ExH, ing,

8x83104 VOP DATASHEET

8xB VCP

Single Chip Video Codec and Multimedia Communications Processor

DVERVIEW

The #x& VOP is a single-chip programuuble video
codes and waltimedia compmudcations processoy.
The VCP mequires only memory and interface oir-
cuits for impleroentation of a complets multimedia
and oonferencing subsystent

The YR performs & supse-set of the functions of
Ex8s Vision Copdrolier and Vision Processorchips.
For video confersncing spplications Hoan act as a
full CFF resolution H61 codee and provide for
pegred meroy currection sud bitatreann nultiplexing to
the 11221 and H.242 standards. For video playback
apphications the YUP can decode the MPEGL sys-
tern, video, and aadio layers. In additton o muld-
plexing und codec functions, the VOP provides
programmable video pre- mud post-processing fanc-
tions inchuding video scaling, temporal filiering,
caxtput interpolation, ol comversion and picture-
in-picture.

Figure 1 shows a blork dlagran of & typicad VOF
hazed vides conferencing systern. It has separaie
dizital video buses, one for inpmt and one for cutput.
The busss interface directly toavatlable TV capture
and display chipasts. The VO P uses a DRAM frame
butfer to store the wncompressed  and reference
immges. Internally the VIOP ases a programmable
video signal processor cove baszd on the 828 Vision
Processor {VP) chip tx compress and decompress
the videc. The micracode for the VP core i stored

FEATURES
o H.261Codee

« Proprietary compression standards

o H.221, H.242 and BOH up 1o 5 B channeds
» MIPECH sodin/video system decode

« MPEG] audio/video systeny decode

» Real-time video scaling to arbitrary sies

« Rupports 8x8 VI Applications biterface

« Gloe-less sudin DSP interface

» MVIP, HOMZ and CHI bus interfuce

* Beparate video in and out buses

in on~chip ROM wd BAM. Audio i3 processed
externaily and passed divectly 1o the VUP dwougha
sevial Audio bos. Interaally the VOP contatns 8
RIST microprocessiy which sapervises the viden
codes. The RIS also supervises s hardwars engine
which perfurros erros correction on the corapressed
data, multiplexes the compreasad audio and video
data, and pacses the bitstresm protoced, The pro-
gram, data and stack memory for the RISC 5
provided by exterpal SRAM which also provides
delay squalization FIFOs far H221 The RISC
boots from an on-chip ROB. The conywessed au-
diofvides bitstream s transferred over the paraliel
Hest bus o the ssriad bitstroarn T (These Divie
ston Muitiplexed) bus,
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COPYRIGHT NOTICE
Copyright £& 1993 8¢¥, Ine. ALL REGHTS KE-
SERVED.

This docwament is copyrighted € 1985 by &8, Inc.
Nix paet of this specification may be meproduced
transcribed, travsmitted o stored in a retrieval sys-
teyn i any part, or by any rmuosns without the
exprossed written pamrmssioarof 858, Inc.

TRADEMARK ACKNOWLEDGMENT

Bx&, Vison Provessor, Visten Contyolier, YUP,
MPP, MEP, LVYP and YPIC are repgistered trade-
marks of 838, Inc.

JPBEG 18 the Juint Photographic Bxpents Group of
the ISCOVIEC, Refersnces to "JPEGT in this dosu-
ment refer to ISOVABC Drall Tuternatons! Standard
FO%IE-1 datend 12th Feb 1992

MPEG is the Moving Piohire Bxperts SGroup of the
ISQVIEC, Befercaces to "MPEG™ in this docurment
refer to the ISOARC FICT SC29 conmuittze draft
1503 11172 dated Oth Jan 1982,

H.261 refersto the International Standard deseribed
i reconnendation HL.261 of the COITT Working
Pagty 13-,
Allother trademurks are tradernarks of thair respec-
tive companies and are wied to identification pur-
poses only.

DISCLAIMER

8x8, Inc. makes no representalions or warraties
regarding the content of this tochpical specification.
This informstion is preliminary and i» subject to
chamge at any time withoot gotice.  8x¥, Inc. ag-
sumes no responstbility for any ervors contained
hergin,

Procducts in this document may be covered by 8x38
patent number 3,379,351, Additonal potents are
pending.

The customer showld votier that i the fisld of
personsd compater systomns and graphics there are a
nuraber of patents beld by variouws parties. Ris the
responsibility of the vser (0 assure that a particular
inplementation does not infringe on those patends.
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INTRODUCTION

INTRODUCTION
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Figure 2 YOP Block Diagram
NTRODUCTION wanster options betwean DRAM snd SRAM, addi-

Figure 2 shows the internal architectues of the VCP.
Both the internal buses of the chip and the external
inteefaves con be divided o fwo groups, e
hawdfing uncnmpressed and intermediate data and
the other bandiing compressed data, The Yideo I
and Video Out buses sllow uncompressed data i
and oot of the chip. The Host Bus, TDM Bus and
Audie berface all tonsfer compressed infuros-
tion, either audip or vides or both. Titernally there
are two major data paths in the chipi the DRAM bus
hasdles sncompressed data or intermediate data
which is in the process of being comypressed of
decomnpreesed. The SRAM Bus bandles compreseod
datz and RISC hetructions sad date

Passage of data through the system is controlied by
the two DMA cotrollers (SRAM and DRAM)
assosiated with the intemnad buses. These run wnder
the supervision of the RISC processor

The arsbitecture of the VOP 18 » supec-set of that of
the VI and VP chips: B provides suae flegible
video processing capabifites, move gensral data

tional ROH and H.221 funciions and superior come
pressed data interfaces. The following sections de-
seribe the functional blocks in nore detail.

RISC MICROCONTROLLER

The VOP RISC is s faster, endunced version of that
used fo the V chip. As i the VO it ig'a 32-bit
nstraction, 32-hit dats pipslived RISC micropro-
ceasor, In addition to being cliwked st least four
times faster than the VO RISC, it adds a manber of
fatructions which speed up byts aud wond acvesses
and has improved interrupt proveasing capabilities.
The VOP RISC does not have an instroction cache;
rather it bas 3 full 32-bitinterface o extemad SRAM
which improves code acoses time by afactor of twix,
Unlike the VU, the VP does not require an external
hesit ROM for powse-up inttislization; the VOF
RISC hoot ROM g on-chip, The YOP RIST alse
has 7 snadl amount of on~chip SRAM tnowhisch §
cankeep commmonty used data acoess (o this meroory
is overlapped with the nextinstrection fetrh and hag
no wost. The VP RISC madmiaing the pipelined

5%
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archdtecture of the YV BISC and i» progrommed
using an enhanced optivoixing ‘07 langnage com
pifer,

SRAM INTERFACE

The SRAM interface controds all accesses to the
VP BRAM; the primuary use of this 3RAM is for
prograe, stack ard data storage for the VCPRIEC.
It iw adso used 1o ploment butler storage for viden
and bitstreamn franing and video rat buffesing. It
provides & glue-less interface to SRAM chips and
alsn provides four address decodes and byte ensbles
to allow memory mapped FO devices 1w be son-
wolied by the RISC, These allow the RISC w
superviss estemal progranuasble devices and allow
the VOB w sot as the Systen Controdler in embed-
ded systems. The interface s 32-hits wide; 16-hit
and B-bit devices are aleo supported.

SRAM DRA

The SRAM BMA controller i3 a ton channel DRMA
voptrodler which moves dats between the SRAM
snd the following sections:

LR 1%

» grdio

« Partal

» Huffman encoder & decoder
« Host

Bach of these sections has teo channeds, one for
reading and the other for writing, Bach channel has
a fixed prionty and operates vadsy the supervision
of the RISC. This architecnwre alfows the sxteomal
SRAM 10 act gs FIFG storage for the numerg
buffering opsrations regoired and eliminates on-
ohip FIFOs. The interma! SRAM dats bus is 32-bus
wide, alfwough sore of the devices (TUR, Audig,
Huffroan, Host) are 1 bils or 8140 (Host debug).

CORMBMUNICATION RESGUROCES

The VOF bas three communniestion resoyrces which
are bpked 1o the SRAM via the DMA channpels,
Bach resource cay be used for geoersl purpose
copmnunication between the VCPand other devives
inthse systeny and {5 under software contend, Inmost
Sx# Peod Syatenss, the TDM portis commected to an
[SDR chipset ard the Audio Seriad port by connecied
oy ansdio DALs or 3 3 DEP for audio provessing,
The Host port is connected to the souwrse of com-

INTRODUCTION

mand and control information and of sy High or
Low Speed data.

TOM INTERFACE

The TOM (Time Division Maltiplexed) Interface
tnplements  bigh-speed, bidivectiongl serial bus
which i lntended 1o teansfor the sacoded bitstream
1o the network interface. It osn fmplement a mumbey
of highespeed serial protweols including Concentra-
ton Highoay Interface (CHD, GOL K2, 80, MVIP
and FOM2 formsats, The TDM postcan sbic act as a
general purpose 10Mbit/see serial Mk when not
constrained by the TIM protocols.

HOST INTERFACE
The Host Interface provides o generd purpose par-
allel interface to the VOP. It vontains thres ports, a
debug port, 3 command port gnd 3 DMA port It is
used for communication botwen & Hust processor
and the YOP, and con also be used 1o transfer the
{ollowing

= Bisiream nfoat

« Audio data ifout

» User daty infout
Tha Host Interface has three rogisters which control
the operation of the interropts and flags. Flagsare
used 4 indicate the YOP's readiness to scogy or
supply: data over the host port DMA channel. The
mtervopis may he used for exception indivation
from RISC 1 Host or from Host 1o RISC The
intsrrupts gre insakable.

AUDIO INTERFACE

The Audio interface i5 a bidirsctionad serial port
designed to connect to a 15P cerial powt for transfer
of compressed andio data. Audio corapression ix
handled cutsids e VOP Pordecode the andio data
will be demulziploxsd fronithe bilstreanand paased
{0y the external RSP for decoding, Forencnding, the
sxternal DEP will wansler the compressed gudio
data to the VOP which will sultiplex it with the
vompressed video and user dats from the Host
interface:

PORTAL

The Portal connects the DRAM and SRAM huses.
It provides a 32-hit bidisectionsl gateway betwesn
the buses. Mot ransfers will be bepween functicnal

=]
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blocks on the ssme bus {s.g SRAM and Host
Interface, DRAM and Video interface). However in
some Bmtancss it i desteable 1o transfer betwesn
buses and the Portal provides the mechanism for
doing this,

PROCESSING RESOURCES

The nature of vomnpressed bitstraarmns usuatly forces
encoders and decoder to use non-byie aligned data
stractures and procsssing. The VP RISC, ncone
mon with most microproosssors, is not well suited
o bit wanipuiation operstions and a0 hardware
resources are made gvailable to help the processy
with thess kinds of tasks. The processing resources
available to the RISC processor sreconnected fo the
SRAM bus and napped bnte the RISC regisier
space, Thess resources inchude Huffroun encoder
and decodee, H.261 conyphan BOCH envoder and
decoder, snd  H.221 and bistream waltiplexerf
deamitiplexer.

HUFEMAN ENCODER AND DECODER

The Huaffman encoder and decoder ane high-sposd
engines which envode and decods using MPEG,
IPEG and FL281 Huffman tables. The decode tables
are programmable and can e changsd by the appli-
cation; the sncode tables ars fixed, Zero-cun length/
amgpiinde (RLA)Y tokens are tramsferred on i
DR AWM bus tooand from the Vision Processor cons.
The Huffmancoded dats is tarsfured by an SRAM
DR A chaymell

H.201 BOH ABBIST

The H.261 BCH section fads fraens shgnment and
perforng arror detectionfcorsection cormphiant with
the B8 specification. T is supplied ¢ this
section under program control fromm the RISC,

H.221 ASSIST

The H.221 Assist section provides bit-handbing
hardware 1o assist RISC software 1 slignmg, wud
tiplexing and formatting awdio, vides and user data
in connpliance withthe HAZ1 speoification. Dhatais
supplied 1o this section under progragssontrol frvn
the RISC. The H.342, H.230 and H.243% specifica-
i e also supportad using RIS sofware. This
comphination of hardware and softwars can corapen-
sute for the delays encounterad trup o sty IRDNE
charmels simduaneously.

INTRODUCTION

DRAR DMA QONTROLLER
The DRAM DMA controllor has mmudtipde channels
which transfer 32-bit data bepween the DRAM and
the following:

« Video interfuce

= Huffiaun sncoder & decoder

« Portal

s Yision Progessor

= DRAM Refresh
The Video interfacs, VPe and Huffioan ssctions all
contain memory which stlows the DMA cosirolier
oy iransfer data i DRAM pags mode, One BMA
channel provides DRAM refrash.

EMBEDDED VISION PROCESSOR (VPe)
The Bmbedded Vizion Processor (VPe) plenents
s super-sst of the functions of the 8«8 Visiop
Processor (VP chip. n sddition to renming at bigher
clock speeds, it inchudes a mumber of architectural
improvaenents which provide additionsd performance
ard cide compaction over the VP chip.

The ¥Pe core implements & programwaable video
sigrml proczesor which sxenutse the compression
and decorppression opsrations required by the
MPEG, IPEG and HL361 standards as wall ag some
progristary slgorithuns. Some of the nprovements
alfow the Y¥e core to perform vides pres and post
prosessing functions in software, Thin provides
spuch more flexible video processing than s adfersd
by the circaits in the Yision Controller chip and
enablex the VUP to perfonm wbitrary Sltering and
scabing of meoming and outgaing video,

The miceocnde program forthe VPa is stored tn 2K
words of on-chip BOM! in addition 2K wied on-
chip SRAM 15 provided w allow new niicrocods
subrowtines 1 be downloaded. Most Vi instrue-
tons are 32-hits wide, in contrast o the 64 bit
weerocade word of the VI chips {(vars. 2-41

DRAM INTERPACE

The DRAM interface provides plus-less conpection
1o DRAM mesmory chips, 3t sepports fronn 312K
bytes tiv 3 Megabyies of DRBAM, implumented
using 1, x4 or x 1% chips, The DRAM imterface is
als configurable o depth 1o allow sddressing of
16hdbit DRAMS when they beeome available, A
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wide variely of DRAM spred geades nay be used.

The DRAM interface 1z 32-bits wide and, at high
YIP olock speeds, provides sufficient bandwidth 1o
desode and display COIR6DT resolution toages st
£} frames pey seennd . For less demmanding spplics-
tions such as MPEG] S8IF rexohution devods or
HL261 305F endec, the bus san operate in g 1o-bit
mnde. Iy this mods 3 single 238k x 16 DRAM chip
satt be wsad.

VIDEG INPUT

The Video Dyput section coptures vides frames and
steres thens in the DRAM, Italso providexBardware
preprocessing funetions which can be used in cons
unction with softwarg rusning on the Ve In
particular it ooataing stwage e buffer incoaing
video, multi-tap dechnationr filters and a ternpural
filter. The Jecirativg filters allow cuyversion b
tween COIRGH mesdution images and S, CIF
and QOTF resclutings. The temporal fler inproves
the piomre guality, cepecially in low-bitrate appli-
cations. The Vides Input comtaing g programunable
CRT controller which can genlock to gn externat
video sourse.

VIDEQ QUTPUT

The Yideo Output ssction dizplays video frames
storad inthe DRAM. Lalsnprovides hardwars posts
procossing funciions whick canbe used in conjunc-
ton with software runming o the YPe, In particalar
u oontsing siovage o baffor outgoing videos, colur
conversion cirouiiry, wadti-tap dectmation and ine
terpolation filters and 3 Temporal Artifact filter
The decimution and interpolation fHlters allow cone
version bepween BTF, CHF QCTF or auy commonly
used format and display formats for covepater and
TY vides encoder ohips such as CCIRB0T and
S4EARE VEAL The Temporal Srtifact filter ine
proves the pictare quality, sepecially b lyw-bitrate
apphications by belping 0 remove Hme wvarying
edge sffects and blocking antifacts. The Video Oute
putvontains 3 progravesable CRT contrrdivr which
handles fterlaced and progressive seanving. The
CRT conwoller can be progrommed 10 generaw
vigeo syoes and blanks or can be gerdocked 10 an
exteral video suuree.

INTRODUCTION

CLOCK GENERATORS

The YCOP relies on Sexternad clocks for thming sed
synchronization betwesn the VO resources snd the
main provessing and control eloments, The exicrnal
clocks are: ACLE to provide timing for the DS P and
gudio senigl ling, TDMULE o provids tming for
the TEM pont, PCLKCAM and PCLESCH fur
video timing and UPUCLE for msin processor
thming.

oz
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FUNCTIONAL DESCRIPTION
VIDED BUSES

The YOF has two viden buses, one for inputand opg
for outpuy. These buses transfer digital video pixels
into s out of the chip. In most systems pixeds from
a camers will be transferred over the input bus, In
stand-alone applications the oatput bus will be
compected to a monitor or LOD panel. in workstae
tion applicstions the output bus will feed an overlay
cirouit 2o thet the cutput video appears in g window
of the Graphical User Imterface.

Fach video bus hss 16 Jdata pins which vanster
haminance sad chrominance (YUY pixels in
CCIRG01 pizgd format (4:2:2}, I this format, there
arg half us soany chrominsoace (U or ¥ pixads per
line g lundnance (Y} pixels; there am ¢ many
chrominsnce Hues as huninanee. The cutput video
bus also has a mode for outpuiting 24-bit or 16-bit
ROE pixsds.

CRY CONTROLLERS

Fach video bus 15 sontrolled by a pixel clock and
horirontal and vertical synchronization {sync) sig-
nals, Pizels are clocked into snd out of the VOP by
the pixel clocks; the syne signsls determine when
the sctive videosdats s transferred. The timing of the
active video and sync signala is determined by ORT
Tontroflers CRTUs: inside the VOP. There are two
independent CRTCs, one for nput and one for
output. The pur CRTT is always slavad to the
tirning of the camera; the cutpet CRTC ibeing can
be mdependent and internally generated, or slaved
&1 the camers or staved 1o some other video syne
BOUICE,

FUNCTIONAL DESCRIPTION

VIDEG PROCESSING

The YCP contains circuitry 1 both pre- and post-
process viden., This cironitry provides coloy conver-
sion, scaling snd filtering fonctions through a com-
Bination of speoial hardware and softorare. In ovder
to mateh nternal clock rates with external pixed
clock rates the VOP has internal Hne boffors, The
tine buffers are 350 pivels long which aliows the
processing sircuitey o handle wp to CCIR 401
resofutions {720 x 486 or T2 ¢ ST pinelnnthe Y
component’ and 360 samples i the U and ¥ com-
ponents 1o allow essy 422 o 4iiddennversion.
Pictnres with resolutions above CCIR 40 can be
captursd and displayed by the VOP, but soms video
pricessing functions cannot be parformed.

VIDEG PRE-PROCESSING

Fignre 3 shows the video pre-processing fanctional
blocks. Video can be inpuot in CCIR 601 YUY pixel
format. The first block scales the nput vides down
horizomtally by any factor, for example, the 640
pixels of 12.3MH2 sampled NT8C could be scaled
i the 176 pixels of QUIF, A seven-ap program-
muble filter is weed to perfoom this sealing. The next
biock changes the vertical chrominance sub-sarn-
pling to 4: 11 so that thers are hal as many chromi-
nance lines as huninance lines. This ia the formal
used by MPEG, H.261 and most video compression
algorithms. Following this is a Teroporal Pilter
which affects the Tominsnee {Y) pixels only. This
allows small chonges in pixel values from one frame
0 the next to be ignored greatly lmproving the
correlation between frames and thus the compressed
image guality. The filter is programmable snd irople-
mants the following algorithm on a pinelby-pixal
bagis:

Reade = LUT aput - 3333 + {aput

Harizontal sosle Sown YUY 1

FHaduce gt Vadical scals down

by any amount vartos shanges by drsy e
input Viden | Horizontal . Y Vertical .| Temporal .| Yestiead g, ITLAM Frame
Buss Soating Beating Filtaring T Soaling Buffer
§ I Lo
£ERVins Frypd Linit
farag

Figure 3. Video Pre-processing
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where LUTO is the jook-up-table function. The
filter iy pecursive i that the Result tage for ane
frame becranes the (3id frame for the next

The Horbental Sealing, UV Scaling and Temporal
Filter functions are performed by speeial hardwars
and argall optional; they canbe disabled by the YCP
RISC provesser. Ty addition the VPe core pinel anit
san be nsed 10 apply programmable video procese
fny functions. Typieally thds would be weed o
perform farther scaling verticsly for WIS w0 CIF
{240 Line (o 28% Hiney vonversion or sonversion iy
Ui o QUIF (ither fillers canbe gpplied iothe input
mage, the complexity of which is hmited only by
available cornpgation oyoles.

Table | shows how the video pre-proosesing fanc-
tionz wonld be vaed n a nymber of different appli-
sations, The pre-processing is vory Hezible and the
table shows ondy 2 small sample of the possible
processing. It is assumed that w mos! spplicstions
the digital vides will be provided by o digied TV
chipsst, These typically provids either QUIR 601
resciution {704x240 luminance pixeis) of “squwre
pixel” formats (G40¢480) which are move suitable
for computer displays. The scaling capebifities of
the YOP mean that sither formad can be handlad.

The horizoutsd filler can auorsatically chovse be-

FUNCTIONAL DESCRIPTION

swepns 3 sets of filler coefficients bassd on the
fractional component of the nuw posttion of the
pixel inthe video dats stream. The filiercoctiicients
ars 8 bits wids.

The filter length &5 selectable {, 3 or 7 waps. The
reiationship between the PCLECAM und the mas-
e CPUCTUE 5 showon i able 2,

For H.261 applications the VP Pisel Procsssing
Uit can be geed to seale not only betwesn the 240
fines of ESC to the 288 Haoes of CJF, but aso
reduce CIF o QUIF for low-hitrate opecation or
computibility with smalkecresn vidos phones.

VIDED POST-PROCESSING

Figure 4 shows the video post-processing fuse-
tionai blocks. The first three provessing steps are
performed by the YPecore. Ade-blocking filtercan

Tupe Resiictions

1 el ate « ORUCLE

3 el lg o OPRUGLE

~

Plrgi rate « SPUCLER

Table 2 POLRZNCAR to CPUGLK relalionship

N Standslone Video BE Yiden
Application Prana Conferancing PEG 1 Bnsode RE-IREG Encade
gt Yiden Pormal QR 501 Y2843 SA0R4EN CUW 8071 7R0K2485 S40%480
Horizontal Sostin L3P 730 w» 882 T 840 - 352 SIE 720 - 952

HRRE By GUIR 720 - 175 QI B0 > 175 R A
1V Vertinal Seafing & ¥ ¥ ¥
Yornpean Filisring w 14 . R

. O 244 - 2688 inns CIF 240 - 288 Hines

Vertical Soaling CCIF 240 > 176 irga | DCHF 24 -» 176 linsy
DRAM Video Pornwal OF o GUW CiF or QUIF B S402480 YUY

Tabez §. Yideo Frp-provessing Applications
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b applied to decoded inwges to linprove the ploture
guality. This filter redoces blocking artifacts which
can be visibie a1 tow bitrages, The VPg core can then
interpolate suy mumber Hnes to scals up the timage;
this can be used to convert from QO o CIF, or
from C1F 1o NTSC orto aliow the decoded inage to
fitin an arbitrary-sized window in 3 Graphical User
Interface (GUTL Next, toages frontthe camen can
be dechrmted, wigrored and inlaid into the decoded
image i opder fo fploment a plcture-dn-pictuse
{PIP) function. The size of the PIP, s position on
the screen and the mirroring of the FiP image are all
controliable by software.

Sofrwars condrol ks also available for graphics and
et ovatlay, The VOF DMA Eagine van be pro-
gramumed to bi-BLT image segments and chamcier
fonts wround the DEAM, This replscrsithe dedi-
cated hardwars graphics used tnthe VOP and alfows
Giraphics aud Notse Filter 1o be enabded st the same
time.

The sesled images are passed o the Noise Redue-
tion atage. The Noise Beduction works g simailar
manney (o the input Tempors! Filter using the same
algorithin {see ahove). However the filier is not
reoorsive beoause the Reselt ¥s displayed ondy and
ot gtored back into the DRAM frame buffer.

The next stage in the procsssing i an interlacing

filter which generates even and odd fields from
decoded ramss for applivations which use TV

FUNCTIONAL DESCRIPTION

sorsens. This igwoves both the spatial and termpo-
ral appearance of the decoded images on interisond
displays. Poliowing the interlacing filter is sninter-
pudation section which uses bi-lincar intorpolstion
to increass the reaclution of the chromsinance come-
ponents by a factor of ¥ in the vertcal dimension,
This interpolation section converts froan the H.261
and MPEG chrominsncs sub-sampling to that used
by CCIR 601, The resulting YUV pinglscanthenbe
passed through 4 seven-tap hurizontal interpolation
filter which increases the honzontal resodution of
the imags by op to four times,

The horizontal filter can sutomativally chooss bee
tween 5 aets of filter coefficients hased o the
fractionsd component of the new position of the
pixgd iy the video data stream. The filter coefficients

Taps Regdtoiong

3 Pixed rate o« SRUCLK

3 {Pralvate 2 OPUCLK

8 Pxelrate « DRUCLKALE

7 {Pixed rate « CRUCLHZ

Table 3 PULEZXECN to CRUCLK relationahip

RRVILY
frarme ;
e fOISe 8334 vertical srake up Eprove
grasmans i ey Ly 2y @inoum fresage Draslity

MNaise iR aomle B Yartical | Dra-bebnching DFAM Frams
Redoction inlay intemolate Filfar Hutfer

( i)

{huma} ¥R Corg t P Conp VP Lgee

Paxeld Uit cames  Fiked Uit Piweed Lindt
fines
e piosizsesat SUBls i R B Gensraw
LNV 3 up 30 4 e vt onty fuiaosd felds

atpu Videg | Morizontal |

RESHRYUY

UY Vertinal] | rterdacing |

B intorpoiate |

interpolate | Filsar

Figure 4. Video Post-provessing
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are & Lits wids, The filter longth is selectable 1, 3.3
o 7 aps. The relotionshipbetween the PCLEIXEGUN
and CPIRTLK s shown in table 3

Whened tn conjunction with the sofbware vertical
interpolativg, this sliows thedecoded inpge tofitin
an arbitrary-sized window in s Graphoeal User Inter-
fuce (U Finally the YUV pized outpot can
optivoally be converted o BOB {red, green, blue)
codor space for non-TV outpwt spplications. The
ROGB format can be either 16-bit or 24-bits madti-
ploxed sto the 16-bit Video Out bus.

Table 4 shows how the various vides post-process-
g functions mypht be esed in o by of differsnt
applications; the fgurs 16 not exhaustive, the past
processing section ¢an be programumed for masy
other applications. &g with the pre-provessing sec-

FUNCTIONAL DESCRIPTION

tion, the post-provessing cantake care of scaling Yo
hoth the CCIR 601 {720x243 or 720X 288 pinels per
field) resclutivgss used by TV dinplays and the
“square pixel” frmat used for computers. For BC
apphications external overlay orinlay circuits canbe
uasd t combing the VUP video with the PCGUL In
such cases the VOF post-processing provides sibi-
trary soaling to £it the videw in the GUI window.

VIDED TIMING

Figure 5 shows the ting of pixel transfers on the
Yideo In bus  when using  the  doubled
{POLKZXCAM) clock and clock gualifier
(FCLEQUAM).

The Video Ot bus can also be glocked either by
densre pixed clock and clock qualifier or by saingle
pixed clock. The double cluck would vypically be
used for TV displays, the single for conmputer dis-

N Standaions Vidno PE Yiden Htandsicne BPEG
Application Phene Comeranning Bevade PEMIPEG Decode
DA Video Formnyt C3F o QOHF CiF or QUIF SiF B4UI80 YUV
Debionking Fiftey L4 #

. CIF 178 - 2480 tines | QOIF 176 ~> wiblirary -

o, ~ 4 TN~ LN s
Vortical Svak I 288 - 2altnes | CIF 288 < arbitary Ho0 inas - arbitraty
s w ' “
NE f Graphics Tiraphits svatsy Moisg Raduction Graphiss everiay ~
frstoriasing & - ¥ .
L3 Vort frdorpotate v & ' 8’

; - CICIE 176 704 | QICIF 176 > arditrary o s s
Horizavisl Fiiering HE 855 700 £NF 2B -x AfifrARY B2 720 BA0 PIKEIS - JITAY
ViV v RGE v 14 »

Yasiable window dizg Yariabie wingow size
2 R s 2, 5%
Gutgns Viden Fosrast CCHL 8071 7042340 Suare pias) ROE T2LxR40 RER Seuars phesl FOS

Table 4. Vidgo Past-processing Applications
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plavs, Figure & shows the ¥Video Out bus thming
asing a double pivel clock, Figures 7 and & show the
Video fnfha buw tming wsing 8 single pixel clock.
PCLEQSON and PCLEQCAM are ignoved in ix
clock mode.

For both buses the muimum double and single
pizet clogk is 33 MHe or CPUCLE, whichever is
jower,

The timing of the avncs, blanding and odidfeven
field mdication wre shown in Pigures 9, 10 and 11,

FUNCTIONAL DESCRIPTION

The output video fekd indication is dons by mndi-
fying the relative positions of YESYMISON and
HEYNCSCN, A the stant of an even field the
horizontal and vertical syne palses will stast on the
samme clock sdge, in odd fickds the honizontal syne
pulse will be delayed by nos elock eyole. The sense
of both horizontal and vertical synes s program-
mable.

Table 5 shows the detatled AC timing for the viden
nput and ouput buses,

@1 e
POLZNOAM J, oI LT
PULKODAM ]

LXK v KXX

YOAMET ) o

LVEAMIT D] )
i

L9809 W2 A2

Siguss £ Zx Clock Mode Video iy Bus Tiring

121 ”2
POLKZKSON i i

i
PLAKOSCN b ] R

YSONTG ¥ e ki X
UNSONITO 5 ¥ W 14
YA mode
YEROCH[TO [ X e g
UVSCHNIT:O] e X X% B0 ¥la sl m ¥ B
RGB mode |

Figure 8. 8x Clock Video Dut Bus Timing
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FOLEINSON | T
YECR70] ¥Q ¥ ¥ ¥
JERIEE el
UVECONIT0) 110 s VG b4
ERADE N
YSONITY GO ¥¥ &1 XX
nnd 175
UVSCNIT XX By X XX B x}{g 81 ¥ X
' BER wode

Figure B. 1x Giock VWideo Qut Bus Tiwing

. CPUC R0 JEMEe Tt
Gyt Tieneripning

in Max o} Min § Mux § Min | M
1) POUKZROCAM st POLRINSTR prectiad 30ns - Ty . $ns B
21 POLKQUAM and PLLEQSUH setup tie w PULKEX ap . ny . a5t ~
233 POLEQUAM st FCLEQSTN hodid shne o PCLELN Py - s - it -
$% Vighen dava aud synos somyp tise v PCLERX fus - fns N Gas
3¢ §Yideo data and zvacs Bald te to PULKZX Zns - 2 . pavs -
25 PVieo date and syocs autpat debiy e w PCLEINSCR & i & 28 & s

Table 8 Video input and Ouput Bus Timing
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FUNCTIONAL DESCRIPTION

TR

A 128 pikeds, ik 4085 pixehs

Pixet Clock MMJ LU
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Figura 5. Horzorigl Videy Timing.
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DRAK BUFFER

The R AM buffer isused for storing snsomprossed
images, reference frames and intermediate data,
When the VOF s encoding video captured frames
ave siored in raster Tormat in the DRAM in three
soparate argas copresponding w the ¥, Wand ¥V
somponenis, Similarty when decoding the images
tos b diaplayed are held in the DRAM. When both
emcoding and decoding, reference nges ad par-
tally conguressed data are alsy stowed in the buflur.

AL DRAM vountred 1s provided by the VOP DRAM
bus, It oan ierfacs 1o DRAM chips crganized x16,

FUNCTIONAL DESLRIPTION

x4 and x1 bit wide, Figure 12 shows smne example
configurations. The DRAM nterface is 33-bits wide
and, at high VOP clock speeds, provides sufficiem
handwidhth to desode and display CUIRS61T resoku-
tion iages at 60 framses per second. For fess
demanding spplications such as MPEGT SIF respe
fution decnde or H.A01 QUIR codee, the bus can
operate in a 16-bitmode. In this mode a single 236
% 16 DRAM chip can be used) the most significant
and feast significant 16-dats of the DBUS{INLO)
should be commected (Lo, bit 31 wobit 13, it 30w bit
14, e}

BOBHOE ;
e
pRsRY e
DAL {f:osonooscovoseoonseoconcost IATHAR
Yu(@sekxtg) [ TN 512 Kbyts
DHARE By
s
DRV 11354 F— s?ﬂ ‘ﬁawgaysﬂ:/:wws
ULB508 ; :
Gase ] [ Case
DRARE | e B340
CEATAR (3 wwimmsmosmimsotoost SEATGT
2x{assextgy 2N g 1 Mbyte
2 Kég‘;;;% TIE0Y BREGG 4 BMiwyie
DIRSS P13 Lomis g oepi
BOASGS ; : ] f I 7 ; ]
B Casx Lag# Case CAgs e Case CABY
Uity eeeeescsscessd RAGK
LRDUR DR fscoccocooonnsaessooocond SABILT
B x{puEknay SN "‘ 1 Mbyie
& xs;ﬁg;‘ 4 sy | oo |4 o oy 4 1 gy ooy | b omen | & Mbyie
S Tomon  Jooma foesis fossons Tomnese fomuooe fomnoss foamuey
DEASHY
DCASTY ] y
Case Chsx cags Caks
T — 1 M
LIAEAIR (B woumnnnnminnrooisoiimmirind MRAJERY
43 (Bek x 1g) DOTF e b 8 #ibyts
SA M6y o . . & Mlvie
980 150 o § opEe
Ky opsor | opsor || o | | o L5

Pomses ¥ oo Somon Tonmng

DRI 338

Figure 12, DRAM Cosfigurations
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The RAM interface is progranunsbly 1o onable
support of RAM: with 5 varisty of puge mode
cycle tmes, RAS to CAS delay times and RAS
prashsrgs thnes, See the
BURCON_DR ANV _CONTROL meistprinthe ERS
for progeamming. Figores 13 and 14 show the
CRAM srtpu signal timing in terms of T states.
The YOP DRAM contrpller wses page mnde s
sessex whenever possible and takes cars of DRAM
refroah. The VOP gses RAS only refresh meods, the
refresh period ia programmable,

FUNCTIONAL DESBCRIPTION

The page mode cyole time of DRAMs varies from
ong manofacturer 1o another. A typieal Tlne DRAM
has 3 pagemods oyole thme of ding. Fora VOPwith
a 33MHz CPUCLK 8 3T ovele takes 43ns which

wit] meet the specifivations of the Tns DRAM.

When operating as a 16bitinderface the DRAM bug
performs two reads in the period  prograngaed.
Thus programonng 7 19bi, 47, DRAM inkaface
timing requires DRAMs aciually capable of cyeling
at 2T

DADDRIeO Flow Audds ¥ ColAdaD X ColAddt X Col Adde?
L
DRASY . |3
e BBt R E
DOAS/ ¥ iy F A
131 . ) :
DWEE
DOES a e 134
REUS[B1Y] ARARAA 0 RXKAAAA 1 KARAAX
Figure 13 DRAM Bead Timing
DADDRISO] Fow oy X Coladdh & Col Addrl ¥ Col A2
DRAGH o 25
\\A-bv-.ﬂﬂm‘dmwm """"zg'}‘:(}mmm
DOARD S PR ™y
31 8 e i
DWES kY
DO
DEUR31:0] TIXAXL 7 by 7 b4 )

Figure 14, DRAM Wiite Timing
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FUNCTIONAL DESCRIPTION

Programanable 33k
Byabod Description #

Min RMax M
126 JRAS prochargs tine 37 7 FRR T
127 fow address hold tioe 2E 37 4% fox
2% $CAS pulze wadh jow T b i 23,705
20 AR puise width hiph 17 27 43 St
30 EFas Page Mode sonass thne 2Y 47 45554
31 RAR o CAS dolay tisne 2% 4% #ins
LEES Ruad vycle data seoup to AR rising ~iis ~i%n
%4 ERend cyole data hold 1o CAS* riviag 455 414

* 1 Internal 2X PLL clock eycle
Tablz 6. BRAM interfacs Signat Logical Tirming
SR AM INTEREACE thus suppint not only SRAM but also EPROM and

The SEAM interface controls accpss o exiernal
SR aM which is used for RIBC code, stavk and data
ae well as boffer storage for the TRM, Audio, Host
and F.221 sectivas. The SRAM bus sapports four
independent address spaces, sach having program-
msbie bas width and walt-states. The interface can

menory mappad YO ports for standeadons applica-
tons.

The thdng of SRAM accreses iy shown in Figures
15 amid 16, Froan 030 32 wait states can be inserted
into each oyvole, each wall state being ong VOP
CLOCKE ovele long. All accesses by the SRAM

............ 138 58 138
LaDDRiedl ST G S S e T
LOED3OR A k4
LW HRsx#
s 4
LOE# . Ao
LA38L18Y, (IR RRTA
LRATALL vy YXY iy o3
n Waillstale Bark Selscd o Waltstate
Figure 18. SRAM Read Timing
< ol R BH
LADIR 3 andr 4 addy mé addr 4
LOE[30H 2
oy, 3
40 H i
LOE#
LIJATA[ST:0] ¥ date % dais PSS CE IEIT O

Figure 18, SHAM Wite Tining
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DA controlier which services the TUM, Audio,
Host and H.221 sections will have s munioman of
one walt state tseried by the Iderfuce. RISC ac-
ceases can be zere walt state, The SRAMs used with
the YOP running st § wall stde, 330H2, smat
support # wrile pulse width lees than or squal o
12.58s.

iris possible, when switching froma fow speed bank
trahigh spesd bark, for the turs of fdeday of the dow
spred bank to overiap the fing sccess of the high
spesd baok. T prevant data corraption 3% (Bank
Seleet Beday Tine) s programmable for each bank
from G 1o 37 states. See wble 7 for details.

The syguals fur the SRAM bus are genersted from
the el RIBC clock and are timed in integer
mdtipdes of CPUCLE cyeles, except for the wiite
strobe, wihich s delayed roughly ope guarter oyvele
from the address setup snd sdvanced roughly one
quarier vycle from the start of the next scvess ovele,

Sy fererptivn il
X M Max

£ Bowd vevls dats satup Bue 3%
Y Read eyste dos hodd dme A1
B3 IERAM s e ¥ s 3EYYass
127 iBash Svieoy defse v a9 37
90 fAddiuan Wt Mg 1 vt Suehy RANLAy FO.LS T A0
343 JAEInns hodd s 1) Wik st QENT-Gday JOLLIT-Qudss
143 PWr yorabe paise wid ke P2 R I KRG SRR

3T DPUCLK mn oves, Fach Waitshate w 4T

Table 7. SRAM Port Timing

FUNCTIONAL DESCRIPTION
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ToM BUS

The TR port implements a five-wire serial bus
which provides an eusy comsction between the
VOP sad available conununications chips. The
TE0 bus is 4 Throe Division Muduiplexed bus widch
softipleses data on up 10 64 channels. Bach channed
is mllzcated 2 different thme slot on the bus, and the
YOP can he set to send awdireceive data on suy
sombination of different time slots. Dt s assumed
16 be ordered by time slot (Le. i thmeglon 6, 8 gnd
17 areused, the first bvie DMA ed 1o memory is the
byte in e slot &, followed by 8 and 17 in order.
Re-ordering muet be done i software),

FUNCTIONAL DESCRIPTION

The interface consists of g Frame Syne (TOMES),
daty trapsmit and recgive signals (TDDX,
TOMDR, sxternal buffer enable (TRMTECH) and
a clovk {TDRMOLKS The Frame syae ad Clock
signals are inpuits to the VOP, so the timing of the
dats transfer is externaily controlied. The TRM port
can support & aummber of different mings on the
TDM bus. These posaibilities are deacribed in Table
&, A tivning diagram for a particelar configuration s
shown in Figure 17,

The TDM bus can transfor datn a8 & mexioaun ale
of 16 Mbitsfe. & more typical configursiion wonld
support up 1o 4.006Mbitefs with a TDMFER fre-

s 145, e Dday feoe et § Rewoy Snsnnef 1.,
TOMCLE Eéji NENEREEER AR NN

' 1 % 3 4 3 FEREE VAL B 4 ;
TOMES %

i) HE 5
TOMOR 0SS0 NS ETGRED ED RS & P A XA XEXEXX
LIS SN I g 44 ’
TORATSOH ” [
TOMDX SO EX T
o

180, Tranzeit Dslay

Franart Shaweed @

Figure 17, TIM Bus Tining

Syaentugd Duscripion
TEMO a2l Geviad clock 2x or tx selent
TOMOTLclhiphase 2x Seriat elowk phase to fsing edge of TRMER
TR Sedects sdge of soxdal clouk 1w wse when samphing TINES
TN e Seiects wdge of serial clock wonse whea saapling TEMDR
ToMCTL e Setacts edge of derial vinek o use when deiving TLREIX
TOMUITL antEndiag Kooy litde or big endian data type wanspit
TRRACTL rovEnlian Sefects 1l of big endian data type reosive

Table 8. TOM Bus Programmabiiity
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guensy of 8KHz The TDM pon hardwars is flex-
e snough tointerface to 2 wide range of commu-
nicanions chips for ISDH, PABX, Lal and WAN
connectivity. In particelar 3 will lnterface directly

FUNCTIONAL DESCRIPTION

selection and mdependent receive and wansiait da
offacts. Thiz i ilhusteated in ble 4. Other TDM
related Hining ie given in talde 10,

to chi\ps which suppart thf{ Concentration ﬁigh way re—
in;gﬁ_’i’:ice ( Cﬁi 3, ‘i;‘i B0 {)a'zez';tc;d_ﬁfiefjaiﬁf: ?igvzs@r; Symibol Demcviption T
2OOMZS mag@me aned Mulsi- Vendor Indegration NS SRRy PEN S
Frowooo] (MVIPL - e - .
P30 FTOM wanymit delay o TRMFS ] 5
The TR bus progranability inclodes imdepen- * 1T n TOMCLK owcl
dent roceive, inansmit and frame syne clock edye
Table 8, TELM Delgy Timing
Hyushot Txsanption Ribty
s s
16 FOMAOLY. period 63 5ns
s FTEMTSUS commol sssput delay o TDMOLE 2 2
44 TLNGES saup e 0 TUMCLK 25
5 IDSMES hold iz © TOMELK 28
W6 FIDMOR sut wesp s o THMOLE 1
37 {308 G Govdd ttme w TRMOLE 32
WS TTIMDK dats vugnt delay 1 TEMELK o i

Taide 10. TDM Bus AL Timing
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AUDID PORY

The Andic post i3 3 bidivectionst serigl port whick
carriss audic date to and from the VOP. Rinterfaces
directly s the seriad ports on Analog Deviges 2131
D8Fs and other D3Py with cowapatible ports, The
port comsists of a five-wire interface which
transter dats at rates of op to 16 Mbug/s. Lt is s
single-shanned seriad bus with a fized wordlength of
16 hits. L sepports independent tansmit and recedve
frame syncs with 2 fixed delay of one clock oycle
hetween the frame syne and the dransmission o
receapt of data, It uses “novmal” franang, o datads
sravsitted or racnived on the ovele after the Prame
Syne s active. Duta is trunaferred at the same rate 33

FURCTIONAL DESCRIPTION

the AULE. Figure 18 and table 11 show the timing
of ransfers on the Audio port.

Depanding on the spploation, the Audio portesn be
interfaced directly 1o 2 TSP o 1o an audio Anddog-
to~Digital & Digialto-Analog codec, wy which case
the VOB is responsible for any sudio compragsion.
Surne video confersncing applications reguire md-
tiple PSP for audio compression and echo cancel-
tation, The DSFs can comamunicate sithey through
shared memory or by daisy-chaining sepial prats
¢hoth serial ports are required for this wn the DEP
neat 1o the VCE,

ARK

Cetve Wond

ML

ABE Co T
A TSRS SRS 61D S15 E SN
PR :
- — | e
e ;
PN O . = £ nesmsny saay asasiaay prrnene, g
sowr YUK OO B Coo B EXEA
: 4 .
v 5 s
Transmit Word
Figare 18, Avdio Bus Tining
A0hibe XI5
Symbol Description
Min s iin Max
11l ACLK pericd Hilns - F0ms .
51 ATHES/ARES setap time w0 ACLE 4 - 4 ~
152 ATFS/ARER hold time to ACLE 2 - 2
83 AT sctup tme 0 ACLE 4 4 -
34 AN pold tivae 1w ACLE 2 ~ 2 -
153 ACUT outpat delay time G 3 th 8

Table 11, Audio Bus Timing

21



8x8, inc.

£x83104 VOF DATASHEEY

HOST PORY

The Host Port i3 used by an external Host to control
the YOP and may also be used (o transfer high- or
{ow-speed aser data, sudio and bitstream Informa-
tion. The Host port is g generic 15-bit paratlel bus
which accessss six rogisters i the VOP The mgis-
ters angd ther Suations are detstled by the Regloter
Dagoription section. Thaee are thoee potts in the
Hogt Interface, 3 DMA port, a VOXI port and »
Debug port. Figure 19 Hlustrates the tming rela-
noaships of the Host port.

The DMA port typically wansfers user data to be
muliplexsd with the audio snd video data in the
H.221 comypdiay bitswearn, Thig ic the saechanbm
by whivh applications such as file Gansfer and
shared screems are implomented during & video
conference, In additton, the sedic and rouliipdexed
bitsrsann can be sartied ovey this interface.

FUNCTIONAL DESCRIPTION

The Host portuses the HRDREO# and BWRRBEQ#
pines to indicate e readiness o send and receive
data. The HIRQ Hoe is used by the VOP 10 indicate
that the HOSTIRGSTATY register should be interro
gated.

The VOXT port transfers commands and stotm
nformation between the VOP andas sxdermal Host
In some systema, the VOP will act as the Sysiem
Controller and ¢ there will be no external Host
However tn roost there will be another ngoroprocss-
sor responsible for controlling the system. B cone
ol the VOP throngh the VUK poet, using the
YOXTUs “shared variable” mechonism. This gives
the Host readfwrite scoess @ plobal control var-
ables in the VOP RIBC s (7 program and provides
w shnpde and effective control mechanism,

The Debug port provides an addiionad path to the

Write Read
HAL) 3
MOEG : = 5 { W
] Td |5 A
HWRITES ATEN s §
HREADE § AN T T A
O =N ni
HWRFEQ)
B3 53

HRDREQ# 5 7
HIRG 4 ¥

w78 D

Figure 19 Host Bus Timing
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Bx83104 VEP DATASHEET

VOR RISC for debugging purposes. This allows
software debuggsrs access 1o the state of the VUP
hardware and softwars withowt the disturbing the
YOXT o DRMA potts,

The Host port s implemented with 8 16-bit databus,
a 3-bit address bus, read and weile strobes and read
and write request lings. The regquest hines indivate
when there is data walting i the Host te osad or
when the Host should write the dats word, The Hnes
can be prograronmed to indivate this fir spy combi-
nation of the DA, VOXI or Debuy porte.

Tabde 12 shows the tirning of the Host port signals.
Design Nove:

The pulse width high time of HRDREQH (73} and
HWRREGE (172) is well defined ondy a3 2 mini-
murn valae (o fess than three CPUICLE cvclest, the
maxirnum value is sofvware depandent,

The VOP Host DMA channe! bandwidth depends

FUNCTIONAL DESCRIPTION

upon presense of wther DIMA in the system, it
priority and statos, The bus may also be socupied by
the RISC instruction currently being executed. For
example, Joad and store fostrostions use the yoemory
syvele for BISC VO and bovk DMA. This means
that, sven for burst transfers where the filesize has
been negotiated in advance, It s yad possible (o
specify a maximuon peried botwern Host DMA
DT EN

Inveality, forsystems nsing the $x8 H3W coder or
MPEG T decnder sofrware, i i safe to calonlaie bug
bardwidth to he sbout CPUCLESS words/see and
reazonalide to sssome that maxirmm data hoddoft
dus o mternal VOP DMA aetivity willnotbe longer
than g fow 10 of CPUCLE cyles.

Symbol Dreastystinn {3l Gouss in 50 Apaly o
Bin§ May o § Min§ Max

PG §HA o WWRITES cotep time B . 4 -
37 FHA o HWRITES hold tire Z ~ z
A% - BRY o HWRITES setep Yy 4 4 ~
195 TR 1o WOWRITEY bold tisee 2 2 -
et ] VR ETRS yalse widih fow %G - et}
31 HWRITES puize width high 3% ~ A% «
W2 SHWRITES w HWKREH sutpat delay )] 12 ¢ 32
W CIHA fo BREADE sotup sy 4 3 -
o ERA o HREADS hald e 3 2 -~
165 THE o HREEADS output delsy G i3 ¢} 34
e THY o HREADE hold i 2 Z ~
@7 PEBEAT pelse widh Bigh A0 34 N
B8 PRBEAL pulse widh luw id 33 .
e HREADME 10 HRDRECH oniput delay & 12 4] ix
0 SHWRITES ro SIRG ouwtput sdeday i 1% & 3z
¥y HREAD o HERG oupwt deizy ] iz ¢ 37
372 PHWRRIGH pulee width high iy fuwecunic § QL fae o
37 HROKEOH pulze width high 0 §wevoe § Q1 §aeaw

Tabtiy $2. Host Port Timing
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8x83104 YOF DATASHEEY

CLOCK GENERATORS

Figure 20shows de clock distribution v the various
sections of the VCP CPUCLK & de main system
input clock to the VP and is used to dedve the T
CLE for DRAM bus tinmdng and the VPCLK. The
pwo  pinel  elocks {PCLEZXCAM and
PULEIXEON), the sudio clock (ACLE) snd TDM
port clock (TTMULED are asynchronons smd st
e less than half the frequency of the clock of the
sectioa to which they are fnwgrfacing ov less than the
absohste maxiranm for that clock, whichever is
fows.

The RISC processor uses the CPUCLE, and ex-
soutes one inatruction per oycle, This clock i also
wed by the H22I240BOH sections, the SRAM
DA omtroller and the JO msources served by the
SRAM DMA controller.

FUNCTIONAL DESCRIPTION

The 25 T-Clock is used to time the memory sceesaes
oof the DRAM i addition (o the tiiming of the various
processing resovrces amd the video filters. The T-
CLX roust b at least 4 tines faster than the PULES
to snable full 7 tap filtering (o 22CPUCLK »
dxPCLE). In situstions whers reducesd filiering
capacity is nesded, the clock relationship can be
reled.

The clock o the VPe is genersted on bomd the YOP
and iz sulectable from 1x, /3% 1o 2 the CPUCLEL
The YOP s sposd gradded for both UPUCLK and
VRCLE maximum speads, the magimum speed of
euch clock is marked on the packags.

VO

SRAM Interiace

DUICES

Froveasing

Aszyngh
143 clonks:

O resource

Bes

frdmebuy
CONTBRCHON

PIKGLK

Yideo W

Figure 20 The VEF Clook Distribution
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BxB3104 VOP DATASHEEY
REGISTER DESURIPTION

REGISTER DESCRIPTION

The Host Iterface allvws copmumcation between Interfacs registers arg aligned on 16-bit boundaries
the YOP RISC and an external Host (3F any). There snd 50 the HADDR pins sre 16-hit word addresses.
are three access poris in the Host Interface for
YOXI, DMA and Debug daa tranater, Al Host

hostdmaport £xi) (RIW) nostdmaport
20 IR RTS BT m%w%w z‘:iw 9§3§7 bibwof/%}s;
% X D18~ 0
154 Fosi Data this port 15 used for higheapeed or lovw-
DA data transferred berween the VCP speed dmta nahtipleyed in the HA221 bit
RISC provessor snd the Hosto Typically siresm,
hostvexport gl (RIW) hostvexport
oL iwiwmiwmiwiiniwlsialv e s 4i3izitio
X OPX PR P LXK IR X PR o7~ D
T VORT Data this port 1s used Sy VT commands and
WORT data vansferred botween the VOP data.

BISC provessor and the Host. Typically

hostdbgport X2 (BSW) hostdbgport
i . lwiwinluieinlele]s ?15%5241:@ }1&
b RiX iy iy N 037 - 20

78 Bebug Data this port is waed for debugging only.

Tiebog data transterred batween the VO
RISC processor ansd the Host Typleally

25
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ExAII04 VOP DATABHERY
REGISTER DESLRIPTION

hostoil Ox3 (RIW) hostet
%1 RN N B - T S - T 2 O T A
b X %Emﬁ input safect F.0 Output setect 30 }g;%
7 Host-1o- RIS Interrupt Regaest 3.5 Output select 2.8
When the Hostwrites o' tothis bita Host Determunes which of the DMA, VUXT and
10-RISC interrupt is generated to the RIBC. Debug ports contribuge to the HRDREQ
. . 1. The bngic for this pin is
g4 Input select B0 L4 He P
Determines which of the TA, VCXTand HRDREQ = (IMADW & Csell) |
Disbag ports conribute 0 the HWRREQ (VCRDW & Cseli) |
pire. The logic for diis pin i3 (BBGDW & Osell)
BWERED = (DMATRE & Tawlld) | iz Clear RESC-tn-Host interrupt

Whes the Hostwrites o'V o thisbit it clears
the RISC-to-Host interrapt.

VORTRE & Iselll |
{DRETRE & Isell}

hostmask fxd (ROW) hostmask
33 # 7 8 R ES 3 ] % i
Eng | Dbugt Dreg | DA LIRS L VEXK WOXE WM
X X fan TTRE | DW I TRE | DW I TRE | DW g
Sat £n £6 En £n £ B £n

The bl in this register determine i 2 condiion
canses a Host intercupt on the HIRD pin. oot the
mterrupt stangs is still set in the hostirgziar register.

v Dt Endian Selort
When this bit {8 set 1o "1, the Host port
expeos Ritle endian data. Otherwise datads
big ensdian,

& Debug Port TRE Interrupt Enable
Whan this bit i3 set i 1, the Host iz
intersupted when the Debug port is walling
for data to be written by the Host

LN

5.5%

Y

Dsleug Port DW Interrapt Enable
When this Bit 15 ast o ', the Host &
interrupsted when the Debug post containg
data which the Host shonld read.

& $3MA Port TRE Intervapt BEoasble

When this bit is ext to 1, the Host s
interrupted when the DMA port s walling

i

for data 1o be written by the Host.

DMA Port DW Interrupt Enable

When thix Bit is set o 1, the Host i
intarrapted when the DMA port contains
data which the Host should read.

YVOXT Port TRE Interrupt Enable
When this bit s set to ', the Host ds
interruptad when the VOXT port is waiting
for dats to be written by the Hoel.

VK Port DW Intsveapt Enable
When this bit is sat 10 'Y, the Host &
interrupted when the VEXY port sontaing
data which the Bost should read.

RISC-to-Host Intirrupt Ensble
When this bitis setie 1 the RISCo-Host
imterrupt will canee an loterrapt to the Host.

2
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B304 VOP DATASHEET

REGISTER DESCRIPFTION

hostirgstat

hostirgsiat 03 (Roj
3 I R O T RN T -2 B B B
Dioug | Dbug | DMA | DMA | VX | VOXI | Ha2n
* L% Iyme|Dw  TRE | DW | TRE | DW | &g
i Dobusg Port TRE Interrupt Satus e YUK Port TEE Inderrupt Sigdus

When this bit iz set o1, the Debug port is
waiting for data 1o be written by the Host.

Debug Port DW Interrupt Status I
When this bit i set g 'Y, the Dobug port
comtains daty which the Host should read.

PNLA Port TRE Dnterrupt Status i
When this bitis set o1, the DMA portis
waiting for data 1o be written by the Host.

DRIA Port DW Toterrupt Status

When this it is st o1, the DMA st
containg data which the Host should read,

When this bitis set to '], the VUK port s
watting for data o be wiltten by the Host
VX Port W Intervapt Status

When this bid is set 1o 1, the YUXI pon
containg data which the Host should reed,
RiSCn-Hoxt Intervupt Siatus
Whenthis bt is setio ), the RISTto-Boy
mterrpp has cocurred.
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8x83104 YOP DATASHEERY

PIN NUMBERS (240 PIN PQFP)

Bin Mumber [ Name Pirs bhampay iNamg Fin Number {Name Fir Mumber | Nae

1 LAY 31 PSS 81 e (4] ERLIGIAN
s Lalis] 32 TN &2 YOAMETY a3 DBRURTH
3 LA{15] 33 THMOR 83 DALY B3 LSRN
4 LAi4] %4 TOMOLK {64 DAIS] a4 PLOKERGAN
& LATTS] 3% TOMPS 8% DBUSI 88 LRSI
5 LA}18Y b TERR0H a8 DBUSIHIS] 198 DBURRE
7 LAY 37 YORME, 67 DRUSIG 37 DBUSE
8 LaL1a a8 AQUT 68 DRUSHTYT  isa DRUSIES
] LA 4] Al £ DEURD] 2y CSHURTID]
HE LABI 43 ACLK Eid RBUSHIY 140 LBUsRY
11 YOAMISE 41 ARFS 71 YSYNOGAR 1101 Y88

12 V&S 8 ATFS 77 DRLISI RO YRS

13 Y 4% ALK 73 DBURMS] 1103 Y

14 Vo 44 ¥sS 74 VEE 104 YD

8 La{H 45 VS 75 VI 145 LBUBHY
G LAB] A5 AUALTY 78 YoR 105 LBLSEN
17 LATE 4 ALSRERY 77 DBUSI4Y Wy PLOKOC AR
& LAY 48 ALALSY 78 DRUSIZ0Y 108 HCEb R P
5 LAY 49 YOAME] 178 DOB% W DBURZS]
z0 LAIZY 50 DALY 80 DASM 10 DBUSIIS]
R Laft] 81 D& a1 HEYMOCAM (111 DRUSH]
22 LALGY 82 L3243 82 CARY 112 DRBUSH14]
23 YOAMAY 52 DALY 83 RASE 113 DRUSIAN
24 CRYGLR 54 IR LN 34 EH 114 LS8y
25 BESETH #55 RIS 85 TESTL 114 DBURIYY
28 DERUGIRG {88 DAY 96 VEs 118§ QEBTARM
b TERTE 87 DALT 87 YT 117 YRS

28 VIR 58 VEE 88 DBUSIS] 118 VRE

28 VDG 53 V55 88 DBUSEYL (1% ¥oR

20 VDR &1 Wiy Y DRUSIS] 1248 WG
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8283104 VOP DATASHEEY

PIN NUMBERS (CONT)

Pin Number | Nam Pl Number {Name Pin Humber {Mame Pin Number [ Nane
121 UVOUTIOP 1151 VI 181 Vi 211 UVCARIES]
182 PNVOUTHE B2 S HERE] 182 L0} 212 LWL g
123 UVOUTIZE 11838 HDI2) 183 LD8] 213 LWEL M
124 UVORUTIS 1154 M3 1684 LO116) 214 LYWRMHLE
135 UVOAMIOT (188 M4 185 L2 215 LYWRHHY
128 LWWOITIE] 11586 HR{E] 186 LB 218 LOEY
127 FRALGIREE LT & LY MOB] 187 LR 237 LCERG
125 UVOUTIs) 1158 WL T 188 LD{17) 218 LOE#G
128 SEOUTTYY 158 HOB 1689 LD25Y 248 LoER2
130 YOUTE 160 HES 1B LB ey LOBS3]
193 YOUTI] 181 UVCAMES] |11 L0} 221 BVOAMITY
142 YOUTR) 162 HDIG R L8] 32 WERE
3% ¥ss 163 HDf 11 193 LD28] 223 Voo

134 W 184 HONR] 194 V3G 224 LDa
135 YERITIR 165 V88 195 VoD 225 1014t
138 YOUT 3186 YO 188 UVCAMIB] (226 L2
137 YOUTIS] 187 HO{1Y 197 103 827 ERR
138 UVOARMIYY (168 Hix 14 188 IR &8 Lo
138 YOLTA 168 B 151 198 LE 8 pates L5
1411 YIRS 170 HEEADS 1200 Lo 260 Lo
144 POLERKSE (17 HWRITEE 201 LD} 231 L4y}
152 POLKGRGN {172 MR B0 Loy 232 FEARED]
143 YAYNOSON 1173 PVLAMISL 1203 Lo I3 LA{19)
144 HEYRCEOH [ 174 HAL) 204 LR 234 LAJTR]
148 WWOAMIZE 1178 Haftl 205 LOIBY 235 YOAMUL
148 BLANKSON 1178 Ha® 206 R g ] 238 YRS

347 it 177 HWRREQH# (207 L2l 237 VES

148 YES 178 HRDREGE {208 Loag 238 Y
145 YRS 1793 ¥ES pape] V&S 239 VR0

115G WOk 104 YEE 233 VI 244 FOAMIZY

28
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PN DESCRIPTION

SIGNAL FUNCTIONAL DESCRIPTION

BMams ¥ [Definition
LoEs O RIST Port output snable
LCES3:0] . RISC Port ahiip ma@ics( RISC boots from interpal ROM or LCE# = 0x03 de
T the value of ROMDIS.
LWRLL# o IRISC port write enable hyte §
LWRILR# ¢y RISC pont write enabie byt |
LWRHLSE ¢ IRIBC peat wrile enable byie
LWRHH £y IRISC port write enable byte 3
LD L 70 BISC port data bus
LALIG] vy RIS port addreas bus
RESHET# § o Pysters veset {active low) Must be low for at lesst 16 clock cveles o ensuze
CPIIK 1 RISC and System olock gt
DERUGIRG 1 (System debug interrupt
ROMDIS y  iinsable the juternal boot ROM and boot from external ROM Jocated at LOE
TENTZ ¢y Tast outpad (phaseds)
TRSTIL ;o PTest haput {oxtpily
AURI30 10 thuxilisry Control Lines
HIRG ¢y {Host Interrupt Request. Indivates an interrupt from the YO @ the host.
HWRREGH o (Host TMA channe] Wiite Requaest
HRDRBO# O (Host DMA channe! Read Regusa
507 v H?svt i?am Bus. iiumgmsseé dafa, is pgsse\:& o and fmm the V{:i acrose this by
: * used G pass comnands and parameters from the bost 1o the Y€,
HA[Z:0] : ;iic‘sa‘Addmiss Hus, This bus s used by the host 1o addness vne of eight regist
host interface.
HREADY 1 {Host Read, Buables data from the host imerface onio the BDATANIS0] bug
HWRITES 1 Host Write, Latches data from the HDATATIS:01 bus ot the host interface
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Bx83104 VOP DATASHEET

SIGNAL FUNCTIONAL DESCRIPTION (CONT)

Bsme ¥O  Definition

VEYNCTAM 7 iVertioad Syae for Camers Video port, Programmable for rising or falling edgs.
HEYNOCAM 1 iHorizostal Syne for Camera Vides port. Programmable for rising or falling edge.
QDECAM {  CuidiBver ficld select S Comera Vides port

PULEZXCAM ¢ Pixel Chook; two Himes the sciual pixelclock for Camera Video put
PCLEQCAM 1 iPivel Clock qualifier in for Camers Video port

YWOAMET A i 1Y Leminance dats bus for Camers Video pont

LIV CAMIT S H Y Chromdnance data has for Camers Yiden port

VEYNOBCN o Verdeal Sync for Screen Video pott Programmuable for sising or falling erdge
HEYNCSIN po  iHorizonisl Syne for Sereen Video port Programmable for rising or falling edge
BLANKSON gy {Blanking for Sorsen Video pont

PCLEEXECN 1 {Pised Clock; two times the actual pixel clock for Screen Video pont
POLEQEIN 7 iPixel Cluck gualifier in for Screen Video pont

PESMOERE ¢y 1Y Lunsinsnce data s for Soreen Video port

PVSIRITO ¢ Y Clromsinance data bus for Screen Video pnt

RASH $y  Reference DHAM How Address Suots

AR ¢y Heference DRAM Column Address Strobe bank O

CASTE O iReference THAM Column Address Ronbse bank 1

DA ¢ Reforenvs DRAM Multiplexed Adidress

R O Reference TRAM Wit Enable

DOES 0 Reference DRARM Craput BEaslde

LBUSHLD 30y Reference TRAM Data Bug

31
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SIGNAL FUNCTIONAL DESCRIPTION (CONT)

Nams VO iDefinition

ACLE I jAsndic Port Seral Clock

AN P it Port Serial Data In

AQUT O jAudio Port Serial Data Cant
ARFE I jAudio Port Keosbve Framos By
ATFS T Acedio Pot Trassmilt Poatne Sync
TOMULK I {70 Bes Setal Clock

TIMDR I PDM Bue Seedal Date Resedve
TOMIK O T8 Bus Serial Dats Transmit
TDMES I [V Bos Frasme Syne
TLRATSCH# {3 ITDM Bus Triststs Control; used (o snable eaterngd drbver for TDMEBX
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PINGUT

PINOUT 240 POWER QUAD FLAT PACK

=3 Quoams

REVAFLINIE

®

3

SEUFEHERR

240 pin POFP Package
viewed from the top

2 1
28
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YU
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FiEEES
SN,
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FreRs 238
REEEE

Figurs 21, 240 QFP VOF Pinow
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Bx&3104 VOP DATASHEET

PINOUT

PINGUT 225 BALL GRID ARRAY (BGA)

1 2 3 4 &5 & 7

g 8 W 11 12 13 14 s

o) UV DBUS DBUS PCIK RIS DBUS DRUS DRUS RASE UAS0S DBUS DRUS DEUS YOAM D44
03 s ROy COAR (18 IB8f 28] (®y HER (2] {0 ¥
p DRGCMUVEON DEUS DRUS DRUS OBUS DEUS DBUS CARI® DBUS DBLS DRUS LA DADT DAy
i2f ERTTNE 5} RS 61 N 6 N £ S £ ) & pa psl
N UUTCHIVGON D00 DRUS DBUY DBUS DBUS DBUR NG OBUS DBUS DABI DA DAl [Rig
i} S 75 S L L B S T 1 B = S TR F
84 YHON UVECK LY DBUS DBUS DRUS POLK2 TEST HEVID DBUS DEUS DAY DAY AUNEy A
i O OGAMIGT B0 BT ] XSAM R Qam £33
i YEUM YSOM UVSTN VSN VES [ DBUS DRUS DWES DOBS vamw‘g:f VBB VOAM AN AREY AULK
{4 {1} e oo W1 (R3] CAM,/ i
M.,\. ", .»"""'"""‘
Y YHEON UHTAM YSON ¥SCHN YSONTWRE VDD VES VDD VDB JAUKI ATFS AOUTY YOAM  TI
i it [ S B = B TsOs
3 HOYNOVEYNG POLK ROLKZ vAGK [VDD . ¥8% . VSE  USS. VDD AN TOMFS TDM TORDS TOMIDS
SON BOK QBUN XAON 4] K
¥ HOMT MOIY HDRD BLANBUVCAMIVES  VEE  ¥BH  VES  VBS! CRU O RES DRBUG BOM TESTY
SUN 1 ORS¢ S =0 S ¥ 1
% WO MUNG WD) MDD UVDAMIVOD  VES VES VSS VDD LR LAR LAY LA voam
3 IEH
& WINPT WONBT MDIOY HD{IZ] HDES VB0 VDD VS VDD VDD LABE YOAM LA LA LA
E HIOIDE WO MO[IS] MR Eﬁ éﬁgzag LN DS LOER wga}i‘vsaz LA LAY LA LAl
TEE ] {1 e
0 WIS MRE UVCAM HAR] LINIT LDIS] L6l LUPIST UWR UVOSM LD L3T] LAJIS] LAIIS] LAY
A 4 M N
£ MR AR HWR LDN24T LDN2ST LD LDRZ LIRY LWROLOBE  LDIET LB LANS] LAlIG] LADI4)
- NP FRET I 3}
B HA R éé“ LENIED LENDYD LDUIOT LDTT) LD UVOAM WD LOEF  LOER LDIDN LARS YOAM LAD
O ¥ Y 2
A LIS LDUY LD UVCAMUDRY] LDIEST LD[EES LWROLWR L LDSS LE4] LDUIS) YOAM YUAM
{5 e MEs i i1

1 2 3 4 5 & 7

g 8 10 {1 12 13 14 15

Bottom View

Flgure 82 82

26 BRA VER Pinout
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Bx83I104 VOP DATASHEET
ELECTRICAL SPECIFICATIONS

ELECTRICAL SPECIFICATIONS
ABSOLUTE MAXIMUM RATINGS

Strage Temperature Range SGEC 10 150PC

Operating Tempersture Range ~H5%C to 110°C

Yolags Range on any Pin D8V 1oy (Ve + 0.5V
Power Dissipation 2 Wats (5.25V) @ 33MHz

RECOMMENDED OPERATING CONDITIONS

Ciperating Temperature Range 00 10 70
Supply Voluge Yoo $T5V o 828V

DO ELECTRICAL CHARACTERISTICS

{ver recommended operating conditions)

Symbol Parameter Min Max | Unit Notes
Vits  {Fgd Level Inpat Voltags 30 Veord25 1V jAlbinputs TTL levals except TLE
Vit Leow Level lnput Voltage 0.3 1.8 Yo FAH inputs TTL leveds sweept TLE
Veh  JOLK High Leved Input 3.7 Vo325 1V JCMOS level inpat
Yol UK Low Level Input A3 8.3 Yo HCMOS level npt
Yoh  Blgh Level Ouptput Voltage 30 ~ Vo HOH = bma
Vil fow Level Ootpast Voltage - 1.45 WL = dmA
0 [input Leakage Comsat - #15 Ha.
Cin o Capaciiance - 10 pF Ho=1MHz
Co iapetOutput Capasitance - 12 pF oo | Mz
Cetk  HCLK Capaciiance - 20 pfF o= P MHz

Tabte 18. B¢ Blertical (uvaciatiglios
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8x83104 VOP DATASHEET
ELECTRICAL SPECIFICATIONS

AL ELECTRICAL CHARACTERISTICS
{over woowanended oparating conditions)

Al tinings are fy nanogeconds {nal

{aeiing

QAT AIEATT [ BBass
ook
_____ menens | sriomsieo
Figure 23. Slock Timing Dizgram
< o 20MH2 A3MHe
Symbol Description {in ns} » "

Min | Msax i Miax
1l Clock Period 333 100 3.3 100

i3 Clock low tine 13,5 - i2 ~

3 Clock high time 135 ~ 13 -

4 Clock riss time - 6 ~ 3

3 Clock 2l e “ & - 3

Table 14, CRUGLK Tining

. O 30MHz A3MHz

Symubol Drescnption - : v
Min | Max Min *ux

16 Fixel Clock Peviod $3ng - A0ns
37 Pixed Clock low tme {Sus - 1288 -
8 Pixed Clock high e {3ns - 12ns

9 Pixel Clock rise e - 408 ~ dyis
110 Pizel Clock {38 tdms ~ 4yiz - 4ns

Tabde 15 POLAZXUAM and PCLKZXSCN Timing

3%
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8283104 VOB DATASHEEY
ELECTRICAL SPECIFIDATIONS

33ME2 33MEH2
Syrabol Descripuon (o ns)

Min | Max Min ax
$13 Awtio Clock Perod $2.5 - 2.5 ~
112 Audio Ulock low time 25 25 “
£13 Aadie Clock high time 23 - 23
114 Auadic Clock rise time - & 3
115 Audio Clock fall toe £ - 3

Table 18 ACGLK Tining

30MHz 33adtis
Syvubol Description '
Min | Max Min Rdax
116 T Clock Period 62508 “ 63 Ays -
£17 TR Clock low time 28ns - 2808 -
(1% ITDM Clock high time 2303 - 2503 -
119 T Clouk rise thioe - % - 2
130 TDM Clock fall time “ 6 - 3

Tabkie 17 TOMOLK Timing
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8x8, Ing

Bx83104 YOP DATASHEET
MECHANICAL

MECHANICAL

240-LEAD QUAD FLAT PACK
e %] &

i w &} .;e-

Mote

1. Al dimengiony gredn inchies {millirasiers)
2. Actual package wesd has millmetsr oatlvs
dimergions ~ take care with rounding from
Firic o sl

Syl By Mo Risx
frsdex .
e 3.188
Pin g & v - @0
feXsety
Al .5 : -
A3 8.138 5384 0,142
@ooy | A 1o@so
% feXx ¢ SLOU8 812
{6143 {0223 {0303
c Q004 $3.006 0.008
0.9 Han | moen
oy 1.382 1883 1.5872
3435 | L | {3488
01 1255 1,260 1284
GLom | pEoey | Ry
&3 136 (20,50 BEF
8 QAT {6 50} BASID
& 1.382 1A8Y 1.3%2
{3& 35} 34,60 | {2488}
- it 1.858 1,286 1.264
Figure 84, POFP Meshanicdl £1 wrany | ooy |oweam
£3 1381 {2080 REF
. Q.18 G424 (1050
{52,453 0650 (.75
8 & 3.5 7

Tabie 18 POFR 8Mechaniont

3%



BxE&, inc.

Bx83104 VO DATASHEET

MECHANICAL

/‘“1 .
& 4 \’ \

B oa
Motes:
. g represenis basic solder ball grid
pitch.
2. Tndex iy be marked by ink or lawer.
p fx chosest to pin AL
3, Primary datam fore, dand e is defined
< by spherical erowns of sedder balls,
Lo &, Hest dissipation figurss assume com-

pliance with 828 board layoet and as-
semnbly recomendations.

i T T T TS T T LT T T T T T 1 1% 5 Al dimensions are in inches (milli-
oD Biters).

DOOOOOD0OQC0Q00 Zembel L L T
COO00000000 O o | caso | gron | eray
CEORCESRCEORSRORARCRORN & b . nods | ne
SO000O000000 O o SERE0 1 ELT)
GO000000000 ok S| e | oo
ORSEORSRURCEONCRORORS: YO p PPN PSP R
OOOO00CO0000000 o | 008 | o
SO0000000D00D0 0 P ol I gl B s
OROEOROEORGRONORGRORRRGRORO NG, . I Y e
SEORUEGRSRCEGEORORGRORSRURORS/ O RO R e
OESRORNEGECEO NGRS RCRGRGRORA RG] g 581
SECESRORURSRORNRORORANCRSRG RS 8,010
eJsXeXoXsRelsToleReRoXaToNoke o ‘ B L
GOQDOOQDOR0O0QO00 ok b
O YOO {:} ' :) C’ O ;:, OO0 Q/ Thetahiz 2% Centigradeian

Figure 28,

¢

A dechaical

Table 19, BEA Mervhanics!

i
o




BxE, ing,

BxBI104 VOP DATASHEET

SALES OFFICES

CORPORATE HEADQUARTERS
2445 hission College Boulevard
Santa Clara, CA 25054 UsA

Tal 1 408.T27-1843

FAY: 1 4089800432

BxE, Lid.

Harleyiord Estate
Marlow

Backs SL72DX

England

Tt +44 1628 83500844
FAX: +44 1678 800R3E
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