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1 INTRODUCTION

ZR36506 - Multi-mode Digital Camera Chip

Zoran' s USBvison ZR36506 is a revolutionary, multi-mode digital camera chip offering
integrated live digital video and audio cgpture functiondlity.

Powered by an integrated microprocessor, the chip’s high level of versdtility fecilitates the
design and implementation of multi-function digital cameras. The ZR36506 supports on-line
operation (over USB, wirdess or any other, non-USB connections), for such gpplications aslive
audio/video streaming and surveillance, as well as sandaone gpplications, such asdigitd il
cameras with audio recording capabilities.

For applications requiring dterndtive digita video connection schemes (wireless connections,
aurveillance cameras or devices lacking USB support), the ZR36506 may be integrated into
cameradesigns built around a serid interface for trandferring images, audio dipsand
compressed video.

Support for OEM Customizations

Zoran supplies afull reference design kit, software A/V streaming WDM driver which is
Microsoft DirectShow compatible, digita camera TWAIN drivers and software APl support for
the ZR36506 FLASH memory — trandfer and management (preview, deletion, photo abum
cregtion). The API reference kit contains header and library files, aswell as sample programs
demondtrating their use. Device drivers may easly be renamed (OEM USB vendor and product
IDs may be programmed viaa.INF file) to reflect different OEM branding schemes.

Introduction 11
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Features and Benefits

On-Line (USB, Serial, Wireless) Mode

Applications: video conferencing, live video capture and editing, video gaming and
rvellance

Full-motion, full-color video

Up to 30 frames per second at CIF (352 x 288) resolution; up to 15 frames per second at
VGA (640 x 480) resolution. Live video may be streamed over serid connections (either
wireless or wired) a up to 1 Mbyte/sec. Software controlled digital pan and zoom. Support
for raw and compressed video a variable compression ratios (over USB or non-USB
connections).

Simultaneous video and stereo audio capture

Full compeatibility with Microsoft DirectShow WDM sreaming and popular video
conferencing and video editing software gpplications.

VGA (640 x 480) resolution TWAIN compatible still image capture

TWAIN competibility for live gill image capture and for control over digital cameraflash
memory: preview, transfer or erase pictures.

Easy Plug-and-Play operation

Video camera configuration is stored in externd EEPROM. Powered by USB port, with
adjustable USB bandwidth utilization (0.5 — 7.5 Mb/sec).

Off-Line (Standalone) Mode
Applications. digitd Hill image and audio capture.

Easy digital image and audio clip capture anywhere

Pictures and audio clips are stored on the camera s flash memory and may be transferred to
acomputer or PDA viaUSB, wirdess or other connections. An audio clip may be recorded
for each picture via an integrated microphone,

L arge stor age capacity
Up to 4 Megabytes of flash memory accommodate up to 120 pictures at 320 x 240 QVGA,
or up to 30 images & high qudity, VGA resolution.

Built-in hardware interfaces and support for still digital camera applications
Built-in support far camera Capture and Function buttons. Support for two 7-segment LCD
displaysto indicate cameramode or satus, and the number of stored images. Low power
consumption and an Auto Power Off feature extend battery life.

Easy firmwar e upgradeabilty
Microprocessor code updates and expansons may easily be performed via the ZR36506's
integrated EEPROM.

Introduction
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Product Description
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ZR36506 Internal Block Diagram

The ZR36506 utilizes a single USB port to enable the host computer to access 4 different data
channds smultaneoudy. These 4 channds are the Digitd Video input (7.5 Mbit/sec), Digital
Audio input, Serid Bulk Datainput, and 1/O control (internd regigers, programmable I/0O pins
and sdlectable Data/Clock serid protocols).

Due to the sophidticated architecture and protocol of the USB interface, the software gpplication
is not required to handle time-sharing management of severd tasks using asingle serid bus. This
is handled by lower-leved drivers, so that the application program can access each function of the

ZR36506 independently.

Introduction 1-3
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In normd aperation, the ZR36506 performs following tasks:

Compressed Video Channel

The ZR36506 connectsto a Y/U/V digitd video source, scaes the image horizontaly and
verticaly on the fly, compresses the data down to 0.5-7.5 Mbit/sec, and sendsit to the host
computer viathe USB port. The ZR36506 scaer supports zoom-in-like effects by goplying
comhbinations of hilt-in zooming and cropping functions. This unique compresson method is
proprietary to Zoran and dlows fast and easy software-only decompresson.

The decompression software driver supplied with the ZR36506 will accept compressed data and
convert it back to standard video formatsin less time than it would take to read raw video from
any externd port. Still images may be captured and sent via USB in the best qudity and
resolution that the camera can provide.

= Sound System
Some camera applications require that a microphone sound system be implemented inside
the camera. Additiondly, composite-video to USB adager gpplications require audio
recording support. The ZR36506 provides a solution for these gpplications by multiplexing
serid digita audio input with video datathet is sent viathe USB port. The microphone can
be located inside the camera, up to 5 meters away from the host computer. The ZR36506
does not include the audio A/D, and is designed to use an externa low-cogt telephony audio
codec.

= CameraControl
Camera (or any video source) control and status monitoring can be carried out via a built-in
serial interface or direct 1/0 pins. The serid interface supports some common serid
protocols. Control and monitoring software for other remote devices may use these ports as
well. In avideo conference gpplication, this feature dlows the locd or remote user to set the
focus, zoom and other parameters of the camera, and even switch the camera s power off.
The ZR36506 as0 supports usage of an externa capture button thet is mounted on the
cameraboard and is used for capturing video frames to the host computer hard disk (thisis
goplication dependent - the ZR36506 only ddlivers the capture command signding from
button to host computer via USB).

1-4 Introduction
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2 ZR36506 PINOUT
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Pin Descriptions
Pin Number Signal /0

18, 60, 99, 139 VDD

8,51, 87, %6, VCC

114, 141

H AVDD

19, 59, 100, 140 VSS

9,52, 91, 107, VSSE

142

37 AVSS

41— 48 YOY7 I

49-50,53-58 uou7 I

ZR36506 Pinout

e

Description

2.5V supply (for corelogic).
3.3V supply (for 1/0O ping).

2.5V Andog supply for internal PLL.
Digital ground connections (for core).
Digitd ground connections (for I/O pins).

Andog ground for interna PLL.

Video Luminance input from camera. The VCLK
input is used to sample the bus. Each input pin
features an interna Pull-Down resistor.

Video Chroma U or U/V-componentsinput from
camera. The VCLK input is used to sample this bus.
Each input pin festures an internd Pull-Down



Pin Number

2

Signal

TEST1 (MST)
VCLK
HVALID

VSYNC

HSYNC

FID

[0-1-10-2

XIN

XOUT
BLK_FULL

BLK_EN

DAT_IN

FS L

FS R

I/10

/10
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Description
resgor.

This pin must be connected to GND.
Video Pixe-Clock input from camera

Video Clock Enable input qudifier. Thisinput pin
should be connected to GND if not used.

Video Vertical-Sync input signa from camera. This
input pin should be connected to GNID if not used.

Video HarizontakSync input signa from camera.
Thisinput pin should be conrected to GND if not
used.

Video Fdd-ID input sgnd from camera Thisinput
pin should be connected to GND if not used.

Generd Programmable I/O pins. Each of these 2 pins
has an Open Drain, and is supposed to be connected
to an externd Pull-Up resistor. The hogt usesthese
pins as programmable output ports by writing '0' or

'1'. By writing '1' and read back, the host can use
these pins' input ports - asthis alows any externa
source to force the Pull-Up resistor. These outputs
are temporarily set to High-z while in Suspend mode.

Crygtd Oscillator input pin (12 MHZ). Crystd
frequency must provide at least 100 PPM accuracy.

Crygd Oscillator output pin (12 MHz).

"Buk-FFO full" indcation output Ssgnd. This
output Sgnd isnormdly '0' and is sat to '1' when the
ZR36506 Bulk-FIFO isfull. Thisoutput is
temporarily set to '0' while in the Suspend or Power-
Down position.

Bulk Data Enable input. When sst to "1, Bulk input
datafrom the DAT_IN pinissampledin by fdling
edge of BCLK into the ZR36506 Bulk-FIFO.

Data Input pin for both Audio CODEC Tx channd
and Bulk Datain. Thisinput pin requires an externa
Pull-Up resistor.

Audio Codec Frame-Sync pulse for Left channdl.
Thissgnd triggers the beginning of anew audio
sample (Ieft chan). This output istemporarily set to
‘0" while in the Suspend or Power-Down position.
Audio Codec Frame-Sync pulse for Right channel.
Thissignd triggers the beginning of anew audio

ZR36506 Pinout
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Pin Number

159, 157, 155,
153, 151, 149,
147,145, 144,
146, 148, 150,
152, 154, 156,
158

125

3

HERE

BBNE

BESE

N

23

ZR36506 Pinout

Signal

BCLK

CLK48

DDO0-DD15

CASN

WRN

CSN

RASN

DAODA11

CKE

SCL/PWRO

EEPROM

SDA

I/O0

1/O

1/O

/0

Description

sample (right chan). Thisoutput istemporarily set to
‘0" while in the Suspend or Power-Down position.

Main Clock for both Audio CODEC and Bulk Data
in. This output is temporarily set to '0' whilein the
Suspend a Power-Down position.

48 MHz Clock output for SDRAM interface. This
output is set to ‘0" whilein Suspend or Power-Down
modes.

SDRAM Data businput/output pins. These pins
feature interna Pull-Down resigtors, and are set to
High-z while in Suspend or Power-Down modes.

SDRAM Column Address Sdlect Active low. This
output is set to High-z while in Suspend or Power-
Down modes.

SDRAM Write Enable Active low. This output is set
to Hightz while in Suspend or Power-Down modes.

SDRAM Chip Sdlect Active low. This output is set to
High-z while in Sugpend or Power-Down modes.

SDRAM Row Address Sdlect Active low. This
autput is set to High-z while in Suspend or Power-
Down mode.

SDRAM Row/Column Address-bus. These outputs
are st to '0' while in Suspend or Power-Down
modes.

SDRAM Clock Enable. Active high, enable clock for
SDRAM.

Serid EEPROM clock signd, and LShit of Device
Power Code. If an EEPROM is detected, thispinis
used as the EEPROM clock output signd; otherwise
its voltage (Vdd or GND) is used as the LShit of the
Device Power Code for the USB Device Descriptor.
If EEPROM is detected, this pin is temporarily set to
"1' while in the Sugpend postion.

EEPROM Detect pin. If EEPROM isused, a 10 KW

Pull-Up resstor to Vdd should be connected to this
pin. Otherwise, it should be tied to GND.

Serid EEPROM data signd. High-z in Suspend and
Power-Down modes.



Pin Number

14

17

Signal I/0
PWR1 I
RESIN I
SENS O
[ICDT 1/0
[ICCK O

PWR_DWN O

SUSPND O

CAPTRN |

Zoran ZR36506 USBVision — Datasheet
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Description

MShit of Device Power Code. The voltageleve in
thisinput (Vdd or GND) is used by the ZR36506 as
the M Shit of the Device Power Code for the USB
Device Descriptor. If an external EEPROM exists,
thisinput is ignored.

Power-On Reset input. Thisinput is of Schmitt-
Trigger type, and is active low. It is recommended to
use a power-on RC network for proper Reset.

Searid control Enable Signding. This pin has an Open
Drain output. It should be connected to an externd
3.3-10KW Rull-Up resstor. Thisoutput isset to
High-z while in Suspend or Power-Down modes.

Camera-Control Data I/O (supports some commonly
used seid protocols). This pin has an Open Drain
output. It should be connected to an externa 3.310
KW Pull-Up resigtor. Thisoutput istemporarily set to
High-z while in the Suspend or Power-Down
podition.

Camera-Control Clock output (supports some
commonly used serid protocols). Thispin hasan
Open Drain outpuit. It should be connected to an
external 3.3-10 K WPull-Up resstor. This output is
temporarily set to High-z while in the Suspend or
Power-Down position.

Camera Power-Down control. Thisisan Open Drain
output, which is used to switch power On or Off to
the camera and/or externd circuit (using an externd
switching P-MOSFET transstor). While in Reset, the
output is set to High-z (Off). It isset to High-zin
Suspend mode, and remains High-z when resuming
from Suspend.

USB Suspend mode control. Thisisan Open Drain
output. A Power-On Reset or a USB-Reset turn the
output to active low It is set to High-z in Suspend
mode, and is turned to active low when Resuming
from Suspend.

Capture Button input. A Schmitt-Trigger input with
an interna Pull-Up resistor When forced to '0', the
host computer is automaticaly informed that avideo
frame capture was requested by the user.

ZR36506 Pinout
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Pin Number Signal
20 USB_VP
21 USB_VM

Flash Memory

Pin Number Signal
97-98, 101-106, FA-1-FA20
113, 115121,

85,108-112

95, A, 93, 92, FDO-FD7
€, 89, 88, 86

132 FCEN

8l FOEN
112 FWEN
A FRESN
3 FRDY

Power Management

Pin Number | Signal
B USB_PWR
A BAT_PWR

ZR36506 Pinout

I/O0

110

110

I/O

/0

Description

Universal Serid-Bus Pogtive data line. Thisline
should be connected to an externd Pull-Up resistor
of 1.5 KW. Refer to Electrical Characteristics table
for pin spec. Thispinis kept Hightz whileinthe
Suspend position.

Universa-Seriad-Bus Negative data line. Refer to
Electrical Characteridtics table for pin spec. Thispin
iskept Hightz while in the Suspend postion.

Description

Hash memory Address Bus. Can address up to
4 Mbytes. Setto ‘0" logic in Power-Down and
Suspend modes.

Flash memory Data Bus. Featuresinterna

Pull-Down resistors. High-z in Power-Down
and Suspend modes.

O | Hash memory Chip Enable. Active LOW.
‘0" logic in Power-Down and Suspend modes.
O | Hash memory Output Enable. Active LOW.
‘0" logic in Power-Down and Suspend modes.
O | Flash memory Write Enable. Active LOW.
‘0" logic in Power-Down and Suspend modes.
O | Flash memory Reset. Active LOW.
‘0" logic in Power-Down and Suspend modes.
| | Hash Ready input (used to indicate end of
Write or Erase operations).
Description

‘1’ logic indicates that power comes from USB port.
Thisinput is sampled afew milliseconds after power-on
or Reset operation.

‘1" indicates that power comes from Battery. Thisinput
is sampled afew milliseconds after power-on or Reset
operation.
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Pin Number | Signal I/O | Description

o) PWR_OFF @ O | Auto-Power-Off indication output pin.

A negative pulse on this output is used to turn-off the
battery supply. Itis‘0 logic in Power-Down and
Suspend modes.

LCD Control, Functional Button, General Purpose Pins

Pin Number Signal I/O Description

66-7 SEGO-SEG13 O  Driving two 7-segment LCDs.
‘0’ in Power-Down and Suspend modes.

&0 SEG_REF O A Reference pin, driving two 7-segment LCDs. ‘0’ in
Power-Down and Suspend modes.

K74 FUNCTION | Function Button input. A Schmitt-Trigger input with an

interna Pull-Up resigtor It is used for the Stand done
Digitd Still CameraMMI.

SPO Pins

Pin Number Signal /O Description

5 USB_CLK O Seid DataClock. Datais vaid on Up-going edge.
‘0’ in Power-Down and Suspend modes. Used in non
USB Stand done mode.

2% USB_DAT O Serid Datasgnd. ‘0’ in Power-Down and Suspend
modes.

27 USB_VALID O Seid DaaVdid. Dataisvaid when
USB_VALID=1".
‘0’ in Power-Down and Suspend modes.

2 USB_EP2 O EP2 (Video) transaction indicator.
‘0" in Power-Down and Suspend modes.

2 USB_EP3 O EP3 (Audio) transaction indicator.
‘0" in Power-Down and Suspend modes.

0 USB_EP4 O EP4 (Bulk) transaction indicator.
‘0" in Power-Down and Suspend modes. Not vaid in
Non USB Stand aone mode.

2-6 ZR36506 Pinout
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Absolute Maximum Ratings
(Voltages Referenced to GND)

Rating Symbol Value Unit
Core DC Supply Voltage V,-GND -05t025 \%
1/0 DC Supply Voltage V,.-GND -05t0+33 \%
Voltage, any pinto GND Vv -05toV +0.5 \Y,
DC Current Drain per Pin (Excluding V ,,, GND) [ +20 mA
Junction Temperature Range T, -40to +125 °C
Storage Temperature Range (plagtic package) Tstg -40to +125 °C

Electrical Characteristics (Vgc=3.3V, Tao =0 to 70°0C)

Characteristic Symbol Min | Type Max Unit
Core DC Supply Voltage (V ,,to GND) Vi 2.25 25 2.75 \%
I/0O DC Sypply Voltage (Vcc to GND) Vi 3.0 33 36 \%
Core DC Supply Current (@ V =25 V) l g 52 53.16 54 mA
1/0 DC Supply Current (@ Vae=3.3 V) lc 1236 1249 126 @ mA
Suspend mode Current (@ V «=3.3 V) |Skspend - - 200 m
High Levd Input Voltage Vig 0.7xV - Vgto3 | Vv
Low Leve Input Voltage V. 0.3 - 0.3xV \Y,
Input Current V,=V _+0.30or GND lin -10 +1 +10 mA
Input Capacitance Cin - 5 16 pF
3State Output Leakage Current | -10 +1 +10 m
Vo=V +0.3 0r GND

Output Capecitance Cout - 5 16 pF
High Level Output Voltage (@ Ioh = 0.8 mA) Vou V01 - - vV
Low Level Output Voltage (@ lol =0.8 mA) oL 0 - 0.1

Pull-Up / Pull-Down Resistance Rpy 25 0 200 KW
ZR36506 Pinout 2-7
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USB_VP/VM Pins Electrical Characteristics
(VCC:3'3 V, Tao=0to 70° ©)

Characteristic Symbol Min Type Max
High-z State Data Line Leakage lLo -10 - +10
(@0<Vin<3.3V)

Differentid Input Senstivity \ 0.2 - -
Differentidl Common Mode Range Vem 0.8 - 25
Single Ended Receiver Threshold Vse 0.8 - 20
Static Output Low Vo - - 0.3
(@ 1.5 KW Pull-Up resistor to 3.6 V)

Static Output High Vo 2.8 - 36
(@ 15 KW Pull-Down resistor to GND)

Capacitance Cn - - 20
Rise Time (@ C|_ =50 pF) Ty 4 - 20
Fal Time (@ C|_ =50 pF) T 4 - 20
Driver Output Resistance Zry 28 - 43

(@ externa said 24 W resigtor)

Video Parameter Specifications

Parameter Symbol Value Unit
Digita Video Input Format Y/UIV - -
Down Scaling - Uptol6:1 -
(V/H independent and arbitrary) verticd and

horizontal
Horizontal Anti Aliasing Filter @ - 2-5 taps -
Vertica Anti Aliasing Filter @ - 2-3taps -
Interpolation Phase Resolution - 360/4 -
Image Cropping (V/H independent and - Any window of -
arhitrary) length 1 to full

image

Video Compression Ratio Cr 18 -
Video Compressor Clock Frequency - 48.000 MHz
Compressed Video Bit Rate - 05t075 -

Mbit/sec

Unit

< < < <

<

pF
nS
nS

2-8 ZR36506 Pinout
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= Refer to Video Channel chapter for specification of
.,pﬁ/? digital video input modes and waveforms.

= Filter uses interpolation process.

USB Interface Parameter Specifications

Parameter Value Unit USB Pipe
mode
USB Maximum Data Rate 12 Mbit/sec -
Compressed Video Maximum Data Rate 75 Mbit/sec  Isochronous
I/O channel Rete Capecity 0-16 Kbit/sec ~ Control &
Bulk

1/0 channel uses transactions of up to 8 bytes per package.

|

Audio Parameter Specifications

Parameter Symbol Value Unit
Digitd Audio Sampling Rate Fs 80/160+ KHz
0.25%
Audio channd Bit Rate - 64-512 Kb/sec -
mLaw or A-
Law
Audio CODEC clock frequency 1.536, 2.048 MHz

Audio CODEC clock frequency is programmable to either
|\ 1.536 or 2.048 MHz.

ZR36506 Pinout 2-9
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3 GENERAL ARCHITECTURE

The following diagram describes the generd architecture of the ZR36506, regarding it asa
standard USB device:

NT1006
Software Drivers

Host
Computer

Message
Pipe

Bulk Pip
0-2Mb/s
End Point 0
End Point4
CONTROL type
BULK DATA IN
Descriptors & type
Configurations
Stream Pipe
0.5-7.5Mb/s
Stream Pipe
64-512Kb/s
End Point 2 g 3
End Point
NT1006 End Point 1 ISOCHRONOUS
Camera DATA IN type ISOCHRONOUS
Device CONTROL type DATA IN type
Video Data .
Register Bank (Compressed or Audio Data
Control & Status Raw)

General Architecture
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The ZR36506 has 5 USB End-Points|ocated on chip:

» EndPoint #0: Thisisthe Descriptors and Configuration End-Point, which is required by the
USB standard.

»  EndPoint #1: Thisisthe control end-point used to access the Register Bank. The host
computer uses these regigters to control the ZR36506 and the camera.

= End-Point #2: This End-Point produces and sends the digitd video datato the host

computer. 1t uses 0.5 to 7.5 Mbit/s of the USB bandwidth, depending on the amount of
bandwidth available to the camera.

» EndPoint #3: This End-Point sends the input digita audio datato the host computer. It uses

64 to 512 Kbit/s of the USB bandwidith, depending on the audio quantization and sampling
rate.

= End-Point #4: This End-Point sends the external Bulk Data input to the host computer. It
uses 0 to 2 Mbit/s of the USB bandwidth, depending on the externd source of data.

The ZR36506 has a default sat of USB Descriptors on-chip, which are automaticaly used in
absence of an externd serid EEPROM (otherwise, al descriptors are read from the EEPROM).
The default descriptors dlow the host computer to sdlect one of 4 different configurationsto
operate the camera.

Camera manufacturers may define new configurations (which combine only the available End-
Points), usng the 8pin serid EEPROM. Additiondly, string descriptors may be added (in
multiple languages) to define such parameters as the camera vendor's name, product name, seria
number, etc. The USB standard regards these features as optional.

The ZR36506 supports the USB Power-Management-Protocol. The camera and externd circuits
may be power-controlled by their vendor -specific software drivers, via serid Data/Clock and 1/0
ports. The PWR_DWN output pin may aso be used to turn off the local power supply to these
externd circuits (refer to ZR36506 application notes). The ZR36506 usesasingle 12 MHz

crystd to derive dl of itsinterna clock sources. Power management aso involves switching of
internd clock sources, which are not in use in certain modes of operation. This further reduces

the device' s power consumption.

The ZR36506 has two sources of Reset control: The Power-On-Reset that comes from a
dedicated input pin (RESIN), and the USB-Reset command received from the host computer.
Both Resat sources produce asingle Resst gnal ingde the ZR36506, which initidizes the
ZR36506. It is assumed thata Power-OnReset is gpplied to the RESIN pin before any USB
transaction is sent to the ZR36506 by the hogt. Thisisrequired so that the Serid-Interface-
Engine indde the ZR36506 be able to recaive any vaid host command that will follow
(indluding aUSB-Reset command).

3-2 General Architecture
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Thetotd USB bandwidth that is consumed by the ZR36506 is mainly affected by the bandwidth
of the Video Data Stream (End-Point #2). To prevent ahost computer, which initidly haslittle
available bandwidth, from reecting the camera device, the ZR36506 uses the Alternate-Interface
mechanism to enable variable bandwidth. This dlows the host computer to sdect the highest bit-
rate tht it can reserve for the video sream, garting from 7.5 Mbit/s down to 0.5 Mbit/sin 0.5
MHz increments (the sdlected hit-rate affects video qudity).

When the ZR36506 is used as a Digitd Still Camerain Standaone mode, the internd
microcontroller controls the chip. Thisincudes cameraiinitidization, setting camera control
parameters that are stored in the serid EEPROM, capturing of Hill images and audio into Hash
memory.

General Architecture 3-3
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4 REGISTER BANK (CONTROL AND STATUS)

The ZR36506 uses the End-Point #1 message pipe for ZR36506 and camera control. Asa bi-
directiond pipe, this channd dlows the host computer to write contents to control registers, as
well asto read datus registers. Control registers may aso be read by the host computer to check
their contents. All registers are byte-oriented.

The following section defines a USB vendor -specific protocol for read and write operations
goplied to the ZR36506 regigter bank. This protocol uses a sandard USB request of avendor -
gpecific type (defined in chapter 9.3 of USB standard rev.1.1) to perform a deta transfer of up to
8 bytes to/from End-Point #1. A single write operation will write 1-8 concurrent bytes to the
register bank, and a single reed operation will read 1-8 concurrent bytes from the register bank.
The USB Request Command always defines the address of the first 1/O-register to be read or
write. This address is automaticaly incremented by the ZR36506 for the following data bytes.
Thefirgt byte of the USB Request Command defines the direction of the datatransfer (0x42 for
write, and OxC2 for read). The second byte is an ZR36506-specific code - 0x33. The address of
thefirgt I/O-regigter in the ligt is defined by the windex parameter of the sandard USB Request
Command (these are bytes 4 and 5 of the command). All other bytesin the Request Commeand
are not important to the ZR36506.

Write Transaction Protocol

Host initiates 1/0-Reg
operation

SETUP PID | Device Address | End—Point#1|

Host defines
Reg-Address

_ byte4 =RA
1/0-Reg address

byte0=0x42

byte1=0x33 |— | byte5=0x00 |——

NT1006 sends handshake to host

| OUT PID | Device Address | End-Point #1 Host initiates Write operation
DATA-byte#2 1 [ DATA'byte #8 |

| DATAO() PID | DATA-byte #1 ' (optional)_ _ ! : ........ (optional) _ ! Reg Data

ACK PID NT1006 sends handshake to host

IN PID ...Empty IN Packet Host terminates Setup Command

ACK PID Host sends handshake to NT1006

Register Bank (Control and Status)
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The following table specifies the addresses to which the ZR36506 stores each of the bytes that
appear in the data-section of the USB OUT transaction. These addresses relate to the contents of
thewl ndex parameter (bytes 4 and 5 of the SETUP command), which is denoted here by RA.

DATA

Byte#  Contents Description
1 Out Data Will be stored in register at address RA.
2 Out Data Optiond. Will be stored in register at address RA+1.
3 Out Data Optiondl. Will be gored in register at address RA+2.
4 Out Data Optiond. Will be stored in register at address RA+3.
5 Out Data Optiond. Will be stored in register at address RA+4.
6 Out Data Optiond. Will be stored in register at address RA+5.
7 Out Data Optiond. Will be storedin register at address RA+6.
8 Out Data Optiond. Will be stored in register at address RA+7.

Read Transaction Protocol

Host initiates 1/0-Reg
operation

SETUP PID | Device Address | End-Point #1|

Host defines
Reg-Address

byte4 =RA

Bflees 1/0-Reg address

byte1=0x33 |—— | byte5=0x00 |——

NT1006 sends handshake to host
| IN PID | Device Address | End-Point #1 Host initiates Read operation
. . NT1006

| DATAO(1) PID | DATA-byte #1 i D¢l§£ig¥1t§|;# 2 b DA&S&?{:;? 8 ! sends Data
bytes 1-8

ACK PID Host sends handshake to NT1006

OUT PID ...Empty OUT Packet Host terminates Setup Command

ACK PID NT1006 sends handshake to host

IN

-2 Register Bank (Control and Status)
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DATA
Byte # Contents

1 Register Data
Register Data
Regigter Data
Regigter Data
Regider Data
Regider Data
Regiger Data
Regiger Data

0 N oo O bk WD

Description

Byte read from regigter at address RA.

Optional. Byte read from register at address RA+1.
Optionad. Byteread from register at address RA+2.
Optionad. Byteread from register at address RA+3.
Optiond. Byte read from register at address RA+4.
Optional. Byte read from register at address RA+5.
Optiond. Byte read from register at address RA+6.
Optiond. Byte read from register at address RA+7.

Reading from an address that does not exist is legal, but
.,pﬁ/f will return unpredicted data.

The following tables specify dl control and atus regigtersin the ZR36506. A brief description
is provided for every specific bit in these regigters, and default values (efter a Reset operation)
are defined. For more details about a specific regigter, consult the gppropriate session in this data

shest.

Register
Address | Register Name

0 PWR_REG

1 CONFIG_REG

Function
do: WD_EN: '1' Enables USB Watch-Dog
timer.

dL SSPND_EN: '0' Enables Suspend-
Resumelogic.

dz RES2: '0' Redtarts End-Point #2 logic,
'l' Releases.

CLK48 EN: '1' Enables 48 MHz a
CLKA48 output pin.

reserved, should be ‘0'.

PWR_VID: '1' Videologic Power-On.
reserved.

E2 EN: '1' Enables EEPROM R/W.

Configuration (set via USB). Read-
Only reg.

S
8

Register Bank (Control and Status)

Default
Value

OooH
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Register Default
Address | Register Name | Function Value
2 ADRS REG d6-d0: Device Address (set via USB). Read- O0H
Only reg.
d7:'0. reserved.
3 ALTER_REG d3-d0:  Video Bandwidth (set via USB). OOH
Read-Only reg.
d7-d4:  '0000. reserved.
4 FORCE ALTER_| d3d0 NEW_ALT Forced Video Bandwidth. O0H
REG R/W reg.

dr. FORCE_ALT (‘1'=force, '‘O'=ignore).
d6-d4: '000'. reserved.

5 STATUS REG do: VFRM_BLNK Verticd Blank (if '1). O0H
Read-Only reg.
d7-dl: ‘0000000 reserved.
6 IOPIN_REG do: I0_1 Read/Writeleve of ZR36506 O0H
pin10-1.
dr 10_2 Read/Write leve of ZR36506
pin10-2.
d7-d4:  TEST[3..0], must be ‘0000 for proper
operation.

d3-d2 '00. Reserved.

4-4 Register Bank (Control and Status)
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Register

Address | Register Name

7

8

9

10
11

13

Register Bank (Control and Status)

SER_MODE

SER_ADRS

SER_CONT

SER_DAT1
SER_DAT2
SER_DAT3
SER_DAT4

Function

d6-d4:
dr:

MODE (Soft, I1CC, Caml, Cam2).
Auto Bulk.

‘1 — Endble Bulk.

‘0" — Dissble Bulk.

Default
Value

0oH

Normal operation (when not in Soft mode):

do: CLK_RATE ('0'=93.75 KHz,
'1'=1.5 MH2).

dL CLK_POL ('0'=Norma, '1'=
Inverted).

2 Musgt be'0' for proper operation.

a3 VSYNC ('1' = wait to new input video
fied).

Soft mode:

do: CLK_OUT (functiond in Soft mode
only).

dr DAT_IO (functiond in Soft mode
only).

(074 SENS OUT (functiona in Soft mode
only).

d7-d0: Addressof serid device/lcamera-
param.

d2-d0: SER_LEN Number of bytesto Wr/Rd.

a3 SER _DIR ('0'=Wr, '1' = Rd).

4 SER_GO/SER_BUSY.

(05} NACK_RCV (Read-Only. "1' means
Not Ack.).

do: CONTINUE (Do not send START
sgnd next time).

dr: NO_STOP (Do not send STOP signa
thistime).

d7-d0: 1% serid byte to be sent/received.

d7-d0: 2" serid byte to be sent/received.

d7-d0: 39 serid byte to be sent/received.

d7-d0: 4" serid byte to be sent/received.
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EEPROM Read/Write Registers

Register Register Default
Address  Name Function Value
14 EE_DATA d7-d0:  EEPROM byteto be Written/Reed. O0H
15 EE LSBAD @ dr-d0: 8L Sbitsof byte addressin EEPROM. O0H
16 EE CONT 2-d0:  3MShits of byte address in EEPROM. O0H or
. O — \Mrita 1" — xxx0000
ds: EE DIR ('0' = Write, '1' = Read). (whenno
(0775 EE _GO/EE_BUSY. EPROM)
d7-d5:  EE_CLK_FORCE (Thisfield is Read-
Only)
SDRAM and Memory Buffer Setup Registers
Register Register Default
Address | Name Function Value
18 DRM_CONT  dO: REF ('0' = 8.2 ms, refresh rate). OH

dr

19 DRM_PRM1  d0-d3:

20 DRM_PRM2  do-d3

21 DRM_PRM3 | d0-d3:

d4-dr:
22 DRM_PRM4  d7-do:
23 DRM_PRM5 | d7-d0:
24 DRM_PRM6 @ d7-do:
25 DRM_PRM7 @ d7-d0:

Enable operation of SDRAM. The bit
SDRAM_EN isReset to ‘0" by Reset, Suspend or
Power-Down events. User should write‘1’ to
enable SDRAM after these events, allowing for a
least 100 uSec after Power-Up.

RES UR Redtart video out buffer read logic.
RES _FDL Restart video-frame-dday logic.
RES VDW Redart video out buffer write logic.

reserved.

Bits 19-16 of FDL_LST_WORD. O0H
reserved.

Bits 11-8 of FDL_1ST_ROW. OH
reserved.

Bits 11-8 of VDW_LST_ROW. OH
Bits 11-8 of VDW_1ST_ROW.

Bits 7-0 of FDL_1ST_ROW parameter. OooH
Bits 7-0 of FDL_LST_WORD parameter. OooH
Bits 158 of FDL_LST_WORD parameter. OooH
Bits 7-0 of VDW_1ST_ROW parameter. ooH

Register Bank (Control and Status)
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26 DRM_PRMS8 d7-d0: Bits 7-0 of VDW_LST_ROW parameter.

Register Bank (Control and Status)
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Video Setup and Control Registers

Register Register Default
Address | Name Function Value
27 VIN_REG1  d2dx VIN_MODE Digitd video input format. 00H
a3 VSNC_POL VerticalSync. Pulse
polarity.
(07} HSNC_POL Horizontal-Sync. Pulse
polarity.
ds: FID_POL Fidd Identity sgnd polarity.
de. HVALID_POL Pixd Envelope polarity.
dr. VCLK_POL ("1'=datavalid on up-going
clock).
28 VIN. REG2 dx  AUTO_FID Auto Field Identity OOH
generaion. When st to '1', the
ZR36506 ignores the FID input from
camera, and generates an interna
toggling 9gnd of its own ingteed.
dL NONE_INTERLACE Interlace/Nor+
Interlace mode. If set to "1, dl input
fiddsfrom the camera are processed,
otherwise odd fields are ignored.
2 NO HVALID If setto'l', HVALID
input ignored.
a3 UV_ID If setto'l, use V7 pin as UV-id
(1'=V).
4 FIX_2CIf setto'l, U7 & V7 are
inverted (2's comp).
(033 SEND_FID- If setto'1,
Frame_Phase[0]=FID.
deé: '0' reserved.
ar: KEEP_BLANK - Setto"1' to drop
incoming frames.
29 LXSIZE_IN  d7-d0:  bits7-0 of input video line length. O0oH
30 MXSIZE_IN  d1-d0:  hbits9-8 of input video line length. OoH
d7-d2 '000000 reserved.
31 LYSIZE IN  d7-d0:  bits7-0 of input video number of lines OoH

Register Bank (Control and Status)
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Register
Address

32

33
A

8 &

37

39

41

42

Register
Name
MYSIZE IN

LX_OFFST
MX_OFFST

LY_OFFST
MY_OFFST

FRM_RATE

LXSIZE O
MXSIZE_ O

LYSIZE_O
MYSIZE O

FILT _CONT

VO_MODE

INTRA_CYC

STRIP_SZ

Function

d1-do:
dr-d2:
d7-do:
d1-do:
dr-d2:
d7-do:
d1-do:
dr-dz:
04-do:

d6-ds:

d7-do:
d1-do:
dr-d2:
d7-do:
d1-do:
dr-d2:
d2-do:
04-d3:
dr-ds:

d5-do

d7-do:;

d3-do:

d7-d4:

bits9-8 of input video number of lines.
‘000000 reserved.

bits 7-0 of input video horizonta offset.
bits 9-8 of input video horizontd offset.
‘000000 reserved.

bits 7-0 of input video verticd offset.
bits9-8 of input video verticd offset.
‘000000 reserved.

Frame-Rate factor Numerator for video
data output.

Frame-Rate factor Denumerator code:
'00: 32,'01": 30, '10: 25.

'0' reserved.

bits 7-0 of output video line length.

bits 9-8 of output video line length.
‘000000 reserved.

bits 7-0 of output video number of lines
bits9-8 of aitput video number of lines.
‘000000 reserved.

XFILT_CONT Horizontal-Filter select.

YFILT _CONT VerticalFilter sdlect.
'000' reserved.

Digitd Video-Out format (4:2:2, 4:2:0,
compresson).

('1' = Compressed Video, '0' = Raw).
'0' reserved.

IntraCompression cycle (in frame
units).

ACT_STRIP Actual Strip width (# of
video lines).

VIRT_STRIP Virtud Strip width (# of
video lines).

Register Bank (Control and Status)

Default
Value

OoH
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46

a7

49

Register
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Default

Name Function Value

FORCE_INT o0
RA o7-c
d3-dL
FORCE_UP oo
d7-dL
BUF THR  d7-do

DVI_YUV  d2do
d4-d3:

do:
dar:

ds:

('1' = Force next frame Intra). O0H
MIN_DENUM[3..0].

‘000 reserved.

('1' = Force Upmode Intra segments). O0H
STRIP_DAT_LIMIT[6..0].

Threshold for buffer space Frame-Drop 00H
decision (given in units of 2 KB).

Codefor YUV reorder processor. OoH

BUF_THR[9..8]. Extension for 16 Mbit
SDRAM.

SLOW_CLK12'1' Select 12 MHz for
Horizontd blank.

SLOW_CLK16'1' Select 16 MHz for
Horizonta blank.

'0' reserved.

Audio & Bulk-Data Port Read/Write Registers

Register
Address

50

51

4-10

Register

Default

Name Function Value

AUDIO_CONT ' do

di:

d3-dz:

d7-do:

E_A - Enable Audio channd ('1' O0H
enables, '0' distbles).

E_B - Enable Bulk-Data port (‘'
endbles, '0' disdbles).

BPS - bitgsamp: 00: 8b, OL: 12b, 10:
14b, 11: 16 b.

SM - Sdect Stereo/Mono
'0: Mono.

1" Sereo.

FS - Audio Sampling Rate
'0: 8 Kg/=ec.

1" 16 Kg/sec.

BK - Bit-Clk Freg

1: 64 [KHZ].

2. 1544 [KHZ].

3: 2048 [KHZ].

AUD_PK_LEN  d7-d0: Max. number of bytesin Audio packet O0H

Register Bank (Control and Status)
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52

(Oto 128).

BLK_PK_LEN ' d6-d0: Max. number of bytesin Bulk packet (O

dar.

to 64).
'0' reserved.

USB Watch-Dog Register

Register
Address

53

Register
Name Function
WD_COUNT | d7/-d0: USB_frame Watch-Dog delay

parameter. A vaue 0x00 produces a 686
micro-seconds delay. A vaue of OXE9
produces a 996 micro-seconds delay.
Any vaue between these two values
affectsthe dday in steps of 1.33 micro-
seconds. Vaues higher than OXE9 have
no effect.

Compression Ratio Management Registers

Register

Address Register Name Function

56
57
58

59

60

61

62

63

PCM_THR1
PCM_THR2
DIST_THR_|

DIST_THR_A

MAX_DIST |

MAX_DIST_A

VID_BUF_LEFT

LFP_LSB

d7-d0: PCM Threshold 1 (unsigned 0-255).
d7-d0: PCM Threshold 2 (unsigned 0-255).

d7-d0: DIST_THR_I (Distortion. Threshold for
Inter).
d7-d0:  DIST_THR I (Distortion. Threshold for

Intra).

dr7-d0: MAX_DIST (Maximum Distortion for

Inter).

d7-d0: MAX_DIST (Maximum Disgtortion for

Intra).

d7-d0:  Spaceleft in ZR36506 SDRAM buffer

for compressed video data (givenin
unitsof 2KB).

Read-Only Register.
d7-d0:  bits10-3 of LAST_FRM_PNTR

(SDRAM pointer).

Register Bank (Control and Status)

Default
Value

O0H

Default

Value

0oH
0oH
OooH



Register
Address | Register Name

64 LFP_MSB

65 VID/LPF

4-12
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Default

Function Value
Read-Only Register.
d6-d0:  bits17-11 of LAST_FRM_PNTR O0H

(SDRAM poainter).
dr: RAM_FULL ('1'if event occurred from

last Read).
Read-Only Register.
dl-d0: VID_BUF_LEFT[9..8]. OOH

d3-d2  LPF[19.18].
d7-d4:  '0000' reserved.
Read-Only Register.

Register Bank (Control and Status)
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5 INTERNAL MICROCONTROLLER HOST REQUEST
INTERFACE

In USB mode, the ZR36506 interna 8bit microcontraller (the VV8) waits for acommand from
the hogt PC to perform one of the following tasks: Load EEPROM, Upload FHash, cancel Hash
Upload and Erase Hash.

In USB mode, the microcontroller does not access the RBCS directly. Thisis due to the fact that
in this mode, the magter of the RBCS s the host PC (via USB).

The following register is an interface with the microcontroller:

RBCS  Register Default
Address | Name Function Value Value
66 V8 CMMND do: LD_EPRM (Download ‘or OOH
(RIW register) EEPROM to SRAM).
du LD _FLSH (Upload ‘02
Flash to PC).
dodl: CLR FLSH (Clear ‘03
Flash memory).
(074 CNCL_LD (Cancel ‘o4
Flash Upload).
d3-d7: reserved.

Once the ZR36506 device is connected to USB, the software driver can perform these

operations.

1 SettheLD_EPRM bit (Reg.66, bit d0). This causes the camera to update the V8 software
from the externa EEPROM, if it exists. Note that before setting the LD_EPRM bit of
Reg.66, the SER_MODE Reg. (Reg.7) hasto be set to 0xb0. After setting the LD_EPRM
bit, the software waits until the LD_EPRM bit returnsto ‘0'.

2  Sathe AUTO_BLK hit (Reg.7, bit d7) to enable the V8 to use the Bulk pipe to send data
to the host computer. Set the LD_FLSH bit (Reg.66= 0x02, bit d1). This causesthe camera
to upload dl picture and audio data from FHash memory to the host computer using the
Bulk pipe (EP #4). The software should wait until the LD_FL SH bit returnsto ‘0’. Note
that even if thereis no datain the Flash memory (i.e. no pictures were teken), the data
transfer starts from address O of the Flash memory and ends & the last byte of the Flash
(size of the Hash memory is 2 Mbytes). Note that audio datais optiona and follows the
given picture.

3  If thereisarequest to cancd the operation of uploading the Hash memory, st the
CNCL_LD bhit (Reg.66=0x04, bit d2). The software waits until Reg.66 returns to 0x00.

4. Setthe CLR_FLSH bits (Reg.66, bit d0-d1, 0x03) upon request from user. This causesthe
camerato erase Flash memory. The software waits until Reg.66 returns to 0xQ0.

Internal Microcontroller Host Request Interface 5-1
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6 V8 P-RISC BLock

General

Thev8 mRISC isan 8-bit microcontraller, which is used in adetachable USB standaone mode
to control and store captured Hill images and audio dipsin FLASH memory. It initidizes the
camera and setsthe required registers to perform gtill image capture. In A/V stream standadone
mode, the microcontroller transfers data from corresponding deta FIFOs to the serid interface.

When connected to aPC, it is possible to download stored images and audio clips.

Memory Resources

The mRISC will require the following memory resources:

» Externd 2 Kbyte EEPROM which contains dl parameters for the ZR36506 operation mode,
camera satup parameters and tables, Video/Audio Class parameters, and optiond direct code
for the microcontroller to replace specific functions or add pecid, new functiondlity.

=  On-chip 5 KByte ROM, which contains the kernd program, service routines, interrupt
handling routines and main program.

= Onchip 2 Kbyte SRAM, which is used for Stack, Interrupt Vectors, EEPROM download,
and microcontroller work area.

V8 p-RISC Block 6-1
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7 POWER MANAGEMENT

To meet USB gtandard requirements, the ZR36506 must be able to control USB power supply
for the entire device implemented around it. Two pins of the ZR36506 were dedicated to this
task: PWR_DWN and SUSPND. Both pins are Open-Drain, and active when High-z

The USB standard requires that once adevice is hot-connected, it must consume no more than
100 mA from the USB port. After configuration, the device may consume Lo to 500 mA.
Additiondly, the device must not consume more than 0.5 mA in Suspend mode.

The ZR36506 uses its power management pins as follows:

» The PWR_DWN pin was designed to switch the USB 5v source to the video/audio source
circuit (CCD, DSP, ADC, mController, VideoDecoder, audio CODEC, etc.). The only ICs
that continue to receive norma power supply in the Power-Down State are the ZR36506,
SDRAM, and EEPROM (dI ICs operate on 3.3 V).

»  The SUSPND pin was designed to enable the designer to shut down any additiond eement
in the ZR36506 gpplication circuit, which may increase the total current consumption to
more than the USB standard alows (> 0.5 mA).

Refer to the ZR36506 Application Notes for an example of how the PWR_DWN and SUSPND
pins should be used, and for the 3.3 V supply in gpplication design.

The ZR36506 software driver can control part of the power-management process through the
following registers on the ZR36506:

Register
Parameter Address Usage
SSPND_EN Reg.0/d1 Enable Suspend state:
SSPND_EN 0: Default (after Reset). Respondsto
USB Suspend condition as required
by USB standard.
L Suspend date is disabled.
PWR _VID Reg.0/d5 Apply USB 5V to Video/Audio Source
PWRVID o Default (after Reset). Video/Audio
Sourceis OFF.
1 Video/Audio Source is powered ON.
RES2 Reg.0/d2 Restart End-Point #2 (Video pipe) inthe
RES2 ZR36506:
0: Default (after Reset). Restart
ZR36506 video path.
1 Enable ZR36506 Video Processor
and Pipe circuit (after video sourceis
powered on).

Power Management 7-1
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After aUSB-Reset operation, the ZR36506 isin its Power Down state (PWR_DWN pinisset to
High-2). After configuration, the software sets the PWR_VID hit to '1' to turn on the camera
circuit (PWR_DWN='0"). Suspend (if SSPND_EN bit is not set by software) occursif aUSB
Idle state is detected for aslong as 3 milliseconds, and resets the PVR _VID hit.

7-2 Power Management
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8 VIDEO INPUT INTERFACE

The ZR36506 digitd video input isin YUV format. The ZR36506 interface for thisformat is
flexible and supports 4:2:2 (8 bit, or 16-hit), and 4:1:1 timings (12-bit). Horizontal and vertical
controls may be physicd pulses or coded signds. Additiondly, pixd dock and pulse polarity of
the control signds may be programmed to ether postive or negeive.

All theinput buffers in the ZR36506 that are supposed to be connected to the digita video
source are 5valt tolerant. This means that a camerawith 5volt CMOS outputs will not cause
any damage to the ZR36506, even though the ZR36506 operating voltage is 3.3 Valts.

The ZR36506 digitd video input consgsof thefollowing sgnals:

= YO-Y7
Inthe 4:2:2 16-hit, and 4:1:1 (12-bit) modes, thisis the Luminance input bus. Inthe 4:2:2 8-
bit mode, thisbusis used for mux YUV data. This busis sampled by the VCLK input clock
for the unggned binary vaue (0-255) of the' Y component (or U and V aswell in the 8-hit
mode).

= UO0-U7
Thisisthe Color (U or U/V) input bus. In the 4:2:2 16-hit and 4:1:1 (12-hit) formats, this
busis sampled by the even cycles of VCLK input clock for the binary vadue (0-255) of the
U component, and by the odd cycles of VCLK input cock for the binary vaue (0-255) of
theV component.

= VSYNC
Thisisthe Verticd Synchronization pulse, which indicaes the gart of anew video fidd (in
Interlaced mode) or the start of anew video frame (in Non-Interlaced mode). This pulseis
normaly negative.

= HSYNC
Thisisthe Horizontad Synchronization pulse, which indicates the start of anew video line.
This pulse is normdly negative.

= FID
Thissgnd isusad in Interlaced mode, to indicate whether the current field is even or odd.
In NonInterlaced mode, this input isignored by the ZR36506.

= VCLK
Thissgnd isthe video pixd dock. It is usad by the ZR36506 to sample dl other inputsin
the digita video interface.

= HVALID
Thisinput isthe pixd vaid qudifier. When inactive, the ZR36506 refers to the samples that

comefromtheY, U, and V buses as blank pixes (which are not conddered a part of the
digital image). The ZR36506 may be programmed to ignore the HVALID input.

Video Input Interface 8-1



Z

RAN Zoran ZR36506 USBVision — Datasheet
Zoran Proprietary and Confidential

Thedigita video cameratiming signa expected by the ZR36506:

( First Line Last Line I—I

FID } ODD FIELD (i Intéffce)...__ | EVEN FIELD (if Interlace)
y T
J S
J,' not less than 63us e _
HSNC
_— not more than 53us
HVALID

VCLK |__.

WSO 7 (0 18 8 WD 670 0 S
U[O:7]:X XX X uo X v0 X u2 X v2 X u4 X va X——- X XX X
v | L L] Lk

YUV-4:2:2 mode - 16-bit. Note that the order of U/V is set by Reg.49/dO0.

vew [T U U LU UUUU UL
vio:7) _fuo)yo)(wol(ya sz )z e ueoe)ue oo Yusve e furoe e oe)

YUV-4:2:2 mode 8-bit. Note that the order of Y/U/V is set by Reg.49/d2-d0

In YUV 8-bit mode, the VCLK frequency is twice the pixel
v rate.

Video Input Interface
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vew [T LT LS L L L L L
vio7] Joo Y vo v vz T vs Y va [y f— Y )
uo:3]_ )\ x< Jvmo Juwo Y vio J oo [ v o f— T xx X

VMO = vO0[7..4], VLO = v0[3..0] UMO = u0[7..4], ULO = u0[3..0]

YUV-4:1:1 mode (12-bit)

Video Interface Timing Parameters

= VCLK_POL ='1'
VCLK
/ 1% VCLK_POL ='0'
tSU > 15ns tH > 10ns
VSNC, HSNC, T 90% N~
FID, HVALID, VALID
Y[0:7], U[7:0], e 100 o
V[7:0]

Input Video Parameters

The ZR36506 was designed to interface to most available YUV formats. To make this possible,
most video parameters are programmable via specific registers from the ZR36506 Register Bank.

The following table specifies dl parametersthat may be sat by the host compuiter to fit a specific
video source (digital camera, video decoder, €tc.):

Register
Parameter Address | Usage

Video Input Interface 8-3



Parameter

VIN_MODE[2..0]

VSNC_POL

HSNC_POL

FID_POL

HVALID_POL

VCLK_POL

AUTO_FID

Register
Address

Reg.27/d2-d0
VIN_REG1

Reg.27/d3
VIN_REG1

Reg.27/d4
VIN_REG1

Reg.27/d5
VIN_REG1

Reg.27/d6
VIN_REG1

Reg.27/d7
VIN_REG1

Reg.28/d0
VIN_REG2

Zoran ZR36506 USBVision — Datasheet
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Usage

Video input mode:

00C: 8-bit 4:2.2 mode, usng
synchronization pulses.

001 8-hit 4:2:2 mode, usng CCIR 656
sync. codes.

0110 16-hit 4:2:2 mode, usng
synchronization pulses.

o1t 16-bit 4:2:2 mode, using CCIR
656 sync. codes.

10 12-bit 4:1:1 mode, using
synchronization pulses.

101, 111:  spare.

Polarity of VSNC pulse:

o) Synchronize on up-going edge.
L Synchronize on downgoing edge.

Polarity of HSNC pulse:
o) Synchronize on up-going edge.
L Synchronize on downgoing edge.

Polarity of FID (Field Identifier in Interlace
mode) :

0 FID='0" during first (odd) field.
T FID='0' during second (even) fidd.
Polarity of HVALID signd:

0; input signal HVALID="1" for active
pixes.

I input signal HVALID='0 for active
pixels.

Polarity of VCLK (pixel clock):

0} Cameradatavdid at VCLK fdling
edge.

L Cameradatavdid at VCLK rising
edge.

0; Useexterna FID signd.

T Generate internd toggling FID.
Ignore FID pin.

Video Input Interface



Zoran ZR36506 USBVision — Datasheet

Zoran Proprietary and Confidential

Parameter

Register
Address

NON_INTERLACE Reg.28/d1

NO_HVALID

UV_ID

FIX_2C

XSIZE_IN[9..0]

YSIZE_IN[9..0]

X_OFFST[9..0]

Y_OFFST[9..0]

DVI_YUV[2.0]

VIN_REG2

Reg.28/d2
VIN_REG2

Reg.28/d3
VIN_REG2

Reg.28/d4
VIN_REG2

Regs.29-30
LXSIZE_IN
MXSIZE_IN

Regs.31-32
LYSIZE_IN
MYSIZE_IN

Regs.33-3A4
LX_OFFST
MX_OFFST

Regs.35-36
LY_OFFST
MY _OFFST

Reg.49/d2-d0
DVI_YUV

Video Input Interface

Usage

o: Interlace mode. Only even fidds are
trandferred.

1 Non-interlace mode. All frames are
trandferred.

Norma opertion.
Ignore the HVALID input (assume

congtant '1).
Norma operation.

1 Use V7 input asaU/V identifier
('1'=U,'0=V).

Fix 2s Compliment U/V vaues

O Normd operation.

L Invert U[7] and V[7] tofix to
Unsgned Binary.

Number of pixdsin active line of video
source.

Number of active linesin frame (ffidd) of
video source.

Horizonta offset (number of pixelsto be
skipped after sart of ling).

Vetica offset (number of linesto be skipped
after sart of frame).

Order of YaU/V/Y b components of a pixe-
pair in 8hbit modes (dO affects 16-bit mode
d0):

do: '0": U comes before V.
'"1": U comes after V.

di; '0": Yacomes before U/V.
'1: Yacomes after U/V.

dz: '0": Yb comes before U/V.
"1 Yb comes after U/V.
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Register
Parameter Address Usage
SLOW_CLK12 Reg.49/d7-d6 = Use these contral bits for cameras that have
SLOW_CLK16 DVI_ YUV | dow VCLK or too stort Horizontd Blank

timeintervd:

dé: ‘0 Norma operation.
"1 Sdect 12 MHz dlock during
Horizontal Blank.

dr: ‘0" Normd operation.
1" Select 16 MHz clock during
Horizontal Blank.

Frame-Rate Control

A camera, or any other video source, normaly provides afixed number of frames per second.
For example, an NTSC-based camerawill aways provide a frame rate of 30 frames per sec.

The ZR36506 alows the gpplication software to modify the effective frame rate to fit its needs.
Thisdlows some of the frames coming from the camerato be dropped before processing,
eliminating the effort that would be wasted on frames dropped by the computer anyway.

8-6 Video Input Interface



Zoran ZR36506 USBVision — Datasheet 2 IR AN

Zoran Proprietary and Confidential

The parameter that controls the effective frame rateis called FRM_RATE, and is specified in the
fdlowing table

Register
Parameter Address Usage
Numerator[4..0] Reg.37/d4-d0n Frame Drop factor (n = 0-31). Effective
framerateis.
NTSC: 30¢(n+1)/d.
PAL: 25¢(n+1)/d.
Denum.code1..0] Reg.37/d6-d5 '00:  d=32
codefor d 01" d=30.
100 d=25.

The n parameter rangesfrom 0 to d-1. The vaue n=d-1 ingructs the ZR36506 to transfer to the

host computer the full framerate thet is ddivered from the video source. Any vaue n that isless
than d-1 results in dropped frames from time to time, so that the effective framerate is only

(n+2)/d of thefull frame-rate.

Video Scaling

The ZR36506 has two independent down scalers: one for frame width and one for frame height.
It isthe respongbility of the software application to select scale factors that result in areasonable
agoect ratio.

In order to set the scding factor, the host computer must Smply specify the desired sze of the
output frame (assuming XSIZE_IN and YSIZE IN areinitidly set). Scding is performed
automaticaly by the ZR36506, regarding the output frame size versus the input frame size.

Thefollowing table specifies the parameters that are used to set the output frame size:

Register

Parameter Address Usage

XSIZE 0[9..0] Regs.38-39 Number of pixelsin line of scaed output
LXSIZE_ O | videoframe.
MXSIZE_O

YSIZE_O[9..0] Regs40-41 Number of linesin scaled output video
LYSIZE_ O  framefidd.
MYSIZE_O

Video Input Interface
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Note that if the host computer pecifies the same vauesfor input frame size and output frame
Sze, no scaling occurs (scaling factor is 1:1).

The ZR36506 performs no Up-Scaling (to produce CIF sze from 240-line video fidds, apecid
interpolation processis applied by the software driver). This meansthat XSIZE O should never
be greater than XSIZE [N, and Y SIZE O should never be greater than Y SIZE_IN.

Video Filters

The ZR36506 usesinternd programmable anti-aliasing filters for the scaling process. There are
two filters that are used: one for horizontal scaing, and the other for verticd scding. The filters
are programmed independently of each other, and independently of the scding factors.

Both horizontal and vertical filters use a combination of FIR structure and interpolation to
eiminate pixd jitter in the output frame. The interpolation process effectively improves the
resolution of the input frame by afactor of 4, both horizontaly and verticaly.

The following table specifies the regigter that is used to set filter parameters:

Register
Parameter Address Usage

XFILT_CONT [2..0] Reg42/d2-d0 = Sdect oneof 5 possible forizontd filters
FILT_CONT

YFILT _CONT[1..0] Reg42/d4-d3 @ Sdect oneof 3 possble horizontd filters.
FILT_CONT

The following table specifies the horizontd filters.

FIR Filter Applied Interpolation
XFILT_CONT [2..0] (Horizontally) (Horizontally)
000 FIR=(1.0) NO
001 FIR=(1.0) YES
010 FIR=(05, 0.5 YES
o1 FIR = (0.25, 0.5, 0.25) YES
100 FIR = (0.25, 0.25, 0.25, 0.25) YES

8-8 Video Input Interface
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Thefollowing table specifiesthe verticd filters

FIR Filter Applied Interpolation
YFILT_CONT [1..0] (Vertically) (Vertically)
00 FIR=(1.0) NO
01 FIR=(1.0) YES
10 FIR= (0.5, 0.5) YES

Video Output Format

The ZR36506 supports 3 different formeats for output video data: Compressed data format,
YUV 4:2:2 and 4:2:0 Raw data formats.

The following table specifies the regster that is used to set output video formet:

Register
Parameter Address Usage
VO_MODE[6..0] Reg.43/d6-d0 | Sdect one of 3 video output formats.
VO_MODE 0x60 = Compressed data format.
0x03 = YUV 4:2:2 Interleaved format.
0x14 = YUV 4:2:0 Planar format.

It is the responghility of the ZR36506 software driver to make conversions to provide the
aoplication software with severa OS standard video data formets, but the data that is transferred
viaUSB must be one of these 3 formats.

Compressed Data Format

The ZR36506 compressor is designed to compress YUV 4:2:0 frames (12 bits/pixd) by afactor
of 1:3to 1:15 (resulting in 4 to 0.8 bitg/pixd). The compression agorithm is a proprietary Zoran
development, which meets 3 important requirements that were made to guarantee the high
performance of the ZR36506:

» Ftsthe sdectable bandwidth of the USB (0.5 - 7.5 Mbits/sec)
= Supports varigble compression rates (in very smal increments)
= Reguires minimum CPU time for decompression (and fits the MMX® concept)

Video Input Interface 8-9
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The ZR36506 compressor compresses pecific frames using its“ Intrd’” mode and dl others using
its“Inter” mode. Intra mode does not require any previous frame, while Inter mode is dways
based on arecongtructed previous frame. “Intra’ frames provide the dgorithm with rative
resistiance to error propagation between frames but consume more hits per pixe than “Inter”
frames. Error propagation within the frame itsdf (from higher linesto lower lines) is diminated
by dividing the frame into many horizontd grips

YUV 4:2:2 Interleaved Format

In this format, the ZR36506 trandfers to the host computer 2 bytes for every pixd (16 bits/pixd).
The Y -component is available for every pixd, but the U and V components are each available
for every second pixd (YO, UOQ, Y1,V2, Y2, U2 Y3.).

YUV 4:2:0 Planar Format

In this format, the ZR36506 transfers to the host computer 3 bytes for every 2 pixels (12
bitspixd). The Y-component is available for every pixe, but the U and V components are only
availablefor every second pixd in even lines

In this mode, the host computer receives aframe preformatted in the planar mode; this can save
CPU time in the host computer in most video conferencing applications. The'Y and UV
components are packed by the ZR36506 in 64-byte packets, and have the following structure:

Packet Number | Contents

1 Pixels 063 of the Y-Image.
2 Pixels 64-127 of the Y-Image.
3 Pixdls 063 of the U-Image (or V-Image).

The U-Image and V-Image are hdf -gze of
the Y -Image in bath horizontd and vertica
dimengons. The ZR36506 produces aline of
U pixesfollowed by aline of V pixds ad
then U pixds again in atoggling manner.
These pixels are dways packed in this
modulo-3 packet. The host computer -
knowing the frame-gze - can separate
betweenU and V components.

4 Pixds 128-191 of the Y-Image.
Pixds 192-255 of the Y-Image.
Pixels 64-127 of the U-Image (or V-Image).

8-10 Video Input Interface
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Video Buffer Control registers

The ZR36506 uses a pre-defined SDRAM space to store the output video data before being
transferred to USB; this buffer is called Video Buffer, and is used as a FIFO which observes data
burds a the video frame rate (up to 30 Hz) and supplies data burdts at the USB frame rate (1000
packets per second).

The sze of the video buffer is sat by the host computer viathe SDRAM regigters. Depending on
USB bandwidth and output frame size and rate, this buffer may becomefull in the middie of
video streaming. In this case, additiond frames will be dropped by the ZR36506 until enough

free space is available in the buffer. When operating in Compressed mode, the host computer can
dter the compresson rate by modifying some threshold registers on the fly. This may prevent
mog "buffer-full”" events and alows for consgtent frame-rate (i.e. frames are not dropped). To
enable the host computer to monitor the status of the video buffer and control frame-dropping,

the ZR36506 provides the following regigers

Register
Parameter Address Usage
BUF _THR[9..0] Reg.48/d7-d0 ' Minimum remaining buffer gpace to begin

Reg.49/d4-d3  frame dropping (in 2 Kbyte units). "Buffer-
Full" occurs when remaining buffer spaceis
lessthan the vdue in this regigter. The host
computer setsthis register according to the
maximum space that a video frame may

occupy.
VID_BUF _LEFT Reg.62/d7-d0 | Thisis areadonly register that providesthe
[9.0] Reg.65/d1-d0 | actud remaining buffer space (in 2 Kbyte

units). The host computer can prevent
"Buffer-Full" occurrence by monitoring this
register and changing compression
thresholds.

LFP[19.0 Reg.63/d7-d0 | Thisisareadonly register that providesthe
Reg.64/d6-d0 | SDRAM addressfor datawrite in the video
Reg.65/d3-d2 | buffer a the end of every video frame (in 16
byte units). The host computer can keep track
of the current compression raie by
monitoring this register from time to time.

Video Input Interface 8-11



2 TR AN Zoran ZR36506 USBVision — Datasheet
== Zoran Proprietary and Confidential

Special Video Control bits

The ZR36506 has two specid bitsinthe VIN_REG2 register, which may dter the input video
sequence. These bits are normaly used during till capture operation and are specified in the
falowing teble:

Parameter Register Usage
address
SEND_FID Reg.28/d5 Send FID informetion in frame header data

VIN_REG2 | TheFID information isused for
recongructing a 2-field framefroman
Interlaced camera

0] Default vaue.

1 FID hit overrides hit O of
Frame Phase[4..0].

KEEP_BLANK Reg.28/d7 Force a"blank” pogtion on the input video
VIN_REG2 | frame source, and drop new frames. Software

driver mugt switch this bit from 'O’ to '1'
during atrue blank pogtion.

0] Default vaue.

L Keep exiding blank longer by
fordng "blank”.

USB Pipe Video Data Format

Data Packets

Video datais received by the host computer as a stream of bytes via the End-Point #2
Isochronous pipe. Thereis an incoming data packet every 1 millisecond (every USB-Frame) and
itsgzeis limited by the maximum bandwidth that was initialy set for End-Point #2. The
maximum byte-count for each packet is one of the following numbers. 959 (for 7.5Mb/sec), 895,
831, 767, 703, 639, 575, 511, 447, 383, 319, 255, 191, 127, or 63 (far 0.5Mb/sec). Regarding the
data on the USB - the data of anew video frame aways Sartsin anew data packet, so in most
cases the lagt packet of avideo frameis shorter than a norma packet. The ZR36506 sends one or
more empty packets between every twovideo frames.

8-12 Video Input Interface
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Video Frame Synchronization

In dl modes of operation (Compressed or Raw video), two concurrent video frames will be
separated by at least one empty data packet. The ZR36506 software driver usesthisto detect a
Start-Of-Video-Frame. Additiondly, thefirst two bytes of the video frame header contain a
Start-Of-Video-Frame Pattern (=0XAA55), which is used by the software driver asaqudifier to
verify that the data represents an uncorrupted video frame.

Video Frame Header

A header precedes every video frame. The header datais organized in Little-Endian format, i.e.
the LSB of a 2-byte parameter precedes the MSB (L SB occupies the lower address). The same
header format is used in al modes of operation. The following table specifies the parameters of
this heeder:

Parameter No. of
Offset Name Bytes Description & Specification

0 Vid_Frm_Patt 2 OxAASB5 = Start of VideoFrame Pattern.

2 Header Length 1 Number of bytesin this header = 12.

3 Frame_Numb 1 D4-DO0: Unsgned integer. Incremented (mod 32)
on every frame that is delivered to host
computer.

D7: Capture_Pressed (activeif '1").
D6: Resumed ("1 firgt frame after Suspend).
D5:  sae

4 Frame_Phase 1 D4-DO0: Unsigned integer. Incremented mod 30 on

every frame that is acquired from camera.
D7-D5: spare.

5 Frame Latency 1 Unggned integer. Number of milliseconds € gpsed
from the moment that the camera began ddlivery of
this frame to ZR36506, to the moment that the
ZR36506 began ddivery of frame-header to USB.

6 Data_Format 1 D7: '0'=Vendor Specific (like ZR36506)

(‘7' =Class Spexific).

D6: 'O'=Raw Data.
'1'=Compressed Data.

D5-D0: Vid _Format_Code:
0x03 = YUV-422
0x14 = YUV-4:2.0 Rana.
0x06-0x12, Ox15-0x1F = spare.
0x20 = Zoran's Compression.

Video Input Interface 8-13
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Parameter No. of
Name Bytes
Format_Param 1
Frame Width 2
Frame Height 2
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Description & Specification

D7: Intra_Frame
(‘1 =Irtra, 'O = Inter + Intra). This bit
should be ignored in raw data frames.
D6: Spare.

D4-DO0: Pix_Depth (number of bits per pixd).
These bits should beignoredin
compressed data frames,

Unsigned Word integer - number of pixels per line
Unsigned Word integer - number of linesin frame.

Video Input Interface



Zoran ZR36506 USBVision — Datasheet 2 IR AN

Zoran Proprietary and Confidential

9 SDRAM CONTROL AND INTERFACE

MAU (Memory Access unit)

The MAU isresponsible for dl data transfers between the internd units and externd SDRAM.
The SDRAM in use is organized as two Banks of 524,288-Word X 16 Bit and is accessbleviaa
16 Bit data bus. The design is based on 3.3V powered SDRAMs manufactured by Micron
(MT48LC1IM16A1) and Fujitsu (MB81F161622C). The SDRAM operation modes employed by
the MAU are:

»  FRul-Page-Mode-Read

*  FRul-Page-Mode-Write

» Burgt-of-8-Read

= Auto Precharge Mode

= Manua two Bank Precharge

= CAS Latency = 2 to support SDRAMS that do not have CAS Latency = 1(also sufficient for
operating frequency of 48 MHz). Both 8.2 ms and 16 ms refresh rates are supported.

Refer to thefollowing MAU main block diagram:

From CVI MAU
ush_dat_reg
——
ur_fifo_wr
pix_rst48n URU —>
> USB nextvf =
clk48 <+—> E— >
— > Rea,d next8w O
rst48n Unit >
—_—
pui_dwn vdw_buf_rd
FDL >
From RBCS vaw_e]
drm_cont <« Frame — vy o
— Delay | CoBwW S
drm_prm DR Line DIB fdlfiford 0
F DVC DRAM DRAM fdfifg wr
rom Sitaie Interface y d& i
fdl_dat_req Machine VDW Block ! g
vid_mem_req <« Video —0p
frame_end_pre Data cke
frame_end Write o
—_ = 5
buf_state idle_pre rasn <§(
buf_state idle RFU casn 04
_state. i > = 5
buf_state last_pre «— [ Refreshand > wen 9’)
7b ] - | Initialization —
uf_state last Unit da[11:0]
dd [15:0]
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The MAU peformsthe following tasks:

Read data from SDRAM to USB Fifo

The Universd Serid Bus can transfer 12 Mbits/sec — while thisis considered the USB pesk-
rate, the maximum average rate that can be used for video data is gpproximately 8 Mbits/sec
(Iso 1023 bytes every 1ms). The MAU performs an 8word Reed operation to fill the USB
Fifo. Thislasts about 340 ns, and is expected to be performed every 10.6 us on average
(assuming continuous 12 Mbit/sec demand).

Read & Write data from/to SDRAM to obtain one video-frame delay

The video source for this operation is the reconstructed image from the Digitd Video
Compressor (DVC), and itstiming is derived from the Digitd Video Scder (DV'S) output.
There aretwo FIFOsfor thistask in the DVC - one for Write to SDRAM operations and one
for Read from SDRAM operations. The datathat iswritten to SDRAM from the Write Fifo
is read back from SDRAM to the Read Fifo after adelay of approximately one video frame.
Thistask isactive only in Compressed Video mode, and its video format is dways 4:2:0

(12 bitg/pxl). The pixd rateis 12.2727 MHz for NTSC and 14.75 MHz for PAL (or
9.545454 MHz and 14.31818 MHz in Sanyo cameras), so the maximum rate in 16-bit words
is goproximady 11.0625 Mw/sec for PAL when full frame-szeisused. In dl these

sysems, the active line lagis within 53 us, followed by a10-11 us blank with no activity.

The MAU uses 32-word Page-Read and 32-word Page-Write operations to perform the
trandfer. This lasts goproximately 1600 ns, and is expected to be performed every 2893 nsin
worst cases (at rates of 11.0625 Mw/sec).

Write output video-datato SDRAM

Thisisthe same data that islater on read back into the USB Fifo. The source for thisdatais
the Video Data Buffer whichislocated in the DV C (Digitd Video Compressor). When
operating in Compressed Video mode, the Video Data Buffer isfird filled with compressed
data of a least one video frame line (one line for full-frame size, and additiond lines for

gndl frame Szes). This takes place during the active-linetimeinterva, so thet the Video
Data Buffer is reaedy to be transferred to SDRAM when the video blank time interva begins.
The blank time-interval lagts goproximately 10 us, and during this time the MAU writes up

to 384 words to SDRAM, using Page-Write mode. The MAU uses a Page-Write operation,
which lagts approximately 8400 ns (if N=384 in worst cases, where the MAU encounters
end of 256-word SDRAM line twice during the burst). When operating in Raw Video mode,
the Video Data Buffer is split into two 192-word buffers. At the same time that one buffer is
being filled with Raw video data (this time arriving from the DV'S), the other buffer is being
transferred to SDRAM. This processis carried out during the active-line time, aswell as
during the blank time - whenever there is data ready to be written to SDRAM. Residud data
istrandferred a the end of the video frame.

SDRAM Refresh

A refresh operation lasts 60 ns and uses Auto Refresh. The ASC supports both 8.2 msand
16 msrefresh SDRAMs (32 ms, 2048-cyde refresh or 64 ms, 2048-cycle refresh). 8 msrate
produces a 32 mS x 2048 cycle refresh (15.625 uS between refresh tasks), while 16 msrate
produces a64 mS x 2048 cycle refresh (31.25 uS between refresh tasks).

SDRAM Control and Interface
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= SDRAM Initialization
SDRAM requiresinitiaization after Reset, Suspend and power down. Users should write 1
toregister 18 (DRM_CONT) hit 1 of RBCS after these events, dlowing the SDRAM a
least 100 microseconds to gabilize intema circuitry. The MAU then automaticaly performs
an SDRAM initidization sequence and alows other memory tasksto be performed. This
task lasts gpproximately 600 nS.

= In the beginning of every task, the MAU programs the
.,pﬁ’f Mode Register, utilizing the address bus.

= CAS Latency is always set to 2, Burst type is always
sequential, and Burst length is set to 8 for USB Fifo read

tasks and to Full-Page for all other tasks. Only the USB
Fifo read task employs Auto Precharge. All other tasks

(Read and Write) perform a PALL command during task
command sequence.

Thefollowing table specifies the registers that are used to support SDRAM:

SDRAM and Memory Buffer Setup Registers

Register | Register Default
Address Name Function Value
18 DRM_CONT  do REF (00 ]

'0' = 8.2 ms refresh rate.
'1' = 16 msrefresh rate.
dL: SDRAM_EN.
dz RES UR Restart video out buffer read

logic.
das: RES FDL Redtart video-frame-dday
logic.
4 RES VDW Redtart video out buffer
write logic.
&b-d7:  resarved.
19 DRM_PRM1 d)d3 Bitsl6to190of FDL_LAST_WORD. OoH
4-d7:  Reserved.
20 DRM_PRM2 d)d3 Bits8to11 of FDL_1ST _LINE. OoH
4-d7:  Reserved.
21 DRM_PRM3 d)d3 Bits8to 11 of VDW_1ST LINE. OoH

4-d7:  Bits8to 11 of VDW_LAST_LINE.
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Register | Register Default

Address | Name Function Value
22 DRM_PRM4  d0d7: BitsOto7 of FDL_1ST_LINE. 005
23 DRM_PRM5 d0d7: BitsOto 7of FDL_LAST_WORD. OoH
24 DRM_PRM6 d0d7: Bits8to 15of FDL_LAST_WORD. O0H
25 DRM_PRM7  d0d7: BitsOto7of VDW_1ST_LINE. 005
26 DRM_PRM8 d0d7: BitsOto7 of VDW_LAST_LINE. O0H

Video Setup and Control Registers

Register Register Function Default
Address Name Value
48 BUF_THR  d7-d0: Threshold for buffer space Frame Drop OooH
decision (given in units of 2 KBytes).
49 DVI_YUV d2-d0: Codefor YUV re-order processor. OooH
04-d3: BUF_THRJ[9..8] Extenson for 16 Mbit
SDRAM.
de: SLOW_CLK12'1' Select 12 MHz for
Horizontd blank.
ar: SLOW_CLK16'1' Select 16 MHz for
Horizonta blank.
(057 '0' reserved.
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CLK48 Output

Register Register Function Default
Address  Name Value
0 PWR_REG  do: WD_EN: '1' Enables USB Watch-Dog O0oH
timer.
dL SSPND_EN: '0' Enables Suspend-
Resume logic.
dz: RES2
'0' Restarts End-Point #2 logic.
'1' Releases.
ds: CLK48 EN - '1' Enables48 MHz a
CLK48 output pin.
a4 EP234_EN - *1'Enables SPO output in
USB Mode.
ds: PWR_VID -'1' Video-logic Power-On.
dé: reserved.

dr: E2_EN - '1' Enables EEPROM R/W.

SDRAM Control and Interface
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10 CAMERA CONTROL SERIAL PORT

The ZR36506 has a dedicated Programmable Serid Port intended to be used for camera control.
This port has severd modes of operation, where the ZR36506 is dways the bus-master (one of
the more useful modes is IICC). The programmable serid port is controlled by the host computer
via the following regisers of the ZR36506 regiser bank: SER MODE, SER ADRS,
SER CONT, SER DAT1, SER DATZ2, SER DAT3, and SER_DATA4.

Cameracontrol uses 3 dedicated pins on the ZR36506:

» |ICCK isan Open Drain output pin, used to drive the serid port clock Sgnd. It is supposed
to be connected to an externad 3.3 10KW Pull-Up resistor to 3.3.

= [ICDT isan Open-Drain bi-directiond pin, used to send and receive the serid port data. It is
supposed to be connected to an externd 3.3-10KW Pull-Up resistor to 3.3.

=  SENSisan Open Drain output pin, used as a serid control strobe signd in some modes of
operation. It is supposed to be connected to an externa 3.3 10KW Pul-Up resistor to 3.3.

There are 6 modes of operation available to the camera control port. These are liged in the
fallowing table, and described in more detail in the following paragraphs:

Mode

Number Mode Name  Description
0 Soft Bit-level Software controlled mode.
1 SIO Serid clocked 1/0.
2 [1IC LRACK [ICC with Last Byte Read Acknowledged.
3 IIC LRNACK | |ICCwith Last Byte Read Not Acknowledged.
4 CAM1 Camera l - refer to timing diagram.
5 CAM2 Camera 2 - refer to timing diagram.

Modes number 15 are referred to as automatic modes. in these modes, the host computer only
needs to write the data bytes (and, in some of them, the device address byte) in certain registers
(SER_DAT1 to SER DAT4, and SER_ADRYS), and initiate a transfer request. Similarly, the host

computer can read received data from the sameregisters.
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The SER MODE regiger has some specific bits tha can turn the automatic modes into more
flexible serid dataformats. These regidter bits are:

CLK_RATE
Writing 'O’ to this bit will sdect a93.75 KHz clock at the [ICCK output. Writing '1' to this

bit will sdlect a1.5 MHz clock at the ICCK outpuit.

CLK_POL
Writing '0' to this bit will select the normd polarity a the IICCK output. Writing '1' to this
bit will sdect an inverted polaity at the [1CCK output.

VSYNC
Writing 'O’ to this bit will sdect an immediate transfer. Writing '1' to this bit will dday dart-
o -trandfer to camera blank period.

Another regigter that is used by the automatic modes is the SER_CONT register. This regigter is
used by the host computer to control the serid port machine. The SER_ CONT regiger conddts
of the fallowing control bits:

SER_LEN

Thisfidd contains a 3-hit binary integer that specifies the number of data bytes thet the host
wishesto trandgfer in the serid transaction (the address byte is not counted). The range of
this parameter isOto 4.

SER_DIR
Writing '0' to this bit selects awrite operation (host to camera). Writing '1' to this bit sdects
aread operation (camerato host).

SER_GO/ SER_BUSY

Thisis used as both a command and agatus bit. Writing 1 to this bit will initiate a serid
trandfer request. The serid transfer will ether start immediately or wait until the verticd
blank timeinterva is detected a the camera video signd (depends on the VSY NC hit). The
SER_GO/ SER BUSY hit will remain '1' until the end of the transaction, to indicate to the
host computer when anew transaction may beinitiated.

NACK_RCV

Thisis aread-only bit and is used in modes 2 and 3 only (IICC modes). T he ZR36506, after
completing asarid trandgfer in this mode, reports to the host computer viathis bit whether or
not al tranamitted bytes were acknowledged by the camera (this includes the address byte
and al data bytes that were sent from the host to the camera). A '0' in this bit indicates dl
ACK, and a'l' indicatesa NACK for one or more bytes.

NO_STOP

Thisbit isusad in modes 2 and 3 only (11CC modes) and enables multiple transactions

indde asngle START / STOP frame. When set to '1 it informs the serid machine to omit
the STOP pattern at the end of the following transaction. Combined with the CONTINUE
hit, this enables the software driver to perform long transactions (i.e. for downloading the
Gamma-Correction table into cameraDSP).
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= CONTINUE
Thishit isused in modes 2 and 3 only (IICC modes), and enables multiple transactions
inddeasingle START / STOP frame. When set to 'L, it informs the serid machineto
prepare for multiple transaction mode. It will never affect the following transacion, but the
one coming after it, which will not contain a START paitern.

Thefollowing pages specify dl 6 modes of operation for the camera-control serid port.

Soft Mode: (MODE=0)

This mode is sdected when the MODE fidd (d7-d4) of the SER_MODE register is set to 0. In
this mode the host computer may access the srid port pins directly in order to enable control of
cameras that are not supported by the other automatic modes.

In Soft mode, the value of the CLK_OUT hit (dO) is reflected in the IICCK output pin. A write
operation to the DAT 10 bit (d1) sets the vaue of the IICDT pin. A read operation from the
same DAT _10O hit reads the actud voltage level at the IICDT pin. The vaue of the SENS OUT
bit (d2) isreflected in the SENS output pin.

S10 Mode: (MODE=1)

This is the Serid Clocked I/O automatic mode, and is selected when the MODE fidd (d7-d4) of
the SER_MODE regiger is et to 1. The following waveform describe the SIO mode:

[ICCK

IICDT ZXD?XEEDGXDSXD4XD3XD2XD1XDOXE
SENS | |

NOTE: In both Read and Write sequence, data is sampled in the up-going edge of the clock IICCK.

IICCK _ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ S

ICDT [ ] er [ [ Byea Jrmmmmo L et [ |
SENS | ] I |

NOTE: In the SIO mode 1 to 4 bytes are written or read.
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11C LRACK Mode: (MODE=2)

Thisisthe lIC LRACK (Last Read Acknowledged) automatic mode, and is selected when the
MODE fidld (d7-d4) of the SER_ MODE register is set to 2. In thismode, the IICCK frequency
isset t0 93.75 KHz.

IICDT ZXD7XED6!XD5XD4XD3XD2XD1XDO)\ACk/

NOTE: In both Read and Write sequence, data should be stable during the '1' state of the clock IICCK.
D7-DO0 are sent by transmitter, Ack is sent by receiver.

IICCK HHHH HHHHHHHH ...................... j_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_ﬂ_l—
ICDT 7] [witeADDRESS | | RWByte1 |—mmmmmm [ rRwByte s [

NOTE: Start is defined when the IICDT turns from '1' to '0' while the IICCK is '1". Stop is defined when
the IICDT turns from '0' to '1' while the IICCK is '1'. The Address byte is written like any other byte.

[ICCK IICCK

Stop Stop
icoT\ Ak /| B ICDT | Ack [

End of Write sequence End of Read sequence

In this mode, the host defines the camera address byte and the data bytes to be written to the
camerain the gppropriate registers. The ZR36506 then sends these bytes automaticaly.
Similarly, the ZR36506 may reaed data bytes from the camera. The ZR36506 acknowledges the
last byte reed like dl other bytes.

By using the NO_STOP and CONTINUE hits, a concatenation of multiple [ICC transactionsis
possible, in order to send or receive more than 4 bytesin asingle START / STOP frame.
Additiondly, by usng these control bits, write/read operations may be combined with asingle
STOP pattern at the end. Nate that the SER_LEN parameter may be set to O to further support
the concatenation operation mode.
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11C LRNACK Mode: (MODE=3)

Thisisthe IIC LRNACK (Last Read Not Acknowledged) automatic mode, and is selected when
the MODE fidd (d7-d4) of the SER_MODE regigter is set to 3. In this mode, the [|CCK
frequency is st to 93.75 KHz.

In thismode, the host defines the camera address byte and the data bytes to be written to the
camerain the ppropriate registers. The ZR36506 then sends these bytes automatically.
Similarly, the ZR36506 may read data bytes from the camera. The ZR36506 does not
acknowledge the last byte read from camera. Thisis done as a Sgnaling to the camera that no
more bytes are needed. The waveforms for this mode of operation are specified below.

ICDT ZX D7 X!D(;XDS \ s Y bs ) b2 ) b1} oo )ac/

NOTE: In both Read and Write sequence, data should be stable during the '1' state of the clock IICCK.
D7-DO are sent by transmitter, Ack is sent by receiver.

HCCK 1 0nnnnnnn - NO0N[[NNM —eem———
ICDT 7] [Write ADDRESS | | RMWBytel |————mmm [ rwBytea ] B

NOTE: Start is defined when the IICDT turns from '1' to '0' while the IICCK is '1". Stop is defined when
the IICDT turns from '0' to '1' while the IICCK is '1'. The Address byte is written like any other byte.

[ICCK [ICCK

Stop Stop
ICDT\ Ak / B ICDT  Nack
End of Write sequence End of Read sequence

In thismode, the host defines the camera address byte and the data bytes to be written to the
camerain the appropriate registers. The ZR36506 then sends these bytes automaticaly. The
ZR36506 may dso read data bytes from the camera. The ZR36506 does not acknowledge the

last byte read (NACK).

By using the NO_STOP and CONTINUE bits, concatenation of multiple 11CC transactionsis
possible, in order to send or receive more than 4 bytesin asingle START / STOP frame.
Additiondly, by using these cortral bits, write/read operations may be combined with asingle
STOP pattern at the end. Note that the SER_LEN parameter may be st to 0 to further support
the concatenation operation mode.

Camera Control Serial Port 10-5



2 TR AN Zoran ZR36506 USBVision — Datasheet
== Zoran Proprietary and Confidential

CAM1 Mode: (MODE=4)

This mode is sl ected when the MODE field (d7-d4) of the SER MODE register is set to 4.
In this mode, the IICCK frequency must not exceed 10 MHz.

Three sgndsare used: IICCK, IICDT and SENS. The host defines the desired camera register
address byte and a Sngle data byte to be written to that register in the gppropriate ZR36506
registers. The ZR36506 first sends the address and then the data automaticaly. Similarly, the
ZR36506 may read a data byte from any given cameraregister. The waveforms for the CAM1
mode are gpecified in the following diagram. Note that every byte transfer has its own start
condition, which indicates one of 3 possibilities: Address Write, Data Write, or Data Reed.

IICDT _0[A7X/IA6XA5XA4XA3XA2XA1XA0)\
SENS  { [

Start Address Write

oot T o Yo o = = ) )
SENS  § [

Start Data Write

ICDT ﬂ)[m!XDeXDSXmXDsXDzXDlXDO)\

SENS _+ Note: NT1004 relieses data signal (IICDT="1") at this point |_
Start Data Read
Register Write operation: | Address Write | Data Write |
Register Read operation: | Address Write | Data Read |

NOTE: A transaction consists of Address Write, followed by Data Write or Data Read.
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CAM2 Mode: (MODE=5)

This mode is selected when the MODE field (d7-d4) of the SER_ MODE regigter isset to 5. In
thismode, the IICCK frequency must not exceed 10 MHz.

Only two signas are used: IICCK and IICDT. The host defines the desired camera register
address byte and a single data byte to be written to that register in the appropriate ZR36506
registers. The ZR36506 first sends the address and then the data automaticaly. Note thet in this
mode, both address and data congit of 7 bits only. Thereis no way to read data from the camera.

The waveforms for the CAM2 mode are pecified in the following diagram. Note that every byte
trandfer hasits own transfer sart signding (which isidentica for both address and data),
followed by an Address Write condition or a Data Write condiition.

E T 2 I O A
0

ICDT 4 i X a6 \ as } m )} a3 ) m f a1 | r0 )
i._._._ Address Write

------------ Transfer start

ER I I I O A
0

IICDT MDGXDSXD4XD3XD2XD1XDO>\

| {.—. Data Write
i
e Transfer start
Register Write operation: Address Write Data Write

NOTE: Data is sampled on the down-going edge of the clock IICCK. A transaction consists of Address
Write, followed by Data Write.
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11 EXTERNAL EEPROM

The ZR36506 provides afull USB compliant solution without the need for an external EEPROM
(USB Vendor ID is pin programmable). When Unicode names are required, the ZR36506 may
use an externa 3.3V 2 Kbyte Serid EEPROM as an optiona source for USB descriptors. There
are severa vendors that produce these 8pin EEPROM chips, which are pin-to-pin competible.

Normally, the externd EEPROM will only be read in aworking device (soon after USB
ingertion). The ZR36506 supports or-board EEPROM programming, which can be used to ater
some USB descriptors - especidly the product serid number. The ZR36506 register bank
includes specid regigtersto perform abyte Read or Write operdtion to a given address of the
EEPROM.

In addition to the USB Descriptors data, the external EEPROM may contain some assembler
code segments for the V8. These code segments are used as modification patches to override the
origind internd V8 software.

EEPROM Data Structure
The EEPROM contains the device descriptor, up to 4 configuration descriptors, and up to 15

gring descriptorsin up to 7 different languages. The following diagram specifies the block
structure of the EEPROM data:

EEPROM EEPROM
ADDRESS (hex) CONTENT
000
The first byte in this table is the total
SUPPORTED number of bytes in the table. The second
UNICODE byte is the "STRING" code of the USB
LANGUAGES standard. This is followed by a list of up to
TABLE 7 valid codes of Unicode languages
<010
010 Each pointer consists of 2 bytes: The first
one identifies the descriptor, and the
second contains the 8 most significant bits
TABLE OF of the address where the descriptor starts.
DESCRIPTOR The end of this table is identified by the
value 0x00 instead of a valid descriptor
POINTERS identifier,
Each pointer in this table has its descriptor
in the TABLE OF DESCRIPTORS.

; 010 7 bytes skipped, because next table
don't care muststart in a 8*k address.

8*k Each descriptor must start in a 8*
address. DEVICE and STRING descriptors
are the same as specified in the USB -
standard. In CONFIGURATION
descriptors, the first 2 bytes contain a 16 -
bit unsigned value for the number of bytes
that the descriptor contains, and all the
other bytes of the descriptor are as
TABLE OF specmg:i n the USB standard (this is
DESCRIPTORS because this type of descriptors actually
consist of a tree of small USB-descriptors,
and can result in a more than 255 byte
vector).
Each descriptor must have an identifier
and a pointer in the TABLE OF
DESCRIPTOR POINTERS,

V8 Downloadable
Code

<2048

External EEPROM 111
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V8 Downloadable Code

The serid EEPROM in the ZR36506 application contains two files of data
=  USB descriptor data
= Standaone mode gpplicaion parameters and V8 downloadable data code.

Refer to the following diagram for EEPROM general data structure:

serial EEPROM - 2KB

0x000:
USB Descriptors data
tables
(as specified above)
T
|
|
block#1.: length#1
LSB(DownloadAddrs#) Block #1 of
MSB(DownloadAddrs#1) data to be
downloaded by
(Iength#1bytes) ve
_ <
block#2: length#2 Block #2 of
LSB(DownloadAddrs#3 data to be
MSB(DownloadAddrs#2 downloaded by
i V8
| e
]
block#n: Block #n of data
End of Data indicator: 0x00 End of data
OX7FE: LSB(block#1) Download
OX7FF: MSB(block#1) Data Locator
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In order to download al data blocks from EEPROM, the V8 Software will perform the following
steps:

1  Loadtwo bytesfrom EEPROM to temporary spacein SRAM, garting from EEPROM
address Ox7FE. This 16-bit value — denoted by block#1 - will be the Data L ocator pointer.

2  Usethe Data Locator pointer block#1 to define the start address of the first deta block to be

downloaded. Read 3 bytes from this EEPROM addressinto a temporary space in SRAM.
Thefirgt byte defines the total number of bytesin block#1 thet should be downloaded, and

isdenoted by length#1. The other two bytes define a 16-bit start address in the V8 address

space for the whole block to be downloaded to. This parameter is denoted by
DownloadAddrs#1 and normaly points to some byte address in the internd SRAM.

3 Download length#1 bytes from EEPROM address block#1 +3 to given address
DownloadAddrs#1 in SRAM (or to any other destination in this address).

4.  Repeat seps 2 and 3 to download dl the other blocks from EEPROM to degtination

addresses. The address of the beginning of the new block aways follows the end of the last

block. End the download processiif the first byte of the “new” block is 0x00 — which
derotes End of Data.

Supported UNICODE Language Table:

Thistable is used asthe "string” of index 0, which is defined in the USB-Standard. This"string”
isactudly alig of dl the LANGIDsthat are supported by the device. Thefirst two bytesin this
table are needed for the standard format of USB String descriptors.

EEPROM  EEPROM
Address | Data
(Hex) (Hex) Description

000 blength Number of bytesin thistable (4-16). Thisis needed for the
standard format of USB String descriptors.

001 STRING Code of STRING descriptor type (=03). Thisis needed for the
descriptar standard format of USB String descriptors.
type (=03)

002 LANGID#1 @ Bits 70 of Language-ldentifier of language #1.

(LSB) This language must be supported, and it is also used asthe
default language if the host specifies alanguage that is not
induded in thislit.

003 LANGID#1 @ Bits 15-8 of Language-Identifier of language #1.

(MSB)

004 LANGID#2 Optional. Bits 7-0 of Language-ldentifier of language #2.
(LSB) Must contain FF if not sed,

External EEPROM
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EEPROM EEPROM

Address
(Hex)

005

006

007

11-4

Data
(Hex)

LANGID#2
(MSB)

LANGID#3
(LSB)

LANGID#3
(MSB)

LANGID#4
(LSB)

LANGID#4
(MSB)

LANGID#5
(LSB)

LANGID#5
(MSB)

LANGID#6
(LSB)

LANGID#6
(MSB)

LANGID#7
(LSB)

LANGID#7
(MSB)

Zoran ZR36506 USBVision — Datasheet
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Description

Optional .Bits 15-8 of Language-Identifier of language #2.
Mugt contain FF if not used.
Optional. Bits 7-0 of Language-Identifier of language #3.
Mugt contain FF if not used.
Optional .Bits 15-8 of Language-Identifier of language #3.
Mugt contain FF if not used.
Optional. Bits 7-0 of Language-ldentifier of language #4.
Must contain FF if not used.
Optional .Bits 15-8 of Language-Identifier of language #4.
Mugt contain FF if not used.
Optional. Bits 7-0 of Language-ldentifier of language #5.
Must contain FF if not used.
Optional .Bits 15-8 of Language-ldentifier of language #5.
Must contain FF if not used.
Optional. Bits 70 of Language-ldentifier of language #6.
Must contain FF if not used.
Optional .Bits 15-8 of Language-ldentifier of language #6.
Mugt contain FF if not used.
Optional. Bits 70 of Language-ldentifier of language#7.
Mugt contain FF if not used.
Optional .Bits 15-8 of Language-Identifier of language #7.
Mugt contain FF if not used.

External EEPROM
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Table of Descriptor Pointers

Thistable is used by the ZR36506 to locate the start address of a given descriptor. Eachitemin
thistable condsts of a Descriptor Identifier byte (first byte), and EEPROM address (second byte
- contains only 8 most significant bits of address. The other 3 bits always equa '000).

EEPROM @ EEPROM
Address | Data
(Hex) (Hex)

010 DDI (=40)

011 DD address

012 CDI#0
(=20)

013 CD#0
address

CDI#1
(=21)

CD#1
address

CDI#2
(=22)

CD#2
address

CDI#3
(=239

CD#3
address

SDI#1,0
(=90)

External EEPROM

Description

Device-Descriptor |dentifier code (=40). This descriptor
must exist in EEPROM.

Device-Descriptor addressin this EEPROM (inthis
table, units are in 8-byte steps for address pointers).

Configuration-D escriptor Identifier # O code (=20). This
descriptor mugt exist in EEPROM.

bits 7-2:  '001000' (code of Configuration-Descriptor).
bits 1-0: '00" (Configuration Index).
Configuration-Descriptor #0 address.

Optional . Configuraion-Descriptor Identifier # 1 code.
Optional . Configuration-Descriptor #1 address.
Optional . Configuration-Descriptor Identifier # 2 code.
Optional . Configuration-Descriptor #2 address.
Optional . Configuration-Descriptor Identifier # 3 code.
Optional . Configuration-Descriptor #3 address.
String-Descriptor Identifier Lang#1 Indx#0 (=90).

This descriptor is actudly the first table in EEPROM.
bit 7: 1.

bits6-4: '001' (Language number in language-table).
bits 3:0: '0000' (String Index).

11-5



EEPROM EEPROM

Address
(Hex)

Data
(Hex)

SDI#1,0
address
(=00)

SDI#2,0
(=A0)

SDI#2,0
address
(=00)

SDI#3,0
(=B0)

SDI#3,0
address
(=00)
SDI#4,0
(=C0)

SDI#4,0
address
(=00)
SDI#5,0
(=DO)

SDI#5,0
address
(=00)

SDI#6,0
(=EO)

SDI#6,0
address
(=00)
SDI#7,0
(=F0)

SDI#7,0
address
(=00)

Zoran ZR36506 USBVision — Datasheet
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Description

String-Descriptor #1,0 address (=00).

String-Descriptor Identifier Lang#2 Indx#0 (=A0). This
descriptor is actudly the firgt table in EEPROM.

String-Descriptor #1,0 address (=00).

String-Descriptor Identifier Lang#3 Indx#0 (=B0). This
descriptor is actudly the first table in EEPROM.

String-Descriptor #3,0 address (=00).

String-Descriptor Identifier Lang#4 Indx#0 (=CO0). This
decriptor is actudly the first table in EEPROM.

String-Descriptor #4,0 address (=00).

String-Descriptor Identifier Lang#5 Indx#0 (=D0). This
descriptor is agudly the firg table in EEPROM.

String-Descriptor #5,0 address (=00).

String-Descriptor Identifier Lang#6 Indx#0 (=E0). This
descriptor is actudly the firgt table in EEPROM.

String-Descriptor #6,0 address (=00).

String-Descriptor [dentifier Lang#7 Indx#0 (=F0). This
descriptor is actudly the first table in EEPROM.

String-Descriptor #7,0 address (=00).

External EEPROM
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EEPROM EEPROM
Address | Data
(Hex) (Hex)

SDI#n1,m1

DI#n1,ml
address

SDI#n2,m2

SDI#n2,m2
address

SDI#nk,mk

SDI#nk,mk
address

EOT (=00)

Description

Optional . String-Descriptor Identifier Lang#nl
Inax#m1.

bit 7. 1!

bits64: nl (Language number in language-table).

bits 30: m1 (String Index).
Optional . String-Descriptor #n1,m1 address.

Optional . String-Descriptor Identifier Lang#n2
I ndx#m?2.

Optional. String-Descriptor #n1,m1 address.
Optional . String-Descriptor |dentifier Lang#nk
Inabx#mk.

Optional . String-Descriptor #nk,mk address.

End-Of-Table code (=00).

Table of Descriptors

This table contains the DEVICE descriptor, all CONFIGURATION descriptors, and al STRING
descriptors. DEVICE and STRING descriptors are organized exactly as specified in the USB
standard. CONFIGURATION descriptors start with aword (= 2 bytes - LSB first, then MSB)
that specifies the number of totd bytesin the descriptor (excluding thefirgt 2 bytes), followed by

the descriptor's body, which is organized exactly as specified in the USB standard.

= The Supported Unicode Languages Table is also used as
.,pﬁ/f STRING descriptor #0 for all languages.

= There is one and only one DEVICE descriptor, which is
always 18 bytes long.

= A descriptor always starts at an 8*k address of the
EEPROM (the 3 least significant bits of the address are
'000%"). This means that there can be up to 7 unused
bytes between any two descriptors in the table.

External EEPROM
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EEPROM Access Registers

EEPROM access via the ZR36506 registersis enabled when the E2_EN bit in the PWR_REG
register is set. The following registers are used for EEPROM access:

Parameter Register Address | Usage
E2_EN Reg.0/d7 E2_EN Enable EEPROM access.
O Default after Reset. EEPROM access
dissbled.
1 Enable EEPROM Read and Write® .
EE _DATA [7..0] Reg.14 EE_ DATA  DataByte to be written to EEPROM. Also,

last Data Byte that was read from EEPROM.

EE_LSBAD|[7..0] Reg.15 EE LSBAD @ 8Least Significant bitsof byte addressin
EEPROM to be accessed.

EE_MSBAD [10..8] Reg.16/d2-d0 3 Mog Significant bits of byte addressin
EEPROM to be accessed.

EE_DIR Reg.16/d3 EE_DIR | Sdect EEPROM access direction:
0 Sdect Write operation to EEPROM.

1 Sdect Read operation from
EEPROM.

EE_GO/EE_BUSY @ Reg.16/d4 EE GO/ @ Thisisused asboth acommand and agatus
EE BUSY bit. Writing 'L to this bit will initiste a byte
Read or Write. The EE_GO/EE_BUSY bit
will remain "1 ill the end of operation, to
indicate to the host computer when a
EEPROM access can begin.

* A Write operation to the EEPROM requires the EEPROM
v WP pin to be grounded.

* A Write operation requires additional 10 milliseconds in
the EEPROM internal circuits.

11-8 External EEPROM
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EEPROM Control Signals

The SCL/PWRO0 and SDA pins of the ZR36506 are the EEPROM control signals. The
SCL/PWRO is used as the clock output, and the SDA sgnd is used asthe data I/O.

If an externd EEPROM does not exist (EEPROM = '0"), the ZR36506 automaticaly usesits

internal ROM for USB descriptors. In this case, the ZR36506 relates to hard-coding of the pins
SCL/PWRO0 and PWRL to determine the current-consumption parameter for the configuration

descriptor. The following table summarizes these two modes of operation:

Internal ROM Mode External EEPROM Mode
EEPROM pin connected to GND. EEPROM pin connected to 10 Kbyte
SCL/PWRO and PWR1 pins are hard Pull-Up resistor (33 V 10 50V).
coded to determine device current Externa Serid 2 K * 8 EEPROM is
consumption for Configuration connected:
Descriptor: SDA/EEPROM connected to Serid-Data
PWR1 SCL/PWRO Current  (SDA).
= SCL/PWRO connected to Serial-Clock

0 0 200mA (SCL).

0 1 300mA

1 0 400mA

1 1 500mA

The following timing diagrams and table specify the EEPROM control waveforms that the
ZR36506 generates.

tSU:STA o tHD:STA tSU:STG

SCL
SDA

Sart/Sop Timings

External EEPROM 11-9
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tHIGH tLOW
ScL
tHD:DI tHD:DO ‘_’i k_’ tSU:DO
SDA OUT >< X bn X Dnel ><
o sun

SDA IN ><>< Data Valid

Data Valid ><><><

XX

Symbol | Parameter

Data Timings

tsusta | START condition setup time
tioista | START condition hold time
tsu:sto | STOP condition sstup time

tHIGH Clock high time

tLow Clock low time

tsupo | Dataoutput setup time
tiopo | Dataoutput hold time
tsuDI Datainput setup time
tHDDI Daainput hold time

Min

Max | Unit
- ns
- ns
- ns
- ns
- ns

270 ns

2670 ns
- ns
- ns

External EEPROM
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12 ZR36506 USB AND STATUS REGISTERS

The ZR36506 has some regigters that dlow the software driver to directly read and affect some

USB device parameters. These are specified in the following table:

Register

Parameter Address

CONFIG_REG Reg.1

CONFIG_REG
Reg.2/d6-d0
ADRS REG

Reg.3/d3-00
ALTER_REG

ADRS_REG

ALTER_REG

NEW ALT Reg.4/d3-d0
FORCE_ALTE

R_REG

FORCE_ALT Reg.4/d7
FORCE_ALTE

R _REG

VFRM_BLNK Reg.5/d0

STATUS_REG

ZR36506 USB and Status Registers

Usage

Read Only register. Contains the Device
Configuration number.

Read Only register. Contains the Device
Address.

Read Only register. Containsthe Alternate
setting for End-Point #2 (video bandwidth).
Regarding this vaue as a binary number in
the range [1,15], the number of bytessent in
the Isochronous pipe of EP2 in every
millisscondis

N = (16-ALTER_REG)*64 - 1

USB Bandwidth = (16ALTER_REG)*0.5
Mbit/sec

New Alternate setting for End-Point #2,
(video bandwidth), to replace the origind
setting. This can be used to lower the actud
used bandwidth temporarily, without
notifying the Operating System.

Force New Alternate.

0; Use origing setting.

I Select NEW_ALT vaue.

Read Only regigter.

0; Vdid region of input video frame.

I Blank or unused region of input video
frame.

12-1



Parameter

EE_CLK_FORCE
[2.0]

WD_EN &
WD_COUNT][7..0]

Register
Address

Reg.16/d7-d5
EE_CONT

Reg.0/d0
Reg.53/d7-d0

Zoran ZR36506 USBVision — Datasheet
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Usage

Read Only regigter.

These 3 hitsreflect the logicd leve of the
following pins of the ZR36506:

EE_CLK_FORCE [0] = SCL/PWRO pin.
EE_CLK_FORCE [1] = PWRL pin.
EE_CLK_FORCE [2] = SDA pin.

Some USB hogt controllers may start an
Isochronous IN transaction too long after the
SOF (Start of USB Frame point). This means
that long IN transactions may exceed the

1 mStimeinterva of the USB frame, and
cause the USB host contraller to disconnect
the device. The ZR36506 uses an interna
Watch Dog timer to diminate such problems.
The Watch Dog operates if the WD_EN
control hit is set to '1". It then Sarts to count
686 uS after the SOF pattern, and terminates
any |sochronoustransaction automatically
when reaching the value of the WD_COUNT
register. Every one count is equivaent to

1.33 uS. Note that the value of WD_COUNT
should be no more than OXE9 in order to take
any effect.

ZR36506 USB and Status Registers
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13 PROGRAMMABLE 1/0O PINS AND
48 MHz OUTPUT PIN

The ZR36506 has two programmable 1/O pins for generd purpose usage. These are |O-1 and |O-
2 pins, which are OpenDrain.

Each of these pins- if used - must be connected to an externa Pull-Up resistor to 3.35.0 V (if

not used, it can betied to GND). The externad Pull-Up resistor should be in the range of 1-10

KW.

To use these pins as inputs, the host computer should write '1' to the gppropriate bit in the
IOPIN_REG regiger (in the ZR36506 register bank) - these arethe |O_1 and 10 _2 hits,
repectively. In this condition, the voltage level presented on the |O-1 or 10-2 pin may be read
by the host computer via the gppropriate bit ('O’ represents <0.8 V, '1' represents > 2.0 V).

To use these pins as outputs, the host computer should write the output vaue to the appropriate
bit inthe IOPIN_REG regidter; In this condition, and assuming that no externa device forcesthe
voltage level presented on the 10-1 or 1O-2 pin, the written vaue will be reflected (‘0" will
generate OV, '1' will generate 3.35.0V).

Upon a Power On Reset or a USB-Reset operation, the |O-1 and 10-2 pinsare cleared to '0'. In
Suspend mode, these pins are temporarily set to High-z

The ZR36506 provides a48 MHz clock output for SDRAM interface and generd purpose usage.
The pin CLK48 is dedicated to this, and is enabled when the CLK48 EN bhit isset to '1'
(Reg.0/d3). When disabled, the output levd in this pin is congtant ‘0’

The 48 MHz output is 50% duty cyclewith 1 nSjitter, and is derived from the externd 12 MHz
crystd (an internd analog PLL is used).

Programmable 170 Pins and 48 MHz Output Pin 13-1
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14 AubDI10 CHANNEL

The audio channd in the ZR36506 is based on aserid 64 — 512 Khit/s data stream from the
ZR36506 to the host computer (USB Isochronous mode is used for this stream). The 64 — 512
Khit/s stream comes from an 8,000 / 16,000 S/sec 16 / 8-hit audio sample at the externd audio

Codec(s). Two externa Codecs should be used for Stereo mode recordings. The 8/ 16 KHz
sampling dlock is derived from the 12 MHz externd crysd.

The ZR36506 pins for the external Codec interface are BCLK, FS L, FS R, and DAT_IN.
Thefollowing table specifiesthe AUDIO_CONT register (Register address = 50):

Bit# Name Description
0 E A ‘0" Disables Audio channd. St FS L and FS R outputs to
congtant '0'.
If E Bisads0'0, BCLK isset to congtant '0'.
"1 Encble Audio channd.

1 E B ‘0" Dissble Bulk Datainput. Set BLK_FULL output to
congtant '0'.
If E Aisdso'0, BCLK isset to congtant ‘0.
1 Enable Bulk Data inpuit.
32 BPS ‘00 8-hit per sample.

‘01 12-hit per sample (Occupies 2 bytes. Bits d3-d0 of second
byte are st to '0000).

"10: 14-bit per sample (Occupies 2 bytes. Bits d1-d0 of second

byte are st to '00).
11" 16-hit per sample.
4 9™ ‘0 Sdects Mono mode. FS L output isactive, FS R output is
congtant '0'.
1" Sel_ects Stereo mode. Both FS L and FS R outputs are
active.
5 FS ‘0" Set sampling rate to 8,000 Samp/Sec.
1" Set sampling rate to 16,000 Samyp/Sec.
7-6 | BK '00: BCLK frequency isnot defined.

01 Select BCLK frequency = 64 KHz.
10:  Select BCLK frequency = 1.544 MHz.
11 Select BCLK frequency = 2.048 MHz.

Audio Channel
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In addition to the AUDIO_CONT register, thereisthe AUD_PK_LEN register (Register address
= 51), to select the maximum packet Sze to be sent via the audio 1sochronous pipe. This number

is limited to 128, which is the maximum number of bytes that the ZR36506 audio FIFO can

contain. The software driver should st this register to a vaue that fits the USB descriptor for the
EP#3 maximum packet length (which is 66, if not usng an externd EEPROM).

Codec Interface

The Codec Interface is Long Frame Sync Timing based. The BCLK frequency may be selected
to be — 2048 KHz, 1536 KHz, or 64 KHz, which engbles the designer to use dmost any family of
low cost Codecs available on the market.

In the Long Frame Sync Timing modes, the MSb of the "transmitted” data is dways expected
soon efter therising edge of the FS L (or FS_R) signal. The ZR36506 produces a positive pulse

of 2 BCLK cyclesin these output pins every 125 us (8 KHz) or every 62.5 us (16 KHz), which
indicates the gart of sample as specified in the following waveform diagram:

see | LU -=-T L

Tsx
FS L
FS_R | o
—pi ¢ Txd2
DAT IN XX NISb X x x———x X x Lsb x XX

The BCLK isderived from the 12 MHz clock on the crystd. Thisresultsin a4.3% jitter at the
BCLK signdl.

The following table specifies the minimum and maximum time intervas for the Codec Interface
waveform diagram:

Parameter Symbol  Min = Max  Unit
Hold TimefromBCLK LowtoFS L/FS R Txs 180 - s
High

Setup TimefromFS L /FS R Highto BCLK Tsx 180 - s
Low

Delay Timetovalid datafromFS L /FS R Txdl - 200 ns
Delay Time from BCLK High to DAT_IN valid Txd2 - 200 ns
Jitter a the Bit Clock signa BCLK Cj - 43 %
14-2
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15 BuLK CHANNEL

The Bulk channd in the ZR36506 is capable of trandferring serid data from an externd sourceto
the host computer at abit rate of up to 2 Mbits/sec. It uses abulk end point (E.P#4), with a
maximum packet length that may be specified by avaue of 1 - 64 bytes (the USB standard does
not alow abulk packet of more than 64 bytes).

The Bulk channd takes advantage of the existing interface for the audio codec. In order to work
smultaneoudy with the audio dhannd, the external data source should be able to stop the data
transfer from time to time - as specified in the Bulk waveform diagram.

The ZR36506 pins for the Bulk channdl interface are BCLK, DAT_IN, BLK_EN, and
BLK_FULL. ThesignasFS L and FS_R should be monitored by the data source logic, in order
to coexigt with the audio channd.

The following table specifies the control regigtersthat are used for controlling the Bulk channd:

Control Name Description
E B Reg.50/d1 ‘0" Disable Bulk Datainput. Set BLK_FULL output to
congant '0'.

If E Aisaso'0, BCLK isset to congtant ‘0.
1" Enable Bulk Data inpui.

BLK_PK_LEN [6..0] Thisregigter specifies the maximum number of bytesto be

Reg.52/d6-d0 sent in asngle USB Bulk packet. This must be a number
between 0 and 64, and should fit the content of the USB
descriptor (64 if no external EEPROM used).

Thisregigter directly affects the bit rate capability of the
Bulk channd. The actud bit rate is dso limited by the
BCLK frequency, which may be 64 KHz, 1544 KHz, or
2048 KHz. A bit rate of 2 Mbits/'sec may be reached only on
computers that are capable of performing more than one
packet in aUSB frame (OHCI).

Bulk Channel
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Thefallowing waveform diagram specifies the procedure and timings for the ZR36506 Bulk
interface. Note that the input datais sampled on the falling edge of the BCLK dock sgnd. The
BLK_EN input isset to '1' by the sending device to indicate the beginning of abyte sequence; it
should dways turn to 1’ before the mogt significant bit of the first byte, and returnto '0' after the
least Sgnificant bit of the last byte in sequence. When the BLK_FULL output of the ZR36506
turns 'L, the sending device should wait (by switching BLK_EN to '0") until the BLK_FULL
indication returnsto '0'.

i
BEsu —DEh g g

BLK_EN

Dh

\ 4

DAT_IN XX B1[7] B1[6] X B1[5] X B1[4] X———X Bn[2] X Bn[1] X Bn[0] XZX

Dsu

If the audio channdl is enabled, the sending device should wait a least 16 clock cycles after the
FS L (or FS_R) pulse before beginning to send its own data. During thistime it should keep its
dataout Sgnd in the Hightz state, so as not to interfere wih the audio data

BLK_EN Keep device data output pin in Hi-Z |

DAT _IN XX lawbl audio lwm wa)x———Xawbl mml B1[6] E&é

i i
i BFLsu
i

i
> ¢ BFHsu

BLK_FULL

BLK_EN K“

DAT_N | otz | ey } - {Bn+1[7] XBn+1[6] x

15-2 Bulk Channel
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Parameter Symbol
Setup Time from BLK_EN High to BCLK Low BEsu
Hold Time from BCLK Low to BLK_EN Low BEh
Setup Time from DAT_IN valid to BCLK Low Dsu
Hold Timefrom BCLK Low to DAT_IN valid Dh

Setup Time from BLK _FULL High to BCLK BFHsu
High

Hold Time from BLK_FULL Low to BCLK High BFLsu
Jtter at the Bit Clock signd BCLK Cj

Bulk Channel

15-3
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16 SERIAL PI1PE OUT INTERFACE

Description

The Serid Pipe Out (SPO) interface is used for compressed video and audio deta transfer to
externd devices. Thisinterface is used in Standalone mode (When not connected to USB)

The SPO congts of the following signds:

Pin # Pin Name 110
11 USB CLK OUT (@]

10  USB_DAT o)
9 | USB_VALID o)
8 USB_EP2 o)
7 | USB_EP3 o)
20 101 |

Description

12 MHz clock for bit sampling.

Serid dataoutput. Thissignal carries both compressed
video and PCM audio signals.

Data-Vdid sgnd.

‘v indicates that datais vaid.

‘0 indicates “ignore data signd”.

Switchfrom ‘0’ to ‘1’ indicates beginning of anew byte.
Video Data Sdlect Sgndl.

‘1 indicates video data region.

Audio Data Sdlect sgnd.

‘T indicates Audio dataregion.

Video Data Request.

‘T means externd device is ready to receive more
data

‘0 means externd device cannot receive more data
now.

Video and audio data are byte-oriented and aways begin with the LShit. The sgnd
USB VALID dwaysreturnsto ‘O’ between every two subsequent bytes, hence it can be used for

byte synchronization.

The dgnds USB_EP2 and USB_EP3 indicate whether the data belong to the video or audio
streams respectively. The sgnd USB_EP2 can aso indicate the end of a video frame and the
beginning of the next one. Refer to the waveform diagrams for this indication.

Serial Pipe Out Interface
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5 I I

USB_DAT:X XX

Do YD1 YD2 Y D3 Y D4 Y D5 X D6 X D7 ) xx XxxX

USB_VALID,

I

USB_EP2 J

Audio Data Output

L

USB_
avoor U] LT LT LU UL L L L

usB_DAT | xx

po { o1 f o2 Yos Y o4 [ os s o7 N xx Jxx

USB_VALID |

I

USB EP3 |

USB_
CLK_OUT

USB_DAT
USB_VALID
USB_EP2
USB_EP3

General Timing 1

t1

L

t2

t3

X

t4

&
<

USB_EP2

Vid. data pack. (63-1023 bytes).

Video frame #N

Vid. data pack

General Timing 2
Video frame #N

Jt6

Audio data pack.
1-16 bytes

Vid. data packs (0 bytes)
End of Video frame

Vid. data pack
Video frame #N+1

P4

1

USB EP3 _I_
RN

Lg

USB_VALID

Note: One or more empty packets of video type must occur after every video frame

16-2
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General Timing 3

o] n i

Continue until Pack. | wait for 101="1"
USB—EP2 end (63-1023 bytes)

USB_EP3 1

=

Timing Table

Name Min Typical Max

t1 78 8 88
t2 5 7 10
t3 37 42 47
t4 10 1000 2000
t5 1 8 16
t6 20 800 -
t7 20 800 1500

Serial Pipe Out Interface

Unit

[ns]
[ns]

[us
[ns

16-3
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17 SOFTWARE PACKAGE

Listed below is a description of the software components provided with the ZR36506.
* WDM Video streaming class MiniDriver
» MS* standard connection and greaming in kerne mode (Capture, Still)
» MS* standard property sets (TV Tuner, Crossbar)
» MS? standard way of exposing data formats.
» MS* standard way of controlling stream flow.

All interfaces are exposed through the DirectShow
.,pﬁ’ architecture. VFW interfaces are also available via a WDM
= to VFW mapper, provided by Microsoft.

WDM Audio streaming class MiniDriver - sreams audio data from the ZR36506 chip.

= TWAIN Compliant Drivers - The package includes a TWAIN compliant driver for high
resolution till image capture. The GUI of the TWAIN driver displays alive video preview.
The package dso includesa TWAIN compliant driver for Digitd Camera support.

= EEPROM Programming Application - An gpplication for programming the ZR36506
EEPROM to contain vendor specific USB Descriptors. It alows the setting of the device
and manuf acturer names as well asthe serid number for the device.

The drivers are supplied with an INF file for easy
installation. Customization is applied by modifying the
name strings in the INF file.

Software Package 17-1
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18 MECHANICAL SPECIFICATIONS
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USA Zoran Corporation ISRAEL  Zoran Microelectronics Ltd.
3112 Scott Boulevard, Advanced Technology Ctr.
Santa Clara, CA 95054-3317 P.O. Box 2495

Haifa, 31024 Israel

Td.: +1-408-919-4111 Td.. +972-4-8545-777

Fax: +1-408-919-4122 Fax; +972-4-8551-551
CHINA Zoran China Office JAPAN Zoran Japan Office

Suite 2507 2-2-8 Roppongi, Minato-ku

Electronics Science & Tokyo 106-0032, Japan

Tech Building

2070 Central Shennan Rd.
Shenzhen, Guangdong,
518031 P.R. China

Tel.: +86-755-378-0319 Td.: +81-03-5574-7081

Fax: +86-755-378-0852 Fax: +81-03-5574-7156
TAIWAN  Zoran Taiwan Office CANADA Zoran Toronto Lab

4F-1, No. 5, Alley 22 2175 Queen St. Eadt,

Lane 513, Reikuang Rd. Suite 302

Taipel, Tawan R.O.C. Toronto, Ontario

M4E 1E5 Canada

Tel.: +886-2-2659-9797 Td.: +1-416-690-3356

Fax: +886-2-2659-9595 Fax: +1-416-690-3363
WEB http://www.zoran.com http://www.nogatech.com
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