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Philips Semiconductors Video Products

Digital video now, an introduction

In the old days, if you wanted to see video, you turned to your
television set. Nowadays, video is popping out all over--on PCs,
workstations, teleconferencing gear, and a spate of medical and test
equipment.

WHY?

Because humans live in a real-time, natural color world that
machines are just catching up with. Video enhances the
effectiveness of education, training, medical diagnosis, and just
about any attempt to communicate.

HOW?

People are using digital video processing ICs from Philips
Semiconductors-Signetics to facilitate the fusion of video and
graphics. Look:

CCIR601

CCIR601 is an internationally established standard for digitizing
PAL, NTSC, and SECAM. This standard is frequently called D1 in
the U.S.

We offer a chip set thatis 100% compatible with this standard, as
well as other chip sets that address different market requirements.

OUTPUT
PROCESSING

INPUT FEATURE
PROCESSING PROCESSING

|
VIDEO
D ] I
l
!
!
!
il Iy N B NN e T
|

DISPLAY
RAM

Unfortunately, this simple diagram hides a host of difficulties,
including differences in scanning schemes, screen refresh rates,
resolution, and color encoding. Fortunately, Philips has been into
televisions since Felix was a kitten, and knows how to deliver video
that looks good, even under adverse conditions.

WHAT DO YOU NEED?

The system that you select to decode and digitize your video signal
must meet the following requirements:

» Support for Standards

» Orthogonal Sampling Structure

» Ease of Implementation

SUPPORT FOR STANDARDS

PAL, NTSC, SECAM

Philips digital video can detect which of the three international
broadcast standards it is receiving and automatically switch to
decode it!

S-VHS

Industrial applications frequently demand the increased performance

of Super-VHS. Philips digital video can process S-VHS with the
addition of a second analog-to-digital converter to handle the
chrominance channel.
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ORTHOGONAL SAMPLING STRUCTURE
Processing in the horizontal (X), vertical (Y), and time (T)
dimensions requires that picture elements are in identical positions
in each frame. Philips’ unique line-locked-clock implementation
satisfies this requirement.

Examples of video processing include:

o Filtering in the X-direction: bandpass filter.

« Filtering in the Y-direction: simple comb filter.

 Filtering in the T-direction: noise reduction.

In the Philips digital video system, the sample clock is synchronized
with the input's sync signal. An internal discrete time oscillator is
used to demodulate the chroma.

This concept combines quartz stability with adaptive handling of
video line frequency, and delivers picture elements in each field in
identical positions. After all, nobody wants pixels that deviate.

It guarantees robust recovery of the video signal, without jitter,
tearing or loss of color, even under the following adverse conditions:
» Time-base errors from

— VHS or 8mm tape playback

- Videotape shuttle

- Videodisc freezeframe
» Poor signal-to-noise ratio from

- Low signal strength
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Digital video now, an introduction

EASE OF IMPLEMENTATION

The Philips digital video system is simple to use:

* No adjustments.

o All 5-volt operation.

* Small form-factor—all parts available in surface mount

o Architecture is partitioned to simplify the addition of features.

« Digital circuitry is constant, reproducible, and not subject to
manufacturing variations.

o Itis notinfluenced by variations in supply voltage or aging.

* There are no tolerances and therefore no need for circuit
adjustments.

o Digital control is readily implemented via 12C*, without the need for
D/As or other interfaces.

» Digital filters are implemented on-chip, and offer linear phase
response.

o A single crystal supports different broadcast standards.

THE BUILDING BLOCKS:

INPUT PROCESSING

Analog to Digital Converter (A/D)

We offer a broad range of high performance A/Ds incorporating
Philips’ unique folding and interpolation architecture (see glossary).
Two of these are specially configured for the digital video chip set:
the TDA8708 for composite video (CVBS) inputs, and the TDA8709
for chroma inputs in S-VHS applications.

With the TDAB708, one can select one of three composite video
signals to input to the system. This IC includes clamping, automatic
gain control, and drive for an external low-pass filter. The signal is
then fed to an internal eight-bit analog to digital converter, and finally
output to the Digital MultiStandard Decoder.

Digital MultiStandard Decoder (DMSD)

The DMSD accepts digitized composite video, performs horizontal
and vertical synchronization processing, and outputs Luminance (Y)
and Chrominance (U,V) signals. Via I2C (see glossary), one can
control color hue and luminance frequency response for optimum
performance.

Philips offers four DMSDs:

o SAA9051 for consumer applications:
7-bits; Y:U:V 4:1:1; 13.5 MHz, 720 pixels/line

« SAA7151 for industrial applications:
8-bits; Y:U:V 4:2:2; 13.5 MHz, 720 pixels/line

* SAA7191 for computer graphics:
8-bits; Y:U:V 4:2:2; NTSC 12.27 MHz, 640 pixels/line
PAL/SECAM 14.75 MHz 768 pixels/line

* SAA7194(6) for computer graphics:
8-bits; Y:U:V 4:2:2; NTSC 12.27 MHz, 640 pixels/line
PAL/SECAM 14.75 MHz 768 pixels/line

Clock Generator Circuit (CGC)

This IC works together with the DMSD to lock to the incoming
signal’s sync and generate the necessary system clocks. Philips
offers three CGCs, one for each DMSD.

DIGITAL
COMPUTER
GRAPHICS
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Digital video now, an introduction

FEATURE PROCESSING

Philips digital video architecture allows the data to be manipulated
and freely shifted in time between input and output. Examples of
processing which could be implemented here include manipulating
the size of the picture, filtering, noise reduction, or data
compression.

Digital Color Space Conversion (DCSC)

The SAA7192 digital color space converter connects directly to
either the SAA7151 or SAA7191 DMSD. it accepts the Y:U:V data,
interpolates samples, digitally converts Y:U:V to R:G:B, and
performs inverse gamma correction via an on-chip look-up table. It
outputs R:G:B 8:8:8, which can then be manipulated as computer
graphics, or directly converted into analog red, green, and blue
through a D/A, such as the TDA8702 or SAA7169.

Digital Video Scaler (DVS)

The SAA7186 digital video scaler connects directly to all Philips 8-bit
decoders (SAA7151 B,SAA7191 B, and SAA7194/6) DMSD. It
accepts the YUV data, interpolates samples, scales the video
downward to any desired size, filters the scaled video in both the
horizontal and vertical domains and performs digital color space
conversion of the YUV data into several formats of YUV and RGB
video. It also contains an output buffer with handshaking for ease of
interface and an anti-gamma ROM (bypassable).

Digital Decoder and Scaler (DESC)

The SAA7194/6 integrates the functionality of the SAA7191 B digital
decoder, SAA7197 clock generator (SAA7196 only) and the
SAA7186 scaler IC's. Input processing, and feature processing are
integrated into one device.

Digital Encoder (DENC)

The SAA7199B (DENC) is a digital video to analog CVBS or
8-Video encoders. This device is multistandard. The 7199B accepts
digital RGB, YUV, 8-bit Indexed and digitized composite video as
inputs. It also features a digital genlock input to aid in synchronizing
the encoding system to other reference sources. The SAA7199 will
simultaneously output CVBS (composite) and S-Video into 75 ohm
loads.
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Video Enhancement and D/A processor (VEDA and
VEDA2)

The SAA9065 (VEDA) and SAA7165 (VEDA2) accept YUV data
input, upsamples and interpolates and converts the data to analog
YUV signals. Both 7-bit 4:1:1 and 8-bit 4:2:2 data formats are
possible. Both devices can perform aperture correction and the
SAA7165 will perform color transient improvement. Both devices will
run at 30 MHz so that non-interlaced video can be supported.

Analog Video Processor (AVP)

The TDA4680,4685 and 4686 include an analog matrix which will
covert analog YUV to analog RGB. These devices also accept
synchronous external analog RGB signals and switch between these
sources at a pixel rate thus allowing overlay capabilities. 12C control
of brightness, contrast and saturation is possible. All three devices
are pin compatible, the TDA4686 has higher throughput bandwidth.

GLOSSARY
12C Bus

The Inter-Integrated Circuit (12C) Bus is a two line, multi-master bus
developed by Philips to provide cost-effective control of analog and
digital functions among ICs.

12C can simplify the manufacturing process by enabling complete
calibration and test under computer control. Philips offers a large
family of I2C-capable integrated circuits, including microcontrollers,
microprocessors, and audio, video, and telephony ICs.

Folding, Interpolating A/Ds
This term describes the unique technology used in Philips’ family of
high speed analog to digital converters.

Designers are usually forced to choose between the high
performance and high power consumption of bipolar flash A/Ds or
the low power consumption and low performance of CMOS A/Ds. By
folding comparator inputs and interpolating the outputs, Philips is
able to realize an A/D with one quarter the circuitry of a conventional
flash converter. That means high performance A/Ds with power
consumption as low as 250 mW. In addition to video, these parts are
enabling new test and medical imaging applications.



€661 Ainp

o

INPUT PROCESSING |FEATURE PROCESSING | OUTPUT PROCESSING
] | |
oo | | Ly
—]
CHROMINANCE —ls/ —l—’.,\ 7 SAAS\f,)Eeg ;7165)
(OPTIONAL) v DIGITAL
SAASGS1 ! FRAME ! PROCESSING
DMSO ! MEMORY AND TRIPLE
PAUNTSC | 4 OAGs
vIoVBSt DECODER > ]
——  ToAs708
cves2 ADC — N WRITE  READ |
——  Lmnance [ |
cves3 COMPOSITE | 4 |
| |
} I I
| |
{ VGA SYNC :
CLOCK
GENERATOR
28 TO 30 MHz
SAA7197 7
cac Y MIXER
cLocK CONTROL
GENERATOR VGA TDA4686
GRAPHICS R AVP —— R
SYSTEM a ANALOG  |»— @
AND RAM : VIDEO
COMINATION [~™— B

]

12C BUS CONTROL 2

Figure 1. 7-Bit Low Cost Video Frame Grabber with VGA Out

12cBUS
CONTROL

out

suoljeinbyuod uoneosyddy

Jweag sdinyd

14
d

ospIA

| 4




€661 Ainp

1

Lo]
o)

INPUT PROCESSING | | FEATURE PROCESSING | OUTPUT PROCESSING
| | |
1 |
|
]
TDAB709 | R
—] ADC > | _Je\ ]s\ - R
c CHROMINANCE —/ 4
g (OPTIONAL) SAATIST I SAA7102A i .
DMSD | DCSC | @
PAUNTSC DIGITAL FRAME TRIPLE
SECAM ll N COLOR :b MEMORY :—:9 A G
Y/CVBS1 DECODER SPACE | CONVERTER
8
g TDA8708 t17] converter |
cvas2 ADC 8 | LN B
—®—1  LUMINANCE ﬁs/ —L———fe\ | o— g
cvBs3 COMPOSITE ; —%———‘-\/
| |
| |
t |

12C BUS CONTROL 2

SAA7191 GRAPHICS
CGC SYSTEM
CLOCK
GENERATOR

Figure 2. 8-Bit RGB Frame Buffer with Analog RGB Output

ANALOG
RGB OUT

suoneinbyuod uoneo)ddy

$19NPoId 0BPIA SI0lONPUOSIWES Sdiliyd



€661 Ainp

8l

INPUT PROCESSING | FEATURE PROCESSING | OUTPUT PROCESSING
| |
| |
! |
> TDA8709 : | R
] ADC -
CHROMINANCE |-8 8 :',:lj> cves
c— orronay |V y
( ) SAA7191B i SAA7186 | SAAT1908
DMSD DCSC FRAME G
4 PALNTSC | | DIGITAL ey  MEMORY ‘ DlaTAL v
SECAM LN VIDEO AND ENCODER
YiIcvest DECODER A SCALER CONTROLLER :
— TDAS708 )/
cves2 ADC JB\ | LN 8
——1 wwmnance 1] | 2 A lo— ¢
cvBss COMPOSITE |
> -]
| FEE S
I { Rl als |
1 |
T
12C BUS CONTROL 2 1
SAA7197 GRAPHICS !
CGC SYSTEM SAA7197
CLOCK C(on;gK
GENERATOR GENERATOR
GEN LOCK SOURCE
S1 ——] TDA8708 J

§2 ——

ADC
LUMINANCE

s3 —»—{ COMPOSITE

Figure 3. 8-Bit Video Window Graphics with Encoder Gen-Locked to an External Source

suoneinBiyuod uoneolddy

sjonpoId 08pIA Sionpuodiweg sdiiyd



€661 AIne

64

COMBINED INPUT AND
FEATURE PROCESSING

—
——v

C —»—

TDA8709

ADC A
CHROMINANCE

(OPTIONAL) ]

[

Y/CVBS1
— TDAB708
cves2 ADC Jg\
1 wMNaNCE [/
cves3 COMPOSITE
-]
GEN LOCK SOURCE

DESCPRO
DECODER
SCALER
WITH CGC
SAA7196

QUTPUT PROCESSING

81 ——] TDA8708

ADC
s2 —— LUMINANCE
$3 —»—] COMPOSITE

Figure 4.

R
:{> } () >— cvas
! SAA71998
FRAME le DIGITAL
8 ME‘:‘N%RV 8 VIDEO l— v
conTROLLER | | ENCODER
|
8
—> - —
F§3 = 0N
R} als |
|
GRAPHICS
SYSTEM ShETa?
cLock
GENERATOR

8-Bit Video Window Graphics with Encoder Gen-Locked to an External Source Using SAA7196 Desco

suoneinbiyuod uoneoyddy

S1NPOId 0BPIA SioloNPUOOIBS Sdiiud



€661 Ainp

0L~

OUTPUT PROCESSING

> CVBS

H—— C

INPUT PROCESSING | !
I |
i |
I GRAPHICS I
1  Toasros : SYSTEM lr
] ADC N #>
¢ CHROMINANCE :[8> 8 z
. (OPTIONAL) SAA71918 'I 12 | SAA71998
DMSD
] ine || e
SECAM l l\
. seomw \ | ENCODER
——1  TDAs708 ) !
cves2 ADC 8 | &
——1  LUMINANCE | s
cvess COMPOSITE |
|
: |
! |
12C BUS GONTROL 2 Y il
SAA7197
cac
CLOCK
GENERATOR LLc2 cLock

Figure 5. RTC Genlock Mode (Uses Single CGC)

VS, HS
HREF
RTC

suoneinBbiyuod uoneoyddy

S10NpOId 08pPIA Siojonpuodjwes sdiyd




Philips Semicond Video Product

Pro electron type designation code for integrated circuits
L]

Basic type number

This type designation applies to semiconductor
monolithic, semiconductor multi-chip, thin film, thick- film
and hybrid integrated circuits.

A basic type number consists of three letters followed by
a serial number.

FIRST AND SECOND LETTER
Digital family circuits

The first two letters identify the family (see note 1).

Solitary circuits

The first letter divides the solitary circuits into:

$ : solitary digital circuits
T : analog circuits
U : mixed analog/digital circuits

The second letter is a serial letter without any further
significance except 'H’ which stands for hybrid circuits
(see note 2).

Microprocessors

The first two letters identify microprocessors and
correlated circuits as follows:

: microcomputer
central processing unit

: slice processor (see note 3)

: correlated memories

: other correlated circuits (interface, clock, peripheral
controller, etc.)

Charge-transfer devices and switched capacitors.

The first two letters identify the following:

: hybrid circuits

: logic circuits

: memories

. analog signal processing, using switched capacitors

: analog signal processing, using change-transfer
device

. imaging devices

: other correlated circuits
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THIRD LETTER

The third letter indicates the operating ambient
temperature range. The letters A to G give information
about the temperature:

: temperature range not specified below (see note 4)
Oto+ 70°C

: -55t0 +125°C

:-25to+ 70°C

:-25to+ 85°C

:-40to+ 85°C

:-55to+ 85°C

OTMTMOO®>»

If a circuit is published for another temperature range, the
letter indicating a narrower temperature range may be
used or the letter ‘A’

Example : the range 0 to +75 °C can be indicated by 'B’ or
A

SERIAL NUMBER

This may be either a 4-digit number assigned by Pro
Electron, or the serial number (which may be a
combination of figures and letters) of an existing company
type designation of the manufacturer.

To the basic type number may be added:

Version letter(s)

A single version letter may be added to the basic type
number. This indicates a minor variant of the basic type or
the package. Except for ’Z’, which means customized
wiring, the letter has no fixed meaning. The following
letters are recommended for package variants:

: for miniature plastic (mini-pack)
: for uncased chip

C : forcylindrical

D : for ceramic DIL

F : forflat pack (2 leads)

G : forflat pack (4 leads)

H : for quadrature flat pack (OFP)
L : for chip on tape (fcil)

P : forplastic DIL

Q : forQIL

T

V)
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Pro electron type designation code for integrated circuits

Alternatively a TWO LETTER SUFFIX may be used instead
of a single package version letter, if the manufacturer
(sponsor) wishes to give more information.

FIRST LETTER: General shape

: cylindrical

: dual-in-line (DIL)

: power DIL (with external heatsink)

: flat (leads on 2 sides)

: flat (leads on 4 sides)

: quadrature flat pack (QFP)

: diamond (TO-3 family)

. multiple-in-line (except dual-, triple-, quadruple-
in-line)

: quadruple-in-line (QIL)

: power QIL (with external heatsink)

: single-in-line

: triple-in-line

: lead chip-carrier (LCC)

: leadless chip-carrier (LLCC)

: pin grid array (PGA)

TSXITOTMTMOO

<XsE-H0DO

SECOND LETTER: Material

. metal-ceramic

: glass-ceramic (cerdip)
: metal

: plastic

vTZIOO0

To avoid confusion when the serial number ends with a
letter, a Hyphen is used preceding the suffix.

Examples (see note 5)

PCF1105WP : Digital IC, PC family, operational
temperature range -40 to +85 °C,
serial number 1105, plastic leaded
chip-carrier.

GMB74LS00A-DC: Digital IC, GM family, operational
temperature range O to +70 °C,
company number 74LSS00A, ceramic
DIL package.

TDA1000P : Analog circuit, no standard
temperature range, serial number
1000, plastic DIL package.

SAC2000 : Solitary digital circuit, operational
temperature range -55 to +125 °C.
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Notes

1.

A logic family is an assembly of digital circuits
designed to be interconnected and defined by its
basic electrical characteristics (such as: supply

‘voltage, power consumption, propagation delay, noise

immunity).

. Thefirst letter 'S’ should be used for all solitary

memories, to which, in the event of hybrids, the
second letter 'H’ should be added (e.g. SH for Bubble-
memories).

. By ’slice processor’ is meant: a functional slice of

microprocessor.

. Inthe case of two same types with two different

temperature ranges not specified below, one type
should use the letter 'A’ as the third letter and the
other, the letter 'X’.

. Some companies have been using version letters and/

or two letter-suffix, which differ from the Pro Electron
definitions. In case of confusion Pro Electron may be
contacted.
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Handling MOS devices
[P

HANDLING MOS DEVICES

Though all our MOS integrated circuits incorporate protection against electrostatic discharges, they
can nevertheless be damaged by accidental over-voltages. In storing and handling them, the following
precautions are recommended.

Caution

Testing or handling and mounting call for special attention to personal safety. Personnel handling MOS
devices should normally be connected to ground via a resistor.

Storage and transport

Store and transport the circuits in their original packing. Alternatively, use may be made of a conductive
material or special IC carrier that either short-circuits all leads or insulates them from external contact.

Testing or handling

Work on a conductive surface (e.g. metal table top) when testing the circuits or transferring them from
one carrier to another. Electrically connect the person doing the testing or handling to the conductive

surface, for example by a metal bracelet and a conductive cord or chain. Connect all testing and hand-

ling equipment to the same surface.

Signals should not be applied to the inputs while the device power supply is off. All unused input leads
should be connected to either the supply voltage or ground.

Mounting

Mount MOS integrated circuits on printed circuit boards after all other components have been mounted.
Take care that the circuits themselves, metal parts of the board, mounting tools, and the person doing
the mounting are kept at the same electric (ground) potential. If it is impossible to ground the printed-
circuit board the person mounting the circuits should touch the board before bringing MOS circuits

into contact with it.

Soldering

Soldering iron tips, including those of low-voltage irons, or soldering baths should also be kept at the
same potential as the MOS circuits and the board.

Static charges

Dress personnel in clothing of non-electrostatic material (no wool, silk or synthetic fibres). After the
MOS circuits have been mounted on the board proper handling precautions should still be observed.
Until the sub-assemblies are inserted into a complete system in which the proper voltages are supplied,
the board is no more than an extension of the leads of the devices mounted on the board. To prevent
static charges from being transmitted through the board wiring to the device it is recommended that
conductive clips or conductive tape be put on the circuit board terminals.

Transient voltages

To prevent permanent damage due to transient voltages, do not insert or remove MOS devices, or
printed-circuit boards with MOS devices, from test sockets or systems with power on.

Voltage surges
Beware of voltage surges due to switching electrical equipment on or off, relays and d.c. lines.
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Video glossary

DEFINITION OF TERMS
AC-COUPLED — A means by which the
constant, or DC component, of a signal is
removed, usually by passing the signal
through a capacitor.

AM - Amplitude Modulation (AM) is a
modulation process by which the amplitude of
the carrier signal is scaled in proportion to the
modulation signal (which is the signal which
carries the content). AM modulation is used
for the video portion of the transmitted TV
signal for both NTSC and PAL standards.

Antl-Top Flutter Pulse — Disables the phase
detector during equalization and framing
times.

APL — Average Picture Level. The mean or
average signal level during the active video
period. It is expressed as a percentage of the
difference between blanking and peak white
(O and 100 IRE).

AV — Audio Video

Back Porch — That section of the video
waveform between the end of horizontal sync
and the beginning of active video. The color
burst signal is inserted during this period.

Bandwidth — The frequency range over
which an input signal of uniform amplitude will
be passed with uniform output (within a
specified limit).

Baseband Video — Same as Composite
Video (CVS or CVBS)

Black Burst — Black Burst (Color Black) is a
composite video signal containing sync
information, color reference (burst) and setup
information (in the case of NTSC). Black
Burst is often used as the studio reference to
facilitate synchronization of all the devices in
the system.

Black Level — The signal level which
represents black picture intensity. For NTSC,
this level is 7.5 IRE (also called Setup) and
for PAL this level is 0 IRE.

Black Level Nolse — Very similar to a white
spot noise spike except it is in the opposite or
black level direction.

Blanking Level — The video level
immediately preceding or following horizontal
sync exclusive of the active video region. The
video level for blanking is defined as 0 IRE. In
the case of PAL, blanking level and black
level are the same.

Breezeway — That portion of the Back Porch
between the end of horizontal sync and the
beginning of the color burst.
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Color Difference Signals — The
chrominance information of a video signal,
expressed as the combination of two
orthogonal axis signals, B-Y (also called U or
Cb) and R-Y (also called V or Cr). These
signals contain no luminance (Y) information.

Composite Video — Composite video
(CVS/CVBS) signal carries video picture
information for color, brightness and
synchronizing signals for both horizontal and
vertical scans. Sometimes referred to as
“Baseband Video".

CTV - Color Television
CVBS or CVS - Same as composite video.

Data Slicing — The process of extracting
digital data from an incoming, non-TTL signal.

DC Coupled — An electrical connection
passing both the DC component as well as
the AC component of a signal.

DC Restoration - The process of setting the
DC level of a video signal to a defined level.
DC restoration is generally applied during the
back porch region of the video signal by
means of a clamp pulse applied to the
restoration circuit at that point of the signal.

Demodulation — The process by which the
original signal content is recovered from the
modulated carrier. In color television,
demodulation may additionally refer to the
recovery of the color difference signals from
the modulated chroma subcarrier.

Equalization Pulses — The pulses existing
before and after the vertical pulse during the
vertical interval. These are half horizontal in
length and are inserted to effect the half-line
offset in vertical sync required for interlace.

Fleld — For interlaced video the total picture
is divided into two fields, one even and one
odd each containing one half of the total
vertical information. Each field takes one
sixtieth of a second (one fiftieth for PAL) to
complete. Two fields make a complete frame
of video.

FM - Frequency modulation is the method by
which the modulation signal which contains
the information is used to vary the frequency
of the carrier. For NTSC and PAL video, FM
modulation is used to transmit the sound
portion of the program.

Frame — One frame (two fields) of video
contains the full vertical interlaced information
content of the picture. For NTSC this consists
of 525 lines and for PAL a frame is consisted
of 625 lines.

Front Porch — The section of the video
signal that lies between the end of active
video and the beginning or leading edge of
horizontal sync.
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Full Field Teletext — In this mode, Teletext
information is transmitted over, virtually, all
available TV lines.

Gamma -~ Cathode ray tubes (CRTs) do not
have a linear relationship between brightness
and the input voltage applied. To compensate
for this non-linearity, a pre distortion or
gamma correction is applied, generally at the
camera source. A value of gamma equal to
2.2is typical, but can vary for different CRT
phosphors.

Genlock — Two composite video signals can
by phase locked to each other by
synchronizing both the composite sync and
color burst of the two signals. This process is
called genlock.

Ghost Rows — These are the rows that are
specified by the “row address field” of the
“page header” but do not get displayed.
These are rows 24 to 31. Sometimes referred
to as “Extension Packets”, these rows carry
miscellaneous control information. (Page
extension for Telesoftware, linked pages,
higher display level, etc.)

Harmonlc Distortion — A distortion added to
a signal which consists of multiples or
harmonics of that signal which were not
present in the original. System non-linearity
can contribute to this distortion.

Horizontal Blanking — The sum of the front
porch, horizontal sync and back porch
periods, i.e. the entire period from the end of
active video to the beginning of active video
on aline.

Horizontal Sync - A negative active pulse of
287mv amplitude (300mv for PAL) inserted in
the composite video signal. This pulse is
extracted by the monitor (or receiving
system) and used to horizontally synchronize
or define the left hand side of the image.

Hue - Tint or color such as red, pink, yellow,
efc.

Hum - An undesirable superimposition of
60Hz (50Hz in Europe) power energy into the
signal content.

Intercarrier Sound - The means by which
sound is separated from the modulated
television signal by the use of a sound carrier
to beat against the video carrier. This
produces a 4.5MHz signal which contains the
audio portion of the television signal.

Interlace — A method to give a higher
apparent number of lines on the television
CRT screen. One television frame is written
on the CRT with television lines of the “even
field” placed in between those of the “odd
field".
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Video glossary

1Q Signals — Similar to the color difference
signals (R-Y), (B-Y) but using different vector
axis for encoding or decoding. Used by some
USA TV and IC manufacturers for color
decoding.

IRE ~ 1/140 of a volt which is the peak to
peak amplitude of a video signal from the
bottom of sync to the top of peak white. Sync
and burst amplitude is defined as 40 IRE
units, while active video is 100 IRE Max. The
unit was originally defined by the Institute of
Radio Engineers, hence the name.

Linear Distortion — Distortions which are
independent of amplitude.

Luminance - The brightness or black and
white content of a picture. No hue or
saturation components exist. Luminance is
also referred to by the letter Y and is defined
as a sum of scaled red, green and blue
primaries by the formula: Y=.30R+.59G+.11
B.

Modulation - The process whereby a signal
containing information is used to vary some
characteristic of a carrier. In the case of AM
the carrier amplitude is varied, in the case of
FM the carrier frequency is varied and in the
case of chroma modulation, the phase of the
carrier (called subcarrier in this case) is
modulated.

NABTS - North American Broadcasting
Teletext Specifications. Note that this Is not
a standard.

This document specifies both the acquisition
protocol and the display format. The display
format is NAPLPS.

NAPLPS - North American Presentation
Level Protocol Syntax. Again, this is not a
display standard. It applies to both Teletext
and Videotex services.

Non-Linear Distortion — These are
distortions which are amplitude dependent.
Differential gain and phase measurements
are used to measure these distortions.

NTSC — National Television Standards
Committee (USA).

Page Header — This is equivalent to Row 0.
Carry Control information about this page.

PAL - Phase Alternate Line. A television
standard used in Europe and other countries
which alternates the relationship of the color
axes on a line by line basis so that color
modulation errors can be canceled out.

Peak White — Maximum amplitude signal
corresponding to the maximum brightness of
the video screen.
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Peritel — An audio/video connector standard
for European TV receivers. Serves the same
purpose as AV connector on some of the
newer American TV sets.

Quadrature AM — Refers to the process by
which two different modulation signals each
modulate carriers of the same frequency but
which are 90 degrees out of phase. The
summed signals can be added together for
transmission and can be recovered at the
receiver end if they are demodulated 90
degrees apart. This is the process used to
modulate chrominance information onto the
color subcarrier of a video signal.

Quadrature Distortion — Distortion which
results if the sidebands of a vestigial
sideband transmission are uneven or
asymmetrical. If synchronous decoding is
used instead of envelope detection, this
distortion can be minimized.

RF Video — System used on standard
Television transmissions via an antenna or
cable system. Baseband video is amplitude
modulated on an RF carrier.

RGB — Three separate signals of Red, Green
and Blue used to produce a color image.

R-Y, G-Y, B-Y — Red, Green or Biue signals
without the luminance (-Y).

Sandcastle Pulse — Multilevel pulse
generated by the horizontal processor and
the vertical deflection circuit. This pulse
contains gating pulse and blanking signal
information for use by the color decoder and
the video control circuits.

Saturation — A characteristic describing color
amplitude or intensity. A color of a given hue
may consist of low or high saturation value
which relates to the vividness of the color.

SECAM - Sequential Color and Memory
system. TV color system used primarily in
France and the USSR.

Setup — A video level which, for NTSC,
defines black level and which is 7.5 IRE
above blanking. Pal does not have setup.

SRM - Service Reference Model of NAPLPS.
Itis a skeleton NAPLPS, specifying a low
level type display in order to allow for easy
implementation (256h x 200v pixels).

Subcarrier — The carrier used to convey
chroma information within the composite
video signal. The R-Y and B-Y color
difference signals are modulated onto the
subcarrier by a process of quadrature AM
modulation. The frequency of the subcarrier
signal is related to the odd half-line multiples
of the horizontal frequency in such a manner
as to allow the chrominance frequency
spectrum to co-exist or interleave within the
luminance spectrum.
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Synchronous Detection — A process by
which demodulation is performed by
multiplying the signal by another signal
generated by a oscillator which is locked to
the original carrier. This is the method
preferred over envelope detection.

Teletext — One way broadcast of digital
information.

Termination — Unless proper source and
termination impedance’s are presented to a
transmission line, such as a co-ax cable,
undesirable reflections and ringing can occur.
Video transmission cable typically has a
characteristic impedance of 75 ohms and
should be terminated by same.

Unmodulated — Refers to the pure carrier
frequency with no AM, FM, or Phase
modulation imposed upon it. Also referred to
as CW or continuous wave.

Vectorscope — An oscilloscope specifically
designed to demodulate and display chroma
as an x-y display of the decoded color with
respect to the R-Y and B-Y (or | and Q) axis.
Hue is displayed as the angle around the
display, and saturation as the amount of
displacement from the center.

Vertical Blanking Interval (VBI) — The time
it takes the beam to fly back to the top of the
screen in order to retrace the opposite field
(odd or even). VB is in the order of 20 TV (25
for PAL) lines. Teletext information is
transmitted over 4 of these lines (lines

14-17).

Videotex — A two-way interactive system
through which the user can communicate to a
large, organized and secure, database
through a telephone line using the TV as the
display medium.

Waveform Monitor — An oscilloscope
designed to measure the specific timings of a
video signal.

World System Teletext (WST) — World
System Teletext is based on the British
teletext standard in which a one-to-one
correspondence exists between transmitted
characters,page memory, word addresses
and the display screen character locations.
Over 98% of the world's teletext decoders are
WST compatible.

Y Signal — Luminance. Determines the
brightness of each spot (pixel) on CRT
screen either color or B/W systems, but not
the color.
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High-performance 8-bit video data converters
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Wherever there's a need to display a
picture on a video screen, there’s an
attendant demand to enhance the
image. This requires the analog video
signals to be converted into digital
information before the enhancement
techniques can be applied.
Unfortunately, although integrated 8-bit
full-parallel flash ADCs are available for
converting high-frequency video signals,
the complex circuitry they contain to
achieve the required high level of
performance makes them too expensive
and power consuming and,
paradoxically, even restricts their
performance for many applications.

We have overcome this problem by
developing our innovative TDA87xx
range of 20 MSPS to 50 MSPS, or even
100 MSPS 8-bit data converters and
fabricating them in a standard
high-volume bipolar process
(SUBILO-N). This advanced process
offers high speed, high packing density
and excellent element matching, all of
which are crucial factors for integrating
high-performance data converters.
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INNOVATIVE TECHNIQUE
REDUCES COST AND POWER
CONSUMPTION

The secret of the success of our
TDAB87xx data converters lies in an
innovative folding and interpolating
technique which reduces the number of
on-chip components to such an extent
that cost is reduced by up to 90%, and
power consumption cut by up to 70%. A
unique added benefit is that the
impressive reduction of chip area we
have achieved allows us to offer
TDAB87xx data converters not only in DIL
packages but also in SO packages for
surface mounting.

PROFESSIONAL PERFORMANCE
AT A CONSUMER PRICE

Despite the remarkable reductions of
power consumption and price we have
achieved for our TDA87xx range, there
is no sacrifice of performance. For

example, our 75 MSPS 8-bit flash ADC
type TDA8714 consumes as little as 325
mW, has a minimum differential linearity
error of only 1/2 LSB, and a
signal-to-noise ratio of 70 dB resulting in
a resolution of 7.6 effective bits with an
input frequency of 4.43 MHz (75 MHz
clock). This compares well with the 6
effective-bit resolution offered by
expensive bipolar professional ADCs
and far outstrips the 3 or 4 effective-bit
resolution obtainable with MOS ADCs
for consumer video applications.

The outstanding video frequency
performance of our TDA87xx
converters, combined with their low cost
and power dissipation, makes them
ideal for reducing costs without
degrading performance in professional
and military applications and, for the first
time, brings affordable high-performance
data conversion to a host of consumer
video applications.
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A TO D CONVERSION
TECHNIQUES

Full-parallel conversion is
complex and power-hungry
Most currently available high-
performance 8-bit ADCs use the
full-parallel implementation shown
in simplified form in Fig.1. In this
configuration, 255 comparators
simultaneously compare the level
of the applied analog input signal
with 255 different reference levels
derived from a resistor ladder. On
the occurrence of each sampling
clock pulse, 255 latches store the
output states of the 255
comparators and a 255 to 8-line
encoder converts the latch outputs
into an 8-bit code. Obviously, this
full-parallel system is inefficient
because much of the information
stored in the latches is redundant.
For example, since each sample
of a full-scale input voltage ramp
falls within the transition range of
only one of the comparators, only
one of the latches has to change
its output state for each sample.
Moreover, the 255 latches at the
analog to digital interface cause
kick-back noise which disturbs the
sensitive analog circuitry. The
complex circuitry and immense
number of signal interconnections
occupy a very large area of
silicon, restrict operating speed
and dissipate considerable power.
Also, the analog signal sampling
process and attendant aliasing
effects impose stringent demands
on the distortion and noise
behaviour of the analog circuitry

Folding and interpolating
reduces on-chip components
and power consumption
An elegant method of reducing the
complexity of the full-parallel ADC
circuitry, is to reduce the number
of latches and simplify the
encoding logic by combining the
outputs from several of the
comparators and feeding the
resultant signal to a single latch.
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Fig.1 8-bit full-parallel ADC. At the sample clock, an array

of 255 latches decides whether the output from each of 255
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This “foiding” technique is practical
as long as the comparators which
have their outputs combined are
sufficiently far apart on the
reference resistor ladder to ensure
that any input sample falls within
the transition range of only one of
them.

The next logical step is to
reduce the number of comparators
and combining circuits (folding
amplifiers), thereby also
simplifying the precision reference
resistor ladder. This is done by
eliminating groups of intermediate
comparators fed by consecutive
taps on the reference resistor
ladder and using a resistor ladder
at the remaining comparator
outputs to interpolate the missing
signals.
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Reducing the number of
latches by folding the analog
input signal
Figure 2 shows one of the sixteen
identical sections of a “folding”
8-bit ADC with waveforms for
sampling a full-scale input voltage
ramp. Here, the outputs from
every 16th comparator along the
reference resistor ladder are
alternately “folded” up and down
by sixteen 16-input analog gating
circuits (folding amplifiers), the
output from each of which is
sampled by a single latch. The
number of latches required for a
complete 8-bit ADC is thus
reduced from 255 to 16, and the
255 to 8-line encoder is simplified
to a 16 to 8-line circuit. Because
the signal distribution problems
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simplify the encoding logic,
thereby reducing chip area, power
consumption and signal
] e [~ distribution paths without
l_v;D— compromising performance. We
! will now show how an interpolation
! ! technique is used to further this

% aim by reducing the number of

Vo4 comparators and consequently the

._:l> g — number of taps on the precision
reference resistor ladder and the

Vag FOLDING SAMPLE

AMPLIFIER LATCH e r\umber QI folding .ampliﬁers.'This
’—‘l>°__j:__— output interpolation technique exploits the
Vaz sgme 4} fact that a comparator output
b signal doesn’t change state
:‘ > — instantly when the input exceeds
Vi the reference level, but follows the
'—:I > a_ input signal linearly over the first
Vo \ part of the transition range.
“ero crossing Figure 3 shows outputs V, and

V, from two of the comparators of
/ the 8-bit folding ADC which are

v, /
" / AB A o [ \ separated by three taps on the
/ \ / \/ t reference resistor ladder. It is

clear that, since the transition
! INPUT TO SAMPLE LATCH MEATsd ranges of these two comparators
overlap considerably, the three
intermediate outputs (V, V, and

Fig.2 One of 16 identical sections of an 8-bit folding ADC.
Folding the outputs of 16 comparators to one latch reduces V3 can be derived by interpolation
the number of latches needed from 255 to 16 using a simple 3-tap resistor
ladder connected between outputs
Vy and V, as shown in Fig.4. The

and chip area for this ADC Reducing the number of h L8
. . . , . distortion introduced by the
configuration are also considerably comparators by interpolating . S .
o . interpolation is unimportant
reduced, its overall performance their outputs .
. . . because only the zero crossings
actually improves. Furthermore, The folding technique was used to . )
. . . are of interest for setting the
since it has only 16 connections reduce the number of latches ampling latch
between the analog and digital required for an 8-bit ADC and sampiing ’

circuitry instead of 255, kick-back
noise is much reduced.
Because the output code

generated by the 16 latches after Vout

folding (fine conversion) is I

repeated eight times during a full-

scale input voltage ramp, a Vo

PR VN U MU WO SN T AW W | L

= Vin \

MEA15S

simple, easy to implement 3-bit [}
coarse converter is needed to
determine which of the eight
output code cycles is the current
one. It is also necessary to
equalize the delays introduced by

the coarse and fine conversion to
ensure that the accuracy of the Fig.3 Interpolated zero crossings for three out of four
comparator outputs

final data stream is equal to that
of the fine converter.
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By using this interpolation
technique, three out of every four
comparators are eliminated,
thereby reducing the number
required for an 8-bit folding and
interpolating ADC from 255 to 64. sa.ta

The interpolation technique also REFERENCE
LADDER INTERPOLATION

reduces the number of taps Y RESISTOR e
required on the precision Vin AT 7] LATCHES
reference resistor ladder from 255 T E /

to 64 and reduces the number of 16 of

folding amplifiers required from 16 HED[a—-

to 4.

LATCHED

| ENCODER ouTPUT )

BUFFERS | V. |
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latches

Fig.5 Block diagram of a complete folding and interpolating
ADC. Although, in practice, interpolation takes place after

Vin 1220381 folding of the comparator output signals instead of before as
explained for clarity in the main text, the result is the same.
Fig.4 Interpolation of three out of The folding amplifier blocks each contain 16 comparators

every four comparator outputs with and a folding amplifier

a resistor ladder reduces the
number of comparators needed for
an 8-bit ADC from 255 to 64

Number of internal components for 8-bit full-paraliel ADCs compared with

The complete 8-bit folding those required for folding and interpolating ADCs

and interpolating ADC
Figure 5:5: simimied block conventional folding and

) . " full-parallel ADC interpolating
diagram of a complete 8-bit folding ADC
and interpolating ADC. In this -
diagram, each of the folding reference resistor taps 255 64
amplifier blocks contains 16 comparators 255 64
comparators and a folding interpolation resistor taps 0 24
amplifier. Also, although the atch . 1
interpolation is performed by atches
resistor ladders at the outputs of encoder stages 255 16
the folding amplifiers, the principle | simple 3-bit coarse converter 0 1
remains the same as that clock driver fan-out 255 24
described for interpolating at the
comparator outputs. output buffers 8 8
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APPLICATIONS FOR
VIDEO ADCs
The high performance combined
with the low cost and power
consumption of our TDA87xx
range of video data converters
make them suitable for
applications ranging from costly
professional equipment requiring
the highest performance, to
consumer equipment where cost
is the major factor.

To quote just a few examples,
transportable medical equipment,

July 1993

such as ultrasonic scanners,
demands high performance
combined with low power
consumption. High performance is
also essential for converters in
sensitive high-frequency test and
measuring equipment such as
oscilloscopes and spectrum
analyzers. The rapidly expanding
market for desk-top video is
another application area. In the
consumer world of home
entertainment systems, TV set
manufacturers and broadcast

2-8

authorities are meeting the
demand for more TV channels
and enhancement of picture
quality by using digital signal
processing techniques. For
example, low-cost converters are
needed for decoding MAC-
encoded multi-channel TV and
sound information from broadcast
satellites, and for use in the new
TV sets with memory-based
features that are appearing on the
market.
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HOW WE MEASURE THE
PERFORMANCE OF OUR
ADCs
For an ADC specification to be
useful to an equipment
manufacturer, it must fully
characterize the dynamic
performance of the IC. Figures
relating to integral and differential
linearity at low frequencies are of
little use as figures of merit
because they have to be
laboriously converted into more
useful figures for many
applications. Output signal-to-noise
ratio (SNR), provided it is related
to input frequency, is a much
better and more versatile figure of
merit for an ADC because the
“noise” includes both the
quantization error and the
harmonic distortion. Moreover, a
simple formula can be used to
convert SNR into “effective bits”.
However, the SNR of an ADC is
not easy to measure, and
additional specific data relating to
Total Harmonic Distortion (THD) is
often required as well. This is why
we have developed a special
Measurement Bench for accurate
determination of the static and
dynamic performance of our
present and future ADCs.

ADC measurement bench
Our ADC measurement bench is
arranged as shown in Fig.6. It is
for use in a laboratory to
determine the static and dynamic
characteristics of present and
future ADCs with up to 12 digital
outputs and conversion rates up to
100 MSPS. The following
characteristics can be measured:
- signal-to-noise ratio (SNR)

- total harmonic distortion (THD)
~ differential non-linearity (DNL)
- integral non-linearity (INL)

- data timing.

A PC is used to control the
measurement bench and to
acquire the sampled input signal
to test the ADC. The acquired
signal is converted into a data file
that is used by a test program,
developed with scientific Forth-
language software called ASYST,
to create histograms, graphs and
a Fast Fourier Transformation
(FFT) which facilitate analysis of
the ADC output data to determine
its operating characteristics.

Analog input signal
For accurate and complete
determination of ADC
characteristics, it's necessary to

test all of the possible quantization
levels. It's also necessary 10 meet
the requirements of the Nyquist
sampling theorem that states that
it's only possible to fully define an
analog waveform digitally if the
sampling interval is not more than
half the bandwidth of the analog
signal.

Although it's possible to use an
analog input signal with a
triangular or sawtooth (ramp)
waveform (theoretically infinite
bandwidth), we use a full-scale
sinusoidal signal because it has
only one frequency component
and is comparatively easy to
synthesize at high frequencies.

Sampling method
At the start of a sinewave period,
the slope of the signal is
maximum and equal to A2, v/s,
where A is the peak amplitude.
The amplitude to be defined by 1
LSB of the ADC is therefore 2A/2Y
volts, where N is the number of
data outputs from the ADC. To
acquire every quantization level by
real-time sampling, 2" samples
must be taken during the period of
one half cycle (one peak-to-peak
sweep) of the input signal which is
t/n. The time available to

test program
POWER SUPPLY
HPB624A
1 l SPECTRUM "
4 Vee ANALYZER | G808 | pc 865
N DOS
SINEWAVE " ADC ASYST
SYNTHESIZER ~ . under DATA IN 16k
HP644 FILTER test CLOCK IN
e ” ok [T
ECL GPIB
command
PULSE
intemal GENERATOR
oscillator HP8181A
synthesizer
SINEWAVE T power supply
SYNTHESIZER sampling frequency pulse generator
HP3644 T100
TIME BASE AND SAMPLING FREQUENCY CONTROL MEA156
Fig.6 Biock diagram of the measurement bench
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describe 1 LSB is therefore
t,/2"n, leading to a required
conversion rate of 2Vnf,.. For an
8-bit ADC with an input frequency
of 5 MHz, the conversion rate
would therefore have to be

4 GSPS, which is far above the
maximum conversion rate
specified for any of our ADCs.

Instead of using real-time
sampling, our measurement bench
therefore uses the multi-beat
frequency method of sampling
illustrated in Fig.7.

Multi-beat frequency sampling
uses the principle of “aliasing” to
convert the high frequency input
sinewave into a lower frequency
sinewave from which it is easier to
acquire all the quantization levels
for analysis.

Instead of acquiring all the
samples during the period of half
an input cycle by sampling at
fy = 2af,,, the required number
of samples (N,) are now acquired
over several cycles of the input
signal and used to reconstruct a
sinewave which is a lower

frequency aliased version of the
input signal

The ADC under test samples
the sinewave input at a rate offset
by a small amount from an integer
multiple of the input frequency.
The small frequency offset is
chosen so that the ADC output
only changes by one LSB at the
point of maximum slope of each
consecutive cycle of the input
sinewave. Since an LSB period at
the point of maximum slope of a
sinewave is t,/2"r, the minimum
number of samples that must be
acquired to fully test all the
quantization levels is N, > 2Nx, in
which N, must be rounded to an
integer. For an 8-bit converter, N,
must be at least 805.

Under these conditions, the
minimum sampling period (time to
acquire all samples during one
input cycle) is tymin = t, /N, which
gives a maximum sampling
frequency of fimax = f,N,. This
maximum frequency is too high to
be practical and must be reduced
to fs = fsmax/KO (ls = tsminKo)

Ty=Tiss

INPUT SIGNAL SAMPLING:

arie T oo 11111111

at-Towwey |1t

ARRARRNRRRNAENN]
Pttt

t 11

SIGNAL AFTER
SAMPLING AT fs

NOT RECONSTRUCTED

RECONSTRUCTED

Fig.7 Principle of multi-beat frequency sampling

MEAIS?
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where the difference between K,
and N, are relative primes. To
minimize the sample acquisition
time, the value of K, should
however be the minimum
permitted by the maximum
conversion rate specified for the
ADC under test.

The measurement bench uses
every K th output from the ADC
under test to compile a sampled
sinewave acquired data file. The
information in the data file, which
is effectively a reconstruction of a
sinewave which is a lower
frequency aliased version of the
input signal, is then analyzed to
determine the ADC characteristics.

Measuring effective bits and
harmonic levels
To determine the signal-to-noise
ratio (SNR) and harmonic levels of
our ADCs on the measurement
bench, the data in the acquired
sinewave file is transformed into
the frequency domain with a fast
Fourier transformation (FFT).

The levels of the signal,
its harmonics and the noise can
now be clearly seen and easily
computed. The FFT is analyzed
by the computer to determine
SNR = Psignal/Pnoise‘

Instead of specifying SNR, it's
possible to specify effective bits
(b) which are defined as
b = (SNR - 1.76)/6.02 where
SNR is the calculated value in dB
when a full-scale sinewave is
analyzed.

By determining SNR as a
function of input frequency, it's
easy to determine the N-bit
resolution bandwidth of an ADC
which is equal to the input
frequency at which the effective
bits have decreased to N-0.5. For
an 8-bit ADC, this occurs when
the SNR is 46.9 dB.
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Differential and integral non-
linearity
Differential non-linearity (DNL) is a
measure of the maximum amount
by which the distance between the
midpoints of adjacent steps on the
ADC transfer function (quantized
output level as a function of input
level) differs from the width of one
LSB. It is measured with a
statistical test in which the
acquired sinewave file is used to
generate a histogram of the
digitized signal with a number H(i)
for each output code (i). The
probability of obtaining each code
is calculated and the ratio of the
number of acquired samples of
each code H(i) to the total No of
samples (N,) represents the
differential non-linearity.

Integral non-linearity (INL) is a
measure of the deviation of the
ADC transfer function from the
ideal. Since it is equal to the
maximum difference between the

July 1993

measured and ideal quantization
levels, it can be calculated from
the histogram used to calculate
DNL. Since INL(0) = DNL(0)/2.
INL can be calculated for each
step (i) of the transfer function as
INL(i) = INL(i-1) + DNL(i)/2. The
maximum value thus obtained is
the integral non-linearity of the
ADC.

Data timing
The relative timing of the output
bits of the ADC can be displayed
on the screen of the PC that
forms part of the measurement
bench. Acquisition of the timing
data can be either synchronized
with the ADC clock pulses at
frequencies up to 1 GHZ, or
asynchronous at frequencies up to
2 GHz.
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APPLICATION SUPPORT
When designing data converters
into a system, it is essential to
pay careful attention to a number
of circuit details to ensure that the
high performance of our ICs is
fully exploited. Correct PCB layout
is particularly important, with
particular emphasis on track
widths, avoidance of ground loops
and minimization of crosstalk
between the analog and digital
circuitry. Care must also be taken
to understand the relative timing of
the sampled and output data.
Other important details include
decoupling for noise reduction and
stability of intemal reference
levels, decoupling and harmonic
suppression for clock signals, and
power supply filtering.
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Line-locked digital colour decoding
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Ton Nillesen — CAB-Eicoma, N.V. Philips, Eindhoven (The Netherlands)

On présente dans cet article une méthode de décodage
numérique des signaux vidéo couleur basée sur des
fréquences d'échantillonnage verrouillées sur la ligne. La
fréquence d'échantillonnage est synthétisée a partir de la
fréquence d'un cristal. On génére une fréquence stable
de sous-porteuse en utilisant la fréquence variable
d'échantillonnage par contrdle direct a partir du synthéti-

LSGUI’. )

a R

A digital colour decoding principle involving line-locked
sample frequencies is presented. The sampling fre-
quency is synthesized from a crystal frequency. A stable
subcarrier frequency is generated from the variable
sampling frequency by forward control from the synthe-

LSIZBI', J

June 1991

T o digitally decode PAL or NTSC composite video
signals in a TV receiver, it is advantageous for the
sampling rate to be related to the colour subcarrier
frequency because this simplifies the demodulator
and the chroma filters. However after colour decod-
ing, the component video signals for luminance and
colour difference are available and the colour subcar-
rier is then no longer relevant. Line-locked sampling
is then a better choice.

In fact, for video processing and conversion to other
scanning frequencies, line-locked sampling is a natur-
al choice because it results in orthogonal sampling,
which simplifies video signal processing with line and
field memories [1].

WHY LINE LOCKED ?

Standard conversion to other scanning frequencies
might be used for instance for reduction of large area
flicker by means of field rate conversion to higher
frequencies. Another type of conversion is compres-
sion of the signals for features such as picture in
picture and multi picture-in-picture, whereas expan-
sion of the signals is required for picture enlargement
or C-MAC decoding, etc..

2-12
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Some other examples of signal processing using line
or field memories are :

e cross colour and cross luminance reduction with
line-, field- or frame-combfilters,

¢ noise reduction by an integrating temporal filter,
¢ resolution enhancement by a peaking spatial filter.

Furthermore, a line-locked sample frequency is a
must for matrix displays such as LCDs, the index tube
and dot matrix printers and it is also a necessity for
display of good quality characters.

And last but not least, the circuitry for processing
line-locked component video signals is substantially
independent of transmission standards.

APPLICATION OF SAMPLE
RATE CONVERTER

If a subcarrier-locked colour decoder is used, line-
locked samples can be obtained by sample rate
conversion. An obvious approach for a Sample Rate

decoder

P4

Converter (SRC) is via digital-to-analog (DA) and
analog-to-digital (AD) conversion. The subcarrier-
locked samples are then converted to analog signals
and re-sampled with the line-locked sample fre-
quency (fig. la). Although this is a straigtforward
method, using well-known techniques, it is not attrac-
tive because it is expensive. It requires ADCs and
DACs, three of each for the three component signals,
including the reconstruction filters, and a second
clock generator. Furthermore, the additional conver-
sion step degrades signal quality. A second approach
is a SRC in the digital domain, the line-locked sam-
ples being calculated from surrounding subcar-
rier-locked samples by means of interpolating algo-
rithms (fig. 1b). Both approaches require two clock
generators coupled to the video signal, one burst-
locked and the second line-locked.

However, it is not necessary to have the line-locked
clock available with equidistant clock transitions.
Transfer and processing of the samples with ampli-
tude information belonging to line-locked sampling
positions can be done with a gated version of the
original clock (fig. Ic). The gated clock should then
have a constant number of clock transitions per line
period. However a reverse sample rate conversion is
then required before DA-conversion. This second
SRC is eliminated if the line-locked clock is physi-
cally available. DA-conversion is then done with the
line-locked clock. However the most complex part of
the sample rate conversion is the interpolating algo-
rithm required [2].

colour
decoder

memory
application

colour
decoder

memory
application

Mty ——t

\

gated
clock

\

N transitions per line period

Fig. 1. Application of sample rate converters : a. anolog sample rate converter, b. digital
sample rate converter and two clocks coupled to video signal, c. two digital sample rate

converters and single clock.

June 1991

2-13



Philips Semiconductors Video Products

Line-locked digital colour decoding

INTERPOLATION OF SAMPLES

COLOUR DECODING PRINCIPLE

In principle, interpolation is done by low-pass filter-
ing. The low-pass filter should reject the sidebands of
the original subcarrier-locked samples, including at
harmonics of the sampling frequency, but should pass
the baseband spectrum containing the desired signal
with a flat frequency- and linear phase-characteristic.
Linear interpolation is certainly not sufficient, neither
in the passband nor in the stopband, to preserve good
signal quality. Each new sample should therefore be
calculated from several surrounding original samples
with proper weighting factors. The weighting factors
should be of sufficient number and sufficient accu-
racy to generate new samples with a timing accuracy
of about 0.2 ns, if the resulting signal should have a
bandwidth of 5 MHz and 8-bit quantization (fig. 2).

Mf. - samples
- analog 5|gnal -

—

-

‘x__.. -

mterpolauon

uuuuununnunuuunnulvnn T T

m(erpolatmg
filter

Nfi - samples _
————% %

y i
!
i
1

Fig. 2. Principle of sample rate conversion.

<02ns
for 5 MHz, 8 bits

ilt
coefhc:en(s
i

For compatibility with non-standard video signals
with variable line frequencies, the conversion rate
cannot be expressed as a simple ratio of small prime
integers but is irrational and time-varying. As a
consequence the interpolating filters will be complex
with a large set of filter coefficients. A digital SRC
will therefore require a relatively large chip area.
These are the reasons for considering line-locked
colour decoding which produces line-locked samples
of the luminance and the colour difference signals
directly.
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The NTSC and PAL colour systems use suppressed-
carrier amplitude modulation with quadrature sub-
carriers (fig. 3). The chroma signal can be demodulat-
ed by multiplying it by the correctly-phased subcarrier
sine and cosine waves. This gives the colour diffe-
rence signals plus some high frequency components,

U-U cosi2wgct) Vsin 2(mgct)

~[xf—
{ 2 sinfwgct)

FrV*Vcos 2Awgc it Vsin 2(wget)

/ > |0
+2 coslwgct

subcarrier
regenerator

Usinjogcth Vcos(sct)

Fig. 3. Colour decoding principle for PAL system.

the latter being removed by filtering. For digital
signals, the chroma signal has to be multiplied by the
sampled subcarrier waves. If the sample rate is four
times the subcarrier frequency, with the correct phase,
the multiplications simplify to multiplication by 1, 0,
—1 and 0 of successive samples. With line-locked or
other sample frequencies asynchronous with the sub-
carrier, real four-quadrant multipliers are required for
demodulation with the asynchronously-sampled sub-
carrier [3].

In the subcarrier regenerator (fig. 4) the subcarrier
phase is coupled to the received colourbust. In order
to reduce the effects of noise, the phase information
extracted from several bursts is averaged by means of
a narrow filter which in general is implemented as a
phase locked loop (PLL). In analog circuits, the phase
detector normally consists of a multiplier and the loop
filter in a second order loop delivers an output signal
which is partly proportional to the phase detector
output signal and partly an integrated version of that
signal. So digitally these blocks can be realised with
adders, multipliers and an integrator.

cos(msat) sin(wgct)
-
colour burst msc

tunable
oscillator

phase loop
detector  filter

Fig. 4. Schematic diagram of the analog subcarrier regenera-
tor.
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The tunable oscillator is normally a voltage controlled
oscillator with an oscillator control sensitivity of K,
(rd-s~'-V~"). So for an output frequency of ., the
subcarrier frequency, the loop filter has to deliver a
control voltage of w./K,. For sinewave oscillators the
instantaneous output is sin (eA.f). As a consequence,
the oscillator transfers the input signal w./ Ko to the
output signal sin () which, apart from the sine
function and the constant Ky, is an integrating action.
The sine function prevents saturation of the output by
the ever increasing value of the instantaneous phase.
With the sine function the output phase follows the
instantaneous phase modulo 2 n radians.

THE DISCRETE TIME OSCILLATOR

(DTO)

The integrating and modulo function of the oscillator
can be realised digitally with an accumulator consist-
ing of an adder and D-flip-flops (fig. 5a). The multibit
output of the adder is applied to its input via D-flip-
flops which are clocked with the clock frequency f.
At the second input of the adder, a constant multibit
value p is applied. So at each clock period the pre-

a on=(0ny +p)} modulo q
carry
/ /
q
,: overfiow ‘:
/
| 711
/
[ 7
/ | / |
/ | / ]
/ / | /
_.____7, I I ,
P / by /s Y/
/ | / | ,
A Wl
0 / I// 4
1/1fa 1/fo
p _1/fa _ fo
b Tt P

Fig. 5. Principle of the discrete time oscillator.
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vious content of the accumulator is incremented by p
until overflow occurs at the value g. The next value
will then be the previous value plus pmodulo g. So the
output resembles a time discrete quantised sawtooth
signal whose period is set by p. Obviously the ratio
between p and g equals the ratio between the clock
period and the period of the output signal f. So the
control value p should be fo/fi-gq. If the overflow
value is defined as being 1, then the input value
simplifies to p=fo/ fu (fig. 5b).

That brings us to our definition of a discrete time
oscillator (DTO) also known as ratio counter or rate
multiplier or accumulator or numerically controlled
oscillator. The input value should equal the ratio
between the desired output frequency and the clock
frequency. Its modulo 1 output indicates from zero to
one the instantaneous phase within a single preriod
(fig. 6).

ffn ( DTS N e

ol mo output frequency
frequency
control fei
value

clock frequency

always zero

010011010
———
0 < (phase within a single period) <1

Fig. 6. The discrete time oscillator.

Note that the ratio fo/f; at the input is dimensionless,
indicating the phase increment per clock period,
whereas the output of the DTO is the instantaneous
phase modulo 1, which in principle is varying. Both
signals can, in binary notation, be approximated to
the required accuracy. However if the clock frequency
is not constant whereas a constant subcarrier fre-
quency should be generated, then the frequency
control value should be corrected accordingly to the
desired accuracy. As a consequence, the line-locked
clock should be known with sufficient accurary and
has therefore to be generated with a crystal frequency
as reference.

N fi GENERATOR

It is a logical step to generate the line-locked sample
frequency from a crystal frequency by means of a
DTO. The DTO is clocked with the crystal frequency
f and the desired output frequency is N f, so the loop
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from phase detector + loop filter

I,

Fig. 7. Generation of line-locked sampling frequency (N f)
with crystal accuracy.

filter in the horizontal phase locked loop should
deliver the numerical value Nf/f (fig. 7).

The DTO delivers then a quantised sawtooth signal
with frequency Nf but in the discrete time domain
sampled with the crystal clock f. However the sample
frequency should be available as a continuous signal
so that it can be used as the system clock. Therefore
the DTO output signal is converted from digital to
analog after a conversion from sawtooth to sinewave
via a sine-ROM. The reconstruction filter delivers
then an analog sinewave with no undesired harmonics
or mixing products. That sinewave is then converted
to the proper logical signal levels.

If this sample frequency generator is used in the
horizontal phase locked loop, then the relationship
between instantaneous sampling frequency and the
crystal controlled reference frequency is known. As a
consequence, the generated frequency control value
N f/f. from the horizontal phase locked loop can be
used to correct the DTO in the subcarrier loop for
variations in N f.

FORWARD CONTROL (DIVIDER)

Figure 8 shows the subcarrier phase locked loop with
the burst phase detector, the loop filter, the DTO and
the sine plus cosine ROM which delivers the demodu-
lating sine and cosine waves. Between the loop filter

and the DTO the correction is done for the varying
clock frequency.

Since the subcarrier DTO operates with the line-loc-
ked clock, a value f./Nf should be applied to its
input as frequency control value. This value is obtai-
ned via an arithmetical divider (4/B) which divides
the intermediate control value at the output of the
subcarrier loop filter by N fif from the horizontal
PLL. The intermediate control value should therefore
be f./f, the ratio between the subcarrier frequency
and the crystal frequency. Apart from long-term
variations, this ratio remains constant regardless of
the clock frequency. Consequently, the subcarrier
loop filter can be designed for narrow noise band-
width, optimised for subcarrier regeneration. The
inaccuracy of the forward control due to the limited
wordlength of the signals is handled by the loop as
internally-generated noise and can be chosen at a
sufficiently low level.

LINE-LOCKED COLOUR DECODER

A complete block diagram of a line-locked colour
decoder is presented in figure 9. For simplicity, seve-
ral functions such as automatic colour control, colour
killer, compensating delays etc. have been omitted in
the block diagram. The signal-flow in the horizontal
and subcarrier PLLs are indicated in heavy lines as is
the correction circuit {4/B) which corrects the subcar-
rier DTO for varying line frequencies. The left-hand
part of the circuit operates with the crystal controlled
clock frequency f and generates the line-locked sam-
pling frequency N f with which the rest of the circuit
operates. The coupling between these two parts is via
the resynchronisation register R which delivers the
control value N f/f to the DTO.

In the synchronisation processing part, the N f sam-
ple frequency is divided down to the line frequency f.
The division ratio N can be made selectable to adapt
the sample frequency to the bandwith of the video
signal or to different line frequencies. The counter
drives a state decoder which delivers several control

phase loop . ) .
detector filter correction  oscillator sine /cosine ROM
fsc
burst . A | Nfi bTO fsc b= sin{wgct)
3 B cos(wgct)
. Nf I
from horizontal PLL —=
c Nfy

Fig. 8. Forward control of subcarrier DTO operating with line-locked clock.
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Fig. 9. Simplified block diagram of line-locked digital colour decoder.

signals at line frequency. One of these line frequency
signals is applied to the horizontal phase detector
where its phase is compared with the phase of the
separated synchronisation signal. The result is ap-
plied to the loop filter and then added to the nominal
input value (N f{nom/f) for the DTO. As a consequence
the loop filter has only to deliver the error on the
nominal value and the nominal value can be made
selectable to accomodate different line frequencies or
different numbers of samples per line.

The frequency control value has only to be updated
once per line period. However updating the sample
frequency also requires a new correction of the sub-
carrier DTO input value. For that reason the control
values to both DTOs are effectuated on command of
a line frequency signal fi when both control values
have been calculated. In fact the subcarrier DTO is
updated somewhat later than the N f-DTO to com-
pensate for the delay of the video signals from ADC
to demodulator. The synchronisation signal f acts as
write clock for the resynchronisation buffer R. The
new data is then clocked with £ and applied to the
input of the N £-DTO. In the subcarrier DTO the new
value becomes availables as soon as the D-flip-flops
in front of the subcarrier DTO are clocked with a line
frequency signal.

In the subcarrier loop the demodulated burst signal is
used as actual phase information for subcarrier rege-
neration. For PAL the average V-phase of the burst is
zero if the subcarrier phase is correct. So the
V-demodulator together with the burstgate, consisting
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of a multiple input AND-gate, forms the phase detec-
tor. After passage through the loop filter, the result is
added to the nominal frequency control value
( fe nom/f) and divided by N f/f.. After the division,
which takes several clock cycles, the result is applied
to the DTO via the D-flip-flops.

To prevent side-locking, the loop filter output AL/ f
should be limited so that the regenerated subcarrier
remains close enough to the nominal value. The
nominal value can be altered to accommodate the
subcarrier frequency in different standards. This gives
this system a clear advantage over conventional deco-
ders. Although only a single crystal frequency f£ is
present, any subcarrier can be regenerated with the
proper accuracy only by changing the nominal fre-
quency control value £ wm/f.

Let us consider now the analog part of the clock
generation circuitry. The reconstruction filter and
wave shaper for the Nf clock frequency can be
implemented with an analog PLL. The advantages of
this are :

e the filter curve tracks the input frequency so that
the bandwidth can be smaller than with a fixed filter :
this allows fewer bits to be used in the DA-converter ;

® several line-locked frequencies can be generated if
the PLL is provided with dividers ;

* the entire circuit can be integrated.
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Fig. 10. Analog PLL as reconstruction filter.

Such an implementation is indicated in figure 10. The
analog PLL is indicated with a charge pump phase
detector, a loop filter, a voltage controlled oscillator
(VCO) and the divider which delivers several line-
locked frequencies. As a consequence the first part of
the circuit can also operate on a subharmonic of the
actual sample frequency.

The phase detector is driven by the DA-converter so
that these functions can be combined in form of a
multiplying DAC. Good results have been obtained
with a 4 bit DAC so that this function can be very
small in chip area. The required accuracy of the DAC
of course is dependent on the quality of the recons-
truction filter. A smaller filter bandwidth requires
fewer bits for the DAC. However a narrow noise
bandwidth of the PLL results in a slower response on
frequency steps and consequently larger phase errors.
That response can be improved by forward control of
the oscillator to the required frequency. That informa-
tion is available at the input of the N£-DTO and
could be used via DA-conversion for pre-correction
of the VCO-frequency.

The factor N, which determines the sample frequency,
can have any appropriate value. An attractive choice
is N=3858 for 60 Hz TV systems and N=2864 for 50 Hz
systems. The sampling frequency will then be
13.5 MHz which is in accordance with the CCIR
recommendation for digital processing in studio
equipment. The number of active samples per line
period is then 720 for all TV standards.

CONCLUSION

In this presentation, the principle and the main advan-
tages of line-locked colour decoding have been
shown :

June 1991

o owingtothe orthogonal samples, line-locked decod-
ing is optimized for the growing use of picture proces-
sing [4, 5] ;

e the system in principle is sample-rate-invariant so
that it has excellent multi-standard capabilities and it
enables the choice of a common clock for all stand-
ards ;

¢ for applications somewhat further in the future, it is
quite important that the principle is directly applica-
ble with matrix displays.

This article is written as a lecture (for ICCE 85 in
Chicago).

I VAN DE POLDER (L.J.). PARKER (D.W.). ROOS (J.). —
Evolution of television receiver from analog to digital. Proc.
IEEE, 73, (1985), 599-612.

2 RAMSTAD (T.A.). — Digital methods for conversion between
lrbi(m; sampling frequencies. IEEE Trans. Acoust., Speech
Signal Process, ASSP-32, (1984). 577-591.

3 CLARKE (C.P.K.). — Digital PAL decoding using line-locked
samglin . 8th Int. Broadcasting Convention Proc.. IEE pub.
ne 191, (1980).

4 Meénory based features. Philips publication 9398 401 30011,
(1985).

S C(‘):l?S video memory systems. Philips publication 9398 328 20011,
(1985).



Philips Semiconductors Video Products Application Note
]}

Digital interfaces for component video signals AN ETV/IR89126
.|

Author: A. H. Nillesen

Several coding parameters have to be specified for interconnecting the digital component video signals YD, UD and VD between several
devices. For the digital studio environment the CCIR has made two recommendations on these parameters.

CCIR Recommendation 601 describes an extensive family of clock frequencies and the signal amplitudes, timing codes and auxiliary data for
digital video component signals common to the 525- and 625-line TV standards. CCIR Recommendation 656 describes the means of
interconnecting digital television equipment complying with the 4:2:2 encoding parameters as defined in Recommendation 601.

In the early eighties the basic sampling clock of digital circuits for TV receivers has been chosen, by Philips, Siemens and others, in accordance
with the digital component studio standard CCIR Rec. 601, due to obvious benefits of having that parameter in common with the broadcasting
side (e.g. MAC-decoding and descrambling). However with respect to signal amplitudes and multiplexing format a different choice was made.
Possible benefits from the recommendations on these parameters were not seen, or considered as imaginary, whereas the drawbacks were
considered as serious. This paper addresses the signal amplitudes and the multiplexing format which have been chosen for digital YUV
interfaces in the TV receiver, including the extensions and revisions from later dates.

1. THE CONVERSION FACTOR

To express the amplitudes of the digital component signals, the conversion factor CF is defined as being the ratio between the digital and the
normalized representation of the signal. Normalization is done to Red=Green=Blue=1 at peak white and the digital signals are represented on a
scale of 256 (8 bits).

digital signal amplitude on 8 bits scale
normalised signal amplitude (Rmax = Gmax = Bmax = 1)

CF = Conversion — Factor =

Rmax

g‘rmx LR ™ R 255

----- / v« 1

Al
/

CF*A

L) R (1. Y-
O--mmmme e _/ o 0

Figure 1. Definition of Conversion Factor CF

2. MAXIMUM AMPLITUDE OF NORMALIZED SIGNALS
With normalized signals the colour separation signals red, green and blue are unity at peak white: Rmax=Gmax=Bmax=1.

The colour equations for broadcast signals are based on the NTSC primaries as specified in CCIR Report 624-2. The resulting equation for the
luminance signal is:

¥=0.299*R+0.587*G+0.114*B (2.1)
which gives: Yp-p=1

|B-Y| is maximum for R,G,B=0.0,1 (=blue)
or R,G,B=1,1,0 (=yellow=white minus blue)
which gives: (B-Y)p-p=2*(1-0.114)=1.772

|R-Y| is maximum for R,G,B=1,0,0 (=red)
or R,G,B=0,1,1 (=cyan=white minus red)
which gives: (R-Y) p-p=2%*(1-0.299)=1.402

maximum amplitudes of normalized signals
Ypp=1, (B-Y)pp=1.772, (R-Y)pp=1.402 (2.2)
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3. MAIN CODING PARAMETERS OF CCIR REC. 601/656

The digital component signals according to CCIR Rec. 601 have been chosen such that, coded in straight binary
- digital levels 0 and 255 are reserved for synchronization data.
- the luminance signal is to occupy only 220 quantisation levels, to provide working margins, and that biack is at level 16.

- the colour difference signals are to occupy 225 quantisation levels and that the zero level is to be level 128 in order to cope with the bipolar
nature of the colour difference signals.

The conversion factors follow from these limits on the digital signal range and the maximum peak-to-peak value of the normalized signals:

signajp p*CF =digital-limit

luminance: Yp-p*CFy=219, which gives CFy=219
colour difference: (B-Y)p-p*CFu=224, CFu=126
(R~Y) p-p*CFv=224, CFv=160

The resulting digital component signals CY, CU, CV are: %)

CCIR digital YUV:
CY=219*Y+16 (3.1)
CU=126* (B-Y) +128 binary coded (3.2)
CV=160* (R~Y) +128 (3.3)

- the data words 0 and 255 are reserved for data identification

- the video data words are conveyed (CCIR Rec. 656) as a 27Mwords/second multiplex in the following order:
cu,CY,CV,CY,CU,CY,CV, etc.

in which the word sequence CU,CY,CV, refers to cosited luminance and colour-difference samples and the following word, CY, corresponds to
the next luminance sample.

4. PARAMETERS TO BE CONSIDERED FOR TV RECEIVERS
Without doubt the characteristics of analog or digital video component signals at broadcasting side and receiving end are quite different due to
the large differences in environment and cost/performance. As a consequence the coding characteristics of digital interface signals are
influenced differently by several parameters. Regarding signal amplitudes:

- maximum digital resolution should be balanced against:

- margin for static and dynamic amplitude changes, i.e. tolerances and multiplicative noise (echo, tilt).

- margin for additive noise.

- margin for filter overshoots

- probable limit on saturation

Also on the ratio between signal amplitudes some criteria should be considered:
- simple gain correction to normalized signals e.g. matrixing.

- simple correction between digital decoder and interface.

The list can be extended with requirements from EMC, limitations or advantages of certain IC technologies, application specific requirements
etc. Although no choice is best in all cases, consensus is required on the major coding characteristics, due to obvious benefits of
standardization. The agreement on this subject between system engineers from the Consumer-Electronics and the Components divisions of
Philips (and others) will be explained in the following chapters.

5. MAIN CODING PARAMETERS FOR DIGITAL TV
The component video signals for digital TV are specified as:

digital TV signals:

YD=192*Y+16 straight binary (5.1)
=3/4%192*% (B-Y) } two’ s-complement (5.2)
VD=192* (R-Y) (5.3)

- multiplex formats are specified for sampling ratios of 4:1:1 and 4:2:2

1) CCIR recommendations use different nomenclature: Y, Cg, Cg.

June 1991 2-20



Philips Semiconductors Video Products Application Note

Digital interfaces for component video signals AN ETV/IR89126

The colour difference signals are coded in two’s complement in order to fit directly to digital arithmetic functions. The difference with the offset
binary coding of the CCIR signals (3.1-3.3) is an inversion of the MSB. Concerning the specified conversion factors it will be shown that several
criteria on the coding parameters are fulfilled simultaneously:

- digital resolution is practically optimum for 75% colour difference amplitudes.

- signal amplitudes fit conveniently to D2MAC decoders, taking into account 30% headroom for noise.

- UD/VD ratio fits conveniently to the required gain matching ratio for PAL/NTSC colour difference signals.
- amplitude margin is in accordance with the amplitude tolerance of analog decoded signals.

- matrixing to colour selection signals is simple

6. PEAK AMPLITUDE RATIOS
The amplitude ratios should be chosen such that
- the maximum amplitudes are more or less equal in order to maximize digital resolution

- simple gain ratios are required for matrixing
- required correction of the decoded signals is simple
in which 'simple’ means that the required gain can be realized with very few additions.

6.1. Probable Maximum Saturation

Due to the gamma of the picture tube the displayed saturation will be higher than the electrical saturation except at 100%. Saturation is less
than 100% if the displayed colour has a certain white content, which means that none of the the RGB signals then becomes zero but have a
minimum non-zero value. That minimum value becomes relatively smaller if it is displayed via the gamma of the picture tube.

The electrical saturation can be expressed as Erac = Emin =1- Enmin.
max Emax

gamma
from which follows: displayed saturation = 1~ [—-E—m]
Emax
in which  Emin is the minimum value of the RGB signals in coloured areas
Emax is the maximum value of the RGB signals in coloured areas
gamma is the gamma of the drive-to-output display characteristic.

As a consequence a minor reduction of the maximum displayed saturation will result in a significant reduction of the maximum amplitude of
the colour difference signals, e.g. only 5% reduction of the maximum displayed saturation at maximum intensity results from 30% reduction
of the electrical saturation at gamma=2.4.

Therefore itis important to take into account that it is most unlikely that natural scenes contain fully saturated colours at maximum intensity.
PAL and NTSC have been specified such that at maximum saturation the modulated subcarrier would never swing ‘blacker-than-black’ by
more than 33%. As a consequence the composite signal reaches 100% amplitude at 1/1.33=75% amplitude of saturated colours (yellow and
cyan in 100.0.75.0 EBU colour bars). On the same ground also D2MAC colour difference signals are specified for only 77% maximum
electrical amplitude. Furthermore the most common luminance step colour bar signals used as test signal result in colour difference signals
at 75% of their theoretical maximum amplitude [1].

For these reasons it is supposed that the colour difference signals will most probably not exceed 75% of their theoretical maximum value,
which corresponds to 96% maximum displayed saturation at a practical value of gamma=2.4. 2

6.2. Ratio of Conversion Factors

For equal amplitudes of the digital signals the ratio of the conversion factors should be inversely proportional to the analog amplitudes. As a
consequence the ratio of the conversion factors for equal peak amplitudes at 75% maximum electrical saturation is given by

1 1

I .
CFy :CFy: CFy = 075 (B=Y)pp 0.75" (R=Y)pp

Yoo

Substitution of (2.2) gives CF,:CF,:CF,=1.0.75:0.95 which, after rounding to simple integers, results in:

CFy:CFy:CFy = 4:3:4 ] (6.2)

2) It should be noted that the gamma of TV cathode ray tubes is about 2.4 whereas the ‘transmitted’ gamma is nominally 2.8 which results in
an overall gamma of 1.2
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With these simple factors, which will lead to simple (digital) matrixing for R and B, the probable maximum amplitudes of the digital signals are
practically equal which gives optimum digital resolution.

6.3. U/V Gain Matching for PAL and NTSC

In NTSC and PAL the colour difference signals U=(B-Y)' and V=(R-Y)' used to modulate the subcarrier are reduced in amplitude with respect
to the normalized signals:

U=0.493*(B-Y) (6.3)
V=0.877*(R-Y) 3 (6.4)

As a consequence gain correction is required to obtain normalized signal amplitudes from the demodulated U and V signals. The required
gain matching ratio, derived from (6.3) and (6.4), equals 0.493/0.877=9/16. Therefore the ratio CF,/CF,=3/4 fits very conveniently to the
required gain matching ratio for U/V from decoded PAL or NTSC signals. If the decoded V signal is first reduced with 3/4 (one adder) then
the remaining ‘error’ is 3/4, being the desired CF/CF,. The final correction of 3/4, which will result in equal conversion factors, should then
be applied just before or just after DA-conversion to obtain analog colour difference signals with normalized amplitudes, which is common
practice for TV receivers.

7. DIGITAL SIGNAL AMPLITUDES

The worst case margins required for noise and amplitude tolerances are quite large. Linear or statistical addition of these margins would lead to
insufficient digital resolution at quantisation in 8 bits. As an example, statistical addition of

- 30% headroom for noise (subchapter 7.1)

- 18% tolerance on transmitted burst-to-chrominance ratio [2]

- 2dB gain tolerance of analog decoders (subchapter 7.2)

would require a total range for the colour difference signals of more than two times the nominal value. Therefore the conversion factors have
been chosen such
- that there is sufficient margin in amplitude to handle the tolerance of analog decoders

and
- that the margin is according to the *headroom’ for additive noise as proposed by the EBU for D2MAC signals.

If, for certain applications, the margin is considered as insufficient then a kind of gain control should be applied. Gain control on the CVBS signal
in front of the digital decoder is already common practice (TDA8708). However automatic gain correction of component signals, i.e. signals
originating from external RGB (SCART) or analog decoders, is far more complicated. Detection and control of the amplitudes should then be
done on the three component signals simultaneously.

7.1. noise

The criterion for noise handling capability in this context is the probability that signal quality is degraded by noise clipping due to signal
quantisation. A probability of one sample per line (about 103) seems a reasonable measure for good noise behavior. Assuming that the
noise has a Gaussian distribution (white noise), the peak value to be taken into account is then approximately three times the rms value, six
times for the peak-to-peak value.

Signal-to-noise-ratios below 0dB are normal operating conditions in the design of TV circuits. E.g. for burst processing it is common practice
to design the subcarrier regenerator for stable output (less than 5 degree rms phase noise) at S/N=-10dB (CVBS; o/Noise;ms) [3]. In that
case the required margin for noise amplitude would be approximately twenty times larger then the CVBS signal amplitude.

Although it is unlikely that such a margin is present in the analog prestages at nominal CVBS amplitude, it is obvious that a compromise is
necessary between quantisation noise and the margin for external noise. Therefore the worst probable case of S/N for D2MAC reception is
used as a guideline [4].

In the D2MAC system the carrier is frequency-modulated by the baseband signal [5]. In FM systems there is a rather sharp threshold
between carrier-to-noise ratios for 'good’ and 'bad’ S/N of the demodulated signal. Therefore the assumption is made that the worst probable
S/N for D2MAC reception occurs at a carrier-to-noise ratio of 11dB, just above the threshold. That results in an unweighted noise level of
about -26dB (=0.05) [4,6] for the demodulated signal (depending on the filter response of the prestages). That means that 6*0.05=30%
headroom has to be taken into account for additive noise.

7.2. MAC Decoder

MAC decoding in principle is time-demultiplexing. Therefore the MAC decoder is transparent (no internal gain) with respect to digital
amplitudes. If the MAC (mid-range) clamping level is referred to as zero and if the peak-to-peak range is unity, then the MAC signals
according to the D2-MAC specification [5] are transmitted as:

Ym=Y-0.5, Um=0.733*(B-Y) and Vm=0.927* (R-Y) 4) (7.1)
Itis supposed that regarding DC level:

3) In NTSC the vectors | and Q are also derived from (B-Y) and (R-Y)"
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- the digitized grey clamping level equals 128 (analog 'zero’ becomes digital 128)

and regarding AC input:
- the ratio between the nominal digital peak-to-peak amplitude and the maximum range (256) of the ADC equais MR (Modulation Range).

then the corresponding digital component signals will be (See Fig. 2):

MY=128+MR*256* (Y-0.5)
MU=128+MR*256*0.733* (B-Y)
MV=128+MR*256*0.927* (R-Y)

(71.2)
(7.3)
(7.4)

Figure 2. Relation Between Analog and Digital D2MAX Baseband Signals

D2MAC SPECIFICATION
A
N
LINE 624
REFERENCE NORMALIZED DIGITAL
LEVELS VALUES LUMINANCE LEVELS
AL A _A A
4 N/ \ r- ™ \
white = +0.5 _ _ _ _ .- -
/ A
1
grey=0  ----- MR*256
black=-05 ...V ___ 1
/ ’
digital I analog
Ym=Y-05 = 128+MR"256 value

4) The colour difference signals in the D2MAC multiplex are scaled to unity amplitude at 77% of their maximum value. As a consequence the

scale factors for B-Y and R-Y are 1/(0.77*1.772)=0.733 and 1/(0.77°1.402)=0.927 respectively.
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With 30% headroom for additive noise (MR=0.77) the decoded signals (7.2)-(7.4) and the resulting conversion factors become:

MY=197"Y+20  CFy=197 (7.5)
MU=144*(B-Y)+128 CF,=3/4*192 (7.6)
MV=183*(R-Y)+128 CF,=183=192/1.05 7.7

Consequences for interfacing:

- luminance black level should be corrected to 16 (one adder).

- error on CFy results in an acceptable saturation error

~ V-signal has to be corrected with 192/183w17/16*63/64 (two adders)
- no correction is needed for the U-signal

7.3. Analog Decoder

An accepted value for the specified tolerance on the output signals of analog colour decoders (e.g. TDA4555) is +/-2dB (0.8-1.25). With a
fixed digital black level of 16 the available range for luminance is 255-16+1=240. Reduction with 2dB, rounded to the nearest multiple of 4
(resulting in an integer value for CFu), gives a nominal range of 192. That means that the digital interface signals (CFy=192) can also handle
the amplitude tolerance of analog decoders.

7.4. Digital PAL Decoder
In PAL and NTSC decoders the amplitude of the demodulated U and V signals is, via action of Automatic Colour Control (ACC), directly
related to the amplitude of the colour burst. For PAL the relation can be derived from

BP=peak burst amplitude=3/7

Substitution in in (6.3) and (6.4) gives

U=1.15'BP*(B-Y) and V=2.05*BP*(R-Y) (7.8)
If the burst peak amplitude in the digital PAL decoder is kept at BP=125 and the amplitude of the V signal is reduced with 3/4 then the
resulting UD and VD signals become:

UD=1.15"125*(B-Y)=3/4*192*(B-Y) (7.9)

VD=3/4*2.05*125*(R-Y)=192*(R-Y) (7.10)

which is in accordance with the desired interface signals (5.1)-(5.3).

7.5. Digital Matrixing

For certain applications, e.g. gamma correction for LCD, it might be required to operate on colour separation signals rather than colour
difference signals. With six adders the YD, UD and VD signals can be matrixed to digital luminance, red and blue signals normalized to a
conversion factor of 216.

luminance: 216"Y=9/8"YD (one adder) (7.11)
red: 216"R=9/8"YD+3/2"UD (three adders) (7.12)
blue: 216"B=9/8*(YD+VD) (two adders) (7.13)

These signals cover 90% (216) of the total range from black (16) to maximum (255).

8. DATA MULTIPLEXING

The video interface signal according to CCIR Rec.656 is based on 4:2:2 sample ratio. For digital TV the 4:1:1 sample ratio is an attractive
alternative, in particular for memory based processing of video originating from decoded CVBS signals. Therefore data formats have been
specified for 4:1:1 and 4:2:2 The luminance and colour difference signals are conveyed as separate data with identical clock rate according to
the luminance sample rate, 13.5MHz or 27MHz in case of frequency doubling. Luminance data is transferred on eight data lines, whereas the
colour difference signals are multiplexed on four or eight data lines.

The 4:2:2 multiplex format is chosen such that it can simply be made from the multiplexed data according to CCIR Rec.656. In the 4:1:1 format
the UD and VD signals are multiplexed on separate data lines. The multiplex formats of the colour difference samples are given in the following
tables together with the cosited luminance sample.
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'4:2:2’ format ’4:1:1" format

dataline samplebits dataline samplebits
Y7 T7 Y71 v7
Y6 Yé 76 | Y6
S . nextY ... | ... | nextY-samples
Yo Yo Yo | Yo
c7 u7 v7 C7|l U7 | uUs [ U3 | U1
(o] us V6 C6) U6 | U4 | U2 | U0
C5| V7 | Vs | V3 | V1
co uo Vo C4| Ve | V4 | V2 | VO

time-slot 0 1 time-slot | 0 1 2 3

The start of the multiplex frame is identified by the positive going edge of a control signal (BLN or HREF or MUX, depending on the integrated
circuit used as source).

9. CONCLUSION
Signal amplitudes and multiplexing formats for digital component video signals as used for interconnecting TV receiver functions are based on
receiver specific requirements. Concerning amplitudes the following criteria are fulfilled:
digital resolution is practically optimum for 75% colour difference amplitudes.

signal amplitudes fit conveniently to D2MAC decoders, taking into account 30% headroom for noise.
UD/VD ratio fits conveniently to the required gain matching ratio for PAL/NTSC colour difference signals.
amplitude margin is in accordance with the amplitude tolerance of analog decoded signals.

matrixing to colour selection signals is simple Data multiplexing parameters are specified for:

4:2:2 as well as 4:1:1 sample frequency ratio to cope with different bandwidths, in particular for memory applications

clock frequency equal to luminance sample frequency for application with or without frequency doubling

The following figures give the characteristic amplitudes of the digital component video signals according to the specifications for application in
TV receivers and according to CCIR Rec.601.

June 1991
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Digital Component Video Signals According to CCIR Rec. 601 for 100.0.100.0 Colour Bars
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L
RECOMMENDATION 601-2

ENCODING PARAMETERS OF DIGITAL TELEVISION FOR STUDIOS*

(Question 25/11, Study Programmes 25G/11, 251/11)

(1982-1986-1990)

The CCIR,

CONSIDERING

(a) that there are clear advantages for television broadcasters and programme producers in digital studio
standards which have the greatest number of significant parameter values common to 525-line and 625-line
systems;

(b) that a world-wide compatible digital approach will permit the development of equipment with many
common features, permit operating economies and facilitate the international exchange of programmes;

(c) that an extensible family of compatible digital coding standards is desirable. Members of such a family
could correspond to different quality levels, facilitate additional processing required by present production
techniques, and cater for future needs;

(d) that a system based on the coding of components is able to meet some, and perhaps all, of these desirable
objectives;
(e) that the co-siting of samples representing luminance and colour-difference signals (or, if used, the red,

green and blue signals) facilitates the processing of digital component signals, required by present production
techniques,

UNANIMOUSLY RECOMMENDS

that the following be used as a basis for digital coding standards for television studios in countries using
the 525-line system as well as in those using the 625-line system:

1. Component coding

The digital coding should be based on the use of one luminance and two colour-difference signals (or, if
uscd, the red, green and blue signals).

The spectral characteristics of the signals must be controlled to avoid aliasing whilst preserving the
passband response. When using one luminance and two colour-difference signals as defined in Table I of
RECOMMENDS 4, suitable filters are defined in Annex III, Figs. 1 and 2. When using the E’x, E'g, E’p signals
or luminance and colour-difference signals as defined in Table I of Annex I, a suitable filter characteristic is
shown in Fig. 1 of Annex IIL

* Main digital television terms used in the Recommendation are defined in Report 629.
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2. Extensible family of compatible digital coding standards

The digital coding should allow the establishment and evolution of an extensible family of compatible
digital coding standards.

It should be possible to interface simply between any two members of the family.

The member of the family to be used for the standard digital interface between main digital studio
equipment, and for international programme exchange (i.e. for the interface with video recording equipment and
for the interface with the transmission system) should be that in which the luminance and colour-difference
sampling frequencies are related in the ratio 4 :2: 2.

In a possible higher member of the family the sampling frequencies of the luminance and colour-difference
signals (or, if used, the red, green and blue signals) could be related by the ratio 4 : 4 : 4. Tentative specifications
for the 4 : 4 : 4 member are included in Annex I (see Note).

Note — Administrations are urgently requested to conduct further studies in order to specify parameters of the
digital standards for other members of the family. Priority should be accorded to the members of the family below
4 :2:2. The number of additional standards specified should be kept to a minimum.

3. Specifications applicable to any member of the family

3.1 Sampling structures should be spatially static. This is the case, for example, for the orthogonal sampling
structure specified in § 4 of the present Recommendation for the 4 : 2 : 2 member of the family.

3.2 If the samples represent luminance and two simultaneous colour-difference signals, each pair of
colour-difference samples should be spatially co-sited. If samples representing red, green and blue signals are used
they should be co-sited.

33 The digital standard adopted for each member of the family should permit world-wide acceptance and
application in operation; one condition to achieve this goal is that, for each member of the family, the number of
samples per line specified for 525-line and 625-line systems shall be compatible (preferably the same number of
samples per line).

4. Encoding parameter values for the 4 : 2 : 2 member of the family

The following specification (Table I) applies to the 4 :2:2 member of the family, to be used for the
standard digital interface between main digital studio equipment and for international programme exchange.

July 1993 2-30



Philips Semiconductors Video Products

Encoding parameters of digital television for studios

July 1993

TABLE 1 — Encoding parameter values for the 4 : 2 : 2 member of the family

Parameters

525-line, 60 field/s (")
systems

625-line, 50 field/s ()
systems

1. Coded signals: Y, Cg, Cp These signals are obtained from gamma pre-corrected signals, namely: E'y,
E'r — E'y, E'y — E'y(Annex II, § 2 refers)
2. Number of samples per total line:
— luminance signal (Y) 858 864
— each colour-difference signal 429 432
(Cr, Cs)
3. Sampling structure Orthogonal, line, field and frame repetitive. Cg and Cp samples co-sited with

odd (1st, 3rd, 5th, etc.) Y samples in each line

4. Sampling frequency:

— luminance signal
— each colour-difference signal

13.5 MHz ()
6.75 MHz (%)

The tolerance for the sampling frequencies should coincide with the tolerance
for the line frequency of the relevant colour television standard

5. Form of coding

Uniformly quantized PCM, 8 bits per sample, for the luminance signal and
each colour-difference signal

6. Number of samples per digital
active line:

— luminance signal

— each colour-difference signal

720
360

7. Analogue-to-digital horizontal
timing relationship:

— from end of digital active line
to Oy

16 luminance clock periods 12 luminance clock periods

8. Correspondence between video
signal levels and quantization
levels:

— scale
— luminance signal

— each colour-difference signal

0 to 255

220 quantization levels with the black level corresponding to level 16 and the
peak white level corresponding to level 235. The signal level may occasionally
excurse beyond level 235

225 quantization levels in the centre part of the quantization scale with zero
signal corresponding to level 128

9. Code-word usage

Code-words corresponding to quantization levels 0 and 255 are used
exclusively for synchronization. Levels 1 to 254 are available for video

(") See Report 624, Table 1.

(*) The sampling frequencies of 13.5 MHz (luminance) and 6.75 MHz (colour-difference) are integer multiples of
2.25 MHz, the lowest common multiple of the line frequencies in 525/60 and 625/50 systems, resulting in a static

orthogonal sampling pattern for both.
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ANNEX 1

TENTATIVE SPECIFICATION OF THE 4:4:4 MEMBER OF THE FAMILY

This Annex provides for information purposes a tentative specification for the 4 :4 :4 member of the
family of digital coding standards.

The following specification could apply to the 4 : 4 : 4 member of the family suitable for television source
equipment and high quality video signal processing applications.

TABLE 11 — A tentative specification for the 4 : 4 : 4 member of the family

525-line, 60 ficld/s 625-line, 50 field/s
Parameters
systems systems

1. Coded signals: Y, Cg, Cy These signals are obtained from gamma pre-corrected signals, namely: £y,

orR, G, B S’k — E'y, E'lp — E'yor E'x, E'g, E'y
2. Number o}" samples per total line 853 864

for each signal
3. Sampling structure Orthogonal, line, field and frame repetitive. The three sampling structures to

be coincident and coincident also with the luminance sampling structure of
the 4 :2 : 2 member

4. Sampling frequency for each

signal 13.5 MHz

5. Form of coding Uniformly quantized PCM. At least 8 bits per sample

6. Duration of the digital active line

expressed in number of samples At least 720

7. Correspondence between video
signal levels and the 8 most
significant bits (MBS) of the
quantization level for each

sample:

— scale 0 to 255

— R, G, B or luminance 220 quantization levels with the black level corresponding to level 16 and the
signal (') peak with level corresponding to level 235. The signal level may occasionally

excurse beyond level 235

— each colour-difference 225 quantization levels in the centre part of the quantization scale with zero

signal (') signal corresponding to level 128
(") If used.
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ANNEX 11

DEFINITION OF SIGNALS USED IN THE DIGITAL CODING STANDARDS

1. Relationship of digital active line to analogue sync. reference

The relationship between 720 digital active line luminance samples and the analogue synchronizing
references for 625-line and 525-line systems is shown below.

TABLE 111

! |
525-line, : I
60 field/s | 1227 720 T 16T |
systems | )
! |
! |

Ol,, Digital active-line : Next line
(leading edge of line syncs., period ]
half-amplitude reference) [
1 0y
! 1
1 n
! |
625-line, { |
50 field/s 1327 720 T 127 }
systems | |
! |

T: one luminance sampling clock period (74 ns nominal).

The respective numbers of colour-difference samples can be obtained by dividing the number of luminance
samples by two. The (12, 132) and (16, 122) were chosen symmetrically to dispose the digital active line about the
permitted variations. They do not form part of the digital line specification and relate only to the analogue
interface.

2. Definition of the digital signals Y, Cg, Cg, from the primary (analogue) signals E'g, E'cand E'g

This section describes, with a view to defining the signals Y, Cg, Cs, the rules for construction of these
signals from the primary analogue signals E'x, E'c and E's. The signals are constructed by following the three
stages described in § 2.1, 2.2 and 2.3 below. The method is given as an example, and in practice other methods of
construction from these primary signals or other analogue or digital signals may produce identical results. An
example is given in § 2.4.

2.1 Construction of luminance (E'y) and colour-difference (E'x — E'y) and (E's — E'y) signals
The construction of luminance and colour-difference signals is as follows:
y = 0.299E% + 0.587E%; + 0.114E% (See Note)
whence:

(ER — EY) = ER — 0299E% — 0.587E; — 0.114E%
0.701E’x — 0.587E; — 0.114E'

and:

(E — Ey) = E’ — 0299E% — 0.587E; — 0.114E%
= — 0.299E% — 0.587EG + 0.886E"

Note. — Report 624 Table 11 refers.

July 1993 2-33



Philips Semiconductors Video Products

Encoding parameters of digital television for studios CCIR REC. 601-2

Taking the signal values as normalized to unity (e.g., 1.0 V maximum levels), the values obtained for
white, black and the saturated primary and complementary colours are as follows:

TABLE 1V

Condition E%R E’ E’% EYy E'r~ EYy E’s— Ey
White 1.0 1.0 1.0 1.0 0 0
Black 0 0 0 0 0 0

Red 1.0 0 0 0.299 0.701 -0.299
Green 0 1.0 0 0.587 —0.587 —0.587
Blue 0 0 1.0 0.114 -0.114 0.886
Yellow 1.0 1.0 0 0.886 0.114 —0.886
Cyan 0 1.0 1.0 0.701 -0.701 0.299
Magenta 1.0 0 1.0 0.413 0.587 0.587

2.2 Construction of re-normalized colour-difference signals (E'c, and E'c,)

Whilst the values for E'y have a range of 1.0 to 0, those for (E’x — E'y) have a range of +0.701 to
—0.701 and for (E’s — E'y) a range of +0.886 to —0.886. To restore the signal excursion of the colour-difference
signals to unity (i.e. +0.5 to —0.5), coefficients can be calculated as. follows:

0.5 0.5
Kp = —= = 0.713; Kp = —> = 0.564
k= 0701 5= 0886

Then:
E'¢, = 0713 (ER — EY) = 0.500E% — 0.419EG — 0.081E’
and:

e, = 0.564 (E3 ~ Ey) = —0.169E% — 0.331E; + 0.500E%

where E'c, and E'c, are the re-normalized red and blue colour-difference signals respectively (see Notes 1 and 2).

Note 1 — The symbols E’c, and E’c, will be used only to designate re-normalized colour-difference signals,
i.e. having the same nominal peak-to-peak amplitude as the luminance signal E'y, thus selected as the reference
amplitude.

Note 2 — In the circumstances when the component signals are not normalized to a range of 1 to 0, for example,
when converting from analogue component signals with unequal luminance and colour-difference amplitudes, an
additional gain factor will be necessary and the gain factors K, K should be modified accordingly.
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23 Quantization

In the case of a uniformly-quantized 8-bit binary encoding, 2%, i.e. 256, equally spaced quantization levels
are specified, so that the range of the binary numbers available is from 0000 0000 to 11111111 (00 to FF in
hexadecimal notation), the equivalent decimal numbers being 0 to 255, inclusive.

In the case of the 4:2:2 system described in this Recommendation, levels 0 and 255 are reserved for
synchronization data, while levels 1 to 254 are available for video.

Given that the luminance signal is to occupy only 220 levels, to provide working margins, and that black
is to be at level 16, the decimal value of the luminance signal, Y, prior to quantization, is:

Y = 219 (E%) + 16,

and the corresponding level number after quantization is the nearest integer value.

Similarly, given that the colour-difference signals are to occupy 225 levels and that the zero level is to be
level 128, the decimal values of the colour-difference signals, Cg and Cp, prior to quantization are:

Cr = 224 [0.713 (E'x — E'y)] + 128

and:

Cp = 224 [0.564 (E'y — E'y)] + 128

which simplify to the following:

Cr =160 (E'r — E'y)] + 128

and:
Cp = 126 (E's — E)) + 128
and the corresponding level number, after quantization, is the nearest integer value.

The digital equivalents are termed Y, Cg and Cp.

2.4 Construction of Y, Cg, Cp via quantization of E'x, E'g, E'p
In the case where the components are derived directly from the gamma pre-corrected component signals
'k, E'g, E’g, or directly generated in digital form, then the quantization and encoding shall be equivalent to:
E'g, (in digital form) = int (219 E’%) + 16
E’g, (in digital form) = int (219 E'c) + 16
’s, (in digital form) = int (219 E’5) + 16

Then:
7 1 2
Y= L o+ 20 2y
256 256 256
131 110 21
Ci= —= Ef — —= Efg — = E% + 128
K™ 956 "R 7 256 T T 256 T
44 87 131
= = 2 ER = —L Ef 4 —- Efp 4+ 128
? 256 T 256 T 256 T

taking the nearest integer coefficients, base 256. To obtain the 4 :2:2 components Y, Cz, Cg, low-pass filtering
and sub-sampling must be performed on the 4 :4 :4 Cg, Cpsignals described above. Note should be taken that
slight differences could exist between Cgr, Cpcomponents derived in this way and those derived by analogue
filtering prior to sampling.
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ANNEX III

FILTERING CHARACTERISTICS
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FIGURE 1 - Specification for a luminance or RGB signal filter

used when sampling at 13.5 MHz
Note — The lowest indicated values in b) and ¢) are for 1 kHz (instead of 0 MHz).
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FIGURE 2 — Specification for a colour-difference signal filter used when sanpling at 6.75 MHz

Note — The lowest indicated values in b) and ¢) are for 1 kHz (instead of 0 MHz).
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FIGURE 3 — Specification for a digital filter for sampling-rate conversion
from4:4:4t04: 2.2 colour-difference signals

Notes to Figs. 1, 2 and 3:

Note I — Ripple and group delay are specified relative to their values at 1 kllz. The full lines are practical limits and the
dashed lines give suggested limits for the theoretical design.

Note 2. — In the digital filter, the practical and design limits are the same. The delay distortion is zero, by design.

Note 3 — In the digital filter (Fig. 3), the amplitude/frequency characteristic (on linear scales) should be skew-symmetrical
about the half-amplitude point, which is indicated on the figure.

/Yote 4 - In the proposals for the filters used in the encoding and decoding processes, it has been assumed that, in the post-
filters which follow digital-to-analogue conversion, correction for the (sin x/x) characteristic of the sample-and-hold circuits
is provided.

pro

July 1993 2-38



Philips Semiconductors Video Products
.|

RECOMMENDATIONS OF THE CCIR, 1990 CCIR 656

L]

(ALSO RESOLUTIONS AND OPINIONS) VOLUME X1 — PART 1

BROADCASTING SERVICE (TELEVISION)

CCIR

. The International Radio Consultative Committee (CCIR) is the permanent organ of the International Telecommunication Union responsible
under the International Telecommunication Convention “...to study technical and operating questions relating specifically to
radiocommunications without limit of frequency range, and to issue recommendations on them...” (International Telecommunication
Convention, Nairobi 1982, First Part, Chapter |, Art. 11, No. 83).1

2. The objectives of the CCIR are in particular:

Py

[

. to provide the technical bases for use by administrative radio conferences and radiocommunication services for efficient utilization of the
radio-frequency spectrum and the geostationary-satellite orbit, bearing in mind the needs of the various radio services;

o

. to recommend performance standards for radio systems and technical arrangements which assure their effective and compatible
interworking in international telecommunications;

(2]

. to collect, exchange, analyze and disseminate technical information resulting from studies by the CCIR, and other information available, for
the development, planning and operation of radio systems, including any necessary special measures required to facilitate the use of such
information in developing countries.

1. See also the Constitution of the ITU, Nice, 1989, Chapter 1, Art. 11, No. 84.

CCIR Intemational Radio Consultative Committee 2-39 Geneva, 1990
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RECOMMENDATION 656

INTERFACES FOR DIGITAL COMPONENT VIDEO SIGNALS
IN 525-LINE AND 625-LINE TELEVISION SYSTEMS

(1986)
The CCIR,
CONSIDERING
a. that there are clear advantages for television broadcasting organizations and programme producers in digital studio standards which have

the greatest number of significant parameter values common to 525-line and 625-line systems;

. that a world-wide compatible digital approach will permit the development of equipment with many common features, permit operating

economies and facilitate the international exchange of programmes;

. that to implement the above objectives, agreement has been reached on the fundamental encoding parameters of digital television for

studios in the form of Recommendation 601;

. that the practical implementation of Recommendation 601 requires definition of details of interfaces and the data streams traversing them;

. that such interfaces should have a maximum of commonality between 525-line and 625-line versions;

that in the practical implementation of Recommendation 601 it is desirable that interfaces be defined in both serial and parallel forms;

. that digital television signals produced by these interfaces may be a potential source of interference to other services, and due notice must

be taken of No. 964 of the Radio Regulations,

UNANIMOUSLY RECOMMENDS

that where interfaces are required for component-coded digital video signals in television studios, the interfaces and the data streams that

will traverse them should be in accordance with the following description, defining both bit-parallel and bit-serial implementations.

1.

Introduction

This Recommendation describes the means of interconnecting digital television equipment operating on the 525-line or 625-line

standards and complying with the 4 : 2 : 2 encoding parameters as defined in Recommendation 601.

Part | describes the signal format common to both interfaces.
Part Il describes the particular characteristics of the bit-parallel interface.

Part lll describes the particular characteristics of the bit-serial interface.

PART |

COMMON SIGNAL FORMAT OF THE INTERFACES

General description of the interfaces

The interfaces provide a unidirectional interconnection between a single source and a single destination.

A signal format common to both parallel and serial interfaces is described in § 2 below.

CCIR International Radio Consultative Committee 2-40
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The data signal are in the form of binary information coded in 8-bit words. These signals are:

- video data;
- timing reference codes;
~ ancillary data;

~ identification codes.

2. Video data

2.1 Coding characteristics

The video data is in compliance with Recommendation 601, and with the field-blanking definition shown in Table 1.

TABLE | — Field interval definitions

625 525
V-digital field blanking
Finish
(V=0) Line 624 Line 1
Field 1
i Line23 | Line 10
Start . .
Line 311 Line 264
Field 2 (v=1)
Finish . .
(V=0) Line 336 Line 273
F-digital field identification
Field 1 F=0 Line 1 Line 4
Field 2 F=1 Line 313 Line 266

Note 1 — Signals F and V change state synchronously with the end of active
video timing reference code at the beginning of the digital line.

Note 2 — Definition of line numbers is to be found in Report 624. Note that
digital line number changes state prior to Oy as shown in Fig. 1.

2.2 Video data format

The data words 0 and 255 (00 and FF in hexadecimal notation) are reserved for data identification purposes and consequently only 254

of the possible 256 words may be used to express a signal value.
The video data words are conveyed as a 27 Mwords/s multiplex in the following order:
Cg, Y, Cg, Y, Cg, Y, Cg, etc.

where the word sequence Cg, Y, Cg, refers to co-sited luminance and colour-difference samples and the following word, Y, corresponds to the

next luminance sample.
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2.3 Timing relationship between video data and the analogue synchronizing waveform

2.3.1 Line interval

The digital active line begins at 244 words (in the 525-line standard) or at 264 words (in the 625-line standard) after the leading
edge of the analogue line synchronization pulse, this time being specified between half-amplitude points.

Figure 1 shows the timing relationship between video and the analogue line synchronization.

Analogue line blinking

7 [

- -,

TViine 84ps(625) L---

635 ps (525)
16T (625)
87 (525) : 20T (625)
107 (525) O™
24T (625) Video data block
327 (525) 12487
———— 4L -———
E S| Multiplexed video data E
c CoYCRYCgY.. c
——— — —_—
aT aT
Digital line blanking Digital active line
2887 (625) 1440T (625)
2767 (525) Digital line
17287 (625) I
17167 (525)

FIGURE 1 - Data format and timing relationship with the analogue video signal

T clock period 37 ns nom.
SAV: start of active video timing reference code
EAV: end of active video timing reference code
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2.3.2 Field interval

The start of the digital field is fixed by the position specified for the start of the digital line: the digital field starts 32 words (in the
525-line systems) and 24 words (in the 625-line systems) prior to the lines indicated in Table I.

2.4 Video timing reference codes (SAV, EAV)

There are two timing reference codes, one at the beginning of each video data block (Start of Active Video, SAV) and one at the end of
each video data block (End of Active Video, EAV) as shown in Fig. 1.

Each timing reference code consists of a four word sequence in the following format: FF 00 00 XY. (Values are expressed in
hexadecimal notation. Codes FF, 00 are reserved for use in timing reference codes.) The first three words are a fixed preamble. The fourth
word contains information defining field 2 identification, the state of field blanking, and the state of line blanking. The assignment of bits within
the timing reference code is shown below in Table II.

TABLE Il — Video timing reference codes
Bit No.
Word
7 (MSB) 6 5 4 3 2 1 0 (MSB)

First 1 1 1 1 1 1 1 1
Second 0 0 [} 0 0 0 0 0
Third 0 0 0 0 ] 0 0 0
Fourth 1 F v H Ps3 P, Py Po

0 during field 1

1 during field 2

v = Oelsewhere
1 during field blanking

0in SAV
1in EAV

Po, P4, P2, P53 : protection bits (see Table Ill).
MSB: most significant bit
LSB: least significant bit
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Table | defines the state of the V and F bits.

Bits Pg, P4, P2, P3, have states dependent on the states of the bits F, V and H as shown in Table Ill. At the receiver this arrangement
permits one-bit errors to be corrected and two-bit errors to be detected.

TABLE Il — Protection bits

Bit No. 7 6 5 4 3 2 1 0
Function Fixed 1 F \Y H P3 P, Py Po
0 1 0 0 0 0 0 0 0

1 1 0 0 1 1 1 0 1

2 1 0 1 0 1 0 1 1

3 1 0 1 1 0 1 1 0

4 1 1 0 0 0 1 1 1

5 1 1 0 1 1 o] 1 0

6 1 1 1 0 1 1 [o] 0

7 1 1 1 1 0 0 0 1

2.5 Ancillary data

Provision is made for ancillary data to be inserted synchronously into the multiplex during the blanking intervals at a rate of 27 Mwords/s.
Such data is conveyed by one or more 7-bit words, each with an additional parity bit (LSB) giving odd parity.

Each ancillary data block, when used, should be constructed as shown in Table IV from the timing reference code ANC and a data field.

2.6 Data words during blanking

The data words occurring during digital blanking intervals that are not used for the timing reference code ANC or for ancillary data are
filled with the sequence 80, 10, 80, 10, etc. (values are expressed in hexadecimal notation) corresponding to the blanking level of the Cg, Y, Cg,
Y signals respectively, appropriately placed in the multiplexed data.
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TABLE IV — Ancillary data block

L ANC code o Data field
wordl 0 1 2345|o ,NI

00 | FF | FF | TT | MM| LL | XX XX

N /N /\ 7\

(00, FF excluded)

Word count or line number (Note 1)

Bt 7 6 5 4 3 2 10
Word MM [ 0 [D11[D1o Ds [ Ds [ D7 Ds] P |

Word LL |o ID5|D4|Dngng1IDOJ P]

Odd word parity

Data type (Note 1)

Fixed pattern

“Word count” specifies the length of the data field and lies in the range 1 to 1434. Ifword TT
specifies a line number then Dy, to Dy contain the binary equivalent of the line number and
the word count is assumed to be zero. The ancillary data block(s) may be transmitted when
time is available during horizontal or vertical blanking following the EAV timing reference
signal.

Note 1 — The precise location of the ancillary data blocks and the coding of words 3, 4 and 5 require
further study.

PART I
BIT-PARALLEL INTERFACE

1. General description of the interface

The bits of the digital code words that describe the video signal are transmitted in parallel by means of eight conductor pairs, where each
carries a multiplexed stream of bits (of the same significance) of each of the component signals, Cg, Y, Cg, Y. The eight pairs also carry
ancillary data that is time-multiplexed into the data stream during video blanking intervals. A ninth pair provides a synchronous clock at 27MHz.

The signals on the interface are transmitted using balanced conductor pairs. Cable lengths of up to 50 m (= 160 feet) without
equalization and up to 200 m (= 650 feet) with appropriate equalization (see § 6) may be employed.

The interconnection employs a twenty-five pin D-subminiature connector equipped with a locking mechanism (see § 5).

For convenience, the eight bits of the data word are assigned the names DATA 0 to DATA 7. The entire word is designated as DATA
(0-7). DATA 7 is the most significant bit.

Video data is transmitted in NRZ form in real time (unbuffered) in blocks, each comprising one active television line.

2. Data signal format

The interface carries data in the form of 8 parallel data bits and a separate synchronous clock. Data is coded in NRZ form. The
recommended data format is described in Part |.
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3. Clock signal
3.1 General
The clock signal is a 27 MHz square wave where the 0-1 transition represents the data transfer time. This signal has the following
characteristics:

Width: 185+ 3ns

Jitter:  Less than 3 ns from the average period over one field.
3.2 Clock-to-data timing relationship

The positive transition of the clock signal shall occur midway between data transitions as shown in Fig. 2.

Timing reference
for data and clock |

Data

Clock

\ 4

t
lg T |
|

FIGURE 2 — Clock-to-data timing (at source)
1

Cl i : = =137
ock period (625) T 1728, 3ns
. 1
Clock 525): = =137
ock period (525) T 1716, ns
Clock pulse width: t=185 % 3ns

Data timing —sendingend:  1;,=18.5 & 3ns
fu: line frequency

4. Electrical characteristics of the interface

41 General

The interface employs nine line drivers and nine line receivers.
Each line driver (source) has a balanced output and the corresponding line receiver (destination) a balanced input (see Fig. 3).

Although the use of ECL technology is not specified, the line driver and receiver must be ECL-compatible, i.e. they must permit the use of
ECL for either drivers or receivers.

All digital signal time intervals are measured between the half-amplitude points.
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Source | Transmission | Destination
| line |
AL A
1 H
Line | | Line
driver l = receiver
% 5—u-0O

FIGURE 3 — Line driver and line receiver interconnection

4.2 Logic convention

The A terminal of the line driver is positive with respect to the B terminal for a binary 1 and a negative for a binary 0 (see Fig. 3).
4.3 Line driver characteristics (source)

4.3.1  Output impedance: 110 Q maximum
4.3.2 Common mode voltage: —1.29 V + 15% (both terminals relative to ground).
4.3.3 Signal amplitude: 0.8 to 2.0 V peak-to-peak, measured across a 110 Q resistive load.

4.3.4 Rise and fall times: less than 5 ns, measured between the 30% and 80% amplitude points, with a
110 Q resistive load. The difference between rise and fall times must not exceed 2 ns.

4.4 Line receiver characteristics

4.4.1  Input impedance: 110 Q=10 Q.
4.4.2 Maximum input signal: 2.0 V peak-to-peak.
4.4.3  Minimum input signal: 185 mV peak-to-peak.

However, the line receiver must sense correctly the binary data when a random data signal produces the conditions
represented by the eye diagram in Fig. 4 at the data detection point.

4.4.4 Maximum common mode signal: + 0.5V, comprising interference in the range 0 to 15 kHz (both
terminals to ground).

4.4.5 Differential delay: Data must be correctly sensed when the clock-to-data differential delay is in the
range between * 11 ns (see Fig. 4).

5. Mechanical details of the connector

The interface uses the 25 contact type D subminiature connector specified in ISO Document 2110-1980, with contact assignment shown
in Table V.

Connectors are locked together by a one-piece slide lock on the cable connectors and locking posts on the equipment connectors.
Connectors employ pin contacts and equipment connectors employ socket contacts. Shielding of the interconnecting cable and its connectors
must be employed (see Note).

Note — It should be noted that the ninth and eighteenth harmonics of the 13.5 MHz sampling frequency (nominal value) specified in
Recommendation 601 fall at the 121.5 and 243 MHz aeronautical emergency channels. Appropriate precautions must therefore be taken in the
design ad operation of interfaces to ensure that no interference is caused at these frequencies. Emission levels for related equipment are given
in CISPR Recommendation: *Information technology equipment — limits of interference and measuring methods” Document CISPR/B (Central
Office) 16. Nevertheless, No. 964 of the Radio Regulations prohibits any harmful interference on the emergency frequencies.

CCIR International Radio Consultative Committee 2-47



Philips Semiconductors Video Products

RECOMMENDATIONS OF THE CCIR, 1990

CCIR 656

Rec. 656

Tmin Tmin

I : Reference transition

of clock

FIGURE 4 — Idealized eye diagram corresponding to the minimum input signal level

Tmin = 11108
Vinin = 100V
Note — The width of the window in the eye diagram, within which data must be

correctly detected comprises +3 ns clock jitter, 3 ns data timing (see § 3.2),
and 15 ns available for differences in delay between pairs of the cable.

TABLE V — Contact assignments

Contact Signal line Contact Signal line
1 Clock A 14 Clock B
2 System ground 15 System ground
3 Data 7A (MSB) 16 Data 7B
4 Data 6A 17 Data 6B
5 Data 5A 18 Data 5B
6 Data 4A 19 Data 4B
7 Data 3A 20 Data 3B
8 Data 2A 21 Data 2B
9 Data 1A 22 Data 1B
10 Data OA 23 Data 0B
1" Spare A-A 24 Spare A-B
12 Spare B-A 25 Spare B-B
13 Cable shield — —

CCIR International Radio Consultative Committee 2-48



Philips Semiconductors Video Products

RECOMMENDATIONS OF THE CCIR, 1990 CCIR 656

Rec. 656

Any spare pairs connected to contacts 11,24 or 12,25 are reserved for bits of lower significance than those carried on contacts 10,23.
6. Llne receiver equalization
To permit correct operation with longer interconnection links, the line receiver may incorporate equalization.

When equalization is used, it should conform to the nominal characteristics of Fig. 5. This characteristic permits operation with a range of
cable lengths down to zero. The line receiver must satisfy the maximum input signal condition of § 4.4

20
/
18 %
16 L !
14
/ﬁ
g 12 / 1 1
© 10 / 3
2 5 -
© £ g
¢ 8 of S+
= o
Q
£ £
6 S §
4 £7 o1
// £ 2
A1 n 1 =
2 v
/
0 _——-/
01 02 05 1 2 5 10 20 50

Frequency (MHz)

FIGURE 5 — Line receiver equalization characteristic for small signals

PART 11l
BIT-SERIAL INTERFACE

1. General description of the interface

The multiplexed data stream of 8-bit words (as described in Part I} is transmitted over a single channel in bit-serial form. Prior to
transmission, additional coding takes place to provide spectral shaping, word synchronization and to facilitate clock recovery.

2. Coding

The 8-bit data words are encoded for transmission into 9-bit words as shown in Table VI.

For some 8-bit data words alternative 9-bit transmission words exist, as shown in columns 9B and 9B, each 9-bit word being the
complement of the other. In such cases, the 9-bit word will be selected alternately from columns 9B and 3B on each successive occasion that
any such 8-bit word is conveyed. In the decoder, either word must be converted to the corresponding 8-bit data word.

CCIR International Radio Consultative Committee 2-49



Philips Semiconductors Video Products

RECOMMENDATIONS OF THE CCIR, 1990 CCIR 656
Rec. 656
TABLE VI — Encoding table
Input Output Input Output Input Output Input Output Input Output Input Output
8B 9B 9B 8B 9B 9B 8B 9B B 8B 9B 3B 8B 9B 3B 8B 3B 38
00 | OFE 101 2B | 053 56 | 097 81 0AA AC | 12C D7 | oCcC
01 027 2C 1AC 57 168 82 055 AD oD9 D8 139
02 1D8 2D 057 58 099 83 1AA AE 126 D9 OCE
03 033 2E 1A8 59 166 84 oDs AF OES DA 133
04 1CC 2F 059 5A 09B 85 12A BO 1A DB oD8
05 037 30 1A6 5B 164 86 095 B1 OE9 DC 131
06 1CB 31 05B 5C 08D 87 16A B2 116 DD | oDC
07 039 32 05D 5D 162 88 0B5 B3 02E DE 127
08 1C6 33 1A4 5E 0A3 89 14A B4 1D1 DF OE2
09 03B 34 065 S5F 15C 8A 09A B5 036 EO 123
0A 1C4 35 19A 60 0A7 8B 165 B6 1C9 E1 OE4
0B 03D 36 069 61 158 8C 0A6 B7 03A E2 11D
oc 1C2 37 196 62 025 1DA 8D 159 B8 1C5 E3 OE6
oD 14D 38 026 1D9 63 0A1 15E 8E 0AC B9 04E E4 11B
OE 0B4 39 08C 173 64 029 1D6 8F 153 BA 1B1 ES OE8
OF 14B 3A 02C 1D3 65 091 16E 90 OAE BB 05C E6 119
10 1A2 3B 098 167 66 045 1BA 91 151 BC 1A3 E7 OEC
1 0B6 3C 032 1CD 67 089 176 92 02A 1D5 BD 05E E8 17
12 149 3D OBE 141 68 049 1B6 93 092 16D BE 1A1 E9 OF2
13 0BA 3E 034 1CB 69 085 17A 94 04A 1B5 BF 066 EA 113
14 145 3F oc2 13D 6A 051 1AE 95 094 16B co 199 EB OF4
15 0CA 40 046 1B9 6B 08A 175 96 0A8 157 C1 06C EC 10D
16 135 41 0C4 13B 6C 0A4 15B 97 0B7 148 c2 193 ED 076
17 oD2 42 04C 1B3 6D 054 1AB 98 OF5 10A Cc3 06E EE 10B
18 12D 43 ocs 137 6E 0A2 15D 99 08B 144 C4 191 EF oc7
19 oD4 44 058 1A7 6F 052 1AD 9A OED 112 C5 072 FO 13C
1A 129 45 0B1 70 056 9B 0BD 142 Ccé 18D F1 047
1B oDé 46 14E 71 1A9 9C OEB 114 c7 074 F2 1B8
1C 125 47 0B3 72 05A 9D oD7 128 cs 188 F3 067
1D ODA 48 14C 73 1A5 9E oDD 122 c9 07A F4 19C
1E 115 49 0B9 74 06A 9F oDB 124 CA 189 F5 071
1F OEA 4A 06B 75 195 AO 146 cB 08E F6 198
20 | oB2 4B 194 76 | 096 Al 0C5 CC | 185 F7 | 073
21 02B 4C 06D 77 169 A2 13A cD 09C F8 18E
22 1D4 4D 192 78 0A9 A3 0C9 CE 171 F9 079
23 02D 4E 075 79 156 A4 136 CF 09E FA 18C
24 1D2 4F 18A 7A O0AB A5 ocB Do 163 FB 087
25 | 035 50 | 08B 7B 154 A6 134 D1 | oB8 FC 186
26 1CA 51 174 7C 0AS A7 ocDh D2 161 FD 0C3
27 | 04B 52 | 08D 7D | 15A A8 132 D3 | 0BC FE 178
28 1B4 53 172 7E O0AD A9 oD1 D4 147 FF 062 19D
29 | 04D 54 | 093 7F 152 AA 12E D5 | oCe
2A 1B2 55 16C 80 155 AB oD3 D6 143
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3. Order of transmission

The least significant bit of each 9-bit word shall be transmitted first.

4. Logic convention

The signal is conveyed in NRZ form. The voltage at the output terminal of the line driver shall increase on a transition from O to 1
(positive logic).
5. Transmission medium

The bit-serial data stream can be conveyed using either a coaxial cable (§ 6) or fibre optic bearer (§ 7).

Characteristics of the electrical interface
6.1 Line driver characteristics (source)
6.1.1  Output impedance

The line driver has an unbalanced output with a source impedance of 75 Q and a return loss of at least 15 dB over a frequency
range of 10 to 243 MHz.

6.1.2 Signal impedance

The peak-to-peak signal amplitude lies between 400 mV and 700 mV measured across a 75 Q resistive load directly connected
to the output terminals without any transmission line.

6.1.3 DC offset

The DC offset with reference to the mid amplitude point of the signal lies between +1.0Vand -1.0 V.

6.1.4 Rise and fall times

The rise and fall times, determined between the 20% and 80% amplitude points and measured across a 75 Q resistive load
connected directly to the output terminals, shall lie between 0.75 and 1.5 ns and shall not differ by more than 0.40 ns.

6.1.5 Jitter

The timing of the rising edges of the data signal shall be within + 0.10 ns of the average timing of rising edges, as determined
over a period of one line.

6.2 Line receiver characteristics (destination)
6.2.1 Terminating impedance

The cable is terminated by 75 Q with a return loss of at least 15 dB over a frequency range of 10 to 243 MHz.

6.2.2 Receiver sensitivity

The line receiver must sense correctly random binary data either when connected directly to a line driver operating at the
extreme voltage limits permitted by § 6.1.2, or when connected via a cable having loss of 40 dB at 243 MHz and a loss characteristic of

1/4f.
Over the range 0 to 12 dB no equalization adjustment is required; beyond this range adjustment is permitted.
6.2.3 Interference rejection

When connected directly to a line driver operating at the lower limit specified in § 6.1.2, the line receiver must correctly sense
the binary data in the presence of a superimposed interfering signal at the following levels:

de. +25V

Below 1 kHz: 2.5 V peak-to-peak

1 kHz to 5 MHz: 100 mV peak-to-peak
Above 5§ MHz: 40 mV peak-to-peak
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6.3 Cables and connectors

6.3.1 Cable

Itis recommended that the cable chosen should meet any relevant national standards on electro-magnetic radiation.

Note — It should be noted that the ninth and eighteenth harmonics of the 13.5 MHz sampling frequency (nominal value) specified in
Recommendation 601 fall at the 121.5 and 243 MHz aeronautical emergency channels. Appropriate precautions must therefore be taken
in the design and operation of interfaces to ensure that no interference is caused at these frequencies. Emission levels for related
equipment are given in CISPR Recommendation: “Information technology equipment — limits of interference and measuring methods”
(Document CISPR/B (Central Office) 16). Nevertheless, No. 964 of the Radio Regulations prohibits any harmful interference on the
emergency frequencies.

6.3.2 Characteristic impedance

The cable used shall have a nominal characteristic impedance of 75 Q.

6.3.3 Connector characteristics

The connector shall have mechanical characteristics conforming to the standard BNC type (IEC Publication 169-8), and its electrical
characteristics should permit it to be used at frequencies up to 500 MHz in 75 Q circuits.

Characteristics

To be defined.
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Country VHF  UHF  colour Country VHF  UHF  colour
A F
Afganistan B PAL Finland B G PAL
Albania B France E L SECAM
Algeria B GH PAL French
Angola | Polynesia K1
Argentina N N PAL G
Australia B G PAL Gabon K1 SECAM
Austria B G PAL Gambia (K1)
Azores M German
8 Dem. Rep. B G SECAM
Bahamas M NTSC G:;’;_agep_ B & PAL
Bahrain B PAL Ghana B PAL
Bangla-Desh 8 Gibraltar B PAL
Barbados N NTSC Greece B G SECAM
Belgium B H PAL Greenland mB NTSC/
Bermuda M NTSC PAL
Bolivia N NTSC Guadeloupe K1 SECAM
Brazil M M PAL Guatemala M M NTSC
Brunei B PAL Guana (French) K1
Bulgaria D K SECAM H
Burma NTSC Haiti M M NTSC
c Honduras M M NTSC
Cambodia M Hong Kong B ! PAL
Canada M M NTSC Hungary D K SECAM
Canary Isl. B PAL i
Centr. Afr. Rep. B Iceland B PAL
Chad K1 India B
Chile M M NTSC Indonesia B G PAL
China D K PAL Iran B SECAM
Colombia M M NTSC Iraq B SECAM
Congo D Ireland Al ] PAL
Costa Rica M M NTSC Israel B G PAL
Cuba M M NTSC Italy B G PAL
Cyprus B GH PAL Ivory Coast K1 SECAM
Czechoslovakia D K SECAM J
D Jamaica M -
Dahomey Kt K* Japan M M NTSC
Denmark B G PAL Jordan B PAL
Djibouti K1 SECAM K
Dominican Rep. M M NTSC Kenya B PAL
E Korea, North D SECAM
Ecuador M M NTSC Korea, South M M NTSC
Egypt B GH SECAM Kuwait B PAL
El Salvador M M NTSC
Equatorial

Guinea B PAL
Ethopia B
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Country

L

Lebanon
Liberia
Libya
Luxembourg

M
Madagascar
Madeira
Malagasy
Malawi
Malaysia
Mali

Malta
Martinique
Maruitania
Maruitius
Mexico
Monaco

Mongolia
Morocco
Mozambique
N
Netherlands
Neth. Antilles
New Caledonia
New Zealand
Nicaragua
Niger

Nigeria
Norway

[o]

Oman

P

Pakistan
Panama
Paraguay
Peru
Philippines
Poland
Portugal
Puerto Rico
Q

Qatar

July 1993

VHF

O W ww

w

TwmoTIzIw

standard for

UHF

GL

G*

K1*

TOHxXZIXZ

colour

SECAM
PAL
SECAM

PAL/
SECAM

PAL
SECAM

PAL

PAL
SECAM

SECAM
NTSC

PAL/
SECAM

SECAM

PAL
NTSC
SECAM
PAL
NTSC
SECAM
PAL
PAL

PAL

PAL
NTSC
PAL
NTSC
NTSC
SECAM
PAL
NTSC

PAL

Country

R

Reunion
Rumania

S
Sabah/Sarawak
St. Kitts
Samoa
Saudi Arabia
Senegal
Sierra Leone
Singapore
South Africa
Spain

Sri Lanka
Sudan
Surinam
Swaziland
Sweden
Switzerland
Syria

T

Tahiti
Taiwan

Tanzania
(Zanzibar)

Thailand
Togo Rep.

Trinidad &
Tobago

Tunisia
Turkey
U
Uganda

United Arab
Emirates

United Kingdom
Upper Volta
Uruguay

USA

USSR
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VHF

o

DO WOWZI OO - 0O ESOTITZITW

oz X

K1

@

ozzZr w

standard for

UHF

[o]

OO0

colour

SECAM
|

PAL
NTSC
NTSC

SECAM

PAL
PAL
PAL
PAL
PAL

NTSC
PAL
PAL
PAL

SECAM

NTSC
PAL

PAL
SECAM

NTSC
SECAM
(PAL)

PAL

PAL
PAL

PAL
NTSC
SECAM
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Country VHF  UHF  colour
* Estimated

v () There is no local broadcast station,
Venezuela M M NTSC but one can listen to a broadcast
Vietnam (Khmer) M NTSC form a neighbouring country.
Y — There is no broadcast.
Yemen

(Arab Rep.) B PAL
Yemen

(Dem. Rep.) B
Yugoslavia B H PAL
z
Zaire K1 SECAM
Zambia B PAL
Zimbabwe B

July 1993

2-56



Philips Semiconductors Video Products

International TV systems
and standards

BASIC CHARACTERISTICS OF VIDEO AND SYNCHRONIZING SIGNALS

CCIR system designation

Characteristics A L] N c B,G H 1 DK K1 L E
Number of lines per frame | 405 525 625 625 625 625 625 625 625 625 819
Number of fields per 50 60 50 50 50 50 50 50 50 50 50
second (59.94)
Line frequency 10,125 15,750 15,626 15,625 15,625 15,625 15,625 15,625 15,626 15,625 20,475

4, Hz, and 15,734 $0.15% +0.02% +0.02% 10.02% (£0.0001%) | +0.02% 0.02% 10.02%

tolerances (£0.0003%) (+0.0001%) | (+0.0001%) (+0.0001%) | (+0.0001%) | (+0.0001%)
Interlace ratio 2n 1 21 Pl 21 21 2n Al n 21 1
Aspect ratio 4/13 413 4/3 43 43 43 4/3 43 43 43 43
Blanking level, IRE units 0 0 [ 0 0 0 ] 0 0 0 ]
Peak-white level 100 100 100 100 100 100 100 100 100 100 100
Sync-pulse level -43 -40 -40 -43 -43 —43 -43 -43 —43 -43 -43
Picture-black level to [ 7.5 7.5 0 0 0 0 0-7 0 color 0 color 0-5
blanking level (setup) 25 125 0~7 mono 0-7 mono
Nominal video bandwidth, | 3 4.2 42 5 5 5 55 6 6 6 10
MHz
Assumed display gamma | 2.8 22 22 28 28 28 2.8 28 28 28 28
Notes: (1) Systems A, C, and E are not by CCIR for ad by countries setting up a new television service. (2) Values of line rate
are for color television. (3) In the systems using an assumed display gamma of 2.8, an overall system ot gamma of 1.2 is assumed. All other systems assumed an ovevall Iranslev
function of unity.

CCIR COLOR SYSTEMS CHARACTERISTICS (Il)
ltem M/NTSC MWPAL B,G,H,PAL V/PAL B,D,G,H,K,K1,LUSECAM
Subcarrier frequency, MHz 3.579545 + 10 3.575611.49 + 10 4.433618.75+ 5 4.433618.75+ 1 for = 4.406250 + 2000
fog = 4.250000 + 2000
fsc multiple of 4, 455 909 135 1 fon= 282
fsc=—5M fse==5h isc= +3sf o= 2724,
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Digital video evaluation module

O
7-bit digital video evaluation module featuring the SAAS051 and TDA4680 integrated circuits

THEORY OF OPERATION

The Digital Video Evaluation Board was
designed to provide a compact,
self-contained demonstration system for the
Philips SAAS051 Digital Multistandard Color
Television Decoder. The board accepts
composite video (CVBS) signals or S-VHS (Y,
C) signals and digitally decodes these input
signals into luminance and color difference
components. The digital outputs of the
decoder are stored in a 6 Megabit frame
memory and made available for output format
conversion to analog red, green, and blue
(RGB). An 87C751 microcontroller is required
to send initialization information to various
devices on the board.

In order to decode analog composite signals
to component form, the TDA8708 8-bit A/D
converter digitizes the input signal and sends
the data to the SAA9051 Digital Multistandard
Decoder. The digital decoder generates a
6.75 MHz clock locked to the horizontal sync
of the input CVBS signal. This 6.75 MHz
clock is sent to the SAA9057 clock generator
for frequency multiplication to 13.5 MHz and
27 MHz. The 13.5 MHz clock from the
SAAQ057 is sent back to the SAA9051 and
TDAB8708 and used as the system clock for
digitizing and output timing of the SAA9051.
The FIFO memories and the SAAS060 triple
8-bit D/A converter also use the 13.5 MHz
clock.

The digital data output from the SAA9051 is
sent to the frame memory in a 12-bit data
bus. The bus provides 8 bits form luminance
and 4 bits for multiplexed chroma in a Y:U:V
4:1:1 ratio. Each field memory consists of 3
TMS4C 1050 256K x 4 first-in-first-out (FIFO)
memories. The field memories are always
alternately read for output data but the
writing, or input, to the memories can be
stopped on an odd field boundary by pulling
the still line to a logical LOW. A freeze frame
of the input video signal is realized when a
logical LOW is maintained on the still line.

Atfter the data is read out of the frame
memories, it is sent to the triple D/A
converter, the SAAS060, for conversion to
analog Y, R-Y, B-Y component signals. The
gain of the SAA9060 is controlled via 12C
serial control of a D/A connected to bias at
Pin 8. The pull-up resistors on Pins 9, 10, and
11 are required to match the analog outputs
of the SAA9060 to the input levels of the
TDA4680 output RGB processor.

Finally, the TDA4680 RGB processor
converts the color difference component
signals back to RGB. The TDA4680 has the
capability to control the black level, contrast,
saturation, and individual gain of each RGB
output. 75 ohm buffers are added to provide
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low impedance outputs for RGB and sync
signals. Three I2C-controlled D/As are
connected to Pins 21, 23, and 25 of the
TDA4680 to allow the black level of the RGB
outputs to be individually adjusted.

The SAA9051 does more than just decode
composite video input signals into their color
difference components. The DMSD also
provides two programmable timing signals for
sync and clamping in the TDA8708 A/D. It
also provides blanking, horizontal sync, and
vertical sync for interface to memory and
output circuits. The SAA9051 maintains a
close relationship between the 13.5 MHz
clock and the input horizontal sync. The
phase jitter of the master clock is kept in the
5 ns range. All output signals from the
SAA9051 are synchronous to the 13.5 MHz
clock, and have proper set-up and hold times
for easy interface to various types of memory.

If S-VHS capability is required, the TDA8709
A/D can be used to digitize the chroma
portion of the input signal. The luminance
signal must still be applied to the TDA8708
for digitizing and sync processing. The
TDAB8708 contains a three channel input
multiplexer, AGC circuit, and black level
clamp.

Another feature of this demonstration board
is the absence of any chrominance or
luminance delay lines. No mechanical
adjustments are required. All parameters for
color decoding and level setting can be made
by microprocessor control. The SAA9051 can
decode seven variations of PAL and NTSC
formats and maintain vertical, horizontal, and
color lock even in VCR shuttle or scan mode.

The 26-pin connector provides all digital and
timing information on the output side of
memory.

With minor modification, this evaluation board
can be upgraded to accept the SAA7151
Digital Multistandard Decoder.

DTV9051

DESIGN CONSIDERATIONS

A single 10 to 12-volt power supply was
chosen to provide the simplest power supply
connection. Most of the board uses 5 volt
power. Therefore, the 5 volt power regulator
dissipates about as much power as the rest
of the board. the TDA4680 and TDA8444 are
connected to the 8 volt power regulator.
Analog +5V and digital +5V are isolated with
100uH inductors and bypassed at each active
component. Special attention is paid to the
data converter analog supply and clock
generator circuit. The SAAS057 clock
generator also has a bulk 220uF capacitor on
analog supply to remove any low frequency
ripple. A separate 5-volt regulator for this IC
and the analog supply for the digital decoder
will keep clock jitter well below 10 nS relative
to input sync.

Since the sample clock frequency of this
system is 13.5MHz, it is important to take
care in grounding in order to keep clock noise
away from analog video inputs. A common
ground plane is suggested for the data
converters, SAA9051, and SAA9057. Other
ground planes can be used for the output
section and for any logic or memory
requirement, but careful design should allow
for one common ground connection point for
all ground planes.

Another source of noise is clock feedthrough
into the data converters. A resistor is
normally placed in series with the clock line to
slow down the fast rise and fall times. Stray
capacitance of the wiring and input pins of
the data converters will aid in reducing the
high frequency energy coupled into analog
circuits.

On the output side, noise can be easily
coupled from digital data lines feeding the
SAA9060 D/A converter to the analog output
pins of this device. Careful trace layout is
required in order to minimize clock or data
interference.
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12C COMMUNICATIONS

A Philips Semiconductors—Signetics 87C751
microprocessor is supplied to send power-up
information to the SAA9051, TDA8444, and
TDA4680. Normally, roughly one second after
power is supplied to the board, 20 data bytes
are sent to various slave devices. This
message will not support multi-master 12C
protocol. Therefore, any connection to the 12C
bus connection jack if forbidden unless itis in
the high inactive state for clock and data.

If an external computer of CPU is used for

12C control, data transmission can safely
begin three seconds after board power-up. By
this time the 87C751 CPU has completed
sending the power-up instruction sequence,
and has entered a halt-inactive state.

Implementation of automatic broadcast
standard detection would require ongoing 12C
communication between the SAA9051 and
the on-board CPU. This can be seen as
activity on the clock and data lines of the I12C
connector, making external control or testing
of the board impossible. In this case, the
87C751 should be removed from the board to
allow external 12C control of the digital
decoder and analog functions.

Philips has made available I2C control
software for hardware development and
debug of 12C products. This software runs
under MS-DOS, and uses a parallel printer
port as an I/O connector. This software has
user-friendly menus for various 12C devices
as well as a universal message generator
menu for control of any I12C device.

OUTPUT VIDEO BUFFERS

Most analog RGB monitor connections
require 75 ohm source terminated, 1 volit
peak-to-peak video signals. The RGB output
connectors meet this requirement, but the
analog output levels can be adjusted in the
TDA4680 to about 6dB from the nominal 1
volt peak-to-peak standard. Sync is not
supplied on the RGB lines.

Looking at the supplied schematic, you
should note the 10 ohm resistors in the
collector leads of the output transistors.
These resistors are required to keep high
frequency video signals off of the 5V power
supply lines and reduce power dissipation in
the output transistors. These output buffers
are not power-efficient, but do provide a
simple 75 ohm output stage and DC output
level at ground during blanking time.

GENERATION OF THE SAND-
CASTLE SIGNAL

A very simple resistor and diode circuit is
used to generate the sandcastle signal
required by the TDA 4680 for proper
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operation. Unfortunately, the SAA9060 has a
22 clock pipeline delay from data input to
analog output. The same BLN signal from the
SAAQ051 is used for the SAAS060 and
sandcastle, so there will be a slight loss of
picture information on the right side of the
screen in this implementation. Because
monitors are typically overscanned, this
shouldn't cause a visible effect. A delay of the
BLN signal would be required to eliminate this
loss of picture information.

MEMORY INTERFACE AND FIELD
ID GENERATION

This demonstration board contains 2 fields of
memory organized as 256K x 12 bits each.
Normal video signals are interlaced with even
and odd fields. A D flip-flop can be clocked by
vertical sync from the DMSD, and BLN can
be used to determine and even or odd field
by connecting it to the data input of the same
flip-flop. This works well for standard signals.

The Field ID is used only as a reset for a
divide-by-two flip-flop from vertical sync. In
this way, if there is not a good field interlace,
the field memories will still be written to on an
alternate basis.

Only active picture information is stored in
memory. The BLN signal is used to store 720
picture elements for each scan line. Each
field memory has enough storage even for
PAL video signals.

A digital data bus connector is provided on
the output side of the memory for expansion
to 8-bit 4:1:1 digital output format. The
memories are rated for 30ns clock maximum.
Therefore, the memory could be read out at
rates higher than 13.5MHz if modifications
were made to the board.

SYSTEM IMPROVEMENTS
There are several areas in the design of this
board which can be improved if necessary.

The software for the microprocessor can be
easily expanded to include automatic
detection of broadcast standard by the
SAA9051. Only about 10% of the 2KB ROM
is currently used for board set-up.

This board is double-sided. If a ground plane
were added, the system signal-to-noise ratio
would be improved.

To improve stability of color and black level,
an external circuit feeding RGB signals back
into the TDA4680 dark current input is
suggested. The external circuit required
about six extra transistors and is not
necessary for many applications. The
TDA4680 application diagrams show this
implementation.
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PC BOARD LAYOUT CONSIDER-
ATIONS

The Philips DeskTop Video ICs are designed
for lowest radiated and conducted noise
performance. The high noise performance
can only be achieved if great care is taken
with the PC board layout. The layout should
be optimized for lowest noise on the IC's
analog and digital power and ground lines.

A good decoupling with minimized
interconnection length between the
decoupling capacitors and the corresponding
IC pins is important for low inductive ringing.

Analog and Digital Ground

Planes

The DeskTop Video ICs with analog and
digital circuits, such as A/D converter, color
decoder, clock generator and D/A converter
should have two separate ground planes. The
lowest noise in the content of the digital data
stream and a minimum uncertainty of clock
jitter can be achieved on most of the PC
boards by connecting both ground planes
near the clock generator (SAA9057A,
SAA7157, or SAA7197).

Analog and Digital Power Sup-
plies

The impedance of the power supply lines
should be as low as possible. In order to
provide EMI suppression in series to the
analog supply pins of the ICs, a ferrite bead
or, better, a ferrite EMI suppressor should be
connected.

Supply Decoupling

Decoupling capacitors can further reduce the
noise on the power supply lines. For optimum
performance, a 100nF multilayer ceramic
capacitor should be placed as close as
possible to every supply pin of the ICs and
should be connected to the corresponding
digital or analog ground plane. This is needed
especially for the analog supply Pins 4 and §
at the clock generator. In addition to the
multilayer ceramic capacitors, a 5-10pF
electrolytic capacitor should be placed near
each IC.

Analog Signal Lines

The analog part of the board design should
be isolated as much as possible from the
digital signal and clock lines.

Optimum performance is achieved by
overlaying the analog components with the
analog ground plane.

The video signal lines at the A/D converter
TDA8708 and TDA8709 from Pin 19 to
Pin 20 should be as short as possible to
minimize noise pickup.
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I12C VALUES

The following values are loaded into the
12C-addressable components at power-up.
This corresponds to video input #1, NTSC,
NTSC matrix, 1 volt peak-to-peak output.

SAA9051 TDA8444 TDA4680

Slave Address 8AH Slave Address 40H Slave Address 88H

64H  Reg 00 26H  Reg 00 2AH  Reg 00

35H 26H 13H

OAH 1EH 33H

f8H 00H 22H

CAH 00H 34H

FEH 23H 34H

29H 3FH 34H

00H 3FH 20H

77H 20H

EOH 20H

40H 3FH  Reg OAH

00H 89H Reg OCH
10H Reg ODH

NOTE:

TDA4680 register OBH is omitted. The TDA4670 responds to this subaddress only.

CONCLUSION

This digital multistandard decoder board
provides a means of evaluating the
performance of the Philips digital television
system, and of quickly prototyping your
application. The digital video system delivers
arobust, flexible, and cost-effective solution
for digitizing video images.
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PHILIPS DMSD2 DEMO BOARD PARTS LIST (Revised May 10, 1991)

ITEM QUANTITY REFERENCE PART
1 8 J-Y/C CHROMAA1, J-BLU 1, J-GREEN{, J-IN1, J-RED1, J-SYNC1, J-IN2, JIN3 BNC
2 8 R1, R2, R3, R4, RS, R6, R7, R8 75
3 1 S1 SW SPDT
4 2 R46, R47 6.8K
5 1 cs 0.22
6 7 R11, R10, R12, R21, R48, R4g, R50 10K
7 1 JP2 10 voltin
8 1 Jlict 4PIN
9 1 P1 DB26
10 1 JP1 BLANK JUMP
1 5 C1, C2, C3, C4, C39 3.3/16V
12 1 VR1 LM7805
13 1 VR2 LM7808
14 35 C69, C6, C9, C14, C17, C22, C23, C24, C25, C26, C27, C29, C33, C34, C35,C40, | 0.1

C41, C42, C43, C44, C45, C58, C59, C60, C61, C62, C63, C64, C65, C66, C74,
C75,C77,C81,C86

15 6 C70, C49, C50, C68, C71, C73 22/20V
16 1 c72 220/10V
17 14 C76, C28, C30, C31, C32, C46, C47, C52, C53, C54, C55, C78, C79, C80 22/16V
18 3 L5, 14,7 100uH
19 1 6 100uH
20 1 U1 TDA8709
21 1 U2 TDAS708
22 1 U3 SAA9051
23 1 c7 0.33

24 2 R13, R36 330

25 4 R14, R16, R18, R19 750

26 2 R15, R60 680K

27 1 2 24576
28 2 2,13 22uH

29 2 €10, C12 30pF

30 2 c11,C13 30pF

31 1 R17 15

32 1 U4 SAA9057
33 2 R20, R39 470

34 2 JP3, JPDMSD ADD HEADER 3
a5 1 cs 1nF

36 1 L1 10uF

a7 2 C15,C16 116V
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PHILIPS DMSD2 DEMO BOARD PARTS LIST (Revised May 10, 1991)

ITEM QUANTITY REFERENCE PART
38 4 R26, R43, R44, R45 68
39 4 R27, R51, R52, R63 10
40 9 R28, R29, R30, R31, R32, R33, R54, R55, R56 4.7K
41 5 Q1,Q2,Q3, Q4, Q5 PN2222
42 2 C20, C21 10nF
43 5 D2, D3, D4, D5, D6 1N4148
44 3 U7, Us, U9 74HC74
45 2 us, Us 74AHCT27
46 1 c19 33pF
47 1 R34 8.2K
48 1 R35 2.4K
49 6 U10, Ut1, U12, U13, U14, U15 TMS4C 1050
50 1 JPS JUMPER
51 1 R59 56K
52 1 Y20 35-12 MHz
53 1 c83 3.3nF
54 2 C85, C84 20pF
55 1 c82 15/16V
56 1 u1e S87C751-XXXX
57 1 u17 PCF8582AP
58 1 R37 560
59 1 R38 820
60 1 R40 680
61 2 R41, R42 100
62 1 C36 100pF
83 2 C37,C38 330pF
64 1 JP4 WIRE
65 1 u21 SAA9060
66 1 u22 TDA4680
67 1 u20 TDA8444
68 1 R58 82K
69 2 R57, R60 20K
70 1 R9 12K
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PHILIPS SAAS051 V5.0 AND SAA7191 V1 BLANK AND SYNC TIMING
NOTE: VNL ON, VCR Mode
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SECTION 1: OVERVIEW

The DTV7199 evaluation board provides a
comprehensive means of demonstrating and
evaluating the latest digital video signal
processing devices from Philips
Semiconductors. Color encoding and
decoding is performed using a
line-locked-clock system. The following ICs
are featured:

TDABT708 Video A/D converter, 30MHz, 8-bit,
for CVBS and Y, with analog pre-

processing, clamp and gain control

Video A/D converter, 30MHz, 8-bit,
for C of S-Video, with analog pre-
processing, clamp and gain control

Digital Multi Standard Decoder
(DMSD), for CCIR-601 pixel raster
(industrial applications)

Clock Generator Circuit (CGC) for
SAA7191B

Digital Multi Standard Decoder
(DMSD), for square pixel raster
(graphics environment)

Clock Generator Circuit (CGC) for
SAA7191

TDA8709

SAA7151B

SAA7157

SAA7191

SAAT197

SAA7192A | Digital Color Space Converter
(DCSC), interpolation filter, YUV to

RGB matrix

Triple DAC, 30MHz, 9-bit in each
channel

Digital Encoder (DENC), GEN-
LOCK capable, from digital YUV or
RGB into analog CVBS or S-Video

Microcontroller, 8051-based, dedi-
cated forvideo control applications,
with OSD, on-chip EPROM.

SAAT7169

SAA71998

$87C054

Analog video input is accepted in CVBS or
S-Video form, in NTSC, PAL, or SECAM
color standards. The video signals are
digitized and sent to the digital decoder
(DMSD) SAA7151B or SAA7191B for
synchronization processing, line-locked-clock
generation, and color decoding. The output
bus of the DMSD contains digital YUV
baseband information. The data is sentto a
two-field frame store for buffering and time
base conversion. After the frame buffer, the
YUV data is converted to 24-bit RGB data in
the SAA7192A color space converter. The
24-bit RGB data is fed to the SAA7169 Triple
DAC for analog RGB output conversion and
also to the SAA7199B digital encoder
(DENC). The encoder can be programmed in
various modes, such as GENLOCK so that
time base correction of input signals is
possible. The encoder can operate in NTSC
or PAL television standards.
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Various board configurations are possible by
changing jumper settings and by
reprogramming several of the signal
processing devices. In addition, two 60-pin
headers are provided to allow external
connection of digital YUV data before and
after the frame buffer. The MTV onboard
microprocessor sends configuration data to
various devices via an |2C serial two-wire
bus. A connector for the serial data is also
provided to allow external computer control to
the board via a DOS software package
supplied with each board.

SECTION 2: INPUT VIDEO DATA
CONVERSION

Input video sources can be NTSC, PAL, or
SECAM world standards in Y/C or composite
formats by four BNC connectors. Refer to
“Input” section schematic. An S-Video or Y/C
connector is provided at JSVID2 for these
higher performance Y/C input signals. The
Philips TDA8708 8-bit 30MHz A/D converter
at location U2 is used for composite or Y
signal processing. It has a three-channel
multiplexer for input source selection, video
clamp for DC restoration, and automatic gain
control in front of the high performance 8-bit
A/D converter. Input source selection is
controlled via two switch signals from the
SAA7191 and connected to the TDA8708 at
Pins 14 and 15. The switch signals are
programmed in the DMSDs via the 12C bus.

If the higher performance Y/C input format is
desired, a second data converter is required
for digitizing the chrominance, or “C", half of
the input signal. The TDA8709 at location U1
provides this function. Low pass filters for
removing high frequency components in the
analog input signals are provided between
Pins 19 and 20 of both A/D converters before
digitizing. Please note that the AC reference
for the converters is the analog power supply.
The power supplies for these devices are well
decoupled since the performance of the
entire system is determined at the input data
converters. The digitizing clock is provided
by the SAA7197 clock generator at location
U3 with a rate of two times the final pixel rate
for decoded signal at the output of the
DMSD. The clock rate of the converters is
line-loaded and can range from 24- to 30MHz
depending on input television standards and
the type of digital decoder used. The clock
input on Pin 5 of both A/D converters is fed
with a series resistor, which slows the clock
slopes down in order to minimize the effect of
high rise times from the clock line entering
analog areas around the converter. Clamping
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and sync pulses coming from the decoder are
fed to the A/D converters on Pins 27 and 26
to inform internal digital level detectors when
to activate and make automatic adjustments
of gain and black level on each scan line.

Itis recommended that the input signal area
and the data converters share a common
ground plane for analog and digital grounds
at the converters. However, it is possible to
have separate ground planes and have the
common point under the data converters on
Pins 23 and 8. High amplitude noise between
Pins 23 and 8 should be avoided. Otherwise
it may cause ground loop conditions within
the converters. The entire video signal is
digitized in order to recover the sync and
color burst information. The converters
deliver 8-bit digital data in a two's
complement format to the decoder input.
The format selection is made by grounding
Pin 9 on both converters. For other
applications the A/D converters can be
operated in binary format.

SECTION 3: DIGITAL COLOR
DECODING

After converting analog video inputs to digital
data itis the function of the Digital Multi
Standard Decoder (DMSD) to provide clock
information, sync, blanking and, of course,
luminance and decoded color difference
video data known as YUV or Y, RY, BY.
Refer to the “Input” section schematic.

The output signals are all synchronized to the
input video timing in frequency and phase via
a clock control loop feeding from U4 DMSD
on Pin 36 called Line Frequency Control
Output (LFCO) to U3 SAA7197 clock
generator. LFCO is internally generated via
the crystal reference on Pins 33 and 34 of the
DMSD and made to phase lock to incoming
video sync. The frequency of LFCO is one
half of the pixel clock frequency at the output
of the DMSD, so the SAA7197 must multiply
this synthesized frequency by 2 and 4 for the
system line-locked clock. In order to close the
PLL loop, the clock generators’ clock outputs
are fed back to the DMSD clock inputs and
the A/D converters’ clock inputs. The system
works as a highly stable digital PLL because
the DMSD calculates the clock frequency of
LFCO on a line-by-line basis and in
conjunction with the crystal reference
maintains a constant number of clock
samples for each input video scan line
regardless of input signal conditions.

The DMSD also decodes the color
information from video signals. The UV
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output bus contains the color information in
one of several programmable industry
standard formats such as CCIR 601. In
CCIR 601 the output data bus is 8 bits Y of
luminance and 8 bits UV time multiplexed.
This is 16 bits per pixel or clock cycle. A
4:1:1 mode is also available via I2C
programming if memory cost is too high for
4:2:2 CCIR 6801 mode. RAMs U8 and U9
could be removed for 4:1:1 operational mode.
The DTV7199 demo board is capable for
applications of the square pixel DMSD
SAA7191B as well as of the CCIR-DMSD
SAA7151B. Only the DMSD IC and the
related reference crystal must be exchanged
(see Table 2). The board layout is prepared
to support both systems. Also, the MTV
controller contains software to set up both
ICs.

SECTION 4: MEMORY

INTERFACE AND STORAGE

The 16-bit data bus from the DMSD is being
clocked at rates from 12-15MHz. High speed
serial RAMs were chosen to store the data
without the need for memory addressing and
counting chains. Refer to FIFO and
MEMCON schematic. Each RAM is really a
FIFO with 256k by 4 bits memory. Input and
output clocks can run independently with
some limiting restrictions. Four RAMs, U9,
U10, U11, U12, make up a bank for field one.
Four RAMs, U8, U7, U6, U5, make up the
bank for field two. If memory cost is too high
for 4:2:2 CCIR 601 mode, RAMs U8 and U9
could be removed for 4:1:1 operational mode.
Video data from the DMSD is stored
alternately in each bank. Only data during
active portion of each scan line is written to
the memory. Less than 75% of the RAM is
used for each incoming field, even in PAL or
SECAM modes.

The simple memory controller comprised of
U15,U17,U19, U51, U20, U21 and U54 uses
vertical sync to reset the memory pointers
and horizontal blanking to stop and start
reading and writing the memory. The top
portion of the schematic is for writing into
memory. The bottom portion is for reading
from memory. Devices U15 and U54 provide
timing delays to guarantee that complete
fields will be stored in memory. U51B will
inhibit writing to memory on frame boundaries
and provide a freeze frame picture for quality
analysis and special effects. Both fields will
be displayed so there may be inter-field
motion displayed on the monitor. The “still
picture” switch activates the freeze frame with
alow on U51B Pin 12. Switch S1 must be in
the down position for active video. The up
position is for still frame (both fields).
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The DMSD generates an Hggr signal for
enabling writing to memory. A comparable
signal must be generated for reading from
memory. The SAA7199B encoder does not
deliver such a Horizontal Blanking, but needs
to receive it. Hpgro, or Horizontal Blanking, is
generated via counters for output video timing
only by using HSYNC from DENC to trigger
counters. Refer to Hrergen schematic.

The Hger generator times the correct
horizontal blanking interval and generates a
delayed HSYNC signal for display monitor
from the HSYNC from the SAA7199B
encoder. U26 Pin 2 receives HSYNC from
the encoder and generates a single clock
reset pulse via U27 Pin 3 to reset U28 and
U29 counters. The output timing diagram and
clock cycles are shown. Itis important only
that the total number of clock cycles of Hrero
at U53 Pin 6 be set properly regarding display
and SAA7199B timing scheme. Table 1
shows how to select the memory read
blanking timing interval depending on how the
board is programmed, which standard is
applied and which type of decoder is
installed. If there is an error between
memory write format (number of pixels per
line) and memory read format, there will be a
horizontal error line-by-line down the screen
because the line lengths are different.

HSYNCO is generated at U27 Pin 6 with a
delay because of the pipeline delay through
the SAA7192A color space converter. The
RGB data must be in time with the RGB sync
at the SAA7169 DAC outputs. Transistor Q2
provides composite sync for RGB monitors.

Data for the SAA7199B must be read from
memory early to compensate the delay
through the SAA7192A color space
converter. The SAA7199B encoder has a
programmable HSYNC for this very reason. It
is not known what delay future memory or
memory controllers will produce so the
SAA7199B is prepared to adjust for new
devices.

SECTION 5: COLOR SPACE
CONVERSION AND DAC

Data from memory read operations is passed
through jumper JP 14 to the Digital Color
Space Converter SAA7192A. Refer to
SAA7192 schematic. Normally 24 jumpers
are installed on the board to pass data from
the memory through the connector. However,
a daughter board can be added using JP3
and JP 14 to multiplex YUV or RGB data at
JP14. The data coming from memory must
be disabled via the expansion board. Make
special note of U16 Pin 5. Hgero is delayed
by one additional clock to compensate for the

memory read delay of one clock. If this delay
is not compensated for from the memory, the
color space converter will not demultiplex the
UV data bus comectly. U47, U48, U49 switch
data on to the RGB output bus of the
SAA7192A when MTV 87C054 says there is
a character to display. The VCTRL signal
from MTV controls which talks into the RGB
data bus, either the SAA7192A or the MTV.
Pin 61 of the SAA7192A tri-states its output
RGB bus.

The SAA7169 DAC is wired in a standard
configuration, with the low order 2 bits of all
three 10-bit wide input ports grounded for
8-bit operation. RP1 and RP2 provide low
order bit pull-up when the RGB data bus is
switched to MTV-source in order to meet the
CCIR 601 requirement of 16 for black levels.
JP13 chooses two clock phases for U50.
MEMRD is preferred.

SECTION 6: DIGITAL ENCODER
AND GENLOCK

The SAA7191 decoder provides the memory
write clocks and timing, and the SAA7199
digital encoder provides the memory read
clocks and timing. These input and output
clocks can be synchronous or asynchronous.
The digital encoder will synchronize to any
video reference input signal via U23
TDAB8708 in the same manner as the
SAA7191 DMSD if programmed to do so
(GENLOCK mode). Refer to previous
discussions on Digital Decoding. It can also
run in a stable mode, by use of its crystal
reference and U24 SAA7197 clock generator.

A small change in the output level of the
SAA7199B DACs can be made by changing
the bias on Pin 63. Linearity may be affected
with large changes in bias. Key input at Pin
73 has been deactivated by pull-down
resistor R45. The clock generator power
supply has been well filtered at Pin 5 to
guarantee minimum effects from input video
timing crosstalk. Crystal selection for the
SAA7199B should be made as shown in
Table 2. See application note “SAA7199B
Operation Modes".

SECTION 7: POWER SUPPLY
GROUNDING AND LAYOUT

Clean analog power supplies are essential if
the full performance of an 8-bit system is to
be realized. The analog supplies on the A/D
converters and the clock generator are the
most sensitive. The performance of the A/D
converter determines the signal-to-noise ratio
of the complete system. The performance of
the clock generator determines system clock
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jitter and, to some extent, the quality of the
chroma demodulation.

Noise on Pins 21 and 22 of the TDA8708 A/D
converter will degrade the signal-to-noise
ratio of analog input signals. Please note that
the low pass filter at Pins 19 and 20 has an
AC reference to the analog supply on Pin 22.
Therefore, noise on Pin 22 would directly be
coupled to input signals being digitized.

The SAA7197 must have a clean analog
supply at Pin 5 which must be directly
connected to Pin 37 on the SAA7191B or
SAA7151B decoders because of the close
coupling of the LFCO signal between the
clock generator and the decoders.
Bypassing capacitors at pins of both devices
is a must. Of course, all digital power inputs
must be bypassed on all devices.

The DTV7199 evaluation board makes use of
one other power supply isolation technique.
The input and output supplies are regulated
separately. This isolation guarantees
minimum crosstalk between input decoding
and output encoding. Small ferrite core
inductors further reduce analog and digital
supply crosstalk.
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In many computer applications it is not
possible to regulate the digital supplies
because of current limits placed on higher
supply voltages. In this case, only the lower
current analog supplies should be regulated.
Total analog supply current is under 100mA
for input circuits and also under 100mA for
output circuits. Because of delay differences
in power supply sequencing during power up,
itis suggested that 5V regulated analog
supplies have parallel opposite biased diodes
connected to the digital supply. This will keep
both supplies in sync during power up. This is
needed to perform a determined power-on
reset procedure at SAA7157 and SAA7197.
1N4148 diodes will supply enough current for
a short period of time and allow regulation
isolation of about 600mV.

A single ground plane has been shown to be
effective under input components and ICs
such as the TDA8708, SAA7197 and
SAA7191B. After the decoder, a digital
ground plane could be used if there are a
large number of digital devices and fast
memory. The input ground plane could be
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considered analog ground. The evaluation
board uses a single ground plane for the
entire board. A single ground plane appears
to work well for most applications.

Clock and data line routing should be kept
away from analog components and analog
signals. The most critical signal is LFCO
between the digital decoder and the clock
generator. It has an analog characteristic and
may pick up unwanted digital noise. The
length of the LFCO trace between these two
devices must be kept to a minimum.

SECTION 8: FACTORY JUMPER
CONFIGURATION

The factory jumper configuration is required
for normal operation of the DTV7199 demo
board when the 87C054 microcontroller has
been installed. Software version 1.x will only
configure the board for NTSC mode using the
SAA7191 decoder with video input connected
to JIN2. Any one of the push buttons can be
used to switch the “Philips Digital Video”
message on the screen on and off.
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Table 1: Hper Length Jumper Table

12.272727 60Hz | 140 | SQUARE PIXELS SAA7191

14.75 S0Hz | 176 |SQUARE PIXELS SAA7191

13.50 60Hz | 138 |CCIR601 SAA7151B (SAA9051)

13.50 50Hz | 144 |CCIR601 SAA7151B (SAA9051)

Table 2: Crystal Selection
SYSTEM ACTIVE PIXELS CRYSTAL DECODER

SQUARE PIXELS 640 or 768 26.800MHz SAA7191 decoder
CCIR 601 720 24.576MHz SAA7151 decoder

Table 3: Factory Jumper Settings

JP3 Install all jumpers except bottom six.

JP14 Install all jumpers except bottom six.

JP2 Install jumper to left for SAA7151 (right for SAA7191).

JP20 Installed

JP§ Install jumper to the left.

JP7 Open

JP8 Open

JPe Open. This is the microprocessor reset.

JP13 Install jumper to the right.

JP19 Open. Install jumpers only if RTC function is required.

JI’C This connector is for I°C communications.

JP15 Install jumpers depending on which decoder is used.
(See previous section on Hpep LENGTH JUMPER TABLE.)
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Table 4. JP3 Functions Table 5. JP14 Functions
JP3 JP14
PINS FUNCTIONS PINS FUNCTIONS
12 DY7 1,2 oY7
34 DYs 34 ovYe
56 DY5 56 ovYs
7.8 DY4 78 ov4
9,10 DY3 9,10 oY3
11,12 DY2 11,12 ov2
13,14 DY1 13,14 oY1
15,16 DYO 15,16 oYo
17,18 DUV7 17,18 ov7
19,20 DUV6 19,20 oYé
21,22 DUV5 21,22 oYs
23,24 DUV4 23,24 ova
25,26 DUV3 25,26 oYs
27,28 DUV2 27,28 oy2
29,30 DUV1 29,30 ov1
31,32 DUVO 31,32 ovo
33,34 LLCI 33,34 ouvr
35,36 sl 35,36 Ouve
37,38 Heer 37,38 ouvs
39,40 CREF! 39,40 Oouv4
4142 LL3l 41,42 ouvs
43,44 HSI 43,44 ouv2
45,46 SDA 45,46 Ouv1
47,48 SCL 47,48 ouvo
49,50 FEIN 49,50 Hpero, KEY
51,52 RES! 51,52 MEMREAD, RES0
53,54 53,54 LLCO, VSYNCO
55,56 55,56 LL30, OPT2
57,58 GROUND 57,58 CREF0, OPT1
59,60 GROUND 59,60 GROUND
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SECTION 9: DEFAULT REGISTER CONFIGURATION VALUES

For composite video input at JIN2; Decoding of NTSC into YUV 4:2:2.

* Reserved; Program as 00H only.
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NTSC - SQUARE PIXEL NTSC - CCIR MODE
REGISTER REGISTER
(HEX) SAA7191 SAA7199 (HEX) SAA7151B SAA7199
00 50H DCH 00 66H DCH
01 7FH 00H 01 3AH OOH
02 53H O00H 02 07H O00H
03 43H OOH 03 F7TH OO0H
04 19H FOH 04 CBH FOH
05 00H 2DH 05 O0H 2BH
06 19H 52H 06 35H 52H
07 00H OAH 07 O00OH 11H
08 7FH 30H 08 BOH 30H
09 7FH O00H 09 30H 00H
0A 7FH 00H 0A 7FH 00H
0B 7FH O00H 0B 7FH O0H
oc 40H 56H oCc 24H OFH
oD 80H 00H oD 4CH O00H
OE 79H OCH OE 30H ODH
OF 78H OF 58H
10 00H 10 60H
1 18H 1 21H
12 OO0H* 12 COH
13 ooH" NOTE: SAA7192A is always programmed in
14 36H register O with 2A hex.
15 O0BH
16 FEH
17 D2H
18 00H
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SECTION 10: MENU
CONTROLLED SOFTWARE (DVS)
The Desktop Video Software (DVS) package
supports programming of the digital video ICs
on the demo board DTV7199. It guides the
user with a menu-controlled graphic interface,
showing how to program individual functions
and bits accessible by the I2C bus. Detailed
device I2C register data can be obtained by
using the “special options” function. The
software runs on a PC or compatible and
talks to the [2C bus via an interface board at
the parallel printer port. See application note
“I2C Parallel Printer Port Adaptor”. The DVS
also allows a software-only demonstration
mode; neither 12C bus interface nor device
samples are required to be connected to
operate this demo-mode.

This section gives a short guideline on how to
get started using the Desktop Video control
software for demonstration and evaluation
purposes. The menu-controlled software
offers a lot more features than the
fundamental functions described here.

How to Use the Software-only
Demonstration Mode

Required Equipment

The following equipment is required to

operate the DVS software in demonstration

mode:

®|BM-PC/AT compatible personal
computer, with at least 384 Kbytes of
system memory available

®MS-DOS or PC-DOS operating system

®preferably a color graphics adaptor and
associated monitor

®floppy disk containing the DVS software and
setup files

Procedure
Follow the instructions step by step to install
the software and get it started:

Switch the personal computer and its
monitor on. Wait for completion of self test
and booting of the operation system.

Insert the floppy disk containing the
Desktop Video Software into a disk drive.
Change the current home drive to this drive.

You may copy the content of the DVS
floppy into a dedicated directory on the hard
disk. This will improve the speed for loading
the program and the related utility and
setup files.

Type “DVS <enter>" to start DVS. The
control software will display “Philips
Semiconductors” on the PC screen and
perform an automatic search for installed
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desktop video devices and their respective
12C addresses. Because in demonstration
mode there are no such devices connected,
the search will result in “not in use™ noted
on the screen for all devices supported by
the software.

Set the devices of interest “active” by using
the “+” key on the numeric keypad and the
cursor up/down to move to the concerned
devices.

Hit "<enter>" to finish the device activation
and to proceed with the page assignment
procedure. A default device-to-page
assignment is offered. If you like, use the
function keys to redefine the page
assignment.

Hit “<enter>" to confirm the device to page
assignment and to proceed.

12C bus check will report “not ready”.

Enable demonstration mode by choosing
“A” to neglect real I2C bus operation.

Load any of the predefined settings: Press
“F” to select the file selection menu, press
“L" and enter a filename. “D" gives a
directory of available settings.

Now you have access to all the
programming parameters of the selected
‘active’ devices. Every device is assigned to
a page number and can be selected by
typing the appropriate function key. Subject
to the amount of programmability for a
certain IC, the page may have sub-pages
called sheets, which are accessible with
page up/page down.

Move the cursor up/down to select a

parameter. Use “+/-" keys of the numeric
keypad to change the selected parameter.

The DTV7199 Demonstration
Board under Control of DVS

Required Equipment

In order to operate the Demo Board
DTV7199 under DVS control the following
items are required in addition to that which is
mentioned for the software-only
demonstration mode:

®Demo Board DTV7199
®Power supply 8V DC, 1A

®|2C bus adapter board, to be connected to
the PC’s parallel printer board and
associated 12C cable

®one or two video signal sources, e.g., video
test pattern generator, or a video camera,
video tape recorder, etc.

®RGB monitor, capable of displaying analog
RGB inputs at television frequencies of
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15-16kHz horizontal and 50/60Hz vertical
scan frequencies, and/or

®TV-monitor, with built-in color decoder, with
‘external’ CVBS or S-Video input

®cables to connect the video signal source to
the board (BNC or S-Video), cables to
connect the board's RGB output (BNC) to
the monitor, cable to connect the encoded
CVBS from the board (BNC or S-Video) to
the TV monitor.

Procedure
Follow the instructions step by step to power
up the system and run the software:

Connect the DTV7199 demo board with a
signal source at the input BNC connector
JIN2. Switch the signal source on.

Connect the RGB outputs and associated
sync BNC connectors with a RGB monitor,
or

Connect the encoder output CVBS-out or
S-Video out with a TV monitor.

Power up the demo board with the 12C
cable not connected to the board. The
on-board control software embedded in the
MTV loads the default parameters. This
requires a few seconds and then the I2C
bus is idle.

The monitor shows a picture according to
the default settings.

Plug the 12C bus adapter board into the
parallel printer connector (Centronics
Interface) of the personal computer.
Connect the I2C cable (gray, 4 wires) to this
I2C bus adapter board.

Switch the personal computer and its
monitor on. Wait for completion of self test
and booting of the operation system.

Insert the floppy disk containing the
Desktop Video Software into a disk drive.
Change the current home drive to this drive.

You may copy the content of the DVS
floppy into a dedicated directory on the hard
disk. This will improve the speed for loading
the program and the related utility and
setup files.

Type “DVS <enter>" to start DVS. The
control software will display “Philips
Semiconductors” on the PC screen and
perform an automatic search for installed
desktop video devices and their respective
addresses. The found devices are listed
with their I2C addresses and declared as
"active”. If necessary, that can be changed
using cursor keys and “+/-" keys.

Hit “<enter>" to confirm the device search
program results as displayed and to
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proceed to the page assignment procedure.
A default device-to-page assignment is
offered. If you like, use the function keys to
redefine the page assignment.

Hit “<enter>" to confirm the device to page
assignment and to proceed.

In normal DVS operation mode the
initialization is performed by selecting a
predefined initialization data files.

Press “F" to select the file selection menu,
press “L" and enter a filename; the file
*DTV7199"is provided as default setting.
Typing “D" would display a directory of
available settings.

The software pre-loads all the device
parameters, but the actual transmission into
the 12C device registers is inhibited until the
transmission is triggered by typing “T~ to
select the transmit option and “I” to perform
the initialization.

The RGB monitor (respectively the TV
monitor) should now show a picture
according to the programming as loaded by
the file.

Now there is access to all the programming
parameters of the selected ‘active’ devices.
Every device is assigned to a page number
and can be selected by typing the
appropriate function key F1, F2, etc.
Subject to the amount of programmable
parameters for a certain IC, the page may
have sub-pages called sheets, which are
accessible with page up/ page down.

Use cursor up/down to selecta parameter.
Use “+/-" keys of the numeric keypad to
change the selected parameter. As long as
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transmit function is enabled, the changes of
parameters are updated immediately into
the device programming registers.

The results of new programming can be
studied directly on the monitor screen.

Loading Look-up Tables of
SAA7192A and SAA7199B

Under the programming page of the Digital
Color Space Converter SAA7192A, select the
“S" special option to load the Video Look-up
Tables (VLUT). The sub-menu asks for a
filename with the data for the contents of the
VLUT. Enter *?" to see the available files or
give the desired filename. All files with the
extension ".VLT" are data files for VLUT.

Under the pages for the digital encoder
SAA7199B one will also find a similar special
option “S” sub-menu to load data into the
encoders Color Look-up Tables (CLUT). The
files that are provided for this purpose carry
the extension *.CLT".

The DVS floppy also contains a utility
program SHOW_LUT.exe, which shows the
content of VLT-files as well as CLT-filesina
graphic representation. Under DOS just type
“SHOW_LUT filename.CLT".

Determining I2C Register
Contents

By means of DVS itis possible to determine
the binary or hexadecimal values for the
various programming registers for certain
programming configurations. These codes
can serve as reference for a specific device
initialization of a dedicated system, where the
programming is drawn from a ROM, PROM
or other system file. The software-only
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demonstration mode of DVS is especially
very helpful for this purpose to obtain the
‘compiled’ I2C register content based on the
chosen parameter programming.

The SAA7192A has a single byte for 12C
programming. The binary representation of
the selected programming is directly
displayed on that single device page.

For the digital decoders SAA7151B and
SAA7191B, as well as the digital encoder
SAA7199B, the “special option” is supported
by pressing “S". This submenu directly
displays the table of the I2C registers,
displaying the content in binary as well as in
hexadecimal representation. For the encoder
this table is in the sub-sub-menu Read the
section on Registers.

Please note that these tables do not include
the 12C address and the subaddress/index
data required to program the ICs. Refer to the
respective data sheets for the exact data
protocols for initialization of each device.

Saving of device and board
program settings

Itis possible to store the device settings as a
data file for use in future sessions. The
program saves the settings of all devices in
one turn; press “F” to select the file option
and “S” to select the save to file option. The
user is asked for a file name. the filename
must not have any file extension; this is
automatically set to *.VAL' by the program.
Please make sure that a unique new filename
is used to store the setting, otherwise the
program will update the device settings of the
previously loaded data file as default file.
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SECTION 11: NOTES

SOFTWARE: DVS V. 303 OR LATER
FOR USE ON PC DOS
SYSTEMS

UNIVERSAL I2C V. 3.2
OR LATER

MTV CPU (ON BOARD)
V1.0 OR LATER

1. Do not connect the printer I2C adaptor
cable to the demonstration board until the
microprocessor has sent out the board
configuration data after power up.

2. Only install jumpers at JP19 if RTC feature
is required.

If jumpers are installed at JP19, then U24
output clock generator, must be removed.
The “B" versions of the digital decoder and
digital encoder support RTC (Real Time
Control). Real time control means that the
Digital Encoder SAA7199B, will GENLOCK
to the timing signals from the Digital
Decoder and clock generator. RTC is a
special GENLOCK mode of the Philips
Digital Video product family.

3. JP2 selects slave address 8A or 8E for the
digital decoder. The microcontroller
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transmits data to slave address 8A for the
SAA7191 and to slave address 8E for the
SAA7151B.

The microprocessor may have other menu
and programming functions at a future
date. If so, the sign-on message will
contain new instructions and options as
they become available.

. IC U14 may not be instalied from the

factory. It can be used to store screen
messages and board configuration settings
in future software revisions of the onboard
microprocessor at U13.

A display monitor such as Sony 1342Q or
similar is a good choice for evaluating the
Y/C, RGB, or Composite Video outputs
from the evaluation board. This monitor
also displays and decodes PAL if the demo
board is reprogrammed.

The onboard microprocessor will set up the
board for NTSC mode, SAA7199
GENLOCK active, SAA7191 decoder
installed, video input composite at JIN2. It
is recommended that a reference signal be
connected to the GENLOCK input
connector at JGL1 so that the digital
encoder, SAA7199, will have a reference.

2-80

The reference can be the same video
source as the input signal. Double
termination of the source signal will be
compensated by the automatic gain
functions in the TDA8708 A/D converters.

. High stability GENLOCK even to VCR-type

signals is possible with the digital decoder
and the digital encoder as well.
GENLOCK to VCRs in high speed shuttle
or search mode is excellent even for the
digital encoder.

. Real Time Control (RTC) allows the

SAA7199 encoder to use sync and clocks
from the input section comprised of the
SAA7191, SAA7197, and the TDA8708.
The SAA7199B does not require the
reference crystal or the SAA7197 at
location U24 to operate in RTC mode.

RTC signals from the digital decoder
transport frequency, phase and other
critical timing information about the system
clock for other Philips' devices such as the
SAA7199B encoder. RTC is a special
minimum system configuration feature. It
is not a requirement of most applications to
make use of RTC.
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DIVA8 EVALUATION BOARD (Revised May 21, 1992)

REVISION: E
Bill of Materials May 21, 1992
ITEM | QUANTITY REFERENCE PART
1 7 C1, C2,C3, C4,C59, C62,C76 3.3uF
2 23 Cs, C6, C7, C8, C13,C17,C18,C19, C21, C23, C27, C28, C31, C49, C57, C77, C78, C79, 22uF
C80, C82,C126, C129, C132
3 52 C9, C10,C11,C12,C14,C15,C16, C20, C22, C24, C25, C26, C29, C30, C32, C33, C37, 0.1puF
C38, C43, C44, C45, C50, C51, C52, C53, C54, C58, C60, C61, C66, C67, C69, C70, C71,
C72,C73,C74, C75,C97, C121, C122, C123, C124, C125, C127, C128, C130, C131,
C142, C143,C144,C145
4 5 C34, C40, C55, C56, C84 20pF
5 3 C35,C41,C83 30pF
6 2 C36, C42 1uF
7 2 C39, C68 .22uF
8 3 C46, C63,C133 .001pF
9 4 C47,C48, C64, C65 10pF
10 1 c81 220uF
1 12 C85, C88, C89, €92, C93, C96, C109, C112, C113, C116,C117,C120 220pF
12 6 C86, C90, C95, C111,C114,C118 390pF
13 6 C87, C91, C94, C110, C115, C119 560pF
14 2 C134,C135 .01pF
15 3 C136,C137,C138 XXXX
16 3 C139,C140, C141 680pF
17 3 D1, D2, D3 1N4148
18 1 J-8V1 8VDC
19 10 j~‘BN[_3UE1, J-CHROMA1, J-CVBST1, J-GL1, J-GREENT1, J-IN1, J-RED1, J-SYNC1, J-IN2, BNC
20 1 J-GND1 GND
21 3 J-GND2, J-GND3, J-GND4 GND TP
22 1 J-GND5 J-GND
23 1 J-12C1 4 PIN
24 2 J-SVID1, JSVID2 S-VIDEO
25 3 JP2, JP5, JP13 HEADER 3
26 2 JP3, JP14 HEADER 30X2
27 1 JP6 JUMPER
28 1 JP15 HEADER 8X2
29 2 JP17,JP18 HEADER 2
30 1 JP19 RTC MODE CONTROL
31 1 JP20 Hrero
32 9 L1, L2, L3, L4, L5,16,L7, L8, L13 100pH
33 3 L9, L10, L14 22pH
34 2 L11, L12 10pH
35 15 L15,L16,L17,L18, L19, L20, L21, L22, L23, L24, L25, L26, L27, L28, L29 2.7pH
36 2 Q1, Q2 PN2222
37 7 R1, R2, R3, R4, R7, R30, R36 75
38 13 R5, R6, R10, R11, R19, R20, R21, R22, R23, R32, R39, R50, R51 10K
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DIVA8 EVALUATION BOARD (Continued) (Revised May 21, 1992)

ITEM | QUANTITY REFERENCE PART
39 6 R8, R9, R13, R14, R33, R34 750
40 4 R12, R15, R35, R41 330
41 4 R16, R37, R59, R60 22
42 1 R17 47K
43 13 RP1, RP2, R18, R24, R25, R27, R28, R45, R53, R54, R55, R56, R58 47K
44 1 R26 10
45 2 R29, R40 1.5K
46 1 R31 33K
47 1 R38 680K
48 3 R42, R43, R44 30
49 3 R46, R47, R48 15
50 1 R49 15K
51 1 R52 6.8K
52 1 R57 100K
53 1 RP3 10KX6
54 1 S1 SW SPST
55 4 S2, 83,84, 85 SW PUSHBUTTON
56 1 Ut TDA8709
57 2 U2, u23 TDA8708
58 2 U3, u24 SAA7197
59 1 U4 SAA7191B
60 8 Us, Us, U7, U8, U9, U10, U11, U12 TMS4C1050
61 1 u13 S87C054
62 1 ut4 PCF8582E
63 9 U15, U16, U17, U20, U26, U31, U51, U53, U54 74HC74
64 3 u18, U19, U21 74HC27
65 1 u22 SAA7199B
66 1 u2s 74HCO4
67 1 u27 74HCO0
68 2 u2s8, U29 74HC163
69 1 uso 74HC10
70 1 u32 74HC30
71 3 U47, U48, U49 74HCT243
72 1 us0 SAA7169
73 1 us2 SAA7192A
74 2 VR1, VR2 7805
75 2 Y1,Y3 26.800
76 1 Y2 10MHz
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Philips Semiconductors Video Products

Application Note

DTV7199 Digital Television Demonstration System

APPENDIX TO DTV7199 APPLICATION NOTE

Measurements on SAA7199B

The digital encoder SAA7199B is brought into
slave mode and a digital pattern generator is
applied to feed the data to the encoder's
input. With a test pattern according to CCIR
test procedure 100% luminance (white) and
75% color saturation (see application note
*Digital interface for component video
signals”) a standard color bar test signal is
generated. Figure 1 shows the measurement

on Tektronix 521A vectorscope for a PAL
signal under a 13.5MHz clock (CCIR 601).

The color dots are clearly in the target boxes.

The small deviations (spot size and angle)
are in the accuracy limitations of an 8-bit
representation of video baseband signals.

Figure 2 shows the transients for 100% color
saturation in primary colors by means of a
multiple color sawtooth test signal. This test
signal, shown in Figure 3 in its time domain,

provides luminance ramps and color
saturation (envelope) ramps together. It
supports differential phase measurement with
real video specific constraints (no saturation
at black). The result of such a check is
shown in Figure 4. The differential phase
error is less than 1.5 degrees peak-to-peak.
The CCIR color bar tolerance boxes are
about four times as large.

Figure 1. Color bar test signal on the vectorscope
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Figure 2. Color transients

00wl

Figure 3. Color and luminance ramps combined signal

June 1, 1992 2-94



Philips Semiconductors Video Products Application Note

DTV7199 Digital Television Demonstration System

SET VECTOR

e TO CIRCLE ~a DIFF

GAIN

—— 0%

Figure 4. Differential phase measurement
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Figure 5. Differential phase measurement
Second color ramp
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Application Note

SAA7199B operational modes
...

Author: Herb Kniess

INTRODUCTION

The SAA7199B Digital Video Signal Encoder
can be configured to operate in one of four
different modes. Each operation mode has
different system cost and interface
considerations. One or more modes may be
implemented for each application depending
on system requirements and hardware
interfaces. This note describes the different
hardware configurations for the different
modes and also the available timing
programmabilities.

GENLOCK MODE

In many system applications it is necessary
to GENLOCK the CVBS video output of the
encoder to a master timing reference. Itis
necessary in GENLOCK MODE to adjust the
horizontal sync and subcarrier phase relative
to the master reference in order to
compensate for external phase shift or signal
delays in cable connections. The SAA7199B
can GENLOCK to stable references and also
to signals with time base errors such as
signals from consumer VCRs. As all signals
including the subcarrier will follow the
reference signal, RS170A cannot be enforced
automatically; if the reference is standard, the
encoded CVBS will be standard. See Figure
1 for connection diagram.

GENLOCK mode can be turned off via I2C
control register in the absence of a reference
sync signal and the sync-to-clock PLL will
assume the nominal default frequency (see
Stand Alone Mode). In GENLOCK mode itis
necessary to digitize the reference signal
using the TDA8708 A/D converter. The
TDA8708 A/D converter is operated at
normal data rates, not 2x, as in applications
with the 8-bit digital decoders. The SAA7197
clock generatoris used to assist in
generation of the system clock. A stable
crystal reference completes the GENLOCK
configuration. An external stable clock could
be supplied at Pin 59 instead of the crystal
oscillator. Itis important to note that in
GENLOCK mode the SAA7199B will
precisely follow the sync and subcarrier
phase of the reference signal. The
SAA7199B generates all sync, clock, and
timing signals to strobe and trigger the data
source. The SAA7199B supports that by
extensive programmability.

Input data, e.g., from a frame buffer memory,
must be supplied when requested so that
encoded signals will be available on DAC
outputs in time with the reference signal.
Data inputs to the encoder must be supplied
ahead of the analog output sync signal
because of internal pipe line delays of 55
clocks. The horizontal sync (HSN) on Pin 84

June 1992

can be programmed relative to the reference
signal to compensate for memory access
delays and the 55 clock pipeline delay in the
encoder (see also the chapter on Timing later
in this application note). The composite
blanking CBN must be supplied to Pin 23 as
an input to synchronize data handling. Pin 3
VS/CSY is normally programmed as vertical
output to be used as a reset for memory
controllers at the beginning of a field at line 6.
A single clock system is shown for
convenience and ease of interface (for the
double clock system, please refer to the
datasheet). IC 3A and 3B delay the system
clock by at least 8ns at Pins 55 and 49 to
follow the LDV clock requirements. LDV
latches data from the signal data source.

STAND ALONE MODE

STAND ALONE MODE is a simplified version
relative to GENLOCK mode but shows the
same data input interface. The TDA8708 A/D
converter is not used and stable sync and
timing signals are always generated by the
SAA7199B based on a stable clock Since
the subcarrier frequency is also synthesized
out of this clock frequency, the clock needs to
have sufficient accuracy and stability to
ensure RS1970A standard. It is an option to
let the clock be generated by the SAA7199B
itself in conjunction with a SAA7197 and a
crystal.

The crystal reference frequency is
24.576MHz for CCIR system or 26.8MHz for
square pixel system, but only one crystal for
PAL or NTSC. CCIR-624 specifies - as
broadcast requirement - a tolerance of 5ppm
(NTSC) respectively 2ppm (PAL), but regular
consumer-like equipment except static
deviations of 50ppm or more. By means of
FSC(0...7) in programming register index-0D
frequency offset in the crystal reference can
be compensated in the range of £450ppm in
steps of 2ppm. An external stable reference
clock could be used at Pin 59 instead of the
crystal oscillator. See Figure 2 for connection
diagram. U2A and U2B is used again to delay
the main encoder clocks relative to LDV
about 10ns. LDV latches data from memory.

SLAVE MODE

All timing signals such as sync, clocks, and
blanking are provided by external sources.
The clocks must be crystal stable, without
exception.

Note the clock delay through UIA and UIB of
about 10ns. No other components are
required because the external source
provides all timing information. Pin 59 XTALI
should be grounded because the reference

2-97

crystal is not needed. Figure 3 shows pin
connections and signal directions. The output
analog sync will contain proper equalizing,
serration, and burst blanking signals even if
they are not contained on input sync signals.

As an option, the clock may be generated by
the SAA7199A in conjunction with SAA7197
and a reference crystal (see Stand Alone
Mode).

REMOTE GENLOCK (RTC MODE)
RTC MODE (Real Time Control) is an
exclusive feature of Philips Digital Decoders
and Digital Encoders. Pin 57 (RTCl) must be
programmed and connected to a SAA7191B
or SAA7151B digital decoder RTCO pin. In
RTC mode the digital decoder front end
provides all timing information including the
clock to the SAA7199B. The clock frequency
may vary, especially since a digital decoder
could be locking to a VCR source. However,
with the connection of RTCO from a decoder,
the encoded subcarrier in the SAA7199B will
be stabilized even with VCR sources as
inputs. RTC and the DMSDs LLC-clock can
be applied to the SAA7199B under stand
alone, as well as slave mode. The connection
block diagram is shown in Figure 4. Note the
clock delay through U3A and U3B of about
10ns.

RTC MODE allows a complete decoding and
encoding system to be configured with only
four processing devices. The following ICs
are required as the minimum configuration:

1. TDA8708 A/D Converter

2. SAA7151B or SAA7191B Digital Decoder
3. SAA7157 or SAA7197 Clock Generator
4. SAA71998B Digital Encoder

The RTC line contains valuable data about
the system clock phase and frequency and
related subcarrier information generated
within the decoder during the color
demodulation process. The data is updated
every line and coded in a serialized protocol;
protocol start is self-synchronizing, i.e.,
sender and receiver can have different
line-sync phase.

When a SAA7199B is connected directly to
the decoder clock system, it is possible to
encode stable subcarrier even with variable
but line-loaded system clocks from the
decoding front end. The output sync and
subcarrier from the encoder will have the
same timing (standard or non-standard) as
the input demodulated signals (standard or
non-standard) in front of the decoder. The
digitized CVBS in front of the DMSD can be
applied to the CVBS input Pins (76-83) of the
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SAA7199B to be used with the CVBS key
function. The timing programming range of
HS as DMSD output and HSN as DENCs
input allows direct sync-coupling. The
subcarrier phase is adjustable via
programming as needed by the application
purpose. The DP inputs of the SAA7199B
may carry manipulated or other video overlay
data. With a memory buffer included in the
system between DMSD and DENC, the sync
timing can be different in phase than the
accumulated data processing delay of about
150 clocks, but will remain constant because
the clocks are the same.

DATA, BLANKING, AND SYNC
TIMING

Processing Delay and
Programmable Timing

Depending on the different operation modes
of the digital encoder SAA7199B, the timing —
from the digital input side to the analog output
respectively to the analog CVBS reference —
can be programmed in different ways.

Figure 5 is a reprint of Figure 10 from the
SAA7199B data sheet; it shows the timing of
input data and sync to output representing
that sync and data. There is a constant 55
pixel clock pipeline delay from input data to
analog output signals. The horizontal
sync-signal HSN at Pin 84 can be an input or
an output depending on the selected
operational mode of the encoder. The relative
timing of HSN to the analog output sync is
programmable for input as well as for output
modes.

Composite blanking CBN at Pin 23 must
have a rising edge at the beginning of active
data to ensure proper operation of the UV
format demultiplexer and also to remove the
blanking condition. Video blanking is forced
during vertical and horizontal blanking

regardless of the state of CBN signal of Pin
23.

Output Timing to GENLOCK

Reference Input

The SAA7199B has an internal timing
machine which generates all timing and
gating signals to generate the proper sync
pulse position (phase), sync pulse duration,
sync slopes, default blanking, burst gate
position and length as well as burst envelope
(shaping) for all possible clock frequencies
and video standards to be selected. The
result of that can be seen in the CVBS output
signal- or Y-C outputs at Pins 69, 67 and 65.

In GENLOCK mode the DENC refers its
internal timing machine to the digital CVBS
signal (applied to the Pins 76 to 83). The
DENC investigates that external CVBS,
detects the slope of the horizontal
synchronization pulse, and locks phase and
frequency of the clock via SAA7197 and
sampling ADC TDA8708 to this reference
trer1 (Line-Locked-Clock system). Beyond
that itis possible to program a constant time
offset between sync-pulse of the reference
trert and sync-pulse of the CVBS output,
respectively the Y-C outputs (compare Figure
5), but maintaining the Line-Locked-Clock
feature. By programming the GDC-bits in
register index-05 to zero the CVBS output is
17 pixel clock cycles later than the reference
CVBS; programming GDC to 17 decimal (11
hexadecimal) brings reference and CVBS
output into identical phase. Increasing the
GDC value up to 63 decimal (3F
hexadecimal) brings the internal timing
scheme and the output CVBS in advance of
the reference input by up to 46 pixel clock
cycles earlier.

Independent of this GENLOCK-delay
programming via GDC, it is also possible to
adjust the subcarrier phase of the output
relative to the subcarrier phase at the
reference input. The programming byte

Table 1. Standards and Number of Clocks

CHPS(0..7) in register index-0C covers the
whole cycle of 360 degrees in 256 steps,
which means 1.4 degree each step.

The adjustment of GENLOCK-delay and
subcarrier phase offset is relevant in an
application where the generated DENC
output is further processed and mixed with
other video signals for editing purposes. Also
for modulating multiple video sources onto
one cable or for broadcasting by air a
well-defined phase relationship of these
signals is necessary in order to keep channel
cross-talk under control.

CBN and trer2

The processing (pipeline) delay tenc from
digital data input to analog output is constant
under all modes, input formats, clocks and
other programming conditions and is 55 pixel
clocks (compare Figure 5). Data fed into the
digital input ports DPn (n=1,2,3) are visible 565
pixel clock cycles later in the analog video
output signal. Figure 5 shows the composite
blanking input CBN in nominal standard form;
CBN may claim a wider blanking period if
less data than the nominal active pixels per
line are available. The same processing
delay tenc = 55 pixel clocks ahead of the
leading slope of the CVBS output signal is
the reference point for the leading edge of the
(imaginary) sync pulse at the data input. In
Figure 5 this point is signed with tpero. The
different standard requirements for NTSC and
PAL and the various possible clock
frequencies result in different number of clock
pulses for the nominal blanking period, and
for the time from the start of sync to the end
of line blanking. Table 1 lists the relevant
numbers. The number for nominal line
blanking period is implemented via the
internal timing machine as default; it cannot
be shortened, but blanking can be extended
by CBN at Pin 23. The rising slope of CBN
also synchronizes the UV format demultiplex
sequence.

LINE SYNC START BLANKING
STANDARD | PIXELCLOCK | CLOCKS ACTIVE BLANKING | TOACTIVE | LINEPERIOD | PERIOD
SYSTEM (MHZ) PER LINE PIXELS (PIX-CL) LINE (1S) (1S)
NTSC-SQP 12.273 780 640 140 125 63.56 11.41
PAL-SQP 14.750 944 768 176 163 64 11.93
NTSC-CCIR 13.500 858 720 138 122 63.56 10.22
PAL-CCIR 13.500 864 720 144 134 64 1067

June 1992
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HSN, VSN as output (GENLOCK,
stand-alone)

In stand-alone mode as well as in GENLOCK
mode the SAA7199B outputs an HSN signal
at Pin 84 and a VSN/CSYN signal at Pin 3, in
order to provide the signal source (graphic- or
pattern-generator, memory controller) with a
timing trigger signal. In order to compensate
for unspecified delays in that peripheral
controller, the actual position (phase) of HSN
output is programmable over a range of 64
pixel clock cycles by means of the PSO-bits
in register index-07. Programming PSO to
00" generates an HSN with a leading edge
that is 58 pixel clock periods earlier than the
nominal position trera; “3F hex” = “63 dec” as
PSO makes an HSN that is 5 pixel clock
cycles after trerp. The leading edge of
VSN-output, of the combined composite sync
CSYN-output follows this programming of the
PSO-bits to always coincide with HSN in the
same clock period.

The pulse width of HSN output is always 64
clock cycles. The polarities of HSN, VSN or
CSYN are independently programmable via
the bits SYSELO and SYSEL1 in register
index-04. These two bits also control whether
the signal at Pin 3 acts as VS block vertical
sync or as composite sync. The HSN signal
form as shown in Figure 5 is called “active
LOW?" and requires a programming of 01 bin
in SYSEL.

HSN, VSN as input (slave mode)

In slave mode, the SAA7199B requires that
all sync and clock signals come from an
external source. The clock frequency is
supposed to be accurate and stable enough
to enable the DENC to generate a proper
subcarrier frequency. The clock frequency is
also supposed to be line-locked, so that there
is always the nominal number of clock cycles
between two horizontal sync pulses.

June 1992

HSN (Pin 84) and VSN/CSYN (Pin 3) act as
inputs. The nominal phase relative to CBN
and input data is shown in Figure 5 as trgro.
Table 1 gives the times from (imaginary) sync
pulse start to start of active line (end of
nominal line blanking) at the DENC's input for
the various standards and clock frequencies.
The leading edge of the incoming sync pulse
HSN triggers the internal timing machine. A
minimum pulse width of one pixel clock
period is required.

In order to compensate for unspecified delays
in the controller for the signal source, the
actual position of HSN input relative to
reference point trero is programmable over a
range of 64 pixel clock cycles by means of
the GDC bits in register index-05. This is not
the register defining the timing offset of HSN
as output, but the one to be used in
GENLOCK mode to program reference to
output “GENLOCK delay”. Programming
GDC to "00” enables the DENC to accept an
HSN-input with a leading edge that is 17 pixel
clock periods earlier than the nominal position
trerz. If HSN-input leading edge is in phase
with tgep GDC needs to be programmed
with *17 dec” (11 hexadecimal); “3F hex" =
*63 dec” supports an HSN-input with a
leading edge that is 46 pixel clock cycles
lafter tger2. The leading edge of VSN-output,
of the combined composite sync
CSYN-output follows programming of the
GDC bits to coincide always with HSN in the
very same clock period.

MULTI-PURPOSE KEY AND

INPUT FORMATS

The digital encoder SAA7199B has three
digital data input ports, each 8-bits wide, and
named DP1, DP2 and DP3. There are seven
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basic input formats accepted; see Tables 10
to 16 in the data sheet. Beyond the basic
format definition, the data stream can be
transformed via look-up tables. The look-up
tables can be used for any kind of linear or
non-linear amplitude processing, as in a gain
in YUV or gamma correction in RGB.
CCIR-601 specifies the number range for
luminance signal from 16 (black) to 235
(100% white) and for the color difference
signals U and V (75% saturation) from 44 to
212. In the Philips DTV system, some slightly
different numbers are chosen (DMSD-2
levels) in order to get better usage of the
available 8-bit number range and to minimize
truncation noise and visibility of signal limiting
(clipping) artifacts. Luminance goes from 12
(black) to 230 (100% white) and provides
more room for superwhite overshoots. The
color difference signals are coded in two's
complement and use about 20% more
number range, which enhances color
resolution. Refer also to the SAA7151B data
sheet, Figures 5 and 6.

The SAA7199B has a CVBS KEY function,
controlled by Pin 73 to insert (pixel by pixel)
the reference CVBS signal in realtime into the
encoded CVBS output signal. In addition,
realtime input format switching is supported
by means of the MPK function (Multi-Purpose
Keying). Table 2, MPK-Pin and Input
Formats, gives a comprehensive overview of
the realtime switching possibilities by MPK at
Pin 32. Two different input formats are
defined simultaneously via software
programming and can be mixed on a
pixel-by-pixel basis at the DP input pins. For
example it can be switched from any YUV
format to RGB 24-bit or indexed color, or
between RGB with and without look-up table.
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Table 2. MPK-Pin and Input Formats

PROGRAM-BYTE SELECTED:

MPK INDEX 00HEX INDEX 09HEX
PIN #32 D7 D6 D5 D3 D2 D5 D4 FORMAT LEVELS
VvTBY FMT2 FMT1 FMTO CCIR MPKC1 MPKCo0 # LUTs ACC.TO
Low (*) Y Y Y (*) X #0 (*) (*)
LOW (*) 0 0 1 (*) X X #1 (*) (*)
LOW (*) 0 1 0 (*) X X #2 (*) (*)
LOW (* 0 1 1 (*) X X #3 (*) (*)
LOW (*) 1 1] 0 (*) X X #4 (*) (*)
LOW (*) 1 0 1 1 X X #5 (*) CCIR
Low X 1 1 0 X X X NOT USED
LOW (o] 1 1 1 1 X X #7 824 CCIR
HIGH X 0 0 0 (*) 0 0 #0 BYPASS (*)
HIGH X 0 0 1 (*) 0 0 #1 BYPASS (*)
HIGH X 0 1 0 (*) 0 0 #2 BYPASS (*)
HIGH X 0 1 1 (*) 0 0 #3 BYPASS (*)
HIGH X 1 0 0 (*) 0 0 #4 BYPASS (*)
HIGH X 1 0 1 1 0 0 #5 BYPASS CCIR
HIGH X 1 1 0 X 0 (] NOT USED
HIGH X 1 1 1 1 0 [ #7 824 CCIR
HIGH X X X X X 0 1 #5 ACTIVE CCIR
HIGH X X X X X 1 [ DON'T USE
HIGH X X X X X 1 1 #7 824 I CCIR
NOTES:
X = don'tcare

(x) — see table about VTBY and CCIR programming bits
HIGH = TTL level high, i.e., > 2.0V
LOW = TTLlevellow,ie., <0.8V

LUTs: BYPASS
ACTIVE

Look-up tables not in signal path
the three RAM-tables are used independently as three 8-bit — 24-bit Look-up tables in the three channels RGB or YUV

([}

824

the RAM-block is used as one 8-bit — 24-bit look-up table to transform indexed or palettized 8-bit color into
24-bit color
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Table 3. VTBY and CCIR Bits

PROGRAM-BYTE SELECTED:
MPK INDEX 00HEX INDEX 09HEX
PIN #32 D7 D2 D§ D4 LEVELS
VTBY CCIR MPKC1 MPKCO LUTs ACC.TO
LOW 0 X X IN DATA-PATH
LOW 1 X X IN BYPASS
LOoW 0 X X DMSD-2
Low 1 X X CCIR 601
HIGH X 0 0 IN DATA-PATH
HIGH X [ 0 (] DMSD-2
HIGH X 1 0 0 CCIR 601
HIGH X X (] 1 IN DATA-PATH CCIR 601
HIGH X X 1 0 DON'T USE DON'T USE
HIGH X X 1 1 8- 24 BITS CCIR 601
NOTES:
X = don'tcare
HIGH = TTL levelhigh,ie., > 2.0V
LOW = TTL levellow, ie., <0.8V
June 1992 2-101
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CVBS input signal;
GENLOCK only

tREF1

HSN output signal | I

1] L

|
! — 010640/720/780 [

CBN input signal | l

—_—_———)t e ——

}_m.: | PIXCLK !
e __LEW//L_;_V////////A_

| e |
|

|
|
CVBS output signal :

(1) At=125x PIXCLK at 12.27 MHz
At = 163 x PIXCLK at 14.75 MHz
At =134 x PIXCLK at 13.50 MHz / 50 Hz mode
At = 122 x PIXCLK at 13.50 MHz / 60 Hz mode

Figure 5. Processing delay and programmable timing
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OVERVIEW

The DTV7186 application note is designed to
show proper connection and operation of the
SAA7186 resizer and SAA7191 color
decoder. The SAA7199 digital encoder is
also shown as the video output device for
monitoring the performance of the system.
Philips Semiconductors makes available the
DTV7186 MSC demo board for customer
evaluation and measurement purposes.
Please refer to the DTV7186 revision D
schematic on the pages that follow for
particular information about the design of this
board.

There are five main functional parts needed
to demonstrate the operation of the SAA7186
resizer. The input section digitizes,
processes, and resizes the incoming analog
video signal. The logic on page 4 of the
schematic adds special control data values
into the serial memory write data path. A

1 megabyte serial memory stores the resized
image and control information. During read
operation, the logic on page 3 of the
schematic decodes the control information
and generates a display window. Finally, the
digital video data is modulated and converted
back to an analog composite video signal by
the SAA7199 digital encoder. An 87C751
microprocessor is provided to program all
Philips video devices on the board via IIC
serial communication.

INPUT SECTION

Please refer to Section 2 and Section 3 of
DTV7199 application note for a description of
the input A/D conversion and digital color
decoder. The SAA7186 resizer connects
directly to the digital YUV outputs of the
SAA7191B or the SAA7151B decoders.
Other signals such as Vsync, Href, and
clocks are shown connected on page 8 of the
schematic. An expansion port at J9 is
provided that will mate with the DTV7199
demo board and provides a direct connection
to the SAA7191B digital decoder data bus if
necessary. Headers JP4-JP7 provide access
to all pins of the SAA7186 for measurement
purposes. U43 provides clock buffering if
external signals are applied at J9.
Standalone operation requires U43 to be
removed and jumpers installed at JP14 of
page 1 of the schematic. Clock generator
U40 must be removed if external clocks are
being used.

May 11, 1993

SAA7186 RESIZER AND
MEMORY ENCODING

The function of the SAA7186 is to filter and
reduce the number of pixels per line and lines
per field coming from the digital decoder
SAA7191B. The SAA7186 contains 2 full
bandwidth YUV line stores for vertical
filtering, horizontal filters, a chroma keyer,
color space converter, and resizer logic. Itis
operated in “TEST" or “TRANSPARENT"
mode, such that all pixels and lines are
passed through the output fifo. A pixel
qualifier at pin 100 called PXQ is the only
signal needed to decide which data to write
into memory. Note that VCLK on pin 51 is
the system pixel clock inverted to insure
proper operation of the fifo interface during
“TRANSPARENT" mode. The output fifo
must not be operated in phase with incoming
pixel data from the decoder! The color space
converter is bypassed to make use of only 16
bits for YUV memory storage.

The logic on page 4 shows that the
luminance channel (Y[0 . . 7]) from the
decoder is not passed directly to memory, but
can be altered to contain special control
codes. Chroma Key (ALP) encodes a O0H,
End Of scan Line (EOL) encodes on 01H,
and End Of Frame (EOF) encodes on 02H.
The UV bus (UV[0 . . 7]) is only passed
through a buffer to match the delay of the Y
channel for timing purposes and buffering to
memory. U29A generates an extra memory
write cycle after every line to add an EOL
marker in memory. If the Chroma Key
function is active from the SAA7186 resizer,
then OOh is stored in memory on a pixel by
pixel basis. Vsync encodes 02h at any time
to insure that an EOF marker is placed in
memory. Memory is not written if PSTILL at
U31 pin 8 is high. The image is frozen in
memory is this case. The SAA7186 will not
send data values out on the luminance bus
less than 10H, therefore, the selected control
codes are unique for this design.

READ WINDOW GENERATOR
The schematic shows on page 3 that
luminance data from memory (OY[0 . . 7)) is
checked for special control codes that were
added on the input side only after a proper
vertical line delay from U24 and U23 and
horizontal delay from U21 and U19. These
devices set the upper left corner of the
displayed resized image. Comparitors U14,
U186, and U17 check the luminance data for
control codes. Their outputs are reregistered
via D flip flops and control the status of
HOKN at U18 pin 8 and VOKN at U22 pin 6.
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These signals are low only when the resized
image is being displayed. U22B pin 9 is low
on any pixel within the resized image that
matches the chroma key color programmed
in the SAA7186. Chroma Key can be
disabled by setting limits out of range, such
as lower limits at the maximum values.

It should be mentioned that U18A and JP2
establish the correct UV phase relationship of
the resized picture. Resolution for picture
start is limited to every other pixel with JP2
setting the correct phase. 1t should also be
mentioned that the luminance data bus
(OY[0 . . 7]) is encoded to 10H whenever
memory is not driving the bus in order to
force black data values for the SAA7199
encoder. The memory only stores data for
the resized picture in a serial fashion. The
output picture will be black except for the
resized image if itis being displayed.

The simple method of adding control
information to the data that is written to
memory makes a very simple output window
generator possible. Only the upper left
corner must be programmed for display. The
SAA7186 can be programmed for any size
picture from full size to 1 pixel without
restriction, and the correct size will
automatically be displayed in a window.

DIGITAL ENCODER AND OUTPUT
If the DTV7186 demo board is installed on
top of a DTV7199 demo board, then the
background picture can come from the
decoder input on the DTV7199 board. Page
6 of the schematic shows the connection bus
at JP3. Multiplexers U25, U26, U27, and U28
are controlled via PIPSELN and PIPSEL
which select data from JP3 of the resized
picture. The data bus on the left hand side of
JP3 is also encoded with pull-up and
pull-down resistors so that black data will be
sent to the SAA7199 encoder if external data
is not available.

Finally, Hsync, Href, clock, and YUV data is
sent to the SAA7199 encoder for modulation
and D/A conversion back into composite
video again. The SAA7199 encoder must be
operated and programmed for *“RTC”
operation. This means that the clocks and
sync from the SAA7191B digital decoder and
a special signal called RTCO are supplied to
the encoder to maintain sync and color lock
to the input video signal. A modification to
this design might be to add the SAA7197
clock generator and TDA8708 A/D converter
to the SAA7199 for genlock. In this case,
“RTC” mode is not necessary.



Philips Semiconductors Video Products

Application Note

DTV7186

SAMPLE PROGRAMMING FOR SAA7186, SAA7191B, SAA7199B

SAA7186 SAA7191B SAA7199B index=02
92H SUB ADD 00H S5DH A6H sub add=00
DOH 7EH O00H
80H 53H OOH
12H 43H OOH
28H 19H C4H
50H 00H 20H
FOH 39H 52H
10H 00H 26H
60H SUB ADD 08H 7FH 10H
00H 7FH 05H
OOH 7FH O00H
00H 7FH O00H
S50H O00H O0H
A8H 88H 01H
6CH 78H OCH
B4H 7CH
OEH SUBADD 10H 00H
1EH
00H
O00H
36H
09H
FCH
D1H
SUB ADD 18H ECH
May 11, 1993 2-108
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