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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? o

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.

HOwW?

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 that is 100% compatible with this standard, as
well as other chip sets that address different market requirements.

INPUT FEATURE OUTPUT
PROCESSING PROCESSING PROCESSING
| |
VIDEO I—’_LD— VIDEO
| |
| |
| DISPLAY |
RAM
| |
COMPUTER |:| | | D
GRAPHICS Py
| |

T

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

o 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.

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

o 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 ali, 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 With the TDA8708, one can select one of three composite video
The Philips digital video system is simple to use: signals to input to the system. This IC includes clamping, automatic
o No adjustments. gain control, and drive for an external low-pass filter. The signal is

« All 5-volt operation. then fed to an internal eight-bit analog to digital converter, and finally

Small form-factor--all parts available in surface mount output o the Digital MultiStandard Decodevr.

« Architecture is partitioned to simplify the addition of features. Digital MultiStandard Decoder (DMSD)
» Digital circuitry is constant, reproducible, and not subject to The DMSD accepts digitized composite video, performs horizontal
manufacturing variations. - and vertical synchronization processing, and outputs Luminance (Y)
o Itis notinfluenced by variations in supply voltage or aging. and Chrominance (U,V) signals. Via I2C (see glossary), one can
« There are no tolerances and therefore no need for circuit control color hue and luminance frequency response for optimum
adjustments. _performance.
« Digital control is readily implemented via 12C*, without the need for Philips offers four DMSDs:
D/As or other interfaces. * SAA9051 for consumer applications:
e Digital filters are implemented on-chip, and offer linear phase 7-bits; Y:U:V 4:1:1; 13.5 MHz, 720 pixels/line
response. : « SAA7151 for industrial applications:
« A single crystal supports different broadcast standards. 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
THE BUILDING BLOCKS: PAL/SECAM 14.75 MHz 768 pixels/line P
. o SAA7194(6) for computer graphics:
INPUT PROCESSING 8-bits;(Y:)U:V 4:2:2; Nngc g2.27 MHz, 640 pixels/iine
Analog to Digital Converter (A/D) PAL/SECAM 14.75 MHz 768 pixels/line
We offer a broad range of high performance A/Ds incorporating Clock Generator Circuit (CGC)

Philips’ unique folding and interpolation architecture (see glossary).
Two of these are specially configured for the digital video chip set:
the TDA8B708 for composite video (CVBS) inputs, and the TDA8709
for chroma inputs in S-VHS applications.

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.

INPUT PROCESSING FEATURE PROCESSING OUTPUT PROCESSING
| |
o TD:IBD DMSD | | SAgnss ‘
VIDEO1 707 R
—— LUMA, L » Y || saarieo ANALOG RGB
H I = | —> .
CHROMA
VIDEO2 | ooumce | B | PROcESsOR | . UV | ‘
SELECT, - DIGITAL ~'|—> S-VIDEO
VIDEO3 Cke*gp» _____ | | | encoper
—> ‘ap’ SYNG AND ! N | L » s-vibeo
CLOCK } » H |
PROCESSOR | | |
v
f > !
+ | I
cee | | Ll saa71ss MEMORY | | TRIPLE AVP
| s !
cLock : — +>1 i —> | 5
GENERATOR SCALERHV | & TDA4680
G| | FILTER COL- | vt ToAdgss | . ANALOG
orsPacE |7 ! | TDA¢sss RGB
| CONVERTER | g | .
| ‘ 7> T —>] r—b )
| |
| |
| RGB I ANALOG
OR Yuv
| Yuv |
| |
| 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 iook-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
S-Video encoders. This device is muitistandard. 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 12C-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 sunp

ol

INPUT PROCESSING *

| FEATURE PROCESSING | OUTPUT PROCESSING
] | |
TDA8709 I 1
cuno?n?ﬁmcs 8 SAA065 (7165)
C—s—] ONAL) 1% 7 i VEDA
(OFT! DIGITAL
SAAS051 | FRAME | PROCESSING
A DMSD I MEMORY AND TRIPLE
PALNTSC 4 DACs .
DECODER 12¢BUS
Y/ICVBS1 A l ity
ToAsTOs | N| WRITE  READ
cves? ADC 8 | |
——{ wMmNnance [ | I
cves3 COMPOSITE [
l I
{ . |
I VGA SYNC :
CLOCK {
GENERATOR
28 TO 30 MHz
SAAT197
CGC MIXER
CLOCK CONTROL
GENERATOR VGA TDA4686 - R
. GRAPHICS R AVP VGA
SYSTEM o ANALOG . |-»— G o7
AND RAM 5 VIDEO
COMINATION [~ B
12C BUS CONTROL 2

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

suoneinbyuod uones)ddy

$10NpoId 09PIA SI0}0npuodwss sdifiyd



661 8unp

PALS

INPUT PROCESSING | | FEATURE PROCESSING | OUTPUT PROCESSING
| | |
i l
TDAB709 | | R
] ADC ] \ l 8 — R
c CHROMINANCE 8 _us\ _|B/ i
= (OPTIONAL) —+/
SAAT191 SAA
DMSD | DZ;?A | G SAA7169
rauntse | | DIGITAL —Je\ FRAME [——— TRIPLE | & ANALOG
SECAM LN COLOR | wmemory D/A RGB OUT
YicvBS1 DECODER s SPACE | CONVERTER
— TDA8708 “"[/ CONVERTER
cvBs2 ADC 8 | L N 8
—&— LUMINANCE | 8 la\ |l e &
cvBs3 COMPOSITE V ]
. l
) I
T .
i felo] !
1 1
12C BUS CONTROL 2

SAAT191
CGC
CLOCK

GENERATOR

GRAPHICS
SYSTEM

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

suoneinbiyuod uoneoddy

S1oNpo.d 0BPIA SIojonpuodiwes sdilud



661 sunp

8-

INPUT PROCESSING | FEATURE PROCESSING | OUTPUT PROCESSING
] | |
TDAS709 | Lr
CHRO?/I?SANCE 8 8 _]_la/ cves
€= (opTIONAL) V] > V] I
e | san7ise | SAA7199B
DMSD DCSC FRAME G
A PALNTSC l DIGITAL - - e\ MEMORY —'—ls\ [3/IGITAL v
SECAM N VIDEO —/ AND —— EN&’)ED%R
Y/cvBs1 DECODER A SCALER CONTROLLER [ |
> oams [N /1
cvBs2 ADC 8 [ LN | g
—— . wwmnance [V —2] o I,
cvBs3 COMPOSITE | 0
: I Frr 7S
l | A rlal s |
| |
12C BUS CONTROL 2
SAAT197 GRAPHICS
cGC SYSTEM SAA7197
cLOCK : cfggx
GENERATOR CENERTOR
GEN LOCK SOURCE
s1 ——1 TDA8708
ADC
S2 =™  LUMINANCE
$3 —»—| COMPOSITE

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

suoneinbiyuod uoneolddy

$]oNPOId OBPIA S1010NpUODIWES sdiiyd



+661 eunp

6-1

COMBINED INPUT AND
FEATURE PROCESSING

DESCPRO
DECODER
SCALER
WITH CGC
SAA7196

OUTPUT PROCESSING

> TDA8709
—_ ADC A
CHROMINANCE
c— (OPTIONAL) i
Y/CVBS1
—=—|  TDAs708
cvBs2 ADC Ja\
——1  wmnance [
cvesa COMPOSITE
3 ]
GEN LOCK SOURCE
st —»—]  TDas708
ADC
s2 =  LUMINANCE
s3 ——| composiTe

R
—Ia\ :; — cves
| SAA71998
FRAME G
e g m > B B
| conTROLLER I ENCODER
L N | s
_—|B/ 9 »— ¢
A A A N
r| a| s | Y
|
GRAPHICS
SYSTEM SAé\G7é97
CLOCK
GENERATOR

Figure 4. 8-Bit Video Window Graphics with Encoder Gen-Locked to an External Source Using SAA7196 Desco

suoneinbiuoo uoneodlddy

S1ONpoId OSPIA SI0}0NPUOIIWBS SAIiUd



v661 8unp

ok}

+— CVBS

VS, HS
HREF
RTC

INPUT PROCESSING | | OUTPUT PROCESSING
| |
| ]
— | wr |
TDA8709 R
—— ADC I J—'B\
c CHROMINANCE |8 —|J8\ 4———[ /|
> (OPTIONAL) saarioe | TV :
DMSD | s SAA7199B
PALNTSC | —|—fs\ ?Ilgl;g«.
Y/CVBS1 D:ggg’gR -HN - ENCODER
8 |
—>—  TDA8708 1]
cvBes2 ADC 8 | l s
——{  LUMINANCE A
cvBss COMPOSITE _}_ j:'l %
i |
I |
{ i
1
12C BUS CONTROL 2 \ 2 1€
SAAT197
cac
cLOCK
GENERATOR LLC2 CLOCK

Figure 5. RTC Genlock Mode (Uses Single CGC)

suoieinBbyuos uoneolddy

S1oNpOId OBPIA SIo}oNpuUodIWes sdiiud



Philips Semiconductors Video Products

Pro Electron type designation code for integrated circuits

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:

S © : 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:

MA microcomputer central processing unit
MB slice processor (see note 3)

MD correlated memories

ME other correlated circuits (interface, clock,

peripheral controller, etc.)

Charge-transfer devices and switched capacitors
The first two letters identify the following:

NH hybrid circuits

NL logic circuits

NM memories

NS analog signal processing,
using switched capacitors

NT analog signal processing,
using change-transfer device

NX ; imaging devices

NY other correlated circuits

June 1994

THIRD LETTER

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

A : temperature range not specified below
(see note 4)
0 to +70°C
—55 to +125°C
1 —2510 +70°C
1 —25t0 +85°C
: —40to +85°C
-55 to +85°C

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

QMMOOW

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 cylindrical
for ceramic DIL
for flat pack (2 leads)
for flat pack (4 leads)
for quadrature flat pack (QFP)
for chip on tape (foil)
for plastic DIL
: forQIL
: for miniature plastic (mini-pack)
for uncased chip

CHOUIrITOMOUO
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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)

SECOND LETTER: Material

C : metal-ceramic

G : glass-ceramic (cerdip)
M metal

P : plastic

<XE-40WIO ZAIOMMOO

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.

Digital IC, GM family,
operational temperature
range 0 to +70°C, company
number 74LSS00A, ceramic
DIL package.

GMB74LS00A-DC

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

package.

SAC2000 Solitary digital circuit,
operational temperature

range -55 to +125°C.

June 1994
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Notes

1.

A logic family is an assembly of digital circuits de-
signed to be interconnected and defined by its ba-
sic electrical characteristics (such as: supply
voltage, power consumption, propagation delay,
noise immunity).

The first 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.

In the 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

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
handling equipment to the same surface.

Signals should not be applied to the inputs while the
device power supply if 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

June 1994

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 fibers). 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 DC lines.
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High-performance 8-bit video data converters

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
techniquies 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. .

June 1994

INNOVATIVE TECHNIQUE
REDUCES COST AND POWER
CONSUMPTION

The secret of the success of our TDAB7xx -
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 TDA87xx 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 TDA8B7xx 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 affordabie

- high-performance data conversion to a host

of consumer video applications.
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High-performance 8-bit video data converters

A TO D CONVERSION
TECHNIQUES

Full-parallel conversion is
complex and power-hungry

Most currently available high-performance
8-bit ADCs use the full-parailel
implementation shown in a simplified form in
Figure 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 behavior
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. This
“folding” 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.

COMPARATORS
SAMPLE
LATCH |
V255 —— 255
! 1 1 ! !
[ | \ {ENCODER(
1 H . |
Vo
—————  |samPLE
LATCH —
V3 3
————— |sAMPLE
- LATCH [
) 2
S |sAmpLE
LATCH [—f
v _ ._:T’ e 1
saturation saturation
active I sample
clock
V255<! /
Vin | //
V3

Figure 1. 8-bit full-parallel ADC

At the sample clock, an array of 255 latches decides whether the output from each of 255 comparators is1or0.
The usage of the latches is inefficient — each has only to make one decision over the entire full-scale input range.

——

8

digital
output

7220378
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High-performance 8-bit video data converters

FOLDING SAMPLE N
: AMPLIFIER LATCH digial
) —
e sample
Va2 clock
Vig
: :
\zero crossing
7
/
/ JAWAY f
T ) INPUT TO SAMPLE LATCH MEA1S4

Figure 2. One of 16 identical sections of an 8-bit folding ADC

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 form 255 to 16,
and the 255 to 8-line encoder is simplified to
a 16 to 8-line circuit. Because the signal
distribution problems and chip area for this
ADC configuration are also considerably
reduced, its overall performance actually
improves. Furthermore, since it has only 16
connections between the analog and digital
circuitry instead of 255, kick-back noise is
much reduced.

Because the output code generated by the 16
latches after folding (fine conversion) is
repeated eight times during a full-scale input

June 1994

Folding the outputs of 16 comparators to one latch reduces the number of latches needed from 255 to 16.

voltage ramp, a 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
final data stream is equal to that of the fine
converter.

Reducing the number of
comparators by interpolating
their outputs

The folding technique was used to reduce the
number of latches required for an 8-bit ADC
and simplify the encoding logic, thereby
reducing chip area, power consumption and
signal distribution paths without
compromising performance. We will now
show how an interpolation technique is used
to further this aim by reducing the number of
comparators and consequently the number of
taps on the precision reference resistor
ladder and the number of folding amplifiers.
This interpolation technique exploits the fact
that a comparator output signal doesn't
change state instantly when the input

1-16

exceeds the reference level, but follows the
input signal linearly over the first part of the
transition range.

Figure 3 shows outputs V and V4 from two
of the comparators of the 8-bit folding ADC
which are separated by three taps on the
reference resistor ladder. it is clear that, since
the transition ranges of these two
comparators overlap considerably, the three
intermediate outputs (V4, V2 and V3) can be
derived by interpolation using a simple 3-tap
resistor ladder connected between output Vg
and V4 as shown in Figure 4. The distortion
introduced by the interpolation is unimportant
because only the zero crossings are of
interest for setting the sampling latch.

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. The interpolation technique also
reduces the number of taps required on the
precision reference resistor ladder from 255
to 64 and reduces the number of folding
amplifiers required from 16 to 4.
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High-performance 8-bit video data converters

Vout
! y
V.
Vo 14t Ie 120 |121 . 11 ur‘:ple
0 Vin \ latches
MEA155
7220381
Figure 4. Interpolation of three out of
every four comparator outputs with a
resistor ladder reduces the number of
comparators needed for an 8-bit ADC
Figure 3. Interpolated zero crossings for three out of four comparator outputs from 255 to 64
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The complete 8-bit folding and
interpolating ADC

Figure 5 is a simplified block diagram of a
:complete 8-bit folding and interpolating ADC.
In this diagram, each of the folding amplifier
blocks contains 16 comparators and a folding
amplifier. Also, aithough the interpolation is
performed by resistor ladders at the outputs
of the folding amplifiers, the principle remains
the same as that described for interpolating

at the comparator outputs.
64-TAP
REFERENCE
LADDER INTERPOLATION
\ RESISTOR
A ) smnes
v ] LATCHE!
= ’ -] % S/
12
3
4 |
5
154 '
7 LATCHED
> encooer =) output )
8 BUFFERS [
—| igital
i output
10 }
1] clock
=ty 2]
= B
e |
FOLDING Ll
AMPLIFIERS 15
sample
clock
[ COARSE CONVERTER |
7220380.1

Figure 5. Block diagram of a complete folding and interpolating ADC

Although, in practics, interpolation takes place after folding of the comparator output
signals instead of before as explained for clarity in the main text, the result is the same.
The folding amplifier blocks each contain 16 comparators and a folding amplifier.

Number of internal components for 8-bit full-parallel ADCs compared
with those required for folding and interpolating ADCs

Conventional Folding and
Full-Paraliel ADC Interpolating ADC

Reference resistor taps 255 64
Comparators 255 64
Iinterpolation resistor taps 0 24
Latches 255 16
Encoder stages 255 16
Simple 3-bit coarse converter 0 1

Clock driver fan-out 255 24
Output buffers 8 8
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High-performance 8-bit video data converters

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, 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 desktop video is
another application area. In the consumer ..
world of home entertainment systems, TV set
manufacturers and broadcast 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.

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” inciudes 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 Figure 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 is necessary to test all
of the possible quantization levels. It is also
necessary to meet the requirements of the
Nyquist sampling theorem that states thatit is
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 is 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. -

tes! program
POWER SUPPLY
HPB624A
l 1 SPECTRUM cata fo
ANALYZER | data
v PC 386/25
. T Vec . Arsd
SINEWAVE e ADC ASYST
SYNTHESIZER ~ ool under : N OATAIN 16Kk
HP3644 FILTER tost CLOCK IN
i ™ ck | T
ECL GPIB
command
PULSE
intemal GENERATOR
oscillator HP8181A
synthesizer
SINEWAVE " power supply
SYNTHESIZER sampling frequency pulse generator
HP3644 T100
TIME BASE AND SAMPLING FREQUENCY CONTROL MEAISE
Figure 6. Block diagram of the measurement bench
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Sampling method

At the start of a sinewave period, the slope of
the signal is maximum and equal to

A2rfi, /s, where A is the peak amplitude.
The amplitude to be defined by 1 L.SB of the
ADC is therefore 2A/2N volts, where N is the
number of data outputs from the ADC. To
‘acquire every quantization level by real-time
sampling, 2N samples must be taken during
the period of one half cycle (one peak-to-
peak sweep) of the input signal which is tiy/x.
The time available to describe 1 LSB is
therefore t;,/2Nr, leading to a required
conversion rate of 2Nxf,,. For an 8-bit ADC
with an input frequency of 5MHz, 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 Figure 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 fg = 2Vnf;,, the required number of
samples (Np) 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 ti/2Nr, the minimum
number of samples that must be acquired to
fully test all the quantization levels is Ng >
2Nz, in which Ng must be rounded to an
integer. For an 8-bit converter, No must be at
least 805.

Under these conditions, the minimum
sampling period (time to acquire ali samples
during one input cycle).is tgmin = tj,/Ng
which gives a maximum sampling frequency
of fgmax = fiyNo. This maximum frequency is
too high to be practical and must be reduced
to fg = fgmax/Kg (tg = tsminKgq), where the
difference between Ko and Ng are relative
primes. To minimize the sample acquisition.
time, the value of Kg should, however, be the
minimum permitted by the maximum
conversion rate specified for the ADC under
test,

The measurement bench uses every Koth
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 = Pgignal/Pnoise-

Instead of specifying SNR, it is 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 is 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.

amie T oo [TTTTTTTTTTTIN
Lrtrt

atTg = Ty * KO (K0=3)
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Ty=Tess

I

!
!
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t 1t

SIGNAL AFTER
SAMPLING AT fs

NOT RECONSTRUCTED

\
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Figure 7. Principle of multi-beat frequency sampling
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Differential and integral
non-linearity .

Differential non-lmaanty (DNL) is @ 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, Itis
measured with a statistical test in which the
acquired sinewave file is used to generate a
histogram of the digitized signal witha =
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 (Ng) represents the
differential non-linearity.

Integral non-linearity (INL) is a measure of
the deviation of the ADC transfer function

June 1994

from the ideal. Since it is equal to the
maximum difference between the measured
and ideal quantization levels, it can be
calculated from the histogram used to

) “calculated 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 meximum value thus obtauned
is the integral nortlinearity 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 the 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 internal reference levels,
decoupling and harmonic suppression for
clock signals, and power supply filtering.
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Ton Nillesen — CAB-Elcoma, N.V. Philips, Eindhoven (The Netheriands)

On présente.dans cet article une méthode de décodage
. numérique des signaux vidéo couleur basée sur des
fréquences d'échantillonnage verrouiliées 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 ‘fa- fréquence variable
‘d'échantillonnage par contrdle direct a partir du synthéti-

Lseur. )

4 )

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-

sizer.
u J
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~

T

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. Llne Iocked sampling
is then a better choice.

In fact, for video processing and conversion to other
scanning frequencnes, 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..

0 dlgltally decode PAL or NTSC composite video -
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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,

e 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

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. 1a). Although this is a straigtforward
method, using well-known techniques, it is not attrac-
tive because it is expensive. It requires ADCs and
DAC:s, 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-
Iocked 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. 1c). The gated clock should then
have a constant number of clock transitions per line
period. However a reverse sampie 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 mterpolatmg algo-
rithm required [2].

. colour D A memory D ~
- !F decoder 1/A % [») application A ~D
- T e — T
Mfge SRC Nfy
a
A colour memory
v} decoder application
1 1
Mtgc Nfy
) b
A:l | colour I l ] I | memory I:’ [0 @)
decoder SRC application SRC A
gatef
. Al
N transitions per line period
¢ .
Fig. 1. Application of sample rate converters : a. log ple rate ter, b. digital )

sample rate converter and.two clocks coupled to video signal, c. two digital sample rate

converters and single clock.
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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).

Mfy - samples
analog signal __ -

-
-

~
- \‘~- -
,I/ . - T

interpolation

P \? -
'\\‘~-— _—f
] [}
I

-
-

[}
]
1
uulul"nunuuu""""unnun TYTITTTT M

_<0.2ns
for 5 MHz, 8 bits

filte
coefhments

inter olalm
tcients D 9

filter

Nf, - samples .
J— 4

S _,4)‘
E S——%TT
|
]
1

Fig. 2. Principle of sample rate conversion.

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 systemg 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 cos(2 wgctht Vsin 2{wgct)

t 2sinlwgct)

FV+Veos 2(wgctE Vsin 2(mget)
e ¥

subcarrier
regenerator

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 wnth the asynchronously-sampled sub-
carrier [3]. :

In the subcarner 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.

coowr e e
colour burst s

| S

phase loop tunable
detector  filter oscillator

Flg 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 w, the
subcarrier frequency, the loop filter has to deliver a
control voltage of w../ K. For sinewave oscillators the
instantaneous output is sin (). As a consequence,
the oscillator transfers the input signal w./ K to the
output signal sin (w7) 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 fi.
At the second input of the adder, a constant multibit
value p is applied. So at each clock period the pre-

a on=(0n.1+p} modulo q
carry
W /
q ya
,I' overflow -Il
S 711
[ al
/ | / |
/ | /7 |
4 / | /
T ! 1,
p / | ) / | {y Vi
/ (4 1t
| r I
o0 L vl
1/ fa 1/fo
p_ Y fo
— = 3 p=—
b a1/t f

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 £. So the
control value p should be f/fi-q. If the overflow
value is defined as being 1, then the input value
simplifies to p=f/f. (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 | output indicates from zero to
one the instantaneous phase within a single preriod
(fig. 6).

f, }
2] DTO | . ¢
fol {mod1) output frequency
frequency
contro! f
value el
clock frequency
always zero
010011010......

e e ™
0 < ( phase within a single period) <1

Fig. 6. The discrete time oscillator.

Note that the ratio f,/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
/- and the desired output frequency is N f;, so the loop
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from phase detector + loop filter

3t

Fig. 7. Generation of line-locked samplung frequency (N £)
with crystal accuracy.

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

The DTO delivers then a quantised sawtooth signal
with frequency N f but in the discrete time domain
sampled with the crystal clock . 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 varymg
clock frequency. .

Since the subcarrier DTO operates with the Iine-loé-
ked clock, a value f./N f 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 Nfi1f 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 . . N .
detector filter correction oscillator sine /cosine ROM
fsc fec

burst A |Nf fsc b sin{0sct)

3 B DTO cos{get)

. . Nfy~
from horizontal PLL —e ',
) fe" 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 fi.om/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 f-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 som’/f2) 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 Af./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 £ nom/f.

Let us consider now the analog part of the clock
generation circuitry. The reconstruction filter and
wave shaper for the Njf 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 ;

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

e the entire circuit can be integrated.
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4 bits multiplying DAC

phase
DAC detector

divider

—A oscillator
!

D
Z forward control

of frequency step
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frequencnes

I

Fig. 10. Analog PLL as reconstruction fifter.

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=858 for 60 Hz TV systems and N=864 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 :
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¢ owingtothe orthogonal samples, line-locked decod-
mg is optimized for the growmg use of picture proces-
sing [4, 5] ;

* 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).
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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 cddes 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.9. 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
Gmax R 255
Bmax
CF*A
NS 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: Ryax=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:

Y=0.299*R+0.587*G+0.114*B (2.1)
which gives: Yp-p=1
|B-¥| 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-¥| 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)p.=1.772, (R-Y)p,_=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 black 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:
signa;, ,*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: 1}

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:
cv,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 dynamlc 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)
UD=3/4*192*(B-Y) } two’s-c 1 t ' (5.2)
VD=192* (R-Y) omp~emern (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.
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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 PALNTSC 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 ampilitude 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.

Emax — Emin =1- Emin

The electrical saturation can be expressed as
max max

gamma
from which follows: gisplayed saturation = 1 — [ﬂ]
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 it is 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

CFy:CF,:CF, =

1. 1 . 1
Yo—p 075" (B —Y)p_p 0.75" (B — Vip—p

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 J (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 10-3) 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,,.,/Noisems) [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 threshoid
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 S|gnals
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) ¢) (7.1)

3) In NTSC the vectors | and Q are also derived from (B-Y)' and (R-Y)'.
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Itis supposed that regarding DC level:

- 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 equals MR (Modulation Range).

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

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

(7.2)
(7.3)
(7.4)

D2MAC SPECIFICATION
A
~
LINE 624
REFERENCE NORMALIZED DIGITAL
LEVELS VALUES LUMINANCE LEVELS
A A A
r N/ \ \
white=+0.5 L L L e e h e e h e o e e e e e o m e e j——————— e R,
i A
1
grey=0  -----F----------c-aoo-- MR*256
black=-0.5 _._ .1 ___ AR
/ digital ... |analog
Ym=Y-0.5 value |=128+MR"256" | yajue
Figure 2. Relation Between Analog and Digital D2MAX Baseband Signals

4) The colour difference signals in the D2MAC muiltiplex 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.

June 1991

1-33




Philips Semiconductors Video Products . Application Note

Digital interfaces for component video signals ‘ AN ETV/IR89126

With 30% headroom for additive noise (MR=0.77) the decoded signals (7.2)-(7.4) and the resulting conversion factors become:

MY=197*Y420  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 (CF,=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 inin (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 multipiexed 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 Y7 | Y7
Y6 Y6 76| Y6
next Y next Y-samples
Yo Yo Yo | Yo
Cc7 uz v7 C7ju7 Jus | U3 | U
cé ue V6 C6 | U6 U4 U2 uo
Cs5lv7 {vs | V3 | W
co uo Vo C4|Vve | V4 | V2 | VO
time-slot 0 1 time-siot 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.
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100.0.75.0 COLOUR BARS (EBU)
100- 4
75-1- - - ™
Green (%) .
0-d-cme e
. 100- 4 .
75---t—------ :
Red (%) I | | & Y=0.299'R + 0.587*G + 0.114'B
[+ JS SR SE—— R
100-
75-1--1-- -- -
11T
0-L-- - - - - .
RECEIVER SIGNALS
A
NORMALIZED 100% SATURATION / \
VALUES (%) 75% INTENSITY ANALOG DIGITAL
8 AL A N
[ V2 [ < A\ [ Vo )
w g > b v TRUNCATED
E 3 2 il § o0 W © . : VALUES !
I o ¥ o g o 2 3
2 > 0 O C @ @
[ e e 208 :
A 0315V Ya = 0.315"Y Yq=192"Y+16
U IS 16
L ey e Wil ? --------------- 100
1.05V
INVERTED
R-Y 0- I -_--I—— sedemsccccnsssnesoe 0
Va=YR Vg = 192*(R-Y)
5258- - - - - m e e bmd i -101
B6.45- = - = = - mm e e e e e e e e oo - p— - - - * --------------- 95
1.33V
INVERTED
B-Y 0-——--F--}-- “““T“‘_h ----------------- o
Uy=Y-b Uq = 3/4*192*(B-Y)
—£6.45- - - - A _ ...
TV Receiver Signals for 100.0.75.0 Colour Bars
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100.0.100.0 COLOUR BARS
100-

™~
Green (%)
[ A
100- _
Red (%) > Y=0.299"R + 0.587°G +0.114°B
0-Lo o e ] he————
100 - -- --- --
Blue (%)
o-1.-. - S
NORMALIZED 100% SATURATION CCIR REC.601
VALUES (%) 160% INTENSITY DIGITAL SIGNALS
/_L\ 2 AN /_L_\
e ] \
z E ROUNDED
B ° L, & & w X VALUES!
:; £ 82888
2 > 5 ¢ 2 «© @ @
100-
v 219°Y+16
0-

....... - 128 160°(R-Y)+128

7010- = - - - - - - . _C-. .................. 16
BBB0- - - c e e e e e —— - - - = 240
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Digital Component Video Signals According to CCIR Rec. 601 for 100.0.100.0 Colour Bars
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RECOMMENDATION 601-2

ENCODING PARAMETERS OF DIGITAL TELEVISION FOR STUDIOS*
(Question 25/11, Study Programmes 25G/11, 25H/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, B

" 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
used, 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'gsignals
or luminance and colour-difference signals as defined in Table II of Annex I, a suitable filter characteristic is
shown in Fig. 1 of Annex II1.

* 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 thie 4 : 2 : 2 member of the family.

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

3.3 'The digital standard adopted for each member of the family should permit world-wide. acceptance and
application in operation; ‘one ¢ondition 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.
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TABLE 1 — Encoding parameter values for the 4 : 2 : 2 member of the family

. 525-line, 60 field/s (') 625-line, 50 field/s (')
Parameters
systems systems
1. Coded signals: Y, Cg, Cp These signals are obtained from gamma pre-corrected signals, namely: E'y,
E'rR — E'y, E's — 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, Cp)
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 13.5 MHz()
— each colour-difference signal 6.75 MHz (9

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

w

. 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 720
— each colour-difference signal 360

7. Analogue-to-digital horizontal
timing relationship:

— from end of digital active line 16 luminance clock periods 12 luminance clock periods
to 0y

8. Correspondence between video
signal levels and quantization
levels:
— scale 0 to 255
— luminance signal 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

— each colour-difference signal 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 — A4 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, Cp These signals are obtained from gamma pre-corrected signals, namely: E'y,

or R, G, B E'r — E, Elg — E'vyor E, E'q, E's
2. Number o.(‘ samples per total line 858 864

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

. 13.5 MHz
signal

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 quontization 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 L
(") If used.
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ANNEX I1

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 III
. ! I
525-line, : |
60 field/s I 122 T 720 T 16T : .
systems i ! |
! |
! |
oy Digital active-line | Nextline
(leading edge of line syncs., period |
half-amplitude reference) |
| 0y
! 1
1 !
! i
625-line, : : I
50 field/s 132 T 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. s ’

2. Definition of the digital signals Y, Cg, Cg, from the primary (analogue) signals E’y, E'c and E5

This section describes, with a view to defining the signals Y, Cr, 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.

21 C ion of lumi (E'y) and colour-difference (E'yx — E'y) and (E's — E'y) signals
The construction of luminance and colour-difference signals is as follows:

'y = 0.299E% + 0.587E; + 0.114E3  (See Note)

whence:
(ER — EY) = E®R — 0299E% — 0.587EG — 0.114E;
= (0.701 E} —:0.587E'G — 0.114E%
and:
(Ep — EY) = E3 — 0299E%R — 0.587EG — 0.114E%"
= — 0.299E% — 0.587E% + 0.886E’

Note. — Report 624 Table II refers.
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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 IV

Condition E% E'g E Evy ®— E'y E'y— 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 0114 -0.114 0.886
Yeliow 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 © 0413 0.587 0.587

22 Construction of re-normalized colour-dijferenée 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

Kp = 6%% = 0.713; Ky = m = 0.564
Then:
E', = 0.713 (E% — EY%) = 0.500E% — 0419EG — 6.08115',
and: ’

Ec, = 0.564 (E's — EYy) = —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 and2).

Note ] ~ 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 Kz, Kp 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 1111 1111 (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[0713 (ER — E')] + 128

and:

Cpr = 2240564 (E'y — E'Y)] + 128

which simplify to the following:

Cr =160 (Er — 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 Cs.

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

Then:
Y= S Bt o B+ o Ey
CR=';%;‘ IR‘,"’%)E’GD_% 5, + 128
Cs=—21545 ’R,,—%E’aﬁ% 8, + 128

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

FILTERING CHARACTERISTICS

50
4 T OO RS 4048 —
‘ R
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20 ;
t < §12d3
10 § KRR~~~
SR - N| R
% 1 2 3 & 5 s t1 8 8 10 1 12z 18] u
5.75 6.75 13.5
Frequency (MHz)

a) Template for insertion loss/frequency characteristic

] 0.01 ]0.05 {0.1dB
E ——————————— ————
- N A\
. \ 1 1 1 L i
0'050 1 2 3 4 5% 6
Frequency (MHz) 5-51
575

b) Passband ripple tolerance

(2]
1

(ns)
T

——

2ns 0 pesIti— 4ns |[6ns
-5 ! i | 1 ! |
0 1 2 3 4 Y
Frequency (MHz) 575

¢) Passband group-delay tolerance

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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¢) Passband group-delay tolerance

FIGURE 2 — Specification for a colour-difference signal filter used when samnpling at 6,75 MHz

Note. — The lowest indicated values in b) and c) 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 1 — Ripple and group delay are specified relative to their values at 1 kliz. 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. '

Note 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.
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(ALSO RESOLUTIONS AND OPINIONS) VOLUME XI — PART 1
BROADCASTING SERVICE (TELEVISION)

-

[\M

o

o

[2]

1.

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

. The objectives of the CCIR are in particular:

. 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;

. to recommend performance standards for radio systems and technical arrangements which assure their effective and compatible

interworking in international telecommunications;

. 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.

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

CCIR International Radie Consultative Committee 1-49 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 Il 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.
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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
Start . R
V=1 Line 23 Line 10
Start . .
Line 311 Line 264
Field 2 V=1
Finish . X
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 0y 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:
Cs, Y, Cr, Y, Cg, Y, Cp, 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

X o4
TVine 64 #s(625) ===
- 63.5 ps (525)
1 g;gg?) Nom. 207 (625) '
107 (525) O™
24T (625) Video data block
32T (525) 1448T
— e — - - —‘Il -~ o w—
£ i Multiplexed video data j E
—— v CgYCrRYCgY.. v e
144
4T 4T
Digital line blanking Digital active line
2887 (625) 1440T (625)
276T
67 (525) Digital line
17287 (625) e
1716T (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 o 0 0 0
Fourth 1 F v H Ps Py Py Py

0 during field 1
1 during field 2

v = Oelsewhere
1 during field blanking

0in SAV
1in EAV

Po, Py, Pa, P3: protection bits (see Table Ili).

MSB: most significant bit
LSB: least significant bit
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Table | defines the state of the V and F bits.

Bits Pg, Py, P2, P3, have states dependent on the states of the bits F, V and H as shown in Table lIl. 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 o2 1 0
Function Fixed 1 F v H P3 - [ Py Po
0 1 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 0 1 0

6 1 1 1 o 1 1 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, efc. (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

Iy ANC code ;l Data field |
Word r 0 1 2 3 4 5 o 4,

7/

N
00 | FF | FF | TT { MM] LL | XX XX

/L

\ /\_/\ /\ L4 /
‘_ Data words
(00, FF excluded)

\— Word count or line number (Note 1)

Bt 7 6 5 4 3 2 1 0
Word MM [ 0 [D+[D1d D[ Ds[ D] D] P]

WordLL [ 0 | Ds| D4} D3| D[ Ds[Do] 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. If word TT
specifies a line number then D44 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 1l
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, ¥, 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 I.
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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: 18.56+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

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

Clock period (625): T= m = 37ns
"
i . ==L
Clock period (525): T = 7 6fy 37ns
Clock pulse width: t =185 % 3ns

Data timing — sendingend:  t, = 18.5 + 3ns
fy: line frequency

4. Electrical characteristics of the interface

4.1 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
6\’!\’7 line ‘é
: |
dl;:s:r : , retg:\eler
25— 4$—0

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 10 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 Inputimpedance: 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: £ 0.5 V, 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 1ISO 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.
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Tmin Tmin

I Reference transition
of clock

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

Tmin=11ns
Vinin = 100 mV
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 availabie 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 SB‘
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 0A 23 Data 0B
1l Spare A-A 24 Spare A-B
12 Spare B-A ' 25 . .Spare B-B
13 Cable shield —_ —
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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. Line 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 ngimum input signal condition of § 4.4

/

20
L~
18 /
16 ! !
14 A
/ 1
5 12 / 1 1
.% / Fy
o c
o 10 y 3
5 / gl |z
K = )
£ 8 T8
= g
g 8
= o
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2 ]
1 4
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0.1 0.2 0.5 1 2 5 jO 20 50
Frequency (MHz)

FIGURE 5 — Line receiver equalization characteristic for small signals

PART Il
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 9B 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.
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TABLE VI — Encoding table -

Input Output Input Output Input Output Input Output Input Output Input Output
8B 9B 9B 8B 9B 9B 8B 9B 3B 8B 9B 9B 8B 9B 9B 8B 9B 9B
00 OFE 101 2B 053 56 097 81 0AA AC 12C D7 oCcC
01 027 2C 1AC 57 168 82 055 AD 0oD9 D8 139
02 1D8 2D 057 58 099 83 1AA AE 126 D9 OCE
03 033 2E 1A8 59 166 84 0D5 AF 0E5 DA 133
04 1CC 2F 059 5A 098 85 12A BO 11A DB oDs8
05 037 30 1A6 5B 164 86 095 B1 0OE9 DC 131
06 1CB 31 05B 5C 09D 87 16A B2 116 DD | obC
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 5F | 15C 8A | 09A B5 | 036 EO 123
0A 1C4 35 19A 60 0A7 8B 165 B6 1C9 E1 0E4
0B 03D 36 069 61 158 8C 0A6 87 03A E2 11D
oC 1C2 37 196 62 025 1DA 8D 159 B8 1C5 E3 OE6
oD 14D 38 026 1D9 63 OA1 15E 8E 0AC B9 04E E4 11B
OE 0B4 39 08C 173 64 029 iD6 8F 153 BA 1B1 E5 OE8
OF 14B 3A 02C 1D3 65 091 16E 90 0AE BB 05C E6 119
10 1A2 3B | 098 167 | 66 | 045 1BA N 151 BC | 1A3 E7 | OEC
" 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 | OCA 40 | 046 1B9 | 6B | 0BA 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 | 0C8 137 | 6E | 0A2 15D 99 0BB 144 C4 | 191 EF | oC7
19 0D4 44 058 1A7 6F 052 1AD ‘ 9A 0ED 112 C5 072 FO 13C
1A 129 45 0B1 70 056 9B 0BD 142 Cé 18D F1 047
1B oDé6 46 14E 71 1A9 9C 0EB 114 c7 074 F2 1B8
1C 125 47 0B3 72 05A 9D oD7 128 c8 18B F3 067
1D 0DA 48 14C 73 1A5 9E oDD 122 C9 07A F4 19C
1E 115 49 0B9 74 06A oF obB 124 CA 189 F5 071
1F | OEA 4A | 06B 75 195 A0 146 CB | 08E F6 198
20 0B2 4B 194 76 096 At OCS cC 185 F7 073
21 02B 4C 06D 77 169 A2 13A CcD 09C F8 18E
22 1D4 4D 192 78 | OA9 A3 | oc9 CE | 171 F9 | 079
23 02D 4E 075 79 156 A4 136 CF 09E FA 18C
24 | 1D2 4F | 18A 7A | 0AB A5 | 0CB Do | 163 FB | 087
25 035 50 08B 7B 154 A6 134 D1 | 0B8 FC 186
26 | 1CA 51 174 7C | 0A5 A7 | OCD D2 | 161 FD | oC3
27 04B 52 08D 7D 15A A8 132 D3 0BC FE 178
28 184 53 172 7E OAD A9 oD1 D4 147 FF 062 19D
29 04D 54 093 7F 152 AA 12E D5 0Cé
2A 1B2 55 16C 80 155 AB 0D3 505} 143
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4.

Rec. 656
Order of transmission

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

Logic convention

The signal is conveyed in NRZ form. The voitage at the output terminal of the line driver shall increase on a transition from 0 to 1

(positive logic).

5.

6.2

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
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 +1.0V and -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.

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/ Jf

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:

d.c. +25V

Below 1 kHz: 2.5V 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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Rec. 656

6.3 Cables and connectors

6.3.1 Cable .

It is 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 connecto