402 | A30BA3-28.63636, 3rd Overtone
Components A30BA1-28.63636, Fundamental
GED (619)591-4170 | PKHC49-28.63636-.030-005-40R, 3rd Overtone
PKHC49/U-28.63636-.030-005-15R(F), Fundamental
M-Tron (619)762-8800 | MP - 1 28.63636, 3rd Overtone http://www.mtron.com
Monitor (760)433-4510 | MM49X3C3A-28.63636, 3rd Overtone

MM49X1C3A-28.63636, Fundamental

CTS Frequency
Controls

(815)786-8411

R3B55A30-28.63636, 3rd Overtone

http://www.ctscorp.com

Fox Electronics

(941)693-0099

HC49U-FOX286, 3rd Overtone

http://www.foxonline.com

The clock source tolerance should be 50 partsypion (ppm) or less. Déc-

es that output CMOSoltage leels are required’he load capacitance in the crys-

tal confgurations may ary depending on the magnitude of board parasitic
capacitanceThe Bt879 is dynamic, and, to ensure proper operation, the clocks

Figure 31. Clock Options

Figure31 shavs theBt879 clock options.
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2X Oversampling and Digitized video needs to be bandlimited in order\oia aliasing artifcts. Be-
Input Filtering cause th&t879 samples the video data at 8xFseefotwice the normal rate), no

filtering is required at the input to tAéDs. The analog video needs to be band-
limited to 14.32 MHz in NTSC and 17.73 MHz iAlESECAM mode. Normal
video signals do not require additionatexnal fltering. After digitization, the
samples are digitally o pass-fiered and then decimated to 4xFBke response
of the digital lav pass fter is shovn in Figure32. The digital lav pass fter pro-
vides the digital bandwidth reduction to limit the video to 6 MHz.

Figure 32. Luma and Chr oma 2x Over sampling Filter

0 =
0 It L «
. ~~~PAL/SECAM
< — ~<
= N ==l S~
= N a S
£ 10 § -2 R
2 N = NTSC N
2 -5 : g :
9 \ k]
5 S —)
] \ \ &
= -0
o \ m
° NTSC\ \{PAL/SECA| e
W -2 o -8
El 9
: A :
2 - 7 s
\ £
: / v\,’ ) b e
\
-35 / v ,\ v
L3 \
1 \
-40 L : —10
0 2 4 6 8 10 12 14 16 0 5 5 3 4 5 6 7
Frequency in MHz Frequency in MHz

76 D879DSA ’N Rockwell



Bt878/879

Single-Chip eo and BoadcastAudio Captue for the PCI Bus PCI Bus Interface

ELECTRICALINTERFACESigH ‘

PCI Bus Interface

The PCl local bs is an architectural, timing, electrical, anggbal interfice that
allows theBt879 to interface to the localus of a host CPUlhe Bt879is fully
compliant with PCI Re 2.1 specifiations.
The supportedus g/cles for the PCI initiator and @et are as foll@s:
« Memory Read
*  MemoryWrite

The supportedus g/cles for the PCI tget only are as folles:
» Configuration Read
» ConfigurationWrite
* Memory Read Multiple
 Memory Read Line
* MemoryWrite and Ivalidate

MemoryWrite and livalidate is treated in the same manner as Membite.
Memory Read Multiple and Memory Read Line are treated in the same manner as
Memory Read.

The unsupported PCLb features are as folis:

* 64-bit Bus Extension

* /O Transactions

» Special, InterrupAcknonledge, DuaAddress Cycles

» LockedTransactions

e Caching Protocol

» Initiator Fast Back-to-BacKRransactions to DiérentTargets

As a PCI mastethe Bt879 supports agent parkingD[31:0], CBE[3:0], and
PAR driven if GNT is asserted and folles an idle gcle (repardless of the state of
bus master).

All bus commands accepted by 8879 as a taget require a minimum of 3
clock gycles.This allovs for a full internal clockyxle address decode time (me-
dium dersel timing) and a gistered state machine intace Write burst transac-
tions can continue with zeroait state performance on the fourth clogkle and
onward (unless writing to video decoder/scalagisters).All read hurst transac-
tions contain one ait-state per data phasegure33 provides a block diagram of
the PCI video intedce.Figure34 provides a block diagram of the PCI audio in-
terface.

’N Rockwell

D879DSA 77



Bt878/879

ELECTRICALINTERFACES
Single-Chip \eo and BoadcastAudio Captue for the PCI Bus

PCI Bus Interface

Figure 33. PCI Video Bloc k Diagram
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General Purpose I/0 (GPIO) P ort

Figure 35. GPIO Normal Mode

General Purpose I/O (GPIO) P ort

The Bt879 pruides a 24-bit wide general purpose I/O pohere are fie modes
of operation for the GPIO port: normal mode, Synchronousl Rixerface (SPI)
output mode, asynchronous data parallel port, SPI input mode, and digital vid-
eo-input mode. In the normal mode, the GPIO port is used as a general purpose
port enabling 24-bits of data to be input or outgtiggre35). In the SPI input
mode, the GPIO port can be used to input the video data frorteaina video de-
coder and bypass the Bt8%ideo decoder block{gure36). In the SPI output
mode, the output of the Bt8&Wideo decoder can be passgdradhe GPIO bs
(Figure37), while being utilized by the rest of the Bt879 circuitry

In addition to the 24 1/O bits, the GPIO port includes an interrupt pin, and a
write enable pinThe GPINTR signal sets the bit in the interrugfister and caus-
es an interrupt condition to occur

: Video Scal Video Data o DMA Controller |!
! Decoder caler Format Converter [ FIF [ and PCl Initiator [
: Local Registers :
S | GRIOPOIt ...
24 Bits of General 1/10
External
Circuitry
Figure 36. GPIO SPI Input Mode
: Video Video Data DMA Controller | .
. Decoder Scaler Format Converter FIFO | and PClI Initiator '
] X
GPIO Port
External
Video Circuitry
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Figure 37. GPIO SPI Output Mode
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: Video Video Data DMA Controller | ,
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Figure 39. Async hronous Data P arallel P ort Interface
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GPIO Normal Mode

GPIO SPI Modes

In the GPIO normal mode, each of the general purpose I/O pins can be pro-
grammed indiidually. An internal rgister (GPOE) can be programmed to enable
the output bffers of the pins selected as outpilitse contents of the GRPOA reg-
ister are put on the enabled GPIO output pins. In the case where the GPIO pins are
used as general purpose input pins, the contents of the GPIOdistier rare ig-
nored and the signals on the GPI& Ipins are read through a separagéster

The GPIO normal mode alis PCI lurst transfers by puading a 64-0WORD
contiguous address spaddis allovs the PCI bs to lurst 64 DVORDs without
having to resend the address for eadWORD. The 32-bit PClI BWORD is trun-
cated and only theeer 24 bits are outputver the GPIO porfThis in efect pro-
vides a high speed outputdinterfice for non-PChdernal deices.

In the SPI input and output modes, the GPIO pins are mappedmasiafiable15
and16. A separate clock pin (GPCLK) is used for the clock signal. In the SPI input
mode, the GPCLK signal is used to input aiemal clock signal. In the SPI output
mode, the GPCLK signal is used to output the BE8T2’Kx1 (4*Fsc) Figure40
andFigure41 shav the basic timing relationships for the SPI output mode. In SPI
output mode, Ultralock™ guarantees the time between dliegf edges of
HRESET to within one pi.

For SPI output mode, théCrCb 4:2:2 pixl stream follavs the CCIR recom-
mendation when the RANGE bit in the OutpotiRat reister is set to a logical ze-
ro. CCIR 601 specifis that nominal video will kaY values ranging from 16 to
235, and the Cr and Chues will range from 16 to 240. iWever, excursions out-
side this range are alled to handle non-standard vidébe only mandatory re-
quirement is that 0 and 255 be resel¥or timing information.
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Table 15. Synchronous Pix el Interface (SPI) GPIO Signals

Pin

GPIO Signal Description Number

[23] HRESET A 64-clock-long active low pulse. It is output following the rising edge of 56
CLKXx1. The falling edge of HRESET indicates the beginning of a hew video
line.

[22] VRESET An active low signal that is at least two lines long (for non-VCR sources, 57
VRESET is normally six lines long). It is output following the rising edge of
CLKx1. The falling edge of VRESET indicates the beginning of a new field of
video output. The falling edge of VRESET lags the falling edge of HRESET
by two clock cycles at the start of an odd field. At the start of even fields, the
falling edge of VRESET is in the middle of a scan line, horizontal count
(HPIXEL/2)+1, on scan line 263 for NTSC and scan line 313 for PAL.

[21] HACTIVE An active high signal that indicates the beginning of the active video and is 58
output following the rising edge of CLKx1. The HACTIVE flag is used to indi-
cate where nonblanking pixels are present. The start and the end of the
HACTIVE signal can be adjusted by programming the HDELAY and HAC-
TIVE registers.

[20] DVALID An active high pixel qualifier that indicates whether or not the associated 59
pixel is valid. DVALID is independent of the HACTIVE and VACTIVE signals.
DVALID indicates which pixels are valid. DVALID will toggle high outside of
the active window, indicating a valid pixel outside the programmed active
region.

[19] CBFLAG An active high pulse that indicates when Cb data is being output on the 60
chroma stream. During invalid pixels, CBFLAG holds the value of the last
valid pixel.

[18] FIELD When high, indicates that an even field (field 2) is being output; when low it 61
indicates that an odd field (field 1) is being output. The transition of FIELD is
synchronous with the end of active video (i.e. the trailing edge of ACTIVE).
The same information can also be derived by latching the HRESET signal
with VRESET.

[17] VACTIVE An active high signal that indicates the beginning of the active video and is 67
output following the rising edge of CLKx1. The VACTIVE flag is used to indi-
cate where nonblanking pixels are present. The start and the end of the VAC-
TIVE signal can be adjusted by programming the VDELAY and VACTIVE
registers.

[16] VBISEL An active high signal that indicates the beginning and end of the vertical 68
blanking interval. The end of VBISEL will adjust accordingly when VDELAY is
changed.

[15:8] Y[7:0] Digital pins for the luminance component of the video data stream. 78-75,
72-69

[7:0] CrCb[7:0] Digital pins for the chrominance component of the video data stream. 86-79
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Table 16. Synchronous Pix el Interface (SPI) Input GPIO Signals

. _— Pin
GPIO Signal Description Number
[23] HRESET A 1 to 64-GPCLK-long active low pulse. It is accepted on the rising edge of 56
GPCLK. The falling edge of HRESET indicates the beginning of a new video
line.
[22] VRESET A 1 clock to 6 lines long active low pulse. It is accepted on the rising edge of 57
GPCLK. The falling edge of VRESET indicates the beginning of a new field of
video output.
[21] HACTIVE An active high signal that indicates the beginning of the active video and is 58
accepted on the rising edge of GPCLK. The HACTIVE flag is used to indicate
where nonblanking pixels are present.
[20] DVALID An active high pixel qualifier that indicates whether or not the associated 59
pixel is valid. For continuous valid data, this signal can be connected to
HACTIVE or VACTIVE.
[19] CBFLAG An active high pulse that indicates when Cb data is being output on the 60
chroma stream. Only required for YCrCb input, otherwise connect to ground.
[18] FIELD When high, indicates that an even field (field 2) is being input; when low it 61
indicates that an odd field (field 1) is being output. The transition of FIELD
should occur prior to the rising edge of VRESET.
[17] VACTIVE An active high signal that indicates the beginning of the active video and is 67
accepted on the rising edge of GPCLK. The VACTIVE flag is used to indicate
where nonblanking pixels are present.
[16] GROUND 68
[15:8] Y[7:0] Digital pins for the luminance component of the video data stream, or for 8-bit 78-75,
transfers. 72-69
[7:0] CrCb[7:0] Digital pins for the chrominance component of the video data stream. 86-79
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Figure 40. Video Timing in SPI Output Mode
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Notes: (1). HRESET precedes VRESET by two clock cycles at the beginning of fields 1, 3, 5 and 7 to facilitate external
field generation.
2. FIELD transitions with the end of horizontal active video defined by HDELAY and HACTIVE.
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Figure 41. Basic Timing Relationships f or SPI Output Mode
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Digital Video Input This section describes Wwdo use the Bt879 with a digital camefae GPIO port
Support  can be confjured to accept general digital data streams.

The Bt879 contains an SRAM based state machine that isolates the digital video
input events from the internal decoder timing. It alkthe digital video input H &
V events to synchronize the sequencer and the programmable owdptg ® be
positioned where needed to synchronize the decoder

The digital input port on the Bt879 ptides fkxibility for interfacing to video
standards. Softare for programming the Bt879 is included in thesdigpment kit
for interfacing to the follving standardsTable17 provides the alternate pin def-
initions when using the digital video-in modelditional digital interbces may be
implemented by changing the SRAM contents. Contact your local Rockwell sales
office for more information.

Table 17. Pin Defi nition of GPIO P ort When Using Digital Video-In Mode

GPIO Signal Description Nufrirlger
[23] CLKx1 Output signals for synchronizing to input video. 56
[22] FIELD 57
[21] VACTIVE 58
[20] VSYNC 59
[19] HACTIVE 60
[18] HSYNC 61
[17] Composite ACTIVE 67
[16] Composite SYNC 68
[20] VSYNC/FIELD Input signals for synchronizing to input video. 59
[18] HSYNC 61
[7:0] DATA Cb0, YO, Cr0, Y1 ... Video data input at GPCLK = CLKx2 rate. 86-79
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CCIR656

Modified SMPTE-125

This is a 27 MB/s intedce in the form of CHy, Cr,Y, Cb, etc. In this sequence, the
word sequence CUl, Cr, refers to co-sited and coldifference samples and the
following word, Y, corresponds to the xtduminance sample.

In this interfice there are mvtiming reference codes (84Aand EA/) that occur
at the start and end of aaivideo.These 4-byte codes occur at the outside bound-
aries of the acte video. 720 pigls in the actie video line correspond to 1440
samples. 1448 bytes nwkp a video data block (one line of video with reference
codes).

The full video line consists of 1716 bytes (in 525 line systems) and 1728 bytes
(in 625 line systemsY.he line is brokn into two partsThe fist is blanking, which
consists of the front porch, hsync, and back porch, 276 (288 in 635 line systems)
bytes from EA through SA/. The leading edge of hsync occurs 32 (24 in 625 line
systems) bytes after the start of the digital liftee field intenal is aligned to this
leading edge of hsync.

SeeFigure4?2 for a diagram on the intexfe. Br a full reference on this
standard please refer to the Internatioflelecommunications Union (ITU)
specifcation, ITU-R-BT656. This can be procured from ITU at
http://www.itu.int/publications/.

Figure 42. CCIR 656 Interface to Digital Input P ort

Clock GPCLK

Y

CCIR 656
Video Generator Bt878/879

Y

DATA[7:0] GPIO[7:0]

This interface is the same as CCIR 654 the clock runs at 24.54 MHz, and there
are 640 actie pixels on a 780 pid line.This clock rate dierence praides simple
interface for digital cameras from Silicéfision and Logitech.
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Async hronous Data P arallel P ort Interface:
Raw Data Capture

The Digital Decimation Filter (DDF) 16-bit data and 16-bit digital audio data (se-
rial-to-parallel cowmerted) are muad before going through the audio petiker

and DMA channelThe raister control [D._APP enables bypassing this data path
with 16-bit data from pins GPIO[23:8]The DDF_UPIATE signal is also
switched with thexternal pinALRCK. Thus each edge 81 RCK identifies \alid

new data to be paehtized.The interfice is asynchronous and not required to be
continuous or Hed-rate.This mode enableswadata captureThe functionality
that is enabled for 8-bit mode whemALEBR is set, also applies for data from
GPIO[15:8].
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12C Interface

The PC tus is a tw-wire serial intedice. Serial clock and data lines, SCL and
SDA, are used to transfer data between the fpaster and the sk device. The
I°C tus within theBt879 supports repeated starts, up to 396.8 kHz timing, and
multi-byte sequential transactiorithe I2CRATE signal speciéis eithe99.2 kHz
or 396.8 kHz timing ratedf the PCI clock runs at less than maximum rate, these
rates will slev dowvn proportionatelyFor details on the?C register see'|2C Da-
ta/Control Registef’ on pagel34

The relationship between SCL and/B decoded to prade both a start and
stop condition on theus. To initiate a transfer on théQ hus, the master must
transmit a start pulse to thewtedevice. This is accomplished by taking the 8D
line low while the SCL line is held higlthe master should only generate a start
pulse at the lgnning of the gcle, or after the transfer of a data byte to or from the
slave. To terminate a transfethe master must takthe S line high while the
SCL line is held highThe master may issue a stop pulse gttine during anic
cycle. Since the?C tus will interpret ap transition on the SB line during the
high phase of the SCL line as a start or stop pulse, care musébedansure that
data is stable during the high phase of the cldhlis is illustrated irFigure43.

Figure 43. The Relationship between SCL and SD A

An 12C write transaction consists of sending ®RT signal, 2 or 3 bytes of
data (checking for a reagir acknavledge after each byte), and a@ signalThe
write data is supplied from a 24-bitgister with bytes 12CDBO, 12CDB1, and
I2CDB2. This 24-bit regjister is shifted left to pxade data seriallywith the MSB
as the fist bit. An 12C write occurs when the R7 bit in the 12CDBO[0] is set to a
logical lowv. The system dver can select to write 2 or 3 bytes of data by selecting
the appropriatealue for 2CW3BRA bit.

An I°C read transaction consists of sending ARSI signal, 1 byte of data
(checking for a receer acknavledge), reading 1 data byte from thevelssending
the master NCK, and sending the ®JIP signalThe data read is shifted into the
[2CDB2 register An 12C read occurs when the\R/bit in the [2CDBOJ[0] is set to
a logical 1 Figure44).

’N Rockwell

D879DSA 89



ELECTRICALINTERFACES

\ I12C Interface

Bt878/879
Single-Chip \eo and BoadcastAudio Captue for the PCI Bus

When the read or write operation is completed,Bt&9 sends an interrupt
over the PCI bis to the host controlléFhe status bit REK will indicate if the op-
eration completed successfully with the correct number of sleknavledges.

In the case where direct control of tA€ kus lines is desired, tH&t879device
driver can disable théT hardvare control and can taksoftware control of the
SCL and SB pins.This is useful in applications where tB€lbus is used for gen-
eral purpose 1/0 or if a special type é€loperation (such as multi-mastering)
needs to be implemented.

Figure 44. 1’c Typical Pr otocol Dia gram

DATAWRITE S =START
P =sTOP
| S | CHIP ADDR | A | SUB-ADDR | A | DATA | A | P |A = ACKNOWLEDGE
8 BITS NA = NON ACKNOWLEDGE
DATA READ [ | FROM BT8XX TO SLAVE

| S| CHIP ADDR | A | DATA [NA[ P | [ ] FROM SLAVE TO BT8XX

A transaction sequencevblving a repeated $RT usually occurs after setting
up a slae read address using a 2-byte write transaction, themwiodowith a
1-byte read (with 1-byte sla address write) transactiofhe STOP can be dis-
abled for the fist transaction by setting I2CNOGP high only for the f&t register
write. I2CNOSTOP should be reset during the secorgister write.This is be-
cause eery set of fC transactions should ¢p@ with a SART and end with a
STOP (rule applicable toverall transaction set or sequence).

Multi-byte (> 3) write transactions enable communication t6cds that sup-
port auto-increment internal addressimg.asoid reset of the internal address se-
guencer in some dieges, a SOP is not transmitted until theery end of the
sequenceThe frst ragister write should enable a 2-byte write transaction with
START. I2CNOSTOP should be set to disable@Hs temporarilyThe SCL signal
will be held in the actie low state while the I2CDONE interrupt is procesSdt
second and succegsirgyister writes will enable 1-byte writes to be transmitted
without START and without SOP (I2CNOS1B, I2CNOSDP both high)The last
register write should enable thedil STOP to be sent to end the sequential write
transaction seThe 1-byte write data is sent from [2CDBthe R/W mode as
saved from the fist register write when the FIRT was transmitted.
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For multi-byte (>1) sequential reads, thestfregister write enables the 8RT
and slae address to be transmittfthe first read byte is recedd into 12CDB2.
The STOP is disabled via I2CNO®IR. Since the reading will continue, the master
shouldACK at the end of therft read (set I2CW3BRA highyhe SCL signal will
be held in the acte low state while the I2CDONE interrupt is processéte sec-
ond and succes& register writes will enable 1-byte reads to be resgiwithout
sending SART or STOP (I2CNOS1B, I2CNOSDP both high)The last rgister
write should reset I2CW3BRAWto master RCK. This will indicate fhal read
from slare, and enable thenfil STOP to be sent to end the sequential read trans-
action setThe 1-byte read data is also read from [2CDB# R/W mode as
saved from the fist register write when the SIRT was transmitted, so 1I2CDBO is
a dont-care during 1-byte reads.

For detailed information on thé’@ tus, refer to“The 1°C-Bus Refence
Guide,” reprinted by Rockwell.
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Need for Functional
Verifi cation

JTAG Approach to
Testability

Optional De vice ID
Register

JTAG Interface

As the complrity of imaging chips increases, the need to easily accesidnal
chips for functional grification is becoming vitalThe Bt879 has incorporated
special circuitry that alles it to be accessed in full compliance with standards set
by the JoinfTestAction Group (JAG). Conforming to IEEE P1149.5tandad
TestAccess Port and Boundary Scarchitectue,” the Bt879 has dedicated pins
that are used for testability purposes only

JTAG’s approach to testability utilizes boundary scan cells placed at each digital
pin and digital intedce (a digital integfce is the boundary between an analog
block and a digital block within thBt879). All cells are interconnected into a
boundary scan gister that applies or captures test data to be used for functional
verification of the intgrated circuit. JAG is particularly useful for board testers
using functional testing methods.

JTAG consists of fie dedicated pins comprising tiiestAccess Port (AP).
These pins aréest Mode Select (TMSJest Clock (TCK);Test Data Input (TDI),
Test Data Out (TDO) antest ResetTRST). The TRST pin will reset the JAG
controller when pulled lo at ary time. Verification of the intgrated circuit and its
connection to other modules on the printed circuit board can bevedhi@ough
these fie TAP pins.With boundary scan cells at each digital iraegf and pin, the
Bt879 has the capability to apply and capture the respeltgic levels. Since all
of the digital pins are interconnected as a long shgfster theTAP logic has ac-
cess and control of all the necessary pingtdyfunctionality The TAP control-
ler can shift in apnumber of testectors through th&€DI input and apply them to
the internal circuitryThe output result is scanned out on TH¥EO pin and gter
nally checled.While isolating theBt879from other components on the board, the
user has easy access to all digital pins and digital acesfthrough th€AP and
can perform complete functionality tests without usingemsve bed-of-nails
testers.

TheBt879has the optional dée identifcation rejister defiied by the JAG spec-
ification. This register contains information concerning th&is®n, actual part
number and manudcturers identifcation code speciito Rockwell.This register

can be accessed through AP controller via an optional AG instruction. Re-
fer toTable18.
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Table 18. Device Identifi cation Register

Version Part Number Manufacturer ID

X|X|X|{X|0lO|O|lO|O|Of1|1|0f1|0Of|1|{0O|0O|0O|O|0O|0O|0O|1|2|0|2|0|2|2|0]|2

0 0878, 0x036E 0x0D6
0879, 0x036F

4 Bits 16 Bits 11 Bits

Verifi cation with the Tap A variety of \erification procedures can be performed througiT&# controller
Contr oller With a set of four instructions, ti&879can \erify board conneatity at all digital
interfaces and ping.he instructions are accessible by using a state machine stan-
dard to all JAG controllers and are: Sample/Preload, Extest, ID Code, and Bypass
(seeFigure4b). Refer to the IEEE 1149.1 specition for details concerning the
Instruction Register and JAG state machine (http://standards.ieeg)or
Rockwell has created a BSDL with thé&T BSD™ Editor Should JAG test-
ing be implemented, a disk with &$CII version of the complete BSDUdican
be obtained by contacting your local Rockwell salfis@f

Figure 45. Instruction Register

AN
DI > > TDO
7

EXTEST 0 0 0
Sample/Preload 0 0 1
ID Code 0 1 0
Bypass 1 1 1
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PC BOARD LAYOUT
CONSIDERATIONS

Layout Considerations

The PC board layout should be optimized fevdst noise on the Bt879 wer and
ground lines. Route digital traceway from analog tracedll shields must be
connected to the ground plane witlvlotnpedance connection. Use shielded con-
nectors.

Capacitor s From the follaving pins to ground, place bypass capacitors as close to the Bt879
as possible (using QUE ceramic capacitors):

VBB pin 95

VBB pin 101
VAA pin 110
VAA pin 115
VAA pin 117

Additionally, place bypass capacitors from all otheltage pins to ground (us-
ing 0.1pF ceramic capacitors) as close to the Bt879, where possilsie. when-
ever possible, place traces from allw®y pins to a bypass capacitor on the
component side, in addition toyamfeedthrough. Finallyplace traces from all
ground pins to a bypass capacitor on the component side, in additioy to an
feedthrough, when possible.

Ensure that there is ample ground plane under the Bt87% Miale paths of
copper under and around the Bt879 if possil@id creating a cut in the plane
with feed-throughs: instead, disperse théso ensure that there is amplenes
plane under the Bt879. Makvide paths of copper under and around the Bt879 if
possible Avoid creating a cut in the plane with feed-throughs: instead, disperse
them.

To fill:

« copper fil ground on the component side
» power fill on the circuit side of ter layer boards
» ground fil on both sides of 4 or more layer boards

N Rockwell D879DSA 95



PC BoARD LAYOUTCONSIDERATIONS Bt878/879
.\ Layout Considerations Single-Chip \eo and BoadcastAudio Captue for the PCI Bus

Components From the follaving pins, place components as close to the Bt879 as possible. Con-
nect a trace from the pin to the component on the component side when possible.

AGCCAP pin 111
REFP pin 112
VCCAP pin 107
VRXP pin 103
VCOMI pin 104
VCOMO pin 105
RBIAS pin 106
SMXC pin 96
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Split Planes and Voltage Regulator s

The reference designs includedrime Bt879 Hardware Users Guide kia no split
planes. Careful attention has beevegito creating one continuous ground plane
and one continuous p@r planeThis implementation produces optimal video and
audio performancd&hese boards ka acceptable EMI prdés.There is a gltage
regulator on one desigrubit is for theTV tuner only

An alternatve implementation is obtained by adding split digital and analog
power and ground plane&dditional noise immunity can be obtained by adding a
voltage rgulator for the analog and the digitaver pins.Tests hae been per
formed with split planes analitage rgulators in a &riety of combinations. Mea-
surements hee been made and some increased noise reduction has been seen on
some system3.he noise impreements hee not been substantial enough tarw
rant the additional cosAdditionally, splitting planes requires close consideration
to EMI and trace routing. If split planes ogators are desired, some guidelines
are included.

» Digital terminating resistors should be connected to digital supplies.
« Components connected to analog pins should be connected to analog
ground.

The folloving pins hae capacitors and or resistors connected to tfidm.other
end of these components should be connected to analog ground.

AGCCAP pin 111
REFP pin 112
VCCAP pin 107
VRXP pin 103
VCOMI pin 104
VCOMO pin 105
RBIAS pin 106
SMXC pin 96

» Analog traces should be routedto analog planes only when possible.

« Digital traces should be routestar digital planes only when possible.

« Digital ground should be connected to chassis ground (&iraankd
connector shields).

» Digital and analog grounds should be connected near ditage
regulator

’N Rockwell

D879DSA 97



PC BoARD LAYOUTCONSIDERATIONS Bt878/879
L\ Latchup Avoidance Single-Chip \eo and BoadcastAudio Captue for the PCI Bus

Latc hup Avoidance

Latchup is possible with all CMOSees. It is triggered when gsignal pin &-
ceeds thealtage on the pmer pins associated with that pin by more thandy
falling belav the ground pins associated with that pin by more thavi. QL&atchup
can occur if the eltage on ay powver pin exceeds the altage on ay other paver
pin by more than 0.9.

To avoid latchup of the Bt879, folle these precautions:

» Apply power to the deice before or at the same time as you applygvo
to the inter&ce circuit.

» Connect alvDD, VBB andVAA pins together through awimpedance
plane.

» Connect all BGND andGND pins together through awoimpedance
plane.

« If avoltage rgulator is used on the digital and or the analoggrplanes,
protection diodes must be used. Refdfigure46.

Figure 46. Optional Regulator Cir cuitry

System Power VAA,VDD,VBB System Power

12V 5V 5V
_‘,(+ ) P T(*’ ) —‘7(" )
In Out . }r .

GND

%7 Ground

Diodes must handle the
current requirements of

Suggested part numbers: the Bt878/879 and
Regulator Texas Instruments pA78 MO5M the peripheral circuitry
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CONTROLREGISTER
DEFINITIONS-FUNCTIONO

TheBt879supports tw types of address spaces Function 0 and Functidnislchapter defies Function Orhe con-
figuration address space includes the predéfPCI confjuration rgisters.The memory address space includes all
the local rgisters used by Bt879 to control the remaining portions of thiealeBoth the PCI corguration address
space and the memory address space start at memory locatiomfix®LI-based system distinguishes the da-

dress spaces based on the Initializationi€#eSelect, PCI address, and command signals that are issued during the
appropriate softare commands.

PCI Confi guration Space

The PCI confyjuration space deies the rgisters used to intex€e between the host and the PCI local I$ince the
Bt879 is a multifunction déce, it operates within tavfunction defiitions during a condiuration type 0 transaction.
Function 0 responds as a multimedia videdaie Each function has itsvn address spacgD[10:8] indicate which
function the PCI bs is addressing\D[10:8] = 000 speciéis Function OThe raister definitions in this chapter apply
only to Function 0.

The confguration space gisters are stored iniBORDs and defied by byte address@herefore, a mgister one
byte in length can va a bit defiition other than [7:0] (forseample [31:24]), depending on its location in the con-
figuration space.d¥ a discussion on cogfiration gcle addressing, refer to Section 3.6.4.1 ofRk# Local Bus
Speciftation, Revision 2.1

The confguration space is accessible at all timeseghough it is not typically accessed during normal operation.
These rgisters are normally accessed by thev®oOn SelfTest (POST) code and by thevie driver during ini-
tialization time. Softwre will, havever, read the statusgester during normal operation when a PG$ lerror occurs
and is detected bpt879.

The Confguration Space is accessed when the Initializationd@eselect (IDSEL) pin is high, a#dD[1:0] = 00;
otherwise, theyxle is ignoredThe confguration rgister addresses are eacfsef by 4, sinc&D[1:0] = 00.

Bt879 supports brst R/W gcles.Write operations to resezd, unimplemented, or read-onlyigters/bits com-
plete normally with the data discarded. Read accesses toagsemnimplemented gesters/bits return a datae
equal to 0.

Internal addressing &@t879registers occurs viAD[7:2] and the byte enable bits of the PQEbTrhe 8-bit byte
address for each of the folling register locations is {AD[7:2], 00}.

CardBus CIS Pointer gésters are not implemented in BB&879. Userdefinable features, BISTache Line Size,
and Expansion @M BaseAddress rgister are also not supported.

This section defies the aganization of the mgisters within the 64 byte prededid header portion of the caydi-
ration spacekigure47 shavs the confjuration space headéor details on the PClus, refer to th&Cl Local Bus
Speciftation, Revision 2.1
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Figure 47. PCI Confi guration Space Header

31 16 15 0 AD[7:2]
Device ID Vendor ID 0x00

Status Command 0x04

Class Code Revision ID 0x08

Reserved Header Type 0O Latency Timer Reserved 0x0C

Base Address 0 Register 0x10

Reserved 0x14

0x18
0x1C
Reserved
0x20

0x24

Reserved 0x28

Subsystem ID Subsystem Vendor ID 0x2C

Reserved 0x30

Reserved 0x34

Reserved 0x38

Max_Lat Min_Gnt Interrupt Pin Interrupt Line 0x3C

Reserved Device Control 0x40

The followving types are used to specifwhtheBt879registers are implemented:

ROx: Read only with default value = x.

RW: Read/Write. All bits initialized to 0 &ST, unless otherwise stated.

RW*  Same as RW, but data read may not be same as data written.

RR: Same as RW, but writing a 1 resets corresponding bit location, writing 0 has no effect.
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PCI Confi guration Register s

Vendor and De vice ID Register

PCI Confi guration Header Location 0x00

Bits Type Default Name Description
[31:16] | RO 0x036E or | Device ID Identifies the particular device or Part ID Code.
0x036F
[15:0] RO 0x109E Vendor ID (Brooktree) | Identifies manufacturer of device, assigned by the PCI SIG.

Command and Status Register

PCI Confi guration Header Location 0x04
The Command[15:0] ggster praides control ger ability to generate and respond to P@lles.When a 0 is written

to this reister Bt879is logically disconnected from the PGlsexcept for confjuration gcles.The unused bits in
this register are set to a logical Dhe Status[31:16] ggster is used to record status informatiagarding PCI s

related gents.

Bits Type | Default Name Description

[31] RR 0 Detected Parity Error Set when a parity error is detected, in the address or data,
regardless of the Parity Error Response control bit.

[30] RR 0 Signaled System Error | Set when SERR is asserted.

[29] RR 0 Received Master Abort | Set when master transaction is terminated with Master Abort.

[28] RR 0 Received Target Abort | Set when master transaction is terminated with Target Abort.

[27] RR 0 Signaled Target Abort Set when target terminates transaction with Target Abort. This
occurs when detecting an address parity error.

[26:25] | RO 01 Address Decode Time | Responds with medium DEVSEL timing.

[24] RR 0 Data Parity Reported A value of 1 indicates that the bus master asserted PERR during
a read transaction or observed PERR asserted by target when
writing data to target. The Parity Error Response bit in the com-
mand register must have been enabled.

[23] RO 1 FB2B Capable Target capable of fast back-to-back transactions.

[8] RW 0 SERR enable A value of 1 enables the SERR driver.

[6] RW 0 Parity Error Response | A value of 1 enables parity error reporting.

[2] RW 0 Bus Master A value of 1 enables Bt879 to act as a bus initiator.

[1] RW 0 Memory Space A value of 1 enables response to memory space accesses (tar-
get decode to memory mapped registers).
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Revision ID and Class Code Register

PCI Confi guration Header Location 0x08

Bits Type Default Name Description
[31:8] RO 0x040000 | Class Code Bt879 is a multimedia video device.
[7:0] RO Revision ID This register identifies the device revision.

Header Type Register

PCI Confi guration Header Location 0x0C

Bits Type Default Name Description
[23:16] RO 0x80 Header type Multi-function PCI device.
Latency Timer Register
PCI Confi guration Header Location 0x0C
Bits Type Default Name Description
[15:8] RW 0x00 Latency Timer The number of PCI bus clocks for the latency timer used by the

bus master. Once the latency expires, the master must initiate
transaction termination as soon as GNT is removed.

Base Ad dress 0 Register

PCI Confi guration Header Location 0x10

Bits Type Default Name Description
[31:12] RW Assigned Relocatable Determine the location of the registers in the 32-bit addressable
by CPU memory pointer memory space.
at boot-up
[11:0] RO 0x008 Memory usage Reserve 4 kB of memory-mapped address space for local regis-
specification ters. Address space is prefetchable without side effects.
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Subsystem ID and Subsystem Vendor ID Register

PCI Confi guration Header Location 0x20

Bits Type Default Name Description
[31:16] | RW 0x0000 Subsystem ID Vendor specific.
[15:0] RW 0x0000 Subsystem Identify the vendor of the add-on board or subsystem, assigned by
Vendor ID PCI SIG.

Interrupt Line , Interrupt Pin, Min_Gnt, Max_Lat Register

PCI Confi guration Header Location 0x3C

Bits Type Default Name Description

[31:25] | RO 0x28 Max_Lat Require bus access every 10 us, at a minimum, in units of 250 ns.
Affects the desired settings for the latency timer value.

[24:16] RO 0x10 Min_Gnt Desire a minimum grant burst period of 4 ps to empty data FIFO,
in units of 250 ns. Affects the desired settings for the latency timer
value. Set for 128 DWORDs, with 0 wait states.

[15:8] RO 0x01 Interrupt Pin Bt879 interrupt pin is connected to INTA, the only one usable by a
single function device.

[7:0] RW Interrupt Line The Interrupt Line register communicates interrupt line routing
information between the POST code and the device driver. The
POST code initializes this register with a value specifying to which
input (IRQ) of the system interrupt controller the Bt879 interrupt
pin is connected. Device drivers can use this value to determine
interrupt priority and vector information.

Min_Gnt and Max_Latalues are dependent ongar performance (TRD) and video mode (scaladtors and color
format).These alues were chosen for best casgdtaf0 vait-state) and arst-case video detery (full-resolution
32-bit RGB).
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Device Contr ol Register

PCI Confi guration Header Location 0x40

Bits Type Default Name Description

[7:3] RO 00000 Reserved

[2] RW 0 EN_VSFX Enable VIA/SIS PCI controller compatibility mode for both Func-
tions 0 and 1.

0 = disable

1 = enable

[1] RW 0 EN_TBFX Enable 430FX PCI controller compatibility mode for both Func-
tions 0 and 1.

0 = disable

1 = enable

[0] RW 0 SVIDS_EN Enable writes to the Subsystem Vendor ID register for both Func-
tions 0 and 1.

0 = disable

1 = enable

Note: These control bits affect both Function 0 and Function 1.
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Local Register s

Bt879s local rgisters reside in the 4 kB memory addressed space that iseckfareach functiorhll of the reg-
isters correspond toWWORDs or a subset theredhe local rgisters may be written to or read through the RGI b
at ary time. Internal addressing of tB¢879local reyisters occurs viAD[11:2] and the byte enable bits of the PCI
bus.The local memory-mappedgister address locations are spedifas 12-bit déets to the alue loaded into the
function’s memory base addresgister The 8-bit byte address for each of the failag register locations is
{AD[11:2], Ox00}. Any register may be written or read byyacombination of the byte enables.

The data to/from the video decoder/scalgisters an&DFC comes from PCI byte lane 0 (AD[7:0]) onliythe
upper byte lanes are enabled for reading, the data returnddhissGeach mgister is separated by a byte addrefseof
of four. All non-used addresses are resenocations and return an undefd \alue.

The scaling function needs to be controlled orld fiasis to all for different size/scaled images for v and
capture applicationall registers that déct scaling, translation, and capture on the input side of the FIM@@for
even and odd éld values that switch automatically on the internal FIELD signal.
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Device Status Register

Memory Mapped Location 0x000 — (DST ATUS)

Upon reset it is initialized to 0x00. COF is the LIBe COF and LOF status bits hold theitues until reset to their
default values by writing to thenT he other six bits do not hold theialues, Int continually output the status.

Bits Type Default Name Description
[7] RW 0 PRES Video Present Status. Video is determined as not present when an
input sync is not detected in 31 consecutive line periods.
0 = Video not present.
1 =Video present.
[6] RW 0 HLOC Device in H-lock. If HSYNC is found within +1 clock cycle of the

expected position of HSYNC for 32 consecutive lines, this bit is set
to alogical 1. Once set, if HSYNC is not found within £1 clock cycle
of the expected position of HSYNC for 32 consecutive lines, this bit
is set to a logical 0. Writes to this bit are ignored. This bit indicates
the stability of the incoming video. While it is an indicator of hori-

zontal locking, some video sources will characteristically vary from
line to line by more than one clock cycle so this bit will never be

set.
0 = Device not in H-lock.
1 = Device in H-lock.
[5] RW 0 FIELD Field Status. This bit reflects whether an odd or even field is being
decoded.
0 = Odd field.
1 = Even field.
[4] RW 0 NUML This bit identifies the number of lines found in the video stream.

This bit is used to determine the type of video input to the Bt879.
Thirty-two consecutive fields with the same number of lines is
required before this status bit will change.

0 = 525 line format (NTSC/PAL-M).

1 = 625 line format (PAL/SECAM).

(3] Reserved

[2] RW 0 PLOCK A logical 1 indicates the PLL is out of lock. Once s/w has initialized
the PLL to run at the desired frequency, this bit should be read and
cleared until it is no longer set (up to 100 ms). Then the clock input
mode should be switched from xtal to PLL.

[1] RW 0 LOF Luma ADC Overflow. On power-up, this bit is set to 0. If an ADC
overflow occurs, the bit is set to a logical 1. It is reset after being
written to or a chip reset occurs.

[0] RW 0 COF Chroma ADC Overflow. On power-up, this bit is set to 0. If an ADC
overflow occurs, the bit is set to a logical 1. It is reset after being
written to or a chip reset occurs.
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Input Format Register

Memory Mapped Location 0x004 — (IFORM)
Upon reset it is initialized to 0x58. FORM0) is the LSB.

Bits Type Default Name Description
[7] RW 0 Reserved This bit must be set to 0.
[6:5] RW 10 MUXSEL Used for software control of video input selection. The Bt879 can

select between three composite video sources, or two composite
and one S-Video source.

00 = Select MUX3

01 = Select MUX2

10 = Select MUXO

11 = Select MUX1

[4:3] RO 11 Reserved

[2:0] RW 000 FORMAT Automatic format detection may be enabled or disabled. The
NUML bit is used to determine the input format when automatic
format detection is enabled.

000 = Auto format detect enabled

001 = NTSC (M) input format

010 = NTSC w/o pedestal (Japan)

011 =PAL (B, D, G, H, I) input format

100 = PAL (M) input format

101 = PAL (N) input format

110 = SECAM input format

111 = PAL (N-combination) input format

Temporal Decimation Register

Memory Mapped Location 0x008 — (TDEC)

Upon reset it is initialized to 0x00. DEC_R@®) is the LSBThis ragister enables temporal decimation by discarding
a finite number of #lds or frames from the incoming video.

Bits Type Default Name Description
[7] RW 0 DEC_FIELD Defines whether decimation is by fields or frames.
0 = Decimate frames.
1 = Decimate fields.
[6] RW 0 FLDALIGN This bit aligns the start of decimation with an even or odd field.
0 = Start decimation on the odd field (an odd field is the first
field dropped).
1 = Start decimation on the even field (an even field is the
first field dropped).
[5:0] RW 000000 DEC_RAT DEC_RAT is the number of fields or frames dropped out of 60
(NTSC) or 50 (PAL/SECAM) fields or frames. 0x00 value disables
decimation (all video frames and fields are output).
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MSB Cropping Register

Memory Mapped Location 0x00C — Even Field (E_CR OP)
Memory Mapped Location 0x08C — Od d Field (O_CR OP)

Upon reset it is initialized to 0x12. KON IVE_MSB(0) is the LSB. See thMACTIVE, VDELAY, HACTIVE, and
HDELAY registers for descriptions on the operation of thigster

Bits Type Default Name Description

[7:6] RW 00 VDELAY_MSB® | The most significant two bits of vertical delay register.

[5:4] RW 01 VACTIVE_MSB The most significant two bits of vertical active register.

[3:2] RW 00 HDELAY_MSB The most significant two bits of horizontal delay register.

[1:0] RW 10 HACTIVE_MSB The most significant two bits of horizontal active register.

Notes: (1). For VDELAY_MSB the E_CROP and O_CROP address pointer is flipped. To write to the even field,
VDELAY_MSB bits use the odd field address. To write to the odd field, VDELAY_MSB bits use the even field
address.

Vertical Dela y Register , Lower Byte

Memory Mapped Location 0x090— Even Field (E_VDELA Y_LO)

Memory Mapped Location 0x010 — Od d Field (O_VDELAY_LO)

Upon reset it is initialized to Ox1¥DELAY_LO(0) is the LSBThis 8-bit reister is the loer byte of the 10-bit
VDELAY register The two MSBs ofVDELAY are contained in the GBP rgjistet VDELAY defines the number of
half lines between the trailing edgeMRRESET and the start of ae#i video.

Bits Type Default Name Description

[7:0] RW 0x16 VDELAY_LO The least significant byte of the vertical delay register.

Vertical Active Register , Lower Byte

Memory Mapped Location 0x014 — Even Field (E_V ACTIVE_LO)

Memory Mapped Location 0x094 — Od d Field (O_VACTIVE_LO)

Upon reset it is initialized to OXEWACTIVE_LO(0) is the LSBThis 8-bit reister is the laver byte of the 10-bit
VACTIVE registet The two MSBs ofVACTIVE are contained in the @ rgyister VACTIVE defnes the number
of lines used in theertical scaling process.

Bits Type Default Name Description

[7:0] RW OxEO VACTIVE_LO The least significant byte of the vertical active register.
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Horizontal Dela y Register , Lower Byte

Memory Mapped Location 0x018 — Even Field (E_DELA Y_LO)

Memory Mapped Location 0x098 — Od d Field (O_DELAY_LO)

Upon reset it is initialized to 0x78. HDEIYALO(O) is the LSBThis 8-bit reister is the laver byte of the 10-bit
HDELAY registet The two MSBs of HDELA are contained in the GPP reyister HDELAY defines the number of
scaled piels between thafling edge of HRESET and the start of aetvideo.

Bits Type Default Name Description

[7:0] RW 0x78 HDELAY_LO The least significant byte of the horizontal delay register. HACTIVE
pixels will be output by the chip starting at the fall of HRESET.

Horizontal Active Register , Lower Byte

Memory Mapped Location 0x01C — Even Field (E_HA CTIVE_LO)

Memory Mapped Location 0x09C — Od d Field (O_HA CTIVE_LO)

Upon reset it is initialized to 0x80. BN IVE_LO(0) is the LSB. HETIVE defnes the number of horizontal aeti
pixels per line output by thBt879. This 8-bit reister is the lover byte of the 10-bit HETIVE registet The two
MSBs of HACTIVE are contained in the @ reyister

Bits Type Default Name Description

[7:0] RW 0x80 HACTIVE_LO The least significant byte of the horizontal active register.

Horizontal Scaling Register , Upper Byte

Memory Mapped Location 0x020 — Even Field (E_HSCALE_HI)
Memory Mapped Location OXOAO — Od d Field (O_HSCALE_HI)

Upon reset it is initialized to 0x0Zhis 8-bit reister is the upper byte of the 16-bit HSCALIgister

Bits Type Default Name Description

[7:0] RW 0x02 HSCALE_HI The most significant byte of the horizontal scaling ratio.

Horizontal Scaling Register , Lower Byte

Memory Mapped Location 0x024 — Even Field (E_HSCALE_LO)
Memory Mapped Location 0x0OA4 — Od d Field (O_HSCALE_LO)

Upon reset it is initialized to OX2 This 8-bit rjister is the lwer byte of the 16-bit HSCALE géster

Bits Type Default Name Description

[7:0] RW OxAC HSCALE_LO The least significant byte of the horizontal scaling ratio.

’N Rockwell D879DSA 109



CONTROLREGISTERDEFINITIONS-FUNCTIONO
Local Register s

Bt878/879
Single-Chip \eo and BoadcastAudio Captue for the PCI Bus

Brightness Contr ol Register

Memory Mapped Location 0x028 — (BRIGHT)

Upon reset it is initialized to 0x00.

Bits Type Default Name Description
[7:0] RW 0x00 BRIGHT The brightness control involves the addition of a two’'s complement
number to the luma channel. Brightness can be adjusted in 255
steps, from —128 to +127. The resolution of brightness change is
one LSB (0.39% with respect to the full luma range).
BRIGHT
Brightness Chang ed By
Hex Value Binar y Value Number Percent of
of LSBs Full Scale
0x80 1000 0000 -128 -50%
0x81 1000 0001 -127 —49.6%
OxFF 11111111 -01 -0.39%
0x00* 0000 0000 00 0%
0x01 0000 0001 +01 +0.39%
OX7E 0111 1110 +126 +49.2%
OX7F 0111 1111 +127 +49.6%
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Miscellaneous Contr ol Register

Memory Mapped Location 0x02C — Even Field (E_CONTR OL)
Memory Mapped Location OXOA C — Odd Field (O_CONTR OL)

Upon reset it is initialized to 0x20. $AV_MSB is the LSB.

Bits Type Default Name Description
[7] RW 0 LNOTCH This bit is used to include the luma notch filter. For monochrome
video, the notch filter should not be used. This will output full band-
width luminance.
0 = Enable the luma notch filter
1 = Disable the luma notch filter
[6] RwW 0 COMP When COMP is set to logical 1, the luma notch is disabled. When
COMP is set to logical 0, the C ADC is disabled.
0 = Composite Video
1 =Y/C Component Video
[5] RW 1 LDEC The luma decimation filter is used to reduce the high-frequency
component of the luma signal. Useful when scaling to CIF resolu-
tions or lower.
0 = Enable luma decimation using selectable H filter
1 = Disable luma decimation
[4] RwW 0 CBSENSE This bit controls whether the first pixel of a line is a Cb pixel or a Cr
pixel. For example, if CBSENSE is low and HDELAY is an even
number, the first active pixel output is a Ch pixel. If HDELAY is odd,
CBSENSE may be programmed high to produce a Cb pixel as the
first active pixel output.
0 = Normal Cb, Cr order
1 = Invert Cb, Cr order
[3] RwW 0 Reserved This bit should only be written with a logical 0.
[2] RW 0 CON_MSB The MSB of the luma gain (contrast) value.
[1] RW 0 SAT_U_MSB The MSB of the chroma (u) gain value.
[0] RW 0 SAT_V_MSB The MSB of the chroma (v) gain value.
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Luma Gain Register , Lower Byte

Memory Mapped Location 0x030 — (CONTRAST_LO)
Upon reset it is initialized to 0xD8. CONTRAST_LO(0) is the LSB.

Bits Type Default Name Description

[7:0] RW 0xD8 CONTRAST_LO | The CON_MSB bit and the CONTRAST _LO register concatenate
to form the 9-bit CONTRAST register. The value in this register is
multiplied by the luminance value to provide contrast adjustment.

CONTRAST  The CON_MSB + the least sigriéint byte of the lumaagn (contrast) alue.

Decimal Value Hex Value % of Original Signal
511 Ox1FF 236.57%
510 Ox1FE 236.13%
217 0x0D9 100.46%
216 0x0D8 100.00%
128 0x080 59.26%
1 0x001 0.46%
0 0x000 0.00%
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Chroma (U) Gain Register , Lower Byte

Memory Mapped Location 0x034 — (SA T_U_LO)

Upon reset it is initialized to OXFE. $AU_LO(0) is the LSB. SA_ U_MSB in the Miscellaneous CONTR reg-
ister, and SA_U_LO concatenate to create a 9-bgiseer (SA_U). This ragister is used to add aig adjustment

to the U component of the video signal. By adjusting the U/acmlor components of the video stream by the same
amount, the saturation is adjustedr Rormal saturation adjustment, ttergin both the color dérence paths must
be the same (i.e. the ratio between e in the U gin register and thealue in the/ gain register should bedpt
constant at the dafilt paver-up ratio). When changing the saturation, if theTSA) MSB bit is altered, care must be
taken to ensure that the other bits in the CORLRegister are not &écted.

Bits Type Default Name Description

[7:0] RW OXFE SAT_U_LO This register is used to add a gain adjustment to the U component
of the video signal. By adjusting the U and V color components of
the video stream by the same incremental value, the saturation is

adjusted.
SAT_U
(SAT_U_MSB + SAT_U_LO)
Decimal Value Hex Value % of Original Signal
511 Ox1FF 201.18%
510 Ox1FE 200.79%
255 OxOFF 100.39%
254 OXOFE 100.00%
128 0x080 50.39%
1 0x001 0.39%
0 0x000 0.00%
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Chroma (V) Gain Register , Lower Byte

Memory Mapped Location 0x038 — (SA T_V_LO)

Upon reset it is initialized to 0xB4. JAV_LO(0) is the LSB. SA_V_MSB in the Miscellaneous CONTR. reg-
ister and SA_V_LO concatenate to create a 9-bgister (SA_V). This register is used to add aig adjustment to
theV component of the video signal. by adjusting the UVawdlor components of the video stream by the same
amount, the saturation is adjustedr Rormal saturation adjustment, ttergin both the color dérence paths must
be the same (i.e. the ratio between thlee in the U gin register and thealue in the/ gain register should bedpt
constant at the dadilt paver-up ratio) When changing the saturation, if theTSA _MSB bit is altered, care must be
taken to ensure that the other bits in the CORLRegister are not &écted.

Bits Type Default Name Description

[7:0] RW 0xB4 SAT_V_LO This register is used to add a gain adjustment to the V component
of the video signal. By adjusting the U and V color components of
the video stream by the same amount, the saturation is adjusted.

SAT V
(SAT_V_MSB + SAT_V_LO)
Decimal Value Hex Value % of Original Signal
511 Ox1FF 283.89%
510 Ox1FE 283.33%
181 0x0B5 100.56%
180 0x0B4 100.00%
128 0x080 71.11%
1 0x001 0.56%
0 0x000 0.00%
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Hue Contr ol Register

Memory Mapped Location 0x03C — (HUE)
Upon reset it is initialized to 0x00. HUE(O) is the L2®8. asterisk indicates the deiit option.

Bits Type Default Name Description

[7:0] RW 0x00 HUE Hue adjustment involves the addition of a two’s complement num-
ber to the demodulating subcarrier phase. Hue can be adjusted in
256 steps in the range —90° to +89.3°, in increments of 0.7°.

Note: Not applicable to PAL, SECAM, or Digital Video.

HUE
. SEBEIET Resulting Hue
Hex Value Binar y Value Reference Chang ed By
Chang ed By
0x80 1000 0000 -90° +90°
0x81 1000 0001 -89.3° +89.3°
OxFF 11111111 -0.7° +0.7°
0x00 0000 0000* 00° 00°
0x01 0000 0001 +0.7° -0.7°
Ox7E 0111 1110 +88.6° -88.6°
Ox7F 0111 1111 +89.3° -89.3°
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SC Loop Contr ol Register

Memory Mapped Location 0x040 — Even Field (E_SCLOOP)
Memory Mapped Location OxOCO — Od d Field (O_SCLOOP)

Upon reset it is initialized to 0x00. Resed{0) is the LSB.

Bits Type Default Name Description
[7] RW 0 PEAK This bit determines if the normal luma low-pass filters are imple-
mented via the HFILT bits or if the peaking filters are implemented.
0 = Normal luma low pass filtering
1 = Use luma peaking filters
[6] RW 0 CAGC This bit controls the Chroma AGC function. When enabled,

Chroma AGC will compensate for non-standard chroma levels. The
compensation is achieved by multiplying the incoming chroma sig-
nal by a value in the range of 0.5 to 2.0.

0 = Chroma AGC Disabled
1 = Chroma AGC Enabled
[5] RW 0 CKILL This bit determines whether the low color detector and removal cir-
cuitry is enabled.
0 = Low Color Detection and Removal Disabled
1 = Low Color Detection and Removal Enabled
[4:3] RW 00 HFILT These bits control the configuration of the optional 6-tap Horizontal

Low-Pass Filter. The auto-format mode determines the appropriate
low-pass filter based on the horizontal scaling ratio selected. The
LDEC bit in the CONTROL register must be programmed to 0 to
use these filters.

00 = Auto Format. If auto format is selected when horizontally
scaling between full resolution and half resolution, no fil-
tering is selected. When scaling between one-half and
one-quarter resolution, the CIF filter is used. When scal-
ing between one-quarter and one-eighth resolution, the
QCIF filter is used, and at less than one-eight resolution,
the ICON filter is used.

If the PEAK bit is set to logical 1, the HFILT bits determine which
peaking filter is selected.

01 = Max full resolution peaking

10 = Min Cif resolution peaking

11 = Max Cif resolution peaking

00 = Min full resolution peaking

[2:0] RW 00 Reserved These bits must be set to 0.

Notes: (1). Default filter mode.
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White Crush Up Register (WC_UP)
Memory Mapped Location 0x044

This control rgister may be written to or read by the MPU at time, and upon reset it is initialized to OXCF
UPCNT(O) is the least signifant bit.

Bits Type Default Name Description
[7:6] RW 3 MAJS These bits determine the majority comparison point for the White
Crush Up function.
00 = 3/4 of maximum luna value.

01 = 1/2 of maximum luma value.
10 = 1/4 of maximum luma value.
11 = Automatic.

[5:0] RW OxF UPCNT The value programmed in these hits accumulates once per field or
frame, in the case where the majority of the pixels in the active
region of the image are below a selected value. The accumulated
value determines the extent to which the AGC value needs to be
raised in order to keep the SYNC level proportionate with the white
level. The UPCNT value is assumed positive i.e.,

3F =63
3E =62
00 =0
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Output Format Register

Memory Mapped Location 0x048 — (OFORM)
Upon reset it is initialized to 0x00. OFORM(0) is the LSB.

Bits Type Default Name Description

[7] RW 0 RANGE Luma Output Range: This bit determines the range for the lumi-
nance output on the Bt879. The range must be limited when using
the control codes as video timing.
0 = Normal operation (Luma range 16—253,
chroma range 2-253).
Y=16 is black (pedestal).
Cr, Cb=128 is zero color information.
1 = Full-range Output (Luma range 0-255,
chroma range 2—-253)
Y=0 is black (pedestal).
Cr, Cb=128 is zero color information.

[6:5] RW 00 CORE Luma Coring: These bits control the coring value used by the
Bt879. When coring is active and the total luminance level is below
the limit programmed into these bits, the luminance signal is trun-

cated to O.
00 =0 no coring
01 =8
10 =16
11 =32
[4:0] RW 00000 Reserved These bits must be set to 0.
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Vertical Scaling Register , Upper Byte

Memory Mapped Location 0x04C — Even Field (E_VSCALE_HI)
Memory Mapped Location OXOCC — Od d Field (O_VSCALE_HI)

Upon reset it is initialized to 0x60.

Bits Type Default Name Description
[7] RW 0 VSFLDALIGN Used in conjunction with bit 5 (INT) to align vertical scaling when
overlaying fields at CIF resolution (60/50 Hz mode)
bit 7 bit 5
00 = Non-interlace vertical scaling
x1 = Interlace vertical scaling

10 = Field aligned vertical scaling

[6] RW 1 COMB Chroma Comb Enable: This bit determines if the chroma comb is
included in the data path. If enabled, a full line store is used to
average adjacent lines of color information, reducing cross-color

artifacts.
0 = Chroma comb disabled
1 = Chroma comb enabled
[5] RW 1 INT Used in conjunction with bit 7 (FLDALIGN) to align vertical scaling
when overlaying fields at CIF resolution (60/50 Hz mode)
bit 7 bit 5
00 = Non-interlace vertical scaling
x1 = Interlace vertical scaling

10 = Field aligned vertical scaling

[4:0] RW 00000 VSCALE_HI Vertical Scaling Ratio: These five bits represent the most signifi-
cant portion of the 13-bit vertical scaling ratio register.
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Vertical Scaling Register , Lower Byte

Memory Mapped Location 0x050 — Even Field (E_VSCALE_LO)
Memory Mapped Location 0xODO — Od d Field (O_VSCALE_LO)

Upon reset it is initialized to 0x00.

Bits Type Default Name Description

[7:0] RW 0x00 VSCALE_LO Vertical Scaling Ratio: These eight bits represent the least signifi-
cant byte of the 13-bit vertical scaling ratio register. They are con-
catenated with five bits in VSCALE_HI. The following equation
should be used to determine the value for this register:

VSCALE = (0x10000 — { [ ( scaling_ratio ) — 1] * 512 } ) & OX1FFF

Test Contr ol Register
Memory Mapped Location 0x054 — (TEST)

This control rgister is resemd for putting the part into test modrite operation to this gister may cause unde-

termined beh&or and should not be attemptédread gcle from this rgister returns 0x01, and only a write of 0x01
is permitted.

AGC Delay Register

Memory Mapped Location 0x060 — (ADELA Y)
Upon reset, it is initialized to 0x68.

Bits Type Default Name Description

[7:0] RW 0x70 ADELAY AGC gate delay for back-porch sampling. The following equation
should be used to determine the value for this register:
ADELAY = (6.8 us * 4*Fsc) + 15

Example for an NTSC input signal:

ADELAY = (6.8 us x 14.32 MHz) + 15 = 112 (0x70)

Bur st Delay Register

Memory Mapped Location 0x064 — (BDELA Y)
Upon reset, it is initialized to Ox5D. BDEINAQ) is the LSB.

Bits Type Default Name Description

[7:0] RW 0x5D BDELAY The burst gate delay for sub-carrier sampling. The following equa-
tion should be used to determine the value for this register:
BDELAY = (6.5 ps * 4*Fsc)
Example for an NTSC input signal:
BDELAY = (6.5 ps x 14.32 MHz) = 93 (0x5D)
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ADC Interface Register

Memory Mapped Location 0x068 — (ADC)
Upon reset, it is initialized to 0x82. CSH is the LSB.

Bits

Type

Default

Name

Description

[7:6]

10

Reserved

These bits should only be written with logical 1 and logical 0.

5]

Reserved

This bit is reserved and must be set to 0.

(4]

RW

AGC_EN

This bit controls the AGC function. If disabled REFOUT is not
driven, and an external reference voltage must be provided. If
enabled, REFOUT is driven to control the A/D reference voltage.
0 = AGC enabled
1 = AGC disabled

(3]

RW

CLK_SLEEP

When this bit is at a logical 1, the decoder clock is powered down,
but the device registers are still accessible. Recovery time is
approximately one second to return to capturing video.

0 = Normal clock operation

1 = Shut down the system clock (Power Down)

(2]

RW

Y_SLEEP

This bit enables putting the luma ADC in sleep mode.
0 = Normal Y ADC operation
1 = Sleep Y ADC operation

(1]

RW

C_SLEEP

This bit enables putting the chroma ADC in sleep mode.
0 = Normal C ADC operation
1 = Sleep C ADC operation

0]

RW

CRUSH

When the CRUSH bit is high (adaptive AGC), the gain control
mechanism monitors the A/D’s for overflow conditions. If an over-
flow is detected, the REFOUT voltage is increased, which
increases the input voltage range on the A/D’s.

’N Rockwell
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Video Timing Contr ol Register

Memory Mapped Location Ox6C — Even Field (E_VTC)
Memory Mapped Location OXEC — Od d Field (O_VTC)

Upon reset, it is initialized to OXOQFILT(0) is the LSB.

Bits | Type | Default Name Description

[7] RW 0 HSFMT This bit selects between a 32-clock-wide HRESET and the standard
64-clock-wide HRESET.
0 = HRESET is 64 CLKx1 cycles wide

1 = HRESET is 32 CLKx1 cycles wide
[6:3] Reserved | These bits should only be written with a logical 0.
[2:0] | RW 000 VFILT These bits control the number of taps in the Vertical Scaling Filter. The number

of taps must be chosen in conjunction with the horizontal scale factor to
ensure the needed data does not overflow the internal FIFO.

000* = 2-tap interpolation only. @

001 =2-tap %(1+ z and 2-tap interpolation.
010 =3-tap %1(1+ 2z'+7%  and 2-tap interpolation. @

011 =4-tap %(1 +3271+32%+2% and 2-tap interpolation. )

100* = 2-tap %(1+ zhH
101 = 3-tap %(1 +27t4727% @
110 = 4-tap %(1 +37 4372473 @

111 =5-tap 1—16(1 +477 46272 +423%+ 27 B

Notes: (1). Available at all resolutions.
(2). Only available if scaling to less than 385 horizontal active pixels (CIF or smaller).
(3). Only available if scaling to less than 193 horizontal active pixels (QCIF or smaller).
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Software Reset Register

Memory Mapped Location 0x07C — (SRESET)

This command gister can be written at ptime. Read ycles to this rgister return an undeféd \alue A data write
cycle to this rgister resets the video decoder and scatgsters to the defult stateWriting ary data \alue into this
address resets theuikee.

White Crush Do wn Register

Memory Mapped Location 0x078

This control rgister may be written to or read by the MPU ati@me, an upon reset is initialized to OXETANCNT(0)
is the least signifant bit.This register is programmed with a té¢ complement number

Bits Type Default Name Description

[7] RW | 0 VERTEN 0 = Normal operation
1 = Enable vertical sync detection in determining the video

presence (PRES) status.
[6] RW 1 WCFRAME This bit programs the rate at which the DNCNT and UPCNT values
are accumulated.

0 = Once per field
1 = Once per frame

[5:0] RW 0x22F DNCNT The value programmed in these bits accumulates once per field or

frame. The accumulated value determines the extent to which the
AGC value needs to be lowered in order to keep the SYNC level
proportionate to the white level.

The DNCNT value is assumed negative i.e.,

3F =-1
3E =-2
00 =-64
Timing Generator Load Byte
Memory Mapped Location 0x080 — (TGLB)
Upon reset, it is initialized to 00.
Bits Type Default Name Description
[7:0] RW 00 TGLB Load SRAM 1 byte at a time, in sequence after a TGC_AR. Load

the least significant byte first. Each write to this address causes an
automatic advance of the SRAM byte location.

Reading from this address only reads the current byte. The
TGC_AI bit must be pulsed by s/w in order for the SRAM byte loca-
tion to advance.
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Timing Generator Contr ol

Memory Mapped Location 0x084 — (TGCTRL)

Upon reset, it is initialized to 00.

Bits Type Default Name Description
7 Reserved Must be written with a logical zero.
[6:5] RW TGCKO GPCLK Output Clock Select
00 =CLKx1
01 =xtal 0 input
10 =PLL
11 =PLL - inverted
[4:3] RW TGCKI Decoder Input Clock Select.
00 = Normal xtal O/xtal 1 mode
01 =PLL
10 = GPCLK®
11 = GPCLK - inverted®
2 RW TGC_AI Timing Generator Read Address Increment. Active hi pulse incre-
ments the read address.
1 RW GPC_AR Timing Generator Address Reset.
0 RW 00 TGC_VM Timing Generator Video Mode enable.
0 = Read/write mode
1 = Enable timing generator/read mode
Notes: (1). Since the entire decoder will be running off the external clock GPCLK, when selecting the GPCLK is activat-
ed, the decoder functionality is subject to a halt condition if the input port is disconnected. A clock detect circuit
will allow the decoder to fall back on either the PLL or the Xtal, whichever is enabled via PLL_|I. If the PLL has
been put to sleep, then the decoder will fall back on the XtalO input. The VPRES status condition indicates the
status of the clock detect output when in digital video input mode which is monitoring GPCLK.
Itis desirable for SW to set up the PLL to run at the same frequency as the GPCLK input, so if the digital cam-
era is disconnected, then blue-field timing will run properly.

Total Line Count Register
If set to non-zero, the 10 biale will change the decodgrertical synchronization line count from the normal

525/625.
Memory Mapped Location 0xOBO — (VT OTAL_LO)

Bits Type Default Name Description
[7:0] RW 0x00 VTOTAL_LO The least significant byte of the 10 bit VTOTAL register, which sets
the expected number of horizontal video lines per frame if
non-zero.
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Memory Mapped Location 0xOB4 — VTOTAL_HI

Bits Type Default Name Description
[7:2] RW 000000 Reserved
[1:0] RW 00 VTOTAL_HI The most significant 2 bits of the 10 bit VTOTAL register, which
sets the expected number of horizontal video lines per frame if
non-zero.

Color Format Register

Memory Mapped Location 0xOD4 — (COLOR_FMT)

Bits Type Default Name Description
[7:4] RW 0000 COLOR_ODD Odd Field Color Format
0000 = RGB32
0001 = RGB24
0010 = RGB16
0011 = RGB15

0100=YUY2 4:2:2

0101 =BtYUV 4:1:1

0110 =Y8 (Gray scale)
0111 = RGBS (Dithered)
1000 = YCrCb 4:2:2 Planar
1001 =YCrCb 4:1:1 Planar (YUV9, YUV12)
1010 = Reserved

1011 = Reserved

1100 = Reserved

1101 = Reserved

1110 = Raw 8X Data

1111 = Reserved

[3:0] RW 0000 COLOR_EVEN Even Field Color Format
0000 = RGB32

0001 = RGB24

0010 = RGB16

0011 = RGB15
0100=YUY2 4:2:2

0101 =BtYUV 4:1:1

0110 =Y8 (Gray scale)
0111 = RGBS (Dithered)
1000 = YCrCb 4:2:2 Planar
1001 =YCrCb 4:1:1 Planar
1010 = Reserved

1011 = Reserved

1100 = Reserved

1101 = Reserved

1110 = Raw 8X Data

1111 = Reserved
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Color Contr ol Register

Memory Mapped Location 0xOD8 — (COLOR_CTL)

A value of 1 enables byte apping of data entering the FIFO. B3[31:24hpped with B2[23:16] and B1[15:8]
swapped with BO[7:0].

Bits Type Default Name Description
[7] RW 0 EXT_FRMRATE | When the GPIO port is in SPI-16 input mode then this bit supplies
NTSC(0)/PAL(1) which selects the gamma ROM.
[6] RW 0 COLOR_BARS A value of 1 enables a color bars pattern at the input of the VDFC
block.
[5] RW 0 RGB_DED A value of 0 enables error diffusion for RGB16/RGB15 modes. A

value of 1 disables it.

[4] RW 0 GAMMA A value of 0 enables gamma correction removal. The inverse
gamma correction factor of 2.2 or 2.8 is applied and auto-selected
by the respective mode NTSC/PAL. A value of 1 disables gamma
correction removal.

[3] RW 0 WSWAP_ODD WordSwap Odd Field. A value of 1 enables word swapping of data
entering the FIFO. W2[31:16] swapped with WO0[15:0].

[2] RW 0 WSWAP_EVEN | WordSwap Even Field. A value of 1 enables word swapping of data
entering the FIFO. W2[31:16] swapped with WO0[15:0].

[1] RW 0 BSWAP_ODD ByteSwap Odd Field. A value of 1 enables byte swapping of data
entering the FIFO. B3[31:24] swapped with B2[23:16] and B1[15:8]
swapped with BO[7:0].

[0] RW 0 BSWAP_EVEN ByteSwap Even Field. A value of 1 enables byte swapping of data
entering the FIFO. B3[31:24] swapped with B2[23:16] and B1[15:8]
swapped with BO[7:0].
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Capture Contr ol Register

Memory Mapped Location 0xODC — (CAP_CTL)

Bits Type Default Name Description
[7:5] RW 000 Reserved These bits should only be written with a logical 0.
[4] RW 0 DITH_FRAME 0 = Dither matrix applied to consecutive lines in a field
1= Full frame mode
[3] RW 0 CAPTURE_VBI_ODD A value of 1 enables VBI data to be captured into the FIFO
during the odd field.
[2] RW 0 CAPTURE_VBI_EVEN | A value of 1 enables VBI data to be captured into the FIFO

during the even field.

[1] RW 0 CAPTURE_ODD A value of 1 enables odd capture and allows VDFC to write
data to FIFOs during the odd field.

[0] RW 0 CAPTURE_EVEN A value of 1 enables even capture and allows VDFC to write
data to FIFOs during the even field.

VBI Packet Siz e Register
Memory Mapped Location OXOEOQ — (VBI_P ACK_SIZE)

Bits Type Default Name Description

[7:0] RW 0x00 VBI_PKT_LO Lower 8 bits for the number of raw data DWORDS (four 8-bit sam-
ples) to capture while in VBI capture mode.

VBI Packet Siz e / Delay Register
Memory Mapped Location OxOE4 — (VBI_P ACK_DEL)

Bits Type Default Name Description

[7:2] RW 000000 VBI_HDELAY The number of CLKx1'’s to delay from the trailing edge of HRESET
before starting VBI line capture.

[1] RW 0 EXT_FRAME A value of 1 extends the frame output capture region to include the
10 lines prior to the default VACTIVE region.

[0] RW 0 VBI_PKT_HI Upper bit for the number of raw data DWORDS (four 8-bit samples)
to capture while in VBI capture mode.
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Field Capture Counter—FCAP Register

Memory Mapped Location - OXOE8
Upon reset it is initialized to 00.

Bits Type Default Name Description

[7:0] RwW® | 0x00 FCNTR Counts Field transitions when any CAPTURE bit is set.

Notes: (1). Any write to this register resets the contents to 0.

PLL Reference Multiplier —PLL_F_LO Register
Memory Mapped Location - 0OXxOF0
Upon reset it is initialized to 00.

Bits Type Default Name Description

[7:0] RW 0x00 PLL_ F_LO Lower byte of PLL Frequency register.

PLL Reference Multiplie—PLL_F_HI Register

Memory Mapped Location - OxOF4
Upon reset it is initialized to 00.

Bits Type Default Name Description

[7:0] RW 0x00 PLL_F_HI Upper byte of PLL Frequency register.

Integ er—PLL-XCI Register

Memory Mapped Location - 0XOF8
Upon reset it is initialized to 00.

Bits Type Default Name Description
[7] RW 0 PLL_X PLL Ref xtal pre-divider.
0 = Use 1 for pre-divider
1 = Use 2 for pre-divider
[6] RW 0 PLL_C PLL VCO post-divider.
0 = Use 6 for post-divider
1 = Use 4 for post-divider
[5:0] RW 000000 PLL | PLL_I input®. Range 6-63. If set to 0x00, then the PLL sleeps.
Notes: (1). Minimum allowable PLL_I. PLL_F = 6.8000h.
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Digital Video Signal Interface Format

Memory Mapped Location OXOFC—(D VSIF)
Upon reset, it is initialized to 0x000.

Bits Type Default Name Description

[7] RW 0 Reserved

[6] RW 0 VSIF_BCF Enable bypass of chroma filters. Use when HSCALE is set to 0.
1 = Bypass chroma filters
0 = Use chroma filters

[5] RW 0 VSIF_ESO Enable Sync output for synchronizing video Input.
1 = Syncs are outputs
0 = Syncs are inputs

[4:3] RW 00 SVREF 00 =HS/VS aligned with Cb

01 =HS/VS aligned with YO
10 = HS/VS aligned with Cr
11 = HS/VS aligned with Y1

[2:0] RW 000 VSFMT 000 = Digital video input disabled
001 = CCIR656

010 = Reserved

011 = Reserved

100 = External Hsync, VSYNC
101 = External HSYNC, Field
110 = Reserved

111 = Reserved
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Interrupt Status Register

Memory Mapped Location 0x100 — (INT_ST AT)

This ragister praides status of pending interrupt conditions.clear the interrupts, read thigiser then write the
same data back 1 in the write data clears the particulagister bit.The interrupt/status bits can be polled at an

time.
Bits Type Default Name Description

[31:28] RO RISCS Set when RISC status set bits are set in the RISC instruction.
Reset when RISC status reset bits are set. Status only, no inter-
rupt.

[27] RO RISC_EN A value of 0 indicates the DMA controller is currently disabled. Sta-
tus only, no interrupt.

[26] RO Reserved

[25] RO RACK Set when I°C operation is completed successfully. Otherwise, if the
receiver does not acknowledge, this bit will be reset when
I2CDONE (bit 8) is set. Status only, no interrupt.

[24] RO FIELD 0 = Odd field

1 = Even field. Status only, no interrupt

[23:20] 0000 Reserved

[19] RR 0 SCERR Set when the DMA EOL sync counter overflows. This is a severe
error which requires the software to restart the field capture pro-
cess. Also set when SYNC codes do not match in the data/instruc-
tion streams.

[18] RR 0 OCERR Set when the DMA controller detects a reserved/unused opcode in
the instruction sequence, or reserved/unused sync status in a
SYNC instruction. In general, this includes any detected RISC
instruction error.

[17] RR 0 PABORT Set whenever the initiator receives a MASTER or TARGET ABORT.

[16] RR 0 RIPERR Set when a data parity error is detected (Parity Error Response
must be set) while the initiator is reading RISC instructions.
RISC_ENABLE is reset by the target to stop the DMA immediately.

[15] RR 0 PPERR Set when a parity error is detected on the PCI bus for any of the
transactions, R/W, address/data phases, initiator/target,
issued/sampled PERR regardless of the Parity Error Response bit.
All parity errors are serious except for data written to display.

[14] RR 0 FDSR FIFO Data Stream Resynchronization occurred. The number of
pixels, lines, or modes passing through FIFO does not match RISC
program expectations.

[13] RR 0 FTRGT Set when a pixel data FIFO overrun condition results in the master,
terminating the transaction due to excessive target latency.
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Bits Type Default Name Description

[12] RR 0 FBUS Set when a pixel data FIFO overrun condition is being handled by
dropping as many DWORDSs as needed, indicating bus access
latencies are long.

[11] RR 0 RISCI Set when the IRQ bit in the RISC instruction is set.

[10] RO 0 Reserved

[9] RR 0 GPINT Set upon the programmable edge or level of the GPINTR pin.

[8] RR 0 I2CDONE Set when an IC read or write operation has completed.

[7:6] RO 0 Reserved

[5] RR 0 VPRES Set when the analog video signal input changes from present to
absent or vice versa.

[4] RR 0 HLOCK Set if the horizontal lock condition changes on incoming video.

[3] RR 0 OFLOW Set when an overflow is detected in the luma or chroma ADCs.

[2] RR 0 HSYNC Set when the analog input begins a new video line, or at the GPIO
HRESET leading edge.

[1] RR 0 VSYNC Set when FIELD changes on the analog input or GPIO input.

[0] RR 0 FMTCHG Set when a video format change is detected; i.e., the analog input
changes from NTSC to PAL or vice versa.
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Interrupt Mask Register

Memory Mapped Location 0x104 — (INT_MASK)

Bits

Type

Default

Name

Description

[23:0]

RW

0x000000

INT_MASK

A value of 1 enables the interrupt bit. The bits correspond to the
same bits in the Interrupt Status register. Unmasking a bit may gen-
erate an interrupt immediately due to a previously pending condition.
The PCI INTA is level sensitive. It remains asserted until the device
driver clears or masks the pending request.

132

D879DSA ’N Rockwell



Bt878/879

Single-Chip eo and BoadcastAudio Captue for the PCI Bus

CONTROLREGISTERDEFINITIONS-FUNCTIONO i ‘

Local Register s

GPIO and DMA Contr ol Register
Memory Mapped Location 0x10C — (GPIO_DMA_CTL)

Bits Type Default Name Description

[15] RW 0 GPINTC A value of 0 selects the direct non-inv/inv input from GPINTR to go
to the interrupt status register. A value of 1 selects the rising edge
detect of the GPINTI programmed input.

[14] RW 0 GPINTI A value of 1 inverts the input from the GPINTR pin immediately
after the input buffer.

[13] Reserved. Must be logical 0.

[12:11] | RW 00 GPIOMODE 00 = Normal GPIO port.

01 = Synchronous Pixel Interface output mode.
10 = Synchronous Pixel Interface input mode.
11 = Reserved.

[10] RW 0 GPCLKMODE A value of 1 enables CLKx1 to be output on GPCLK. A value of 0
disables the output and enables GPCLK to supply the internal
pixel clock during SPI-16 input mode, otherwise this pin is
assumed to be inactive.

[9:8] RW 00 Reserved This bit should only be written with a logical 0.

[7:6] RW 00 PLTP23 Planar mode trigger point for FIFO2 and FIFO3.

00 =4DWORDs
01 =8DWORDs
10 =16 DWORDs
11 =32 DWORDs
[5:4] RW 00 PLTP1 Planar mode trigger point for FIFO1.
00 =4 DWORDs
01 =8DWORDs
10 =16 DWORDs
11 =32 DWORDs

[3:2] RW 00 PKTP Packed mode FIFO Trigger Point. The number of DWORDs in the
FIFOs in total before the DMA controller begins to burst data onto
the PCI bus.

00 =4DWORDs
01 =8DWORDs
10 =16 DWORDs
11 =32 DWORDs

[1] RW 0 RISC_ENABLE | A value of 1 enables the DMA controller to process pixel dataflow
instructions beginning at the RISC program start address.

[0] RW 0 FIFO_ENABLE A value of 1 enables the data FIFO, while 0 flushes or resets it.
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I°C Data/Contr ol Register
Memory Mapped Location 0x110

Bits Type Default Name Description
[31:24] | RW 12CDBO First byte sent in an 12C transaction. Typically this will be the base or
chip 7-bit address and the R/W bit.
[23:16] | RW 12CDB1 Second byte sent in an 12C write transaction, usually a sub-address.
[15:8] RW 12CDB2 Third byte sent in an 12C write transaction, usually the data byte. After
a read transaction, this byte register will contain the data read from
the slave.
[7] RW 0 I2CMODE 1°C mode.
0 = Software mode
1 = Hardware mode
[6] RW 0 I2CRATE 12c timing frequency.
0 =99.2 kHz mode
1 = 396.8 kHz mode
[5] RW 0 I2CNOSTOP | I12C stop mode.
0 = Transmit stop at end of transaction
1 = Do not transmit stop at end of transaction. Hold SCL low.
[4] RW 0 I2CNOS1B | I2C start mode.

0 =Transmit START or repeated START transaction. The R/W
status from bit 24 is saved for any future one byte transac-

tions.
1 = Enable one byte read or write without START.
3] RW 0 I2CSYNC 12C synchronization.
0 = Disallows the slave to insert wait states
1 = Allows the slave to insert bit-level clock wait states
[2] RW 0 I2CW3BRA Number of bytes sent and master/slave acknowledge. This bit has no

meaning when I2CNOS1B (bit 4) is high during a write transaction.
0 = Write transaction of 2 bytes I2CDB(0-1). During a 1 byte
read transaction (I2CNOS1B is high), master sends a
NACK to end the reads from the slave.
1 = Write transaction of 3 bytes I2CDB(0-2). During a 1 byte
read transaction (I2CNOS1B is high), master sends an ACK
after reading the data byte.

[1] RW 1 12CSCL A value of 1 releases the SCL output, and a 0 forces the SCL output
low. This bit must be set to a 1 during hardware mode. This override is
for direct software control of the bus. Reading this bit provides access
to the buffered SCL input pin.

[0] RW 1 I2CSDA A value of 1 releases the SDA output, and a 0 forces the SDA output
low. This bit must be set to a 1 during hardware mode. This override is
for direct software control of the bus. Reading this bit provides access
to the buffered SDA input pin.
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RISC Program Star t Ad dress Register

Memory Mapped Location 0x114 — (RISC_STR T_ADD)

Bits

Type

Default

Name

Description

[31:0]

RW

0x00000000

RISC_IPC

Base address for the RISC program. Standard 32-bit memory space
byte address, although the software must DWORD-align by setting
the lowest two bits to 00. The DMA controller begins executing
instructions at this address when RISC_ENABLE is set; i.e., the
RISC program counter is loaded with this pointer at the rising edge
of RISC_ENABLE.

GPIO Output Enab le Contr ol Register

Memory Mapped Location 0x118 — (GPIO_OUT_EN)

Bits

Type

Default

Name

Description

[23:0]

RW

0x000000

GPOE

Writes to this register provide data to the output buffer enables. A
value of 1 enables the driver.

RISC Program Counter Register

Memory Mapped Location 0x120 — (RISC_COUNT)

Bits

Type

Default

Name

Description

[31:0]

RO

RISC_PC

The current value of the RISC program counter. This may be slightly
ahead of the current instruction due to pre-fetching instructions into
the queue.

GPIO Data I/0O Register
Memory Mapped Location 0x200-0x2FF — (GPIO_D ATA)

Bits

Type

Default

Name

Description

[23:0]

RW

GPDATA

Writes to this register provide data to the output buffers. Read data is
from the input buffer. Data from this register can only be read if output
enables are set, and GPIOMODE is set to normal.
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The second address space that will be discussed is Funclisiinithe prgious chapterthe confjuration address
space includes the pre-defd PCI confjuration rgistersThe memory address space includes all the logaltezs

used by Bt879 to control the remaining portions of thvécge Both the PCI corguration address space and the mem-
ory address space start at memory location OkB8.PCl-based system distinguishes the address spaces based

on the Initialization Deice Select, PCl address, and command signals that are issued during the appropraate softw
commands.

PCI Confi guration Space

The PCI confjuration space deifes the rgisters used to inteate between the host and the PCI loaal Function
1 responds as a multimediavi®. Each function has itsvm address spac&D[10:8] indicate which function the
PCI tus is addressing\D[10:8] = 001 specifis Function 1The raister defnitions in this chapter apply only to
Function 1.

The confguration space gisters are described in the yimus chapterFor a discussion on cogfiration gcle ad-
dressing, refer to Section 3.6.4.1 of Bf@l Local Bus Specdation, Revision 2.1

The confguration space is accessible at all timamehough it is not typically accessed during normal operation.
These rgisters are normally accessed by thev®oOn SelfTest (POST) code and by thevite driver during ini-
tialization time. Software will, havever, read the statusgester during normal operation when a PG$ lerror occurs
and is detected bpt879

The Confguration Space is accessed when the Initializationd@eselect (IDSEL) pin is high, a#dD[1:0] = 00;
otherwise, theyxle is ignoredThe confguration rgister addresses are eacfsef by 4, sinc&D[1:0] = 00.

Bt879 supports brst R/W gcles.Write operations to resexd, unimplemented, or read-onlygigters/bits com-
plete normally with the data discarded. Read accesses toa@semnimplemented gesters/bits return a datale
equal to 0.

Internal addressing @t879registers occurs viAD[7:2] and the byte enable bits of the PQELThe 8-bit byte
address for each of the foling register locations is {AD[7:2], 00}.

CardBus CIS Pointer gésters are not implemented in BB&879. Userdefinable features, BISTache Line Size,
and Expansion @M BaseAddress rgister are also not supported.

This section defies the gganization of the rgisters within the 64 byte prededid header portion of the cayi
ration spacel-igure48 shaws the confjuration space headéor details on the PClus, refer to th&Cl Local Bus
Speciftation, Revision 2.1
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Figure 48. Function 1 PCI Confi guration Space Header

31 16 15 0 AD[7:2]
Device ID Vendor ID 0x00

Status Command 0x04

Class Code Revision ID 0x08

Reserved Header Type 0O Latency Timer Reserved 0x0C
Base Address 0 Register 0x10

Reserved 0x14

0x18

0x1C

Reserved

0x20

0x24

Reserved 0x28

Subsystem ID Subsystem Vendor ID 0x2C
Reserved 0x30

Reserved 0x34

Reserved 0x38

Max_Lat Min_Gnt Interrupt Pin Interrupt Line 0x3C
Reserved 0x40

The followving types are used to specifwhtheBt879registers are implemented:

ROx: Read only with default value = x

RW: Read/Write. All bits initialized to 0 &ST, unless otherwise stated.

RW*  Same as RW, but data read may not be same as data written.

RR: Same as RW, but writing a 1 resets corresponding bit location, writing 0 has no effect.
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PCI Confi guration Register s

Vendor and De vice ID Register

PCI Confi guration Header Location 0x00

Bits Type Default Name Description
[31:16] | RO 0x0878 or | Device ID Identifies the particular device or Part ID Code.
0x0879
[15:0] RO 0x109E Vendor ID (Brooktree) | Identifies manufacturer of device, assigned by the PCI SIG.

Command and Status Register

PCI Confi guration Header Location 0x04
The Command[15:0] ggster praides control ger ability to generate and respond to P@lles.When a 0 is written

to this reister Bt879is logically disconnected from the PGlsexcept for confjuration gcles.The unused bits in
this ragister are set to a logical Dhe Status[31:16] ggster is used to record status informaticgarding PCI los re-

lated &ents.
Bits Type | Default Name Description

[31] RR 0 Detected Parity Error Set when a parity error is detected, in the address or data,
regardless of the Parity Error Response control bit.

[30] RR 0 Signaled System Error | Set when SERR is asserted.

[29] RR 0 Received Master Abort | Set when master transaction is terminated with Master Abort.

[28] RR 0 Received Target Abort | Set when master transaction is terminated with Target Abort.

[27] RR 0 Signaled Target Abort Set when target terminates transaction with Target Abort. This
occurs when detecting an address parity error.

[26:25] | RO 01 Address Decode Time | Responds with medium DEVSEL timing.

[24] RR 0 Data Parity Reported A value of 1 indicates that the bus master asserted PERR during
a read transaction or observed PERR asserted by target when
writing data to target. The Parity Error Response bit in the com-
mand register must have been enabled.

[23] RO 1 FB2B Capable Target capable of fast back-to-back transactions.

[8] RW 0 SERR enable A value of 1 enables the SERR driver.

[6] RW 0 Parity Error Response | A value of 1 enables parity error reporting.

[2] RW 0 Bus Master A value of 1 enables Bt879 to act as a bus initiator.

[1] RW 0 Memory Space A value of 1 enables response to memory space accesses (tar-
get decode to memory mapped registers).
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Revision ID and Class Code Register

PCI Confi guration Header Location 0x08

Bits Type Default Name Description
[31:8] RO 0x048000 | Class Code Bt879 is a multimedia other device.
[7:0] RO Revision ID This register identifies the device revision.

Header Type Register

PCI Confi guration Header Location 0x0C

Bits Type Default Name Description
[23:16] RO 0x80 Header type Multi-function PCI device.
Latency Timer Register
PCI Confi guration Header Location 0x0C
Bits Type Default Name Description
[15:8] RW 0x00 Latency Timer The number of PCI bus clocks for the latency timer used by the

bus master. Once the latency expires, the master must initiate
transaction termination as soon as GNT is removed.

Base Ad dress 0 Register

PCI Confi guration Header Location 0x10

Bits Type Default Name Description
[31:12] RW Assigned Relocatable Determine the location of the registers in the 32-bit addressable
by CPU memory pointer memory space.
at boot-up
[11:0] RO 0x008 Memory usage Reserve 4 kB of memory-mapped address space for local regis-
specification ters. Address space is prefetchable without side effects.
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PCI Confi guration Register s

Subsystem ID and Subsystem Vendor ID Register

PCI Confi guration Header Location 0x20

Bits Type Default Name Description
[31:16] | RO 0x0000 Subsystem ID Vendor specific.
[15:0] RO 0x0000 Subsystem Identify the vendor of the add-on board or subsystem, assigned by
Vendor ID PCI SIG.

Interrupt Line , Interrupt Pin, Min_Gnt, Max_Lat Register

PCI Confi guration Header Location 0x3C

Bits

Type

Default

Name

Description

[31:24]

RO

OxFF

Max_Lat

Require bus access every 64 us, at a minimum, in units of 250 ns.
Affects the desired settings for the latency timer value. This regis-
ter is set to the max value even though the audio can tolerate up to
287 ps bus access latency (a 0 setting would indicate no latency
requirements).

[23:16]

RO

0x04

Min_Gnt

Desire a minimum grant burst period of 1 ps to empty data FIFO,
in units of 250 ns. Affects the desired settings for the latency timer
value. Set for 32 DWORDs, 33 MHz, with 0 wait states.

[15:8]

RO

0x01

Interrupt Pin

Bt879 interrupt pin is connected to INTA, the only one usable by a
single function device.

[7:0]

RW

Interrupt Line

The Interrupt Line register communicates interrupt line routing
information between the POST code and the device driver. The
POST code initializes this register with a value specifying to which
input (IRQ) of the system interrupt controller the Bt879 interrupt
pin is connected. Device drivers can use this value to determine
interrupt priority and vector information.
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Local Register s

Bt879s local rgisters reside in the 4 kB memory addressed space that iseckfareach functiorhll of the reg-
isters correspond toWlWORDs or a subset theredhe local rgisters may be written to or read through the RGI b
at ary time. Internal addressing of tB¢879local reyisters occurs viAD[11:2] and the byte enable bits of the PCI
bus.The local memory-mappedgister address locations are spedifas 12-bit déets to the alue loaded into the
function’s memory base addresgister The 8-bit byte address for each of the failag register locations is
{AD[11:2], Ox00}. Any register may be written or read byyacombination of the byte enables.

Interrupt Status Register

Memory Mapped Location 0x100 — (INT_ST AT)

This ragister praides status of pending interrupt conditions.clear the interrupts, read thigiser then write the
same data back 1 in the write data clears the particulagister bit.The interrupt /status bits can be polled at an
time.

Bits Type Default Name Description

[31:28] RO RISCS Set when RISC status set bits are set in the RISC instruction.
Reset when RISC status reset bits are set. Status only, no inter-
rupt.

[27] RO RISC_EN A value of 0 indicates the DMA controller is currently disabled. Sta-
tus only, no interrupt.

[26] RO Reserved

[25] RO Reserved

[24] RO Reserved

[23:20] RO 0000 Reserved

[19] RR 0 SCERR Set when the DMA EOL sync counter overflows. This is a severe

error which requires the software to restart the field capture pro-
cess. Also set when SYNC codes do not match in the data/instruc-
tion streams.

[18] RR 0 OCERR Set when the DMA controller detects a reserved/unused opcode in
the instruction sequence, or reserved/unused sync status in a
SYNC instruction. In general, this includes any detected RISC
instruction error.

[17] RR 0 PABORT Set whenever the initiator receives a MASTER or TARGET
ABORT.
[16] RR 0 RIPERR Set when a data parity error is detected (Parity Error Response

must be set) while the initiator is reading RISC instructions.
RISC_ENABLE is reset by the target to stop the DMA immediately.
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Bits Type Default Name Description

[15] RR 0 PPERR Set when a parity error is detected on the PCI bus for any of the
transactions, R/W, address/data phases, initiator/target,
issued/sampled PERR regardless of the Parity Error Response bit.
All parity errors are serious except for data written to display.

[14] RR 0 FDSR FIFO Data Stream Resynchronization occurred. The number of
pixels, lines, or modes passing through FIFO does not match RISC
program expectations.

[13] RR 0 FTRGT Set when a pixel data FIFO overrun condition results in the master,
terminating the transaction due to excessive target latency.

[12] RR 0 FBUS Set when a pixel data FIFO overrun condition is being handled by
dropping as many DWORDs as needed, indicating bus access
latencies are long.

[11] RR 0 RISCI Set when the IRQ bit in the RISC instruction is set.

[10] RO 0 Reserved

[9] RO 0 Reserved

[8] RO 0 Reserved

[7:6] RO 0 Reserved

[5] RO 0 Reserved

[4] RO 0 Reserved

[3] RR 0 OFLOW Set when an overflow is detected in audio A/D nominal range.

[2] RO 0 Reserved

[1] RO 0 Reserved

[0] RO 0 Reserved
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Interrupt Mask Register

Memory Mapped Location 0x104 — (INT_MASK)

Bits Type Default Name Description

[23:0] RW 0x000000 INT_MASK A value of 1 enables the interrupt bit. The bits correspond to the
same bits in the Interrupt Status register. Unmasking a bit may
generate an interrupt immediately due to a previously pending
condition. The PCI INTA is level sensitive. It remains asserted until
the device driver clears or masks the pending request.

Audio Contr ol Register
Memory Mapped Location 0x10C — (GPIO_DMA_CTL)

Bits Type | Default Name Description
[31:28] | RW 0000 A_GAIN Audio input gain control offering 16 discrete linear steps from 0.5 to
3.0. See Table 13 on page 69.
[27] RW 0 A_G2X Audio gain boost.
0 = normal gain setting as specified in A_GAIN (0.5 V¢ stan-
dard input)
1 = adds +6 dB input signal boost from pre-amp
[26] RW 0 A_PWRDN Analog audio power-down.
0 = no power-down
1 = power-down the analog audio section
[25:24] | RW 00 A_SEL Audio select.

00 = STV (tv tuner audio input)
01 =SFM (FM audio input)

10 = SML (mic/line audio input)
11 =SMXC

[23] RW 0 DA_SCE Specify which edge of ASCLK to sample for ADATA bits
0 =rising edge
1 = falling edge

[22] RW 0 DA_LRI This bit has two uses.
The rising edge of ALRCK identifies either right or left sample in digital
audio mode. (The falling edge identifies the opposite sample.)

0 = left sample

1 = right sample
In data packet mode, indicates the edge of ALRCK to use as the
frame sync.

0 =rising edge

1 = falling edge

[21] RW 0 DA_MLB Select most significant or LSB format for ADATA
0 = MSB first for 12S format
1 = LSB first for Sony format
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Bits Type | Default Name Description
[20:16] | RW 00000 DA_LRD Specify how many ASCLK clocks to delay from the rising edge of
ALRCK before sampling the internal parallel audio data.
[15] RW 0 DA_DPM Specify mode of 3-wire digital audio input interface.
0 = digital audio mode
1 = data packet frame synchronized mode
[14] RW 0 DA_SBR Specify number of bits that the digital audio decimation filter will trans-
fer out of the final stage.
0 = 16 bit samples
1 = rounded 8 bit samples
[13] RW 0 DA_ES2 Enable Digital Decimation Filter (DDF).
0 = disable DDF
1 = enable DDF stage 2 and associated decimation factor of 2
[12] RW 0 DA _LMT Enables detection of audio data 0x8000 (0x80) and replacement with
0x8001 (0x81). Mode determined by bit 14, DA_SBR.
0 = disable
1 = enable
[11:8] RW 0000 DA_SDR Specify the DDF first stage and decimation rate. Range: 4 to 15
[7:6] RW 00 DA_IOM Specify audio digital audio /0 mode.

00 =DA_IOM_AFE (audio A/D)

01 =DA_IOM_DA (digital audio in)
10 = Reserved

11 = Reserved

[5] RW 0 DA_APP Override DA_IOM (bits 7:6) and use GPI0O[23:8] for input to the audio
DMA channel.

0 = disable override

1 = enable override

4] RW 0 ACAP_EN Enable audio capture into the audio FIFO.
0 = disable
1 = enable

[3:2] RW 00 PKTP Packed mode FIFO trigger point, specify number of DWORDs in the
FIFO before the DMA controller begins to burst data onto the PCI bus.
00 =PKTP_4 4 DWORDs
01 =PKTP_8 8DWORDs
10 =PKTP_16 16 DWORDs
11 =Reserved

[1] RW 0 RISC_ENABLE | Enable the audio DMA controller to process audio sample dataflow
instructions beginning at the RISC program start address.
0 = disable
1 = enable
[0] RW 0 FIFO_ENABLE | Enable the audio data FIFO.
0 = flush/reset audio data FIFO
1 = enable audio data FIFO
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Audio P acket Lengths Register

Memory Mapped Location 0x110

Bits Type Default Name Description
[23:16] | RW 0x00 AFP_LEN Number of audio lines in an audio field: max value 255.
[15:10] Reserved
[11:0] RW 0x000 ALP_LEN Number of bytes in an audio line: max value 4095.

RISC Program Star t Ad dress Register

Memory Mapped Location 0x114 — (RISC_STR T_ADD)

Bits

Type

Default

Name

Description

[31:0]

RW

0x00000000

RISC_IPC

Base address for the RISC program. Standard 32-bit memory
space byte address, although the software must DWORD-align by
setting the lowest two bits to 00. The DMA controller begins exe-
cuting pixel instructions at this address when RISC_ENABLE is
set; i.e., the RISC program counter is loaded with this pointer at
the rising edge of RISC_ENABLE.

RISC Program Counter Register

Memory Mapped Location 0x120 — (RISC_COUNT)

Bits Type Default Name Description
[31:0] RO RISC_PC The current value of the RISC program counter. This may be
slightly ahead of the current instruction due to pre-fetching instruc-
tions into the queue.
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PCI Confguration Header Location 0x20 speesfithe subsystermerdor ID and
the subsystem ID. If anxeernal EEPRM is present, the subsystemsndor ID and
subsystem ID are uploaded. If atte¥nal EEPRM is not present, the 32 bits of
the header gister defult to 0x0000, and thegister can be programmed using
BIOS.

This chapter defies the subsystenendor ID confjuration with and without an
EEPFROM present. Br more details on the Function 1 aéfon, refer to"“PCI
Configuration Spaceon paged9. The Function 0 subsystenendor ID registers
are defined starting opagel03 and the Function 1 subsysteandor ID rgisters
are defined starting opagel4l

I°C Serial EEPROM  The eternal EEPRM must reside on théC bus (SDA,SCL). This interface sup-
Interface ports ICs equialent to the 24C02 or 24C02A 2 k bi¥Y8CMOS Serial EEPRM.

The 7-bit slae device address is 101000Dhe EEPR®M can be read gtime us-

ing the C hardvare or softare modesThe read transaction sequenaawd be:

START, 0xAO, 8-bit byte address, 8RT, 0xAl, 8-bit read data, folwed by

(master M\CK &) STOR Thus, a normal 2-byte write transaction withoutC&T

followed by a 2-byte read transaction will allcandom access to a data byte.

EEPROM Upload at PCI The 32-bit subsystem IDs are read from the EBMRy taking control of the’C
Reset  circuit just after PCI reset and performing a 4-byte sequential read access transac-
tion in the 100 KHz mode, starting at address OXFE. full sequence is shw in
Table19.

Table 19. EEPROM Upload Sequence (1 of2)

Command Description
START
0xA0 Write control byte with slave chip address
ACK Acknowledge from slave
OxFC Data byte address, points to subsystem id bits[15:8]
ACK Acknowledge from slave
START Repeated start
OxAl Read control byte with slave chip address
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Programming and
Write-Pr otect

Register Load fr om BIOS

Table 19. EEPROM Upload Sequence (2 of2)

Command Description
ACK Acknowledge from slave
0x Subsystem ID [15:8] @ OxFC
ACK Acknowledge by master, to continue read at data byte
address++
0x Subsystem ID [7:0] @ OxFD
ACK Acknowledge by master, to continue read at data byte
address++
0x Subsystem Vendor ID [15:8] @ OxFE
ACK Acknowledge by master, to continue read at data byte
address++
0x Subsystem Vendor ID [7:0] @ OxFF
NACK Negative acknowledge by master, to stop the read access
STOP

If at ary time the slae device issues a NCK (because the giEe is not
present), the sequence is aborted and the subsystetondDs read 0x00000000.
Normally it tales approximately 66f0s to read this W/ORD into the PCI cordi
uration rgister If this register is accessed before it is updated, the PGétavill
issue a retry

The EEP®M can be programmed before soldering onto the PCB, or it may be
programmed through tH&t879 using the 4C hardwvare or softvare modesThe
write transaction sequencewd be: SART, 0xAO0, 8-bit byte address, 8-bit write
data, follaved by STOPR This 3-byte transaction then initiates a programming c
cle internal to the EERBRM. The programming write completion status can be
monitored by initiating another write transaction and checking@¥¢ status. If
a transaction is aborted with ava@aNACK, typically the EEPRM device is still
busy with the internally timed programmingode.

The upper half of a 24C02(A) dee can be write-protected by adding a pull-up
resistor to the EERBM WP pin. Pull the pin to GND during programming. Using
the 24C01 is not recommended because it doesfeotlis write-protect options.

The subsystem ID ggster is read-onlyHowever, the rgister can be written by en-
abling SVIDS _EN (se€'Device Control Rgistel’ on pagel04). Disable
SVIDS _EN after the writeThis value needs to be programmed before OS boots
and has access during cgpuifiation.This must occur via support from the BIOS
versus the IC dver. If this feature can be supported by saftey then thexgéernal
EEPROM is not required.
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DC Electrical P arameter s

DC electrical parameters are speaxifinTables20 through22.

Table 20. Recommended Operating Conditions

Parameter Symbol Min Typ Max Units
Power Supply — Analog Vaas Veg 4.75 5.00 5.25
Power Supply — Digital Vpp 4.75 5.00 5.25 \%
Maximum A |Vpp — Vaal 0.5 \Y
MUXO0, MUX1, MUX2, and MUX3 Input Range 0.5 1.00 2.00 \%
(ac coupling required)
CIN Amplitude Range (ac coupling required) 0.5 1.00 2.00 \Y,
STV, SFM, SML Input Range (ac coupling required) 0.5 1.00 Vems
Ambient Operating Temperature Ta 0 +70 °’C
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Table 21. Absolute Maxim um Ratings

Parameter Symbol Min Max Units

Vaa (measured to AGND) Vaa: Vs 7.00 \%
Vpp (measured to GND) Vpp 7.00 \Y
Voltage on any signal pin® DGND-0.5 | Vpp+0.5 |V
Analog Input Voltage AGND - 0.5 | Vpp + 0.5 \%
Ambient Operating Temperature Ta 0 +70 °C
Storage Temperature Ts -65 +150 °C
Junction Temperature T; +125 °C
Vapor Phase Soldering (15 Seconds) TvsoL +220 °C
Notes: (1). Stresses above those listed may cause permanent damage to the device. This is a stress rating only, and

functional operation at these or any other conditions above those listed in the operational section of this spec-

ification is not implied. Exposure to absolute maximum rating conditions for extended periods may affect de-

vice reliability.

2. This device employs high-impedance CMOS devices on all signal pins. It must be handled as an ESD-sensi-
tive device. Voltage on any signal pin that exceeds the power supply voltage by more than +0.5V or drops be-
low ground by more than +0.5 V can induce destructive latchup.
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Table 22. DC Characteristics

Parameter Symbol Min Typ Max Units
Digital Inputs
PCI Inputs
Input High Voltage (TTL) ViH 2.0 Vpp + 0.5 \%
Input Low Voltage (TTL) Vi -0.5 0.8
GPIO Input
Input High Voltage Viy 2.0 Vpp + 0.5 \
Input Low Voltage Vi -0.5 0.8
1°C Input
Input High Voltage Viy 0.7vDD Vpp + 0.5 \
Input Low Voltage Vi -0.5 0.3VvDD
Hysteresis Vhys 0.2
Input High Current (V|, = .9Vpuax) (T 10 HA
Input Low Current (V, = 0.4V) I -10 HA
Input High Voltage (XTI) ViH 3.5 Vpp + 0.5 \%
Input Low Voltage (XTI) VL -0.5 15
Input High Current (V,y =2.7 V (T 70 HA
Input Low Current (V,,=0.5V) I =70 HA
Input Capacitance (f=1 MHz, V|\=2.4 V) Cin 5 pF
Digital Outputs
PCI Outputs
Output High Voltage (Ioy = -2 mA) VoH 24 Vbp \Y
Output Low Voltage (Ig = 6 mA) VoL 0.55
GPIO
Output High Voltage (Ioy =—1.2 mA) VoH 2.4 Vbp \Y,
Output Low Voltage (Ig = 8 mA) VoL 0.4
3-State Current loz 10 HA
Output Capacitance Co 5 pF
12C Output
Output Low Voltage (Ig = 3 mA) VoL 0.4 \Y
Analog Pin Input Capacitance Ca 5 pF
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AC Electrical P arameter s

AC electrical parameters are spexifinTables23 through25. Timing diagrams for clock, GPIO, andAXE are pro-

vided inFigures49 through51, respeciiely.

Table 23. Clock Timing P arameter s

Parameter Symbol Min Typ Max Units
8*NTSC Fgc Rate (50 PPM source required) Fs 28.63493 | 28.63636 28.63779 | MHz
XTI Input:

Cycle Time 1 34.92 ns
High Time 2 14 ns
Low Time 3 14 ns
Figure 49. Clock Timing Dia gram
— -2 — -3 -~ 1 —

[\ 0\

Table 24. GPIO SPI Mode Timing P arameter s

Parameter Symbol Min Typ Max Units

NTSC: 4.F5¢c Rate Fs1 14.31746 | 14.31818 14.31889 | MHz
PAL: 4.F5c Rate Fs1 17.73358 | 17.73447 17.73535 | MHz
GPCLK Duty Cycle 45 55 %
GPCLK (falling edge) to Data Delay 4 0 15 ns
Data/Control Setup to GPCLK (falling edge) 5 5 ns
Data/Control Hold to GPCLK (falling edge) 6 5 ns
GPCLK Input:

Cycle Time 7 56 10,000 ns

Low Time 8 22 ns

High Time 9 22 ns
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Figure 50. GPIO Timing Dia gram
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Table 25. Power Suppl y Current P arameter s

Parameter Symbol Min Typ Max Units
Supply Current
Vaa=Vpp=5.0V, F5,=28.64 MHz, T=25°C tbd mA
Vaa=Vpp=5.25V, F5,=35.47 MHz, T=70°C tbd mA
Vaa=Vpp=5.25V, F5,=35.47 MHz, T=0°C tbd mA
Supply Current, Power Down tbd mA
Note: The power supply current parameters are undergoing testing and will be provided at a later date.
Table 26. JTAG Timing P arameter s
Parameter Symbol Min Typ Max Units
TMS, TDI Setup Time 10 10 ns
TMS, TDI Hold Time 11 10 ns
TCK Asserted to TDO Valid 12 41 ns
TCK Asserted to TDO Driven 13 11 ns
TCK Negated to TDO Three-stated 14 115 ns
TCK Low Time 15 25 ns
TCK High TIme 16 25 ns
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Figure 51. JTAG Timing Dia gram
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Table 27. Decoder P erformance P arameter s

Parameter Symbol Min Typ Max Units
Horizontal Lock Range +7 % of Line Length
Fsc, Lock-in Range +800 Hz
Gain Range ) 6 dB

Note: Test conditions (unless otherwise specified): “Recommended Operating Conditions.” TTL input values are 0-3 'V,
with input rise/fall times <3 ns, measured between the 10% and 90% points. Timing reference points at 50% for
digital inputs and outputs. Pixel and control data loads <30 pF and =10 pF. GPCLK load <50 pF. See PCI spec-
ification revision 2.1 for PCI timing parameters.
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Package Mechanical Dra wing

Figure52 provides a mechanical dréng of the 128-pin PQFP package.

Figure 52. 128-pin PQFP P ackage Mechanical Dra wing
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APPENDIX AUDIO
SGNAL SPECTRUMS

BTSC MTS Spectrum

Figure53 illustrates the BTSC MTS spectrum: NTSC FM sound carrier is at 4.5
MHz and composite multipkesignal FM carrier peak gition is at 73 KHz.

Figure 53. BTSC MTS Spectrum
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FM Radio Spectrum

Figure54illustrates the FM radio spectrum: composite mulkigignal FM carri-
er peak deation is at 75KHz.

Figure 54. FM Radio S pectrum
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